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Figure 3. Structures of Related Natural Products, Communesins
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Scheme 7. Catalytic Asymmetric Total Synthesis of (+)-Perophoramidine by Wang
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Scheme 11. Application of Reductive Cyclization to Construction of Pentacyclic Core
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Scheme 15. Lactone Synthesis by Fukuzawa Scheme 16. Lactone Synthesis by Inanaga
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Scheme 17. Effect of EWG on Intramolecular Couplings Reported by Enholm
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Scheme 18. Reductive Coupling of Isocyanates and Unsaturated Esters by Kim
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Scheme 19. McDonald's Reductive Cyclization of Amides and Unsaturated Esters via Iminium Triflates
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Scheme 20. Coupling of Nitrones by Py and Valleé Scheme 21. Coupling of Nitrones by Skrydstrup
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Scheme 22. Reductive Coupling of Thioesters and Unsaturated Amides by Skrydstrup
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Scheme 23. Synthesis of Spirooxindole via Reductive Cyclization of Isocyanate by Wood
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Scheme 24. Application to Construction of Core Structure of Welwitindolinone A Isonitrile
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WL < ORI SN TELN, INVRIA I FEEFRSIEEE UTHIHET 2 5OSHIZEmE
ENTELT BT LHEE LTHH~ubtr FBEERICLDRED v 7Y v VRS0l 5
NTNWDEDHRTHST, ZOXIRERDO T, Wood HIZX» THE SN AF v A v R—L Gk
EEIINERTA I R6AICHEATHZ & CINUTHMURRFELATH2-4 X /A KU ERIEDN
B TEDLMEL. ZORUSDER 65 16 HIZER(LZ1TH Z &L THERMT IV 66 ~iFE
T& 5% &% Z2 7= (Scheme 25),
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X__0O
Reductive H
X Cyclization Cyclization O O
—_— —_—
N™ N
1
N==NR R
64 65 66

Scheme 25. Synthetic Strategy for Construction of Pentacyclic Core

FEBMEBHRAESRLD BT IV ~DOERREERAEEZEE L, IR A o
.Bn
2 REATHREEMT 7 # L (Figure 6)2TTLVEELE L TREL, =D | N
AR EIT 572 (Scheme 26), 372 b, HIROB-7 I/ = AT /L 67 IZxF L N NP

THfb=F L~ =L EEH SETIERIBZ%TT I F68 L L7214, Claisen Figure 6. Model Substrate
MEAIZ Lo TILER 99% TERIKIA 69 Z Gk L, 2 a & KT & b= b U L HIMEGER T2 Z &Ik
> TEAT IVONKIIRIE & BURBESOS SHEIT LIZB-7 N T 7 & I 10°°% 98% CigT=, 77 4
AT0ZKLTN-Z ==V ER MY ZAF B AR AR A X R (TENPh) Z{Ef &HT97%T
TAT= U 7F—krTE L Suzuki 1 v 7V > ZRIEHC & o TEERIO R v gt 25 1727
EREGSHDL LTy TV U IR T3 ZINE S% TEK LTz, 7 ==/ A VT 32— MR &
B TCINR I8 T LT T4~ L, U 7 2= )Lk AT ¢ & WEAVIRSE Z2 A=K SO
Ko THEDHNARTA I K 75a % 94% CTHRK LT,

(o}
Bn EtOzC\)Lu o Tf,NPh o
HN® DIPEA Etozc\)L __NaH _ Et0,C N _HO _EN_ N-E
—_
Eo,c._J  CHCL0°C TEOH | MeCN ™ TCRCL |
93% EtOzC\) 0°Ctort HO reflux 4 0°Ctort Tf0
67 68 99% 69 98% 97% 71
Bpin o PdCI,(PPhs), -Bn  cBr,, PPh, Bn
+ N-Bn __NaxCOs _PhNCO _ BN
| TTHF, R0 TH,Cly, i TChCL
NH,
TfO relux 98% 0°Ctort
95% NH2 #SNHeh 94% N===NPh
72 71 75a

Scheme 26. SyntheSIS of Model Substrate

==

FWVTHILRY A XN 752 HE & LT Sml, 12 X B eIBRALBUG DRE &2 1T - 7= (Table 1),
Th7e Ru7 7 (THR)FTHNLVHRT A I K 75a 2% LT Sml % 2.4 Y&EfEHSE5 E£-78 C

LU EIT Lo 7oy, |IRSM T CIESRIGD 15 43 CTHEfk L 55% C H IO BR{LIK 76a
BP3H LN TE T (Entries 1,2), 7238, Z4LH OGN Sml, IR FEEIRIR 2 TIN5 WU
ST TEME L=, %V T Fukuzawa® =2 Inanaga™ & D&EABEIZT L 3 — L ORI &R L=
LA KAEIO AKX ) — D NIE 22 BED tert-7 F /LT )L 2 — )L OPHIN K - TYLERD K
g 720 SR S, T 82% & 83%DINER T H ¥ 76a % 157~ (Entries 3,4), BLERZE N Z L (2
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Sml, DEITLEMNEZIKTFEIHELZ ERHMOHNT

o) Bn
; . N
W% HMPAYOWRINC &> T bR D EA R o e ©
N N THF, temp.
ST (Entry 5), tert-7 F /LT a3 — /)L DHk: NPh
N===NPh N
FTFTIFETORRDIEKTRAROND DA TH 75a 76a
—~7 (Entry 6)0 z @ﬂﬁ\ iﬁﬂj JF A4la’b '?Di Entry Additives Temp. Yield
1 none —78 °C 0%
LY Foat avfb=y s oRmeR 2 none t 55%
X 3 MeOH (50 eq.) rt 82%
BT, WTHOFRFIZEBNTH, BAFRINE 4 'BUOH (2.2 eq.) rt 83%
CTHIMABONG bOOWEOR FicizEs 0 TMPANwOD oo
6 BuOH (2.2 eq.), HMPA (10 %vol) rt 72%
7273 7= (Entries 7-9), 7235, £k 76a DT 2 7 'BUOH (2.2 eq.), LiCI (10 eq.) rt 68%
) ) ) 8 'BUOH (2.2 eq.), LiBr (10 eq.) rt 68%
Vv % Boc JECHREH#E LT-IREIR 77a OREEIL, 9 'BUOH (2.2 eq.), Nily (5 mol%) t 79%

X jﬂagﬁz_lz/ﬂ_l’_ ko THRELE (Scheme Table 1. Investigation of Reaction Conditions
27). VA EOBEHRERN S, E T 22 YED tert-7 F VT V2 — )L ERINF & LTIMZ 5 5:44%
BRYERME L LT, BEBRIEORFHIB L Z & & L,

Bn Bn ¢
N (0] o R0,
Boc,0, DMAP — A
2 T = :
CHJCl, rt oV
NPh 2 02 NPh
N 98% N
H Boc
76a 77a

Scheme 27. Derivatization of Spiroiminoindoline

EBT VY 75a L RERO HIETEH R LT ERRIK 75b-75) 122V T, Smb 12 K 22 ehIBR b UG
Rt Lo R 2 IRICAR T (Table 2), OSOAERMITE Y v a RV AR TT I V0 ORERMER
BEME LTBASNDGAEN DD . e —HOERM TR T ORI 22 3 MR S L
22 ehn, BEPETESTBRILEOER & AR D Boe IRFEIC K 5 2 TREOIEFINEE CRHMG 3
HZ bl Lz, BT NVEE TRERBERME DN AZERIE (& AT Z21ToE 24, #
24 v U VBREHET 5 EWNSER OB ONTIE, DALRIA I RORTRAF AL
K750, A FFIABIKT5e, 7 v o bR 75d DWTHUTISNT S ZIE7L 87%. 73%. 62% C HEY
DEAIRTENR TTa-c &, REAFNT 7 X LTV ML A R ¥ ABIK 75e 12DV TH 75% & BAF7RUT
FTHIW TTe 2135 Z &N TETZ, BV THAAEER EOBHILIZ OWTRET 2R A 7208, B
BRI T LT, WIS & S5k A TIHIRERARB OSBRI IR TR R 6 R &
Rolc, ~NTRFEF, FHIe S VR EBDREEICB O THERIEOE TR AN &
5, OSmL, OFFRIAET L7z@@ Y~ U v DERENERM ESOE L TN D, QRISTHEL LY~
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X
R [¢]
1) Sml,, 'BUOH, THF, rt
2) Boc,0O, DMAP, CH,Cl,, it R NAr
N
N==NAr ‘ ocC

75b-1 77b-1
Substrates Products Yield (A /B)* Substrates Products Yield (A / B)*
,Bn
N
Bn 77b (R = Me) o)
o N 87% / —
N-Bn o) 65% / 86%
| R 77¢ (R = OMe) =N
R 73% / Me N
NPh Boc Me
' 77d (R = Cl)
N===NPh Boc 620 77h
75b-d 77b-d Bn
N
o} Bn o 77i (R = OMe)
Bn N_o 46% [ 74%
OMe N MeO _N
I 75% / — N 77 (R=F)
M 0 0,
. NPh Boc 54% | 87%
N===NPh I
75i,j , 77ij R
75e T7e
I COE COzEt
0, 0,
o - 52% | 76%
.Bn l
I N N o 77f (R = OMe) N==NPh
42% | 66% 75k
o
0
N N R N =N R 779 (R=Cl)
- | 45% | 86%
\© Boc @ \pr,  56%/83%
75f,g 77f,9 N===NPh Boc
751 771

*A: Substrates and ‘BUuOH (2.2 equiv.) in THF were added to Sml, (0.1 M in THF, 2.4 equiv).
B: Sml, (0.1 M in THF, 2.1 equiv) was added to substrates and !BUOH (10 equiv.) in THF.

Table 2. Scopes and Limitations of Reductive Cyclization

VUL ) 7= HDHWET IVR— FBREIBISZEZ LTS LW ZoDEzEE 2. 2

BITRHE L CRBRGEZEE Lz, T7hbb, &R~ U LADMELRET 5 72 DI IE R~
O Smby WHR( L) DOWMEZ LM L, 7 =A4 o AEPREORE 2 7w oAbz B LT 10 H&ED
tert-7 F T v a— VWD T & TRHILERA T (G B), &M B THEMFZITo72 & A,
Himfimy . S0 2EOR 2R T 22N TE, IVRTA I ROAL MIIZA TV
b DHWIE 7 mria b ORE 756, TIEENEI 66%, 86% & BAUFRIR CTERILIRER T7,g 7
oL, AZALA T AR T5h, 7XT AL A R AR 751, ST L7 R 755 12DV T 86%.
74%. 871% DR TENEIERILIRGER TTh-j 21572, F7o. RRISIFET AT /I3 LT b Al
BETHY, ATV T5k & T 7 b2 751 MHENZEI 76%3 LU 83%DILHE TERILIRFEMR 77k
BBV, 2 THRUOETIC XL HIER L3RS bivlz, UL EORFHZL > T, SmLicks
B ICBRALBUC NS FROE TR EB LOETFHEELZFA TS OIS TH D T RS,
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2, REARIA VIR =V DBALC T v VBRI & R - A W ESHREARI = AT L E 12137 2 RITAR
BOSIZIE &9, BHERIREWN R ONLDHTH T,

VU ATNVEE S v~ 87T 7 4 — (TLOW X ARG DBHI ARG DFERIZIE 2 Y&k
D Smh WA TH L Z ERWH LI E R ol ORTTHIBEIZIE 2 B & SmL 235 LTnad Z
EDPHERIND D, T ORISDORIGHRE L L CITRIC S D EAL L NEFIC & 0 K& 2O
NE Z 535 (Scheme 28), HE 75x 1L SmL 12 K5 —&E R te E2 -k, 7T/Aa—il Xk
ST u hAbLID Z & TRMEMIZERILIE 76x ~EEHixinnb, 71 b AT T OB T
LHRETIEH DM, RUC YT =A L 18 R L AET 2 &\ MO DRUSRIEIZLL F D@ Y
Thd, Thbb, ORI VRIS SmLIZL > T—EFHETLEZITTCITHNL T &
UK, RICETHEZE T~V TLAREZ ) 77— 80 NAEKL, ZNHBINARTA I NiTxt
U CHRIMBIR 2 Z 3/ A, @F V0 79 3HVERYA I RIZMINL, Zhz Smh A
HIETYUT=AL 18 IZELHREE B, QUNVARIA I FELIC—EFRIPEETT VUL 81
AR L Tet% . AR VR = VBALICATIN L, £ T2 T PV Sml, 2Mfife T 2888 C. @7
AN NEITRICSIVTT =4 2 82 ~ & B ST R ISR BRI 7 )V AR = VBAL AL N3 %
R D DOM>TH D,

Path A

OoSsml, ® OSml,
Sml2
sml, R _Smlp
— . ) —
N===NAr NI NAr
79 Sml,
osml,
~ X

S

NIKN—Ar . X osml,
X L _ N
| ) — —
- B Smly | NAr
o) 2 /c
A N
N===NAr ¢ o Smiz
G- |
-~ A l’BuOH
NN

' (6]
(0] (0]
) ©\)£Ar
X T X N
S | I
mly : Sml, i H
— L —_— L
. o
N

.Ar

Sml, Sml, Osml,
81 82

Scheme 28. Possible Reaction Pathways of Reductive Cyclization
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REAFNT 2 R & Smly D FGHEIZ OV T Inanaga™=e Procter™ 12 L » THIEN 2 ST\ 5, T
725, Inanaga © X RKIEE ED BINOL & NNN'N-7 87 AF/NLF L P77 I (TMEDA)D
HFHETTEH LM, 78 CTEVHIEKIE T T NN-UT AT AAEMT I K 83 A SmL Ik »>T—%&
FETEZITTT PN EEL, DEOHBERITIN 84 ZEN 200 “BbiKk 85 ~LAHsh D
Z L &S L7 * (Scheme 29), E7-. Procter HDMFEHNIL > T, affil exo BIA L7 4 v &2 HT
D57 877 H K86 DIBTLIINDZ ETHFNT IV R—IVISHHEIT L, A B{LIK 87 13155
N5 ENHEBNE o7 P (Scheme 30), ZHHDOERIT, REAFT 7 % AOBE AL E T 5
PR A BEIOB OAEMEL R RET /R TH DL LV R D, 2B, AHEBRE L THALRIA
2 RERZ2OWAEI T 7 % A 75m (Figure 7)% Gk L CGRICIBILMIGO M2 mA Lz & 2
5. Y EOEHMERIREME & HIT A%DEEBEIN SN DRERE oo, ZHUIRETT 7 &2 A
ERAL & Smly & DRUSEE TR T HFERTH D & O G AIEETILH D23, E ORIA ) OFEE D
AATH DT DYIER w28 Z LT TE R o7,

o
/\)J\ Bn Smly, BINOL, TMEDA /\)]\ CONBn,
N7 N THF, -78 °C CONBn,
BN 84:20%, 85: 70%, T1%ee 0
83 84 (+)-85 Bn
NE
Scheme 29. Reductive Dimerzation of Unsaturated Amides by Inanaga |
o (0]
PMP  Smly, MeOH RS PP 75m
e .
= N THF,0°Ctort d Figure 7. Substrate for Control
o OH
82%
86 87

Scheme 30. Aldol Reaction of Unsaturated Lactam by Procter
ANRTA I RE Sml, OFJSHEICE L TE I E TIRERED IS 2 A S TWhieno
Tolzsh, FEH TR C 36 LOREE D O UM BGET ~< | B2 A U O ER 237 72
(Schemes 31,32), £7°, U7 ==L AR TA I K88 IZxf L CGEITMERILEDOSM %5 Lz
& ZAH, UIRIEEITE T, BRonk 89 X° L RALIR 90 (T SR o T, ZOHRET, v

©\ Sml2 ‘BUOH ©\ NPh
N==N
\© THF, rt NPh
No Reaction

88 90

Scheme 31. Reaction of Diphenylcarbodiimide under Reductive Cyclization Conditions

| Sml,, ‘BUOH ©\)Q/ \ /\;\rf’
THF rt
N===NPh No Reaction

92 93

Scheme 32. Reaction of Dienyl Substrate under Reductive Cyclization Conditions
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ROAIRPOTT=F 82 AT DMK D 2 WHEICHET DR THDH, FWT, ZT0
WEREE LTHTFRNICY T 2ROV RT A I R 91 CTRBOMGEF 2R T8, 2B 5HICD0
THISOMEATIIBE T T, BILIEK 92 X° 93 OAERITA ONAR) 0Tz, ZORFIZ. 7IV/
A NT DI IVDRUSHED 623 TRWZ DR C Z AR ET DR TIEA VS, WiEeicE
PLL72A 2 RANT O VSR REFIRE SN 2 FRE BT 5 LK C 1okt L CHERN7
BRTHD, HRDBAOFR, ARISOETIII LR YA I R EOBHRILICKE KFL, £
JTIXNANKRIA I RERE L L THWEERIZIE HMPA OBMBLA T 7=, HMPA 17
T CORIEHRED R —TEIC OV T L WIHEREROSLE L 2D b OO, ZORERITHEE A D%
VIR Z BT DT 260 THD EE2 5, ZORMEEEROEMIC OV TIIARTSE fiTilk
NDHZE TR, LLEOEWIC &V ARBISORUSHREE & UTIREK B 28 b %2 ThH D & Ol
AICEE L7z,

18



A RTRBILEISIC LB BT I Y oA kY

AT TR ~7= Sml, 12 K 2B THBRLEUSIC ES & . &5 /L & L T dehaloperophoramidine (2) % 12
BIbE & LT WA Rf#NT 217 > 72 (Scheme 33), 2 D A B2% HERIET 7 2 1 94 OIS 5 2
L& L. DRZAIZ2-7 B Y 2= VAT AR T 7 X 595 0D D4y FINERILUSIC
STHKTHZ L EFE L, AVRT I HXLISOAE R A ) A K vE, SmLIZK DHiET
HIBRILBUSIC K o THNAR DA I R 96 INOEMT 22 L L LT, ZHICEENLUERA L7 ¢
VENNRIA I RET =V I hORT L L E LT,

Cl
1) o}

@%’. Q{Q:’@é%@:’ 3=

3=—NR? NH,

95 96 97
Scheme 33. Retrosynthetic Analysis of Dehaloperophoramidine

BRICHIBACLEUG DB TH H IINHR VA I RIFLLF D X 5 IZA R L 72 (Scheme 34), Rk B =
JVRU T T— b7 EBEROR a R 98 % Suzuki B v Y v VUG IS Ko THRES LR 88%
TBoc R 7 =V 99 & L7z, ZHUTH L TREBEEMEM S B2k, OB A T L2 ERRFD
RBEZWEHE L CAEBEZ VA IC@ER L, 18-U7 e 7 a[54.0]v 7 -7-& > (DBU)
EEREED L a7 vElbl Boc FEOBRENHEIT L72T =V 2 100 % 84%DIVETHSH Z &
MTE, 7=V 2100 DEFHF % b Y F/VETRE L T 79%DIHE THRER 101 & L721%,

@[ B(OH),
NHBoc 98 o}

o] PdCly(PPhg), Bn
N-B Na,CO;4 | N _Bra, CH,Clp, 0°C: TrClL EtN_
| THF, H,0, reflux DBU, dioxane, 0°C TCHCl,
o 88% 84% 0°Ctort
NHBoc NH2 NHTr

79%
71 99 101

PMPNCO PPhj, CBry Bn
__DMAP EtsN -
[CH,Cly, it CH,Cl,
B(OH), ¢y o 87% 0°Ctort
PdCI2 0. NHPMP 97% N==NPMP
N32CO3 TFA 104a 1050
H20 dioxane CH2CI2
reflux
NHTT 5 steps, 50% PMBNCO PPh,, CBr, B
| DMAP _ BN
TCRCL TCHCL,
rtto 40 °C 0°Ctort
NHPMB

71% 61% NPMB

104b 105b
Scheme 34. Synthesis of Substrates
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2-7mn 7 =R a U BESAT Y T IR TREGT 52 THBHRA LT 0 v EAT D
772 N102 AL MAERYE Y 7V A aFEECLET 52T =0 2103 & 2 TH 50%
DR TG ZAUKI L THIGT D4 VT R— b &AEH EH TR 87%B LV 71% T N-(p-
A RFT T 2=/L)(PMP)7 LT 104a B LN -(p-# b F X2 L) (PMB)” L7 104b ~ & Z5H#
L. N 7 2= bR AT ¢ EMBALRFE 7 AW KSSIZ X > TR T A 2 R 105a,b %%
NENE 97% & 61% THRK LT,

HE - BMERF O R B ERENMEONT NN-VT V=L LR A 2 R 1052 (IZOWT
Sml, |2 & 5B TEHB LS DR L2 & 2 A, B—D VT 25 LA ~—& L TERILA 106a
% 86% DI TIF S Z L M TX 7= (Scheme 35), A=) 106a DRI IE X MG S & fEHTIC L 0 IR

PN Sml,, ‘BUOH .
- —
THF, rt 2 CD'_
):N\
N—==N 86% N PMP Cl
~pMP H
105a 106a

Scheme 35. Reductive Cyclization of Aryl Lactam
E LT, EORERZDODOFHEERN AN cis BLEZ I > TWD ZENRP LN RoT, DR
PEDOFBEEIZ DN TR, VEEFDOTZDIZA » FY VBRAN SOV~ U AT ) T — K 107 ~
O7a NALBGITF B, ZORELELTCT IV N LOTa N ALPIEE LD EEZD
% (Figure 8), i\ CZEH L N-PMB K 105b (22D ClAIEE

Bn
DR 5% A T (Table 3), BLBEVENC L2, BICMBHLS f?gﬁm
DFGERAE T A SUGAETET, ARG D & &[] (jﬁﬁ& Hoteu
N  PMP
IS AHER L e 572 (Entry 1), SUGHR% 60 CE THEL T " o

Figure 8. Diastereoselective Protonation

BNEN 72 < [FREDFE R D > 7273 (Entry 2). HMPA % i

% & FURITRIETHET L, BRIDR “o Bn
N’Bn Sml,, 'BuOH N o
bR 106b % 90% & ALK TS 2 & l __additve O
O THF, temp. O =
—N
AT & 7= (Entry 3), N==N_ H’_ ouCl
. 105b  PMB 106b
ZITHELNE, VRV A I R EDE
Entry Additive Temp. Results
HELIC X DO EDZER L HMPA ORIN 1 none rt No Reaction
L 2 none 60 °C No Reaction
12 & B SRS O HERN S B3 B 0 LI s aweasmo) oo

& CHLEIZEV Y, HMPA ORI - THJis  Table 3. Reductive Cyclization of PMB-Substituted Carbodiimide
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BN ZIL LW EIRET D&, T V=L I NRTA I NIZBT 5 osml,
Sml,

B ITHIBH LS DS A (Scheme 26) 0D 3 24 M IZEER DR MM 8 5, of %
Fibb. REFIT 7 8 AhE 2 MEO Smhy|C & 5B T E % '

N==NR
) 108
JTAERMK LIZAETT 7 — |k 108 (Figure 9)7235, £/ 7 /VF /L A/VR Figure 9. Homoenolate Dianion

VA I F(R=PMB)ZK L THINT 572012 HMPA BB E SvD 2 &1278 %, HMPA 3 Sml, D
BITEME T HEENMONTVD Lewis HE Y THY | REFHTHHIARIA I FOTE
PELIZF 5T 2 L1EE 2T, Lewis ML LTHREEZ , 7— MUOREMEZ W ESE TS
AREMEIIAETE RV, T 78 Fr 77 160 ‘CETMEL TH, HMPA OIFfFE TG
L2aWHRET ) 77— MSBEIBGFET D tert-7 F AT a— L > T7a hAbEZiFan
X EYPEICZ LV, —FF, ATEIOEGRD ORI S5 B Tld, HMPA 7% Sml, DR CEN %
FTF5Z&T, EFEERTNVFNVEBRILOZETEILSNCS K ROTEANVEIA I FO—E
FIRICZ FATHRIC LTV D EFRIRT AU EIZAE LR, UL EDHEGwRN D, REFHE—Hi TR L
EITCHIBRACBUR D SOSHEREIIARE T ) T — b (BB A) 2 L7222 E QRS LD,
HEOETCHIBALENHEAIT L2 2 & T ofific 7 ) — VAT THAER T 7 X A 106ab 73
TR, Z OFXHELE 1T perophoramidine & 13725 LD TH o772, 77 ¥ A afid Bk
LR RERED—D> Th o7z, I TEFIL, WALV RME S EBFT 2L &
L7-(Table4), At 77 % 5106a % LTI AFNALTE LRI FDOMAF, 34EDOFT NU T
Ltert-7 MX Y REAEH S E T 24 R L7 & 2 A IR TIERISDEIT L7225 7223 (Entry
1), 60 ‘CIZHEA L7254 Tl 45%DJFEHEL & & $ 1T 20%D FAER 109 2345 5 4172 (Entry 2), &
ICHIR LT 120 CE 35 & BAEK 1092 DAl DR B AR DR S, fENT OFRERITE D
HERMET IV 110a THDHZ ENRPALMNE o7, BB 110a O ZAARLE L NOESY A
7 FZEREWTT 7 Z bofLd 71 b EHFR EO OO 7 1 b I NOE B S iz Z &
HIRE L7z (Figure 10), EREE ORI LICERILOEITA R 6N, ZAUZiTn< 20 OfE

Bn 1

N (0] (e} NP
\F =\ _ NaOBu _ + r H
= \ // DMA, temp. ”
):N\ \ N/
N PwpC EMP
106a 109a 110a
Entry Temp. Result
1 rt No Reaction
2 60 °C 106a: 45%, 109a: 20%
3 120 °C 106a: 11%, 109a: 5%, 110a: 27%

Table 4. Isomerization Experiments
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& 72D OCEEN B 2 HiLD, b OITOREBREZE WD RS

g, @7 ) — LT A NERBT D ONERE, @A v ERETT ¢

DPUSHEED =D Th D05, ZOFEMIZ OV TITI BN E 2o TVRW, O Q
HERMEYT IV 110a DIERIE 27% &+ Tl o ey, EHITZO

Zo

PMP

f RIS T 7 Z DofLDFRMALZ N2 6 D BRDEEE T X % lREM: 4 Figure 10. Observed NOE
R U, AR T TO/8T V0 MM X B BALOEY OMFEHIHE T L7z (Table 5), /37 V07 A
filfi & UCHERE /N T 20 A 10 mol%Z RN L AT U — Wi+ DB LI INIZ B8\ Ty g
PHE LT IENHIBNTNDTILFILRAT 4 % 20mol%iRIN L T DMA 1 120 ‘CC 24 I
EUINENS 2 St Ot L7t SR, Al & BAAL 7 % R0 L 72 W40 (Entry 1)1 T cataCXium®
A ERNBAE TIREE A EIERNE L2 > 7278 (Entry 2), b Y tert-7 F LR AT 4
T T 7N R UEBREEZ TN LIZSE100E 63%FE TRIEZRIGEO L EN R 57z (Entry 3), ®
Iy a~F IR FFOR AT ¢ 3 L CRAF KR % 5 %, CyclohexylJohnPhos™ Tl 66%.
DavePhos™! TiZ 70% & T ZHULR D[] L2 R 57 (Entries 4,5), $FC b U 27 BF Lk
27 4 v B F NS T A n R BRI EVIEE AR L, 17 B TREIOW A L & bI 18% TH
FIOERILIE 110a 2155 Z & 23 TE 72 (Entry 6), S DEITIZ - TRHNIC/ T VU AR OB
WO b To, ZaIfild 5 B A TR & BN ORINEZ L TN EZRA T 2 A,
A U< 17 BB CRUSATERE L, 86% & HEALTZINER T H ) 110a %15 % (2 E - 72 (Entry 7),

§3n
N o Pd(OAc), ligand
/v, — NaO'Bu
-, \ // DMA, 120 °C, time w
e @

N pPwpC
PMP
106a 110a : cataCXium® A
Entry Pd(OAc), Ligand (mol %) Time Yield i R

1 none none 24 h 27% i O
2 10 mol % cataCXium® A (20) 24 h 31% O by,
3 10 mol % 'Bu,P-HBF 4 (20) 24 h 63% ! ;
4 10 mol % CyclohexylJohnPhos (20) 24 h 66% E CyclohexylJohnPhos i
5 10 mol % Davephos (20) 24 h 70% (R=H)
6 10 mol % Cy3P-HBF, (20) 17h 78% DavePhos
7 5 mol % CysP-HBF, (10) 17h  86% (R =Me;N)

Table 5. Synthesis of Pentacyclic Lactam via Pd-Catalyzed Cyclization

PLEIZiR~ 72 X 912, EFIMA IS Lz Sml, 12 X 238 mhBR LG 2 mE I e b S h
TeREICH L CHA L THEMOAERA I /A4 RY VARG, fi< BUAUS TR Z 0
BRPNOIERWT IV UBRRICHEET L LN TE L, LLRRs, 7 I Y0 Lo PMP EORE
NHREERFRETH Y . BLSIEZ2EAT 5 E EEONMMNHET DRER L2 oTo, TS
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T PMB T S UV EOMRGERE LTEO 106b 2 SEEH & LT, kST VT A
iz X A BRALBOG A U722y, BREIOHIRMET I 20 110b 235 55 2 & 137 < FUEHANRIZ
#&40 > 72 (Scheme 36), ERACSUCIHEIT L72WRA & LT, BHEOZERIC L > TT7 IV otk
B FRICHIEEPENIEEDR RE LS EDoTEBY | RAT ¢ VENLF DOTEMEIZ IR AKAFT 2 A6
FIHELIZLOEZZOND, RERNDL, ZOMEEZIT CTEFITE RO G RIS O Sk
T AL E LT,

Bn ||3n
N N_ O
\FO — Pd(OAc), Cy;P-HBF,, NaO'Bu r H
5 \ / xX—
3 DMA, 120 °C
7=N Cl NN
H PMB No Reaction )
PMB
106b 110b

Scheme 36. Unsuccessful Cyclization of PMB-Substituted Iminoindoline
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. 55 25 i LA AT NP 2 BECS & 9~ % A A 2
i BB IS DB & T m a7 55 322 DY

AT TR 7 B A GLE O BRFE Tk, IR BAF RN CTHEET I 20 M0a RGO b DD,
WS OMMDBEMNEERY L7xolc, T7200, O 2P ORERDPRERNEER p-A %
7 2=V (PMP)EIZIRES N T2 &, @F 2=y FOHEfEB LU D EBOMEIINT VT A
I & D RS ATERSS 2RI LT 2 OB a7 VR T FRC R B OEANEEETH
LHEBEZHENDZ L, OB-7T 2 /B 6T O HERMET P2 110a £ T2 13 TR, BEEEEWTH
BB NTIHELTNLEICAEWMETIC 10 TRESEMEEZEL WD Z L, @QNERS LT
£ ¥ 103 DERMBGMRGE L b BRI £ o722 ThHhD, Z0HrH, OBLV@I
D BRAEE D 72 DEALBISITE KT 5 —75 T, @-@DORMEAITETHERA L 7 1 - ORI
G550 THoTz,

AT, Gt~V U A ()(Sm)IZ X D ITCHBRILIGDE T IVIEE 752 1L=|IRSGIETIC
BWTETORLEMEZA L TWD Z ERBIZE S, ZOFMICIMbEY O AR RS LHTEH
ST, ZORIKISITEM 7 6 n EFERIRISTH Y . FRIMBASZLETTIEZT I /%7 U 11 7
58% E HREEDINETHOLND Z LML E 22572 (Scheme 37), Z D X 9 72 6 & B ERIKNIG
2k % 2-7 2 7% U CARIE Saito™™, Molina®® 512 L » TERZRMNICHE S b DT
Hot=y, 72 /% /U 111 % dehaloperophoramidine (2) D NERME#H D 9 H B-D BB L OVF B
ZEEIZA L THY, HIZHx /U D 34 MRF-RBREITBERRIUERA L 7 0 & LTHA
TE oAt d -7,

o Bn
Bn. °N
n N |
—_—
| @ @
58%
PhN==N PhN==
75a dehaloperophoramldlne 2)

________________________

Scheme 37. 6w Electrocyclization as Side Reaction

INHOMAES LIZ, EFIXROGHEEN %254 L7 (Scheme 38), £, 2D ABRET
ROLWET IV 2 b OREMET IV M2 R T 52 L L Lc, ZOHRMET I V0 112
DOEWERFL, 7 /7% 7V MBZXLTY F U L-IF URZWISIZ K > THFHIZT Y —
NV FULEARSE, ZhEX /)y 3MICHEMNSEL 2L THETELEEZXTL, 20
227XV M3 K, TV X LEATHHINRTA IR WA DDIRD 61 B EIRSUG &
B REB L OERERERIC L > TARTHZ L & LT,
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Q%J@ @1}?@ @%@ @5@

112 X O or NMe) 113 X OorNMe
Scheme 38. Retrosynthetic Analysis of Dehaloperophoramidine

ARE RIS I U THE R 2 RIS B HEIBRATMBOSIE, ARG & - TEMAL
SN0 EFHEFHERICKTHHEKY T U LOMINC L > THMURLR SR ZHEIT D R 2 RS L
LTW5b, BAEFECZMED GRIEIT. HERIRSICER TE 2 5 FIRILEM N b AEME IS 2 1%
HTEDETHBDROENUE E L TR BN 2 ENTE 0 2O T b ARFZEIC B4
LEER L LTIT 7 2 VBRI T DAY F U LRSS AT b D,

Meyers © 13 1984 1T, RAMBIEZ & DB o —owe _
A7 — b 15 T LTHEKY F v LRIz O._N ens %Tﬁme
A&, AT HFE ) F— b EREFHITH ;:j(‘d“;:”?)' fth
BT 5L TYOT AT LA RIS & k3t s i
PRIIA 116 M B D = & A it Lsza(Scheme Scheme 39. Dearomatizing Conjugate Addition by Meyers
39). FDOHARIEIZ DOV T DIFEVRF 21T > T D 2,

F 72, Tomioka HiIA 2> N7 IZHT 57 ==/ U F 07 LD B O Y FHEE Y
T—F AENLA N8 IZ K-> T F U FABIRMITHEAT L, TATE N 119 ~DNMKGfEE | Hi<
WIS RETT L a—/L 120 DEINEER, SoF U FARRMICEORD 2 L 2RE LD
(Scheme 40), ZAEIZIX, BEWEELZHWD Z L TZ 270 121 6 RO RSB EITT 5
ZERHmE STV S P

OMe
C Ph ~
oy ~"Ph BHAO

N OMe 118 PhLi, 118
PhLi NaBH toluene —45 °C
—_—
toluene, —45 °C; IH MeOH L|BHEt3 THF; yé
OO acetate buffer 82% MeOH; NaBH,
0
94% ee 80%, 84% ee

117 1"
Scheme 40. Tomioka's Enantioselective Dearomatlzmg ConJugate Addition using Chiral Dleth_e_r_il_l—g;n_(i ________

Clayden HIX N-X2 U F T H I K122 12 tert-7 F VY FULEEHIE S Z &L TR DU
BDHVIHFERAN MLO U FABET L AFHFATF LY U h Y7 I K HMPA)DIFEE FT
i 5 R BRAL SIS ASHEAT L 7= 2B 123 843 5% Z & % JLH L (Scheme 419)°*° 1% (2 AR &4 )
AR LI REORIE~ BB L ™, £/ Ortiz H133 7 /77410 124 ~DT LF LY
F 7 LIS & 5 LBATIAE 125 DARICHOWTHE LTV 5 (Scheme 42)°°,
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f
Bu ¢ |
' o B¢ ! CN CN

(0] N Ph N I
~ ‘BuLi _ H ! "BuLi _ H "Bu
THF, HMPA, —78 °C ) Ph OO THF, HMPA, —90 °C O‘ H
OO 82% i 46%
122 123 124 125
Scheme 41. Intramolecular Cyclization by Clayden i+ Scheme 42. Addition to Cyanonaphthalene by Ortiz

YL EIX 10 EF HEREED OB E R IEOEOREN 2B TH D . SUSOR R
UD(TH)T /) T — b EREFHITHIET 5 Z 12 Ko TEFREIED afir 2 55 MUk R 22
THFELENETNICONTHESNTND, LLAERL, SFARIGSH D WVIE0 RIS %
M9 SKREATIN A2 320 285K 5 | EBAL 2 5B WUAR R R I T 5 RIAR DI INEOSIZ 2 E T
HMOLNTELT, BET AL LTH Xi DICKDHMART 72 L 126 ~D 7 =4 VBALKIES
2L DA BRIE 127a,b DARLDIHTH -7~ (Scheme 43)°°, £7=. X/ Vo HHWEA VF
U E LT 5HUORSbREHD I TH -T2,

Et Et Et Et Et Et
Et
7 o
\EtLEtEt+EtEt
COY T CO OO

126 127a: 69% 127b: 21%
Scheme 43. Dearomatizing Anionic Cyclization by Xi

VLW sz s 2, EHIIEHE R TR ET VB O AR AT - 72 (Scheme 44), SCHREE
MOT 755128 R VR 98 B AN v 7Y VI RUSIC & > TREA LT Boc T =V »
129 %V 88% CAL L, Boc 2% F VU 7 LA B FElE (TFAIZ L > ChRREL T 9% TT7 =Y > 130
Ll7e, ZhIC2-3—R7 2= A VY FATT X — b SET8% TF AV LT 131 2G5k
L7, 3 vEEMOERESICE > THART A I P14 ~EEH L, a5 2 &
mvrmnxi o 80 CTMAT L Z LICL-s THED T /% Vv 132 ZHAERM E L
Tz, T T 7 Z NERIFFZRIRAIIC Boc FETHRET HZ LITE - T, 3 T 69%IHET
Boc fRi# 7 7 % J133 ~ihE L=, IRIC, 72 /% /U 133 % Boc S CHICIE# T D Z & T Boc
ik 134a 2, 7T U MEB L p-A FF XD (PMBYET 5 Z L2 k> TT U KK 134b,
PMB (b1 134¢ % Z I Z 41 92%, 86%, 91% DR THL LTz, 2D 9 5 Boe {L14 134a 35 LT PMB
{EAR 134¢ IZ DWW TIE, NOESY A7 kb ETHF 0 NOE 238l S 7z 2 & b BREAALITERS
ERBRANTEIT L TWDL D LA L, el BUREWZ L1 133 OT T /A BOSIZIET
LA E LTI BT VX ANRMETEH D . PMBCL ORI D& W2 ERER LTV
b B RINECTHIIW Z 5 2 72 o T2,
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(HO),B
) v
H BocHN 98 N © NCS
N O  PdCI,(PPhy),, Na,CO3 _TFA DMAP
R;[ dioxane, H,0, 100 °C CHZCIZ 0°Ctort = toluene, 60 °C
Br
BocHN

88% 99% HN 85%
128 129
_LEGN BocyO, EtgN, DMAP__
EtOAc, 0°C DCE,80°C" @: THF, 1t @
N N 69% (3 steps)
132 133 (R=H)

133 (R=H) Boc,O, DMAP 5 ' ;
134a (R = Boc) THF, 1t, 92% ! @‘\
133 (R=H) allyl iodide, NaH, DMF ! E
134b (R = allyl THF, 0°C, 86% ; I
(R =allyl) : SN PMP@ :
133 (R=H) T—‘ PMBI, NaH, DMF ' 134a 134c |
- THF, 0 °C, 91% ! '
134c (R =PMB) ’ : Observed NOE !

Scheme 44. Synthesis of Aminoquinoline Substrates

FEWTETAEE 134 T RICHFENT L LT 7IRETIVUAERLIETI )X )V v
Z AR L7 (Scheme 45), £, 73 /% /U 2 134c ® Boc #:% TFA 1T X - TILER 99% T2 L
T7IR135 &L, 2275 Lawesson i3I K> TF AT 7 ¥ L 136 % 97% DI THT=, 6t
WTC, I AT AE RN S-AFIAUIZ KL > T 89% TAFILF A A IT— 137 & L, A
FAT I TERTLILETT IV 138 ~ L AHit%, Boe I X D Ri#4#ET 2 THE 87%DIX
T Boc fR#ET IV 139 AR LTZ,

H
N__O
Lawesson's
__TFA__ NP> _ reagent
@i CHyClp, 0°C @[ | “toluene, 100 °C @[
N
99% NTN 97 %
PMB

PMB
134c 135 136
NHMe
Mel, K2C03 MeNH2 Boc,0, Et3N
TTHR MeOH, 80 °C TTHR R @:
89% 87% (2 steps)
PMB
137 138 139

Scheme 45. Synthesis of Amidine Derivative
COEICARLIET R R 13da-e BEX T I V0139 2 HE L LT, PG ERIEM MR D
st &1T 7= (Table 6), 7 7t Fu~7Z v (THF)HF-78 CIZB W CTHEIZH LT 1.1 YED n-
TFNYF A (CBul)EEH & TO0 CECHIRL T 1R BT 2502 I &k & Lz e =
%, Boc PRAEM 134a [ZFEIOTHE & IITEMERIR G 2 5 272D L (Entry 1), 7 U VORGEMR
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EI’:oc
N X
| BULI
- | THF temp.
>
N N

134a-c,139 140b-d 141
Entry  Substrates X R "BulLi Temp. Results
1 134a O Boc 1.1eq. -78°Cto0°C decomp.
2 134b (0] allyl 11eq. -78°Cto0°C 140b: 68%
3 134c (0] PMB 11eq. -78°Cto0°C 140c: 63%
4 134c (6] PMB 21eq. -78°Cto0°C 140c: 68%
5 139 NMe PMB 1.1eq. -78°Cto0°C  140d: 41%, 141: 23%, 139: 12%
6 139 NMe PMB 16eq. -78°Cto0°C 140d: 57%, 141: 6%
7 139 NMe PMB 21eq. -78°Cto0°C 140d: 74%, 141: trace
8 139 NMe PMB  2.1eq. -78°C 140d: 28%, 141: 46% ; Structure of 140d
9 139 NMe PMB  2.1eq. 0°C 140d: 40%, 141: trace by X-ray Crystallography

Table 6. Investigation of Dearomatizing Conjugate Addition
134b 35 J OV PMB R 134 # V235G ITIT B O HBRME T 7 2 2 140b 35 L OV 140¢ & 22
L 68%E 63%DINEK TGS Z &L N TE /- (Entries 2,3), £7-. PMB {## (K 134¢ (26F L TIEA & &
% "BuLi & 2.1 Y&EICHE L 72HEICH B> T RIBONIBIEE ST, 68% & FIFEEE DI T HIY
DOEALIA 140¢ 2315 572 (Entry 4), ZHUSK LTT 2 20 139 1382 5 OS2 R L, w4k
(1.1 YENCBWTL 41% IR O HERMEE AT 2 V2 140d (22, 23%0O B3 7 H Lk 141
& R2%DEEREI SN DER & 72572 (Entry 5), "BuLi O &2 <25 & JFEIOWHEEAS &
O 3 7 FACROWRAD &L B OICER EA R G0, 1.6 Y& T 57%., 2.1 B&TiE 74%0
WERTENENHBPOERAT IV 140d 2155 Z & 3 TE 72 (Entries 6,7), Z D7 I ¥ K 139
DA FE B INBISE-T78 Ch DL 0 CTIXRAISHEIT LN Z &, 78 CTORE
DI & ZDHDOFIRNEIRICHHETH D Z LB E 72> 7= (Entries 8,9), 728, A£¥ T
HHEAT IV 140d OREEE X BRESEIEMITIC L > TIRIES N, ZORRBE LD 25D
PRI N trans BB T % perophoramidine & [7 UAHXELE % &5 2 L B 600 & 2257,
AP DHETE S HEAE % I3 (Scheme 46), U T 7 L v 7 U AR SIZ K » T3 kT
U= 142 HHEBEY F 7 5 143 AR L, 2RS0T HOF 2 U v 3 i~ S-exo BIO i 154 ik
HEAAMIEERE T2 TT YT/ F— M4 EAEL 77 M ALERTERD 145 12E 5,

T : Boc Boc
N X N X N XLi N X
iy = oy~ @ - a4
QLK QLX) 8¢ ¢
NN NN NN N7SN
R R R R
142 143 144 145

Scheme 46. General Mechanism of Dearomatizing Conjugate Addition
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7 X N 134c DA L ITRRIZ, 7 I 20 139 ZHE & L72FBRIC "Buli ORI & LRI 2
LTCWDHERERTHERBENARL TH D, 7 I REE KRG L T 2 M5 F RIS X H R %
WL L9778 CTHMATT 5 HE (RE i Ciial), FIZT7 IV 1391211 BLO1.6 YED
"BuLi ZEM S 7256 ORIERD N 3 7 F K141 ThHoTeRaBET 5 & ARF O "Buli
VF U LonaZ RS ORIESRY) TH D 3 LT F L ("Bu) DA IR Py —L LTHL Z
LR IND, T 720 H-78 CTORILSILAENTZOIZRNICER L7 T U —/L U F 7 L 143
WXL T, BAE L "Bul 607w b AVSOES FHRIBRE THAE LI & B2 6D,

RFID "BuLi OEE|Z R T X RO ERR Z A7 (Table 7), THF H, 4-3— N7 = =/L|Z
%t LC-78 ‘CICT 1.0 Y& "BuLi Z{ESHTO CEXTHIRTH L, 4-TF LT = =)L 1472%
N U%DINETEHELN, 78 N AR TH DL E T ==L 147b 1T/ SN2 -7 (Entry 1), =
AT L CRIBRDEIET 2.0 HE8EO "Buli 2 S8, FREIC 22 HREOXCXT LT E R
(PhCHO)Z IR L 723354, 14%D 7 1 b Ak 147b & 3£ PhCHO N1 146°' 73 73% & FLAF 721N
FCHEE XU, "BuLi ® PhCHO A 147¢ 1345 HiL72h - 72 (Entry 2), felCT-78 ClzdkiT b
B % B3~ R OMRFT 24T > 72, —78 ‘CT 1.0 M & D "Buli Z {EH X 8T 1 KR L .
1.1 2 & PhCHO Z iR L 721212 0 ‘CE THIRT % & 72%® PhCHO A1 147¢ IZfE> T, 7
F AR 147a o7 17§ AR 147b R ZENZEI 9% T D1 B HEFR & 72 o 72 (Entry 3), 2.0 4 &
O "BuLi Z VT 2.2 280 PhCHO Z#IN L 72456 . PhCHO fIANA 147¢ D775 89% DU TH
B X7z (Entry 4), 2O OFEBRDLIROFEENALNTHD, OV F U Lo 7L ZZHIGED
FERAELCET Y =AU F U LFHE "Bul LRIFINEREZ T, @2 ORIFIGNE-78 CTIZENR 0 C

TET7 V= U F U LRERLNITHE SN D, QRO "BuLi PMFELIZLE. ZONHEESH
% Z & CRHR ORISR ITmE S b, @OARFO "BuLi OHEIT-T78 CITRBW T H NI T
Do ZHH DL "Bul DEEFENZOWTORFZ BN T D 6D TH DA, BAE RIS
TORIISDT NF AL TIZZRWREIIAHTH Y | OSSR T FHNOM T v A1kl k- T
TV—=NYF LIRS DCFRENER L TS ARELE X DD,

| » ' "Bu oH
o e o N S SR
Ph Ph Ph
Ph
146

147a 147b 147¢
Entry Conditions Results
1 "BuLi (1.0 eq.), THF, =78 °C to 0 °C 147a: 94%, 147b: 0%
2 "BuLi (2.0 eq.), THF, -78 °C to 0 °C; PhCHO (2.2 eq.) 146: 73%, 147a: 0%, 147b: 14%, 147¢c: 0%
3 "BuLi (1.0 eq.), THF, =78 °C; PhCHO (1.1 eq.), =78 °C to 0 °C 146: 72%, 147a: 9%, 147b: 9%, 147c: 0%
4 "BuLi (2.0 eq.), THF, =78 °C; PhCHO (2.2 eq.), =78 °C to 0 °C 146: 89%, 147a-c: 0%

Table 7. Investigation of Effects of Excessive "BuLi
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FWTEFRIL, SONHREEAT I V0 140d O 7 2 Vv af i OERiZ R A T-, Ll
BRD, WEELTIFULYAY TR ELT I RADARA Y VAANFH AT LI T IR
(KHMDS)., 7 U UbflE LT3 vikd 50T RAT U vz W58 1E B A MERINER T 6
NDDHTHoTo, ZHUIT VI AT IV Dofi7m h D5 EKRENBFETHH Z LiTHkL
TWNDHEEZXONIZZ L0 h, BTG EFRLEMAMIEOPEKTCH LT P ) F— 2T
YAy N L, s TR KSR & — S T N KA E R A T, TR U 139 DSk
{4 (Table 6, Entry 7) % J# ] L7222 2.1 8D I VLT VL ZWINT 5 & 67%& BAFRINERT
BLE TR AR S8 2 fif 2 7o HERMEE AT IV 148 2145 2 L 23 TX 7= (Scheme 47), 7035, ARG
DEFIHGHE—D YT AT LA~ —L LTR/LNTEN, TNEEEIIIZ 2 ITERT 52 L8 TE
TeHEENG, T VALK 148 [ TEHLDOFIINAREZ A L TNWDZ ERHLNTH D,

I|30c ITi Bloc
N N. N NMe
Me r /
_ "Bui | allyl iodide
@[ THF, 78°Cto0°C O O /@
0,
NSy 67% NSy
PMB PMB PMB
139 148

Scheme 47. One-Pot Construction of Contiguous All-Carbon Quaternary Centers

AKINED YT AT UABRIRVEIILL T O X 5 123 &4 5 (Scheme 48), FEE 142 (2% LTV F4
BB & W5 B IR INBOE AT L7z (7 W)= 2 T — R 144 13, TEET7 I 200D sp
BEIZES>TCNO FRETOMWERMENRTENDMERLL LT, 4 I /42 U U 3ALISHE
LicxF L ABIZZNICEART 5 2 812785, 7r b3 kT Vo X 5 R\ 1Al ok
I LT, ZOT F AN SIARREE & U CHRET 5 2 & THERY 149 OSLAERIRMEDFEEL
LTWD EHERIS LD,

142 144 149
Scheme 48. Rationale for Diastereoselectivity

AR 148 726 2 ~OEHIILL T D X 512475 7= (Scheme 49), N-A FI/LE/LKRY -N-AF
FNMO)Z R LAl & T 5 WU bA A I U ALK DY ek ke Hi<ima vHRE) -
U B DL DIRICE S TERT IV U8 ORMGA L 7 4 BT AT e REHRLEE D

SFNBAL L [FIREIZT X 20 ED Boe EAPRE SN ABRMET I 77—/ 150 2 32 DU T A
T UAL, T5%DINETHEZ, 2Ok Rax i vz 7 JKFEFTVRT M) U ALK TE
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Boc
1

N N'V'e/ ) 0sO,, NMO
|/ acetone rt NaCNBH3 3PO4
" NaIO4 NaHCO4 AcOH MeOH anlsole
N H,0, THF, rt 0°Cto60°C 120°C
N
PMB 75% (2 steps) PM 76%

1%
148

Scheme 49. Completlon of Synthesis of Dehaloperophoramldme

JTLL TR TN TERT IV 151 ~E B L, U UR-7 = — VI 120 CTMECT 2 =
& T PMB M &% LTI 71%T dehaloperophoramidine (2) DA R A L LT-, 7235, MU 7L
FufigaRM LB o RV AP TRIELZ 2 © 'H BEW PC BRRILIB A~ MU
Ireland 51X > THESN TS LD ' & K —8 %R L7Z (Figure 11),

TH NMR

LN

Figure 11. Comparison of NMR Spectra of Dehaloperophoramidine

KFZEIZT D 2 DA FRBIISCEEE S LA ChHH T aET 7 & 5 128 6 17 T, F0
WEIEIL 9.5%Th 0 . BEICHE STV 5 Rainier HOEEREK 2 (N-_v UL FY 72 Ik
D 18 THE., IR 7.5%) L0 AR TEREN DR, FEERERTH-T-,
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B BRI L e S ACABIEE 2T X U0 DA (FA)

FEVNTEEFE X perophoramidine (1, Figure 12)D 8 i 558 DA %38 A

TR B BRI IE~DF /U > 7O RERTF TR % ”wr$£
MRS Lk L, SR ApS 10 TRORELT % ST )

cl NN Br
/ U Vg 75_’/5\524 LTﬂﬁ%éﬁ%i@?&Hﬂﬂﬁﬂ‘?@%# %%ﬁﬂﬂ L7LC <‘: Z 5 N perophoramidine (1)

Figure 12. Structure of Target

ST BIFCHEIT U, BRI T SV RFBL BB T I V2155

TLEMTER, EFIIBONT 7 # 2% L LT Z2#ET . #55R & LT Rainier HDOHET
IWEEE S 2 BT I R0LOENL A BBECHRYI L, 8§ MRFELZHEALL
dehaloperophoramidine % & 3% Z L N T 7=,

fe< 15 LB X 1T ME~DEHRFFOBANICHTZD | ST RETHLHY 7 nufbr I /%
IV B BB INS~EH T2 2 EBRREETH o7 7od, EFIL NS ERZRNREY
AT IV UEFARCEANT DI AN T, 1TNEFEOEAN LR AT, 7= ORI/ an
BKafT07 /%) 37 v e iR L RRRICARTE . 2w L CTIIFE RN
JISDEEFNEHEA LI 2 A, MINETHEREET IV U2/ LN TE, ZOERMIX
fe< 6 TRRTT X/ 2 FNVEEEALTAROHELZIT) Z LT, EET7 IV AT AEE D
To7e 8 NLRFL 17 MIEFEANBREE AT I VU EAERTH I N TE T, ZoFMEND 15
MR OB LD 1 ~OF TS HOBMFRETH D,
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T 2A
T AR

AFEFHCB W TER L, 7 I — LV OR(LZRE LR WEENRSRET IV At L b
perophoramidine D& Z HIF L THIZEZITV, Wb 2-14 X/ A R U U OMEZ {5 M E
DL BRI B HAEFILE 2N LT,

—DOE RIS TIX, S FRICAaf AV R= AT A fT 5 VAT A I Rkt LTa vik
P~V U LA(IHEEHESE2 2 & TEICBRILSISHEITLT 224 I /A R UG bhsd 2
LEFER L, ORI & E R E Lo, B, @EICEREM LS BT L
TARKISZEHAT 2 Z E TUREAERA I /A R VERL, K< /N7 27 MMl
BALSUG DR IRE(E 21T D 2 & T T 7 & Lol D BMAL Z N2 SR THhERET I Vv
DELNDZ xR L,

BEITHIBLEUG ORIAERY K 0 BFBEZ S TIRY MATZE ORI ClX, /2 FNIC 2-3—F
T VEEETD 22T X% VAR LT FAEEEEZ#EAT S 2 LT S-exo OB
R IBOEEAT L, 24 I /A R B HERET IV UM G0N 2 2 /i Lz,
TIV AL ODEEITH LTARRISZBEM L, HlF TV Ry b TTY VI ba1T 9 2 & Tk
VU R 35 2 SEARIRINBYIC — 284852 L. dehaloperophoramidine DA% & @ik L7, HIZ., A

WHRIRTFERBRFELTRTLHZEZHALNICL, 8 RFERBINI1TERELEA
MEE 2T IV OARRICES) LT,

NI EER b
L/‘]L\_/\f;%
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FERIA

General. Unless otherwise noted, all reactions were performed under an argon atmosphere. Analytical
thin-layer chromatography was performed with Merck TLC Silica gel 60 F,s4 or Fuji Silysia Chromatorex
NH. Preparative thin-layer chromatography was performed with Merck PLC Silica gel 60 F,s4 or Fuji
Silysia Chromatorex NH. Silica gel column chromatography was performed with Kanto Silica gel 60 N
(spherical, neutral, 40-100 pm), Fuji Silysia Chromatorex BW-300, or Fuji Silysia Chromatorex NH silica
gel. Proton nuclear magnetic resonance (‘'H NMR) spectra were recorded on a JEOL JINM-ECA500 KP at
500 MHz. Chemical shifts are reported relative to Me4Si (6 0.00, in the case of CDCl;), DMSO-d; (6 2.53)
or CF;CO,D (6 11.50). Carbon nuclear magnetic resonance (°C NMR) spectra were recorded on a JEOL
JINM-ECAS500 KP at 125 MHz. Chemical shifts are reported relative to CDCl; (8 77.0), DMSO-d; (5 39.5)
or CF;CO,D (6 164.2). Multiplicity is indicated by one or more of the following: s (singlet); d (doublet); t
(triplet); q (quartet); m (multiplet); br (broad). Infrared spectra were recorded on FT/IR-4100 (JASCO).
Low resolution mass spectra (LRMS) and high resolution mass spectra (HRMS) were recorded on JEOL
JMS-700 (FAB+). X-ray crystallographic data were recorded on RIGAKU R-AXIS RAPID.

General procedure for synthesis of carbodiimides from corresponding ureas. To a solutions of urea
(170 pmol), PPh; (66.8 mg, 255 umol), and EtN (52.0 pL, 374 umol) in 2 mL of CH,Cl,, was added CBry
(67.7 mg, 204 umol) at 0 °C. These reaction mixtures were stirred for 2 hours and warmed to ambient
temperature. Then additional PPh; (134 mg, 510 pmol) was added. After 3-15 hours, the reaction mixtures
were directly evaporated. These resultant residues were purified by silica gel column chromatography

("hexane/AcOEt = 8/2 to 7/3) to give carbodiimides.

General procedure for Sml,-mediated reductive cyclization (condition A). To solutions of Sml, (0.1 M
prepared from 1,2-diiodoethane and metal Sm in THF, 2.4 mL, 240 pmol) at ambient temperature, were
added solutions of carbodiimide (100 pmol) and ‘BuOH (21.0 pL, 220 pmol) in 2 mL of THF in a dropwise
manner. After 15 minutes, saturated aqueous NH4Cl solutions were added to these reaction mixtures and the
organic solvents were removed by evaporation. These aqueous solutions were extracted with AcOEt. The
organic layers were extracted with 1 M aqueous HCI solutions and the resultant aqueous layers were
neutralized with solid NaHCO;. These aqueous layers were extracted with AcOEt and the organic layers
were dried over Na,SO,4. These crude solutions were concentrated under reduced pressure and dried in
vacuo. To solutions of Boc,O (32.7 mg, 150 pmol) in 1 mL of CH,Cl,, were added solutions of the crude
material in 2 mL of CH,Cl, at ambient temperature. Then DMAP (12.2 mg, 100 pmol) were added and
reaction mixtures were stirred for 10-20 hours. The mixtures were evaporated and directly subjected to

silica gel column chromatography (“hexane/AcOEt = 9/1 to 7/3) to give N-Boc protected iminoindolines.

General procedure for Sml,-mediated reductive cyclization (condition B). Solutions of carbodiimide
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(100 pmol) and ‘BuOH (95.6 pL, 1.00 mmol) in 2 mL of THF were degassed by freeze pump thaw cycles
chilled with liquid nitrogen. To these solutions at ambient temperature, were added solutions of Sml, (0.1
M in THF, 2.1 mL, 210 pmol) in a dropwise manner. After 15 minutes, saturated aqueous NH4Cl solutions
were added to the reaction mixtures and the organic solvents were removed by evaporation. The resultant
mixtures were extracted with AcOEt and the organic layers were washed with saturated aqueous NH4Cl
solutions and dried over Na,SO,. The crude solutions were concentrated under reduced pressure and dried
in vacuo. To solutions of Boc,O (32.7 mg, 0.150 mmol) in 1 mL of CH,Cl,, were added the solutions of
these crude materials in 2 mL of CH,Cl, at ambient temperature. Then DMAP (12.2 mg, 100 umol) was
added and the reaction mixtures were stirred for 5-20 hours. The mixtures were evaporated and directly
subjected to silica gel column chromatography (“hexane/AcOEt = 8/2 to 6/4) to give N-Boc protected

iminoindolines.

o Ethyl 3-(Benzyl(3-ethoxy-3-oxopropyl)amino)-3-oxopropanoate (67) To a solution of
EtozC\)J\N'B” ethyl 3-(N-benzylamino)propionate (414 mg, 2.00 mmol) and ‘Pr,NEt (342 uL, 2.00
E0,C._J mmol) in 4 mL of CH,Cl, at 0 °C, was added ethyl malonyl chloride (303 pL, 2.40
67 mmol). The reaction mixture was warmed to ambient temperature and stirred for 10
minutes. H,O was added at 0 °C and the separated aqueous layer was extracted with CHCIl;. The combined
organic layers were washed with a saturated aqueous NaHCO; solution and with brine. The crude material
was dried over Na,SO, concentrated under reduced pressure and purified by silica gel column
chromatography (AcOEt) to give titled compound (598 mg, 93%) as a viscous colorless oil; '"H NMR
(CDCls, 8) 7.32-7.27 (m, 5H), 4.65 (s, 2H), 4.61" (s, 2H), 4.25-4.08 (m, 4H), 3.65 (t, 2H, J = 6.9 Hz), 3.56
(t, 2H, J = 6.9 Hz), 3.44 (s, 2H), 2.65, (t, 2H, J = 6.9 Hz), 2.54 (t, 2H, J = 6.9 Hz), 1.31-1.22 (m, 6H); "°C
NMR (CDCls, 8) 171.9, 170.9°, 167.4, 167.6", 166.7, 166.5", 136.7", 136.2, 129.0, 128.6, 127.8, 127.8,
127.4,126.3,61.57, 61.4, 61.0", 60.5, 52.7,47.97, 43.1", 43.0, 41.4, 41.17, 33.17, 32.5, 14.1", 14.1, 14.0; IR
(ATR) 1736, 1654 cm™'; Anal. Caled for C1,H»3NOs: C, 63.54; H, 7.21; N, 4.36. Found: C, 63.68; H, 7.29;

N, 4.39. HRMS (MH") calcd for C;7H,sNOs: 322.1654. Found: 322.1654 ("peaks of minor conformer).

o Ethyl 1-Benzyl-4-hydroxy-2-oxo-1,2,5,6-tetrahydropyridine-3-carboxylate (68) To
EtOzcjij\,’B” 80 mL of EtOH, was added NaH (60%wt, 708 mg, 17.7 mmol) at 0 °C. Ethyl ester 67

HO (5.18 g, 16.1 mmol) in 20 mL of EtOH was added dropwise over 10 minutes at the same

68 temperature. The reaction mixture was warmed to ambient temperature and stirred for 12
hours. A 2.0 M aqueous HCI solution was added and the resultant solution was evaporated. The residue was
dissolved in H,O and extracted with CHCI; three times (pH of the aqueous layer < 2). The combined
organic layers were dried over Na,SO, and concentrated under reduced pressure. The crude material was
purified by silica gel column chromatography (“hexane/AcOEt = 6/4 to 4/6) to give the titled compound
(4.03 g, 91%) as a viscous colorless oil; 'H NMR (CDCl3, 8) 7.34-7.27 (m, 5H), 4.64 (s, 2H), 4.41 (q, 2H, J
=7.2 Hz), 3.32 (t, 2H, J = 6.9 Hz), 2.54 (t, 2H, J= 6.9 Hz), 1.42 (t, 2H, J= 7.2 Hz); ’C NMR (CDCl;, 8)
128.9, 172.0, 137.7, 128.6, 128.0, 127.4, 98.2, 61.8, 49.4, 41.5, 29.6, 14.2; IR (CHCl5) 1729, 1658 cm™;
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HRMS (MH") calcd for C;sH sNO,: 276.1236. Found: 276.1244.

1-Benzylpiperidine-2,4-dione (70) A solution of ethyl carboxylate 69 (3.78 g, 13.7 mmol)

bﬁ” and 0.1 mL of H,O in 100mL of MeCN was heated to reflux for 3.5 hours. The reaction

o mixture was evaporated and purified by silica gel column chromatography (CHCl;/ MeOH

70 =98/2 to 95/5) to give the titled compound (2.73 g, 98%) as a colorless solid; mp 59-60 °C;

'H NMR (CDCls, 8) 7.34-7.26 (m, 5H), 4.69 (s, 2H), 3.49 (t, 2H, J= 6.0 Hz), 3.43 (s, 2H), 2.54 (t, 2H,J =

6.0 Hz); °C NMR (CDCL, 8) 203.4, 166.3, 136.2, 128.8, 128.0, 127.9, 50.0, 48.9, 42.3, 38.6; IR (ATR)

1715, 1651 cm™; MS (FAB") m/z = 204 (MH"); Anal. Caled for C;,H;3NO,: C, 70.92; H, 6.45; N, 6.89.
Found: C, 70.78; H, 6.48; N, 6.85.

o 1-Benzyl-6-0x0-1,2,3,6-tetrahydropyridin-4-yl Trifluoromethanesulfonate (71) To a
/@—B” solution of lactam 70 (6.09 g, 30.0 mmol) and Et;N (8.35 mL, 60.0 mmol) in 100 mL of
TfO | CH,CI, at 0 °C, was added Tf,NPh (12.9 g, 36.0 mmol). After an hour, the reaction
& mixture was warmed to ambient temperature and stirred for 2 hours. A 0.1 M aqueous HCI
solution was added to the mixture at 0 °C and the separated aqueous layer was extracted with CHCl;. The
combined organic layers were washed with 0.1 M aqueous HCI solution, with brine, with a saturated
aqueous NaHCOj; solution and with brine. The resultant solution was dried over Na,SO, and concentrated
under reduced pressure. This crude material was purified by silica gel column chromatography
("hexane/AcOEt = 9/1 to 8/2) to give the titled compound (9.81 g, 97%) as a colorless oil; 'H NMR (CDCl,,
8) 7.35-7.28 (m, 5H), 6.06 (s, 1H), 4.62 (s, 2H), 3.44 (t, 2H, J = 7.2 Hz), 2.69 (t, 2H, J = 7.2 Hz); >C NMR
(CDCl;, 6) 162.7, 157.5, 136.3, 128.7, 127.9, 127.9, 127.7, 118.3 (q, J = 320.7 Hz), 114.2, 49.3, 43.3, 27.1;
IR (ATR) 1680, 1366, 1219 cm™'; MS (FAB") m/z = 336 (MH"); Anal. Calcd for C;3H,FsNO,S: C, 46.57;
H, 3.61; N, 4.18. Found: C, 46.52; H, 3.61; N, 4.28.

4-(2-Aminophenyl)-1-benzyl-5,6-dihydropyridin-2(1H)-one (73) A solution of
.Bn boronic acid pinacol ester 72 (876 mg, 4.00 mmol), alkenyl triflate 71 (1.65 g, 4.84

mmol) and PdCIy(PPh;), (140 mg, 200 pmol) in 50 mL of THF and 32 mL of a 2.0 M
NH, aqueous Na,COj; solution was heated to reflux for 12 hours. After the reaction mixture
was cooled to ambient temperature, the aqueous layer was extracted with AcOEt. The
combined organic layers were washed with brine, dried over MgSO,4 and concentrated under reduced
pressure. The crude material was purified by silica gel column chromatography (“hexane/AcOEt = 5/5 to
3/7) to give the titled compound (1.05 g, 95%) as a colorless solid; mp 110-112 °C; "H NMR (CDCls, &)
7.37-7.27 (m, 5H), 7.13 (dd, 1H, J= 7.5, 7.5 Hz), 7.05 (d, 1H, J= 7.5 Hz), 6.77 (dd, 1H, J= 7.5, 7.5 Hz),
6,72 (d, 1H, J= 7.5 Hz), 6.23 (s, 1H), 4.69 (s, 2H), 3.93 (br, 2H), 3.45 (t, 2H, J= 6.7 Hz), 2.67 (t, 2H, J=
6.7 Hz); °C NMR (CDCl;, 8) 165.0, 150.0, 143.1, 137.4, 129.6, 128.7, 128.1, 128.0, 127.5, 124.5, 122.6,
118.6, 116.3, 49.7, 44.9, 28.8; IR (ATR) 3415, 3333, 1630 cm™'; HRMS (MH") caled for CsH;oN,O:
279.1497. Found: 279.1499.
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4-(2-Amino-5-methylphenyl)-1-benzyl-5,6-dihydropyridin-2(1H)-one (73b) To a

n-B"  solution of N-Boc aniline 99b (228 mg, 582 umol) in 4.5 mL of CH,Cl, at 0 °C, was
added 0.5 mL of TFA. The reaction mixture was warmed to ambient temperature and

NH, stirred for 16 hours. To the mixture was added a saturated aqueous NaHCO; solution
73b and the aqueous layer was extracted with CHCl;. The combined organic layers were
dried over Na,SO,4 and concentrated under reduced pressure. The crude material was purified by silica gel
column chromatography (“hexane/AcOEt = 6/4 to 5/5) to give the titled compound (141 mg, 83%) as a
yellow solid; mp 100-101 °C; "H NMR (CDCls, 8) 7.35-7.24 (m, 5H), 6.91 (dd, 1H, J = 8.2, 1.9 Hz), 6.84
(s, IH), 6.61 (d, 1H, J = 8.2 Hz), 6.19 (s, 1H), 4.66 (s, 2H), 3.79 (br s, 2H), 3.42 (t, 2H, J= 7.0 Hz), 2.64 (t,
2H, J=7.0 Hz), 2.21 (s, 3H); °C NMR (CDCl;, §) 164.9, 150.2, 140.8, 137.2, 130.1, 128.5, 128.2, 127.9,
127.4,122.1, 116.3, 49.5, 44.7, 28.5, 20.2; IR (ATR) 3404, 1635 cm™'; HRMS (MH") calcd for CoH,N,O:

293.1654. Found: 293.1652.

4-(2-Amino-5-methoxyphenyl)-1-benzyl-5,6-dihydropyridin-2(1H)-one  (73c¢)

o)
| n B To a solution of N-Boc aniline 99¢ (286 mg, 700 umol) in 3.8 mL of CH,Cl, at 0
MeO °C, was added 0.6 mL of TFA. The reaction mixture was warmed to ambient
NH, temperature and stirred for an hour. To the mixture was added a saturated aqueous
73c

NaHCOj; solution and the aqueous layer was extracted with CHCl;. The combined
organic layers were dried over Na,SO,4 and concentrated under reduced pressure. The crude material was
purified by silica gel column chromatography (“hexane/AcOEt = 6/4 to 5/5) to give the titled compound
(177 mg, 82%) as a yellow solid; mp 94-95 °C; '"H NMR (CDCls, 8) 7.33-7.24 (m, 5H), 6.70 (dd, 1H, J=
8.7, 1.9 Hz), 6.63 (d, 1H, J= 8.7 Hz), 6.60 (d, 1H, /= 1.9 Hz), 6.19 (s, 1H), 4.64 (s, 2H), 3.68 (d, 3H, J =
0.9 Hz), 3.58 (br, 2H), 3.40 (t, 2H, J = 7.0 Hz), 2.63 (t, 2H, J = 7.0 Hz); °C NMR (CDCl;, 8) 164.6, 152.0,
150.0, 137.01, 136.98, 128.3, 127.7, 127.1, 125.1, 122.3, 117.4, 115.4, 112.8, 55.4, 49.3, 44.5, 28.1; IR
(ATR) 3337, 1654 cm™'; HRMS (M) caled for CoH,0N,0,: 308.1525. Found: 308.1522.

4-(2-Amino-5-chlorophenyl)-1-benzyl-5,6-dihydropyridin-2(1H)-one (73d) To a

0
| n-B"  solution of N-Boc aniline 99d (278 mg, 673 umol) in 2.7 mL of CH,Cl, at 0 °C, was
a added 0.3 mL of TFA. The reaction mixture was warmed to ambient temperature and
NH, stirred for 17 hours. To the mixture was added a saturated aqueous NaHCOj; solution
73d

and the aqueous layer was extracted with CHCI;. The combined organic layers were
dried over Na,SO,4 and concentrated under reduced pressure. The crude material was purified by silica gel
column chromatography (“hexane/AcOEt = 6/4 to 4/6) to give the titled compound (184 mg, 87%) as a
yellow oil; 'H NMR (CDCls, 8) 7.37-7.28 (m, 5H), 7.07 (dd, 1H, J= 8.6, 2.6 Hz), 7.02 (d, 1H, J = 2.6 Hz),
6.65 (d, 1H, J=8.6 Hz), 6.22 (t, 1H, J= 1.4 Hz), 4.68 (s, 2H), 3.90 (br, 2H), 3.45 (t, 2H, J= 7.0 Hz), 2.63
(t, 2H, J = 7.0 Hz); "C NMR (CDCls, ) 164.6, 148.6, 141.8, 137.2, 129.3, 128.7, 128.1, 127.6, 127.5,
125.5, 123.3, 123.1, 117.4, 49.7, 44.7, 28.6; IR (ATR) 3403, 1632 c¢cm'; HRMS (MH") caled for
C,sH;¢ CIN,O: 312.1108. Found: 312.1109.
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o 4-(2-Amino-6-methoxyphenyl)-1-benzyl-5,6-dihydropyridin-2(/ H)-one (73e¢) To a

OMe n-B"  solution of N-Boc aniline 99e (143 mg, 350 umol) in 3 mL of CH,CI, at 0 °C, was

added 0.3 mL of TFA. The reaction mixture was warmed to ambient temperature and

NH, stirred for 13 hour. To the mixture was added a saturated aqueous NaHCO; solution and

73 the aqueous layer was extracted with CHCI;. The combined organic layers were dried

over Na,SO,4 and concentrated under reduced pressure. The crude material was purified by silica gel

column chromatography ("hexane/AcOEt = 6/4 to 4/6) to give the titled compound (92.3 mg, 85%) as a

yellow oil; "H NMR (CDCls, 8) 7.35-7.28 (m, 5H), 7.05 (dd, 1H, J = 8.0, 8.0 Hz), 6.36 (d, 1H, J = 8.0 Hz),

6.30 (d, 1H, J = 8.0 Hz), 6.05 (s, 1H), 4.69 (s, 2H), 3.88 (br s, 2H), 3.74 (s, 3H), 3.44 (t, 2H, J = 6.9 Hz),

2.56 (br s, 2H); *C NMR (CDCl, 8) 164.8, 157.3, 148.7, 143.9, 137.4, 129.5, 128.6, 128.2, 127.4, 124.2,

113.6, 108.6, 100.6, 55.5, 49.7, 45.1, 28.7; IR (ATR) 3446, 1652 cm™'; HRMS (M") calcd for CoH,0N,0,:
308.1525. Found: 308.1522.

co,Et  (E)-Ethyl 3-(2-Aminophenyl)but-2-enoate (73k) A solution of alkenyl triflate (E/Z >
| 95/5, 157 mg, 599 umol), boronic acid pinacol ester 72 (171 mg, 779 pumol), and
PdCI,(PPh;); (20.1 mg, 28.6 umol) in 5 mL of THF and 5mL of a 1.9 M aqueous Na,CO;

73k solution was heated to reflux for 2 hours. The reaction mixture was cooled to ambient

NH,

temperature. The aqueous layer was extracted with AcOEt twice. The combined organic layers were
washed with brine, dried over Na,SO, and concentrated under reduced pressure. The crude material was
purified by silica gel column chromatography ("hexane/AcOEt = 9/1 to 8/2) to give the titled compound (£
only, 91.5 mg, 74%) as a colorless oil; 'H NMR (CDCls, 9) 7.11 (ddd, 1H, J= 7.5, 7.5, 1.4 Hz), 7.01 (dd,
1H, J=17.5, 1.4 Hz), 6.75 (ddd, 1H, J= 7.5, 7.5, 1.4 Hz), 6.70 (d, 1H, J= 7.5 Hz), 5.97 (, 1H, J= 1.4 Hz),
421 (q, 2H, J= 7.2 Hz), 3.76 (br, 2H), 2.49 (s, 3H), 1.31 (t, 3H, J= 7.2 Hz); >C NMR (CDCls, 8) 166.5,
155.7, 1424, 129.2, 128.8, 127.9, 119.6, 118.2, 115.8, 59.8, 24.8, 19.8, 14.2; IR (ATR) 3374, 1709 cm™;
HRMS (M") calcd for C;,H;sNO,: 205.1103. Found: 205.1102.

4-(2-Aminophenyl)furan-2(SH)-one (731) A solution of boronic acid pinacol ester 72 (439
mg, 2.00 mmol), alkenyl triflate (554 mg, 2.40 mmol), and PdCI,(PPh;), (70.2 mg, 100
pmol) in 10 mL of THF and 10 mL of a 2.0 M aqueous Na,CO; solution was heated to 80
NH, °C for 22 hours. The reaction mixture was cooled to ambient temperature. The aqueous
! layer was extracted with AcOEt twice. The combined organic layers were washed with
brine, dried over Na,SO,4 and concentrated under reduced pressure. The crude material was purified by
silica gel column chromatography (“hexane/AcOEt = 8/2 to 6/4) to give the titled compound (115 mg, 33%)
as a yellow crystal; mp 40-41 °C; 'H NMR (CDCls, 8) 7.28-7.26 (m, 1H), 7.12 (d, 1H, J = 7.2 Hz),
6.85-6.82 (m, 2H), 6.39 (t, 1H, J = 1.6 Hz), 5.21 (d, 2H, J = 1.6 Hz), 4.13 (br, 2H); °C NMR (CDCl;, &)
161.9, 146.0, 132.3, 127.4, 119.0, 117.6, 115.4, 114.0, 72.2; IR (ATR) 3345, 1652 cm™'; MS (FAB") m/z =
176 (MH"); Anal. Calcd for C;oHoNO,: C, 68.58; H, 5.18; N, 8.00. Found: C, 68.34; H, 5.09; N, 8.00.
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Bn 1-(2-(1-Benzyl-6-0x0-1,2,3,6-tetrahydropyridin-4-yl)phenyl)-3-phenylurea (74). To

N a solution of aniline 73 (278 mg, 1.00 mmol) in 3 mL of CH,Cl,, was added PhNCO

o (110 pL, 1.05 mmol) at ambient temperature. After 7.5 hours additional PANCO (20.0

NJ\Nth pL, 150 pmol) was added. After 3 hours the reaction mixture was directly subjected to

H74 silica gel column chromatography ("hexane/AcOEt = 8/2 to 6/4) to give the titled

compound (337 mg, 98%) as a colorless solid; mp 184-186 °C; 'H NMR (CDCl;, d) 8.41 (s, 1H), 8.26 (s,

1H), 8.00 (d, 1H, J = 8.6 Hz), 7.34-7.31 (m, 8H), 7.18 (dd, 2H, J = 7.7, 7.7 Hz), 7.07-7.01 (m, 2H), 6.96

(dd, 1H, J = 7.4, 7.4 Hz), 5.88 (s, 1H), 4.61 (s, 2H), 3.52 (t, 2H, J = 6.9 Hz), 2.75 (t, 2H, J = 6.9 Hz); °C

NMR (CDCls, 8) 165.4, 153.8, 153.1, 139.4, 136.0, 135.4, 130.8, 129.7, 129.0, 128.9, 127.9, 127.7, 127.6,

123.3,123.1, 122.6, 122.4, 118.7, 50.3, 45.8, 28.4; IR (ATR) 3269, 1651, 1634 cm™'; MS (FAB") m/z = 398
(MH+); Anal. Calcd for C,5H,3N305: C, 75.54; H, 5.83; N, 10.57. Found: C, 75.54; H, 5.87; N, 10.52.

Bn 1-(2-(1-Benzyl-6-0x0-1,2,3,6-tetrahydropyridin-4-yl)-4-methylphenyl)-3-phenylu
N rea (74b) To a solution of aniline 73b (129 mg, 442 umol) in 2.5 mL of CH,Cl,, were
added PhNCO (52.6 pL, 486 umol) and DMAP (2.3 mg, 18.9 umol) at ambient

o)
NJJ\Nth temperature. The mixture was heated to reflux for 17 hours. Then the reaction
H

74b mixture was directly subjected to silica gel column chromatography (“hexane/AcOEt
= 8/2 to 6/4) to give the titled compound (163 mg, 90%) as a colorless solid; mp 192-193 °C; '"H NMR
(CDCl;, 8) 8.20 (s, 1H), 8.03 (s, 1H), 7.83 (d, 1H, J= 8.0 Hz), 7.38-7.28 (m, 7H), 7.19 (dd, 2H, J = 8.0, 8.0
Hz), 7.14 (dd, 1H, J= 8.0, 1.7 Hz), 6.96 (dd, 1H, J = 7.4, 7.4 Hz), 6.90 (d, 1H, J= 1.7 Hz), 5.88 (s, 1H),
4.61 (s, 2H), 3.49 (t, 2H, J = 6.9 Hz), 2.72 (t, 2H, J = 6.9 Hz), 2.28 (s, 3H); °C NMR (CDCl;, 8) 165.3,
153.8, 153.3, 139.4, 136.1, 133.1, 132.6, 131.1, 130.1, 128.9, 128.8, 128.2, 127.8, 127.6, 123.5, 122.2,
122.1, 118.5, 50.1, 45.7, 28.3, 20.6; IR (ATR) 3345, 1710, 1655 cm™'; HRMS (MH") caled for CogHa6N30:
412.2025. Found: 412.2028.

Bn 1-(2-(1-Benzyl-6-0x0-1,2,3,6-tetrahydropyridin-4-yl)-4-methoxyphenyl)-3-phe
N o mylurea (74c) To a solution of aniline 73¢ (159 mg, 516 pumol) in 2.5 mL of

CH,Cl,, were added PhNCO (61.4 pL, 568 pmol) and DMAP (2.6 mg, 21.3

0
J

H NHPh  pmol) at ambient temperature. The mixture was heated to reflux for 14 hours. The

MeO

74c reaction mixture was directly subjected to silica gel column chromatography
("hexane/AcOEt = 6/4 to 4/6) to give the titled compound (151 mg, 67%) as a colorless solid; mp 97-98 °C;
'H NMR (CDCl;, 8) 8.29 (s, 1H), 8.11 (s, 1H), 7.61 (d, 1H, J = 8.9 Hz), 7.29-7.25 (m, 7H), 7.13-7.12 (m,
2H), 6.93-6.91 (m, 1H), 6.81-6.79 (m, 1H), 6.62 (d, 1H, J= 2.6 Hz), 5.84 (s, 1H), 4.56 (s, 2H), 3.72 (s, 3H),
3.44 (t, 2H, J = 6.9 Hz), 2.68 (t, 2H, J = 6.9 Hz); °C NMR (CDCl;, 8) 165.1, 156.1, 153.7, 153.1, 139.3,
136.1, 133.6, 128.8, 138.7, 127.8, 127.7, 127.5, 126.3, 122.3, 122.2, 118.5, 114.7, 112.9, 55.4, 50.0, 45.6,
28.2; IR (ATR) 3304, 1649 cm™; HRMS (MH") calcd for CoHpeN305: 428.1974. Found: 428.1979.
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Bn 1-(2-(1-Benzyl-6-0x0-1,2,3,6-tetrahydropyridin-4-yl)-4-chlorophenyl)-3-phenylu

o Tea (74d) To a solution of aniline 73d (145 mg, 463 pumol) in 2.5 mL of CH,Cl,,

cl o were added PhNCO (55.1 pL, 509 pmol) and DMAP (2.6 mg, 21.3 umol) at

N~ “NHPh ambient temperature. The mixture was heated to reflux for 23 hours. The reaction

742 mixture was directly subjected to silica gel column chromatography ("hexane/AcOEt

= 6/4 to 4/6) to give the titled compound (171 mg, 86%) as a colorless solid; mp 149-150 °C; '"H NMR

(CDCl;, 9) 8.41 (s, 1H), 8.35 (s, 1H), 7.96 (d, 1H, J = 8.9 Hz), 7.36-7.23 (m, 8H), 7.17 (dd, 2H, J=7.9,7.9

Hz), 7.06 (d, 1H, J= 2.6 Hz), 6.96 (dd, 1H, J = 7.4, 7.4 Hz), 5.86 (s, 1H), 4.59 (s, 2H), 3.51 (t, 2H, J= 6.9

Hz), 2.71 (t, 2H, J = 6.9 Hz); ’C NMR (CDCl;, 8) 165.0, 152.8, 152.2, 139.0, 135.7, 134.1, 131.8, 129.4,

129.0, 128.8, 128.2, 127.9, 127.5, 127.4, 124.1, 123.1, 122.5, 118.6, 50.3, 45.7, 28.0; IR (ATR) 3362, 1644
cm’'; HRMS (MH") caled for CosHa3> CIN3O,: 432.1479. Found: 432.1481.

Bn 1-(2-(1-Benzyl-6-0x0-1,2,3,6-tetrahydropyridin-4-yl)-3-methoxyphenyl)-3-phenylur

OMe N o ¢a (74 e) To a solution of aniline 73e (112 mg, 360 pumol) in 3 mL of CH,Cl,, were
e added PhNCO (42.8 uL, 396 pmol) and DMAP (6.7 mg, 54.8 pmol) at ambient
HJ\ NHPh  temperature. The mixture was stirred for 18 hours. Et,O was added to the mixture and

T4e filtration gave the titled compound (132 mg, 86%) as a colorless solid; mp 181-182 °C;
'H NMR (CDCl;, 8) 8.35 (s, 1H), 7.80-7.78 (m, 2H), 7.37-7.24 (m, 9H), 7.21 (dd, 2H, J = 8.0, 8.0 Hz),
6.98 (dd, 1H, J=17.4, 7.4 Hz), 6.60 (d, 1H, J = 8.0 Hz), 5.93 (s, 1H), 5.09 (brs, 1H), 4.29 (brs, 1H), 3.73 (s,
3H), 3.53 (t, 2H, J = 7.0 Hz), 2.60 (brs, 2H); °C NMR (CDCls, 8) 165.5, 155.9, 153.2, 149.3, 139.4, 136.4,
129.4, 128.9, 128.8, 127.8, 127.7, 124.6, 122.3, 119.0, 118.7, 114.5, 105.1, 55.6, 50.0, 45.5, 28.5; IR (ATR)
3356, 1650 cm'l; HRMS (MH") caled for C,6H,6N3O5: 428.1974. Found: 428.1968.

o) 1-(2-(1-Benzyl-6-0x0-1,2,3,6-tetrahydropyridin-4-yl)phenyl)-3-(2-methoxypheny
@@'Bn Durea (74f) A solution of aniline 73 (139 mg, 500 pmol), 2-methoxyphenyl
o) isocyanate (73.1 pL, 550 umol) and DMAP (6.1 mg, 50.0 pumol) in 3 mL of CH,Cl,
HJLN/EO%G was heated at 60 °C for 23 hours in a sealed tube. The reaction mixture was directly

74f evaporated and subjected to silica gel column chromatography (CHCl;/AcOEt = 1/0

to 9/1) to give the titled compound (159 mg, 74%) as a colorless solid; mp 177-178 °C; '"H NMR (CDCl,,
d) 8.61 (s, 1H), 8.23-8.22 (m, 2H), 7.86 (d, 1H, J = 8.3 Hz), 7.30-7.26 (m, 6H), 7.09-7.03 (m, 2H),
6.94-6.93 (m, 2H), 6.79 (dd, 1H, J= 7.4, 2.0 Hz), 5.88 (s, 1H), 4.55 (s, 2H), 3.61 (s, 3H), 3.39 (t, 2H, J =
6.9 Hz), 2.70 (t, 2H, J = 6.9 Hz); °C NMR (CDCls, 8) 165.1, 153.4, 152.7, 148.3, 136.5, 135.4, 131.9,

129.5, 128.7, 128.7, 128.0, 127.7, 124.5, 123.8, 122.7, 122.3, 121, 119.8, 110, 55.5, 49.6, 45.2; IR (ATR)
3328, 1702, 1649 cm'l; HRMS (MH+) calcd for CosHy6N3O5: 428.1974. Found: 428.1972.
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N,B" 1-(2-(1-Benzyl-6-0x0-1,2,3,6-tetrahydropyridin-4-yl)phenyl)-3-(2-chlorophenyl)u

__ =0 rea (74g) A solution of aniline 73 (132 mg, 475 pumol), 2-chlorophenyl isocyanate

)OJ\ /@ (69.0 uL, 570 pmol) and DMAP (1.6 mg, 13.1 umol) in 3 mL of CH,Cl, was heated

NN & to 40 °C for 6 hours in a sealed tube. The reaction mixture was directly subjected to

74g silica gel column chromatography (“hexane/AcOEt = 8/2 to 6/4) to give the titled
compound (192 mg, 94%) as a colorless solid; mp 183-184 °C; '"H NMR (DMSO-dg, 6) 8.74 (s, 1H), 8.53
(s, IH), 8.09 (d, 1H, J=8.3 Hz), 7.61 (d, 1H, J= 8.0 Hz), 7.44 (d, 1H, J= 8.0 Hz), 7.32-7.28 (m, 8H), 7.15
(dd, 1H,J=17.7,7.7 Hz), 7.02 (dd, 1H, J= 7.7, 7.7 Hz), 5.92 (s, 1H), 4.59 (s, 2H), 3.47 (t, 2H, J = 6.9 Hz),
2.64 (t, 2H, J = 6.9 Hz); °C NMR (DMSO-dq, 8) 163.7, 152.5, 150.7, 137.7, 136.0, 134.9, 133.0, 129.2,
128.8, 128.4, 128.3, 127.7, 127.5, 127.1, 124.7, 124.2, 123.4, 122.6, 122.2, 121.8, 48.8, 44.9, 28.1; IR

(ATR) 3362, 1704, 1644 cm™'; HRMS (MH") caled for CasH,; > CIN;O,: 432.1479. Found: 432.1482.

Bn 1-(2-(1-Benzyl-6-0x0-1,2,3,6-tetrahydropyridin-4-yl)phenyl)-3-(m-tolyl)urea (

N o 74h) A solution of aniline 73 (139 mg, 500 umol), m-tolyl isocyanate (70.8 pL,

0 @\ 550 pmol) and DMAP (6.1 mg, 50.0 pmol) in 3 mL of CH,Cl, was stirred for 23

HJJ\H hours at ambient temperature. The reaction mixture was directly evaporated and

74h the residue was washed with Et,0 to give the titled compound (169 mg, 82%) as a

colorless solid; mp 162-163 °C; "H NMR (DMSO-ds, 0) 8.88 (s, 1H), 7.96 (s, 1H), 7.71 (d, 1H, J= 8.0 Hz),
7.34-7.09 (m, 11H), 6.77 (d, 1H, J= 7.4 Hz), 5.90 (s, 1H), 4.58 (s, 2H), 3.47 (t, 2H, J= 6.9 Hz), 2.63 (t, 2H,
J=6.9 Hz), 2.25 (s, 3H); "C NMR (DMSO-dj, 8) 152.5, 150.4, 139.6, 137.9, 137.7, 135.3, 131.9, 128.7,
128.6, 128.5, 128.1, 127.8, 127.1, 123.5, 123.4, 122.7, 122.6, 118.6, 115.3, 48.8, 44.8, 28.2, 21.2; IR (ATR)

3270, 1652, 1635 cm™'; HRMS (MH") caled for C26H26N302: 412.2025. Found: 412.2034.

Bn 1-(2-(1-Benzyl-6-0x0-1,2,3,6-tetrahydropyridin-4-yl)phenyl)-3-(4-methoxyp

N o henyl)urea (74i) A solution of aniline 73 (139 mg, 500 pmol),
o OMe  4.methoxyphenyl isocyanate (71.2 uL, 550 umol) and DMAP (6.1 mg, 50.0
NJLHQ/ pmol) in 3 mL of CH,Cl, was stirred for 25 hours at ambient temperature. The
74i reaction mixture was directly evaporated and the residue was washed with Et,0

to give the titled compound (204 mg, 95%) as a colorless solid; mp 198-200 °C; '"H NMR (DMSO-d,
) 8.77 (brs, 1H), 7.89 (brs, 1H), 7.71 (d, 1H, J = 8.3 Hz), 7.33-7.23 (m, 9H), 7.10-7.09 (m, 1H), 6.84 (d,
2H, J= 8.9 Hz), 5.89 (s, 1H), 4.58 (s, 2H), 3.70 (s, 3H), 3.47 (t, 2H, J = 6.9 Hz), 2.63 (t, 2H, J = 6.9 Hz);
BC NMR (DMSO-dq, 8) 163.7, 154.4, 152.7, 137.7, 135.5, 132.7, 131.8, 128.7, 128.5, 128.1, 127.8, 127.1,
123.3, 123.3, 122.6, 119.9, 114.0, 55.2, 48.8, 44.8, 28.2; IR (ATR) 3255, 1649 cm™'; HRMS (MH") calcd

for C,6H2N305: 428.1974. Found: 428.1973.
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Bn 1-(2-(1-Benzyl-6-0x0-1,2,3,6-tetrahydropyridin-4-yl)phenyl)-3-(4-fluorophenyl

N o Jurea (74j) A solution of aniline 73 (139 mg, 500 pmol), 4-fluorophenyl

0 @/ F isocyanate (61.8 pL, 550 umol) and DMAP (6.1 mg, 50.0 pmol) in 3 mL of

NJJ\H CH,Cl, was stirred for 5 hours at ambient temperature. The reaction mixture was

74 directly evaporated and the residue was washed with Et,O to give the titled
compound (204 mg, 98%) as a colorless solid. mp 195-196 °C; 'H NMR (CDCls, &) 8.98 (s, 1H), 7.98 (s,
1H), 7.69 (d, 1H, J = 8.0 Hz), 7.45-7.42 (m, 2H), 7.34-7.24 (m, 7H), 7.11-7.09 (m, 3H), 5.90 (s, 1H), 4.58
(s, 2H), 3.47 (t, 2H, J = 6.9 Hz), 2.64 (t, 2H, J = 6.9 Hz); >C NMR (CDCls, 8) 163.7, 157.3 (d, J= 236.1
Hz), 152.7, 150.4, 137.7, 136, 136, 135.2, 132.1, 128.7, 128.5, 128.1, 127.7, 127.1, 123.6, 123.5, 122.6,
119.8 (d, J= 7.2 Hz), 115.3 (d, J= 22.7 Hz), 48.8, 44.8, 28.1; IR (ATR) 3329, 1700 cm'; HRMS (MH")

calcd for C,5H23N30,: 416.1774. Found: 416.1777.

Ethyl (E)-3-(2-(3-Phenylureido)phenyl)but-2-enoate (74k) To a solution of aniline

CO,Et
©\>:o/ 2 73k (85.8 mg, 41.9 pmol) in 2 mL of CH,Cl,, was added PhANCO (47.6 pL, 44.0 pmol).
”JL
74k directly subjected to silica gel column chromatography (CHCI3/MeOH = 95/5 to 9/1) to
give the titled compound (122 mg, 90%) as a colorless solid; mp 160-162 °C; '"H NMR (DMSO-ds, 8) 9.02
(s, 1H), 7.86-7.85 (m, 2H), 7.43 (d, 2H, J= 7.7 Hz), 7.31-7.25 (m, 3H), 7.15 (d, 1H, J = 7.4 Hz), 7.06 (dd,
IH,J=174,7.4Hz), 6.95 (dd, 1H, J=7.4, 7.4 Hz), 5.82 (s, 1H), 4.14 (q, 2H, J= 7.0 Hz), 2.41 (s, 3H), 1.22
(t, 3H, J = 7.0 Hz); "C NMR (DMSO-d;, 8) 165.5, 155.3, 152.5, 139.7, 135.0, 134.8, 128.8, 128.4, 127.8,
123.0, 122.4, 121.8, 119.9, 118.1, 59.5, 19.9, 14.2; IR (ATR) 3282, 1704, 1645 cm™, HRMS (MH") caled
for C19H,N,0O5: 325.1552. Found: 325.1556.

NHPh  The reaction mixture was stirred at ambient temperature for 3 hours. The mixture was

O0_o 1-(2-(5-Oxo0-2,5-dihydrofuran-3-yl)phenyl)-3-phenylurea (741) A solution of aniline

o 731 (86.4 mg, 494 umol), PANCO (58.8 pL, 543 pmol), and DMAP (1.1 mg, 9.00 umol)

NJ\Nth in 2 mL of CH,Cl, was heated to 40 °C for 16 hours in a sealed tube. After cooled to

¢4| ambient temperature, the precipitation was collected by filtration and wash with CH,Cl,

to give the titled compound (134 mg, 92%) as a colorless solid; mp 195-197 °C; '"H NMR (DMSO-d,

8) 9.05 (s, 1H), 8.18 (s, 1H), 7.79 (dd, 1H, J= 8.0, 1.0 Hz), 7.53-7.45 (m, 4H), 7.28 (ddd, 2H, J=7.2, 7.2,

1.4 Hz), 7.22 (ddd, 1H, J= 7.6, 7.6, 1.0 Hz), 6.98 (dd, 1H, J= 7.4, 7.4 Hz), 6.53 (t, 1H, J= 1.7 Hz), 5.34 (d,

2H, J = 1.7 Hz); "C NMR (DMSO-d, 8) 173.7, 163.0, 152.7, 139.6, 137.0, 131.0, 128.8, 128.4, 124.8,

124.1, 123.6, 122.0, 118.3, 115.9, 72.4; IR (ATR) 1629, 1600 cm™'; HRMS (MH") calcd for C;7H;sN,Os:
295.1083. Found: 295.1081.

o) 1-Benzyl-4-(2-(((phenylimino)methylene)amino)phenyl)-5,6-dihydropyridin-2(1 H)-o
NP ne (75a) To a solution of urea 74 (55.0 mg, 138 pumol), PPh; (55.0 mg, 210 pumol), and
Et;N (55.0 pL, 395 pmol) in 2 mL of CH,Cl, at 0 °C, was added CBr4 (55.0 mg, 166

N==NPh 1 ;mol). After an hour the reaction mixture was warmed to ambient temperature. After an
75a
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additional hour, the mixture was directly evaporated and the resultant residue was purified by silica gel
column chromatography (“hexane/AcOEt = 8/2 to 7/3) to give the titled compound (49.3 mg, 94%) as a
viscous colorless oil; 'H NMR (CDCls, ) 7.36-7.13 (m, 14H), 6.17 (s, 1H), 4.68 (s, 2H), 3.46 (t, 2H, J =
6.9 Hz), 2.80 (t, 2H, J = 6.9 Hz); °C NMR (CDCl;, 8) 164.8, 150.2, 137.8, 137.4, 135.8, 134.1, 133.9,
129.8, 129.5, 128.9, 128.6, 128.1, 127.4, 125.8, 125.6, 124.2, 123.7, 49.6, 44.8, 28.8; IR (CHCI;) 2133,
1653 cm'l; HRMS (MH+) calcd for C,5H»,N30: 380.1763. Found: 380.1762.

o 1-Benzyl-4-(5-methyl-2-(((phenylimino)methylene)amino)phenyl)-5,6-dihydropyr
\©\/@an idin-2(1H)-one (75b) The general procedure using urea 74b gave the titled compound
(60.2 mg, 90%) as a yellow viscous oil; 'H NMR (CDCls, 8) 7.34-7.30 (m, 7H),

N==NPh 7.17-7.08 (m, 6H), 6.15 (s, 1H), 4.67 (s, 2H), 3.45 (t, 2H, J= 6.9 Hz), 2.79 (t, 2H, J=

75b 6.9 Hz), 2.34 (s, 3H); °C NMR (CDCls, 8) 164.9, 150.4, 137.4, 135.7, 133.9, 132.9,

130.5, 129.5, 129.5, 128.6, 127.4, 125.7, 125.5, 124.1, 123.5, 49.6, 44.8, 28.9, 20.9; IR (ATR) 2132, 1654,
1486 cm'l; HRMS (MH") calcd for C,6H,4N50: 394.1919. Found: 394.1920.

o 1-Benzyl-4-(5-methoxy-2-(((phenylimino)methylene)amino)phenyl)-5,6-dihydr
\@@»B” opyridin-2(1H)-one (75¢) The general procedure using urea 74¢ gave the titled

MeO compound (62.8 mg, 90%) as a yellow viscous oil; 'H NMR (CDCl;, o) 7.36-7.28
N==nNph (m, 7H), 7.19-7.11 (m, 4H), 6.86 (dd, 1H, J= 8.7, 3.0 Hz), 6.78 (d, 1H, J= 3.0 Hz),

75¢ 6.17 (s, 1H), 4.67 (s, 2H), 3.80 (s, 3H), 3.46 (t, 2H, J= 7.0 Hz), 2.80 (t, 2H, J=7.0

Hz); °C NMR (CDCls, 8) 164.7, 157.3, 150.3, 138.4, 137.4, 135.1, 134.5, 129.5, 128.6, 128.1, 127.4,

126.7, 125.6, 124.1, 123.7, 115.7, 113.6, 55.6, 49.6, 44.8, 28.8; IR (ATR) 2129, 1657, 1485 cm™'; HRMS
(MH") caled for Co6HsN;0,: 410.1869. Found: 410.1866.

o 1-Benzyl-4-(5-chloro-2-(((phenylimino)methylene)amino)phenyl)-5,6-dihydropy
\@(@—B“ ridin-2(1H)-one (75d) The general procedure using urea 74d gave the titled
¢l compound (65.9 mg, 94%) as a yellow viscous oil; 'H NMR (CDCl;, 6) 7.35-7.12
N==NpPh (m, H), 6.18(s, 1H), 4.66 (s, 2H), 3.45 (t, 2H, J= 7.2 Hz), 2.76 (t, 2H, J= 7.2 Hz);

75d C NMR (CDCls, 8) 164.4, 148.7, 137.3, 135.4, 134.6, 131.0, 129.6, 128.7, 128.6,

128.1, 127.4, 126.7, 126.0, 124.4, 124.3, 49.6, 44.7, 28.6; IR (ATR) 2137, 1656, 1478 cm’'; HRMS (MH")
calcd for C25H2135C1N3O: 414.1373. Found: 414.1367.

o 1-Benzyl-4-(2-methoxy-6-(((phenylimino)methylene)amino)phenyl)-5,6-dihydropyri

OMe | n B din-2(/H)-one (75e) The general procedure using urea 74e gave the titled compound
(56.8 mg, 82%) as a yellow viscous oil; '"H NMR (CDCls, 8) 7.34-7.21 (m, 8H), 7.17

N==npPh (dd, 1H, J=7.6, 7.6 Hz), 7.12 (dd, 2H, J= 8.3, 1.0 Hz), 6.87 (dd, 1H, J= 8.3, 1.0 Hz),

75e

6.73 (d, 1H, J = 8.3 Hz), 6.02 (s, 1H), 4.61 (s, 2H), 3.79 (s, 3H), 3.40 (t, 2H, J = 7.0 Hz),
2.57 (t, 2H, J = 7.0 Hz); *C NMR (CDCls, §) 164.7, 157.2, 146.2, 138.0, 137.5, 136.5, 129.5, 129.4, 128.6,
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128.1, 127.3, 125.6 125.3, 124.2, 124.1, 117.5, 107.8, 55.9, 49.6, 44.7, 28.9; IR (ATR) 2134, 1660, 1467
cm'l; HRMS (MH+) calcd for CrsHp4N305: 410.1869. Found: 410.1866.

(0]
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N
|
OMe
0

75f

1-Benzyl-4-(2-((((2-methoxyphenyl)imino)methylene)amino)phenyl)-5,6-dihydr
opyridin-2(1H)-one (75f) The general procedure using urea 74f gave the titled
compound (56.6 mg, 81%) as a yellow viscous oil; 'H NMR (CDCls, 8) 7.38-7.26
(m, 8H), 7.15 (dd, 2H, J=7.7,7.7 Hz,), 7.07 (d, 1H, J= 7.4 Hz), 6.90 (m, 2H), 6.18
(s, 1H), 4.68 (s, 2H), 3.84 (s, 3H), 3.45 (t, 2H, J = 6.9 Hz), 2.83 (t, 2H, J= 6.9 Hz);
C NMR (CDCl, 8) 165.0, 154.0, 150.7, 137.5, 137.1, 135.8, 133.7, 129.7, 128.7,

128.6, 128.1, 127.4, 126.7, 126.5, 125.4, 125.1, 124.8, 123.3, 121.0, 111.0, 56, 49.6, 45.0, 28.8; IR (ATR)
2136, 1654 cm™; HRMS (MH") caled for Co6H,4N30,: 410.1869. Found: 410.1870.
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1-Benzyl-4-(2-((((2-chlorophenyl)imino)methylene)amino)phenyl)-5,6-dihydrop
yridin-2(1H)-one (75g) The general procedure using urea 74g gave the titled
compound (60.6 mg, 86%) as a colorless amorphus. 'H NMR (CDCl;, 0) 7.41-7.10
(m, 13H), 6.17 (s, 1H), 4.68 (s, 2H), 3.46 (t, 2H, J = 7.0 Hz), 2.80 (t, 2H, J = 7.0
Hz); °C NMR (CDCls, 8) 164.8, 150.2, 142.5, 137.5, 135.4, 135.4, 134.2, 130.0,
129.8, 129.6, 128.9, 128.6, 128.1, 127.7, 127.4, 126.5, 125.9, 125.8, 125.8, 123.7,

49.6, 44.9, 28.9; IR (ATR) 2136, 1651 cm™; HRMS (MH") calcd for CasHy > CIN;O: 414.1373. Found:

414.1373.

O
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1-Benzyl-4-(2-(((m-tolylimino)methylene)amino)phenyl)-5,6-dihydropyridin-2
(1H)-one (75h) The general procedure using urea 74h gave the titled compound
(62.7 mg, 94%) as a yellow viscous oil; 'H NMR (CDCls, 9) 7.34-7.25 (m, 8H),
7.20-7.16 (m, 2H), 6.99 (d, 1H, J = 7.4 Hz), 6.95-6.94 (m, 2H), 6.17 (s, 1H), 4.68
(s, 2H), 3.46 (t, 2H, J = 6.9 Hz), 2.80 (td, 2H, J= 6.9, 1.1 Hz), 2.33 (s, 3H); "°C
NMR (CDCl;, 9) 164.8, 150.3, 139.6, 137.6, 137.5, 136.0, 134.1, 134.0, 129.8,

129.3,129.0, 128.6, 128.1, 127.4, 126.6, 125.7, 125.6, 124.8, 123.7, 121.2, 49.6, 44.9, 28.9, 21.2; IR (ATR)
2132, 1654 cm™; HRMS (MH") caled for Co6H,4N30: 394.1919. Found: 394.1919.

(@]
.Bn
N
©(©
L

75i

1-Benzyl-4-(2-((((4-methoxyphenyl)imino)methylene)amino)phenyl)-5,6-di
hydropyridin-2(1H)-one (75i) The general procedure using urea 74i gave the
titled compound (61.9 mg, 89%) as a yellow viscous oil; 'H NMR (CDCls, 8)
7.34-7.24 (m, 8H), 7.17 (dd, 1H, J= 7.7, 7.7 Hz), 7.06 (dd, 2H, J= 6.9, 1.7
Hz), 6.84 (m, 2H), 6.17 (s, 1H), 4.68 (s, 2H), 3.80 (s, 3H), 3.45 (t, 2H, J=6.9
Hz), 2.80 (t, 2H, J = 6.9 Hz); "C NMR (CDCl;, 8) 164.8, 157.6, 150.4, 137.4,

OMe

136.4, 134.3, 134.1, 130.1, 129.7, 128.9, 128.6, 128.1, 127.4, 125.6, 125.5, 125.2, 123.6, 114.8, 55.5, 49.6,
44.9, 28.9; IR (ATR) 2128, 1655 cm'l; HRMS (MH+) calcd for Co6H24N30,: 410.1869. Found: 410.1871.
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1-Benzyl-4-(2-((((4-fluorophenyl)imino)methylene)amino)phenyl)-5,6-dihydro

-Bn pyridin-2(1H)-one (75j) The general procedure using urea 74j gave the titled

compound (56.3 mg, 83%) as a yellow viscous oil; 'H NMR (CDCls, 8) 7.32-7.28

N===N (m, 8H), 7.20-7.18 (m, 1H), 7.10-7.08 (m, 2H), 7.01 (dd, 2H, J = 8.6, 8.6 Hz),

\©\F 6.17 (s, 1H), 4.68 (s, 2H), 3.46 (t, 2H, J = 6.9 Hz), 2.79 (t, 2H, J = 6.9 Hz); °C

7S] NMR (CDCl;, 8) 164.8, 160.5 (d, J=245.9 Hz), 150.1, 137.4, 135.6, 134.2, 133.9,

133.8, 133.8, 129.8, 129.0, 128.6, 128.1, 127.4, 125.9, 125.7, 125.53 (d, J = 8.4 Hz), 123.8, 116.40 (d, J =

22.8 Hz)., 49.6, 44.8, 28.9; IR (ATR) 2142, 1657 cm™; HRMS (MH") calcd for C,sHy FN3O: 398.1669.
Found: 398.1677.

CO,Et (E)-Ethyl 3-(2-(((Phenylimino)methylene)amino)phenyl)but-2-enoate (75k) To a

| solution of urea 74k (55.1 mg, 170 pmol), PPh; (66.8 mg, 255 pmol), and Et;N (52.0 pL,

N NPh 374 pumol) in 2 mL of CH,Cl, at 0 °C, was added CBr4 (67.7 mg, 204 pumol). The

75k reaction mixture was stirred for 2 hours. The mixture was directly evaporated and the

resultant residue was purified by silica gel column chromatography (“hexane/Et,O = 10/0 to 9/1) to give the

titled compound (45.4 mg, 87%) as a colorless oil; 'H NMR (CDCl, 8) 7.33-7.27 (m, 3H), 7.23 (d, 1H, J =

7.4 Hz), 7.18-7.13 (m, 5H), 5.89 (q, 1H, J= 1.6 Hz), 4.15 (q, 2H, /= 7.1 Hz), 2.54 (d, 3H, J= 1.6 Hz), 1.27

(t, 3H, J = 7.1 Hz); "C NMR (CDCls, 8) 166.3, 155.5, 138.9, 138.2, 135.1, 129.5, 129.0, 128.6, 125.6,

125.5, 125.3, 124.2, 120.5, 59.9, 20.5, 14.3; IR (ATR) 2141, 1714, 1484 cm™; HRMS (MH") caled for
C19H19N,05: 307.1447. Found: 307.1447.

4-(2-(((Phenylimino)methylene)amino)phenyl)furan-2(5H)-one (751) To a solution of
urea 741 (52.9 mg, 180 umol), PPh; (70.7 mg, 270 umol), and Et;N (55.1 pL, 396 umol)
in 1 mL of CH,Cl, at 0 °C, was added CBry4 (71.7 mg, 216 umol). The reaction mixture

0]

| o

N==NPh was stirred for an hour. The mixture was directly evaporated and the resultant residue
e was purified by silica gel column chromatography (“hexane/AcOEt = 8/2 to 7/3) to give
the titled compound (36.9 mg, 74%) as a colorless amorphus; 'H NMR (CDCl;, 6) 7.48 (dd, 1H, J= 8.0,
1.1 Hz), 7.45-7.42 (m, 1H), 7.38-7.35 (m, 3H), 7.26-7.18 (m, 6H), 6.70 (t, 1H, J= 1.7 Hz), 5.40 (d, 2H, J =
1.7 Hz); "C NMR (CDCl;, 8) 174.0, 161.5, 138.0, 136.7, 132.1, 129.7, 128.6, 126.5, 126.3, 125.8, 124.4,
124.1, 116.2, 72.7; IR (ATR) 1750, 1718, 1360 cm™; Anal. Calcd for C;7H;N,05: C, 73.90; H, 4.38; N,

10.14. Found: C, 73.71; H, 4.61; N, 10.12.

1-Benzyl-4-phenyl-5,6-dihydropyridin-2(1H)-one (75m) A solution of alkenyl triflate

o}
N-BN 71 (103 mg, 307 pmol), PhB(OH), (56.1 mg , 460 umol), and PdCl,(PPhs), (10.8 mg,
| 15.4 pmol) in 3 mL of THF and 2 mL of a 2.0 M aqueous Na,COj; solution was heated
to reflux for 10 hours. After cooled to ambient temperature, the reaction mixture was

75m

extracted with AcOEt twice. The combined organic layers were dried over Na,SO, and

concentrated under reduced pressure. The crude material was purified by silica gel column chromatography
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("hexane/AcOEt = 9/1 to 7/3) to give the titled compound (70.8 mg, 88%) as a colorless solid; mp 103-107
°C; '"HNMR (CDCls, 8) 7.51-7.49 (m, 2H), 7.42-7.27 (m, 8H), 6.38 (t, 1H, J = 1.1 Hz), 4.70 (s, 2H), 3.46 (t,
2H, J= 7.0 Hz), 2.76 (td, 2H, J = 7.1, 1.2 Hz); ®C NMR (CDCl;, 8) 165.2, 149.3, 137.30, 137.26, 129.4,
128.7, 128.5, 127.9, 127.3, 125.6, 119.6, 49.4, 44.5, 26.4; IR (ATR) 2923, 1649, 1605, 1481, 1446 cm™;
HRMS (MH") caled for C;gH gNO: 264.1389. Found: 264.1382.

Bn 1'-Benzyl-2-(phenylimino)spiro[indoline-3,4'-piperidin]-2'-one (76a) To a solution of

N o Sml, (0.1 M in THF, 2.4 mL, 240 pmol), was added a solution of carbodiimide 75 (37.9

mg, 100 pmol) and ‘BuOH (21.0 pL, 220 pumol) in 2 mL of THF in a dropwise manner.

N N After 15 minutes, a saturated aqueous NH4CI solution was added and the organic solvent

76a was removed by evaporation. This aqueous solution was extracted with AcOEt. The

organic layer was extracted with a 1 M aqueous HCI solution and the resultant aqueous layer was

neutralized with solid NaHCO;. This aqueous layer was extracted with AcOEt and the organic layer was

dried over Na,SO,, concentrated under reduced pressure, and dried in vacuo. The crude material was

purified by silica gel column chromatography (“hexane/AcOEt = 8/2 to 6/4) to give the titled compound

(31.5 mg, 83%) as a colorless solid; mp 176-177 °C; 'H NMR (CDCl;, 0) 7.38-7.29 (m, 20H), 7.16-7.09 (m,

2H), 6.95-6.94 (m, 3H), 6.86-6.82 (m, 2H), 6.68 (d, 1H, /= 8.0 Hz), 4.88 (d, 1H, J = 14.3 Hz), 4.68 (d, 1H,

J =143 Hz), 3.69-3.65 (m, 1H), 3.47-3.44 (m, 1H), 3.10 (d, 1H, J= 17.5 Hz), 2.69 (d, 1H, J = 17.5 Hz),

2.33-2.27 (m, 1H), 1.99-1.97 (m, 1H); °C NMR (CDCl;, 8) 168.1, 162.7, 149.2, 141.6, 136.8, 132.1, 129.6,

128.6, 128.5, 128.4, 127.5, 123.6, 123.5, 121.5, 121.3, 108.9, 50.2, 46.8, 43.2, 40.8, 32.3; IR (ATR) 3144,

1662, 1625 cm'l; MS (FAB") m/z = 382 (MH+); Anal. Calcd for C,5H»3N30: C, 78.71; H, 6.08; N, 11.02.
Found: C, 78.55; H, 6.08; N, 10.70.

Bn tert-Butyl 1'-Benzyl-2'-0x0-2-(phenylimino)spiro[indoline-3,4'-piperidine]-1-carboxy

N 0 late (77a) To a solution of iminoindoline 76a (38.1 mg, 100 pmol) in 1 mL of CH,Cl,,
e Vas added Boc,O (32.7 mg, 150 pumol) in 1 mL of CH,Cl,. Then DMAP (12.2 mg, 100

N pmol) was added. After 5 hours the reaction mixture was directly subjected to silica gel

772OC column chromatography (“hexane/AcOEt = 6/4) to give the titled compound (47.1 mg,
98%) as a colorless solid; mp 163-165 °C; "H NMR (CDCl;, 6) 7.65 (d, 1H, J= 8.0 Hz), 7.41-7.25 (m, 9H),
7.08-7.08 (m, 2H), 7.03 (dd, 1H, J= 7.4, 7.4 Hz), 6.86 (d, 2H, J = 6.9 Hz), 5.00 (d, 1H, J = 14.3 Hz), 4.51
(d, 1H, J = 14.3 Hz), 3.72-3.67 (m, 1H), 3.35-3.30 (m, 1H), 3.06 (m, 1H), 2.76 (d, 1H, J = 17.8 Hz),
2.18-2.13 (m, 1H), 2.06-2.01 (m, 1H), 1.15 (s, 9H); °C NMR (CDCls, 8) 168.3, 155.8, 149.2, 148.3, 140.4,
136.8, 132.5, 128.9, 128.7, 128.6, 128.4, 127.4, 124.3, 123.7, 122.6, 120.5, 114.8, 83.8, 50.5, 47.5, 43.3,
39.6, 32.8, 27.4; IR (ATR) 1727, 1704, 1625 cm’; The structure of 77a was established by X-ray
crystallography. Crystallographic data reported have been deposited with Cambridge Crystallographic Data
Centre as supplementary publication No. CCDC-847381. Copies of the data can be obtained free of charge

via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre,

12, Union Road, Cambridge, CB2 1EZ, U. K.; fax +44 1223 336033; or deposit@ccdc.cam.ac.uk).
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Bn tert-Butyl 1'-Benzyl-5-methyl-2'-0x0-2-(phenylimino)spiro[indoline-3,4'-piperidine
O ]-1- carboxylate (77b) The general procedure (condition A) using carbodiimide 75b
give the titled compound (43.3 mg, 2 steps, 87%) as a colorless solid; mp 152-154 °C;

NPh
N 'H NMR (CDCls, §) 7.52 (d, 1H, J = 8.0 Hz), 7.42 (d, 2H, J = 7.4 Hz), 7.36 (dd, 2H, J

— =7.4,7.4 Hz),7.32 (d, 1H, J= 7.4 Hz), 7.27 (dd, 2H, J = 7.4, 7.4 Hz), 7.07 (d, 1H, J =
7.4 Hz), 7.02 (t, 1H, J = 7.4 Hz), 6.86 (d, 2H, J = 8.0 Hz), 6.83 (s, 1H), 4.80 (d, 1H, J = 14.3 Hz), 4.71 (d,
1H, J = 14.3 Hz), 3.67-3.62 (m, 1H), 3.36-3.32 (m, 1H), 3.08 (d, 1H, J = 17.2 Hz), 2.72 (d, 1H, J = 17.2
Hz), 2.25 (s, 3H), 2.18-2.16 (m, 1H), 2.03-1.99 (m, 1H), 1.15 (s, 9H); °C NMR (CDCl;, 8) 168.3, 156.1,
149.3, 148.4, 138.0, 136.8, 134.0, 132.4, 129.0, 128.9, 128.6, 128.5, 127.4, 123.6, 123.3, 120.4, 114.6, 83.6,
50.5, 47.5, 43.4, 39.6, 32.7, 27.4, 21.0; IR (ATR) 1738, 1700, 1640 cm’; HRMS (MH") calcd for

C31H34N305: 496.2600. Found: 496.2604.

Bn tert-Butyl 1'-Benzyl-5-methoxy-2'-0xo-2-(phenylimino)spiro[indoline-3,4'-piperi
N
O dine]- 1-carboxylate (77¢) The general procedure (condition A) with carbodiimide

MeO

NPh 75c¢ gave the titled compound (37.6 mg, 2 steps, 73%) as a colorless solid; mp

N 158-161 °C; 'H NMR (CDCls, 8) 7.57 (d, 1H, J= 8.6 Hz), 7.41-7.26 (m, 8H), 7.03 (t,

77¢ 1H, J = 7.2 Hz), 6.87-6.81 (m, 3H), 6.68 (s, 1H), 4.98 (d, 1H, J = 14.6 Hz), 4.52 (d,

1H, J = 14.6 Hz), 3.73-3.71 (m, 4H), 3.36-3.34 (m, 1H), 3.06 (d, 1H, J = 17.8 Hz), 2.75 (d, 1H, J = 17.8
Hz), 2.15-2.14 (m, 1H), 2.06-2.03 (m, 1H), 1.14 (s, 9H); °C NMR (CDCl,, 8) 168.2, 156.9, 156.0, 149.3,
148.3, 136.8, 133.9, 133.7, 128.9, 128.7, 128.4, 127.4, 123.7, 120.5, 115.8, 113.2, 109.1, 83.6, 55.7, 50.5,
47.9, 43.4, 39.5, 32.8, 27.5; IR (ATR) 1723, 1698, 1640 cm’; HRMS (MH") caled for CsHsN;0u:

512.2549. Found: 512.2554.

Bn tert-Butyl 1'-Benzyl-5-chloro-2'-oxo-2-(phenylimino)spiro[indoline-3,4'-piperidine

No ]-1- carboxylate (77d) The general procedure (condition A) using carbodiimide 75d

Npn  2ave the titled compound (32.0 mg, 2 steps, 62%) as a colorless oil; 'H NMR (CDCl,,

Niaoc d) 7.59 (d, 1H, J = 8.6 Hz), 7.41-7.35 (m, 4H), 7.33-7.24 (m, 4H), 7.06-7.02 (m, 2H),

77d 6.85 (dd, 2H, J = 8.6 Hz), 4.88 (d, 1H, J = 14.6 Hz), 4.63 (d, 1H, J = 14.6 Hz),
3.70-3.65 (m, 1H), 3.34-3.29 (m, 1H), 3.07 (d, 1H, J = 17.8 Hz), 2.72 (d, 1H, J = 17.8 Hz), 2.20-2.15 (m,
1H), 2.04-1.99 (m, 1H), 1.14 (s, 9H); C NMR (CDCls, 8) 167.8, 154.9, 149.0, 148.0, 138.9, 136.7, 134.3,
129.7,129.0, 128.7, 128.7, 128.3, 127.5, 123.9, 123.0, 120.5, 116.0, 84.2, 50.5, 47.7, 43.2, 39.5, 32.6, 27.4;

IR (ATR) 1726, 1698, 1640 cm'l; HRMS (MH") calcd for C30H3|35C1N3O3: 516.2054. Found: 516.2057.

Cl

Bn tert-Butyl 1'-Benzyl-5-methoxy-2'-0x0-2-(phenylimino)spiro[indoline-3,4'-piperidine

MeO Mo ]-1- carboxylate (77¢) The general procedure (condition A) using carbodiimide 75e give
NPh the titled compound (38.3 mg, 2 steps, 75%) as a colorless solid; mp 161-162 °C; 'H

Niaoc NMR (CDCls, 8) 7.40 (d, 2H, J = 6.9 Hz), 7.32-7.26 (m, 7H), 7.01 (t, 1H, J = 7.2 Hz),

77e 6.80 (d, 2H, J= 7.4 Hz), 6.69 (d, 1H, J= 8.0 Hz), 5.19 (d, 1H, J = 14.6 Hz), 4.29 (d, 1H,
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J = 14.6 Hz), 3.87-3.81 (m, 4H), 3.48 (d, 1H, J = 17.8 Hz), 3.25-3.23 (m, 1H), 2.82 (d, 1H, J = 17.8 Hz),
2.57-2.53 (m, 1H), 1.93-1.90 (m, 1H), 1.12 (s, 9H); °C NMR (CDCl,, 5) 169.4, 156.1, 149.3, 148.5, 141.7,
137.1, 129.6, 128.9, 128.6, 128.2, 127.1, 123.6, 120.5, 118.8, 107.5, 107.0, 99.9, 83.8, 55.4, 50.7, 48.2,
43.4,37.4,29.9, 27.4; IR (ATR) 1727, 1704, 1625 cm™'; HRMS (MH") caled for C3,H3,N;04: 512.2549.
Found: 512.2547.

tert-Butyl 1'-Benzyl-2-((2-methoxyphenyl)imino)-2'-oxospiro[indoline-3,4'-piper

N o idine]-1-carboxylate (77f) The general procedure (condition B) using carbodiimide
75f gave the titled compound (33.6 mg, 2 steps, 66%) as a colorless oil; '"H NMR

N N (CDCls, 6) 7.68 (d, 1H, J= 8.0 Hz), 7.36-7.29 (m, 5H), 7.06 (m, 2H), 7.01 (ddd, 1H,
Boc J=17.7,1.717,1.7 Hz), 6.88 (dd, 1H, J= 7.6, 7.6 Hz), 6.84 (d, 1H, J = 8.0 Hz), 6.79
Tt (dd, 1H, J= 7.7, 1.4 Hz), 4.82 (d, 1H, J = 14.6 Hz), 4.68 (d, 1H, J = 14.6 Hz),

3.78-3.72 (m, 4H), 3.36-3.31 (m, 1H), 3.08 (d, 1H, J=17.5 Hz), 2.74 (d, IH, J = 17.5 Hz), 2.24-2.18 (m,
1H), 2.05-2.00 (m, 1H), 1.16 (s, 9H); *C NMR (CDCls, 8) 168.5, 155.1, 149.6, 149.3, 140.6, 137.4, 137.0,
132.5, 128.6, 128.5, 128.4, 127.4, 124.2, 123.9, 122.7, 121.7, 120.7, 114.3, 111.2, 83.5, 55.5, 50.3, 47.7,
433, 40.1, 33.0, 27.4; IR (ATR) 1720, 1699, 1658 cm™; HRMS (MH") calcd for C3;H34N304: 512.2549.
Found: 512.2552.

Bn tert-Butyl 1'-Benzyl-2-((2-chlorophenyl)imino)-2'-oxospiro[indoline-3,4'-piperidin

o e]-1- carboxylate (77g) The general procedure (condition B) using carbodiimide 75g

gave the titled compound (44.6 mg, 2 steps, 86%) as a colorless oil; "H NMR (CDCl,

N d) 7.63 (d, 1H, J = 8.0 Hz), 7.38-7.26 (m, 7H), 7.17-7.10 (m, 3H), 6.97 (dd, 1H, J=

@ 8.0, 7.4 Hz), 6.85 (d, 1H, J = 8.0 Hz), 4.96 (d, 1H, J = 14.6 Hz), 4.54 (d, 1H, J =

79 14.6 Hz), 3.88-3.83 (m, 1H), 3.36-3.32 (m, 1H), 3.04 (d, 1H, J=17.5 Hz), 2.81 (d, 1H,

J=17.5Hz),2.21-2.16 (m, 1H), 2.08-2.03 (m, 1H), 1.22 (s, 9H); C NMR (CDCl;, 8) 168.2, 156.9, 149.0,

145.8, 140.1, 137.0, 132.3, 129.8, 128.7, 128.6, 128.4, 127.4, 127.1, 125.6, 124.3, 124.2, 122.6, 120.3,

114.5, 84.3, 50.2, 47.9, 43.1, 40.0, 33.0, 27.5; IR (ATR) 1730, 1701, 1646 cm™'; HRMS (MH") calcd for
CaoHs1*°CIN;05: 516.2054. Found: 516.2060.

tert-Butyl 1'-Benzyl-2'-0x0-2-(m-tolylimino)spiro[indoline-3,4'-piperidine]-1-car

o boxylate (77h) The general procedure (condition B) using carbodiimide 75h gave
the titled compound (40.0 mg, 2 steps, 81%) as a colorless oil; '"H NMR (CDCl;, 8)

N 7.66 (d, 1H, J= 8.0 Hz), 7.41-7.08 (m, 9H), 6.85 (d, 1H, J= 7.4 Hz), 6.68-6.67 (m,
@ 2H), 5.05 (d, 1H, J= 14.3 Hz), 447 (d, 1H, J= 14.3 Hz), 3.73-3.68 (m, 1H),
3.34-3.30 (m, 1H), 3.05 (d, 1H, J=17.5 Hz), 2.77 (d, 1H, J=17.5 Hz), 2.31 (s, 3H),
2.18-2.13 (m, 1H), 2.06-2.03 (m, 1H), 1.15 (s, 9H); °C NMR (CDCls, 8) 168.3, 155.5, 149.3, 148.2, 140.5,
138.6, 136.8, 132.5, 128.8, 128.7, 128.6, 128.4, 127.4, 124.5, 124.2, 122.6, 121.3, 117.3, 114.7, 83.8, 50.5,
47.5,43.3,39.7, 32.8, 27.4, 21.3; IR (ATR) 1724, 1697, 1644 cm™'; HRMS (MH") caled for Cs,H34N;Os:
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496.2600. Found: 496.2603.

Bn tert-Butyl 1'-Benzyl-2-((4-methoxyphenyl)imino)-2'-oxospiro[indoline-3,4'-pipe
o ridine|-1-carboxylate (77i) The general procedure (condition B) using
carbodiimide 75i gave the titled compound (38.1 mg, 2 steps, 74%) as a colorless
N solid; mp 157-158 °C; '"H NMR (CDCls, 8) 7.65 (d, 1H, J= 8.0 Hz), 7.42-7.26 (m,
Q 7H), 7.09-7.08 (m, 2H), 6.83 (m, 3H), 5.01 (d, 1H, J= 14.3 Hz), 4.50 (d, 1H, J=
14.3 Hz), 3.78 (s, 3H), 3.71-3.65 (m, 1H) , 3.33-3.29 (m, 1H), 3.05 (d, 1H, J=17.8
Hz), 2.76 (d, 1H, J=17.8 Hz), 2.15-2.11 (m, 1H) , 2.04-2.00 (m, 1H) , 1.18 (s, 9H); *C NMR (CDCl, 5)
168.4, 156.3, 155.0, 149.4, 141.6, 140.5, 136.8, 132.7, 128.6, 12.8.6, 128.4, 127.4, 124.2, 122.6, 121.8,
115.0, 114.2, 83.6, 55.5, 50.4, 47.5, 43.3, 39.6, 32.8, 27.5; IR (ATR) 1722, 1694, 1637 cm™'; HRMS (MH")
calcd for C3;H34N304: 512.2549. Found: 512.2551.

77i

Bn tert-Butyl 1'-Benzyl-2-((4-fluorophenyl)imino)-2'-oxospiro[indoline-3,4'-piperidin

o] e]-1- carboxylate (77j) The general procedure (condition B) using carbodiimide 75j

gave the titled compound (43.7 mg, 2 steps, 87%) as a colorless solid; mp 174-177 °C;

N 'H NMR (CDCl, 8) 7.62 (d, 1H, J = 8.0 Hz), 7.41-7.26 (m, 8H), 7.10-7.09 (m, 2H),

Q 6.99-6.96 (m, 2H), 6.80-6.78 (m, 2H), 5.04 (d, 1H, J= 14.3 Hz), 4.47 (d, 1H, J=14.3

77j Hz), 3.71-3.66 (m, 1H), 3.34-3.29 (m, 1H), 3.03 (d, 1H, J=17.5 Hz), 2.77 (d, 1H, J =

17.5 Hz), 2.16-2.11 (m, 1H), 2.07-2.01 (m, 1H), 1.21 (s, 9H); °C NMR (CDClL, &) 168.2, 159.4 (d, J =

242.3 Hz), 156.3, 149.1, 144.5 (d, /= 2.4 Hz), 140.3, 136.8, 132.5, 128.8, 128.7, 128.4, 127.4, 124.4, 122.7

121.7 (d, J=7.2 Hz), 115.5 (d, J= 21.6 Hz), 114.9, 84.0, 50.5, 47.6, 43.3, 39.6, 32.8, 27.6; IR (ATR) 1725,
1699, 1638 cm™; HRMS (MH") caled for C3oH;,FN;05: 500.2350. Found: 500.2352.

b

tert-Butyl 5-Oxo-2'-(phenylimino)-4,5-dihydro-2H-spiro[furan-3,3'-indoline]-1'-carb

oxylate (77k) The general procedure (condition B) using carbodiimide 75k gave the

nph  titled compound (31.5 mg, 2 steps, 83%) as a colorless oil; '"H NMR (CDCl;, 8) 7.69 (d,

N‘BOC 1H, J = 8.0 Hz), 7.38-7.30 (m, 4H), 7.21 (dd, 1H, J =74, 7.4 Hz), 7.07 (t, 1H, J= 7.4

77k Hz), 6.98 (d, 2H, J= 7.4 Hz), 4.76 (d, 1H, J = 8.9 Hz), 4.45 (d, 1H, J = 8.9 Hz), 3.29 (d,

1H, J = 17.5 Hz), 2.87 (d, 1H, J = 17.5 Hz), 1.19 (s, 9H); °C NMR (CDCl, 8) 174.6, 153.9, 148.9, 147.8,

140.9, 130.3, 129.5, 129.1, 124.1, 122.1, 120.4, 114.7, 84.6, 76.7, 51.9, 40.8, 27.4; IR (ATR) 1785, 1728,
1698 cm'l; HRMS (MH+) calcd for C,H23N»04: 379.1658. Found: 379.1659.

COLEt tert-Butyl 3-(2-Ethoxy-2-oxoethyl)-3-methyl-2-(phenylimino)indoline-1-carboxylate
2

©\)£Nph (771) The general procedure (condition B) using carbodiimide 751 gave the titled
N

Boc compound (31.0 mg, 2 steps, 76%) as a colorless oil; 'H NMR (CDCls, 8) 7.64 (d, 1H, J
771 = 8.0 Hz), 7.29-7.26 (m, 3H), 7.18 (d, 1H, J = 6.9 Hz), 7.10 (t, 1H, J = 7.4 Hz),
7.00-6.99 (m, 3H), 3.97-3.84 (m, 2H), 3.20 (d, 1H, J = 16.6 Hz), 2.89 (d, 1H, J = 16.6 Hz), 1.25 (s, 9H),
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1.00 (t, 3H, /= 7.2 Hz); BC NMR (CDCl, 0) 170.0, 158.2, 149.5, 141.1, 134.1, 128.9, 128.0, 123.7, 123.0,
121.7, 120.1, 114.2, 83.5, 60.3, 46.7, 43.4, 27.6, 27.3, 13.9; IR (ATR) 1730, 1699 cm’'; HRMS (MH")
calcd for Co4H9N,Oy4: 409.2127. Found: 409.2125.

tert-Butyl (2-(1-Benzyl-6-o0x0-1,2,3,6-tetrahydropyridin-4-yl)phenyl)carbamate (99)

i n-B" A solution of boronic acid 98 (16.3 g, 68.8 mmol), alkenyl triflate 71 (19.2 g, 57.3
| mmol), and PdCI,(PPhs), (2.01 g, 2.87 mmol) in 150 mL of THF and 150 mL ofa 2.0 M
NHBoc aqueous Na,COj; solution was heated to reflux for an hour. The reaction mixture was
9 cooled to ambient temperature. The aqueous layer was extracted with AcOEt. The

organic layer was washed with brine, dried over Na,SO,4, and concentrated under reduced pressure. The
crude material was purified by silica gel column chromatography ("hexane/AcOEt = 8/2 to 4/6) to give the
titled compound (19.0 g, 88%) as a colorless solid; mp 171-172 °C; '"H NMR (CDCls, 8) 7.84 (d, 1H, J =
8.6 Hz), 7.34-7.32 (m, 6H), 7.14-7.08 (m, 2H), 6.49 (s, 1H), 6.09 (s, 1H), 4.69 (s, 2H), 3.47 (t,2H, J="7.2
Hz), 2.63 (t, 2H, J = 7.2 Hz), 1.49 (s, 9H). °C NMR (CDCL;, 8) 164.3, 152.9, 149.4, 137.2, 134.3, 130.8,
129.3, 128.7, 128.2, 127.6, 127.5, 124.0, 123.8, 122.0, 80.9, 49.7, 44.8, 29.1, 28.3; IR (ATR) 3160, 1709,
1656 cm'l; HRMS (MH") calcd for C,3H,7N,05: 379.2022. Found: 379.2020.

tert-Butyl (2-(1-Benzyl-6-o0x0-1,2,3,6-tetrahydropyridin-4-yl)-4-methylphenyl)car

o}
n-Bn bamate (99b) To a solution of N-Boc p-toluidine (217 mg, 1.05 mmol) in 4 mL of
| Et,0 at —78 °C, was added ‘BuLi (1.76 M in pentane, 1.43 mL, 2.52 mmol) in a
NHBoG dropwise manner. The reaction mixture was stirred at the same temperature for 15
99b

minutes and warmed to —20 °C. After 3 hours trimethoxyborane (445 uL, 3.99 mmol)
was added. The reaction mixture was warmed to ambient temperature and stirred for 20 minutes. To the
mixture, was added a 2.0 M aqueous HCI solution to pH 7. The organic layer was separated and the
aqueous layer was extracted with CHCl;. The combined organic layers were washed with a saturated
aqueous NaHCOj; solution and dried over Na,SO,4. Concentration under reduced pressure gave 252 mg of a
pale yellow amorphus. The amorphus and alkenyl triflate 71 (387 mg, 1.16 mmol) was dissolved in 10 mL
of THF and 10 mL of a 2.0 M aqueous Na,CO; solution and PdCl,(PPhs), (73.7 mg, 105 pmol) was added
to the solution. The mixture was heated to reflux for 13 hours. The organic layer was separated and the
aqueous layer was extracted with AcOEt. The combined organic layers were dried over Na,SO, and
concentrated under reduced pressure. The crude material was purified by silica gel column chromatography
("hexane/AcOEt = 7/3 to 6/4) to give the titled compound (262 mg, 2 steps, 64%) as a colorless solid; mp
159-160 °C; "H NMR (CDCls, 8) 7.64 (d, 1H, J= 6.9 Hz), 7.37-7.27 (m, 5H), 7.11 (dd, 1H, J= 8.3, 1.4 Hz),
6.95 (d, 1H, J=1.4 Hz), 6.42 (br s, 1H), 6.06 (s, 1H), 4.68 (s, 2H), 3.45 (t, 2H, J= 7.0 Hz), 2.62 (t, 2H, J =
7.0 Hz), 2.30 (s, 3H), 1.47 (s, 9H). °C NMR (CDCls, 8) 164.5, 153.1, 149.8, 137.2, 133.8, 131.6, 129.8,
128.6, 128.1, 127.5, 123.4, 122.7, 80.6, 49.6, 44.8, 29.0, 28.3, 20.7; IR (ATR) 3317, 1684, 1657 cm';
HRMS (MH+) calcd for Co4H,9N>O5: 393.2178. Found: 393.2175.
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tert-Butyl (2-(1-Benzyl-6-0x0-1,2,3,6-tetrahydropyridin-4-yl)-4-methoxypheny

o
n-Bn Dearbamate (99¢) To a solution of N-Boc p-anisidine (335 mg, 1.50 mmol) in 5
| . . .
MeO mL of Et,0 at —78 °C, was added ‘BuLi (1.76 M in pentane, 2.05 mL) in a
NHBoc dropwise manner. The reaction mixture was stirred at the same temperature for 15

9%¢ minutes and warmed to —20 °C. After 2.5 hours trimethoxyborane (636 pL, 3.99

mmol) was added. The mixture was warmed to ambient temperature and stirred for 13 hours. To the
mixture, was added a 2.0 M aqueous HCI solution to pH 7. The organic layer was separated and the
aqueous layer was extracted with CHCl;. The combined organic layers were washed with a saturated
aqueous NaHCO; solution and dried over Na,SO,. Concentration under reduced pressure gave 392 mg of a
pale yellow amorphus. The amorphus and alkenyl triflate 71 (503 mg, 1.50 mmol) was dissolved in 10 mL
of THF and 10 mL of a 2.0 M aqueous Na,CO; solution and PdCI,(PPh;), (105 mg, 0.150 mmol) was
added to the solution. The mixture was heated to reflux for 1 hour. The organic layer was separated and the
aqueous layer was extracted with AcOEt. The combined organic layers were dried over Na,SO, and
concentrated under reduced pressure. The crude material was purified by silica gel column chromatography
("hexane/AcOEt = 6/4 to 5/5) to give the titled compound (419 mg, 2 steps, 68%) as a colorless solid; mp
132-133 °C; '"H NMR (CDCls, 8) 7.50 (s, 1H), 7.35-7.27 (m, 5H), 6.84 (dd, 1H, J = 8.9, 2.9 Hz), 6.69 (d,
1H, J=2.9 Hz), 6.40 (br, 1H), 6.05 (s, 1H), 4.67 (s, 2H), 3.77 (s, 3H), 3.44 (t, 2H, J= 7.2 Hz), 2.62 (t, 2H,
J =172 Hz), 1.45 (s, 9H). °C NMR (CDCl;, 8) 164.4, 156.6, 153.6, 149.8, 149.8, 137.2, 128.6, 128.1,
127.4, 127.1, 123.4, 114.4, 113.0, 80.4, 55.5, 49.6, 44.8, 28.7, 28.2; IR (ATR) 3264, 1712, 1655 cm’;
HRMS (MH+) calcd for Co4H29N>Oy4: 409.2127. Found: 409.2122.

o tert-Butyl (2-(1-Benzyl-6-0xo0-1,2,3,6-tetrahydropyridin-4-yl)-4-chlorophenyl)car
n 2" bamate (99d) To a solution of N-Boc 4-chloroaniline (342 mg, 1.50 mmol) in 6 mL
cl of Et,0 at —78 °C, was added ‘BuLi (1.76 M in pentane, 2.05 mL) in a dropwise

NHBoc manner. The reaction mixture was stirred at the same temperature for 15 minutes and

9% warmed to —20 °C. After 1.5 hours trimethoxyborane (636 pL, 3.99 mmol) was

added. The mixture was warmed to ambient temperature and stirred for 12 hours. To the mixture, was
added a 2.0 M aqueous HCI solution to pH 7. The organic layer was separated and the aqueous layer was
extracted with CHCl;. The combined organic layers were washed with a saturated aqueous NaHCO;
solution and dried over Na,SO,. Concentration under reduced pressure gave 377 mg of a pale yellow
amorphus. The amorphus and alkenyl triflate 71 (553 mg, 1.65 mmol) was dissolved in 10 mL of THF and
10 mL of a 2 M aqueous Na,COj; solution and PdCl,(PPhs), (105 mg, 150 pumol) was added to the solution.
The mixture was heated to reflux for 18 hours. The organic layer was separated and the aqueous layer was
extracted with AcOEt. The combined organic layers were dried over Na,SO, and concentrated under
reduced pressure. The crude material was purified by silica gel column chromatography (“hexane/AcOEt =
8/2 to 7/3) to give the titled compound (389 mg, 2 steps, 64%) as a colorless solid; mp 162-163 °C; 'H
NMR (CDCls, 9) 7.82 (d, 1H, J = 8.3 Hz), 7.37-7.25 (m, 6H), 7.12 (d, 1H, J = 2.6 Hz), 6.55 (br, 1H), 6.08
(s, 1H), 4.68 (s, 2H), 3.47 (t, 2H, J = 7.0 Hz), 2.60 (t, 2H, J = 7.0 Hz), 1.48 (s, 9H). °C NMR (CDCl;, &)
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164.0, 152.7, 148.0, 137.0, 133.0, 132.0, 129.1, 129.1, 128.7, 128.1, 127.6, 127.4, 124.4, 123.2, 81.2, 49.7,
44.7 28.8, 28.2; IR (ATR) 3240, 1715, 1655 cm™'; HRMS (MH") caled for Ca3Has "CIN,05: 413.1632.
Found: 4113.1631.

o tert-Butyl (2-(1-Benzyl-6-0xo0-1,2,3,6-tetrahydropyridin-4-yl)-3-methoxyphenyl)carb

OMe N'B" amate (99¢) To a solution of N-Boc m-anisidine (669 mg, 3.00 mmol) in 12 mL of Et,O
at —78 °C, was added ‘BuLi (1.76 M in pentane, 4.09 mL) in a dropwise manner. The

NHBoc reaction mixture was stirred at the same temperature for 15 minutes and warmed to —20

9%e °C. After 23 hours trimethoxyborane (1.17 mL, 10.5 mmol) was added. The mixture was
warmed to ambient temperature and stirred for 1.5 hours. To the mixture, was added a 2.0 M aqueous HCl
solution to pH 3. The organic layer was separated and the aqueous layer was extracted with CHCl;. The
combined organic layers were washed with a saturated aqueous NaHCOj; solution and dried over Na,SO,.
Concentration under reduced pressure gave 603 mg of a pale yellow amorphus. The amorphus and alkenyl
triflate 71 (503 mg, 1.50 mmol) was dissolved in 10 mL of THF and 10 mL of a 2.0 M aqueous Na,CO;
solution and PdCl,(PPhs), (52.7 mg, 75.0 umol) was added to the solution. The mixture was heated to
reflux for 13 hours. The organic layer was separated and the aqueous layer was extracted with AcOEt. The
combined organic layers were dried over Na,SO,4 and concentrated under reduced pressure. The crude
material was purified by silica gel column chromatography ("hexane/AcOEt = 8/2 to 6/4) to give the titled
compound (445 mg, 2 steps, 73%) as a colorless solid; mp 154-155 °C; 'H NMR (CDCls, 8) 7.64 (d, 1H, J
= 8.3 Hz), 7.36-7.23 (m, 5H), 6.62-6.61 (m, 2H), 5.97 (s, 1H), 4.70 (brs, 2H), 3.77 (s, 3H), 3.46 (t, 2H, J =
6.9 Hz), 2.55 (brs, 2H), 1.47 (s, 9H); °C NMR (CDCl, 8) 164.4, 156.3, 152.7, 147.6, 137.2, 135.2, 129.5,
128.6, 128.2, 127.4, 124.9, 118.6, 112.9, 105.6, 80.8, 55.7, 49.8, 45.0, 28.7, 28.3; IR (ATR) 3171, 1713,

1651 cm™; HRMS (MH") caled for Co4HaoN,04: 409.2127. Found: 409.2135.

4-(2-Aminophenyl)-1-benzyl-3-bromo-5,6-dihydropyridin-2(/H)-one (100) To a

Br I N-En solution of N-Boc aniline 99 (567 mg, 1.50 mmol) in 10 mL of CCl, at 0 °C, was added
| bromine (84.6 pL, 1.65 mmol) in a dropwise manner. After 10 minutes, the reaction

NH, mixture was directly evaporated and this residue was dissolved in 10 mL of dioxane.
100 After the mixture was cooled to 0 °C, DBU (447 uL, 3.00 mmol) was added in a

dropwise manner. After 20 minutes, a saturated aqueous NH4Cl solution was added and the separated
aqueous layer was extracted with CHCl;. The combined organic layers were dried over Na,SO, and
concentrated under reduced pressure. The crude material was purified by silica gel column chromatography
("hexane/AcOEt = 8/2 to 6/4) to give the titled compound (450 mg, 84%) as a brown solid; mp 66-68 °C;
'H NMR (CDCls, 8) 7.37-7.28 (m, 5H), 7.16 (m, 1H), 6.95 (dd, 1H, J=7.5, 1.5 Hz), 6.80 (m, 1H), 6.75 (d,
1H, J= 8.0 Hz), 4.76 (d, 1H, J = 14.3 Hz), 4.67 (d, 1H, J = 14.3 Hz), 3.66 (brs, 2H), 3.47 (t, 2H, /= 6.9
Hz), 2.70-2.59 (m, 2H); °C NMR (CDCls, 8) 160.4, 149.0, 141.7, 136.8, 129.6, 128.7, 128.2, 127.7, 127.3,
125.9, 118.7, 118.4, 116.2, 51.3, 44.4, 31.4; IR (ATR) 3420, 3342, 1635 cm™'; HRMS (MH") calcd for
Ci5Hys"BrN,0: 357.0603. Found: 357.0601.
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1-Benzyl-3-bromo-4-[2-(tritylamino)phenyl]-5,6-dihydropyridin-2(Z H)-one (101) To
Br n-B"  a solution of bromolactam 100 (4.64 g, 13.0 mmol) and Et;N (18.1 mL, 130 mmol) in
100 mL of CH,Cl, at 0 °C, was added TrCl (21.7 g, 78.0 mmol) in two portions. The

NHTr reaction mixture was warmed to ambient temperature and stirred for 5 hours. Then a
101 saturated aqueous NaHCOj; solution was added and the separated organic layer was
washed with water and a saturated aqueous NaHCOj; solution, dried over Na,SO,, and concentrated under
reduced pressure. The crude material was purified by silica gel column chromatography (“hexane/AcOEt =
9/1 to 7/3) to give the titled compound (6.16 g, 79%) as a colorless solid; mp 201-203 °C; 'H NMR (CDCl,,
8) 7.35-7.19 (m, 20H), 6.89 (dd, 1H, J= 7.4, 1.7 Hz), 6.77 (m, 1H), 6.63 (m, 1H), 6.14 (d, 1H, J = 8.0 Hz),
491 (s, 1H), 4.73 (d, 1H, J = 14.3 Hz), 4.67 (d, 1H, J = 14.3 Hz), 3.46-3.33 (m, 2H), 2.68-2.67 (m, 2H);
C NMR (CDCls, 8) 160.3, 149.2, 140.9, 136.8, 128.8, 128.7, 128.2, 128.1, 128.0, 127.9, 127.7, 127.1,
127.0, 126.4, 119.9, 117.2, 116.0, 71.0, 51.2, 44.5, 31.5; IR (ATR) 3431, 1651 cm'; HRMS (MH") caled

for C3;H3,*'BrN,O: 601.1678. Found: 601.1677.

cl 4-(2-Aminophenyl)-1-benzyl-3-(2-chlorophenyl)-5,6-dihydropyridin-2(1 H)-one (10
O N-Bn 3) A solution of N-trityl aniline 101 (300 mg, 500 pmol), 2-chlorophenyl boronic acid
! (235 mg, 1.50 mmol), and PdCI,(PPh;), (17.5 mg, 25.0 umol) in 10 mL of dioxane and
O NH, 10 mL of a 2.0 M aqueous Na,CO; solution was heated to reflux for an hour. The
103 reaction mixture was cooled to ambient temperature. The separated aqueous layer was
extracted with AcOEt. The combined organic layers were dried over Na,SO, and concentrated under
reduced pressure. This crude material was dissolved in 9.5 mL of CH,Cl, and the resultant solution was
cooled to 0 °C. To the solution was added 0.5 mL of TFA. After 5 minutes, a saturated aqueous NaHCO;
solution was added and the separated aqueous layer was extracted with CHCl;. The combined organic
layers were dried over Na,SO,4 and concentrated under reduced pressure. The crude material was purified
by silica gel column chromatography ("hexane/AcOEt = 8/2 to 5/5) to give the titled compound (96.6 mg, 2
steps, 50%) as a yellow amorphous; 'H NMR (CDCls, o) 7.38-7.35 (m, 4H), 7.30-7.28 (m, 2H), 7.11-7.04
(m, 3H), 6.94-6.90 (m, 2H), 6.56 (br, 2H), 4.83 (d, 1H, J = 14.9 Hz), 4.66 (d, 1H, J = 14.9 Hz), 3.68-3.59
(m, 3H), 3.41-3.39 (m, 1H), 2.88 (br, 1H), 2.55 (br, 1H); °C NMR (CDCl, 8) 163.6, 147.3, 142.2, 137.2,
134.8, 132.6, 130.6, 128.5, 128.43, 128.39, 128.34, 128.1, 127.9, 127.4, 127.2, 125.9, 124.4, 117.5, 115.5,
50.0, 44.4, 29.7 ; IR (ATR) 3450, 2247, 1649 cm™; HRMS (MH") caled for CyH,,>CIN,O: 389.1421.
Found: 389.1421.

s 1-{2-[1-Benzyl-5-(2-chlorophenyl)-6-0x0-1,2,3,6-tetrahydropyridin-4-yl]phenyl}-3

O N-Bn -(4-methoxyphenyl)urea (104a) To a solution of diaryllactam 103 (335 mg, 861
pmol) in 5 mL of CH,Cl, at ambient temperature, were added 4-methoxyphenyl

O ”JKNHPMP isocyanate (123 pL, 947 pumol) and DMAP (10.0 mg, 81.9 umol). The reaction
104a mixture was stirred for 2 hours. 10 mL of Et,O was added to the reaction mixture and

a colorless precipitate was observed. The precipitate was collected by filtration, washed with CH,Cl, and
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dried in vacuo to give the titled compound (405 mg, 87%) as a colorless solid; mp 225-227 °C; '"H NMR
(DMSO-ds, 8) 8.91 (s, 1H), 7.88 (s, 1H), 7.73 (d, 1H, J = 8.3 Hz), 7.35-7.29 (m, 9H), 7.15-7.13 (m, 1H),
7.11-7.07 (m, 3H), 6.89-6.83 (m, 2H), 6.76 (d, 1H, J= 3.4 Hz), 4.95 (d, 1H, J= 14.6 Hz), 4.41 (d, 1H, J =
14.6 Hz), 3.72 (s, 3H), 3.55-3.54 (m, 2H), 3.00-2.91 (m, 1H), 2.49-2.37 (m, 2H); °C NMR (DMSO-d,
8) 163.0, 154.5, 152.5, 147.3, 146.2, 137.5, 136.2, 135.4, 133.5, 132.6, 131.4, 130.9, 128.9, 128.5, 128.4,
128.0, 127.7, 127.3, 127.2, 126.5, 122.4, 121.7, 120.0, 114.1, 55.2, 49.5, 44.7, 29.0; IR (ATR) 3338, 1702,
1641 cm™; HRMS (MH") caled for C3,H,y> CIN;O;: 538.1897. Found: 538.1896.

Cl 1-{2-[1-Benzyl-5-(2-chlorophenyl)-6-0x0-1,2,3,6-tetrahydropyridin-4-yl|phenyl}-
O N-Bn 3-(4-methoxybenzyl)urea (104b) To a solution of diaryllactam 20 (93.0 mg, 239

O 5 pmol) in 1 mL of CH,Cl, at ambient temperature, were added 4-methoxybenzyl
N SNupvs  isocyanate (40.5 pL, 263 pmol) and DMAP (9.6 mg, 78.6 pumol). The reaction
H
104b mixture was heated to 40 °C and stirred for 24 hours. After cooled to ambient

temperature, the reaction mixture was directly subjected to silica gel column chromatography
("hexane/AcOEt = 9/1 to 5/5) to give the titled compound (94.2 mg, 71%) as a colorless solid; mp 192-193
°C; '"H NMR (CDCl;, 8) 7.79-7.65 (br, 1H), 7.31-7.06 (m, 12H), 6.82-6.78 (br, 3H), 6.65-6.55 (br, 2H),
6.35-6.16 (br, 1H), 5.58-4.62 (m, 1H), 4.24-4.19 (br, 2H), 4.01-3.98 (br, 1H), 3.76 (s, 3H), 3.62-3.59 (br,
1H), 3.24-2.91 (br, 2H), 2.38-2.27 (br, 1H); °C NMR (CDCls, 8) 164.8, 158.5, 155.8, 148.4, 135.9, 135.7,
135.1, 133.5, 133.0, 132.0, 131.9, 129.1, 128.9, 128.8, 128.7, 128.6, 128.2, 128.1, 127.9, 127.4, 126.2,
122.5,113.8, 113.7, 55.2, 51.0, 45.4, 43.0, 29.0 (The peaks on 'H and "*C spectra were highly broadened.);
IR (ATR) 3366, 1640 cm™; HRMS (MH") calcd for Cs3Hz °CIN;O5: 552.2054. Found: 552.2059.

¢y 1-Benzyl-3-(2-chlorophenyl)-4-[2-(4-methoxyphenyliminomethyleneamino)phenyl]
O | BN -5,6-dihydropyridin-2(1/H)-one (105a) To a stirred solution of urea 104a (404 mg,
| 751 pmol), PPh; (295 mg, 1.13 mmol), and Et;N (230 pL, 1.65 mmol) in 10 mL of
O N NPMP CH,CI; at 0 °C, was added CBr4 (299 mg, 901 umol). The reaction mixture was stirred
105a for an hour and warmed to ambient temperature. Then additional PPh; (300 mg, 1.14
mmol) was added in three portions and the reaction mixture was stirred for 5 hours and directly evaporated.
The resultant residue was purified by silica gel column chromatography ("hexane/AcOEt = 8/2 to 7/3) to
give the titled compound (379 mg, 97%) as a colorless oil; 'H NMR (CDCl;, o) 7.40-7.38 (m, 2H),
7.36-7.33 (m, 2H), 7.30-7.27 (m, 2H), 7.13-7.00 (m, 7H), 6.94-6.84 (m, 4H), 4.83 (d, 1H, J = 14.9 Hz),
4.66 (d, 1H, J=14.9 Hz), 3.79 (s, 3H), 3.68-3.66 (m, 1H), 3.48-3.43 (m, 1H), 3.07 (br, 1H), 2.60 (br, 1H);
C NMR (CDCls, 8) 163.9, 157.5, 147.4, 137.5, 135.9, 135.6, 134.3, 134.2, 134.1, 132.4, 131.8, 130.3,
128.9, 128.8, 128.56, 128.55, 128.53, 128.2, 127.3, 126.1, 125.12, 125.05, 124.8, 114.8, 55.5, 50.3, 44.5,
30.2; IR (ATR) 2129, 1654 cm'l; HRMS (MH") calcd for C32H2735C1N302: 520.1792. Found: 520.1800.
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¢y 1-Benzyl-3-(2-chlorophenyl)-4-[2-(4-methoxybenzyl)iminomethyleneaminophenyl]

O \ BN -5,6-dihydropyridin-2(1H)-one (105b) To a stirred solution of urea 104b (167 mg,

l 303 pumol), PPh; (119 mg, 454 pmol), and Et;N (127 pL, 909 pmol) in 6 mL of

O N NPMB CH,Cl, at 0 °C, was added CBr4 (121 mg, 364 umol). The reaction mixture was stirred

105b for an hour and warmed to ambient temperature. The reaction mixture was stirred for

10 hours and directly evaporated. The resultant residue was purified by silica gel column chromatography

("hexane/AcOEt = 8/2 to 6/4) to give the titled compound (98.3 mg, 61%) as a colorless oil; 'H NMR

(CDCl;, o) 7.40-7.33 (m, 4H), 7.28-7.23 (m, 4H), 7.05-6.99 (m, 2H), 6.91-6.80 (m, 7H), 4.81 (d, 1H, J =

14.6 Hz), 4.65 (d, 1H, J = 14.6 Hz), 4.45 (s, 2H), 3.75 (s, 3H), 3.60-3.58 (m, 1H), 3.40-3.35 (m, 1H), 2.96

(s, 1H), 2.43-2.41 (m, 1H); >C NMR (CDCL;, 8) 163.9, 159.1, 147.8, 138.7, 137.5, 136.9, 135.8, 135.6,

134.1, 133.9, 131.9, 131.7, 129.8, 128.60, 128.57, 128.5, 128.4, 128.3, 128.2, 127.3, 126.0, 124.3, 124.0,

114.1, 55.2, 50.2, 49.9, 44.4, 29.9; IR (ATR) 2125, 1653 cm™; HRMS (MH") caled for C33Hao> CIN;O»:
534.1948. Found: 534.1951.

Bn (3RS,3'RS,Z)-1'-Benzyl-3'-(2-chlorophenyl)-2-(4-methoxyphenylimino)spiro
N [indoline-3,4'-piperidin]-2'-one (106a) A solution of carbodiimide 105a (354
mg, 681 pumol) and ‘BuOH (651 uL, 6.81 mmol) in 12 mL of THF was degassed

by freeze pump thaw cycles chilled with liquid nitrogen. To the stirred solution

~ pwp Cl

106a at ambient temperature, was added a solution of Sml, (0.1 M in THF, 19 mL,
1.90 mmol) in a dropwise manner over 4.5 hours. Then a saturated aqueous NH,4Cl solution was added to
the reaction mixture and the organic solvent was removed by evaporation. The resultant mixture was
extracted with AcOEt twice and the combined organic layers were washed with a saturated aqueous NH4Cl
solution and dried over Na,SO,. The crude solution was concentrated under reduced pressure and dried in
vacuo. The crude material was subjected to silica gel column chromatography ("hexane/AcOEt = 8/2 to
6/4) to give the titled compound (307 mg, 86%) as a colorless solid; mp 208-209 °C; 'H NMR (CDCl;, 9)
7.50-7.32 (m, 6H), 7.19-7.13 (m, 3H), 6.94-6.92 (m, 1H), 6.87-6.68 (m, 5H), 6.59-6.53 (m, 3H), 5.03 (s,
1H), 4.97* (d, 1H, J=13.7 Hz), 4.87 (d, 1H, J = 14.3 Hz), 4.83" (s, 1H), 4.76 (d, 1H, J = 14.3 Hz), 4.66" (d,
1H, J = 13.7 Hz), 3.88-3.82 (m, 1H), 3.79 (s, 3H), 3.77 (s, 3H), 3.64-3.62 (m, 1H), 2.58-2.52 (m, 1H), 2.22
(ddd, 1H, J = 13.7, 5.7, 5.7 Hz), 2.01-1.98" (m, 1H). *C NMR (CDClLy, &) 169.9°, 169.1, 168.2", 161.4,
156.17, 155.7, 142.6, 142.2, 136.7, 136.4, 134.6, 134.4", 133.9°,132.4", 132.3", 130.3, 130.0, 129.4, 129.3",
129.2,129.0°, 128.9', 128.8, 128.7", 128.6, 128.5, 128.3, 128.0", 127.5, 126.17, 125.9, 124.5, 123.0", 122.1,
121.67, 120.9, 118.17, 114.7, 114.0", 108.7, 56.8", 55.4, 51.7, 51.3, 51.0°, 50.8, 49.5", 43.9", 43.2, 31.5",
31.3; IR (ATR) 3246, 1667 cm'l; HRMS (MH") calced for C32H2935CIN302: 522.1948. Found: 522.1946
(‘peaks of minor isomer). Crystallographic data reported have been deposited with Cambridge
Crystallographic Data Centre as supplementary publication No. CCDC-927186. Copies of the data can be
obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge, CB2 1EZ, U. K.; fax +44 1223 336033; or

deposit@ccdc.cam.ac.uk).
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(BRS,3'RS,Z)-1'-Benzyl-3'-(2-chlorophenyl)-2-(4-methoxybenzylimino)spiro|
indoline-3,4'-piperidin|-2'-one (106b) A solution of carbodiimide 105b (98.3
mg, 184 pumol) and ‘BuOH (176 uL, 1.84 mmol) in 1.8 mL of THF was degassed

by freeze pump thaw cycles chilled with liquid nitrogen. To the stirred solution

at ambient temperature, was added a solution of Sml, (0.9 M in THF/HMPA =
9/1, 8.18 mL) over 2 minutes. The reaction mixture was stirred for 5 minutes. Then a saturated aqueous
NH,CI solution was added to the reaction mixture and the organic solvent was removed by evaporation.
The resultant mixture was extracted with AcOEt twice and the combined organic layers were washed with a
saturated aqueous LiCl solution twice and dried over Na,SO,4. The crude solution was concentrated under
reduced pressure. The crude material was subjected to silica gel column chromatography ("hexane/AcOEt =
8/2 to 4/6) to give the titled compound (88.6 mg, 90%) as a colorless amorphus; 'H NMR (CDCls, &)
7.44-7.43 (m, 2H), 7.39-7.37 (m, 3H), 7.27-7.27 (m, 1H), 7.24-7.22 (m, 1H), 7.17-7.15 (m, 3H), 7.09-7.05
(m, 1H), 6.85-6.82 (m, SH), 6.44 (d, 1H, J = 8.0 Hz), 4.93-4.89 (m, 2H), 4.64-4.62 (m, 2H), 4.54-4.50 (m,
1H), 4.35-4.32 (m, 1H), 3.81 (s, 3H), 3.77-3.74 (m, 1H), 3.59 (m, 1H), 2.36 (m, 1H), 1.94 (m, 1H); °C
NMR (CDCls, 8) 173.1, 168.1, 159.0, 155.9, 136.2, 134.5, 134.2, 130.1, 129.6, 129.5, 129.4, 129.3, 129.0,
128.8, 128.7, 128.6, 127.9, 126.2, 123.0, 121.2, 117.3, 113.9, 55.6, 55.2, 50.8, 49.5, 46.4, 43.7, 31.9; IR
(ATR) 3433, 1642cm™; HRMS (MH") caled for C33H;,* CIN;O5: 536.2105. Found: 536.2100.

(4aRS,14bRS)-2-Benzyl-10-(4-methoxyphenyl)-3,4,10,14b-tetrahydrobenzo|c]in do
10[3,2-j][2,6]naphthyridin-1(2H)-one (110a) A solution of iminoindoline 106a (52.2

CysPH-BF, (3.7 mg, 10.0 umol) in 2 mL of DMA was heated at 120 °C for 17 hours.

Then the reaction mixture was cooled to ambient temperature and a saturated aqueous
NH4CI solution was added. The mixture was extracted with CHCI; three times and the combined organic
layers were washed with H,O, dried over Na,SO,, and concentrated under reduced pressure. The crude
material was purified by silica gel column chromatography (CHCl;/AcOEt = 10/0 to 9/1) to give the titled
compound (41.6 mg, 86%) as a colorless solid; mp 249-250 °C; 'H NMR (CDCl;, ) 7.69 (d, 1H, J= 8.0
Hz), 7.39-7.34 (m, 7H), 7.19-7.08 (m, 6H), 6.85-6.81 (m, 2H), 6.57 (d, 1H, J = 8.0 Hz), 4.93 (d, 1H, J =
14.3 Hz), 4.74 (d, 1H, J = 14.3 Hz), 4.03 (s, 1H), 3.87 (s, 3H), 3.51 (ddd, 1H, J=12.5, 7.0, 6.0 Hz), 3.30
(dd, 1H, J =12.6, 7.0 Hz), 2.56 (ddd, 1H, J = 12.5, 7.0, 6.0 Hz), 1.42 (dd, 1H, J = 12.6, 6.0 Hz); *C NMR
(CDCl;, 6) 171.8, 167.1, 159.4, 155.0, 140.6, 136.4, 136.1, 131.7, 128.9, 128.8, 128.7, 128.3, 127.9, 127.8,
123.3, 122.3, 122.0, 120.0, 118.8, 117.0, 115.7, 115.5, 55.5, 50.4, 49.2, 45.6, 43.7, 24.8; IR (ATR) 1644,
1548 cm™; MS (MH") caled for C3,H,sN305: 486.2182. Found: 486.2182.

3-Benzyl-5-(phenylamino)-2,3-dihydrobenzo|[c][2,7]naphthyridin-4(1H)-one (111) A
solution of carbodiimide 75a (60.8 mg, 160 umol) in 1.6 mL of THF was heated to

60 °C for 8 days. After cooled to ambient temperature, the reaction mixture was directly

111 purified by preparative thin-layer chromatography (“hexane/AcOEt = 7/3) to give the
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titled compound (35.8 mg, 59%) as a yellow crystal; mp. 166-168 °C; 'H NMR (CDCls, 8) 11.52 (s, 1H),
8.00 (dd, 2H, J = 8.3, 1.0 Hz), 7.76 (d, 1H, J = 8.3 Hz), 7.67 (d, 1H, J = 8.3 Hz), 7.61-7.57 (m, 1H),
7.37-7.29 (m, 7TH), 7.24-7.22 (m, 1H), 7.02 (t, 1H, J= 7.4 Hz), 4.79 (s, 2H), 3.55 (t, 2H, J= 7.0 Hz), 3.21 (t,
2H, J= 7.0 Hz); >C NMR (CDCls, 8) 165.5, 152.4, 148.7, 147.5, 136.7, 131.5, 128.8, 128.6, 127.9, 127.7,
127.5,123.7, 122.9, 121.9, 120.4, 120.0, 109.5, 50.3, 44.1, 23.8; IR (ATR) 3106, 3070, 1648, 1590, 1538,
1483, 1416 cm™; HRMS (MH") caled for CasH,N50: 380.1765. Found: 380.1764.

N o tert-Butyl [2-(2-Oxo-1,2,5,6-tetrahydropyridin-3-yl)phenyl]carbamate (129) A solution

P of boronic acid 98 (1.78 g, 7.50 mmol), lactam 128 (880 mg, 5.00 mmol), and PdCl,(PPh;),
BochN (70.2 mg, 100 pmol) in 40 mL of dioxane and 40 mL of a 2.0 M aqueous Na,CO; solution
129 was heated to 100 °C for 30 minutes. The reaction mixture was cooled to ambient
temperature and the aqueous layer was extracted with AcOEt. The combined organic layers were washed
with brine, dried over Na,SO,4 and concentrated under reduced pressure. The crude material was purified by
silica gel column chromatography ("hexane/AcOEt = 3/7 to 1/9) to give the titled compound (1.27 g, 88%)
as a gray solid; mp 156-160 °C; "H NMR (CDCl;, 0) 7.84 (br, 1H), 7.75 (d, 1H, J= 8.5 Hz), 7.32 (ddd, 1H,
J=18.5,72,2.0Hz), 7.10-7.04 (m, 2H), 6.67 (t, 1H, J = 4.4 Hz), 6.29 (br, 1H), 3.51 (td, 2H, J= 7.2, 4.6
Hz), 2.55 (m, 2H), 1.49 (s, 9H); °C NMR (CDCl;, 8) 166.6, 153.8, 142.0, 136.3, 135.2, 130.6, 129.7, 128.9,
123.9, 123.3, 79.7, 39.7, 28.3, 24.5; IR (ATR) 3016, 2981, 1709, 1668 cm™; HRMS (M") calcd for

C16H20N203Z 288.1474. Found: 288.1472.

NS 3-(2-Aminophenyl)-5,6-dihydropyridin-2(1H)-one (130) To a solution of lactam 129 (10.0
_ g, 34.7 mmol) in 315 mL of CH,Cl, at 0 °C, was added 35 mL of TFA. After 20 minutes, the

reaction mixture was warmed to ambient temperature and stirred for additional 3 hours. A
H2T3o saturated aqueous NaHCOj; solution was added to the reaction mixture and the aqueous layer

was extracted with CHCI; twice. The combined organic layers were dried over Na,SO,4 and concentrated
under reduced pressure. The crude material was purified by silica gel column chromatography
(CHCl3/MeOH = 95/5) to give the titled compound (6.46 g, 99%) as a gray solid; mp. 168-170°C; 'H NMR
(CDCl;, 6) 7.14 (ddd, 1H, J=17.7, 7.7, 1.4 Hz), 7.02 (dd, 1H, J= 7.4, 1.4 Hz), 6.78 (ddd, 1H, J=17.7, 7.7,
1.4 Hz), 6.72-6.69 (m, 2H), 5.94 (br, 1H), 4.00 (br, 2H), 3.53 (td, 2H, J = 7.2, 2.9 Hz), 2.56-2.52 (m, 2H);
PC NMR (CDCls, 8) 166.1, 145.0, 141.0, 135.4, 130.9, 129.1, 124.4, 118.9, 116.8, 39.8, 24.8; IR (ATR)
3225,2919, 1665 cm™; HRMS (MH") caled for C;H3N,0: 189.1028. Found: 189.1031.

1-(2-Iodophenyl)-3-[2-(2-0x0-1,2,5,6-tetrahydropyridin-3-yl)phenyl] thiourea (131

NH
AN 0 ) A solution of aniline 130 (605 mg, 3.21 mmol), 2-iodophenyl isothiocyanate (1.84
@ j\ mg, 7.06 mmol), and DMAP (58.9 mg, 0.482 mmol) in 32 mL of toluene was heated
NN to 60 °C for 2 hours. The reaction mixture was cooled to ambient temperature and

concentrated under reduced pressure. AcOEt was added to the residue and the reultant

solid was filtered, washed with AcOEt, and dried in vacuo to give the titled compound (1.23 g, 85%) as a
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colorless solid; mp. 178-180 °C; 'H NMR (CDCls, 8) 8.68 (br, 1H), 7.85 (d, 1H, J= 8.3 Hz), 7.76 (br, 1H),
7.68 (d, 1H, J = 6.9 Hz), 7.47-7.39 (m, 3H), 7.31-7.29 (m, 1H), 7.24-7.23 (m, 1H), 7.00 (dd, 1H, J = 8.2,
8.2 Hz), 6.78 (t, 1H, J = 4.3 Hz), 5.67 (br, 1H), 3.54-3.51 (m, 2H), 2.59-2.55 (m, 2H); >C NMR (DMSO-d,
8) 180.8, 165.2, 141.2, 140.7, 139.1, 137.2, 134.3, 133.8, 130.6, 129.8, 129.0, 128.9, 128.4, 127.7, 126.0,
100.0, 39.0, 24.4; IR (ATR) 3278, 3115, 2938, 1641, 1517 cm™'; HRMS (MH") calced for CsH;,N;OSI:
450.0137. Found: 450.0132.

tert-Butyl 5-[(2-lodophenyl)amino]-1-0x0-3,4-dihydrobenzo|c][2,6|naphthyridin
N O e-2(1H)-carboxylate (133) To a solution of thiourea 131 (5.00 g, 11.1 mmol) and

©:' = | Et;N (6.19 mL, 44.4 mmol) in 800 mL of AcOEt at 0 °C, was added a solution of
N N iodine (2.82 g, 11.1 mmol) in 200 mL of AcOEt in a dropwise manner over 20
133 minutes. After 1.5 hours, the reaction mixture was filtered, and the filtrate was

concentrated under reduced pressure to give a crude material. The solution of this crude material in 500 mL
of DCE was heated at 80 °C for 9 hours. After cooled to ambient temperature, the reaction mixture was
concentrated under reduced pressure. Et,0 was added to the residue, and the solution was extracted with a
3.0 M aqueous HCI solution twice. The combined aqueous layers were basified by solid Na,COj;, and the
solution was extracted with CHCI; twice. The combined organic layers were dried over Na,SO, and
concentrated under reduced pressure to give a crude material. The solution of this crude material, Boc,O
(2.40 g, 11.0 mmol), Et;N (3.37 mL, 24.2 mmol) and DMAP (134 mg, 1.10 mmol) in 60 mL of THF was
stirred at ambient temperature. After 1.5 hours, H;O was added to the reaction mixture. The mixture was
extracted with CHCIl; twice. The combined organic layers were dried over Na,SO, and concentrated under
reduced pressure. The crude material was purified by silica gel column chromatography ("hexane/AcOEt =
9/1 to 8/2) to give the titled compound (3.92 g, 69%, 3 steps) as a yellow amorphus; 'H NMR (CDCls, &)
8.93 (d, 1H, J = 8.6 Hz), 8.73 (d, 1H, J = 8.0 Hz), 7.87 (d, 1H, J=8.0 Hz), 7.82 (dd, 1H, J = 8.0, 1.7 Hz),
7.62 (dd, 1H, J=8.0, 1.7 Hz), 7.46-7.40 (m, 2H), 7.03 (br, 1H), 6.81 (ddd, 1H, J=38.0, 8.0, 1.7 Hz), 4.11 (t,
2H, J = 6.3 Hz), 3.01 (t, 2H, J = 6.3 Hz), 1.63 (s, 9H); °C NMR (CDCl, 8) 162.6, 152.2, 150.0, 146.8,
140.1, 138.8, 133.6, 129.5, 129.2, 127.6, 126.2, 125.3, 124.4, 124.1, 121.5, 120.3, 90.2, 83.8, 43.0, 28.2,
24.3; IR (ATR) 3396, 2979, 1764, 1713, 1586 cm™; HRMS (MH") calcd for Cp3H3N;05I: 516.0784.
Found: 516.0781.

Boc tert-Butyl 5-[(tert-Butoxycarbonyl)(2-iodophenyl)amino]-1-0x0-3,4-dihydrobenz

Np© o[c][2,6]naphthyridine-2(1H)-carboxylate (134a) To a solution of aminoquinoline

©il \/ | 133 (155 mg, 301 pumol) in 2 mL of THF at ambient temperature, were added a
NT N solution of Boc,0 (78.8 mg, 361 umol) in 1 mL of THF and DMAP (44.1 mg, 361

B$§4a pmol). After 3 hours, a saturated aqueous NH4Cl solution was added and the

mixture was extracted with AcOEt twice. The combined organic layers were dried over Na,SO, and
concentrated under reduced pressure. The crude material was purified by silica gel column chromatography

("hexane/AcOEt = 100/0 to 95/5 to 85/15) to give the titled compound (171 mg, 92%) as a colorless
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amorphus; 'H NMR (CDCls, 8) 9.00 (d, 1H, J = 8.9 Hz), 7.86-7.82 (m, 2H), 7.61-7.38 (m, 4H), 7.01 (dd,
1H, J= 7.9, 7.9 Hz), 4.04 (br, 2H), 3.26 (br, 2H), 1.62 (s, 9H), 1.47 (s, 9H); *C NMR (CDCl,, 5) 162.8,
153.1, 151.9, 150.8, 150.8, 146.6, 143.9, 139.6, 134.3, 131.5, 129.3, 129.0, 128.7, 128.6, 128.0, 125.7,
123.8, 98.9, 83.6, 82.4, 43.7, 28.03, 28.00, 26.2; IR (ATR) 2978, 1767, 1713 cm’'; HRMS (MH") caled for
CysH31IN;0s5: 616.1308. Found: 616.1307.

Boc tert-Butyl 5-[Allyl(2-iodophenyl)amino]-1-0x0-3,4-dihydrobenzo|c][2,6]naphth
N© yridine-2(1H)-carboxylate (134b) To a solution of aminoquinoline 133 (155 mg,
©il \/ | 301 pmol) in 2.4 mL of THF at 0 °C were added allyl iodide (33.0 puL, 361 pmol)
N™ N and a suspension of NaH (60% wt, 12.0 mg, 301 pmol) in 0.6 mL of DMF. After 4
S 134b hours, a saturated aqueous NH,4Cl solution was added to the reaction mixture. The

mixture was extracted with AcOEt twice. The combined organic layers were dried over Na,SO, and
concentrated under reduced pressure. The crude was purified by silica gel column chromatography
("hexane/AcOEt = 9/1 to 8/2) to give the titled compound (139 mg, 83%) as an orange amorphus; 'H NMR
(CDCl;, d) 8.85 (d, 1H, J=8.0 Hz), 7.98 (d, 1H, J= 8.0 Hz), 7.92 (d, 1H, J= 7.7 Hz), 7.63 (dd, 1H, J="7.7,
7.7 Hz), 7.45 (dd, 1H, J = 8.0, 8.0 Hz), 7.21 (dd, 1H, J= 8.0, 8.0 Hz), 6.93 (dd, 1H, J= 7.7, 7.7 Hz), 6.68
(d, 1H, J=17.7 Hz), 6.34-6.26 (m, 1H), 5.18 (d, 1H, J=17.2 Hz), 5.10 (d, 1H, J = 10.0 Hz), 4.52 (d, 2H, J
= 6.3 Hz), 3.76 (br, 2H), 2.12 (b, 2H), 1.56 (s, 9H); °C NMR (CDCls, 8) 163.0, 155.1, 151.7, 148.8, 146.7,
140.8, 134.6, 134.5, 129.4, 129.2, 128.9, 128.04, 128.00, 127.6, 125.7, 125.6, 122.0, 118.3, 99.5, 83.5, 55.0,
43.7, 28.0, 25.8; IR (ATR) 2979, 1717, 1699 cm'l; HRMS (MH") caled for CosH»7IN305: 556.1097. Found:
556.1099.

Boc tert-Butyl 5-[(2-Iodophenyl)(4-methoxybenzyl)amino]-1-0x0-3,4-dihydrobenzo[c

N 112,6] naphthyridine-2(1H)-carboxylate (134c) To a solution of aminoquinoline

©il \/ | 133 (515 mg, 1.00 mmol) in 4 mL of THF at 0 °C, were added p-methoxybenzyl
EMB N iodide (322 mg, 1.30 mmol)* and a suspension of NaH (60% wt, 44.0 mg, 1.10

134c mmol) in 2 mL of DMF. After 20 minutes, a saturated aqueous NaHCO; solution

was added to the reaction mixture. The aqueous layer was extracted with AcOEt twice. The combined
organic layers were dried over Na,SO, and concentrated under reduced pressure. The crude material was
purified by silica gel column chromatography (“hexane/AcOEt = 9/1 to 8/2) to give the titled compound
(581 mg, 91%) as an orange amorphus; 'H NMR (CDCls, 8) 8.82 (d, 1H, J = 8.3 Hz), 7.99 (d, 1H, J = 8.0
Hz), 7.90 (d, 1H, J = 8.3 Hz), 7.62 (dd, 1H, J= 7.6, 7.6 Hz), 7.47-7.42 (m, 3H), 7.12 (dd, 1H, J= 7.6, 7.6
Hz), 6.92 (dd, 1H, J = 7.6, 7.6 Hz), 6.72 (d, 2H, J = 8.6 Hz), 6.50 (d, 1H, J = 8.0 Hz), 5.13 (s, 2H),
3.80-3.74 (m, 2H), 3.72 (s, 3H), 2.23-2.15 (m, 2H), 1.55 (s, 9H); °C NMR (CDCls, 8) 163.0, 158.4, 155.2,
151.8, 148.6, 146.6, 140.9, 134.7, 130.7, 130.1, 129.4, 129.1, 128.1, 128.0, 127.68, 127.67, 125.7, 125.6,
122.0, 113.1, 99.1, 83.5, 55.0, 54.4, 43.7, 28.0, 25.9; IR (ATR) 2977, 1715, 1300, 1147 cm™; HRMS (M")
calcd for C3;H390N3041: 635.1281. Found: 635.1271.

* p-Methoxybenzyl iodide was prepared by the reported procedure (F. Bilodeau, L. Dubé; P.
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Deslongchamps, Tetrahedron 2003, 59, 2781.).

H o 5-[(2-1odophenyl)(4-methoxybenzyl)amino]-3,4-dihydrobenzo|c][2,6|naphthyri

| din-1(2H)-one (135) To a solution of aminoquinoline 134a (3.00 g, 4.72 mmol) in
@: \/ | 180 mL of CH,Cl, at 0 °C was added 20 mL of TFA. After 20 minutes, a saturated
NF'>MB N aqueous NaHCOj; solution was added to the reaction mixture. The aqueous layer

135 was extracted with CHCI; twice. The combined organic layers were dried over

Na,SO4 and concentrated under reduced pressure. The crude was purified by silica gel column
chromatography ("hexane/AcOEt = 6/4 to 5/5) to give the titled compound (2.50 g, 99%) as an orange
amorphus; '"H NMR (CDCl;, 8) 9.00 (d, 1H, J = 8.3 Hz), 7.98 (d, 1H, J = 7.6 Hz), 7.88 (d, 1H, J = 8.3 Hz),
7.61 (dd, 1H, J=17.0, 7.0 Hz), 7.50 (d, 2H, J = 8.6 Hz), 7.44 (dd, 1H, J=7.2, 7.2 Hz), 7.12 (dd, 1H, J= 7.6,
7.6 Hz), 6.90 (dd, 1H, J=17.6, 7.6 Hz), 6.73 (d, 2H, J = 8.6 Hz), 6.53 (d, 1H, J= 7.6 Hz), 6.14 (s, 1H), 5.10
(s, 2H), 3.72 (s, 3H), 3.32 (td, 2H, J = 6.4, 3.7 Hz), 2.26-2.19 (m, 2H); °C NMR (CDCls, 8) 166.0, 158.3,
155.4, 149.1, 146.4, 140.8, 133.6, 130.55, 130.47, 129.3, 129.1, 129.0, 128.0, 127.9, 127.4, 125.9, 1254,
122.1, 113.1, 99.0, 55.0, 54.7, 39.2, 25.9; IR (ATR) 3206, 3061, 1667, 1466, 1244 cm™'; HRMS (MH")
calcd for C,6H23N30,1: 536.0829. Found: 536.0838.

H 5-[(2-Iodophenyl)(4-methoxybenzyl)amino]-3,4-dihydrobenzo|c][2,6|naphthyri

| " dine-1(2H)-thione (136) A solution of aminoquinoline 135 (425 mg, 794 pmol) and
@[ \/ | Lawesson’s reagent (177 mg, 437 pmol) in 12 mL of toluene was heated to 100 °C
EMB N for 1 hour. After the reaction mixture was cooled to ambient temperature, a saturated

136 aqueous NaHCOj; solution was added. The aqueous layer was extracted with CHCl;
twice. The combined organic layers were dried over Na,SO,4 and concentrated under reduced pressure. The
crude was purified by silica gel column chromatography (toluene/ "hexane/AcOEt = 10/0/0 to 5/5/0 to
0/10/0 to 0/6/4) to give the titled compound (424 mg, 97%) as a yellow amorphus; 'H NMR (CDCl;, &)
9.30 (d, 1H, J = 8.3 Hz), 8.56 (s, 1H), 7.96 (d, 1H, J= 6.6 Hz), 7.88 (d, 1H, J= 7.2 Hz), 7.60 (dd, 1H, J =
7.6,7.6 Hz), 7.47 (d, 2H, J= 8.6 Hz), 7.42 (dd, 1H, J=7.7, 7.7 Hz), 7.11 (dd, 1H, J= 7.6, 7.6 Hz), 6.89 (d,
1H,J=17.6,7.6 Hz), 6.71 (d, 2H, J = 8.6 Hz), 6.58 (d, 1H, J = 8.0 Hz), 5.12 (s, 2H), 3.72 (s, 3H), 3.25 (dd,
2H, J = 11.0, 6.2 Hz), 2.21-2.15 (m, 2H); °C NMR (CDCls, 8) 191.5, 158.4, 155.1, 148.8, 146.9, 140.8,
138.7, 130.7, 130.3, 129.5, 129.4, 129.1, 128.0, 127.6, 126.3, 124.6, 122.3, 122.1, 113.1, 99.1, 55.1, 54.5,
41.2, 26.3; IR (ATR) 3170, 1508, 1321, 1174 cm; HRMS (MH") calcd for C,eHa3N;OSI: 552.0601.
Found: 552.0598.

N-(2-Iodophenyl)-N-(4-methoxybenzyl)-1-(methylthio)-3,4-dihydrobenzo[c][2,6

N SMe
| \/ |naphthyridin-5-amine (137) A solution of thiolactam 136 (405 mg, 734 pumol),
@ o K,COj3 (710 mg, 5.14 mmol), and Mel (274 uL, 4.40 mmol) in 9 mL of THF was
';MB § stirred at ambient temperature for 44 hours. H,O was added to the reaction mixture
137 and the aqueous layer was extracted with AcOEt twice. The combined organic
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layers were dried over Na,SO, and concentrated under reduced pressure. The crude was purified by silica
gel column chromatography (“hexane/AcOEt = 9/1 to 8/2) to give the titled compound (371 mg, 89%) as a
pale yellow amorphus; '"H NMR (CDCl;, 0) 8.71 (d, 1H, J= 8.3 Hz), 7.96 (d, 1H, J= 8.0 Hz), 7.91 (d, 1H,
J=8.3Hz),7.60 (dd, 1H, J=17.6,7.6 Hz), 7.45 (d, 2H, J = 8.6 Hz), 7.38 (dd, 1H, J=17.6, 7.6 Hz), 7.11 (dd,
1H, J=17.6, 7.6 Hz), 6.88 (dd, 1H, J= 7.6, 7.6 Hz), 6.71 (d, 2H, J = 8.6 Hz), 6.59 (d, 1H, J = 8.0 Hz), 5.16
(s, 2H), 3.71 (s, 3H), 3.47-3.41 (m, 2H), 2.47 (s, 3H), 1.87-1.81 (m, 2H); *C NMR (CDCl;, 8) 163.7, 158.3,
155.6, 148.7, 146.6, 140.7, 135.6, 130.7, 130.4, 129.4, 129.3, 128.8, 128.3, 127.4, 126.2, 124.9, 124.0,
120.2, 113.0, 99.2, 55.0, 54.3, 48.0, 24.3, 13.8; IR (ATR) 2925, 1547, 1244, 1173 cm™'; HRMS (MH") caled
for C,7H,sN;0SI: 566.0758. Found: 566.0748.

Boc tert-Butyl 5-[(2-lodophenyl)(4-methoxybenzyl)amino]-1-(methylimino)-3,4-dihy
N pNMe drobenzo|c][2,6|naphthyridine-2(1H)-carboxylate (139) A solution of methyl
@[I % thioimidate 137 (1.44 g, 2.55 mmol) in 25 mL of a 2.0 M methylamine solution in
N N MeOH was heated to 80 °C in a sealed tube for 47 hours. The reaction mixture was
P':I:?s cooled to ambient temperature and concentrated under reduced pressure to give a
crude material. A solution of this crude material, Boc,O (557 mg, 2.55 mmol), and Et;N (782 pL, 5.61
mmol) in 35 mL of THF was stirred at ambient temperature for 17 hours. To the reaction mixture was
added brine and the mixture was extracted with AcOEt twice. The combined organic layers were dried over
Na,SO, and concentrated under reduced pressure. The crude material was purified by silica gel column
chromatography (“hexane/AcOEt = 9/1 to 8/2) to give the titled compound (1.44 g, 2 steps, 87%) as a pale
yellow amorphus; 'H NMR (CDCl;, 9) 8.48 (d, 1H, J=8.3 Hz), 7.97 (d, 1H, J= 8.0 Hz), 7.86 (d, IH, J =
8.3 Hz), 7.58 (dd, 1H, J= 7.7, 7.7 Hz), 7.52 (d, 2H, J = 8.6 Hz), 7.39 (dd, 1H, J = 7.7, 7.7 Hz), 7.10 (dd,
1H,J=1.7,7.7 Hz), 6.87 (dd, 1H, J="7.7, 7.7 Hz), 6.72 (d, 2H, J= 8.6 Hz), 6.61 (d, 1H, J= 8.0 Hz), 5.06
(s, 2H), 3.71 (s, 3H), 3.54-3.49 (m, 2H), 3.37 (s, 3H,), 2.35-2.20 (m, 2H), 1.44 (s, 9H); *C NMR (CDCl;,
8) 158.2, 155.2, 151.8, 149.9, 148.1, 146.4, 145.1, 140.9, 140.8, 130.8, 130.4, 129.3, 128.9, 127.9, 127.3,
125.3,125.1, 124.5, 121.3, 113.1, 99.0, 81.6, 55.1, 55.0, 44.4, 39.5, 28.2, 23.8; IR (ATR) 2981, 1715, 1318
cm'l; HRMS (MH") calcd for C3,H34N4051: 649.1670. Found: 649.1677.

Boc tert-Butyl (4aRS,14bRS)-9-Allyl-1-0x0-1,3,4,14b-tetrahydrobenzo|c]indolo[3,2-j][2
r'\ll CH) ,6]nap hthyridine-2(9H)-carboxylate (140b) To a solution of lactam 134b (55.5 mg,

< :>~j£ /@ 99.9 pumol) in 2 mL of THF at —78 °C was added "BuLi (1.60 M in "hexane, 68.7 uL,
VN SN 110 pumol) in a dropwise manner over 5 minutes. After 20 minutes, the reaction
140b mixture was warmed to 0 °C and stirred for additional 30 minutes. The reaction
mixture was quenched with a saturated aqueous NH,4Cl solution and the aqueous layer was extracted with
AcOEt twice. The combined organic layers were dried over Na,SO,4 and concentrated under reduced
pressure. The crude was purified by silica gel column chromatography (“hexane/AcOEt = 9/1 to 8/2) to

give the titled compound (29.3 mg, 68%) as a colorless amorphus; 'H NMR (CDCls, 8) 7.32-7.25 (m, 4H),
7.21(d, 1H,J=7.2 Hz), 7.09 (dd, 1H, J= 7.4, 7.4 Hz), 7.00 (dd, 1H, J= 7.4, 7.4 Hz), 6.87 (d, 1H, J= 8.0
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Hz), 5.96-5.91 (m, 1H), 5.28-5.19 (m, 2H), 4.71 (dd, 1H, J= 16.6, 5.2 Hz), 4.36 (dd, 1H, J= 16.6, 5.2 Hz),
3.95 (s, 1H), 3.71-3.65 (m, 2H), 2.42-2.33 (m, 1H), 1.60 (s, 9H), 1.42-1.40 (m, 1H); °C NMR (CDCl;, 8)
170.0, 166.4, 153.3, 144.9, 144.0, 131.5, 130.6, 129.1, 129.0, 126.4, 125.4, 124.6, 123.6, 121.4, 120.0,
117.4,109.1, 83.5, 49.3, 43.5, 43.5, 43.4, 42.6, 28.0, 25.3; IR (ATR) 2979, 1716, 1643 cm™'; HRMS (MH")
calcd for C,cH,sN305: 430.2130. Found: 430.2130.

Boc tert-Butyl (4aR,14bR)-9-(4-Methoxybenzyl)-1-0xo0-1,3,4,14b-tetrahydrobenzo|c]in

N__O

r ﬁH dolo[3,2-/][2,6]naphthyridine-2(9H)-carboxylate (140c) To a solution of lactam

@ 134c¢ (63.5 mg, 99.9 umol) in 2 mL of THF at —78 °C was added "BuLi (1.58 M in

NT N "hexane, 68.7 pL, 110 pmol) in a dropwise manner over 5 minutes. After 20 minutes,

PMB
140¢c the reaction mixture was warmed to 0 °C and stirred for additional 30 minutes. The

reaction mixture was quenched with a saturated aqueous NH4CI solution and the aqueous layer was
extracted with AcOEt twice. The combined organic layers were dried over Na,SO,4 and concentrated under
reduced pressure. The crude was purified by silica gel column chromatography ("hexane/AcOEt = 95/5 to
85/15) to give the titled compound (34.5 mg, 68%) as a colorless amorphus; 'H NMR (CDCls, 8) 7.35-7.19
(m, 7H), 7.10 (dd, 1H, J=7.2, 7.2 Hz), 6.96 (dd, 1H, J=17.7, 7.7 Hz), 6.85 (d, 2H, /= 8.3 Hz), 6.76 (d, 1H,
J=1.7Hz), 526 (d, IH, J=15.8 Hz), 4.85 (d, I1H, J= 15.8 Hz), 3.99 (s, 1H), 3.76 (s, 3H), 3.71-3.67 (m,
2H), 2.44-2.41 (m, 1H), 1.60 (s, 9H), 1.45-1.42 (m, 1H); °C NMR (CDCls, 8) 170.0, 166.7, 159.0, 153.3,
144.8, 144.1, 130.5, 129.1, 129.0, 128.5, 128.1, 126.4, 125.5, 124.6, 123.5, 121.3, 120.0, 114.1, 109,1, 83.5,
552, 49.3, 44.1, 43.6, 42.6, 28.0, 25.3; IR (ATR) 2975, 1716, 1645 cm; HRMS (MH") calcd for
C;31H3,N304: 510.2393. Found: 510.2398.

Boc tert-Butyl (4aRS,14bRS)-9-(4-Methoxybenzyl)-1-(methylimino)-1,3,4,14b-tetrahyd

N NMe

r H robenzo|c]indolo[3,2-j][2,6]naphthyridine-2(9H)-carboxylate (140d) To a solution
: /@ of aminoquinoline 139 (97.3 mg, 150 pumol) in 3 mL of THF at —78 °C was added

NT N "BuLi (1.58 M in "hexane, 199 pL, 315 pmol) in a dropwise manner over 5 minutes.

PMB
140d After 20 minutes, the reaction mixture was warmed to 0 °C and stirred for additional

30 minutes. A saturated aqueous NaHCOj; solution was added to the reaction mixture and the mixture was
extracted with AcOEt twice. The combined organic layers were dried over Na,SO, and concentrated under
reduced pressure. The crude material was purified by NH silica gel column chromatography
("hexane/AcOEt = 9/1 to 8/2) to give the titled compound (57.7 mg, 74%) as a colorless amorphus; 'H
NMR (CDCl;, 6) 7.45 (d, 1H, J= 7.6 Hz), 7.32-7.23 (m, 4H), 7.18 (dd, 1H, J=7.2,7.2 Hz), 7.08 (d, 1H, J
=7.4 Hz), 7.03 (dd, 1H, J=7.2, 7.2 Hz), 6.91 (dd, 1H, J= 7.6, 7.6 Hz), 6.83 (d, 2H, J = 8.6 Hz), 6.73 (d,
1H, J=8.0 Hz), 5.27 (d, 1H, J = 15.8 Hz), 4.86 (d, 1H, J = 15.8 Hz), 4.33-4.22 (m, 1H), 4.04 (s, 1H), 3.76
(s, 3H), 3.38 (s, 3H), 3.29-3.18 (m, 1H), 2.33-2.27 (m, 1H), 1.57 (s, 9H), 1.24-1.18 (m, 1H); °C NMR
(CDCl;, d) 167.5, 158.9, 152.2, 144.8, 144.5, 131.7, 128.64, 128.62, 128.57, 128.45, 128.3, 128.1, 125.0,
124.3,123.7, 120.8, 121.6, 114.1, 109.0, 82.0, 55.2, 50.1, 45.7, 44.0, 40.4, 39.4, 28.4, 27.6; IR (ATR) 2977,
2870, 1704, 1591, 1352, 1135 cm'l; HRMS (M+) caled for C;,H34N4O5: 522.2631. Found: 522.2637.
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Crystallographic data reported in this manuscript have been deposited with Cambridge Crystallographic
Data Centre as supplementary publication No. CCDC-945651. Copies of the data can be obtained free of
charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data

Centre, 12, Union Road, Cambridge, CB21EZ, U. K.; fax +44 1223 336033; or deposit@ccdc.cam.ac.uk).

Boc tert-Butyl (4aSR,14bRS)-14b-Allyl-9-(4-methoxybenzyl)-1-(methylimino)-1,3,4,14b
r  -tetrahydrobenzo|c]indolo[3,2-j][2,6]naphthyridine-2(9H)-carboxylate (148) To a
: @ solution of aminoquinoline 139 (97.2 mg, 150 umol) in 3 mL of THF at —78 °C was
PMB[“ N added "BuLi (1.58 M in "hexane, 199 pL, 315 umol) in a dropwise manner over 5
148 minutes. After 20 minutes, the reaction mixture was warmed to 0 °C and stirred for
additional 15 minutes and allyl iodide (29.0 pL, 315 umol) was added. After additional 20 minutes, a
saturated aqueous NaHCOj; solution was added to the reaction mixture and the mixture was extracted with
AcOEt twice. The combined organic layers were dried over Na,SO4 and concentrated under reduced
pressure. The crude material was purified by NH silica gel column chromatography ("hexane/ether = 7/3 to
6/4) to give the titled compound (56.6 mg, 67%) as a colorless amorphus; '"H NMR (CDCls, 8) 7.34 (d, 2H,
J=283Hz),7.27 (d, 1H, J= 7.7 Hz), 7.24-7.20 (m, 2H), 7.17 (dd, 1H, J= 7.7, 7.7 Hz), 7.01-6.98 (m, 2H),
6.90 (dd, 1H, J=7.4, 7.4 Hz), 6.85 (d, 2H, J = 8.6 Hz), 6.72 (d, 1H, J= 7.7 Hz), 5.48-5.39 (m, 1H), 5.32 (d,
1H, J=15.6 Hz), 4.65 (d, 1H, J = 15.6 Hz), 4.50 (d, 1H, J = 10.3 Hz), 4.30-4.17(m, 2H), 3.77 (s, 3H), 3.38
(s, 3H), 3.22 (dd, 1H, J=13.5, 11.2 Hz), 2.54 (dd, 1H, J=13.9, 3.3 Hz), 2.44-2.38 (m, 1H), 2.29 (dd, 1H, J
=13.9, 10.2 Hz), 1.54 (s, 9H), 1.33-1.27 (m, 1H); °C NMR (CDCls, 8) 168.3, 158.9, 154.7, 152.0, 145.3,
144.7, 134.8, 129.8, 128.7, 128.5, 128.44, 128.41, 128.37, 125.0, 124.9, 124.3, 123.5, 120.7, 117.0, 114.0,
108.9, 81.6, 55.2, 53.0, 50.9, 44.1, 40.6, 39.3, 31.5, 28.4, 28.1; IR (ATR) 2981, 1702, 1645, 1590, 1464,
1367, 1250 cm'l; HRMS (MH") caled for C3sH30N4O5: 563.3017. Found: 563.3021.

(3aRS,13bSR)-9-(4-Methoxybenzyl)-1-methyl-1,2,3,9,14,15-hexahydrobenzo|c]in
rN\ N on dolo[3,2-j]pyrrolo[3,2-¢][2,6]naphthyridin-2-0l (150) To a solution of allyl
w pentacyclic bisamidine 148 (136 mg, 242 pmol) and NMO (113 mg, 968 pmol) in
N \N/© 3.5 mL of acetone at ambient temperature, was added an OsO, solution (20 mg/mL

150 in H,O, 615 ul, 48.4 umol). After 1.5 hours, a saturated aqueous Na,SOj; solution

was added to the reaction mixture and the mixture was extracted with AcOEt twice.

The combined organic layers were dried over Na,SO,4 and concentrated under reduced pressure to give a
crude material. To a solution of the crude material and NaHCO; (81.3 mg, 968 pmol) in 2 mL of THF and 2
mL of H,O at ambient temperature, was added NalO4 (207 mg, 968 pumol). After 16 hours, a saturated
aqueous NaHCO; solution was added to the reaction mixture and the mixture was extracted with AcOEt
twice. The combined organic layers were dried over Na,SO, and concentrated under reduced pressure. The
crude material was purified by NH silica gel column chromatography (AcOEt/MeOH = 10/0 to 9/1) to give

the titled compound (83.5 mg, 75%, 2 steps) as a colorless amorphus, diastereomeric mixture (dr = 3:2); 'H

NMR (CDCls, 8) 7.29-7.26 (m, 1.6H), 7.24-7.18 (m, 2.6H), 7.15-7.09 (m, 1.4H), 7.00-6.93 (m, 1.6H),
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6.88-6.78 (m, 3.8H), 6.70-6.67 (m, 1H), 5.10-4.98 (m, 2.4H), 4.84 (d, 0.6H, J = 6.6 Hz), 3.75 (s, 2H), 3.74
(s, 1H), 3.61-3.56 (m, 2H), 3.14 (s, 2H), 3.09 (s, 1H), 2.26-2.13 (m, 2.4H), 1.87 (m, 1H), 1.59 (dd, 0.6H, J
= 12.5, 6.4 Hz), 1.36-1.30 (m, 1H); *C NMR (CDCl, 5) 168.0, 167.9, 161.4, 160.5, 158.9, 158.8, 145.1,
143.7, 143.4, 130.8, 129.4, 129.3, 128.7, 128.62, 128.56, 128.46, 128.43, 128.3, 128.20, 128.18, 125.23,
125.16, 124.9, 124.4, 124.3, 1242, 124.0, 121.8, 121.7, 114.0, 109.0, 84.8, 82.5, 55.2, 46.1, 46.0, 44.4,
43.90, 43.86, 42.9, 42.7, 39.9, 39.0, 29.2, 27.3, 25.4, 25.1; IR (ATR) 3060, 2932, 1637, 1584, 1465 cm™';
HRMS (MH") caled for CaoHyoN,4O5: 465.2285. Found: 465.2281.

Me (3aRS,13bSR)-9-(4-Methoxybenzyl)-1-methyl-1,2,3,9,14,15-hexahydrobenzo[c]indo

rN\ N lo[3,2-j]pyrrolo[3,2-¢][2,6]naphthyridine (151) To a solution of hemiaminal 150 (25.4
Q%) mg, 54.7 pmol, diastereomeric mixture) in 0.7 mL of MeOH at 0 °C, were added a
NN NaCNBH; solution (1.0 M in THF, 54.7 uL, 54.7 umol) and AcOH (31.3 pL, 547
P 151 pmol). After 20 minutes the reaction mixture was warmed to 60 °C and stirred for

additional 15 hours. After the reaction mixture was cooled to ambient temperature, a saturated aqueous
NaHCOj; solution was added to the reaction mixture. The mixture was extracted with AcOEt twice. The
combined organic layers were dried over Na,SO,, and concentrated under reduced pressure. The crude
material was purified by NH silica gel column chromatography (“hexane/AcOEt = 4/6 to 3/7) to give the
titled compound (18.5 mg, 76%) as a colorless amorphus; '"H NMR (CDCls, 8) 7.28 (d, 2H, J = 8.6 Hz),
7.25-7.21 (m, 2H), 7.14 (dd, 1H, J= 7.7, 7.7 Hz), 7.08 (d, 1H, J= 7.2 Hz), 7.00-6.96 (m, 1H), 6.91-6.86 (m,
2H), 6.83 (d, 2H, J= 8.3 Hz), 6.69 (d, 1H, J= 8.0 Hz), 5.12 (d, 1H, J= 15.6 Hz), 5.00 (d, H, J = 15.6 Hz),
3.76 (s, 3H), 3.70-3.57 (m, 2H), 3.36-3.30 (m, 1H), 3.15 (s, 3H), 3.06 (dd, 1H, J= 9.0, 9.0 Hz), 2.28-2.18
(m, 1H), 1.90-1.84 (m, 1H), 1.69 (dd, 1H, J = 11.7, 5.7 Hz), 1.30 (dd, 1H, J = 13.3, 6.2 Hz); °C NMR
(CDCl;, ) 168.1, 161.3, 158.9, 145.2, 143.5, 129.2, 128.6, 128.50, 128.48, 128.45, 128.3, 125.2, 125.1,
124.5,124.1, 121.5, 114.1, 108.8, 55.2, 46.7, 46.5, 46.1, 43.9, 43.0, 31.0, 29.8, 25.0; IR (ATR) 2982, 2869,
1645, 1589 cm'l; HRMS (MH+) calcd for Co9H29N4O: 449.2336. Found: 449.2342.

Dehaloperophoramidine (2) To a solution of hexacyclic bisamidine 151 (18.5 mg,
NN 41.2 pmol) in 1.8 mL of anisole was added 0.2 mL of H3PO,4. The reaction mixture
Q%;L? was heated to 120 °C and stirred for 48 hours. The reaction mixture was cooled to
N \N/© ambient temperature and 1.8 mL of H,O was added. "Hexane was added to the mixture

2 and after vigorous stirring the organic layer was removed. This washing was repeated
additionally twice. The aqueous layer was basified with a 2.0 M aqueous NaOH solution and extracted with
AcOEt twice. The combined organic layers were dried over Na,SO4 and concentrated under reduced
pressure. The crude material was purified by NH silica gel column chromatography ("hexane/AcOEt = 1/9
to 0/10) to give dehaloperophoramidine 2 (9.6 mg, 71%) as a colorless oil; '"H NMR (CDCls, 8) 7.29-7.23
(m, 2H), 7.18 (d, 1H, J= 7.7 Hz), 7.14-7.10 (m, 2H), 7.00 (dd, 1H, J= 7.0, 7.0 Hz), 6.97 (dd, 1H, J= 7.0,
7.0 Hz), 6.93 (d, 1H, J= 7.4 Hz), 3.72-3.69 (2H, m), 3.32 (ddd, 1H, J=9.6, 9.6, 5.7 Hz), 3.15 (s, 3H), 3.06
(dd, 1H, J=9.0, 9.0 Hz), 2.26 (ddd, 1H, J=13.2, 8.9, 8.9 Hz), 1.88-1.82 (m, 1H), 1.74 (dd, 1H, J = 12.0,
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6.0 Hz), 1.35 (ddd, 1H, J = 13.2, 5.0, 2.4 Hz); °C NMR (CDCL, 5) 172.5, 160.9, 150.8, 138.8, 132.5,
128.7, 128.4, 127.3, 126.0, 124.0, 123.6, 122.0, 119.8, 114.1, 50.1, 46.6, 46.0, 43.2, 31.0, 29.9, 25.3; IR
(ATR) 3384, 2982, 1650 cm™; HRMS (MH") caled for CHy Ny 329.1761. Found: 329.1761.

70



FE A Tm 3L H d%

HoE vt~ v AL DETCHIBRILOS & 8EUE & T 5 B EE

“Synthesis of 2-iminoindolines via samarium diiodide mediated reductive cyclization of
carbodiimides”

Takayuki Ishida, Chihiro Tsukano, Yoshiji Takemoto*, Chem. Lett. 2012, 41(1), 44-46

“Synthetic study of perophoramidine: construction of pentacyclic core structure via Sml,-mediated
reductive cyclization”

Takayuki Ishida, Yoshiji Takemoto*, Tetrahedron 2013, 69(23), 4517-4523

—F BT ERIBATINBOR 2 U & T D R S

“Dearomatizing conjugate addition to quinolinyl amidines for the synthesis of dehaloperophoramidine
through tandem arylation and allylation”
Takayuki Ishida, Hideo Ikota, Kei Kurahashi, Chihiro Tsukano, Yoshiji Takemoto*

Angew. Chem. Int. Ed. 2013, 52(39), 10204-10207

T DMBSEMTIEIZ I 1T D FE K

2

“Synthesis of indolo[2,3-b]quinolines by palladium-catalyzed annulation of unsaturated isothioureas’

Hiroshi Takeda, Takayuki Ishida, Yoshiji Takemoto*, Chem. Lett. 2009, 38(8), 772-773

“Synthesis of 3,3-disubstituted oxindoles through Pd-catalyzed intramolecular cyanoamidation”
Yoshizumi Yasui, Haruhi Kamisaki, Takayuki Ishida, Yoshiji Takemoto*

Tetrahedron 2010, 66(11), 1980-1989

71



A

ARWFTE BT 0 RAGTHZRIE 70 DR EMMISEZ Y . E7oEE L L TRmIXOAERZHY LT
THW 25U R R G EIER, P Rl ZR IS0 K0 BB O & R EALHR L B £,

o AWREIT O ICHT D R DMEINFWEH /) 2 THE £ L RER LG AR &
BTSBh U O K VR L BT, AT, ARSI 2THE £ L a#RTRT:
BERAsERt MG R AR E BB FERRIARE BB (B TER KRR FBE L AR
A A A T2 AWFFEERHEBN 2D ISR R L BTET

HATHFZRIOEF L. %< OEHEE L HB S 2 THW 722 (IR L) REGE L (B AR T
FERRASAL) WS ARt G OISIATEOE N EIR S R AR S RRAE) . 72 & ONS B AT i
AP L CRTHIZEIC Y AT AEERE - (B F—-=3a) . B RE L0 LY
OB ZHBTET, £, FkAEL UTOURERE LIZRDE L2 I Lo L LT, R FRE
PSSR R o AL B ORI O K 0 W2 L E T,

AlA L LT OEGRZHY LTIHE . ZRAQRDMWERZIH Y £ LIl RE R A GeRET
FeRt NIl REdZ, 72 6 NS ZIE AL L0 #HLH L B £,

F7m. ARFFEROZITICEE LT, TR O EE I S TEW 7= R KR A E TR ok s
MR DFE AL 0 EEH L R E,

BB, REWCEDFAEEEZYLWHE CXATHWEFEZIZLH L LT, BERLTIIK

NDT7 2 RS EHB L £,

2014 4 3 A
il &2

72



