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ABBREVIATION

Ac
AIBN
aq
Ar

Bn
Boc
Bu
CAN
cat.
Cbz
CSA

DAIB
dba
DBU
DCB
DCE
DDQ
DEAD
decomp.
DHP
DIPEA
DMA
DMAP
DME
DMF
DMP
DMSO
DPPA
eq
Et
evap
EWG

HPLC
IBX
LDA

acetyl

azobisisobutyronitrile

aqueous

aryl

base

benzyl

t—butoxycarbonyl

butyl

ceric ammonium nitrate
catalyst, catalytic
benzyloxycarbonyl
(S)-(+)-10—camphorsulfonic acid
day (s)

diacetoxyiodobenzene
dibenzylideneacetone

1, 8-diazabicyclo[5.4.0]Jundec—7—ene
dichlorobenzene

1, 2-dichloroethane
2,3—-dichloro—b, 6-dicyano—p—-benzoquinone
diethyl azodicarboxylate
decomposition

3, 4-dihydro-2/pyran
diidopropylethylamine

N, N-dimethylacetamide

4- (N, N-dimethylamino)pyridine
1, 2-dimethoxyethane

N, N-dimethylformamide
Dess—Martin periodinane
dimethylsulfoxide
diphenylphosphoryl azide,
equivalent

ethyl

evaporation

electron withdrawing group

hour (s)

high performance liquid chromatography
2-iodoxybenzoic acid

lithium diisopropylamide



LHMDS lithium hexamethyldisilazane

liqg. liquid

m meta

mCPBA  3-chloroperbenzoic acid
min minute (s)

Me methyl

MOM methoxymethyl

Ms mesyl, methanesulfonyl

MS molecular sieve

n normal

NBS MN-Bromosuccinimide

NIS MN-iodosuccinimide

NMO N-methylmorpholine-AN-oxide
NMR nuclear magnetic resonance
Ns nosyl, 2-nitrobenzenesulfonyl
o ortho

) para

p protective group

Pd/C palladium on carbon

Ph phenyl

Pr propyl

quant quantitative yield

r.t. room temperature

SM starting material

t tertially

TBS tributyl silyl

temp. temperature

TEMPO 2, 2,6,6-tetramethylpiperidine 1-oxyl
Tf trifluoromethanesulfonyl
TFA trifluoroacetic acid

TFAA trifluoroacetic anhydride

THF tetrahydrofuran

TLC thin layer chromatography
TMP 2,2,6,6-tetramethylpiperidyl
TMS trimethyl silyl

tol toluene

Ts tosyl, p—toluenesulfonyl

uv ultraviolet

Xantphos4, 5-Bis (diphenylphosphino) -9, 9-dimethylxanthene
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L1, BEBET I AL G O Bk 5
1.2-1. Plakinidine ¥ Hifff, &R E . EWIEME 7
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2w BEEKRT I ALKIE O TE
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2.2 AN A4 FIZKD, v rTa N fbKIG 13
2.3, fRIE R OB FEE 15
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2.6. fRFE 20
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3. 1.

BELEZEKRT 7 u—F 29
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RKBLTIE, FEBRRIEZEZRR 28 AT 57 7e—F L LT, 1ABELT, dfl
ERAWEEEFBERT I NG, 2HBELT, GECEZECERIN-ZSFEFR2ATLHH
FEET NV A RTdh b Plakinidine HO B KM IEICHOWVWTHET 5,

1.1. FEKRT7 I 7{REDOBER

FERLCERETE2AHT 26 E LT, 2L OEERN - BESAEMIEEEH T 25X
RAEBILEMDBMOENTEBY, K< O FEBRFELERTF & O C-NREEHEEETEAL
RSN TW5 L, IE4E TlE, Buchwald®®, Hartwig! B2k » T, 23T 20 Afilt il 2 A
DHEBERT I ALRIGHBERE S, BRSNS EETEITT 272D mWEREILFEMEN R
INTWVS, LrLaens, TENRREEOBANDILZ, RT7VUVALATEERTHV .,
i&%t“@@fﬁ%ﬁi/l\fxb\f:&')%ﬁﬂif“zﬁoé’) 10 R D 2009 FFIZITK 700 /g o7 b D
25, 2019 HEIZIEHK) 5200 /g EFE 2 flifg A EH L TETWD ((fi)lm/\mﬁ’r/fji}“ii) o
— 5T, é@&iﬁ< MOLEBRELTHLERAININALEOEERBTHY ., ZMiTHD, 10
ERiE BT 25 L ETOME LRITHL DD, K 700 M /kg (7> Ko 4@ 5| FT i)
THH ., "TTT LD 1000450 1 LT Ok TH D, A7 Ullnann FEHKET I /LK
Jin (Scheme 1) X> Goldberg 7&K 7 X ALt (Scheme 2) IR SN D8 %2 H W D K
TiE, —WICEIR, EBEEE Wl R2 ISR EZLEE T 520, EHEBENRS
T 5,

Scheme 1

CO,H
H
N

CO-H NH2 Cu powder
+ —_—
cl reflux

Scheme 2
Cu powder np
J K(j cho3
Ph No2 ©/ o
reflux
LU, T4, 2 72823 BB X 4. Buchwald® (Scheme 3-4) . Ma” (Scheme

5) b ;oté*%ﬁﬂ"]fmfﬂéﬁ# (Z &0 AR e S THEAT T 2 MR ST /IR T X AL ROE
PHESL SN TEY, BELZHEORISHHEIZRESNTWVD,



Scheme 3

HZND
o) H,N
Cul H

Me 1 Me N
H,N K;PO,
—_—
+
dioxane o
110 °C, 23h

Me Me
90%
Scheme 4
OH O
NEt,
Cul
Me Br KsPO, Me NHn-Hex
+ n-HexNH, E——
DMF
90 °C, 22h
Me Me
91%
Scheme 5

Br Cul
. _— HN CO,H
DMA

H,N” “CO,H 90 °C, 48h

81%



1.2-1. Plakinidine EHDO KB, #EWRE. WG

HEBET VI A FELT, B2 077V P UENEE - ERESLTEBY, fHx
DEMEREZET D22 b EBEREDXY -y P LTHEBINALTWD S, 727U YU
Td 5 Plakinidine A,B,C (1-3) iX. 1990 #1|Z Crews, Ireland 2D 7 Vv — 72 X » Tl
AW Plakortis sponge 7>% °, F 7= Plakinidine D(4) 1% 1997 412 Ireland, Davidson
FEOTNV—TI X o T Didemnum JROKR YR ENG O, HEf - MEREN SNzt e
(2,3, 4-k11T 27 VDB EHT 2 RKRAAKILED TH L (Figure 1),

Figure 1

R4 R, others

A | H Me

B(2) | Me Me -

c@) | H Me  9,10-didehydro
D@)| H H .

Plakinidine A-D (1-4)

S BT, 2007 FITiX. Crews H T & » T, Plakinidine E (5) 2N HEE - &R EIN T
W58 (Figure 2), b ALERMLAEM TH Y, BETEHHEATHBIT L LWMESALTY
% ", Z# B Plakinidine A,B,C,D,ED Z & EZL T 7 X = U LFRLT,

Figure 2

Plakinidine E (5)

TIX =V UHOME EOERF M ELT, FEMN R e T 27 Y VUEK, BXL04
ODOT I AT LHFICETREERBREZAT LI ENETOND, FFIZ, Eonr T
UV ER I, A BRED L2 LA I FEEMNB, C, D B& Hickel HIZ i 72 4734 %
Lo TWnhnled, ZTRETICRAME L TEZL AHInNTWLI Yy vl r s ) vy
BHEFIRRIFEEALTWVD,

INHDTTF=U 8 (1-5) X, in vitro EBRICEB W T, L1210 murine leukemia
cell (R X I B A My ML) <° HCT-116 (b A& M ML) [CMasEEs A L TRy, ¥
Hirx G l% % [ 5 /EJH <> Nippostrongylus brasiliensis (\F > W E WEl d1) (27 % 5K B fE
AERATL2Z2e08mMbNTWD % £, TRNETICERAEDORYENOHBES W -k~
RBEEFERT NI A RIE.DNA EHAEEHAT L2 L0, FARA Y AT —F 1T © K 97 DNA
Tae v BEEMEERTAZENMLNTED ) FYIXF=VVBHICELTH, &
SRLAEMIEEDOIRE - IEHERBEEO M NHIHFIND,



1.2-2. B FE ?D Plakinidine & RAF R

IHNETR., 779F =V 22—y b LERGHRIRIR. 28lHESA TN D,
LHIRIE, ABRERRFZOAGRBIZELSZ O THY P, 2H B IZ, RIERFOHELSIT K
LD THD Y, LT, ThENOMREMEEZRT,

NEBIE, 779F =Y HOERFHR THD 6 ILERBLEEARMRELZHREL VD
(Scheme 6) , Y7 x= AT I VFEKRTEBESRECRILIET 7V D UFEKRE L,
—hoEERBTLT8ELE, BEBRFAT Y FAETHRELELZK, WMLkl TAF
NEEZRBL, el Tetrre 7y 27 )Yy 925 T0n5H, ABRERK O /NNTALZ2 RIS
=bruafb L Y FA BT P T AICKDELTI0 G, AV @A T VEFEET.,
ANVRKT LABEERSEDLZETILEL, MBATHZ L THRE. LT 2o
U RVERAEDEITLEZ 12 2/ C0nod, TEFIVEEZMAKDMIZEIVEREEL T 6 ~&EWN
TW5,

Scheme 6
Ac o
Me 1) H,SO, \ 1) KNO3, H,S0,
NO, AcOH NH; Me 1) Ac,0, rt. N 0-5°C
o 110-120 °C N 64% N 63%
2) SnCl,, HCl aq _ 2) Se0, _ 2) Na,S,0,
N 70-80 °C N dioxane N THF-H,0, r.t.
H 39% (2 steps) 70-75 °C 82%
7 8 86% 9
Ac (o]

Meldrum's acid

N CH(OMe)s;,
reflux Ph,0, reflux
NH, 83% 92%
10
(o]
HN
20% H,S0, N
-_——
dioxane, 90°C (o) Q N/ O
88% X NH
6



WX, NS v 2RBT 25 FNER
7 2 N W T BRYER ST X

ERLTWS
AL IR
miz kv 16 57,

(Scheme

R EME LR,

ERLZ LB LTVD
Y95 4 Ffar=y bEpB-T727F7L6LLT,
211

TEHEALT2L & LT,
LES

SERMILAEM 232155 2

7) o

UFALTEHRPT 14 Z2EHR S,
=btolkiEEzTl,

INEAZRAETT T

DABROHEEST LT, 77F%F=2D (4)
4BEHRNP 130G, Buli ZERESE S 2 TavE
< =braA L7415 ~D 1,2-fF
Knochel-Hauser ¥

Boc TH# L 7= 17
EEERAESEDH LT, BEET A LDORUVT AL U ~DHFRMNKISICED A D >

=AY

w®IT,

Cbz J& o i {4 2%
WITL, 79 F=UrD 4) 2HTWVWD,

Scheme 7
Br n-BuLi Br MOMO
| (1 eq) Li 15
_— _—
toluene
BnO Br .78 °C BnO Br 86%
13 14
NHBoc A
Br Mg(TMP),2LiCl BocN
(5 eq) TMPMg
—»
(1) L
BnO Br -78t0 0°C BnO Br
OMOM OMOM
17 - 18 =
C52C03
CbzN Xantphos
14 steps CbzHN sz(dba)3CHCI3 CbzH
dloxaane
80 °C
70%
CbzN CbzN
CbzHN BF;Et,0 CbzHN
_——
QUL e LI
N v/ N 70 °C N
Cbz H
NH NH
0,
L 22 7% 23

(NS M QN

NO
Br 2

BnO I Br I

OMOM
16

TSN3
(10 eq)
_——
-78to 0 °C

N3

BnO
89%

CbzN

LT

Cbz
N
o%} 21

H,

Pd/C

J— .
EtOH/EtOAc

L7=%.

AT 9 &

RIL IS TA VR UERERE L%, B-7
DG E

AR LE~ 72 UL 182 VTP RTHRI v 74T 52 LT, 19
c BEEARTEY O T 2 ) V20 ~EFE
RIT P AEE RN h Y 7Y v T RIG
ZBFyEL0 #FHESE L2 LT, B-F7XLD
LIVAERLET UL ALY 22 D4 F N Friedel-Crafts KIGHEIT L., B D
’W%Lfmé
T UYL EKROERL S B BRI

A BRIZH

D=l =

2 steps

BocN

CLES

OMOM
19

BF3Et20

_—

DCE
70 °C

7%

Plakinidine D (4)
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2.1. BUBICKDHFEERT I 7LRIE

&1L 5 1% Duocarmycin A D RSN EBICB W T, 2HOHMEIZ L2 FRNEEFKET
JAL R OT X RIEKIEERAWT, EZEK THLHIErR ALV R UEKEBEL T
(Scheme 8) . BRI, 4 EBMAN B 13 HBEE LTHFEINTZ 240014 K
V25 ~DEHIZEB VT, 10mol%D Cul & 1.4 B &E D CsOAc fFEFRINEED Z L THEE
BT 2 AL R EIT L, BIRTA R UEKREMBEL WD, TDO#%, Cbz THRH#EL
7 22600 2T OEHTIE, 248D Cul & 548D CsOAc ZXLELETIHHLDD,
BILCTHEBRT 2 MERIEEITH> 2T, oA N UEBROBEICKIIL TWD,
BRI, 72—V 288 b FHNTOY 7 a7ra X iz L - T, Duocarmycin A @
EEREZERL TS, KREARCTIEHEINEEFEFEHET I 7L TT I RMEKISIE, W
NS FARILTIESS2 D00, BR TRISHETLTEBY ., MOERRENLFT DR
TTORKMERITIER CE2BMA2EETHD 1,

17

Scheme 8
OH Cul (10 mol%)
Br Br CsOAc (1.4 eq) Br —OTBS
| NHBn —_—
- DMSO
r.t.,, 24h
BnO Br BnO Br BnO
13 24 67%
Me CO,Me CO,Me
Cul (2 eq)
CbzHN —OTBS CsOAc (5eq)
Br. s » _—
S DMSO >
» r.t., 3h
BnO N
Bn
26 quant
C32C03
77%
OMe OMe
74
OMe o H OMe
28 OMe OMe

(+)-Duocarmycin A

&1 5 1%, Duocarmycin A DA TRH L7 Cul & CsOAc W= FHNEEET
AL S 2 — R EE~D BB BT > T 5 M (Scheme 9) , FHER#ELEZAET LT
SOEEHONT, TN TOSE~TEBRTCORILKIGDEITT A LERELTWVD,

11



Scheme 9

R n Yield
H Cul (2 eq)

H 1 44
N\R CsOAc (5 eq) Bn 1 3702
n > ) Ns 1 87%
| DMSO N N H 2 36%
r.t. to 90°C \R 32 g gg"z
Ns 3 48%

SO, FHTOEEFHT I 7RSI HEML T Y (Scheme 10) | 53 FHNTOR
G XV IEEENALE L2200, 1 M ED Cul & 2.5 ¥ ED CsO0Ac & T, BHRINEKT
FrxDT7NVXALT IV, BRTIV, 7=V 07 JERIENEITTHZ 2R L
TW5 '® (Scheme 11)

/)
/)

Scheme 10
Cul (1.0 eq)
R CsOAc (2.5 eq) R
/ - /
O+ - O
X R' DMSO or DMF X R
90°C
Scheme 11
Cul (2 eq)
CsOAc (5 eq)
Arl + R'R2NH - ArNR'R2
DMSO

90 °C, 24 h
Arl R'R2NH ArNR'R? Yield (%)
» 3L
NI n-BuNH, N”~NHn-Bu 70
| N | BUNH @,NHn-Bu
N n-BuNH, N 96
Phi “N:j E::rﬁi> 68

— o
Phl HN_° @f"\) 73
; =
PhI N Cj" 68
H

Phl PhNH, PhNHPh 24
Phl 0-NsNH, PhNHo-Ns 91

12



2.2. AINR) A4 Fiekd, YZulue X fERE

— . EHL< b, BRBEFORKFERETELTE LA, RENMNOLNTED | KKK
53 CTd % pyrethrin 1 7217 T2 <, ABICHERBINTZZ OEaHmH» . BEREL
OCHREBEMRRE LT, —RICKSEH I TWD (Figure 3) ., £, Z<{ DL A
A REBR, /a7 aRXr BNV R BT AT ABEEZRALTEY, ¥ rra Rl gl
T % cis—trans KU R-S OARF R EZRBINWICAKRTHEEZEMEL T, < OWFENH
HEIh TV e,

Figure 3

\

\ CN j CN j

PhO “,, (o} “,, R CF3

lo) o Z (o) Y

o J cl
o~ _

cyphenothrin cyhalothrin

pyrethrin |
\ CN O b (i
Cl F ‘1,
(T PhO o s o) W
o & o
o) . = X\)\CI - F
F
. cypermethrin dimefluthrin
d-allethrin

ElrzaoAf FEOFTHLHRBIIZE ENS pyrethrin I DS EETHHEHE AT L
(29,30) 1%, Z< DA ENRHEEINTEBY  E L T VYEHEIBRZ AT AL AKRT D
AN ) A REIPAFAAFTFYH I (28) LENIGSHDLZET, AT HZ EN—

) TdH 5 (Scheme 12)

Scheme 12
N,CHCO,R
= Cu cat. S CO,R — CO,R
J— —_— 0
’X +
29 30
28 (trans) (cis)

— T, EHRFZOFIHESIIAFHFRMBEALRWZ 7 e o N fbRIEZHRELTEY .,
INNHFENE R 7 e R EEMICAER LIzROOBTHD YV, 0%, ELK1L
FOEA, WES X, B AT VOREFARMFIEIIEBNT, TI VBIrOFEINLDI AR

FeafmE (31) DA THHAZLEARELTEBY, PTVEHIBAVFALZAWERIZ, 5
WERMEEZ T ZEE2HEL WD %! (Scheme 13)

13



Scheme 13

N,CHCO,R Cu cat.
Cu cat. (31)
PhNHNH,

— >= CO,R XN
__ —_—
Toluene :
SZ o~
40°C %2

28
31
%Composition of chrysanthemic acid
Alkyl (R) (-)-cis (+)-cis (-)-trans (+)-trans cis/trans cis ee trans ee
Ethyl 9.2 39.4 8.1 43.3 49/51 62 68
dI-Menthyl 23 16.3 4.1 77.3 19/81 75 90

FREORFZ7uTaAqicBWT, U7 VEIRERT ATV E RFHAL (31) & AK
mbt%ﬁwN/4F@%®ﬁ@@ L Cu(ID) T e, Cull)- I A REEIETH D
ZEERHLTEY, ZBRICALZLER Cu(D)flltr, MIGEHFTCT7 =1 NIV %H
WT Cu(ID2ABETLT D2 LT, FHTEHFEMIC Cull) RN L L, BRI AFL
B 73 1 ﬁé“é_&%i&ibfwé 7=k KT YT XD Culll) il o 3% 5T KIS 1%
Txz= e RT VUL O1EFBEH TN Cu(DiZE TS, B FOTLaxy
RY =N T 2= RIDUvDI AN DFErnbTa b 2% M52 86T, K
I 3 ﬁTék%ZEﬂé(%MM1®O7IﬁNEF7//1 B, 201 E
BEhL 7o hoBEINEC 245y F @ Cu(ID) it it 2 Cu (1) &L 5 & T, PhN=NH 23
AR L., A& «/t/kgiﬁx L TVWHEEZZBNLD Y,

Scheme 14
@Nq
o—Cu(ln)
~—/2 Cu(ll) cat.
PhNHNH, PhNHNH - PhN=NH —— > PhH + N,
e, H* e, H*

B Nq Cu(l) cat.
) OH
o—Cul

14



2.3. AR OBRFIEE

SRR 2 W EFHET X JALRIGIC O W T 2L OLRENRRE STV DR @I,
il BF & O ETIL, Cul &M (Cs2C0s, EtsN, NaO¢-Bu %) TIIRISHAHELT LW I &2
MR INTWNDZEn6, Cul TET I JALRISITETE T, CulAc DL ETH D Z &b
Mo TWD, Fio, BWEICHOWTH DMSO, DMF @ X 9 22 Mtk o @ WIE 7 a b o M i i 28 i
FLWVWZ ERHESR TS P EIEERE CH D Culhe ZRTFT THRAEIHETWVDE D,
CulAc IFZEERICARELZETH Y, £72 CsOAc ITWBYETH D728, Cul L CsOAc D & % H
WMT2ZLIFES TlERY, TZT, EHFELLOREFICEREZE T, FEKT I /1L
RIS DOIEMR CTH D Culdc &, KIGFHRF T Cu(0Ac) "B 7 ==Lt RT YV TiExX L TAE
EE D Z L A&FE L7 (Scheme 15) o IS E R E 2 (KT 5 2 &3 CTE i,
TEMNRERIZBWT, Zii ThHro2REAWMMB DRV, BMRMKIGEEORBENTE % &
Bz, BREEERT I KIS ERFTICEF LI, o, KEROE ) % LD 5729
W, RN EE27 I 08T, MPooRELRCEEEZEMN T2 L & LT,

Scheme 15
AcOH, PhH, N,

Cul . Cu(OAc),

+ CuOAc —€----3»-- +
CsOAc ; PhNHNH,

Csl

CuOAc (active species) :
expensive, too hygroscopic and air sensitive

15



2.4. TIJERIEDORER

35 EREIC, S— KRB rE 7 TFAT I D07 2 KGO SRR 21T -
7= (Table 1) , 728, ERP D (PhI/PhNHa-Bu) I%. 'H NMR O FE s S & L 7=,
FRIZKLT, Z72=bt RTIVUVBIEMOEZHICBEWTCHLHETOT I AL SN #4T L
722 (Entry 1) \ 7z =) RT P URMGE LT 2 EEN2ETHY, 7T LT IV
H L <1 DMSO B LAl E LT Cu(OAe), ZIL L2 D TIEAR WM EZ X TV D 2, ilfil it
ITYEICXH LT, 72= b RTI PV OERMEBZEMSE 54121, 0.50 Y& F TIERIE
IMZE > T Rom ENAR - (Entry 2-4) , —J5 T, 0.50 % EL ETiX, 73 /1
DHEITIZHE > T PANHA-BuD AR 7Z 1T T 7Y RXRUB U OERKRMN A & iv7z (Entry 5,6),
ZhiE. Cu(OAe) , DBETICHEA S N> mBEO 7 2= T VR, 7 /AL
LTI —RFRRUBUERIGTDHIETAEKRLELDEEZLND, > T, AEMITBW
Th, MBI LTOSYED V2=l FRIVUNKRBEIETH -T2, AT AT L
RO m T RN RS ERRIC.EFBEIE 7 a F CBEIC XY L Cu(0Ac) 2 28 CulAc
~EIEIL S AL, CulAe PIEMEMEERE S L T TnWbs EExbND, 7=k KT TV
DYELDAICH, FEEOYE - RE - KKISFFM 2R L, ArT(1.0 4 &), n-BuNH, (4.0 4
). Cu(0Ac), H,0(0.40 ¥4 &), PhNHNH, (0. 20 X4 &), DMSO A # T 90°C, 23 Bl &, D
TI &ML LTHREL, FHEEE L ORISEBF L7,

Table 1

n-BuNH, (5.0 eq)
Cu(OAc),H,0 (1.0 eq)

©/l PhNHNH, (x eq) NHn-Bu
DMSO, 90°C ©/

time
Entry X Time (min) Ratio (Phl/PhNHn-Bu)*

1 0 40 1:0.25

2 0.25 40 1:5

3 0.50 40 1:49

4 0.50 20 1:23

5 0.75 20 1:70*

6 1.00 20 1:50*

* Determined by 'H NMR
** Formation of azobenzene was observed

16



FTIE, A_NRUCB VR EOBEBED R ZHEE T L,
NT I DO EIT > = (Table 2)

Entry 1-12 I — KXo B b7 F
FN R picEBREZLSDEEHEOT 2 L TIiX.

Cul/CsOAc SRMFE D ETIWNEROE TN AL TWDA, NTEM - A ZEH L KT D

& . Cul/CsOAc Zeff. Cu(OAc)»/PhNHNH, S & I EBNIEKH TH D |

Cul/CsOAc DL IFIERBOR L2 -7,

Table 2

n-BuNH, (4.0 eq)
Cu(OAc),H,0 (0.40 eq)

I PhNHNH, (0. NHn-Bu

X_:\ 2(0.20 eq) X_:\

F DMSO, 90°C Z

23 h
Entry X Yield (%)* Reported yield (%)**

1 0-NO, 20 78
2 m-NO, 66 95
3 p-NO, 94 99
4 o-Me 30 21
5 m-Me 93 99
6 p-Me 74 86
7 0-OMe 26 49
8 m-OMe 87 89
9 p-OMe 50 84
10 m-l 52 50
11 p-l 64 76
12 o-F 17 37

* Isolated yield unless otherwise noted

** See ref. 15(a)

WIZ, EFEA~T R CTOT I /b ZBE L7z (Table 3)

ERE LTI

I-RFEYUYLEDT S

At TiX. Cul/CsOAc £ L IZIER UK TH o7~ (Entry 13,14) , IR T7T I ol
Yyt G (Entry 15) Tid, WRTI%EFEREONETHH- 7208, TAKRY . A v~
Cul/CsOAc izt X T, IWENIKTTHHER L

F—n ot (Entry 16,17) Tix.

27T,

17



Table 3

R'R2NH (4.0 eq)
Cu(OAc),H,0 (0.40 eq)
PhNHNH, (0.20 eq)

Arl »  ArNR'R?
DMSO, 90°C
23 h
Entry Arl R'R2NH ANR'RZ  Yield (%)* Reported

yield (%)**

/
9\

13 I n-BuNH, - 88 70
N | NHn-Bu
X | X NHn-Bu
14 I . n-BuNH, I . 84 96
N N
15 Phi "'N:j @D 71 68
— o
16 Phi HN O N 34 73

/ @'
; =
17 Phl {;@ @% 28 68
H

* Isolated yield unless otherwise noted
** See ref. 15(a)

KBIC, 7=V rFEEkE07 2 LIS ORE %279 (Table 4) . 7=V %, JIEH
T 2 IR EEFOREENZ LW, MEHROT =) ThHh-> T, Cul/CsOAc
2, Cu(OAc)/PhNHNH, 5t & HICIKINER TH - 7= (Entry 18) , L2xLns, 7=V
YOF N MMLICEEIEN B DH KO RS ARIC OEBAEIT LIC WEE (Entry 19,20) <0,
BIHEEOA X VE - BRI EO= b EX2E8EALLHETH-oTH, 7=V V[H
BRICKISITEIT L B O Y 7 2=V 7 I VFEE 255 2 LN TE 7 (Entry 21-24),
Table 4

. Reported
1R2 1R2 *
Entry Arl R'R“NH ArNR'R Yield (%) yield (%)**
18 Phl PhNH, PhNHPh 24 24
H OMe

©N© 26 44

H N02

o go »* o=
H
OMe N OMe

|8 oo = 4
H
H,N NO, N NO,
22 Phl ‘@ @' @' 13 12

19 Phl
20 Phl

21 Phl

23 Phl

H
N
@' @ 31 38
OMe H OMe
N
@ @ 16 64
NOZ N02

* Isolated yield unless otherwise noted
** See ref. 15(a) 18

24 Phl




2.5. RIGHBEOHE

RIS DORIGHEREIT, UTO X2 ICHEL TWD (Scheme 16) , £9°, 1 i CubAc 2
AR Liz%, 7FLVT I VOBFRRCICEHNPEALL, 3 — RXUEBUREBREAML T3
g o> 32 NAEKT D, T ELICHEEICL > THI BB L., 33 BNAEKRT 5, &Lic, &
TR X > CTT7 2 JABR® PhNHA-Bu 234K 3 5 & (2, 1 fid CuOAe AT 5 &0
S A Z VMRS LT WA EEZ T WD,

Scheme 16
n-BuNH,
PhNHNH, >__\
n-BuN'I'lz
Cu'(0Ac), E>~——’> Cu'OAc L
?u
n-BuHNPh 31 oOAc
Ph-l
n-BuNH,
n-BuNH '
I—Cu"-Ph
cI:u"'-Ph a
(o]
33 OAc ::>—-<:: 32
Base-HI Base

LR OHEE SR TE X T2G A 1 liE TH i CuOAc BASt @ Cul, CuBr % T X
JENEATLZ D72 b D TH D0, CuOAc LA TIE Cu0Bz @ X 5 72 B VAR VBB T O B KIS
WIEATT D2 ENbno TS P BT OEWIC L2 10 E T IREIC W TEHAEIX
TETWRWA, Cu(l)0Ac OFEMEE T, 20 FOFMT =4 28 2 0 Cu ITEAL L7
HiE (Figure 4) 2o TWVH I ENRMEINTWVD ¥, HEBETHLILLO, WIKF T
OFEEITHM O EH 2R, BonTWVax 7 =4V ICHETIERBEREADETE X
e, 2EOMEERNBART I JAEKIBICEE L TV D AN RB IS,

Figure 4

Me
9)\0-"

\ | .
__-qu---Qu“

_.-()\\T,;()

Me
CUZ(OAC)Z
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2.6. RIE

W B &5 0% (Cul/CsOAc ) Tik, Cul 2 1.0 Y EMLEARRISNTH =1, KARIGH
(Cu(OAc)o/PhNHNH, G5 ) TiL, Cu(OAc). % 0.40 B EICHIWM T D Z N T&/-, /2. W
BHENAELS, LEMICEZMEES ARV EY Y AHOERAEZE#STDI N TERE, L
LR, —# o7 I JRNICENT, WEOKTNRE LT, Cul/CsOAc F1F,
Cu(OAc) »/PhNHNH, £ D EH 5 DL EICHE W T KIS OIEMER X Cu(l)0Ac TH Y | IHME
I x@EEICHERESELZZENTENIT, AUFER - WRIRDLDIEZ2DNLD, 2. £
NENOFHETORL LA ELTIE, KIGHRD pH BZETF HivdH, Cul/CsOAc £ TIiX,
CsOAc 7% 2.5 M E L MBICHFAET DEEMESZMETH 208, ARIGHRIL. Cu(0Ac), DiEILT
BlIAET 5 AcOH WFET 2908 EETChH D, HEMEOT I /b zBRFEH WS AICIE,
FHIEEEWESEEE IO IR, FSEEORMEEZ a2 be— 352 LT, HEME
FMETEHEALREREE CHhoTh, AN RZREZMNDLZ ETRMCIT I JABITZLHD
EEZTWVD,
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EEHE T )V a2 A K Plakinidine 8 O & 522
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3.1. R LILERT e —F

Plakinidine O EATK THHr e 7 7 VPV RIZ 1622 THY, BFEELES
BEBRCTHL, BFEERMEENL, FHOMBIELEMTICARERZI LN TREND D
REBEROGFEFERIMITAKOHZ Y TLETIT)> ZLAFHBE L ? MXAT.BREDOT I/
X VAR RS Curtius AL TH AT L2 L LT, AT 252 L E L7 (Scheme
17)07035\':9‘/135%0)7“/%%Curtiusiﬁ{i“@ﬁ)\ﬁ‘él&&‘J‘Z}k 34 LD, *
ZC, BRROWE % Dieckmann fi &5 TITH 2 L 925 L, CDBRBICHYT 2%/ U VERE,
BRICHUYTAER Y D UVEBREAEZAT DI ICHARTES, EEOHEEIZOW T, R
36 M T H 7Y P b— k. HiBEIAR 37 ZfH T D Diels-Alder /L — FIZDW T,
TNENOBmERREZU NIRRT,

Scheme 17

Curtius
N— Rearrangement

Dieckmann
Condensation

Plakinidines

Furopyridine Dlels-AIder
Route Route
o Rozc
(o) TBSO _ ~
=
N N
36
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3.1.1. Z7e¥IUvri—F|

OO T Fr—F L LT, ERBICHYT 202270 ) P LTEATLZL— D
it & 1T > 72 (Scheme 18) , MO 7 VLT 7 UV LVEE 38 %/ v U KfEHM TT Uik L
T39 %M, 39 % P = U NEGEN L%, KIGIKZ B L T Curtius S5(7 2N HEAT L
7240 2157, MBETLIZ LRI MBEECIVRELMACEIIMAT L LT, LT+
YORMALE o THFNMNMEISAEITL, 7Y R4l L, AR T
WHRILLT42L L WERTEZLT JERICEBT D70, HEOS5M (NaCN, CuCN,
Zn(CN)2/Pd(dppf) %) ZMEt LD, BEFEERFEROLZLON, WITNLOFXMHETHL YT
JHEEATLH LT TE R Lo,

Scheme 18

— 1) (COCI), — —
0 _ CH,Cl,, 0°C to r.t; (o) _ _ 0 P 15 (0.3 mol%) _
2) NaN; toluene, reflux; 0-Cl,CgHy, reflux
dioxane-H,0, r.t.
N ~ ~ 80% (2 steps)
CO,H 95% (2 steps) CONj3; NCO
38 39 - 40 =
— — conditions —
o o POCI, o cl o CN
Z —_— =z —_— =
reflux | |
. _NH x N . N
91%
41 42 43

Tu v Yo E EFAD, 42 DRFEEBETLC 44 L LEEHB. VA XY AR
45 ZE R L7z, TMSON LRSS ¥ L 2 & T, (ERIRNICYT 7 ENEAIhT 43 24
HZ LN TE7 (Scheme 19) , ¥ 7 /&2 X ) — VP CTCZF LT AT )L 44 [ TEH L,
LDA THEe = F L ZR LT b AT NV 45 257, 7 /)7 7=/ 46 L 45 L %
Friedldnder & / U A AICHAT L. CDE BR D i - 7= 47 245 7=, 72F . Friedlander % / U
VAR TIX, Lewis BB A NN T DML EN H D2, Adapa HAHRE L TWAIEE R A4 T AN &K
bEWHREZHEZZ Y BN 4TO 7T VBN T 7 P BA~ODEHBERLZTZN, W
NOFMETHEBRTE RN T,
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Scheme 19
o ci ZmAcOH o mCPBA TSCH, EtN J
/I — > /I
N reflux N CHZCIZ' rt. MeCN reflux
42 86% 44 84% 95%
EtO,C H2N 46
EtONa = OEt — _
EtOH, r.t.; o MeCO,Et, LDA Nd(NO3);6H,0
HCl aq., r.t. | THF, -78 °C to r.t. | EtOH, 60°C
™ N A N
9% 44 45 82% (2 steps)
Me
o
conditions
—_—
o

ZZT,. 7R VAT LT, AV Uk E R AT E A, T T

TEURVR A9 2/, LOLERG,
-, UgOEBEW ST 252 & & L,

Scheme 20

(o

é

-78°C to r.t.

attempted conditions

48
reagent solvent temp. result
Pd(OAc),, AcOH r.t. decomp.
PdCl,, air DMF-H,0 rt. decomp.

HgCl, MeCN-H,0 60°C unidentified product
Hg(OAc), MeCN-H,0 60°C no reaction
Hg(OT), MeCN-H,0 60°C CO,Et -> CO,H

I CH,Cl, reflux no reaction

NIS DMF rt. no reaction

Br, CH,CI, rt. 2,3-Br,-furan derivative
NBS dioxane-H,0 rt. unidentified product

49 |35 T AT B VA K~ D P R 1 203 A it |

O3
H2C|2-MeOH
-78 °C;

Mezs
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3.1.1 Diels—-Alder &'— bk

ROT7 7m—F & LT, Diels-Alder KL T ERAMWET L HiELHRFT 22L& L.
VI ) 7 4 VEIBRIET VT B R 54 O A B E 21T > 72 (Scheme 21) . A % F 50 &K
fbF MU T ATHAKRGRLTSEL EL, 7 MEFEAF VLA ST 2%, BAKER/ B
VUTHET S LT, SRUEOBEKY 52 2157, MAKWE2E2 VLT I TT 2
FEL7z%, MAKEERT CMBGER L, 3BMEDA I K63 2457, FeCl,-TFA &5 ML A
EF 5 Kornblum fg{L TRAFVEEZ T LT & RICEH LTz 54 #1572 %,

Scheme 21

0 0
o aq NaOH; OMe NaO Ao » (o)
AcCH,CO,Me c20, pyridine
o " . 0 o) > AN
N P
Me o H,N Me N
50 B 51 i 52

1) BnNH,, pyridine

2) Ac,0, reflux I, FeCl,, TFA
’ —_—
79% (4 steps) DMSO, 80°C
53 86%

BoNTETATERBALENUAT I REDA I UIBEKZ R AT, RuCl, (PPhy) s AW 72
BRICEMEOMIGNEIT LEZboD, WTIROKFITEBWTH, A I KB 2552 &0
T&E7 Mol (Scheme 22) , 2—F VU TATFTERENIATIREDA I T, BFH
thﬁﬂf BN ENHREINTEBY " A IR AEKLARVDIE, /U U8 E

WEI RS DO, P AT I RBMMUTE®ZOPKKENEIT LR DO TN
75:&?%71'@\60 FEERIT, 7/1/?‘12 KbdazxH ) —NFIEFTTYI AT NVIT AT~ b

7774l LR ETTHAITIE, = F ) = AR~ I 7 ' 2 — L7 B
SRTWD,
Scheme 22
Bn o attempted conditions
. reagent solvent temp. result
Imine
Formation TsNH, toluene reflux no reaction
_— TsNH,, TiCl, benzene reflux decomp.
TsNH,, Si(OEt), - 160 °C decomp.
TsN=PPh; PhCI reflux no reaction
N.,. 55 TsN=PPh 3, RuCl,(PPh;); PhCI reflux trace

o) 7 4 DA NKNEg TH Dm0, Diels-Alder b — K TORmFIIZTZ ZFTcTH
Wr& L7z,
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3.2. B L-AREE

INETOMFBREZBEEZ T, HE., HEHRMITZ1T > 72 (Scheme 23) ., ZHLETD
FAMEREICADDODERTEBLINEBRE LT I 7 £1X, AREEBIZCurtiuslis il TE A
TLHLDE L AREHET 2L ARMED T F= X7 134L 72 %5, BB & Dieckmannifi & T
L ERZTZF N ETIVOMAETHETLIETDLIZEEL. X/ U LEWE6~LWE
BRL77-, WIS, EBRICHY T AT T VT & Rb8%Z EH 219 & L TStetter Xt ThT~&
% (L7e®, TR = ARIGIC K VE6ICE Z bk Lz, ¥/ U 58(%, Friedldander /
AROB, —HOAFNEERRNICT VT B RIZBIET 22 LIckVAERT 52 &

%?r@ L7,

Scheme 23

Dieckmann
Condensation

—

Curtius
N— Rearrangement

Plakinidines NHP 56
Aldol
Reaction
Friedldander Stetter
Reaction Me Reaction Me
RO,C RO,C ~277 RO,C
(0] 2 ~
:\I\ )D H st | ROLC A~ AN
Me o N N
O 53 0 5
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3.3. ¥/ UV UTATFTE FboERKIG

Friedlander® / UV ARKICEY ., 737 b 7=/ 06X/ ) 59% 47 (Scheme
24) . W Bk ERWERBILICE ST, ¥ 7V V2 EZRIWIZT LT E R~
b L. 612772, "Bt L kD2 AFAVEOBIEKIGIE, ¥/ VU 0EENEE L
THEATT D0, 2MBBRICEIT L TVWD EBFX TS, §l&kE, TALTE F61z 2
2 L LT, Stetter ISICEVHRT A & E2MmETL T,

Scheme 24
Me ACCH2COéEt Me Me
Amberlyst® 15
o mberlys EtO,C N SeO0, Et0,C N
—_— _—
EtOH, reflux | P dioxane, 80°C ’ | P
H;N Me N 85% N
76% 59 ? o 60
Me
Stetter EtO.C
Reaction 2 X
EtO,C Z
N
(o) 61

Stetter IS TT 7 VNV BERICESEDZ LT, BEEREEOZEHND & L TRk BEFE % i
272032 = MEBR Lz o 7o iy, 45 FE fil i (th1azol1um\ NHC) | &, A A2 HmET L
500, WTFNDOEMETE KISITEIT L2 > 72 (Scheme 25) . EF AR E LT, 2
—EJ//TwTkawmmﬂﬁﬁiW%&< ET L7720, BEM O X7 )L NSL
R, ETHICEEL TCRILCDEITLRE LT EEZE X TS,

Scheme 25

2 Co,Et

Me Me
thiazolium, NHC cat. B et

EtO,C | N Et;N, DBU, NaQAc EtO,C S Me \"\ c®  Me \N\7 B
A
H N7 EtOH, THF, DMF  Et0,C N /}S /J‘s
HO HO
lo} 60 o 61 thiazolium cat.

\

ZTZT.C3x=y NEMEKRTHLARET UV NVEE GrignardXIETEATHZ & L LT,
THAT b R&Grignardid 2z @HOFMETRISSED L, wWTFhb T2 k62, 630345
Nlze B2ITAER LT NV a— A pFNAAMLEZEZ 7 hThDHH . 631L6rignardik FE D
BERURBEICLIBELARYM THDL, T2 T, B RY FBRTEMEH T2 Z LRHES
TV D InClofl 0 2 Gt L 722, CeCly TIEBN R B Ao oM, ZnCLORMIZ LD | &
FU REBILHRIMZ O, BAHDGrignard i N EIRAIZHEIT L 7= (Scheme 26) , ZnMg7 —
MNEREZERT D52 & T, B FY RELZMEI LT, LA DG6rignard it N HEIT L TV 5D
EEZLND, LPLEBRL, TATAEZIVEtELV L EEWI-PrAETITo 1 5GE
Toa—LEREFELNT, BEONICRILLETZ 7 bre2nmEoiTEn,
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Scheme 26

Me NMgBr lo) Me 0 Me
EtO.C ~ additive z =
H . o o
NS NS NS
N THF, 0°C N N
/
o 60 62 63
additive 62 63 60 B 7]
Br
- 29% 14% 30% R.,,®/ 70
CeCl; (1.0 eq) 26% 21% 22% R\zﬁ/R\-]LQUi“O““e
ZnCl, (0.2-0.6 eq) 73-78% - ca.20% © i

FIZ T, tBUm ATV TRIKORIGEZIT->T2EZ A, EFYU RELRTZ brERIET S
TR TN — KGN EINAYIZ S S 4 T & 7= (Scheme 27) . b L7723 — L,
STNTEZIZT7 7 brBRBIET 22N TRINZED, B - EEMEO LA ZH T, P
T~ AV RICILT 2 4ENH D, DIP, PDCTOEL & Mt L7228, IBXER{L 28 i & I R
<X hre6x 5 27,

Scheme 27
©0 on
]
Me [y
44\\//\MgBr E:j:“o
t-BUOZC = ch|2 IBX ©
—— ——
SN THF, 0°C DMSO-CH,ClI,
| r.t.
o 64 93%
97%
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3.4, ERDFELE

EEROMEITIL, 66ICxf L CC32r=y N+ EHRFLFEZEATILNERNDH DL, T/l A
ETUALKRENSERTDHT Y RT AT E F6TEH WD Z LT, ERMBEICHLE 2=y
Mo —FIZEBATED LEE X (Scheme 28) | FilgHFH CT7 7 v b A VI 7 Y REMMEHES
L TeTEGEREY, S 66 LHDS b ARSI 2= s — ik LT, 6TEEH S ® 5 2
ET, TV R— L fERe8E T AT LAY —RAEME L THTL,
Scheme 28
\/CHO

NaN3° l

AcOH, 0 °C

64%

/\/CHO 67
LHMDS

_—
THF, -78 °C

81%

TR = LVREERIZ, FMFickoTELV TV R—ARNEITT L0, BELDEZD
CERMET L L L LT, 7Y F&ZPhsPTEI L7z (Scheme 29) . &t & [AIREIZBR L 23
HEITL, ERMAETEZ OO, ARG E TEITLEZINHFE LN TE 2,

Scheme 29

ZZTMARISERG T 270, AV 7 4024V B THAI TR, BILLEZ
F7 =700 7 La— /L ZTEMPOREIL L C, 77 Mo T2 2BBEOYT AT LA~ —i&
e L TH77 (Scheme 30) ., 7 ¥ R#&Staudinger K)o TT7 A VU KREL, HF+HNITH D
FRUVERARILT A ETI2E L, ZOBIC, —FHFOTYT AT LAY —NELIRTZ~
EEBI NS, WHRITS0%ICE EEoTc, MFOTYT AT VA~ —b b, KILER
MORBRHEONL L ZHRLTWVWDLIN, 2T by a i BREDETLZHRIT, B
{EREIT LI EBZ LT WVD,
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Scheme 30

(o) Me
M 3 5

tBUOLC | CH,Cl,-MeoH HO, -BUO:C TEMPO

-78 °C; PhI(OAc),
» (o] — > 0

HO MeZS CH2C|2
-78 °C to r.t. 0°Ctort

81% 88%

HWT,BRIRAIVT2DELERATZN, BHRICEHSOICERIEKISNEITL, 774
A T3 0™ 5472 (Scheme 31)
Scheme 31

0. 'BuO,C

NaBH;CN
sy

AcOH-THF, r.t.

WIC.EBROERZREL T FTINMAEHBGLIL2RALTEN, BONTETLZDITAY
277 b 76 DHToH 7= (Scheme 32) , ClCOMe & s L THERK LI=h F 4 75 2%
LT, =AFABHFNTT I Py &WHET 528 TCI6 B FLRTELEZBND,
Scheme 32

CICO,Me

cIco,Me

Y

MeCN
0°Ctor.t.
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ZIT.EREFREN—N"A—FTHRELOD, AVBREMR LD b JIT, NaBHCN TiE
JTTT DI EEKF L7 (Scheme 33) , BMEEETHEZ T M= I AV EHVEHEIZIX,
AW ET 280K T, 18R EONT-bDD A2 T 7 Fr 16 NEARY L 72 - 7= (Entry
), —hT, FEBMEREOY 7 ra 22 v 2HO0WEHEICIE, AT 27 b rOERITE
ZlZMzbN, BWETHE LK 77,78 # FAME L THL (Entry 3) . MHEREET
X, FHEEDF A 5 OERPBEESIN DD 76 DN Z L D0, FEMIERE CK
JEEEDH LT, FEER T F A TS OEKRPIMEl SN EBEL NS, 0, VKT E
WTWBET 7 FUERD convex WD DR ITTHNBIRMICEITT A2 LIk, 7T XELL
TERLEZLDEEZ TS,

Scheme 33
Me Me
Me O, t-BuO,C O, t-BuO,C
(o) t-BUOZC ClCOZMe - =z
>\ NaBH,CN 03" LR | 05'
o, > ’ " N “
‘ solvent
0°Ctor.t. N N
~co,Me ~Co,Me
72 desired (77) undesired (78) 76

Entry NaBH;CN CICO,Me Solvent Yield (75+76+77) 77 78 76

1 5.0eq 5.0eq MeCN 69% 2 1 25
2 5.0eq 5.0eq CH,Cl,-MeOH 78% 2 1 0
3 5.0eq 5.0eq CH,CI, 74% 15 1 0

31



3.5. BRROEH

BEROWMEIIVNERZI AT LVNRER CTCE-D, 77T 2HETHLELEZLEZ A, HIFED
Dieckmann Mg &N EIT L, B BROWEINT-/LEW 79 27 b /) —VIBEEWME L THT-
(Scheme 34) , fEWT, 79D b= /) — L% MOM JL CHE# L C 80 & L 7=, Dieckmann #f
BOBIC, TTOYVT AT LA~Y—Tobb 18 THLRIUEMETHRIGERATZN, TAT LD
NMEBARSENE WD BIALOSIT RS ET LR T,

Scheme 34
Me
0. t-BuO,C MOMCI
2 t-BuOK i-Pr,NEt
-: H —_— —_—
0, Ao THF CH,Cly, 0 °C
‘ * N 0°Ctor.t.
N 95%
~N
CO,Me 85%
77
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3.6. ARDIEHE

XV U ORRR T E RN & LT, Polonovski s & H W T, Af)%@%‘rﬁfgﬁi
Z &L L7 (Scheme 35) o, ¥/ U v DOEHRFLF % mCPBA f#{k L T Moxide8l & L 7%,
EEAET., Tso0 EERESEZ LT, /U VB EDAFIVEEIC TsO 73&?)\3%7345/4\%
84 157 %, ARG IE, £F Moxide B TsfbE&n b & T, /U VBEBHAEEELESNE
82 LB MEHAIET T T m F T 50 EMICIEBATHD6ER EOKFETIERL,
AFNEDOT o F Rl EHR NPT 8 MWAERT D, I, FHICHFET D N VBT =F
Vﬁ%%ﬁ%?é%f\MA&Eé&%i%ﬂéoKﬁmi\hmmﬁbb:hmf%
BT AT L7228, E&Ltmml%mﬁm#mzxﬁﬁﬁﬁottw\mé%wﬁﬁ@
ZEEBLTTs,0RBR L, BONTEBAIFIARETH- T2, ELNIT NaN; TT Uk
L. MOM % BrE L 5~&% Lto%%ﬂt?yFSS%\MN%WMkm$%MK
JE&ATH 2 LT, BRBRICESHICE e —VEAGKS DN EIT L, ABRPHEEI N 86 215
7=

Scheme 35

MOM _

Ts,0, NaHCO,

.

mCPBA, NaHCO;

Y

CH,CI, dioxane, r.t.
0°Ctor.t.
(91%)
quant

- 1
N OTs

\Cone 82
MOM _ OTs N3
o © 0
NaN3
DMF, 0 °C; Pd/C, H,
o > 0
‘Y partition; “ THF-EtOH, r.t.

15%aq HCI, r.t.
92%

COMe g,  55% (2 steps) "COMe g5
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3.7. T VT UEKR~DBILBRE

6ERMILAEY 86 27 7 VT U ~ORKERIST 87T ~LWibT 52 LN TENIX,
Plakinidine JHD 2 &I KX <3 -5< (Scheme 36) , MnO:, DDQ, CAN, Pd/C & T o ik
ERSEOBIER IS ERLTEND, WTLOLEBETHET 2Py 8T IIELN o T,
Scheme 36

Conditions for Dehydroaenation N COzMe 87
MnO,, Ar/O,, CH,Cls, r.t.
DDQ, Ar/O,, CH,Cl, r.t.
CAN, Ar, MeCN-H,0, r.t.
Pd/C, Ar, toluene, r.t.
Pd/C, O,, cyclohexene, benzene, r.t.

A DOEUEBRFTOME, BEGFETORKIGICEBNT, BRIRELRRLT 7V UEKE
BT28BHFoNTE, KEREZ I T, KIS TORMEREFT 21T o728, BBMER 89
/DL EMTERNSTZ, 22T, oBILEMEEZHRFT L. NBSZH WS Z & T, 89
BonsbdZ L& R L7 (Scheme 37),1-2 & o NBS TIX HA® T4 63 (Entry 1, 2)
Flo, KFETTHLHMIHIEIHE N> 7= (Entry 5) , KIGHKRMFEZRBE LA R, =R
T3YEDNBS ZEH S 2%., KEHBMNT 255D RLBWVEREZ 5 272 (Entry 4),
Scheme 37

NBS (3 eq)

—_—
THF

0°Corr.t.

CO,Me 86

57%

Entry Conditions Yield
1 NBS (1 eq), Ar, THF, 0 °C; H,0, rt 0%
2 NBS (2 eq), Ar, THF, 0 °C; H,0, rt 0%
3 NBS (3 eq), Ar, THF, 0 °C; H,0, rt 4-18%
4 NBS (3 eq), air, THF, rt; H,0, rt 57%
5 NBS (3 eq), air, THF-H,O, rt 0%

WO R ER AR CTE TR WA BUR O HEE KOS 2 2R T (Scheme 38) o ¥
T, 10 FHONBSICE W Er—LE2MNBERILEI Nk, 20 FHDONBSIZLD YV
TuERNERT D, ROBEEORWT 7 B aMOKENG S MLND & T, 8T
WAERT D, COBEMBT, HBr OBEENE Z > TWA DR IEmETH ABREENT
g koAb SN BEHE N EIT TS, 3O TEDONBS 28, Bue—LEE 7 uxefbl, B HBr &
BT 88 MAEKRT D, BHBIC., KO TR E R —LOREFMAKSMT A LT, 89 DT 7
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ALEANERTDEEZOND, ZRFIC, ADLKSFVNHFET D E, BP0 RFZHBIAE
ZMAKSGRL TLEW, NBS TORFEA, Bl HBr AR LAanw 122y, ERERLE —
BT 5,

Scheme 38

NBS (3 eq)
——
THF
0°Corr.t.

57%
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3.8. Curtius#g{fIC LA EREFEFDEA

BoNZ89 DT 7 M EMAGREL CHLRUVIRET D LN TENIE, Curtius
MM T4 >HOERRN T2 BRICEATDHZ ENTES (Scheme 39) , LAALANL, @
WOMBMBEMNEMETT 7 MU EMAKRGREL TS, Ml - BROBIERIZZOT 7
ERGICRERSTLEI ZEN S Mmolz, 2T, MWLM T TMeOH EEH E® 5 Z L T,
TR OT NV A= N EATF LT —TNLELTTIZ b ~OFRBRILEZS EEBIZ, BV
RO A AF LT ZATLE LT 90 ~ L E# LT,

Scheme 39

CSA

/

MeOH, reflux

80%

AFNTZ =T NVl b ~EBILT D5FEZRFTIL TV EZ A, BEYESM T IZ DMSO B
IEBEITT DT ENa0 o7 (Scheme 40) , ETEERBREELOLOMLIILICK D,
ANIFVENPUBEL TI1L OA I =T LI TFAUNERLIEEZ AT, DMSO M+ 5 Z
LTO928Lb, VAFALALT 4 RBWEET 22T b~k 93 24/ 5 2
ENTET,
Scheme 40

"o 93 Z AR MHICTHN T ZE T BEREATIVOMAKGMRE ABRT 7 % L DMK
YR FEIMFICH#EIT L C 94 AR L7z (Scheme 41) , MMEMICT AL T, ATV X
LTS MNICHEIL L, DAVAR W 95 24 7-, DPPA ZH W72 LR U EED Curtius $507
ERATZN, BoNTOTBEET L b BNEE b v R rBicfmLiz= ) — v
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77 K296 ThoTo,

Scheme 41
B 7 (o)
1M KOH aq HCl, r.t. HOC
THF, 50 °C o

DPPA, NEt;

t-BuOH, 80 °C

ZIT T by~ EGROBRKEERTIT) 2L, = A7 L 90 ZMAKSEL T
VIR R 9T & 15 7= (Scheme 42) , MW IViR g% . DPPA T Curtius $5{\f &85 Z & T,
4 OHDOEFF T BERICHE A I Boc fRi#AKR 98 %, Bifri#{k 99 L DRAHE L CTH
7=
Scheme 42

1M KOH
THF, 50°c;  HO2C pPPA. BT
-
RO Meo t-BuOH
80 °C
43%
(2 steps) R = Boc (98)
R = H (99)
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3.9. WRIE

EFIT, RECERCTEBINTLGEREZ AT 5 Plakinidine FHICH K 2 {0 & | & bl
Je % 4T o 7= (Scheme 44) ., Friedlénder ¥/ U VAWMLY, 7I /7 b7 =2/ 0nb
CODRICHEYE T HX /U B9DEMNLAX— ML, IR R AT ALEOBILZKE T, ER
WAy A 2 BOBMRKIGICEVERELT 68 287+~ AV AL D TV b rIERK.
Staudinger JJSIZ K 2 ERME T T2 257, Ak, ZkbHLWERBEIND 4 >D=E
FFE T THEBEIND BERELIL., 5 F N Dieckmann K6 Z W5 2 & T, A BREEDZEH
MY LD b &K LD, Polonovski k& FH VT Moxide 226 A R/ D E R F
ERDT Y REHEALTE &L, 7Y Rt LT ABRMBERIZ, NBSIZ X HKHEX
IS X VT 7 VB ERET D 89 BT, T MU EMBRLEIAR VB ESZR,
DPPA % i\ 7= Curtius #6{\. 217> C, BE LIC4>OEHRF 1247 D 98 O A RIC D)
L7z, TIREUREI 722865 E BE D MeO #5453 @ DMSO BE{bIZ & 5 100 DA AR L TE Y
LS%OANBRT 7 XLy EBRIL - MAKT DR TENRIE, EEOD — A — MNMR#ELE S
L C. Plakinidine DO HFHEZZERLTEDLHDEBE X T WD,

Scheme 44

N
\COZMe 100

Plakinidine D
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FHEBRT I 7ALRIGICB W T, BEE R TH 5 Cu(1)0Ac ZRAE ST D DI, Wim
NEm, LENICFZMES Aty allaEHT 52 &<, Zffi7e Cu(0Ac), &
PhNHNH, Z W5 Z & T, RIGHEIT T2 2 AH L7z %% £/, KFEORKEICL L,
EFRBET 2 ALRISICR S 9, Cu(1)0Ac @ & 5 7 Cu(l) ZiEMERE &+ % ff ~ o il B S5 IC
BT, ZAfi72 Cu(OAc), & PhNHNH, Z A G OH D2 KGR BIEHA TE 2 Al e 2 R4 2 &
MTEREEZXD, RTVTLAINRRENDI2ESR COMBKINTIEZBEINLTND
N, LEMRERNLE XD &L, FREELAMARKISEM THY , BEHBHEIZR O T
Do NITVUAIROLMER L LT, ZfiZedil, =y, SENRELEIBRHILTY
L, RFRIZMBBICALZER Cu(D) ZZMICZENICHEASEDL HiELELT, 5% 0L
EML AL TORERFICEMTELHLEX TS,

HERT NI A ROERFIICENT, SECERACEBRINZFERAAT LT T
XU UHICHKR AR E, AR EIT oY, TIX =V UV HO LI, BETEEREE
BFEZAL TV B ROER o7 7 VPV EKOAEKRMIIIEALERL, 2
NOBBREBEDHGENG N LEZ2RLTWVWD, —FH, 2L I7XF=UHIT, <0
EMIEEERZ R L, REMZO L0 EL BN baMEMENICERTHZENTEN
EEREELE L THEHREEY DR RE SN D TRIEDNRVICH D EE X D, KL THE -
R LIEL27, ZLOREEREZATHHFEROBESLTIEIT, TNETRERTH -
TEEBRT VI A ROERMRICERT 2 &8I0, HiloREMEEEHET HERE Y —
ROBBRHFIEICHELOLDEE XD,
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General Remarks: Nuclear magnetic resonance ('H NMR (400 MHz), '*C NMR (100 MHz))
spectra were determined on a JEOL-ECS400 instrument unless otherwise noted. Chemical shifts
for 'H NMR are reported in parts per million downfields from tetramethylsilane (d) as the
internal standard and coupling constants are in hertz (Hz). The following abbreviations are used
for spin multiplicity: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad.
Chemical shifts for '3C NMR were reported in ppm relative to the center line of a triplet at 77.0
ppm for deuteriochloroform. Infrared (IR) spectra were recorded on a HORIBA FT/IR FT-720
Fourier Transform Infrared Spectrophotometer and were reported in wavenumbers (cm™'). High
resolution mass spectra (HRMS) were obtained on an ABSCIEX triple TOF 5600 system at 5500
eV using direct probe insertion at temperature of 0 °C. Melting points (mp) were determined on
a Yanaco Micro Melting Point Apparatus. Analytical thin layer chromatography (TLC) was
performed on Merck precoated analytical plates, 0.25 mm thick, silica gel 60 F,s4. Preparative
TLC separations were performed on Merck analytical plates (0.25 or 0.50 mm thick) precoated
with silica gel 60 F,s4, Flash chromatography separations were performed on KANTO
CHEMICAL Silica Gel 60 (spherical, 40-100 mesh) unless otherwise noted. Reagents were
commercial grades and were used without any purification. Dehydrated tetrahydrofuran, diethyl
ether, toluene and dichloromethane were purchased from Kanto Chemicals Co., Inc., and were
purified using a Glass Contour Solvent System. Dehydrated benzene, 1,4-dioxane, N,N-
dimethylformamide and dimethyl sulfoxide were purchased from Kanto Chemicals Co., Inc. and
stored over activated MS4A". Dehydrated methanol, ethanol and acetonitrile were also purchased
from Kanto Chemicals Co., Inc. and stored over activated MS3A". All reactions sensitive to

oxygen or moisture were conducted under an argon atmosphere.

* Molecular sieves were “activated” in the following manner: A round-bottom flask containing
molecular sieves was heated in a regular microwave for 1.5-2.0 minute and the flask was
immediately evacuated. When cooled to room temperature, the flask was backfilled with argon.

The above procedure was repeated three times.
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General Procedure for Intermolecular Aryl Amination

A solution of copper (II) acetate monohydrate (0.40 mmol) and amine (4.0 mmol) in dimethyl
sulfoxide (1 mL) was stirred for 30 min at room temperature, whereupon phenylhydrazine (0.20
mmol) was added. After stirring for 30 min, aryl iodide (1.0 mmol) was added to the solution. The
reaction mixture was stirred for 30 min, and the solution was warmed to 90 °C. After stirring for
23 h at 90 °C, the solution was cooled to room temperature and diluted with ethyl acetate. The
solution was washed three times with aqueous ammoniacal sodium chloride. The combined
aqueous layer was extracted three times with ethyl acetate. The combined organic layer was
washed with brine, dried over sodium sulfate, and concentrated under reduced pressure. The

residue was purified by column chromatography to give the corresponding aniline.

N-Butylaniline
©/H\/\/
'H NMR (CDCl3) 8 7.17 (dd, 2H, J = 7.6, 7.6 Hz), 6.68 (t, I1H, J = 7.6 Hz), 6.60 (d, 2H, J =
7.6 Hz), 3.59 (brs, 1H), 3.11 (t, 2H, J = 7.1 Hz), 1.61 (tt, 2H, J=17.1, 7.1
Hz), 1.43 (tq, 2H, J=7.3, 7.1 Hz), 0.96 (t, 3H, J = 7.3 Hz)

13C NMR (CDCl3) & 148.5 (C), 129.1 (CH), 116.9 (CH), 112.6 (CH), 43.6 (CH,), 31.6 (CH,),
20.2 (CHa), 13.9 (CHs)

N-Butyl-2-nitroaniline
H
@N\/\/
NO,
'H NMR (CDCl3) §8.17 (dd, 1H, J = 8.5, 1.4 Hz), 8.06 (br's, 1H), 7.43 (dd, 1H, J = 8.0, 7.8
Hz), 6.85 (d, 1H, J = 8.0 Hz), 6.63 (ddd, 1H, J= 8.0, 7.8, 1.4 Hz), 3.31 (dt,
2H, J=6.4,7.1 Hz), 1.73 (tt, 2H, J= 7.1, 7.1 Hz), 1.49 (tq, 2H, J=7.1, 7.3
Hz), 0.99 (t, 3H, J=7.3, 1 7THz)

3C NMR (CDCl;) & 145.6 (C), 136.1 (CH), 131.6 (C), 126.8 (CH), 114.9 (CH), 113.7 (CH),
42.7 (CH,), 30.9 (CH,), 20.2 (CH,), 13.7 (CHa)

N-Butyl-3-nitroaniline
H

OZN\©/N\/\/
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'H NMR (CDCl3) & 7.50 (d, 1H, J = 8.0 Hz), 7.38 (s, 1H), 7.25 (dd, 1H, J = 8.0, 8.0 Hz), 6.84
(dd, 1H, J = 8.0, 2.4 Hz), 3.95 (br s, 1H), 3.16 (t, 2H, J = 7.2 Hz), 1.63 (tt,
2H,J = 7.2, 7.6 Hz), 1.45 (tq, 2H, J = 7.6, 7.2 Hz), 0.98 (t, 3H, J = 7.2 Hz)

13C NMR (CDCls) 8 149.3 (C), 149.1 (C), 129.5 (CH), 118.6 (CH), 111.3 (CH), 105.8 (CH),
43.3 (CHa), 31.1 (CH,), 20.1 (CH,), 13.7 (CHs)

N-Butyl-4-nitroaniline

O,N” :

'H NMR (CDCl5) & 8.08 (d, 2H, J = 9.3 Hz), 6.52 (d, 2H, J = 9.3 Hz), 4.47 (br s, 1H), 3.21 (t,
2H, J = 7.1 Hz), 1.65 (tt, 2H, J = 7.1, 7.1 Hz), 1.45 (tq, 2H, J= 7.3, 7.1
Hz), 0.98 (t, 3H, J = 7.3 Hz)

13C NMR (CDCls) & 153.7 (C), 137.0 (C), 126.3 (CH), 110.7 (CH), 42.9 (CH,), 30.8 (CH,),
19.9 (CH,), 13.6 (CHs)

N-Butyl-2-methylaniline
H
@N\/\/
Me
'H NMR (CDCl3) 8 7.12 (dd, 1H, J=17.8, 7.8 Hz), 7.04 (d, 1H, J = 7.3 Hz), 6.66-6.59 (m,
2H), 3.43 (br s, 1H), 3.15 (t, 2H, J = 7.1 Hz), 2.13 (s, 3H), 1.66 (tt, 2H, J =
7.1, 7.1 Hz), 1.46 (tq, 2H, J=17.3, 7.1 Hz), 0.97 (t, 3H, J = 7.3 Hz)

3C NMR (CDCl3) & 146.4 (C), 130.0 (CH), 127.1 (CH), 121.6 (C), 116.5 (CH), 109.5 (CH),
43.6 (CH,), 31.7 (CH3), 20.4 (CH3), 17.4 (CH3), 13.9 (CH)

N-Butyl-3-methylaniline

Me\©/ N
'H NMR (CDCls) 6 7.06 (td, IH, J=7.1, 1.2 Hz), 6.51 (d, 1H, J=7.3 Hz), 6.44-6.38 (m, 2H),
3.53 (brs, 1H), 3.10 (t, 2H, J = 7.1 Hz), 2.27 (s, 3H), 1.60 (tt, 2H, J = 7.1,
7.1 Hz), 1.43 (tq, 2H, J=17.1, 7.3 Hz), 0.95 (t, 3H, J = 7.3 Hz)

3C NMR (CDCl;) & 148.5 (C), 138.9 (C), 129.0 (CH), 117.9 (CH), 113.4 (CH), 109.8 (CH),
43.6 (CH,), 31.7 (CHa), 21.6 (CH3), 20.3 (CH,), 13.9 (CHs)
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N-Butyl-2-methoxyaniline

'H NMR (CDCls)

13C NMR (CDCls)

§ 6.87 (dd, 1H, J = 7.6, 1.2 Hz), 6.76 (d, 1H, J = 7.6 Hz), 6.65 (dd, 1H, J =
7.6, 1.2 Hz), 6.61 (d, 1H, J = 7.6 Hz), 4.16 (br s, 1H), 3.84 (s, 3H), 3.12 (t,
2H, J=7.1 Hz), 1.64 (tt, 2H, J = 7.1, 7.1 Hz), 1.44 (tq, 2H, J= 7.1, 7.3
Hz), 0.96 (t, 3H, J = 7.3 Hz)

§ 146.6 (C), 138.5 (C), 121.2 (CH), 116.0 (CH), 109.6 (CH), 109.2 (CH),
55.3 (CHs), 43.3 (CHa), 31.6 (CH,), 20.3 (CH,), 13.9 (CHa)

N-Butyl-3-methoxyaniline

'H NMR (CDCls)

13C NMR (CDCls)

Meo\@/“\/\/

§7.07 (t, 1H, J= 8.1 Hz), 6.25 (dd, 1H, J = 8.1, 2.2 Hz), 6.22 (dd, 1H, J =
8.1, 2.2 Hz), 6.16 (dd, 1H, J = 2.2, 2.2 Hz), 3.77 (s 3H), 3.62 (br s, 1H),
3.10 (t, 2H, J = 7.1 Hz), 1.60 (tt, 2H, J = 7.1, 7.1 Hz), 1.42 (tq, 2H, J = 7.1,
7.3 Hz), 0.95 (t, 3H, J = 7.3 Hz)

§ 160.7 (C), 149.8 (C), 129.8 (CH), 105.8 (CH), 102.0 (CH), 98.4 (CH),
54.9 (CH3), 43.5 (CH,), 31.5 (CH,), 20.2 (CH>), 13.8 (CH3)

N-Butyl-4-methoxyaniline

'H NMR (CDCls)

13C NMR (CDCls)

H

/©/N\/\/
MeO

§6.78 (d, 2H, J = 8.0 Hz), 6.58 (d, 2H, J = 8.0 2 0 Hz), 3.75 (s, 3H), 3.32
(brs, 1H), 3.07 (t, 2H, J = 7.1 Hz), 1.59 (tt, 2H, J = 7.1, 7.1 Hz), 1.42 (tq,
2H, J = 7.3, 7.1 Hz), 0.95 (t, 3H, J = 7.3 Hz)

§151.8 (C), 142.8 (C), 114.8 (CH), 113.9 (CH), 55.7 (CH;), 44.6 (CH,),
31.7 (CHa), 20.3 (CH,), 13.9 (CHj)

N-Butyl-3-iodoaniline
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'H NMR (CDCls)

13C NMR (CDCls)

'\©/N\/\/
§6.99 (dd, 1H, J = 7.6, 0.7 Hz), 6.94-6.92 (m, 1H), 6.86 (dd, 1H, J = 8.3,
7.6 Hz), 6.53 (dd, 1H, J = 8.3, 2.2 Hz), 3.62 (br s, 1H), 3.06 (t, 2H, J = 7.1
Hz), 1.59 (tt, 2H, J = 7.1, 7.1 Hz), 1.42 (tq, 2H, J = 7.1, 7.3 Hz), 0.96 (t,
3H, J=7.3 Hz)

§ 149.6 (C), 130.5 (C), 125.7 (CH), 120.9 (CH), 111.9 (CH), 95.3 (CH),
43.3 (CHa), 31.4 (CH,), 20.2 (CH>), 13.8 (CH3)

N-Butyl-4-iodoaniline

'H NMR (CDCls)

13C NMR (CDCls)

o

§ 7.40 (d, 2H, J = 6.8 Hz), 6.38 (d, 2H, J = 6.8 Hz), 3.63 (br s, 1H), 3.07 (t,
2H, J=7.1 Hz), 1.57 (tt, 2H, J = 7.1, 7.1 Hz), 1.41 (tq, 2H, J = 7.3, 7.1
Hz), 0.95 (t, 2H, J = 7.3 Hz)

§ 147.9 (C), 137.6 (CH), 114.8 (CH), 77.3 (C), 43.4 (CH,), 31.4 (CH,), 20.2
(CHa), 13.9 (CH3)

N-Butyl-2-fluoroaniline

'H NMR (CDCls)

13C NMR (CDCls)

©:N\/\/

F

§7.02-6.92 (m, 2H), 6.69 (dd, 1H, J = 8.4, 8.4 Hz), 6.63-6.56 (m, 1H), 3.84
(brs, 1H), 3.14 (t, 2H, J = 7.1 Hz), 1.64 (tt, 2H, J = 7.1, 7.1 Hz), 1.44 (tq,
2H, J=17.3, 7.1 Hz), 0.97 (t, 3H, J = 7.3 Hz)

8 151.5 (\WJcr = 238 Hz, C), 137.0 (3Jc_r = 12 Hz, CH), 124.5 (*Jc_r = 4 Hz,

CH), 116.1 (Jcr = 7 Hz, CH), 114.2 (*Jcr = 18 Hz, CH), 111.9 (Jcr = 3
Hz, CH), 43.2 (CH,), 31.5 (CHa), 20.2 (CH,), 13.9 (CH3)

N-Butylpyridin-2-amine
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'H NMR (CDCl;)  §8.07 (d, 1H, J = 5.1 Hz), 7.41 (dd, 1H, J = 8.4, 8.4 Hz), 6.55 (dd, 1H, J =
6.1, 6.1 Hz), 6.37 (d, 1H, J = 8.4 Hz), 4.45 (br s, 1H), 3.25 (dt, 2H, J = 6.9,
6.4 Hz), 1.61 (tt, 2H, J = 7.1, 7.1 Hz), 1.43 (tq, 2H, J = 7.1, 7.3 Hz), 0.96 (t,
3H, J = 7.3 Hz)

13C NMR (CDCl3) & 158.8 (C), 147.9 (CH), 137.1 (CH), 112.2 (CH), 106.1 (CH), 41.7 (CH»),
31.4 (CH,), 20.0 (CH,), 13.7 (CHs)

N-Butylpyridin-3-amine
N
N NS
| FZ

'H NMR (CDCl5) 8 8.02 (s, 1H), 7.97-7.91 (m, 1H), 7.10-7.02 (m, 1H), 6.88-6.82 (m, 1H),
3.64 (brs, 1H), 3.12 (dt, 2H, J = 6.4, 6.4 Hz), 1.64 (tt, 2H, J = 6.4, 7.2 Hz),
1.44 (tq, 2H, J = 7.2, 7.6 Hz), 0.97 (t, 3H, J = 7.6 Hz)

13C NMR (CDCls) & 144.4 (C), 137.8 (CH), 135.6 (CH), 123.5 (CH), 117.9 (CH), 42.9 (CH,),
31.1 (CHa), 20.0 (CH,), 13.6 (CHs)

1-Phenylpyrrolidine

@D

'H NMR (CDCl;) & 7.22 (dd, 2H, J = 8.0, 7.2 Hz), 6.65 (t, |H, J = 7.2 Hz), 6.57 (d, 2H, J =
8.0 Hz), 3.32-3.23 (m, 4H), 2.10-1.84 (m, 4H)
13C NMR (CDCl3) & 147.9 (C), 129.1 (CH), 115.3 (CH), 111.6 (CH), 47.5 (CH,), 25.4 (CH»)

4-Phenylmorpholine

ONJ

'H NMR (CDCl;) & 7.32-7.24 (m, 2H), 6.95-6.84 (m, 3H), 3.87 (t, 4H, J = 4.8 Hz), 3.16 (t,
4H, J = 4.8 Hz)
13C NMR (CDCl;) & 151.3 (C), 129.2 (CH), 120.1 (CH), 115.7 (CH), 66.9 (CH,), 49.4 (CH,)

1-Phenyl-1H-indole
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S8
'H NMR (CDCl3) 8 7.69 (d, 1H, J = 8.0 Hz), 7.56 (d, 1H, J = 8.0 Hz), 7.54-7.50 (m, 4H),
7.38-7.32 (m, 2H), 7.26-7.14 (m, 2H), 6.69 (d, 1H, J = 3.2 Hz)

13C NMR (CDCl3) 8 139.8 (C), 135.8 (C), 129.6 (CH), 129.3 (C), 127.9 (CH), 126.4 (CH),
124.3 (CH), 122.3 (CH), 121.1 (CH), 120.3 (CH), 110.5 (CH), 103.5 (CH)

Diphenylamine

OO

'H NMR (CDCl3) & 7.25(dd, 4H, J = 8.1, 8.1 Hz), 7.08 (dd, 4H, J = 8.1, 1.0 Hz), 6.94 (t, 2H,
J=28.1 Hz), 5.70 (br s, 1H)
13C NMR (CDCl3) 8 143.1 (C), 129.3 (CH), 121.0 (CH), 117.8 (CH)

2-Nitro-N-phenylaniline

NO
H 2

o8
'H NMR (CDCls)  §9.50 (br s, 1H), 8.21 (dd, 1H, J = 8.6, 1.4 Hz), 7.52-7.20 (m, 7H), 6.80-
6.75 (m, 1H)

13C NMR (CDCls) & 143.0 (C), 138.6 (C), 135.6 (CH), 133.1 (C), 129.7 (CH), 126.6 (CH),
125.6 (CH), 124.3 (CH), 117.4 (CH), 116.0 (CH)

2-Methoxy-N-phenylaniline

OMe
H

Cr
'H NMR (CDCl3) & 7.33-7.23 (m, 3H), 7.13-7.17 (m, 2H), 6.97-6.84 (m, 4H), 6.15 (br s, 1H),
3.89 (s, 3H)

13C NMR (CDCls) & 148.2 (C), 142.6 (C), 132.9 (C), 129.2 (CH), 121.1 (CH), 120.7 (CH),
119.8 (CH), 118.5 (CH), 114.6 (CH), 110.4 (CH), 55.5 (CH3)

3-Nitro-N-phenylaniline
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H
'H NMR (CDCls) & 7.85 (t, 1H, J=2.2 Hz), 7.70 (dd, 1H, J = 8.0, 2.0 Hz), 7.39-7.24 (m,
4M), 7.15 (d, 2H, J = 7.6 Hz), 7.08 (t, 2H, J = 7.3 Hz), 5.94 (br s, 1H)

13C NMR (CDCls) & 149.3 (C), 145.0 (C), 140.9 (C), 130.0 (CH), 129.7 (CH), 123.1 (CH),
121.8 (CH), 120.0 (CH), 114.6 (CH), 110.2 (CH)

3-Methoxy-N-phenylaniline
H
N

o

'H NMR (CDCl;) & 7.27 (dd, 2H, J = 8.4, 8.4 Hz), 7.17 (dd, 1H, J = 5.6, 5.6 Hz), 7.09 (d, 2H,
J=17.6 Hz), 6.94 (dd, 1H, J=7.2, 7.2 Hz), 6.67-6.63 (m, 2H), 6.49-6.47
(m, 1H), 5.71 (br s, 1H), 3.78 (s, 3H)

13C NMR (CDCls) 8 160.6 (C), 144.5 (C), 142.7 (C), 130.0 (CH), 129.3 (CH), 121.2 (CH),
118.3 (CH), 110.1 (CH), 106.1 (CH), 103.2 (CH), 55.1 (CH3)

4-Nitro-N-phenylaniline

0L

'H NMR (CDCls) 6 8.13 (d, 2H, J = 9.0 Hz), 7.40 (t, 2H, J = 7.9 Hz), 7.25-7.15 (m, 3H), 6.95
(d, 2H, J = 9.0 Hz), 6.25 (br s, 1H)

13C NMR (CDCl3) 6 150.2 (C), 139.5 (C), 139.4 (C), 129.7 (CH), 126.2 (CH), 124.6 (CH),
121.9 (CH), 113.6 (CH)

2

4-Methoxy-N-phenylaniline

saoHl

'H NMR (CDCl3) & 7.25-7.19 (m, 2H), 7.07 (d, 2H, J = 8.7 Hz), 6.92-6.83 (m, 5H), 5.49 (br s,
1H), 3.80 (s, 3H)

13C NMR (CDCl3) 8 155.2 (C), 145.1 (C), 135.6 (C), 129.3 (CH), 122.1 (CH), 119.5 (CH),
115.6 (CH), 114.6 (CH), 55.5 (CH3)
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tert-Butyl 2,4-dimethylquinoline-3-carboxylate (59)

Me
Me ACCHzCOzt'BU
Nd(NO;); cat.  -BUO2C
(o} >
. =
t-BuOH, reflux Me N
HyN
76%
59

To a stirred solution of 2’-aminoacetophenone (20.0 g, 148 mmol) and #-butyl acetoacetate (25.7
g, 162 mmol) in fert-butyl alcohol (200 mL) was added neodymium nitrate hexahydrate (6.50 g,
14.8 mmol) at room temperature. The mixture was warmed up to 90 °C. After stirring for 12 h at
90 °C, the reaction mixture was diluted with ethyl acetate and filtered through a pad of Celite. The
filtrate was dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography (ethyl acetate/hexane = 0/1 to 1/2) to afford
59 (28.9 g, 76%) as a white solid; mp 60.7 °C.

IR (film) 2975, 1716, 1589, 1367, 1292, 1241, 1153, 845, 756 cm!

'H NMR (CDCl3) 8 7.99 (t, 2H, J = 9.4 Hz), 7.69 (t, 1H, J = 7.1 Hz), 7.52 (t, 1H, J = 7.6 Hz),
2.73 (s, 3H), 2.66 (s, 3H), 1.66 (s, 9H)

I3C NMR (CDCl;) 8 168.4 (C), 154.1 (C), 146.9 (C), 140.4 (C), 129.7 (CH), 129.2 (CH), 129.1
(C), 126.1 (C), 125.9 (CH), 123.9 (CH), 82.7 (C), 28.1 (CH3), 23.7 (CH3),
15.3 (CHj)

HRMS Calcd for Ci¢H20NO, ([M+H]"): 258.1494, Found: 258.1493
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tert-Butyl 2-formyl-4-methylquinoline-3-carboxylate (64)

Me Me
t-BuOZC N 8802 t-BUOZC | \
_——
= i H —
Me” >N dg’o"fge N
o
59 85% 64

To a stirred solution of 59 (28.9 g, 112 mmol) in 1,4-dioxane (450 mL) was added selenium
dioxide (20.0 g, 180 mmol) at room temperature. The mixture was warmed up to 80 °C. After
stirring at 80 °C for 2 h, the reaction mixture was added aqueous sodium bicarbonate and aqueous
sodium thiosulfate at 0 °C. After stirring at room temperature overnight, the resulting solution was
diluted with ethyl acetate and filtered through a pad of Celite. The filtrate was extracted two times
with ethyl acetate. The combined organic phase was washed with brine, dried over magnesium
sulfate, filtered, and concentrated under reduced pressure. The residue was purified by flash
column chromatography (ethyl acetate/hexane = 1/5) to afford 64 (25.9 g, 85%) as a white solid;
mp 78.9 °C.

IR (film) 2978, 1720, 1703, 1564, 1365, 1296, 1242, 1151, 1130, 1082, 743 cm"!

'H NMR (CDCl3) 8 10.16 (s, 1H), 8.20 (d, 1H, J = 8.2 Hz), 8.06 (d, 1H, J = 8.5 Hz), 7.82-7.78
(m, 1H), 7.72-7.68 (m, 1H), 2.72 (s, 3H), 1.69 (s, 9H)

I3C NMR (CDCl;3) 8 192.6 (CH), 166.8 (C), 148.3 (C), 146.7 (C), 142.6 (C), 131.0 (CH), 130.6
(CH), 129.6 (CH), 128.8 (C), 126.8 (C), 124.2 (CH), 83.2 (C), 28.2 (CH3),
14.9 (CH3)

HRMS Calcd for Ci¢HisNO3 ([M+H]"): 272.1287, Found: 272.1282
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But-3-en-1-ylmagnesium bromide

Mg’ |2
PN — A~
z Br THF, rt. z MgBr

To a stirred suspension of magnesium (5.00 g, 206 mmol) in tetrahydrofuran (90.0 mL) was added
catalytic amount of iodine at room temperature. After stirring for 10 min at room temperature, the
reaction mixture was added 4-bromobut-1-ene (25.0 g, 185 mmol) in tetrahydrofuran (90.0 mL) at
room temperature and heated to reflux for 40 min. After cooling to room temperature, crude but-
3-en-1-ylmagnesium bromide was giving as a colorless tetrahydrofuran solution, which was used

in the next reaction without further purification.
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tert-Butyl 2-(1-hydroxypent-4-en-1-yl)-4-methylquinoline-3-carboxylate (65)

Me NMgBr
t-BuO,C. Zncl,
—>
H NZ THF, -78 °C
0 93%
64

To a stirred solution of zinc chloride (7.30 g, 53.6 mmol) in tetrahydrofuran (200 mL) was added
crude but-3-en-1-ylmagnesium bromide (ca. 200 mL) at 0 °C. After stirring at room temperature
for 1.5 h, the reaction mixture was added 64 (29.0 g, 107 mmol) at -78 °C. After stirring at -78 °C
for 1 h, the reaction mixture was warmed to -20 °C. After stirring for 2 h at -20 °C, aqueous
ammonium chloride was added. The resulting solution was extracted three times with ethyl acetate.
The combined organic phase was washed with brine, dried over magnesium sulfate, filtered, and
concentrated under reduced pressure. The residue was purified by flash column chromatography
(ethyl acetate/hexane = 1/4) to afford 65 (32.4 g, 93%) as a white solid; mp 53.3 °C.

IR (film) 2976, 1724, 1716, 1568, 1500, 1365, 1294, 1240, 1155, 899, 847, 758 cm™!

'H NMR (CDCl3)  68.06-8.02 (m, 2H), 7.75-7.71 (m, 1H), 7.60-7.56 (m, 1H), 5.90-5.80 (m, 1H),
5.09-4.92 (m, 4H), 2.70 (s, 3H), 2.32-2.28 (m, 2H), 2.06-1.98 (m, 1H), 1.68-
1.61 (m, 10H)

I3C NMR (CDCl3) 8 167.4 (C), 157.9 (C), 145.6 (C), 142.4 (C), 138.3 (CH), 130.2 (CH), 129.4
(CH), 126.9 (CH), 126.8 (C), 126.4 (C), 124.1 (CH), 114.8 (CH>), 83.4 (C),
70.3 (CH), 37.7 (CHz2), 30.0 (CH»), 28.2 (CH3), 15.6 (CH3)

HRMS Caled for Co90H26NO3 ([M+H]"): 328.1913, Found: 328.1910
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tert-Butyl 4-methyl-2-(pent-4-enoyl)quinoline-3-carboxylate (66)

IBX

DMSO-CH,CI,
r.t. to 50 °C

97%

To a stirred solution of 65 (32.4 g, 99.0 mmol) in dichloromethane (160 mL) and dimethyl
sulfoxide (320 mL) was added 2-iodoxybenzoic acid (55.4 g, 198 mmol) at 0 °C. After stirring at
0 °C for 2h, the reaction mixture was diluted ethyl acetate and filtered through a pad of Celite.
The resulting reaction mixture were added aqueous sodium bicarbonate and aqueous sodium
thiosulfate and extracted three times with ethyl acetate. The combined organic phase was washed
with brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography (ethyl acetate/hexane = 1/5) to afford 66
(31.6 g, 97%) as a white solid; mp 73.3 °C.

IR (film) 2976, 2362, 1718, 1703, 1396, 1365, 1305, 1244, 1157, 918, 845 cm'!

'H NMR (CDCl3) 68.16-8.13 (m, 1H), 8.08-8.05 (m, 1H), 7.79-7.75 (m, 1H), 7.69-7.65 (m, 1H),
6.01-5.91 (m, 1H), 5.13 (dq, 1H, J=17.2, 1.6 Hz), 5.02 (dq, 1H, J=10.2,
1.6 Hz), 3.45 (t, 2H, J = 7.6 Hz), 2.73 (s, 3H), 2.57-2.51 (m, 2H), 1.66 (s,
9H)

3C NMR (CDCl3) 68 201.3 (C), 167.5 (C), 150.3 (C), 145.9 (C), 142.5 (C), 137.5 (CH), 131.0
(CH), 130.2 (CH), 128.8 (CH), 128.4 (C), 127.0 (C), 124.1 (CH), 115.1 (CHa>),
82.7 (C), 37.4 (CHz), 28.1 (CH3), 28.1 (CH3»), 15.0 (CH3)

HRMS Calcd for C20H24NO3 ([M+H]"): 326.1756, Found: 326.1753
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3-Azidopropanal (67)

NaN3
—_— CHO
X CHO ACOH, 0 °C Ns/\/
64% 67

To a stirred solution of acrolein (7.40 mL, 100 mmol) in acetic acid (15.0 mL) was added sodium
azide (10.0 g, 154 mmol) in water (40.0 mL) at 5 °C. After stirring for 1 h at 5 °C, the reaction
mixture was basified by aqueous sodium carbonate at 5 °C. The resulting solution was extracted
two times with diethyl ether. The combined organic phase was washed with aqueous sodium
carbonate and brine, dried over magnesium sulfate, filtered, and concentrated under reduced
pressure under 10 °C. Crude 67 (16.0 g, 64%) was obtained as a 40% diethyl ether solution, which

was used in the next reaction without further purification.
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tert-Butyl 2-(2-(3-azido-1-hydroxypropyl)pent-4-enoyl)-4-methylquinoline-3-carboxylate (68)

THF, -78 °C

81%

To a stirred solution of 66 (6.20 g, 19.1 mmol) in tetrahydrofuran (90.0 mL) was added 1.6 M
lithium hexamethyldisilazide (18.0 mL, 28.7 mmol) at -78 °C. After stirring for 1 h at -78 °C, the
reaction mixture was added 67 (8.50 mL, 28.7 mmol) in diethyl ether. After stirring for 2 h at -
78 °C, the reaction mixture was quenched with aqueous ammonium chloride at -78 °C. After
warming to room temperature, the reaction mixture was extracted two times with ethyl acetate.
The combined organic phases were dried over magnesium sulfate and filtered. The filtrate was
concentrated under reduced pressure. The residue was purified by flash column chromatography

(dichloromethane) to afford 68 (6.70 g, 81%) as a pale orange oil.
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tert-Butyl 2-(2-(2-azidoethyl)-5-hydroxytetrahydrofuran-3-carbonyl)-4-methylquinoline-3-
carboxylate (70)

0s HO t-BuO,C e
CH,Cl,-MeOH 2
-78 °C;
—_— [o)
Mezs
-78 °C to r.t.

81%

N, 70

To a stirred solution of 68 (44.3 g, 104 mmol) in dichloromethane (1440 mL) was added methanol
(700 mL) at room temperature. After cooling to -78 °C, ozone was bubbled through the mixture
for 2.5 h. Argon was passed through the mixture until blue color was discharged. To the stirred
mixture was added dimethyl sulfide (410 mL, 5.53 mol) at -78 °C. After stirring 12 h, the reaction
mixture was warmed to room temperature and concentrated under reduced pressure. The residue
was purified by flash column chromatography (ethyl acetate/hexane = 0/1 to 1/2) to afford crude
70 (36.0 g, 81%) as an oil.
mixture of four isomers
IR (film) 2977, 2094, 1720, 1699, 1564, 1454, 1367, 1244, 1153, 758 cm™!

'H NMR (CDCl3)  §8.20-8.14 (m, 1H), 8.13-8.07 (m, 1H), 7.86-7.78 (m, 1H), 7.77-7.69 (m, 1H),
5.76-5.50 (m, 1H), 5.24-4.40 (m, 2H), 3.56-3.23 (m, 2H), 2.77-2.71 (m, 3H),
2.67-1.92 (m, 3H), 1.67-1.63 (m, 9H), 1.63-1.39 (m, 1H).

13C NMR (CDCl;3) 8 204.5 (C), 203.6 (C), 200.1 (C), 199.6 (C), 167.2 (C), 167.2 (C), 167.1 (C),
167.0 (C), 149.7 (C), 149.1 (C), 148.6 (C), 148.6 (C), 145.9 (C), 145.8 (C),
145.8 (C), 145.7 (C), 143.3 (C), 143.3 (C), 142.9 (C), 142.8 (C), 131.1 (CH),
131.1 (CH), 131.0 (CH), 130.9 (CH), 130.7 (CH), 130.6 (CH), 130.4 (CH),
130.4 (CH), 129.7 (CH), 129.6 (CH), 129.3 (CH), 129.2 (CH), 128.8 (C),
128.7 (C), 128.6 (C), 128.5 (C), 127.7 (C), 127.4 (C), 127.4 (C), 127.3 (C),
124.2 (CH), 124.2 (CH), 124.1 (CH), 124.1 (CH), 99.2 (CH), 99.0 (CH), 98.7
(CH), 98.0 (CH), 83.2 (C), 83.2 (C), 82.9 (C), 82.8 (C), 80.0 (CH), 80.0 (CH),
79.2 (CH), 49.3 (CH), 49.1 (CH), 48.9 (CH), 48.5 (CH2), 48.5 (CH>), 48.1
(CH3), 47.1 (CH>), 46.6 (CH), 45.9 (CH), 37.9 (CH3), 37.5 (CH2), 36.3 (CH>),
35.9 (CH»), 35.2 (CH>»), 35.1 (CH>), 32.1 (CHz2), 31.4 (CH>), 28.0 (CH3), 15.1
(CH3), 15.0 (CH3), 15.0 (CH3).

HRMS Caled for C22H27N4Os ([M+H]"): 427.1982, Found: 427.1978
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tert-Butyl 2-(2-(2-azidoethyl)-5-oxotetrahydrofuran-3-carbonyl)-4-methylquinoline-3-
carboxylate (71)

HO

TEMPO O t-BuO,C

DAIB
—_—
CH,CI,
0°Ctort

88%
N3 70 N3 71

To a stirred solution of 70 (36.0 g, 84.4 mmol) in dichloromethane (720 mL) were added 2,2,6,6-
tetramethylpiperidine 1-oxyl (660 mg, 4.22 mmol) and diacetoxyiodobenzene (40.7 g, 126 mmol)
at room temperature. After stirring for 9 h at room temperature, the reaction mixture was added
additional 2,2,6,6-tetramethylpiperidine 1-oxyl (660 mg, 4.22 mmol) at room temperature. After
stirring for 3 h at room temperature, the reaction mixture was added additional
diacetoxyiodobenzene (20.0 g, 62.1 mmol) at room temperature. After stirring for 12 h, the
reaction mixture was quenched with aqueous sodium thiosulfate and aqueous sodium bicarbonate
at 0 °C. The resulting solution was extracted three times with chloroform. The combined organic
phases were dried over magnesium sulfate and filtered. The filtrate was concentrated under
reduced pressure. The residue was purified by flash column chromatography (ethyl acetate/hexane
= 0/1 to 1/4) to afford crude 71 (31.6 g, 88%) as an oil.

less polar isomer

Me

0, t-BuO,C

IR (film) 2978, 2931, 2096, 1781, 1722, 1702, 1564, 1367, 1246, 1153, 843, 756 cm"!

'H NMR (CDCl;)  §8.20-8.17 (m, 1H), 8.13-8.10 (m, 1H), 7.87-7.83 (m, 1H), 7.78-7.74 (m, 1H),
5.34 (ddd, 1H, J=11.2, 8.6, 2.7 Hz), 5.20 (q, 1H, J = 8.6 Hz), 3.45-3.35 (m,
2H), 3.23 (dd, 1H, J = 18.0, 8.8 Hz), 2.75 (s, 3H), 2.68 (dd, 1H, J = 18.0, 8.8
Hz), 1.76-1.48 (m, 2H), 1.66 (s, 9H).

13C NMR (CDCl3) 8 196.9 (C), 175.2 (C), 166.9 (C), 147.9 (C), 146.0 (C), 143.4 (C), 131.1 (CH),
130.8 (CH), 129.9 (CH), 129.0 (C), 127.5 (C), 124.2 (CH), 83.3 (C), 77.7
(CH), 47.7 (CH,), 45.5 (CH), 31.1 (CH_), 29.8 (CH,), 28.1 (CHs), 15.1 (CHs)

HRMS Caled for C22HasN4Os ([M+H]*): 425.1825, Found: 425.1820

more polar isomer
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IR (film)
'H NMR (CDCls)

13C NMR (CDCls)

HRMS

2978, 2933, 2096, 1780, 1722, 1703, 1564, 1367, 1246, 1155, 843, 758 cm"!
5 8.17-8.10 (m, 2H), 7.86-7.82 (m, 1H), 7.77-7.73 (m, 1H), 4.87 (ddd, 1H, J
=9.5,5.7,3.3 Hz), 4.76-4.69 (m, 1H), 3.62-3.45 (m, 2H), 3.08 (dd, 2H, J =
18.1, 8.0 Hz), 2.98 (dd, 2H, J= 18.1, 9.7 Hz), 2.76 (s, 3H), 2.30-2.20 (m, 1H),
2.15-2.04 (m, 1H), 1.66 (s, 9H).

§197.4 (C), 174.8 (C), 166.9 (C), 148.1 (C), 145.8 (C), 143.4 (C), 130.9 (CH),
130.8 (CH), 129.7 (CH), 128.8 (C), 127.7 (C), 124.3 (CH), 83.3 (C), 78.7
(CH), 47.6 (CH>), 47.1 (CH), 34.8 (CH>), 31.6 (CH>), 28.0 (CH3), 15.0 (CH3).
Caled for C22HasN4Os ([M+H]"): 425.1825, Found: 425.1820
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tert-Butyl 4-methyl-2-(2-0x0-2,3,3a,6,7,7a-hexahydrofuro[3,2-c]pyridin-4-yl)quinoline-3-
carboxylate (72)

To a stirred solution of 71 (20.6 g, 48.5 mmol) in tetrahydrofuran (500 mL) was added
triphenylphosphine (38.3 g, 146 mmol) at room temperature and heated to 60 °C. After stirring for
3.5 h at 60 °C, the reaction mixture was filtered through a pad of Celite. The filtrate was
concentrated under reduced pressure. The residue was purified by flash column chromatography
(ethyl acetate/hexane = 1/5 to 1/2) to afford crude 72 (9.00 g, 50%) as a white solid; mp 133.4 °C.
IR (film) 2970, 1763, 1716, 1651, 1365, 1234, 1153, 1018, 754 cm™!

'H NMR (CDCl3) §8.07-8.01 (m, 2H), 7.77-7.71 (m, 1H), 7.64-7.59 (m, 1H), 5.05-5.00 (m, 1H),
4.42-4.34 (m, 1H), 3.97-3.81 (m, 2H), 3.14 (dd, 1H, J=18.4, 10.6 Hz), 2.72
(s, 3H), 2.59 (dd, 1H, J = 18.4, 6.2 Hz), 2.03-1.94 (m, 2H), 1.61 (s, 9H).

I3C NMR (CDCl3) 8§175.8(C), 167.7 (C), 166.4 (C), 151.8 (C), 145.8 (C), 142.3 (C), 130.1 (CH),
130.0 (CH), 127.8 (CH), 127.7 (C), 127.4 (C), 124.0 (CH), 82.2 (C), 75.8
(CH), 44.5 (CH2), 34.5 (CH), 33.3 (CHz), 28.1 (CH3), 25.6 (CHz), 15.0 (CH;)

HRMS Caled for C22H2sN204 ([M+H]"): 381.1814, Found: 381.1811
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Methyl 4-(3-(tert-butoxycarbonyl)-4-methylquinolin-2-yl)-2-oxohexahydrofuro[3,2-c]pyridine-
5(4H)-carboxylate (77)

CICO,Me (5 eq)
NaBH3;CN (5 eq)

CH,CI,
0°Ctor.t.

72

To a stirred solution of 72 (18.6 g, 48.9 mmol) in dichloromethane (370 mL) were added methyl
chloroformate (18.8 mL, 245 mmol) and sodium cyanoborohydride (26.0 g, 245 mmol) at 0 °C.
After stirring for 6.3 h at 0 °C, the mixture was warmed up to room temperature. The reaction was
quenched by aqueous sodium bicarbonate. The resulting solution was extracted once with
chloroform and two times with ethyl acetate. The combined organic phase was dried over
magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was purified
by flash column chromatography (ethyl acetate/hexane = 0/1 to 1/1) to afford 77 (15.9 g, 74%) as
a white solid; mp 156.9 °C.

IR (film) 2978, 1774, 1701, 1570, 1442, 1369, 1242, 1153, 752 cm™!

'H NMR (CDCl3) & 8.03-7.98 (m, 2H), 7.73-7.67 (m, 1H), 7.59-7.53 (m, 1H), 5.45 (d, 1H, J =
6.8 Hz), 4.82 (dd, 1H, J=12.7, 6.8 Hz), 4.12 (ddd, 1H, J=13.4, 7.3, 4.4 Hz),
3.62-3.52 (m, 1H), 3.52 (s, 3H), 3.41-3.32 (m, 1H), 2.83 (dd, 1H, J = 18.2,
8.9 Hz), 2.69 (s, 3H), 2.47 (dd, 1H, J=18.2, 7.2 Hz), 2.34-2.25 (m, 1H),
2.18-2.09 (m, 1H), 1.65 (s, 9H).

3C NMR (CDCl3) 8176.7(C), 167.9 (C), 156.2 (C), 154.2 (C), 146.3 (C), 141.4 (C), 130.0 (CH),
130.0 (CH), 127.7 (C), 127.0 (CH), 126.2 (C), 123.8 (CH), 83.1 (C), 77.2
(CH), 55.9 (CH), 52.6 (CH3), 39.8 (CH2), 36.3 (CH), 32.0 (CHz), 28.0 (CHa),
27.7 (CHy), 15.5 (CH3)

HRMS Calcd for C24H29N,06 ([M+H]"): 441.2026, Found: 441.2027
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Methyl

7-methyl-5,6-dioxo-2,3,3a,3al,5,5a,6,12b-octahydro-1H-benzo[b]furo[4,3,2-

gh][1,10]phenanthroline-1-carboxylate (79)

(o)

(o]

Me
t-Bu0,C BUOK
i
= H r
. Ao | THF
'@‘ N 0°C tor.t.
N
~Co,Me 85%
77

To a stirred solution of 77 (5.60 g, 12.7 mmol) in tetrahydrofuran (170 mL) was added -BuOK

(1.57g, 14.0 mmol) at 0 °C. After stirring for 5 min at 0 °C, the mixture was warmed up to room

temperature and stirred for 1.5 h. The reaction was quenched with aqueous ammonium chloride.

The solution was partitioned between ethyl acetate and water. The aqueous phase was extracted

three times with ethyl acetate. The combined organic phase was washed with brine, dried over

magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was purified

by silica gel column chromatography (neutral, ethyl acetate/hexane = 1/1 to 1/0) to afford 79 (3.95

g, 85%) as a white solid. 79 was obtained as a 1:1 mixture of two isomers; mp 223.0 °C.

IR (film)
'H NMR (CDCls)

13C NMR (CDCls)

HRMS

1761, 1691, 1576, 1448, 1271, 1254, 1165, 1115, 1053, 955, 930, 760 cm™!
38.15(d, 1H, J = 8.3 Hz), 8.08-8.01 (m, 1H), 7.80-7.74 (m, 1H), 7.63-7.58
(m, 1H), 5.64 (d, 0.5H, J=9.0 Hz), 5.45 (d, 0.5H, J=9.0 Hz), 4.84 (dd, 1H,
J=11.1,5.0 Hz), 4.13 (s, 0.5H), 4.10 (s, 0.5H), 4.08-4.01 (m, 0.5H), 3.98
-3.89 (m, 0.5 H), 3.87 (br s, 1.5H), 3.66 (br s, 1.5H), 3.64-3.42 (m, 2H), 2.89
(s, 3 H), 2.15-1.98 (m, 2H).

3 191.3 (C), 191.0 (C), 171.6 (C), 157.4 (C), 154.4 (C), 148.6 (C), 147.7 (C),
131.5 (CH), 131.3 (CH), 130.4 (CH), 127.3 (C), 127.2 (C), 127.1 (CH), 125.5
(C), 125.3 (CH), 76.4 (CH), 56.8 (CH), 56.6 (CH), 53.2 (CH3), 52.9 (CH3),
50.6 (CH), 50.2 (CH), 36.0 (CH»), 35.7 (CH»), 35.0 (CH), 34.8 (CH), 26.5
(CH>), 26.4 (CH3), 14.5 (CH3)

Calcd for C20H19N,0s ([M+H]"): 367.1294, Found: 367.1299
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Methyl 6-(methoxymethoxy)-7-methyl-5-0x0-2,3,3a,3a1,5,12b-hexahydro-1H-
benzo[b]furo[4,3,2-gh][1,10]phenanthroline-1-carboxylate (80)

0O yo Me MoMClI
i-Pr,NEt
—>
°, CH,Cl,, 0 °C
95%

~CO,Me
79

To a stirred solution of 79 (8.00 g, 21.8 mmol) in dichloromethane (200 mL) were added N,N-
diisopropylethylamine (6.00 mL, 34.4 mmol) and chloromethyl methyl ether (2.30 mL, 28.4 mmol)
at 0 °C. After stirring for 3 h at 0 °C, the reaction was quenched with aqueous sodium bicarbonate.
The resulting solution was extracted three times with chloroform. The combined organic phase
was concentrated under reduced pressure. The residue was purified by flash column
chromatography (ethyl acetate/methanol = 1/0 to 10/1) to afford 80 (8.50 g, 95%) as a white solid;
mp 169.6 °C.

IR (film) 1736, 1709, 1641, 1448, 1323, 1215, 1153, 1122, 1053, 906, 773, 762 cm"!

'H NMR (CDCl3) 6 8.10-8.05 (m, 2H), 7.75-7.70 (m, 1H), 7.61-7.57 (m, 1H), 5.36 (d, 1H, J =
5.8 Hz), 5.17 (d, 1H, J = 5.8 Hz), 5.05-4.99 (m, 1H), 4.77 (d, 1H, J = 3.4 Hz),
3.73-3.64 (m, 2H), 3.57-3.49 (m, 1H), 3.49 (s, 3H), 3.39 (s, 3H), 2.90 (s, 3H),
2.27-2.18 (m, 1H), 2.08-2.01 (m, 1H).

3C NMR (CDCl3) 8167.0(C), 159.4 (C), 157.5(C), 156.1 (C), 146.5 (C), 142.7 (C), 130.5 (CH),
129.8 (CH), 128.3 (C), 127.3 (CH), 124.5 (CH), 123.3 (C), 107.9 (C), 98.8
(CH,), 72.4 (CH), 57.6 (CH3), 56.4 (CH), 52.4 (CH3), 41.1 (CH), 39.7 (CH>),
28.2 (CH»), 15.9 (CH3)

HRMS Caled for C22H23N206 ([M+H]"): 411.1556, Found: 411.1556
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1-(Methoxycarbonyl)-6-(methoxymethoxy)-7-methyl-5-0x0-2,3,3a,3al1,5,12b-hexahydro-1H-
benzo[b]furo[4,3,2-gh][1,10]phenanthroline 12-oxide (81)

mCPBA, NaHCO;

CH,Cl,, 0°C tort.

quant.

To a stirred solution of 80 (1.10 g, 2.68 mmol) in dichloromethane (20.0 mL) were added m-
chloroperbenzoic acid (1.40 g, 5.27 mmol) and sodium bicarbonate (0.680 g, 8.09 mmol) at 0 °C.
After stirring for 2 h at 0 °C, the reaction mixture was diluted with chloroform and filtered through
a pad of aluminium oxide. The reaction was quenched with aqueous sodium thiosulfate. The
resulting solution was extracted three times with chloroform. The combined organic phase was
concentrated under reduced pressure. The residue was purified by aluminium oxide column
chromatography (chloroform) to afford 81 (1.14 g, quant.) as an oil.

IR (film) 1741, 1697, 1652, 1446, 1348, 1194, 1147, 1049, 908, 727 cm"!

'H NMR (CDCl;) 6 8.85(dd, 1H, J=18.6, 1.1 Hz), 8.10 (d, 1H, J = 8.6 Hz), 7.83-7.78 (m, 1H),
7.73-7.67 (m, 1H), 5.78 (d, 1H, J= 3.9 Hz), 5.33 (d,1H, J=5.9 Hz), 5.19 (d,
1H, J=5.9 Hz), 5.06-5.00 (m, 1H), 3.76-3.67 (m, 1H), 3.60 (dd, 1H, J=9.4,
3.9 Hz), 3.53-3.43 (m, 1H),3.46 (s, 6H), 2.85 (s, 3H), 2.36-2.26 (m, 1H), 2.06-
1.98 (m, 1H).

I3C NMR (CDCl3) 8166.6(C), 157.4 (C), 155.1 (C), 143.7 (C), 140.7 (C), 132.5(C), 131.2 (CH),
129.1 (CH), 129.0 (C), 125.2 (CH), 124.5 (C), 120.8 (CH), 108.6 (C), 99.1
(CH»), 72.4 (CH), 57.6 (CH3), 52.5 (CH3), 46.6 (CH), 40.6 (CH), 39.6 (CH>),
27.9 (CH»), 15.6 (CH3)

HRMS Caled for C22H23N207 ([M+H]"): 427.1505, Found: 427.1509
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Methyl 6-(methoxymethoxy)-5-oxo0-7-((tosyloxy)methyl)-2,3,3a,3al1,5,12b-hexahydro-1H-
benzo[b]furo[4,3,2-gh][1,10]phenanthroline-1-carboxylate (84)

Ts,0, NaHCO,

Y

dioxane, r.t.

To a stirred solution of 81 (1.70 g, 3.99 mmol) in 1,4-dioxane (20.0 mL) were added sodium
bicarbonate (6.70 g, 79.8 mmol) and p-toluenesulfonic anhydride (2.00 g, 6.13 mmol) at 0 °C.
After stirring for 2 h at 0 °C, the reaction mixture was diluted with ice and brine. The resulting
solution was extracted two times with ethyl acetate. The combined organic phases were dried over
sodium sulfate and filtered. The filtrate was concentrated under reduced pressure. The residue was
purified by flash column chromatography (ethyl acetate/ethanol = 10/1 to 5/1) to afford crude 84

(2.10 g) as a brown oil, which was used in the next reaction without further purification.
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Methyl 7-(azidomethyl)-5,6-dioxo0-2,3,3a,3al,5,5a,6,12b-octahydro-1H-benzo[b]furo[4,3,2-
gh][1,10]phenanthroline-1-carboxylate (85)

N3
NaN, o
DMF, 0 °C;
> 0
partition; -

15%aq HCI, r.t.
55% (2 steps) ~co,Me

To a stirred solution of crude 84 (2.10 g) in N,N-dimethylformamide (100 mL) was added sodium
azide (2.50 g, 38.5 mmol) at 0 °C. After stirring for 1 h at 0 °C, the reaction mixture was quenched
with aqueous ammonium chloride. The resulting solution was extracted three times with ethyl
acetate. To the stirred combined organic phases was added 15% hydrochloric acid at room
temperature. After stirring for 1 h at room temperature, the reaction mixture was extracted two
times with ethyl acetate. The combined organic phases were washed with brine, dried over sodium
sulfate and filtered. The filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography (ethyl acetate/hexane = 1/4 to 1/0) to afford 85 (0.900 g, 55% in
2 steps) as an oil.

IR (film) 2950, 2103, 1770, 1685, 1576, 1444, 1362, 1167, 1114, 975, 764 cm™!

'H NMR (CDCl;) 6 8.15(d, 1H, J = 8.2 Hz), 8.15-8.09 (m, 1H), 7.87-7.81 (m, 1H), 7.72-7.65
(m, 1H), 5.76-5.67 (m, 0.5H), 5.57-5.49 (m, 0.5H), 5.07-5.00 (m, 1H), 4.87
(dd, 1H, J=10.7, 4.7 Hz), 4.80-4.73 (m, 1H), 4.20 (s, 0.5H), 4.17 (s, 0.5H),
4.16-4.06 (m, 0.5H), 4.03-3.95 (m, 0.5H), 3.88 (s, 1.5H), 3.69 (s, 1.5H), 3.64
(ddd, 1H, J=9.5,9.5, 6.4 Hz), 3.53-3.36 (m, 1H), 2.19-2.00 (m, 2H).

I3C NMR (CDCl3) 8§190.7 (C), 171.3 (C), 157.3 (C), 154.5 (C), 149.5(C), 142.3 (C), 132.2 (CH),
130.6 (CH), 128.3 (CH), 125.9 (C), 125.9 (C), 125.3 (CH), 76.5 (CH), 56.4
(CH), 53.3 (CH3), 50.5 (CH), 45.6 (CHz»), 35.7 (CH2), 34.9 (CH), 26.6 (CH>)

HRMS Caled for C,oH1sNsOs ([M+H]"): 408.1308, Found: 408.1306
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Methyl 5-0x0-2,3,3a,3al1,5,5a,6,12b-octahydro-1H-benzo[b]furo[4,3,2-gh]pyrrolo[4,3,2-
de][1,10]phenanthroline-1-carboxylate (86)

Pd/C, H, (1 atm)
—>
THF-EtOH, r.t.

92%

To a stirred solution of 85 (900 mg, 2.20 mmol) in tetrahydrofuran (50.0 mL) and ethanol (5.00
mL) was added 5% palladium on carbon (M-type, wet, Kawaken, 940 mg, 0.440 mmol) at room
temperature and then hydrogen gas was purged. After stirring for 3.5 h at room temperature, the
reaction mixture was diluted with chloroform and ethanol (10/1) and filtered through a pad of
Celite. The filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography (ethyl acetate) to afford 86 (740 mg, 92%) as an oil.

IR (film) 2952, 1765, 1685, 1628, 1518, 1444, 1396, 1358, 1186, 1036, 744 cm™!

'H NMR (CDCl3) §10.19 (brs, 0.5H), 10.14 (br s, 0.5H), 8.02-7.99 (m, 1H), 7.98-7.94 (m, 1H),
7.51-7.42 (m, 3H), 5.95 (d, 0.5H, J = 8.5 Hz), 5.78 (d, 0.5H, J = 8.5 Hz),
4.91-4.79 (m, 1H), 4.40 (d, 0.5H, J = 10.1 Hz), 4.33 (d, 0.5H, J = 10.1 Hz),
4.05 (d, 0.5H, J =9.7 Hz), 4.00 (d, 0.5H, J = 9.7 Hz), 3.85 (s, 3H), 3.79 (s,
3H), 3.75-3.60 (m, 2H), 2.05-1.90 (m, 1H), 1.43-1.29 (m, 1H).

3C NMR (CDCl3) 8 175.0 (C), 157.7 (C), 153.5 (C), 144.3 (C), 130.1 (CH), 126.7 (CH), 126.5
(CH), 123.2 (CH), 122.6 (C), 119.1 (C), 117.9 (C), 115.5 (C), 110.8 (CH),
78.1 (CH), 53.3 (CH3), 50.2 (CH), 39.5 (CH3), 39.0 (CH), 38.1 (CH), 25.9
(CH>»)

HRMS Calcd for C2oH sN304 ([M+H]"): 364.1297, Found: 364.1296
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Methyl 5,7-diox0-2,3,3a,5,6,7-hexahydro-1H-benzo[b]furo[4,3,2-gh]pyrrolo[4,3,2-
de][1,10]phenanthroline-1-carboxylate (89)

NBS (3 eq)
THF, 0°C orr.t;

Y

H20, r.t.
57%

To a stirred solution of 86 (10.6 mg, 29.2 umol) in tetrahydrofuran (0.500 mL) was added N-
bromosuccinimide (14.8 mg, 83.2 umol) at 0 °C. After stirring for 1 h at 0 °C, water (0.100 mL)
was added. After stirring for 4 h at room temperature, the reaction was quenched with aqueous
sodium bicarbonate and aqueous sodium thiosulfate. The solution was partitioned between ethyl
acetate and water. The aqueous phase was extracted three times with ethyl acetate. The combined
organic phase was washed with brine, dried over sodium sulfate, filtered, and concentrated under
reduced pressure. The residue was purified by preparative TLC (ethyl acetate/hexane = 1/1) to
afford 89 (6.30 mg, 57%) as a red solid; mp 263 °C (decomp.).

IR (film) 3217, 1765, 1714, 1689, 1653, 1450, 1346, 1267, 1076, 999, 775 cm'!

'H NMR (DMSO-ds) & 12.13 (brs, 1H), 8.72 (d, 1H, J = 8.8 Hz), 8.34 (d, 1H, J= 8.8 Hz), 8.07-
8.02 (m, 1H), 7.95-7.90 (m, 1H), 5.70 (dd, 1H, J =11.1, 5.1 Hz), 3.89-3.83
(m, 2H), 3.76 (s, 3H), 2.89-2.81 (m, 1H), 1.73-1.60 (m, 1H).

3C NMR (DMSO0-d6)8 170.0 (C), 166.8 (C), 155.5 (C), 151.2 (C), 142.3 (C), 140.1 (C), 136.5 (C),
132.0 (CH), 130.6 (CH), 130.2 (C), 130.1 (CH), 123.6 (C), 123.2 (CH), 122.6
(C), 121.5 (C), 102.7 (C), 75.2 (CH), 52.8 (CH3), 42.7 (CH2), 30.5 (CH>)

HRMS Caled for C2oH14N30s5 ([M+H]"): 376.0928, Found: 376.0930

68



Dimethyl 8-methoxy-5-0x0-5,6,9,10-tetrahydrobenzo[b]pyrrolo[4,3,2-de][1,10]phenanthroline-
7,11(8H)-dicarboxylate (90)

CSA

i

80%

To a stirred solution of 89 (3.10 mg, 8.26 pmol) in methanol (500 pL) was added (+)-10-
camphorsulfonic acid (3.80 mg, 16.4 pmol) at room temperature. The reaction mixture was heated
at 60 °C. After heating for 7 h at 60 °C, the reaction mixture was concentrated under reduced
pressure. The residue was purified by preparative TLC (methanol/chloroform = 0/1 to 1/20) to
afford 90 (2.80 mg, 80%) as a red solid; mp 95.0 °C.

IR (film) 1689, 1630, 1456, 1435, 1342, 1273, 1201, 1184, 1101, 1072, 748 cm"!

'H NMR (CDCl3) 68.80(d, 1H, J= 8.6 Hz), 8.64 (brs, 1H), 8.38 (d, 1H, J= 8.6 Hz), 7.93-7.88
(m, 1H), 7.83-7.78 (m, 1H), 5.49-5.34 (m, 1H), 4.58-4.29 (m, 1H), 4.04 (s,
3H), 3.69 (s, 3H), 3.42 (s, 3H), 2.47-2.41 (m, 1H), 2.10-2.01 (m, 1H).

I3C NMR (CDCl;) & 168.8 (C), 165.4 (C), 156.7 (C), 152.2 (C), 142.4 (C), 138.6 (C), 132.6 (C),
131.3 (CH), 131.3 (CH), 129.9 (CH), 128.7 (C), 123.9 (CH), 123 (C), 121 (C),
108.6 (C), 70.5 (CH), 56.3 (CH3), 53.3 (CH3), 52.5 (CH3), 41.1 (CH>»), 27.8
(CH»)

HRMS Calcd for C22H20N306 ([M+H]"): 422.1347, Found: 422.1350
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8-Methoxy-11-(methoxycarbonyl)-5-0x0-5,6,8,9,10,11-hexahydrobenzo[b]pyrrolo[4,3,2-
de][1,10]phenanthroline-7-carboxylic acid (97)

1M KOH
THF, 50 °C;

\

aq HCI, r.t.

To a stirred solution of 90 (78.0 mg, 185 umol) in tetrahydrofuran (10.0 mL) was added 1 M
aqueous potassium hydroxide (1.90 mL, 1.90 mmol) at room temperature. The reaction mixture
was heated to 90 °C. After stirring at 90 °C for 1 h, the reaction mixture was then diluted with
ethyl acetate and acidified with hydrochloric acid. After separation of the phases, the aqueous
phase was extracted three times with ethyl acetate. The combined organic phase was washed with
brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue

containing 97 was used in the next step without further purification.
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Methyl 7-((tert-butoxycarbonyl)amino)-8-methoxy-5-0x0-5,6,9,10-
tetrahydrobenzo[b]pyrrolo[4,3,2-de][1,10]phenanthroline-11(8H)-carboxylate (98)

DPPA, Et;N
—
t-BuOH, 80°C  MeO

43%
(2 steps)

To a stirred solution of the crude mixture of 97 in tert-butyl alcohol (5.00 mL) were added
diphenylphosphoryl azide (153 mg, 0.555 pmol) and triethylamine (94.0 mg, 0.929 umol) at room
temperature. After stirring for 30 min at room temperature, the reaction mixture was heated at
80 °C for 2 h. The reaction was quenched with aqueous sodium bicarbonate. The reaction mixture
was extracted three times with ethyl acetate. The combined organic phase was washed with brine,
dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was
purified by flash column chromatography (methanol/chloroform = 0/1 to 1/20) to afford 98 (38.0
mg, 43% in two steps) as a pale orange solid; mp 115 °C.

IR (film) 3365, 2985, 2933, 1689, 1516, 1458, 1436, 1367, 1142, 1082, 748 cm™!

'H NMR (CDCl3) §58.98 (brs, 1H), 8.92-8.88 (m, 1H), 8.37-8.33 (m, 1H), 8.13 (br's, 1H), 7.86-
7.75 (m, 2H), 4.70-4.52 (m, 1H), 4.51-4.17 (m, 2H), 3.65 (s, 3H), 3.51 (s,
3H), 2.51-2.43 (m, 1H), 2.18-2.03 (m, 1H), 1.58 (s, 9H).

3C NMR (CDCl3) 8168.0(C), 156.6 (C), 153.2 (C), 149.8 (C), 139.9 (C), 134.3 (C), 131.0 (CH),
129.8 (CH), 129.4 (CH), 127.2 (C), 123.9 (CH), 123.6 (C), 122.2 (C), 117.2
(C), 82.1 (C), 72.0 (CH), 54.1 (CH3), 53.4 (CH3), 42.3 (CH»), 28.3 (CH3),
27.7 (CH»)

HRMS Calcd for C25H27N406 ([M+H]"): 479.1925, Found: 479.1926
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Methyl 7-amino-5,8-diox0-5,6,9,10-tetrahydrobenzo[b]pyrrolo[4,3,2-de][1,10]phenanthroline-
11(8H)-carboxylate (100)

CSA
—_——
DMSO, 120 °C

To a stirred solution of 98 (5.00 mg, 500 umol) in dimethyl sulfoxide (500 pL) was added
catalytic amount of 10-camphorsulfonic acid at room temperature. The reaction mixture was heated
to 130 °C for 4 h. The reaction mixture was diluted with water. The resulting solution was extracted
three times with ethyl acetate. The combined organic phase was washed with brine, dried over
magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was purified
by preparative column chromatography (ethanol/chloroform = 0/1 to 1/10) to afford 100 as a blue
oil.

'H NMR (CDCl3) &8 10.4 (brs, 1H), 8.83 (m, 1H), 8.29 (m, 1H), 7.75 (m, 2H), 6.94 (br s, 2H),
3.72 (s, 3H), 3.06-2.94 (m, 2H), 2.35-2.24 (m, 2H).
LRMS Calcd for C19H;5N4O4 ([M+H]"): 363, Found: 363
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SPECTRAL DATA
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