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18-C-6
9-BBN
AcOH
AIBN
Ar

Bn

Boc
BOM
BPin
t-Bu
BusNClI
n-BuNH;
n-BusP
BusSnH
BzClI
°C

ca.
CAS
calcd
Chz
conc.
Cosy

dba
DBU
0-DCB
DFT
DIAD
DMAP
DMAS
DME
DMF
DMSO
EDCI

18-crown-6
9-borabicyclo[3.3.1]nonane
acetic acid
azobis(isobutyronitrile)

argon or aryl

benzyl

t-butoxycarbonyl
benzyloxymethyl
pinacolborane

tert-butyl
tetrabutylammonium chloride
n-butylamine
tributylphosphine

tributyltin hydride

benzoyl chloride

degree Celsius

circa

chemical abstracts service
calculated

benzyloxycarbonyl
concentrated

correlation spectroscopy
chemical shift in parts per million downfield from tetramethylsilane
dibenzylideneacetone
1,8-diazabicyclo[5.4.0Jundec-7-ene
o-dichlorobenzene

density functional theory
diisopropyl azodicarboxylate
N,N-dimethylaminopyridine
N,N-dimethylsulfamoyl
1,2-dimethoxyethane
N,N-dimethylformamide
dimethyl sulfoxide
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide



eqg. equivalent

Et ethyl

EtsN triethylamine

EtOAC ethyl acetate

Et,O diethyl ether

EtOH ethanol

ESI electrospray ionization

g gram

h hour

HMBC heteronuclear multiple bond correlation
HMQC heteronuclear multiple quantum correlation
HRMS high-resolution mass spectrum
Hz hertz

IBX 2-iodoxybenzoic acid

IR infrared

J coupling constant

L liter

LDA lithium diisopropylamide
LiHMDS lithium bis(trimethylsilyl)amide
LRMS low-resolution mass spectrum
M molar or mega

m milli

u micro

mCPBA meta-chloroperoxybenzoic acid
Me methyl

MeCN acetonitrile

MeOH methanol

min minute

MNBA 2-methyl-6-nitrobenzoic anhydride
mol mole

Ms methanesulfony!l

m/z mass to charge ratio

NaOMe sodium methoxide

NBA N-bromoacetamide

NBS N-bromosuccinimide

NMR nuclear magnetic resonance



NOE nuclear Overhauser effect

NOESY nuclear Overhauser enhancement and exchange spectroscopy
Ns nitrobenzenesulfonyl

Pb(OAC)4 lead tetraacetate

Pd/C palladium on carbon

PFPA pentafluoropropionic anhydride

Ph phenyl

PPhs triphenylphosphine

ppm parts per million

i-ProEtN N,N-diisopropylethylamine

Rf relative to front

rt room temperature

sat. saturated

SEM 2-(trimethylsilyl)ethoxymethyl

SPhos 2-dicyclohexylphosphino-2’,6’-dimethoxybiphenyl
TBS tert-butyldimethylsilyl

TBAF tetrabutylammonium fluoride

TFA trifluoroacetic acid

TFAA trifluoroacetic anhydride

Tf trifluoromethanesulfonyl

THF tetrahydrofuran

TLC thin layer chromatography

TMAD N,N,N N '-tetramethylazodicarboxamide

TMS trimethylsilyl

TMSE trimethylsilyl ethyl

Ts p-toluenesulfonyl

XPhos 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl
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1-1. chartelline 8 X OV DEFEZRAEIZ DN T

chartelline A, B3 XN C X, 1985 435 KL TN 1987 412 Christophersen 512 X - CAbiEIZ A
B9 % =2/ A chartella papyracea 7> b Hiff - & RE S NTWET VA RThHD

(Figure 1-1) %, Zk 5 chartelline X, 2 FHNICEFT 7 Z LA IX Y —L, A L=
o AREFN 10 BER A SRR R 2 IRTEIE AT D 1E0, 3IRITHIIC /LD & O AR faFn 10
BRICETHOFRITVEENTEBY, A1 FL=v A I XY — @RI - 728
JEAAH LT 5, chartelline A DOREEREIL, X AR HERATIC L sS4, 0 FNICHE
T DI —=2DORFRTH D 20 MO SRR EIL (S) SLRE SN, £,
chartelline B 35 X O C D#i&ix, AF NMR B8 LN MS A7 RV OFEHTIZ X D IRE Sz
ED>, 20 AL A B v L O LA E X, chartelline A & CD A7 MO S (S)
LEENTZ, 72F. Christophersen 5%, chartelline A 234 B 72 S2xb4 2 HiEEMEC B
MRATR 3 DRI R E A R S o Tc EdE LTl D, Ziuh chartelline FHO A%
PEIZ, B RIZED L THLMNITR STV,

P-lactam

unsaturated
@ 10-membered ring

\\\N‘\B\

/

. N \ cl
N

indolenine@ Br/QN

H
chartelline A: R" = Br, R2=Br %
chartelline B: R = Br, R2=H

chartelline C: R'=H, R2=H

imidazole

Figure 1-1. The structure of chartelline A, Band C

Christophersen &1, chartelline %8 % B L 72F£IZ chartelline A =7 I Kk ClI J£72% OMe
FEEHL I AT 1-1 & [FIRR I BLAE - MU E L7- (Scheme 1-1) 1, L72>L. chartelline A ®
MeOH ¥#RIZ%F L T NaOMe Z EH & H7-ERIC 1-1 NI LS BF oz Z &b,
Christophersen &%, 1-1 [Z XA TII72 < HEEO TRIC K > TER LA T TH D L
il I, 2oL 9T ) I N ETOBEBRKNT KA TIERWoD, Tr LT ORISNE
25 chartelline O =7 X R LD THD LB TN D,

NaOMe

MeOH
80%

chartelline A

Scheme 1-1. Synthesis of methoxy dechloro chartelline A 1-1 from chartelline A



chartelline $8 D %% & LT, Christophersen © (%, 1987 4-(Z =2/ . chartella papyracea
725 chartellamide A 36 XU B2 %, 1996 435 JL OF 1997 412 = 4 L 2 Securiflustra securifrons
75 securamine A, B, C, D. E. FB XN G & Hiff -ty L7z (Figure 1-2),
securamine AR KX ONB X, ZDp7 7 % LAHBAER L7- securine AR LB & @I@Hﬁ
D . DMSO U@L Tl securine & LC, CHCls JAIEH Tid securamine & LTT?—E?“%S P
WH BT 7> T, chartelline Z 5 e 24U DIARZMARIL, BREEORERE, HoMkiElc
ZRITIH LD, FURFBENORDEREAL TS Z END, Fxld, ZH O ED
AR DA SN TND D TIERNNEEZEZ TN D, 0B, Th BIERED A MiIEM
%\éﬁcﬁéifﬁ%#:éﬂfw@w

o
__bMso N
A\ H N
= CHcl, //
R N \
H ¢ N)\Br
H

securamine A: R=H securine A: R=H
securamine B: R=Br securine B: R= Br
Ry

HN | HN HN
>]/N ?fN )fNH
o
o o o
securamine C: Ry= H, R,= Br securamine F securamine G chartellamide A: R=H
securamine D: Ry= H, R,=H chartellamide B: R= Br

securamine E: R4= Br, R,= Br

Figure 1-2. The structure of analogues of chartelline

1-2. fOBFFRZEIZ L 5 chartelline DA RAFFE
chartelline 8°% OFERRIA A T D Fr e CHEMEMEEIX, 2N E TICHEE < OAEA UL
?%%@EH BEOTEZ, L, ZORETCEMESBENOARITIRETHY . 2
TICHRE SN2 1 RICEE > TW5E, ZOETIE, ZOME—DE/EH %25
e chartelline i35 L O OFRRIK DA ML 2 KR T 5 4,

1-2-1. Baran 12 & % (z)-chartelline C D &5k

Baran 5%, 2006 =215 CHI T (+)-chartelline C DA Rk % Rk L7~ (Scheme 1-2) 5,
152% IE, A > R—/UERRFR SR 1-2 LA XY — LBk 13 ZHW-mED v 7Y v 7
WZED, RETD 14 ~FE LG, TAI—VORBESLT VX DR, MHEDER



Z R CERALATEA 1-5 2B L7z, fEW T, 431 Horner-Wadsworth-Emmons S & D
RN 12 BERZEME., = I LB LA 24V — L 2 ORFIERTET 7 ¥ L
{LRIBRIR 1-6 ~3FE L7z, = D%, MU X5 Boc HOPifti# L BEic kv F5n7z 3-
TrEAL L= 17128 LT, KCOsZEHSEDLZ L TrT 7 # Lk 1-8 & L7z
%, HEENEOEEEZERE )L Lz 1-8 O[L5]shift IZXk VT 7 Z A 19 ~Li#n, &
Bz, o1k, brine Z HWERWUWPRIZ KL > T=F X AL EDO Nm 7 UMz Z L, 19
mhrzuarxTF I RLI10E26/M LI, B, 2077 2 MuaET 1-6 05 1-10 £ TO
—HOEHOGIE, one-pot TEEINTIEY, 3-TBEA L RL=r 17 07 7 X L
IR 1-8 OMEIL, HONHELZbDOTH D, EIZ., TFA IZ K D TMSE 4

(trimethylsilyl ethyl %) DOBLLRFE & MNENC K 2 BLEREAE ST X U (£)-chartelline C D425k
ZEERK LT,

CO,Me OTBS CO,Me
OoTBS
N Pd(PPh3),, Cul |
_—
| + = | \> N
| S5 N DME/Et,N  Br NS LD
Br N H 50 °C Boc N
Boc H
1-2 1-3 1-4
PO(OEt),
1) i-ProEtN
N COR Licl
5 steps 70 °C
—
o
Br 2) Bry
CaCOg;
N NBA
(R= CH,CH,TMS) H
1-5
base

COZR K2CO3
18-C-6

Br

1-10 (x)-chartelline C



Scheme 1-2. Baran’s synthetic route for (t)-chartelline C
1-2-2. f@I 512 & % chartelline C D FHEAEE

fEl 51, 2012 4R(2 chartelline C O F#&t#EE % K72 L7 (Scheme 1-3) & #51%, A~
R—/ViFER 1-11 & A I XY — VFFEIK 1-12 Z W EED > SV 7k, oy~
Uy 7R 113 ~FE L%, A2 R—/b 3M~DT I BB A L ARG ILO TR A 1% TBR
{LRIBEA 1-14 25 L7z, FE Ty Ns 7 X RE W ORIERIGIT K 0 A fafn 10 BER %
. 42 F—L 3NDT I ETaET T vFMMETH LTI 7 X MMEETERE 1-15
~FE LT, 20%, D7z 1-15 (28 LT Cs:COs 5 L U TBAF ZERIEA S &5 Z &
T, A R=N3MDOTNAFNMUIZE DA R BT 7 X LOMHEE L TBS EOMREIZL Y
1-16 ZH—DOYT AT LA~—L LTHL, B, 116 NE—-DVT AT LA~—L& LT
BOTZDIE, Rt 10 BER RISHFET 5 3 Ak X o CTHIBH & du 7o SEARELE
convex ENH T LT IALBEIT LoD El | HHIEBLRL WD, KEIZ, A1 IF Y —
v EDOREROE T L L O Grieco-FHRIEICEL VL =F 1-17 %4 L T chartelline C ®
dehalo & 1-18 Z &k L. chartelline C O'EASHES A2 R7- Lz, 7ol 51T, 1-14 D)%
MR Z BT 2 Z E RN TE UL, chartelline C DARF AR AIEEIZ /2D D TIE W EH
HLTWD,

OTBS [Pdy(dba)s]-CHCIg OTBS
TBSO SEM PPh;, Cul TBSO SEM
JOwe [y | P
P Ly —— <~ L/
Br Eoc 1 3 N toulene Br goc o N
1-11 112

1) TMAD
n-Bu3P

2) HSCH2002H Br
3) BrCHchQH
EDCI-HCI

1) 0-NO,CgH,SeCN

n-BU3P
—_—
2) TFOH B \> SeAr
3) BzCl
1-16 117
(single diastereomer) (Ar= 0-NO,CgHy)

Scheme 1-3. Fukuyama’s synthetic route for debromo/dechloro chartelline C 1-18



1-2-3. Wood 51z & % securine A D' B AR

Wood 1%, 2004 4£1T securine A O FFAEEE 2 F7- L7z (Scheme 1-4) 7, #HI1E, 7=
U F¥EEAR 119 & &Y —LFEK 120 Z W EED » 7 702X 0, shisd b
1-21 ~FFE L7, Cacchi f v R— LV ERIEIC RV A > R—V 1-22 AR LT, fEW T
AV K=V 3MLDO T VXA L O = VA~ O EHERSE A 72 &% #8 CERALATBRA 1-23 ~
LM%, v a7 bALB X TBAF IZ X AR#EIC L0 R0 11 B~/ R
1-24 ~&3ET, RIS, 7Y RORETIT L D55 FHN 0—N 7 2 /VIRGLIZ K » TR Eafn 12
B~ 077 4% 5L 1-25 ~ LBt Bn EORiE#E S Appel FOSIZE Y 327 v aff 1-
26 ~LiE X securine A DEREIESE A T2 LT, 7235, securine A @ 2-3 (i1 XN 10-11 fif
X, ENENA L7 4o BRI raAF LU THLN, AL~ rvT7 7 % N 1-26 D
KIS DAL, 7 AFLrBlOF LT 4 v Liillii> TN D,

/ PdCly(PPhj), CF3
OH NBn Cul, Et3N O NBn
X g N L/
1-20 1-21

1-19
Pd(PPhj), \ OH
—_—
N
H
1-22
o) Nj
o Bn AIBN
\ BU3SnH
l Y —
N
H HO
1-24 i} MeCN/CCl,

Scheme 1-4. Wood’s synthetic route for macrolactam 1-26

1-2-4. Weinreb 512 & % chartelline A D& EHFFE

Weinreb 5%, 2006 4£(Z chartelline A O2E kAKX L7-AF7eHE R 28 E L7z (Scheme
1-5) & oix, 5-= hr A ¥F 2 1-27 & p-anisidine NHHBLNLDLA I K LT, 77
v VR &85 Z & C Staudinger [2+2] BRALAT NS ZITWT 7 X D EAESE LT-1:, BT
I EAEOPR7 vufbedF oA R— NV EO T a® b EFOMIGERTAF VA v R—
V128 AR LTz, fEVWT, fFhiz 128 O 2 i VA= VIR LT, A I4 Y —L
R 129 % 12 INEEH v 7 ) 7R 1-30 & Licth, 7k h= FORiR#E L o4 —1



DIEALIZ LD 7T R 181 ~EE W, H&%IZ, 1-3112x LT TsOH s ¥ 5 2 &
T, oD EEZXLNDLHRIK 132 07 I F-T7 /L7 & R bORBIKIZ X 5 REaf 10 B
Br 1-34 ORESEZRAT-03, 1-834 3G O fafn 7 BER 1-33 567, 72k, HAJLE
9% 1-34 BELNRD->T-DIL, (Z)-vinylogous amide (2 & 0 AREZFN 10 BERIZOT B 0358
ELT-dThd L, fEZ%&i%?ES LTW5,

) p-anisidine
: [( CICHZCOCI Br
+ 6 steps Boc
— o —
Br H o)
NH BOM

N
N = I />_BI'

H N

(o)
1-31 1-32

proposed intermediate

(o]
Br
Br NH BOM
—_— N
S />—Br
Br N N
H
(o]
1-33

desired 10 membered ring

Scheme 1-5. Weinreb’s attempted synthesis of macrolactam 1-34

1-3. ¥HFFE=RIZ X 5 chartelline C D& A

MHFFEE OWEHAIX, chartelline C D& &R A Hi5 LA A1 T -7 (Scheme 1-6) °, X
U, A v F—/VEFBRFHEMR 1-35 LA I XY — ViBEK 1-36 % F 7 3SR im0 58
Ty VT LIRS D 1-837 ~FFE Lk, 1> F—/L L Boc 2O MifRi# & Zn(Cu)
WZEDT7 AT oo cisBlrIcL VAL T ¢ 138 AR LT, i\ T, 7 h= FOBifR
i L U — L ORI, Wittig FOSIZ LY BE=rm—TF L 1-39 & L7etkR, = AT LD
KGR E B Rax 7 I U F R TOBIKSMRIZ LD A A 1-40 ~ &8, i
%I, 1-40 OIS DA GET 5720, TBS B LU Bz EICI D R#EL
7et%. (COCl) ZEFHEEH Z & TRy n Y RHfA 141 2308 L=, L2orL, 9 FH N-
TV TE T, BE T 5 12 BEEN-E Xy I R 142 350N RhoTz,



H sz(dba)3CHC|3 0o
N PPhs, Cul, n-BuNH, o H
| i SN % > | | N>
Br N Br Br N /
Boc Boc X N
1-35 1-36 1-37
CO,Me
1) NaOMe N\ 0)(0 1) TsOH 1) LiOH
NH X >
2)zn(cu) Br HN 2) NalO,4 B 2) AllylO-NH,-HCl
\ 3) [PhsPCH,OMe]*CI conc. HCI
<\N PhLi
1-38

OAllyl

Scheme 1-6. Kajii’s attempted synthesis of macrolactam 1-42

FZ T, E=)lxo—TF)L 1-39 D= AT )V At KXW LA 143 L Li-%, 7o b g
EROWESFRESICE D 12BBN-t Fue$i o) 3 K 145 D& ERA 7= (Scheme 1-
Ne LU, BHIET D 145 13/ ONTTHERST 7 ¥ & 1-44 3G BT, Ar RS
T, ISHHEIT L0 - 722 L2 T, AIBN 72 & D Z ¥ VERLAAIZ EF S 7=
BRZH 144 BELNTZZ &G, T VAVHEIEEZ T LT 8 BREILIENIETL TS
ZEDRBENT, U LEORRENS, 143 WV 12 BB N-E Fuf o) I K 1450
HEIIRETH D LMW STz, LvL, 1-44 OKBBIE~F A I AR VIEEZEAL, &K
RIVHINEFRESELZENTENL BIERICE-THNE TS 12 BEE N-BE Fe¥
YIFI RN LA BRERTE D EFPRSNE, T2 T FUTEY TV UNVBRLEIGRD & 572
HEMRF TN, FUSOFERMENRZ Loz Z L vb ZdJ/b— M2 X 5 chartelline
C DERIIREETH 5 L im0 bz 19,



O oAy

1) LiOH
2) AllylO-NH,-HCl g,
EDCI, Et;N

_OAllyl
N y

[condition 1]
TsOH, MS3A

[condition 2] Br
AIBN

1-44 1-45
desired 12 membered ring

Scheme 1-7. Kajii’s attempted synthesis of macrolactam 1-45 and formation of unexpected &
lactam 1-44

1-4. AHFFED B
AHFFETIE, chartelline C ORF G A ATREICT 272 G RIEOBRIE A BV & LT,

D, MG AR L TV 2 Baran HOA L — k% AW T chartelline C O
HAREZERTDOIIRNETCHDLEE2D0HTHD, Baran DAL — & HWT
chartelline C # R& Gk T 2 72121, A Horner-Wadsworth-Emmons St & 2 R 75
HANMEL 725, LinL, RFEMBEZ &% A= AF Horner-Wadsworth-Emmons it
% chartelline OFFE CTHEMEZEHICHEA LA F AR 72 SRS 03 EEF T3 2 7]
REPEIMR O TIRW B2 Bd, £ 2 TH LI, chartelline C OARF AR E AIREICT D87
REBIEDORBICEF T LE L,
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2-1. chartelline A DIGHEICER L2 pT 7 & MMk

chartelline & DO EEFRE L, 7 7 ¥ 2B L OREEM 12 BEROBEETHD, 22
TlX, chartelline ¥8% B - #5357 L7= Christophersen b OGN SLEBLIZLT 7 HZ I
DOREFIEZ OV TR S,

Christophersen % (%, chartelline A (2-1) (Zxf L C NaOMe #{EH ¥ 2% &, =F I K ko
Cl 52 MeO H~L @I 2-2 AT HZ & &2#HE L TW\5 (Scheme 2-1) & —fi%
B2 F I NIZZO XS REBRISEZ R Z SN2 L, 24U chartelline D=7 3
REFR RIS TH D EEx b D, LL, TORIGHEMEIZ I E T ST
W, £IT, BAIIZDOSUSHEEZRD X9 ITHEE LTz, %—12 NaOMe (2L 5 =7 3 B
NADREBENR -T2, f7 7 2 LORBEZRETT LA I U PHIE 2-3 BVERT %,
BT, A2 P 3NN T VA X REFRAORBELE L SN2 BUSIZ K D CLED
BENEZ D52 L TRAERBET 7 X LARHHARL 2224 LT-EE X T,

chartelline A (2-1)

-

our proposed intermediate

Scheme 2-1. Our proposed mechanism for unusual substitution of chartelline A (2-1)

Z OHEERSEEIC L SN TE R D &L 2-3 IS T 2R E SOGR T TED HT 2
ENTEIUR, TV X LEBET DL ENAREL D, £ THAIF, ~"ex I K24
BT X LMEORIEMAL L, ZhickLCaFrhF 4 rafEflsgsr 2Ltz
REZEZNODOEBEFOHLiIAZ L ) I FProa7F Az kv 7oA I ik 2-5
ZROGHRPCIEY 42 L A3 #E L7- (Scheme 2-2), ISR T 2-5 24+ 52 LN T
T, ERROHERICHEEZRCHET 7 X D26 BBETE DL EEZLND,

12



P-lactam

2-6

Scheme 2-2. Our plan for the construction of f-lactam 2-6 via acylimine intermediate 2-5

222. w7 uZ 78 MUIZE B UT AT LARRK A 12 BROBE

x4 1x, chartelline 5T 5 ECHE 2D AR 12 BERAZ VT A7 VA BRI 2~ 7
077X PMUC L THERT L Z 2B L, 22 TlE, ZOFEICE > - R fEE2 1L
BOWFFERE R A b L AZHBT 5,

IS IE, HIEISIZE Y Ty a— L 2-7 MH AR 10 BER 2-8 AME5 L%, 2-8 »»
HHEEL-7rETE FT IR 2-10 128 LT Cs:COs LN TBAF ZIEKIEH S H5 Z &
THTIH L 211 DT AT LA~—L L TAM LT, (Scheme 2-3) 2, 1% 51,
BoNTpT 7 8 AOMMIAREL L OZTOREEZA SN E70, p7 744 2-11
BLOEDOTT AT LA~ —2-12° OEE Al L7z 2-13,/2-14 % T Conflex o 42 i
MraEilLlz, ZIrbEXHINTEZNENOVT AT LA~ =PI 55 EERED 5
B, Scheme 2-3 IZXR L7 b DIZTN, fT7 7 % L 2-11 O NOE FHEE & FJE L2 o T,
DT ENG, 2-11 BEUR U7X AR E  (20S,35/20R,3R) B L UMW B E 7z =%kt
WiEE AT D LR T2 4 E20E51F NOE IR L O e b oh v 7Y 7 ES
B AAIF 10 BER 2-8 HRIERIC, TV EFENT- Koo EEZ AT 52 LW LN LT,
BT 7 BN T T AT UARIRIICET L7201k, ZORfEf 10 B 28 D EEh
ToBLEENE D 9 convex /D, TAFIALNEIT L2720 TH D M HITELEL TV 5D,
X, BT 7 ZLOROEAREN, Rfaf 10 BER 2-8 OFJEICL VI N L2 E
RLTWD, bbb, 20T 7 X MMETYT AT Ld~—2-12 NMELN72 o> =D,
RELF 10 BERD 2-P DEEZ L 20>l ThDH E S 2D, £ HIE. 3NITHFE
TH TN XY BT 72 LOFLERENIE S s RSt TR R TV D,
INETOHEODBEREZ L LIZEZD L 3NITFET D h 7V a—/mZ L) Rfafn 10
BEROBVENSHE S IR, OT AT VARIRN ST 7 2 MM HET LT i i<
ZENTED, LinL, #6I1E, 3LCHIET 2 kT /b — Lin Rfafn 10 B8R ORE %
ED X ITHIIE LIZ2MT DWW TER LR TR TV W, £ 2T, Fox 12 Ol 2 K
DEIITHEBELE,
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214

Scheme 2-3. Fukuyama’s diastereoselective S-lactamization controlled by its folded structure

T UOHIC, REFN 10 BB 2-8 BL N 2-9125oWTEZX D, 2Dy FHRIZHHTe & B
WIZTFET D ARIAEAIC LD . BEWICHEZERT 5 2 SIXREECTH D 2 LR STz
(Scheme 2-4), Z i, 2-8 & 2-9 OELLNEKT LT, HARFIREESNTZZ L%
BHRLTWD, W T, BILRBRATH L 7L a—L 2.7 12OV TELET S L, 288 LW
2.9 % 52455 2-T DEJEL LT 2-T-aB LV 2-7T-b RENETNEZDBNLD, LovL, 29%
5. 2 18 5B 2-7-b DIEEITIE, 307 28T L a3 — LS F-OPBRNCAEIE L TE Y 5 FHO
AFNILENIR AR T DI XA FITHD, —FH T, 2-8 25255
JiE 2-7-a TlE. 3AL 2T Va3 — AR5 FOIMUICHFEEL TRV, 2-7-b DFA/ICR LN
SRR FEE R Z SR WD TRV X—IZHRITH D, TbH, 3L 2 kT Va3 —i
FLIR 35 BRALAIBRIAR 2-7 OEJEF O 3L F—22 X0 | RaFn 10 BER 2-8 AR A
RUT- LB 3B LT,
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favored conformer disfavored conformer

Scheme 2-4. Our proposed reason why unsaturated 10-membered ring 2-8 was only obtained

U bEDERELLICEZDE, 3N 2/TNVa—LEHTHT I /E 2-15 8T 5
ZENTEIE, REafn 12 BER 2-16 ZBRINICHEET 2 Z ENAREIC/ZR D L PRI D
(Scheme 2-5), I 72 b, AfaFn 12 B 2-16 B L 2-17 # T Eh 52455 2-15 DR
JiE 2-15-a B LN 2-15-b D 5 B, 2-15-b X 3/7 24k T /L 2 — VRN T D SR EIC L D =
FNVX—HNIAFTH D20, 2-15-a 2R T~ 27 1 T 7 % 2MEET LA 12 B8 2-16
DBERANAG O D LT ITB T, . AR 12 BER 2-16 B KO 2-17 D4y i %
MEe L BRNICEET A RERAFEAICL Y, EWVICHELERT 5 Z LIZREETH 5 Z & 05R
Sz, ZAu, A 12 BER 2-16 B LN 2-17 A3, HAK & 3O HLEARFITHEK
THYTATUAY—ORIZH DL LZEHRL TS, U EOEENIELWERET S
EL TR 215 AT A ZENTENUR, VT AT LAERRWN e~ m T 7 & LMENR
KB TEDHLEZ D,
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favored conformer disfavored conformer

diastereoselective

macrolactamization V

Scheme 2-5. Our plan for the construction of unsaturated 10-membered ring 2-16 via

diastereoselective macrolactamization

VT AT UAERN I~ 7 v T 7 2 AMEiL, chartelline C OARF AR OBS/NHEETH
% (Scheme 2-6), 728726, 7 I /W 2-15 ZEHEMA L LTAKT 5 Z L3 TE UL,
chartelline C A4 DM~ DARFHFLTHDHFT 7 ¥ LT o FARRHERT D2 &
NG EFREIC R 2B TH D, ZZTIEZFDOHHBICHOWTHERS, V7 AT L AR
WCHE LT~ a7 7425 216 OfiKBELRTF I RBALONa T ARIiZXk Y, 77 %
DAUHIEEIR 2-18 ~FFE T 25 & 3A0pRFE LICHEAE L7cME— DU ERE R KbV, LivL,
BRWNIZHET D AR A IC L VGO AREEA KR E SHRINTWD 72D, 2-18 1K
RELTHATZALTEY, 2-18 LXDxTF v FA~—2-19 ORI CTHEERT S Z L1
W6 ch b, /o, ULk BT 7 X2 MMETIE, ZORIBMERE T HHAZTNEFT 7 X
LADAERHMNIAFIEES NS0, 2-18 M HIE SIRD 2-20 NBINWIZELND &5 %
b, Thbb, RFEEMEEROT I B8R 2-15 ZlE, OT7 AT LARRNR~s7 0T
72 MMUIZE Y —HOHAEEAT H AR 12 BRI T 2HEET 252 LA TERIE,
chartelline C NH T 2M—DREFFLTHLHBT 7 X Lx Tt o FARNIHEET L2 L
NEGG BRI D, LEOBERE L LIC, OT AT UARIRNR~7u T 7 % Muic &
A fafn 12 BER O E FHE L7z,
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chiral-
transmission

enantiomer derived from
planar chirality

Scheme 2-6. Importance of diastereoselective macrolactamization for asymmetric construction
of B-lactam

2-3. B pLEHE

T, 2.1 HBLV 22 iTRARIpT 7 H MM E T AT VARERR v I 0 T s
& MMbEE e, chartelline C DAL — R EIRICHOWTEHT A,

~ 7 v 775 MERIBEK 2-27 #5725 ECHRBELERDAIFXS =NV T T T A (2-
23, 2-25) % 2 WYV OFECZEIVAKT D Z L E2FHE L= (Scheme 2-7), A I XV — /L7
T AN 2-23 1%, B AF P UFHER 2-22 ([ZxbT 5 5T L=k & Fhicki B =
NEOTNF ALV ERTED EEX T, — ., AIFS—VTTF T Ak 2-2513,
A IZ =)V 224 (kT BT 2 v Ra X bt & Z il 7 A1z &
DARTEDEEZTZ, TNOHAIZY =V T T 7 A M, A > R—/VEEHEIR 2-26
L OWES v 7V T RS E R CERALAIERA 2-27 ~ L LMtk U7 AT VARRK IR~ 7
077 % MURISER TR 12 BB 2-28 ~FET 5, KEZICTAVa—LoRKIZES
TF I ROEAL a Az e ) I K 2-29 ~EEBWg, elkop7 7 2 ke
A IFZ = orar A, R (R=C0Me DFE D) %#% T chartelline C % &%
THRIETH D, B, ZOEHN— MEHLT DI ENTEIUL, =S IX Y —L
2224 ITKRTHARFT I /e ReXi s 70, 73/ 8 Rafx i UbRISTHEL 5K
FRILD 7 b ~DER L & RFEFIETT 872 & & T chartelline C D ARF AN AIBEIC 725 &5 %
77
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BocHN oOTBs  reverse-  BocHN  OTBS
SEM prenylation N
Me0,C YTy Alkyne synthesisMeO,C A
S R = N '
Br” N :
2-22 2-23 E
amino- E
—  SEM hydroxylation BocHN OTBSSEM .
l N> alkyne synthesis N H
Et0,C N W N’>
2-24 2-25

p-lactamization
halogenation

decarboxylation
(R= CO,Me)

chartelline C

Scheme 2-7. Our synthetic plan for chartelline C
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3-1. B AREHE

ZITIH, ERAFUUBEEICHT AN T Lo BRI A IS =TT TR D
BB ONWTIHR S, 5 EORKROA G E (18 page, Scheme 2-7) Tt L7~
L = ALHIBRIA 2-22 DA FAZ 23 72 B-hydroxy-L-histidine (%, & ffi (e.g. 1071 U.S. dollars/g)
THORFNHE LT &% 2 7= (Scheme 3-1), =2 T, LW 2 CAKARERE 2 F
VUBEIR 3L 2 HNT ST L= IR 32 B L O I Y — AT T A 33N
BRTTEEN W« 5 2 & & Lz, M7 L =fbe TR AUIC LD 3-3 DEFKD Bk
SEBHIREE, 2-22 & VT ABGEHI AT 25t 2 3252 LTz,

BocHN OTBS BocHN reverse- BocHN alkyne- BocHN
SEM prenylation N synthesis N
MeO,C ) \ --i------ MeO,C
MeO,C N | Me0L Ty e ] ([ Jatd > 2 | D
Gl > z N = N
Br” ~N Br o P P
2-22 341 3-2 3-3

Scheme 3-1. Synthetic plan for imidazole fragment 3-3 via reverse prenylation of histidine

A IFY =)V BT T L= VA EBRE AT 2 FIEIC O OW TR EICHER 20, —
She 1%, 7L =/L 9-BBN ZHW\Tog RN v 7 U T RINZ L - T TfO KA Fo b
U7 N7 7 V8K 34 02D A v R—)L 5L L = LK 36 WA TE 5 Z L&l
HLTW5D (Scheme 3-2) L, ZOW 7 L =)L GO — 2R T 5720, Foxld, 7
L=/ 9-BBN ZHWeRERDOEAR—ETH I » 7V 71280, FTNVEE 3-6 HTED
WUV 3-7T S b5 2 EEER LT, TROLORERENSL, 7 L=/ 9-BBN &
WA= 0 v 7 ) VRIS L D7 L= HRICiZ— RS 5 E & 2. ZOK
JaE T L= VAR 3-2 2657 5 2 & A FHE LTz,

She's report >1
o] BQ) o]

TfO OMe Pd(PPhs),, LiCl \ OMe
\ NPhth DME > \  NPhth

N 65 °C, 24 h N
Boc 80% Boc
34 3-5
examination using model substrate >:\-
)
Pd(PPhg3), OMe
OMe CsF
|/©/ THF, 70 °C z
79%
3-6 3-7

Scheme 3-2. Reverse prenylation of indole triflate 3-4 and aryl iodide 3-6 by Suzuki coupling
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2. EEDERE E RAF VDM T V= b DORKE

AIF =)V EOBFEEICLOOCENET DA EMELEBE L, A I¥ Y —LEE

T EHOREL TH D SEM K L E wélﬁ@%?’%%f‘&; % DMAS (N,N-
Dimethylsulfamoyl) & TZNFIRE LB Z W, 07 L= bz Ritd22 &L
7o ETZOEEOABIEIZ OV THEAT S, Winum 35 X O Feliu 5 0O#E 2 2552
EAF T 38mb AT L diBoc b AR T A F VU RGEIR 3-9 ~ LB, (I X
V' —)L | Boc B MifR#E L 5MORFLEFRT 5AL7 2K 3-10 ~FFE L7= (Scheme 3-
3), #5407 3-10 (2% LT SEMCI 35 L U° DMASCI % {Ef &+, SEM %35 L 1 DMAS %
BN LT 3-11~14 22 nRERARK LT,

1) K,CO
HoN 1) SOCl,, MeOH ~ BocHN MeOH, reflux ~ BOCHN
reflux 87% N
Hozc)_jINs - MeOZC)_TN\> — > Mot Y N
2) BOCzo, Et3N 2) NBS N
N N Br
H MeOH Boc  CH,CN H
3-8 92% in 2steps 3-9 95% 3-10
L-histidine
BocHN BocHN
DBU SEM
SEMCI _ Me0,C l N\> MeO,C | N> -
¥ / NG
DMF Br” N Br” "N SEM o
SEM
311 62% 312 12%
DMASCI BocHN BocHN DMAS
EtzN N N e
MeOZC)_I \ . MeOZC)jI N o
CH,Cl, Br” N Br” N DMAS o Ve2
DMAS
313 51% 314 23%

Scheme 3-3. Synthesis of histidine derivatives 3-11, 3-12, 3-13 and 3-14

FEEADBET Licied, SaAR—ElA v 7V v FIRISIZE D 17 SEM &k 3-11 @ 5
i 7 L = b & ik A 7o (Table 3-1), i, 3-11 O DMEEBEIZKI L, 15 4 ®EDO T L=
)L 9-BBN & 4.0 Y45 CsF 77T 3, 5mol%® Pd(PPhs)s % {EF & 100 °C (242 = &
TITo7z, LinLgns, iy L=k 3-16 135617, 7 L =Lk 3-15 73
64% DR THLND DA TH -7 (entry 1), F£7-. Buchwald &5238%E L Tw5 Pd U A

W X AR D2 4 2 LT, 3mol%d[(allyl)PdCI], 35 L Y 12mol% > SPhos <°
Xphos Z{EH S®7=28, e L=k 3-16 (IF 5T, 7 L =/AE 3-16 M5 50
HDIHTIH-o7- (entries2and 3) 5,
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>_\,B@ BocHN BocHN

BocHN N
MeO,C I N\> Pd %exstlglyst . MeO,C | N\> MeO,C | N\>
B Nem  DME 100°C Sem 7 SEM
=
3-11 3-15 3-16 (desired)
entry Pd catalyst 3-15 3-16
1 Pd(PPhs), 64% 0%
2 [(allyl)PdCl],, SPhos 14% 0%
3 [(allyl)PdCl],, XPhos major 0%

Table 3-1. Attempted synthesis of 5-reverse-prenylated SEM protected histidine 3-16

TV T, 8AR—EH v 7V v I RGIC X D 1AL DMAS {R#(K 3-17 @ 5 (i 7 L =11k,
Zilk 7z (Table 3-2), KUinZE. 3-17 O DME T3 L, 1.5 &7 L =/L 9-BBN & 4.0
YD KCOz 417 T 6, 5mol%? Pd(PPhs)s & {EM S 100 °CIZHIENT 2 Z & TIT7o7, L
NDLRNS, BHL T 57 L =LK 3-18 R° SEM {#(k 3-11 oA B b7 1
=OUAHIMAR 3-19 135 5009, T A 2 i1 L= UAHINR 3-20 33 L OF 3-21 2MEIE T
BoNDDOHRTH-T= (entry 1), £7=. 3mol%D[(allyl)PdCl]2 35 & TF 12mol% 7> SPhos % 1
FEE7208, [FERIZ 2 (L7 L = VAR 3-20 M5 6D DR TH-7= (entry 2), D
il b REDOEF 2 EZ DA L2 7, BRE T2 5 i L = LA —8115 5
otz

23



ey

BocHN BocHN
BocHN Pd catalyst N N
meo,c” YNy, 00 o ML T Mo T
o N N
N DME, 100 °C 7
B DmaAs DMAS | Dwas
317 3-18 3-19
BocHN \ BocHN \
N
N
Br H H DMAS
3-20 3-21
entry Pd catalyst 317 3-18 3-19 3-20 3-21
1 Pd(PPh3), 41% 0% 0% <10% 1%
2 [Pd(allyl)Cl],, SPhos  major 0% 0% 8% 0%

Table 3-2. Attempted synthesis of 5-reverse-prenylated DMAS protected histidine 3-18 and
detection of unexpected 2-reverse-prenylated histidine 3-20 and 3-21

NS 20 L = UK 3-20 18 LY 3-21 ofEiE X, H-NMR, 3C-NMR., HMBC,
HMQC 3 X' LRMS A7 MLV OFENTIZ L » CHRE L7= (Figure 3-1), PAFIZ, EHE
BC-NMR Ofid L O HMBC AHRBS & ik L 7=,

13 BocHN 13 BocHN
C NMR C NMR
/\ 5153 (C2) MeO,C Q | 2 5155 (C2) Meozc)q N\ 2
5113 (C4 or C5) 5135 (C4) LON
HMBC 5122 (C4 or C5) 5118 (C5) s
DMAS
3-20 3-21

Figure 3-1. Structure determination of 2-reverse-prenylated histidine 3-20 and 3-21

2PLDMERT SV TWRNA L Z =)L 3-22 6 2L T VX UK 3-24 AT D 721X
— KT Z DOERKIZ n-BuLi 72 E O AEH WD U F Ak 323 ZRLMLEND D
(Scheme 3-4) 8, —J5 T, AR L7z 3-17 Z2IHE L LA v 7V > T JED
FEZIZT ANV Y F U LD LD IRBOSTEDREWREENRE LTV, Table 3-2 TH S
iz 2 (7 L = LAHIIR 3-20 <2 3-21 134010 B TIlEAe o 1o hy, £ O Z i
THZENTEE, ARRFRA I =L 2 7 AR E LTHATE 5 &%
A TORISGFN Rt T 52 & & Lz,
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N n-BuLi NG NN N>_/—/
O e O S0

Et,0, -70 °C 76%
NMeZ \\NMEZ NMez

3-22 3-23 3-24

Scheme 3-4. General method of synthesizing 2-alkylated imidazole from 2-unsubstituted

imidazole

3-3. 2L 7 L = WAL D Bk & HEE RS
ZIZTIE, 2 (T L = LD SR REILIC O W TR R D, Bl RUSETHHA 2

E =L 27 e b THDHZ END, ZOGNMIIE Pd FEZNBES- L T AT EEMEN R
X iiz, & 2 CRIGICHERRKBOSEMG 2 RET 5720, BK L7z DME &, =
REARTTI3IHEDOT L=/ 9-BBN DA EZEFH S/ 2 A, TLC £ T 3-17, 3-20 B
K321 L1E R e D RMEA T HRIAE 3-25 (MEEME A KL) MRSz (Table 3-3),
ERERORSRME T CTHIRIAR 3-25 IXZEIIFE L T2, IREKE TLC Ric$kt+ ok
& L7 RRICIERT 2 L7 L = LR 3-20 BN 3-21 OARDBHER TE 7, ZORER
Mo, OSOMREIZZZ DG LT 5 AIREMEDS R S fu7- 910, & 2T, 3-25 DRk % i
ALk, ERFHKITFPOERFEHRAT~EELR LI A, JHWEY H7 L=/
K 3-20 BL O 321 BWHRREOIRTH LN (entry 1), 2B T OEEFE S ORI E
WCholo Bz, BRFMKT. BILAIE LT Ks[Fe(CN)el¥ LY MnO, & 1Ef & 7223
WP RO ITHETT L7222y 7= (entries 2 and 3), BAMESS: T TG INEMEL T DI 25 F
LN TN, BRERK T, L LTEGN S I-PREIN ZiRIML7Z L Z A0 TR
D&M THULEN M L L7z (entries 4 and 5) 1, St & L CHRIAT B3I 7 O ERRDIC
RO HNLEE LN 0D W7 L =LA 3-20 28 68% DUNHE T Hi D i-PrEN %
WSz gtk L Lz (entry 5),
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BocHN >:\—BQ> BocHN EBi BocHN

|

N \ \

Meozc)ji \ MeOzC)jIng . Meozc)jIN\ i
Br gMAS degassed DME Br' >N H conditions H

rt, under Ny [I)MAS

317 3-25 3-20
plausible intermediate

entry conditions 3-20 3-21 BocHN \
N
1 air 36% 16% Meozc)jz \> ;
. H N
2 K3[Fe(CN)gl no reaction DMAS
3 MnO, no reaction 3-21
4 air, Et3N ca. 58% ca. 29%
5 air, i-ProEtN 68% 9%

Table 3-3. Optimization of the reaction condition for 2-reverse-prenylated histidine 3-20

Z DRGSO G S EF I OV T HIZEHEA L7z (Scheme 3-5), BIRFHHL L7z 53
1 k272572 DMAS 1Rk 3-26 (2% L. Table 3-3 @ entry 1 D&AE2/ERA S E7228, K
JSIFHETTE T, BIMSEE TMAL CHEMRIREM A 52 50H Tholz, o, 11
SEM (R 3-11 (Zxt LT HAEMFEEH S 2 BONTEIT L2y o 7, BLEORERED
5. DMAS B L OT70EH_TA 34V — L EOEFEEZ I T EETEHEL 2 L2,
B DOEEITICEHE T D 2 L AVRB I N7z,

BocHN H
5D

N
Me0,C | \> — » complex mixture
H N DME

DMAS rt to reflux

3-26
BocHN H
)
N
MeO,C | \> ———> o reaction
BN DME, rt
SEM
3-11

Scheme 3-5. Substrate scope of the 2-reverse-prenylation
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7L =)L 9-BBN &L ZERD A TRIGHEITT 2 Z LITMA, A I ¥ Y —/v EOEFEENR
BNWZ ENBUSDEATICEE TH D LWV O HRND ., ZOUSIET FRREZLE SO T
ITLTWD Z eIz, A I¥ Y — iﬁ%) YT RFEFERTHDLHZ LD, 241
EHRA I X — NV OFEEREERIIGZ L D 2 L7 v bid—RIcREEch by, =
NETITIZEALERER 2N 2, ZOFDO—>2%LIFIZx L7z (Scheme 3-6) 13, Ohsawa
HlE, A IFY =327 1 LCEr vl REEHSES 2 & TRIRDEFHEENET L
TeA XYY U LK 3-28 B S ET-th, TAFNANARRIELESETT IS —L
R 3-29 2 Lo, 2Dk, 3-29 OER{b &K RZRET 2 627 VKR 3-30 2 ARk
L7,

CICOOEt | oFOOFt = COOEt KOH
N Et;N N BuzSn N H KsFe(CN)s N
H CH,Cl,, 0 °C N 96% N N HZO-c:c:oxane N —
retlux
COOEt COOEt oflux
3-27 3-28 3-29 3-30

Scheme 3-6. One example of synthesizing 2-alkylated imidazole via aromatic nucleophilic
substitution reaction

FERORSCHE (Scheme 3-6) & ZNETOREMNS, ST NAM L 2 (i
=NATIMED AL pikEZ LT D X 512 AR L7z (Scheme 3-7) 4, DMAS &3 %317@3
FPEFEN T L=/ 9-BBN IZEfL L, RETFHIRA I XY U U AR 3-31 BERT 5,
HWNT, RUBRTEOT V= VERNAIZY Y T LN 2 ~NBTHZET, 71—
R 3-25 L %, RHBIC 3-25 DZERTOMERIZ L VLS T 7 L = LfHIHE 3-
20 ~EHEI NI E B 2T, Fio. i-PREIN ORI L VRS E Lo, gk
~EHMEICR =D 2 & T I LK 3-25 OBFERIC X DR oEHH b A bz
OTIERWNETFHRLTND,
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BocHN >:-\— BocHN \
B N i
Meozc)j:N @ Meozc)j: N
N

B — |
Br~ N DME, rt; Br
DMAS air, i-ProEtN
317 3-20

BocHN @ BocHN @

S
@N’B ,!l \ air
MeO,C N/ ——>| Me0,C —
| >\-) | oxidation
Br r;l Br r]lH
DMAS DMAS

3-31 3-25
putative intermediate

Scheme 3-7. Proposed reaction mechanism for the 2-reverse prenylation

3-4. /NFE

LHIOBHWITH D 57 U= IR 3-18 IZA R TE R oM, ZNETIFEA
EMED IR 2 (EES A X2 — IV OFEFRREEIRSOS L D 2 L7 v F AL DH -
RFIEEBFE L, 10 DMAS fR#EK 3-17 /5 2 (i 7 L = VAHINE 3-20 % 68% DI T
35 Z LT L7z (Scheme 3-8), Z DRGSO BB HIGHIPH TN Z & R TR SN DHDN,
Sl D TFE (27 page, Scheme 3-6) & Lbifi L one—pot TT V¥ /ALK E CHETE 5 Z &1
BN STh D,

BocHN HB® BocHN HB Q) BocHN

N N \2
Me02C s | \> MeoZC . I \> 2 MeOZC I N\ )
7 N Suzuki-Miyaura Br” N DME, rt; B N
DMAS couplir}',/g DMAS  air, j-Pr,EtN " H
3-18 3-17 68% 3-20

Scheme 3-8. Short summary
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3. 11 SEM fRi#fk 3-11 2 W\ THESL & Fl 4 S L7225 R, CsF Vb RWEER & 5 2T,
£lo, WAR-EIHA v 7Y 73K ERBIRIEOIRGEEEZ MWD ZENL VR, ZD
HEEOLE, KBTFET D L= AT VOIKGEBREIT LT LE S 72D EHRIAELL D 7

ZHWTWD,
>:\_ BocHN
BocHN BQ) oc BocHN
Pd(PPh3), N N
MeO,C
MeO,C , N\> base €52 | \> MeO,C | \>
Br” N DME, reflux P 7 SEM
3-11 3-15 3-16 (desired)
entry base 3-15 3-16
1 CsF 64% not detected
2 KF 61% not detected
3 Ag,O RSM not detected
4 K,CO3 39% not detected
5 K3POy4 24% not detected

4. Yang, Y.; Buchwald, S. L. J. Am. Chem. Soc. 2013, 135, 10642-10645.
5. 3 fi SEM fRi#{R 3-12 (Zxf L CRBROEA-EH A » 7'V » T RIS B T=ds, 7=
ST 3-32 MG HN D DI TH T L =LA A 3-33 1345 H - 7=,

>_\~BQ) BocHN BocHN

BocHN 5 SPhos SEM SEM
NCM [PdCI(allyl)],, CsF - MeO,C" > Meo,C* T
MeO,C ) > N N
N DME, 100 °C Z
Br 7
3-12 3-32 (8%) 3-33 (0%)

6. 117 DMAS fRiEIK 3-17 (Zx%F L CRBRDESAR-ET A~ 7'V o T ROL ik A T3, iR
IR 3-10 WERRT DDA TH o7-, % CsFD KoCOs~EHTHZ LT, 3-10D
Rl SN2, WAL LTKLCOs WD Z & & Lz,
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https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Qipu++Dai
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Xingang++Xie
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Shiyan++Xu
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Donghui++Ma
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Shibing++Tang
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Xuegong++She

BocHN >:\*BQ>

BocHN
Meo,C” ] Ny Pd(PPhs)s, CSF meo,c | N\>
Br BMAS DME, 100 °C Br H
3-17 3-10 (major)

7. L=/ 9-BBN ZHWIEA-EHiH > 7V 7L T L= IR iz 2
ED, ML= S a— LR T ERAWIIEY T L = RN S B D O TR
RN EEZ T, LA L, 1L SEM REE(K 3-11 35 LY 1 fi7 DMAS R 3-13 I2xf L
T, L= Fa—VRT EHWICSAR-E] T > ) T a iy, T =
AR 3-15 B L O3 19 NGFON DDA TH o7z, £z, A I XY — /VIERH#K 3-10
W L CHRUSEIT o728, ROSTHEIT Uiy o7z, 7ok, W{RED A I 4 — L
BRI T DA/ v 7Y U7 T RICET L LTV
(Dufert, M. A.; Billingsley, K. L.; Buchwald, S. L. J. Am. Chem. Soc. 2013, 135, 12877-
12885.) ,

BocHN

CsF MeO.C N
N Pd(PPhs) €0, N\
MeOzC)jI ) oo BPin — ', ' N>
| DME
Br~ N SEM
SEM reflux =

3-11 3-15 (83%)

BocHN
BocHN CsF

N Pd(PPh N
Meozc l \> . R(Bpln ( 3)4 MeOZC l \>
Br | N

DME

N
DMAS reflux ) DMAS

313 3-19 (<5%)

BocHN Pd(PPhs),

N CsF
Me02C ' \>

E— no reaction

Br H DME, reflux

3-10
8. Katritzky, A. R.; Rewcastle, G. W.; Fan, W. Q. J. Org. Chem. 1988, 53, 5685-5689.
9. WRHMKIINZE ThoTlcd, MEREIZITIEL N7,
10. TLC EORRIZ L HMEE DB 2 bhviclow, EHK B ORISR T CHERE 2 RN
L7c&ZAhH WTFROREIZE N THHT L =/LAHINE 3-20 35 KO 3-21 D ERLD RS
SNz, LL, BRFRFHEK T CTHREZEM SE5E6 LIk U TSR M L
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11.
12.

13.

14.

Telod, PR RREHEWT AR Lz,
ERFHRT ., WEEZEH S GEITIIeDET Lo Tz,
(a) Itoh, T.; Hasegawa, H.; Nagata, K.; Ohsawa, A. J. Org. Chem. 1994, 59, 1319-1325. (b) Itoh,
T.; Hasegawa, H.; Nagata, K.; Ohsawa, A. Synlett 1994, 7, 557-558. (c) Zhou, J. Y.; Chen, Z. G;
Wu, S. H. Synlett 1995, 11, 1117-1118. (d) Itoh, T.; Miyazaki, M.; Hasegawa, H.; Nagata, K;
Ohsawa, A. Chem. Commun. 1996, 1217-1218. (e) Itoh, T.; Miyazaki, M.; Nagata, K.; Ohsawa,
A. Heterocycles 1998, 49, 67-72. (f) Itoh, T.; Miyazaki, M.; Nagata, K.; Matsuya, Y.; Ohsawa, A.
Heterocycles 1999, 50, 667-671. (g) Itoh, T.; Miyazaki, M.; Nagata, K.; Ohsawa, A. Tetrahedron
2000, 56, 4383-4395.
Itoh, T.; Hasegawa, H.; Nagata, K.; Okada, M.; Ohsawa, A. Tetrahedron Lett. 1992, 33, 5399-
5402.
DMAS £ Tid7e < 7 a w3l L 7= 7" L = UMK 3-21 A pl I oW T
TOMYHEE LTz, KAl X 37 I — /LR 3-25 LR U RISk L COREHEL
. BN T IUBAMLTT E PRSI TA I PR 3-34 BAEKRT D,
BT, HEBEIEEZEETH0IC 2 078 b 5 MORFBNHEETS X1
BT 320 BER LT LB 2T, el HHEZ EtbN 2D i-PREINICAEET5 2
LT 3-21 OERKEIE WA L= (26 page. Table 3-3) Dif, i-PrEtN @ @R &
mEm S ND 5AL7 8 RAEBETTL OO RoleloHiZ BTN 5,

@

~

BocHN v? \ BocHN \ BocHN \
N N
Me0,C” ] MeO,C" VX Meozc)_jIN\: \Z
Bro N H Br I N H H N
® DMAS H buas DMAS
Et;N—H
3-25 3-34 3-21

plausible intermediate
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4-1. BT

BEEEOMRLY, EXAFOUFBEEON T LML LA IXY AT TG T AL b
DOEMITNEETH D LT LZ, £2C, ZOHITIE, BERMOA 24— iFEk 41 %
HWTZRID— MZHOWTEHBIT 2 (Scheme 4-1) 4-1 DA I %Y —/L NH DL 47
SIMEERTE =, IFY =)L 42 ~FE L%, oV EOMEBRNAT I/ b R
BX UL EZ AT ADTNAF AUCL VA IFTY =V T T T A~ 43 BEKRT D, fi
W, BB 43 CEEEED A v R— VEERRER 4-4 A A TZEEED v S LT F R
e < 7% @ cis BIRAYRIETC, BiRELR T~ 27 17 7 % MMERIBMA 4-5 2 Ak LT-
%, VT AT VAR~ 0T 7 & MEAER TR 12 BER 4-6 215 551 % 7
FLT-, TNLBEOETIE, ZhbOERERIZONTHRRD,

1) amino-
H — SEM hydroxylation BocHN OTBSS
N vinylation | N> 2) alkyne synthesis N
_________ / J .
Et0207<[ N’> -------- T> EtO,C N > S N/>
4-1 4-2 4-3

1) Sonogashira NH
coupling

2) cis reduction

diastereoselective
macro-
lactamization

\j“'OTBS

Br N" g, B 4-6

Scheme 4-1. Synthetic plan for macrolactam 4-6 from imidazole derivative 4-1

42 AIF—NTFTRAVFBLO~I 0T T Z MMEHIBMED G

LD, A XY=V T T T A 43 DEFKERAATZ (Scheme 4-2), THROB- b
TATNEOEUTZBERI O A I &Y — L8R 4-111T%F LT NBS Z/FH] ST 4 AR
B R L L=, SEMCI % AW T 3 /L SEM 181K 4-7 28 L7 2 kit T, $hik—m
HWhy 7Y PRISICE Y 3T E =LK 4-2 ~FFE#% 3. McLeod HIZ K> THRESNT-T
e RFeX U UUEEIS A A RTCT I /)T va—)L 4-8 AHE—OMEREMEERE LTET,
ZO@VMLERFWERFEL L7201, XV &E&Emy Boc 72/ EAZERICZENTWSH B =
IVIED R Z 5 O 7 RRE CTRUSNEIT L2727 8 E 2 T D, 2 #k7 /L 2—/L % TBS
ETRETLZELTYINT—=T )L 49 ~LFHEE, LIAIH ICK D= AT VDL E
IZHe< IBX EE{b, KF--Bestmann {E I KD AT VAT NFXF U BT HZ L TTER
BOAIFTS—NVT T T A NA3EERKR LT,
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ZOBF,K

) NBS, CH,Cl, Br__NEM  PdCl,, PPh, — SEM KBgcléH%‘:’_T
,> 0°C, 47% | /> Cs,CO4 l /> 20s02(0OH),4
EtO,C — > Et0C N T EtOC N T
2) SEMCI, K,CO4 THF/H,0 MeCNolHZO
DMF, 64% reflux 86%
4-1 4-7 89% 4-2
BocHN OH TBSCI BocHN OTBS  1)LiAlHs ELO, 78 °C BocHN OTBS
Et;N, DMAP ﬁEM 2) IBX, DMSO
EtO,C N/> DMF, 80°C  EtO,C I N’> 3) Bestmann reagent . N/>
o K,COg, MeOH
90% 3
81% (3 steps)
43 4-9 4-3
(single regioisomer) (racemate)

Scheme 4-2. Synthesis of imidazole fragment 4-3

VT, v 7 rJ 7% MERIBE 4-5 DA Z A T- (Scheme 4-3), A > F— LRz X
D 3EFETARLTZBEA DA o F—/VERRETHEIR 4-45 LSk DA I XY — VT T 7 A |k
A3 BB L LmEED v 7V U ROR TR Ko TH v T Y UK 4-10 AR LT, i
T, TAFRUDCisiBLOBT & oi=A > F—/1v | Boc i 9 & W FEVES TR L 7=,
Zn (Cu) Z MW7z cis BEIRWRETTUL VMK > TT VT » 4-11 ~ &8N, %I
TFA (2L % Boc HDOWLE L AT VDT VA VAKXV~ 7 v T 7 % MMEFiBiA
45 ZER LT, T2 ETORISITNTILS F~@EIERNAD, REAETH D H~%+
7T DDA —/LTH R < RUSHEST LTz,

BocHN OTBS CO,Me  py,(dba);-CHCI,
SEM
N PPhs, Cul, n-BuNH,
. >
\\ | N/> Br N | Br benzene
Boc 85°C
71%
4-3 4-4
(racemate)
1) NaOMe
MeOH/THF 1) TFA
0°Ctort CH,Cl,
—_—— >
2) Zn(Cu) 2) LiOH
conc. HCI MeOH/H,0
EtOH, reflux 0°Ctort

77% (2 steps) 62% (2 steps)

Scheme 4-3. Synthesis of macrolactamization precursor 4-5
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4-3. VT AT VEBEB RN~ 0T 7 & bk 12

A DIZL s THESNIe~v I T 7 N ALDSEM: BIThw, 45 O~ r T 7% MM
ZikAT- (Table 4-1), SJ&SIE, 1.2 ¥ D 2-methyl-6-nitrobenzoic anhydride (UL F MNBA)
L 4.8 48D DMAP @ CH.CLIRIRIZH L, ~ 27 1T 7 % LMUREIERE 4-5 & CHCl ik &
VU URTTI6~20 BN TR TS E D 2 & TiTo 72, TORER, B LT 5143
12 BBR 4-6 8 3T%DINRTH—DIT AT LA~—L LTELNT (entry 1) ¥4, UK
DEEZHIEL, 1.6 48D MNBA & 3.2 480D DMAP & W75 il 7- 23, IR
B Liemo7z (entry 2), — 5T, 1.6 4 & MNBA & 4.8 450 DMAP Z AW =54 T
1, RN 54% F Tl L7z (entry 3), 2B OFEFRN G, MNBA & 4-5 OYELEB X
" MNBA & DMAP O &3, IROUGEIZITEE CTH D Z LR ST, ER5HIN
Fom EEZHBEL, 20 48D MNBA & 6.0 45D DMAP Z W & Z AV D 67% F
TURNLEE LT (entry 4), 72 ERITMER TN, YV IR TE T 2 oH
A RZBRB S A —NT v TERBHREETH o 727od, U U VND 45 OFIRIRE
ICOWTHFI LT, TORE, ZNET28 mM Th-o7-iE 4 83 mM £ THE< LTHIX
BPHEFFSILD Z EMHGL T o7 (entry 5), Zauld, i FEENHDITEN-T2Z &
WA T, ISR OERERE mM EIEFICRS . KREIZIZE A EEREN SO TH
HEBEZTND, LonL, entry 5 OB TEBIZA T —AT v T2l AT Z A, WERN
53% £ TN L7z, & 2 CHiAMET L7-RER, 24 25D MNBA & 7.2 450 DMAP %
WS e biX, A=A T v 7R (K 15 g) 126 60%RiIZ DI T 4-6 M5 H4L5 2
LERRH LU, DLEXY ., entry6 OFEERBESMES LT,
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(MNBA)
NO, 0 O NO,

DMAP

CH,Cl,

4-6
(single diastereomer, racemate)

The solution of 4-5 was added to the solution of MNBA and DMAP by syringe pump over 16-20 h.

entry MNBA (eq.) DMAP (eq.) ratio (DMAP/MNBA) conc. in syringe (final conc.) 4-6

1 1.2 48 4.0 28 mM (2.4 mM) 37%
2 1.6 3.2 2.0 28 mM (2.4 mM) 37%
3 1.6 4.8 3.0 28 mM (2.4 mM) 54%
4 2.0 6.0 3.0 28 mM (2.4 mM) 67%
5 2.0 6.0 3.0 83 mM (2.5 mM) 69%/53%
6 24 7.2 3.0 83 mM (2.5 mM) 60%/58%

(small scale / large scale)

Table 4-1. Synthesis of macrolactam 4-6 and optimization of the conditions

ZoO~vr a7 s 2 MERIS T, AER 12 BER 4-6 7207 T <L HARF & 3ALOHLME
AFICHKT DT AT LA~ —4-12 PERKT 2 RN B 2 DAL, B HOG G
B (16 page, scheme 2-5) Trt# L7= TP Y 4-12 13 UG 5NT 4-6 NHE—~DTT AT L
Fv—b LTHELNT (Scheme 4-4), Z DEFOELRIZHONTIL, 2 ETEEMA IR~ TV
B2 2 CIEEERBICE D 5, Rfafl 12 B 46 BX O 412 2252455
4-5 OFELE 4-5-a B XN 4-5-b D5 5, 4-5-b X 3L 28T /L2 — VIZHEIR T D AR T K
D TRV —BICAF]TH D, ZOBREROT X LF—ENDS, 45-a 2R TC~vrnaT7 74
DAEHEST LRSS, ABRRD 12 BER 4-6 2S8R Sz L Bx 138 2 72,
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favored conformer disfavored conformer
—\ _©&/

O
— \

NH,
Jj 'OTBS R —

diastereomer

4-6 4-12
Scheme 4-4. Consideration for the diastereoselective formation of macrolactam 4-6

AREAFN 12 BER 4-6 DNE—DVT AT LA~—E LTELNTZ &1X, chartelline C &R
HART 2 ETEETHD (Scheme 4-5), TOIHIZONTIX, B _FEOAMFHE (17
page, scheme 2-6) TifflZ IR TWNWAHDT, Z Z CIEfEZHFICED 5, REEf 12 B8R
4-6 NDOLIFEAREL B OINLDLFT 7 Z MERIBRE 4-14 & F7o, BNICHIET D A Aafiis
BAICERT I EAKFEHTH0, TOTF o FF~—415 AHAELEHT 52 LT TE A
W, Fo, ZHUCKHIS BT 7 X METIE, ZORIBMEARE T H2HAENFT I X LDALE
EHLNIAFIERGE IS0, 4-14 2HIE SIROD 4-16 23, 4-15 2 HIE R KD 4-17 235841
FIZEDND EBZ BILD, Thbb, HENRD~ 7 v T 7 % MMURiBRE 4-5 ZFHH
%, VT AT VAR~ 0T 7 2 2RI LD Rfafn 12 BER 46 BLOEDOTF
F A~ —4-13 RGN T D Z &R TE X, chartelline C3F T A5 ME—DAREFH.LT
HLPFT I H NS T AEIRWNCHEE T 5 2 & DR EAlRBIZ 72 5,
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enantiomer derived from
planar chirality

SEMN \

)\ NH
----- > { R e
----- » \ EEEEEE

N\ o

Br
Br H
4415

Scheme 4-5. Prospects for asymmetric construction of g-lactam

¥, ME—RARRAER LTS Baran b, Faxn~vrr T 7 X MullHnWET X/
i 4-5 LHER LI-EE2 AT 57 2 BR 4-18 5. ARFN 12 BER 4-19 ML N0 -T2
LA LTS (Scheme 4-6) 15, Frexid, ZOHEEZRO L HITEL LT, 418 1TKF LAE
BHRIZAEMSED EHNRRIZT TR, B FRICAHET 24 I F Y —VEEH & X
JEL. TIA I FY =)L 420 3G HIND, Gy TR 2 AW BLEBMENT0. a1l & D Afd
110 BB OBEFRHT OFER B HRGHNTHIET 5 & A fafn 12 BRZHET 572012
X, 3 TFROA IFY =& A RV REMBICEER LT A D 2 ENEE LG
Ezbhb, LnL, 420 DA XX — ) BTV — T UVENBSHERFE A Z LE DORL
JERSELY 36 < 7ot fif R, BRALDBHEIT LR oo EFx 1XBL Lz, B, SEFHL N
~ru 77 MUIHWET X V45, A I XY —E SEMETHREL TS, £0D
72, AT 45 BT AR 421 ~EBREINTBRIZ A I X4V U AL RPICFET
% DMAP 72 I K o TEBITHT AL EIT T2 £ E 2 Tnb, v/ mr T 7 Z Muic &
DGR 12 BEROREERICRII L= Z &1, Baran H0OfE5R%2 FEIAFEETHY . Zhic k
¥ chartelline BHDO A fafn 12 BERAMEE T D72 FlEEZ R T 2 LN TE T,
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Baran's report

@°
NO 4-20

Scheme 4-6. Baran’s report of the failure of macrolactamization using 4-18 and our proposed
reason

~/uF 78N 4-6 OfEE, H, BC-NMR, HMBC, HMQC, NOESY # L' HRMS
A N VORRETC & o CikiE L7= (Figure 4-1). LLTFICIE, Rl &S HMBC B L0
NOESY %~ L C\W5, HMBC b~ 27 1o 7 % LD & iR L. NOESY FHiH
IPD YN —T L O 3ROSR P LT,

Figure 4-1. Structure determination of macrolactam 4-6
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4-4. References and notes
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RBFEE SEM REDNAFF 2 9012 L7ZBEIZIE, WO IGIZB W T HALE R R O
A K DRI T 23 sz T BTz,

SEM
H 1) sEMCI, K,CO, Br N>
DMF, 45% | )
2) NBS,MeCN
° 0
i 0°C, 37% 4

YBAFFEEITIIT D chartelline C A RO EATHIFEH b Th HiRHI LORIT, FEOEE
IZBIT 5 B =4ki3K & L T Vinylboronic anhydride pyridine complex (CAS: 442850-89-7)
ZRAWTWe, LaL, REGKTDICHTED ZOMMENEE eoToicd, L%
i AF A HEZ: Potassium vinyltrifluoroborate % FV 7= I 288 L7=, (Molander, G.
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BERIRIEN AR 7RI, A R F Y =TT 7 A RO 2 BALIK 4-22 DAL TR
SNTz, DD, GIERTH v 7Y 7K 4-10 285 D120E, B RS T T
JEEEDHENEEThHoT-, A7 I A TRISEIT>T-BICIE, SRS, 7
FRAADAEETZLTER TV AT v P LI e TEET 2 2 LT 4-22 OE%E
MxHZLTER,

OTBS
N 7
¢ ] N
N %
SEM’ N
TBSO NHBoc
4-22

By T TR 4-10 & OSBERREESR T I JIRAKRT 423 L EZE 2 HD (LRMS,
IH-NMR., BC-NMR 2> 5E) BIERS DR SNz, ZOARZIZ 5720121,
FRE LT nBuNH, Z WA Z EMEETH -7,

NH
PPh,
4-23
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9. A v R—JL Boc (R RDIRFETT VXD cis BILERLTZN, Ty 4-11 L RG
BTHDHH 7V TIK4-10 MENETELND DA TH-T-,

COZMe

BocHN OTBS
o¢ SEM Zn(Cu)
N conc. HCI OTBS
Br ) T & X + 410
N EtOH, reflux

24%

10. HHFFE=RIZH1T % chartelline C & RO SEATHIZEE b Th 24 L OURIE, RO ELE
BIF57 /L% 0 cis J:Eﬂ:%‘b\“c MeOH ZHW\W Tz, UL, ZoHEOHE
(21X MeOH CTIIBIEMNHEIT Lo 727z, LV HhmROFE W EtOH Z Bt E LCTHW
77
11 BRM T, By 7Y 71K 4-10 73 EE‘J%@?»&‘/ 4-11 L TR D EMITHR~ 1T
TSN D Z VMR I NIz, ZNEIHIT 5720121, Zn(Cu)% +4r & (4-10 1TkF
LCHEEITI6MFLLE) ANTELZIHITIT) ZENEETH T,
12. ARHHAETH 2= ATV 4-24 HHIEMESG T LTy o n T 7 % 2MuailA iz ns,
(Walker, D. P.; Wishka, D. G.; Beagley, P. ; Turner, G.; Solesbury, N. Synthesis 2011, 7, 1113-
1119.) 4-24 DfRPETT HDHTh o7z,
CO,Me

NH,

L NaOAc
\ oOTBS —— 4-24 + decomposed
Br 2-butanol
reflux 42%

13. (a) Shiina, I. Bull. Chem. Soc. Jpn. 2014, 87, 196-233. (b) Shiina, |.; Kubota, M.; Oshiumi, H.;
Hashizume, M. J. Org. Chem. 2004, 69, 1822-1830.

14. 73 M CTHEA DMETT L 72 8K 4-25 38 L OV = 81K 4-26 (ESI-lon Trap-Ms CHERE) 23—
EHIG THARM L TV,
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H (o)
SEM N S NH
'/N
N~ oTBS
WY
NSEM
TBSO
NH
\ NH
(o)
O"HN_  oTBS /
= NH
5l SEMN_ Br
4-25: 1367.5 m/z [M+Na]" 4-26: 2039.7 m/z [M+Na]"

15. Baran, P. S.; Shenvi, R. A.; Mitsos, C. A. Angew. Chem., Int. Ed. 2005, 44, 3714-3717.
16. lwasaki, K.; Kanno, R.; Morimoto, T.; Yamashita, T.; Yokoshima, S.; Fukuyama, T. Angew.
Chem., Int. Ed. 2012, 51, 9160-9163.
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5-1. B REHE

ZOHITIE, BUETAEK LIz~27 aF 7 ¥ 55105 chartelline C £ TOARKATHEIIZD
WTIRR % (Scheme 5-1), 1ZU®IZ, 5-1 Ok KX oKk s I FOBEAL
ma ALY e F IR 52 HT D, KW\ T, b 52 IZxL, e sy
NFA U EERESEL 2 ETERTDEZZOND T P vA 2 UK 5-3 20 L7-81L
WXV, BT H A 54 BRERET D, BZIZ, SEM BEOREL A I XY — L 2 i T 1
Elb, = I FBLE#E (X= Br O6) 12 LY chartelline C D& Rk A BT 2§l
ENRLT, TNLBEOHITIE. b OERMERICOWVTERS,

o) o
NH l‘ll.l-h
enamide formation Hactamizati
halogenation + p-lactamization
Joomas 22 - Jr o -
"QTBS  ----------- > X
Br \ Br
N <N
5.1 5-2

halogenation
halogen exchange
(for X=Br)

chartelline C

Scheme 5-1. Synthetic plan for chartelline C from macrolactam 5-1

5-2. iAKiZLZD=F I FOEA

5-1 ® TBS }4% TBAF ([C L W ifRi#E L= 7 /v a—/L 55 Z T, =F I ROEAZK
FL7= (Table 5-1), £ U IZ. Burgess i3 2° Matin sulfuran® 7 02 K 2 K 2 5 7= 53
WITNOEMHETHL=F I R 581367 ~7= (entries 1 and 2), F7=. Appel )i 40
SERSSAE S ZFIH LIz I ROBEALRATZN, ZNHEHETH 58 IXfFbhieo7t

(entries 3 and 4), —J7C. 5-5 ® CHCLIEIKIZ%f L, EtsN 45 F, MsCl Z1Ef &87- &
A, runulRkEEZ LD 56 MK 20%DIETH—D VT AT LA ~— (LRIERR
E) L LTHELRE (entry 5) 6 ZOREENG ., KERFENSPLBEIL A~ Sz BRI, Bk
BB &0 b REBEREDER L TR ZENTRIN, £ T, BY PUHET,
REZEHLSE D Z - T2 H BT S B OREIEN 22 L 72\ trifluoroacetic anhydride (VLT
TFAA) ZEA&E, LavL, ZoHAICHL= I R 58 iifFon s, FiitmsT7 74
55T R UW%DINRTH DT AT LA~—L LTELNE (entry 6) 7, ZOFEHEMND,
IKEEFEDS B I ST BRIS, BSOS K0 b A & R—/1 3 i b D4 F- N REZE H#L
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IS DMERET A Z RN -T2, O, ARSI LD THORETHLEKE
TAHTF I RE8IFELN-T- 8 UUEOREBIORESZNS, Z0oREEH T )
R RB8EAMTHZ LITINEETH D LHIT LT,

TBAF
OTBS ————»
THF
93%

Br

conditions Br

(single diastereomer) (single diastereomer) desired
entry conditions results

1 Burgess reagent, toluene, 130 °C complex mixture

2 Martin Sulfurane, (CH,CI),, 85 °C no reaction

3 PPh,, CCl,, MeCN, 100 °C complex mixture

4 PBuj3, DIAD, THF, rt major: SM

5 MsCl, EtzN, CH,Cl,, rt 5-6: ca. 20%

6 TFAA, pyridine, CH,Cl,, rt 5-7: 91%

Table 5-1. Attempt to synthesize enamide 5-8 and detection of unexpected J-lactam 5-7

&7 7 5 57 OfEEIL, H, BC-NMR, COSY, HMBC, HMQC, NOESY ¥ L !
HRMS A7 NIV OFRNTIZ L > CHRE L7= (Figure 5-1), LA FIZHFICEE 72 HMBC B LW
NOESY FHEd% /R LT\ %, HMBC fHEE B SEBROEK & R L, NOESY fHES/5 C3
MDA T 36 L OV F DB A TR TE L T2,
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/N N\
HMBC NOESY
5.7 TMS 5.7
(single diastereomer)
'H, 3C NMR, COSY
HMBC, HMQC, NOESY and HRMS

Figure 5-1. Structure determination of &lactam 5-7

T va—)v 55 ZHWZBKORE (Table 5-1) 725, = I REEAT 570121,
A2 K=V INOREMEEEZE LT ZERUETHLHEEZERT, £Z T, v~/ B7 7 XN 5
1DA 2 F—=/v 1{i%EF% Boc TR L7-%., TBAFIZL Y TBS A&l 224 T
A > K—/V N-Boc ££# 1K 5-9 2 Ak L7= (Scheme 5-2),

1) NaH
NH Boc,O
j THF
\ 'mOTBS >
2) TBAF
THF
79% (2 steps)

Br

Scheme 5-2. Synthesis of Boc protected indole 5-9

A E L7z NBoc fRi#f& 5-9 2 T 3 KB DOBAKIZE 2T I ROBAZKF L7z
(Table 5-2), WikSf:E LT Ts:0 ° TH,0. Ms,O. Burgess 3 2, Martin sulfurane3,
trichloroacetic anhydride, DIAD (J¢#ES)is) 5. BFs + OEt, (UL AEE). TFA (AHERR) %
ER SRR, Wbz ) I K 510 356 znodfz 8 £ T, MIERE HVZEE
\Z&T 7 X I 57 &5 27240 (Table 5-1, entry 6) 72 51F, /KEREL D BBl H A~ 25 L ke
FICHEITT D LB 2. TDOEM (TFAA, pyridine, CHClp, rt) i@ L7=, LovL, =iET
X, 7va—ARn R 7t areF b EnizEE NP R TRIGAEER L, B
KETHEIT Lo T2, £ 2T, 5-9 OCHLCl), Wiz xt L, pyridine 247 F, TFAA % 1E
JAESE 70 °C £THEL-, ZORER, AET 27 I R 5100 B LA FH Y U &
TSN D EIVERMY) 5-111M 2 3 E N EH 21% 3 L 32% DR TH L2 (entry 1), F 7z,
KEEFELSAN DO EZ M M) 7 rFda T F e Rios PRINDEERY (REEREIC
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IEELRD>T), YF-NMR T RYU 7t a7 vF O 77V EiR) 75, 20-30% D
IETHLNT, T, TFAA ORUGHED @ < KRN O BFREE b UG L2729 72
EEZ, LR MY T de T Tkl W I FOBEAZRF LT,
Katritzky & O IZHEVY B, 5-9 O THFARICKT L, R U 74 v 72T LAl 5-12 B &
W 5-13 ZZENZIERAS®EZ, LML, WTFRORGTHONMTETET, L LT
pyridine Z SN L7=35812 6 MO IZ#EIT L2 > > 7= (entries 2, 3 and 4), & Z C, TFAA K&
D HIRFN7253K CToH D pentafluoropropionic anhydride (LA PFPA) 4 % >, pyridine #1757
T, 70 °CIZMBA L&A, =TI REI0BLOAFH YU v EEXONDREIERY 5-
11 BENEI 30%5 LY 10% DR TR LI (entry 5), Z DK RTIL, KIEZRIHED
UGB AT B o723, TFAA O 40 °C 72 DIZE~T, PFPA Ol 70 °C
EBRVFENOETERLTWADITIAZ T, H-NMR 225Hlrd 25 & RPN LV HETH-
e, IRSGEE BIE LU CHEMZRME 2 i Lz, TORR, REZERE T LT
72BRIC 5-10 DR 44% £ TzE L7= (entry 6), F£7-. B F. A i-PrEN (T4
L72BRZ 5-10 DULED 51% F CThE L7272, ZOMa RSt Lz (entry 7) 1518
B, BmULE, BT v a— L ERHAKL TSI RABBmT L0 TRAZE L 17,
Wood 5IETF I RADLEHEIRNEEIT LR o 7o LA LT 5 18, B DR A &
FVETETTLa—L 59 N5 I F510 2/ TE70Z &1L, iBEOERKME L
WL THRERESTHDL LEFZ D,

2 N
o @[ Y
o <§N_<CF N lo)
3
NH % o%ca

5-12 5-13
conditions
OH

_

Br Br Boc 4
N
5-9 5-10 5-11
entry reagents solvent temp. 5-10 5-11
1 TFAA, pyridine (CH,CI), 70 °C 21% 32%
2 5-12 THF reflux no reaction
3 5-13, pyridine THF reflux no reaction
4 5-13 THF reflux no reaction
5 (CF3CF,C0),0, pyridine (CH,CI), 70 °C 30% ca. 10%
6 (CF3CF,C0),0, pyridine (CH,CI), reflux 44% ca. 10%
7 (CF3CF,C0),0, i-ProEtN (CH,CI), reflux 51% ca. 10%

Table 5-2. Synthesis of enamide 5-10
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5-3. FT7 7 &% MERIBRMED SR E 7 7 % 2Mb

BFohizoF I K 510 02647 7 # LMMERTBEA 5-15 ~D A #4374 7- (Scheme 5-3),
5-10 {2k LT NBS ZEH &E 5 7o I K 5-14 WELNLZ 19, W T, SIOfEE
T10°C EF TS HZ & TA v K=V Boc Ka iR L., 7 7 % 2MERIBRIA 5-15 2 &
L7 20,

5-10 5-14

Scheme 5-3. Synthesis of glactamization precursor 5-15

FWT, S ONZRIBRA 5-15 ZHWTBT 7 X A 5-18 D&k A RAT= (Scheme 5-4),
L2 L., 5-15 @ MeCN ¥IRIZHK LT 1 & NBS #/EA SH722, B ET DT A
I UHFBHA 517 IFAE LT, 37 eEA Ly RL= 516 BESNT, ZhiE, A F—L
BNLDORIGHEN, =F I RBLL Y bEN-TmdTHDH EEZ TS, ZORIGHEDSEE
BT ZLIINEECTH D LI L, 5-17 TiE7R< 516 Z W=7 7 # MMl rTz, 5-16
IIARLETH Y HEEDNNEECTH 7272, 5-16 /L & E 2%, Baran HOME 2 25%
(2. BSSRHIZ 18-crown-6 @ THF A E LY KoCOs MMz 72, ZDfER. 92% DILFET
FT7 72N 518 BMELITc, TAUCKY, UAIOFHE & IXER D R RE LT o
2 2METIED D08, BRI chartelline DR #5842 Z LTI LT,

Baran's
condition

18-crown-6
K,CO3

Br

— 5-16 —

NBS

Vi h

MeCN Br

_| desired intermediate

Scheme 5-4. Synthesis of flactam 5-18
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3-7rEA L R =r 516 D&, H, BC-NMR, HMBC, HMQC ¥ X' HRMS *
7 MVOFRKTIZ &> CTRiE L7 (Scheme 5-5), 175 ppm &\ 5 A > RL=2 2 LD fRFE
(RO 78 BC DfbFy 7 MERB KON, A% — AZFE#E L7z HMBC FHBAN B 7 3L A X v
PR 5-17 TIER< A > KL= 516 THDH Ll L7z, Fiz, 5-16 IIALETH Y H
BENINEECH 7= Z &S BUSIE NMR F 2 — 7 TiTo7-, 3725, 5-15 @ CD:LCl,
WIRIZKE LT NBS #FRl &8, £OFEFELM NMR A7 ML ERE LTz, 7ok, B
HEETHT 7 Z LM LT Baran HlE, TRHIKOFELHER L TV, TOREZEM
DOHEEMEEDOIRBICHE > Tz 2 SEIOFERICED, ZHETHEME CH 124
77 B PMEO PR 5-16 ZFET D Z LN TE I,

H NMR, "3C NMR, HMQC, HMBC and HRMS
indolenine 2 position '3C: 175 ppm

Scheme 5-5. Structure determination of 3-bromo indolenine 5-16
B> 7 % 5-18 OfEEL. H, BC-NMR. HMBC, HMQC. HRMS B LT IR A7 |k

VORI L - TRE L7z (Figure 5-2), LA FIZ, BT 7 % LD L 72 5 EE /2 HMBC
BB LV IR ORI £ (1789 em?) 2 AR LT\ 5,

HMBC

< H NMR, "3C NMR, HMQC, HMBC, IR and LRMS >
IR: 1789 cm™!

5-18

Figure 5-2. Structure determination of #lactam 5-18

54. 4 IFY—ND 27 BB IV F I R EMRKIGORE
FT7 7518 Ik LT TfOH Z/EH ¥ 52 L T, A4 IV —/ LD SEM H & Bifk
ERL, BONT5-19D A I F Y — 27 aE{b 2Rt L7z (Table 5-3), L»L. 5-19
? MeCN/CH:Cl, T&HRIZx LT NBS Z/EMA S /723, HHRIREMAE 52 5 DR Th-o1
(entry 1), ZHUE, A IFXY —NLSNOERENKIGLIcTDZEEZTZ, 22T, 43
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)=V BIZT =4 v B RAESETCTEOMEEmD D Z & &2V, 5-19 O THF &R %
LT NaH B LN NBS ZIERIEA SH7-, LavL. NaH Z/EH &8 7- 5T 5-19 28R L,
2-7aEA I XY —/L 520 F G Lo (entry 2),

entry conditions results
1 NBS, MeCN, CH,Cly, rt complex mixture
2 NaH, THF, 0 °C to rt; NBS decomposed

Table 5-3. Attempt to synthesize 2-bromo imidazole 5-20

BWT, p7 755 518 D) I R RFDOERSL AT L. (Table 5-4), L2aL,
5-18 @ THF IERIZxH LC BusNCI Z/EF ST 70 °C £ CME L 7223, RS ITHEITHT 5-
18 #[FlLT DDA ToH -7 (entry 1), & Z T, Christophersen & O # & L IZHEVY, 5-18 O
MeOH J&IIZ%f LC NaOMe % Ef &t7-23, HHERIBREWE 52 2 DHTH-7= (entry
2),

X= OMe (5-21) or CI (5-22)

entry conditions results
1 BuyNCI, THF, rt to 50-70 °C 5-18 (major)
2 NaOMe, MeOH, rt complex mixture

Table 5-4. Attempted substitution of bromine of enamide 5-18

Pk, 43—V EORFEMBLOEF I RBALERSISIHREETSH Y | chartelline C
DEEGRIZIEEL R oT2RN, VT AT V@R~ a7 7 % Mez S E LTz
chartelline C OF 7= 72 B HEELE AR T 5 2 L TARAEERA~DERHEZRT T ENTET,
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5-5. References and notes

1.

chartelline % % Hijift - #1577 L 7= Christophersen 513, MeOH A chartelline A (2%
LT NaOMe ZfEF&¥ 5 &, =) K Lo m a5 OMe Fi~ L 8 X iz 5-23 28
BT 52 &E2HE L TWS (Anthoni, U.; Chevolot, L.; Larsen, C.; Nielsen, P. H.;
Christophersen, C. J. Org. Chem. 1987, 52, 4709-4712.), Z ®O#ENH, =F I K Eo o
TURMRARE T H D EE R T,

NaOMe

MeOH
80%

chartelline A 5-23

(a) Atkins, G. M.; Burgess, E. M. J. Am. Chem. Soc. 1968, 90, 4744-4745. (b) Burgess, E. M.;
Penton, H. R.; Taylor, E. A. J. Org. Chem. 1973, 38, 26-31.

(a) Martin, J. C.; Arhart, R. J. J. Am. Chem. Soc. 1971, 93, 4327-4329. (b) Arhart, R. J.; Martin,
J. C. J. Am. Chem. Soc. 1972, 94, 5003-5010.

Appel, R. Angew. Chem. Int. Ed. 1975, 14, 801-811.

Mitsunobu, O. Synthesis 1981, 1-28.

E2 B Lo T/ m ik 56 7 H=F I K 5-8 ~DOEMARAT-N, HHRIREWE
X2 DDHTHoT,

desired
UHFFEEIZISIT D chartelline C GRLDEATHIIEE & TH DRIFIL, & Fu X Al 5-24
® DME ¥&RIZxt L, AIBN Z{EA SETNET 2 L RO RFEHRE /T H87 7 4
LB BN ELND &AL TS (Kajii, S.; Nishikawa, T.; Isobe, M. Chem. Commun.
2008, 3121-3123.), ZiILHDOFERNG, HIBA 5-5 36 LN 5-24 @ C20 35 L C3 i,
WP ZERINZEEE LTE BT E L T D TRV EZE ATV D,
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O oAyl o]

_OAllyl
N y

AIBN
_—
DME, reflux Br
47%

Br

5-24 5-25

FEIR B O (Grieco, P. A.; Gilman, S.; Nishizawa, M. J. Org. Chem. 1976, 41, 1485-1486.)
\ZHEV, T — )L 55 NBLaEE L2 L= K 5-26 1ZxF LT, mCPBA Z{Ef &H7-73.
55% 5.2 5DHThot-, £i-. T3 —/L 55 053FE 77 v F LK 5-27 21
LTI LD, 8T 72 L5 TR ELNDDHRTH T,

entry R= conditions major product Ar=
1 SeAr (5-26) mCPBA, CH,Cl, 5-5 "5_‘/
2 OAc (5-27) K,CO3, DMSO, 120 °C 5-7 ©N02

PR SR EAE R A DL T O Table I2F & 7=,
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A\
Br N \ NSEM
Boc />
N
5-11
entry conditions 5-10 5-11
1 Ts 0, pyridine, (CH,Cl),, 70 °C no reaction
2 Tf,0, Et3N, (CH,CI),, 70 °C complex mixture
3 Ms,0, Et;N, (CH,Cl),, 70 °C 0% 35%
4 Burgess rgt., toluene, 80 °C 0% 14%
5 Martin Sulfurane, (CH,Cl),, 70 °C no reaction
6 trichloroacetic anhydride, pyridine, (CH,Cl),, 70 °C complex mixture
7 DIAD, n-BusP, THF, reflux no reaction
8 BF3-OEt,, THF, reflux complex mixture
9 TFA, (CH,CI),, 70 °C no reaction

10. NBoc 7&K 5-9 IZ%f LT NBS Z{EA S, A I ¥ Y —/L 2 i BF#EK 5-28 AR LT
#%. 5-28 % entry 1 ORI Lz, LovL, SOSIRIEE A EHEIT L o7, 2
it, BZOEANCEIVAIF YNV FOBTEBENMEF LR, A IF Y —A»
5 C3NL~DETFHEEVEN DAL, N 7 AF aFROBRBERENME T L-7-0i2 & &2

Tn5,

TFAA
pyiridine
mQH —— > major: SM
(CHLCI),
70 °C

5-28

11. A %4> U v 511 offEE, H, BC-NMR, COSY, HMBC, HMQC. NOESY ¥ L
LRMS 2~ B#EE L7z, ZFOMHUL, C3A7d H B L 8C Dby 7 MEns, A 59
EAFH VY 511 TIERESBRRDIOICK LT, LEROA X9 > 5-29 DfE & 1%
HPoleZ & ThD, MIET —ZITWNTILh 511 OfEEELFJE L TWeho 72y, &
XV ERGET DS T — X N o T T OHEERSEIZ & ST,
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'H:556
183C: 673 : Ph

N oA

N\ __ 0 .
- N ;
N \ , NSEM :Ph)t\d/ 5
Boe N/> 5 H: 555
5-29 13C: 581:
5-9 5-11 e :

(1H, 3C-NMR, HMQC, HMBC, NOESY, COSY and LRMS)
12. Tang & O EFIZHEVY (Xu, Y.; Liu, X. Y.; Wang, Z. Q.; Tang. L. F. J. Tetrahedron Lett. 2017,
58, 1788-1791.), A FH > U 511 ;v F 2 R 5-10 DA A A T228, SO ST
Lo 7-,

our result

LDA
NSEM ————> no reaction
THF
N rtto 70 °C
' H
Tang's report LDA 0
N —_—
)'\{%5 THF Ph)J\ N
ph” 0 95% H

13. (a) Katritzky, A. R.; Yang, B.; Qiu, G.; Zhang, Z. Synthesis 1999, 1, 55-57. (b) Katritzky, A. R,;
Yang, B.; Semenzin, D. J. Org. Chem. 1997, 62, 726-728.

14. PFPA D BJSPEIC DWW TiE, Aldrich JE{TOLLTF O R 2 A > MZRE#f s TV 5,
https://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/427/8
73/tfaa.pdf

15. ZORUGEOYERE BT O S BERGEETHY | Ta—/1 59 Ix LT 10 4
B i-PrEtN 36 LU 8 B d PFPA & iV 7z,

16. A7 —nNT v T OBICINENMET L2720, & EFORIE 10 mg A7 — VO RIG %18
BD7 7 A3 TITW, work-up BIZEN D ZRE LTz,

17. @il 5k, 73— 530 D' L= NMu L REROHITEZIC L VL= R 5-31 ~i
L%, BV XU RO syn BfAFIH L CT=F I K 5-32 Ak L7- (Iwasaki, K.;
Kanno, R.; Morimoto, T.; Yamashita, T.; Yokoshima, S.; Fukuyama, T. Angew. Chem., Int. Ed.
2012, 51, 9160-9163.) ,
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1) O-N02C6H4SGCN
n-BU3P
THF, 62%

2) TfOH,CH,Cl, Br
-78t0 0 °C

3) BzCl, Et3N
DMAP
CH,Cl,, THF
72% (2 steps)

18. Wood 5, 7 /b2— L 5-33(Z%F9 % Appel SKISSMEIZ LW =) I ROEAZ A TZH,
BRI E ST, CHRS34 NG5 N7- 2 L2 #HE LT\ % (Korakas, P.; Chaffee, S.;
Shotwell, J. B.; Duque, P.; Wood, J. L. Proc. Nat. Acad. Sci. U.S.A. 2004, 101, 12054-12057.)

PR; (R= Bu, Ph)

MeCN/CCl,, 55 °C
68%

19. "I R 514 1%L, I NBS Z1ESH 2-7 A I XY —/L 5-35 D&%
R T=M, BHERIREME S5 272, Zid, A I XY= A TiER< =) I Rt 7 m
AT L, TINA I UDER LD EFELTWAS,

NBS (1 eq.)
—— > complex mixture
CH,Cl,

5-14 5-35
20, EEEMESRE R, NS 2 R 5-14 B Boc K 5-15 DA A A T=08, WIn b e
WTHEIT L2 T2,
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conditions

5-15
entry conditions results
1 NaOMe, MeOH/THF, rtto 60 °C no reaction
2 t-BuOK, DME, rt to 80 °C no reaction

21. Baran, P. S.; Shenvi, R. A. J. Am. Chem. Soc. 2006, 128, 14028-14029.
22. -7 7 X LO—EHI72 IR OfEIE, 1750 cm™ T&H 5, (M. Hesse, H. Meier, B. Zeeh %,
KALF DT DAY NVIENTIE, 55 . BRI, 2002 4, ISBN 4-7598-0848-5)
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chartelline C 1%, 1987 4FIZ Christophersen ©(Z L - TIL#FIZAEE T % =47 4 chartella
papyracea 7> 5 B « SR E ST WEET Vi n A R T&H D (Scheme 6-1), chartelline C
F. DFRICSET I Z LR IL =), A RL=r R0 10 BRZGT0EREZR 2k
JikEEE AT 5, £lo. 3oL D k%@Tﬁ@ﬂl 10 BRICE > THFRITVEENT
BO, A Rb=re A I —ARERICER ST REZ A LTS, 723, chartelline
C # & I OHEBMEOEMIEIEIX, 4 HICE D E THLMNIT/ZR 5> TWRYY, chartelline
HENET DR CHEME S, INE TICEE 0OFBEBRILFE S DR 2ED T
Too LML, ZOFRFERTHMEEENOGRIIRETHY . ZhE TICHEINTZEE
Bilix, Baran 52 X % chartelline C D72 I &G 1 HIOATH D, &I TARIFETIE, K
TERERL S AU TR U chartelline C DR K G ALAE FIREIC T 287 e A LD 2 Hfa L7z,
chartelline & T % L CORBEEREIT, Rafn 12 BIRBLOBT 7 X LOWBETH D,
Hxix, 1) @ so chartelline C OARAFENLE R LIZUT AT LA ERN i~ 02T
7 H MK, TR R 6-1 DA 12 BER 6-2 2T 5 2 L TREARKO AIHEM:

ATl E, BIW 2) Christophersen & 2345 L 7= chartelline A ORFE 72 SMEN B EMHE L
772z, a2t I R63nLT VA I UK 6-4 R TCRET 7 X Lk
WET 5 Z & &AFTH L?‘:o

CO,H

diastereoselective
macro-
lactamization

chartelline C

Scheme 6-1. Synthetic strategy of chartelline C

EEETIE, ERAFUUFHEERD 5L IC LA A I E =V T T T A RD
ARETCRIE L2, PHIER 2 07 L = ARSI DWW Tl _ 7= (Scheme 6-2), XU
WIZ, FL=v 9-BBN ZHWSAR-EHH > 7V U IRIRIC L 2T, B AF U UFHER
6-5 220 5 AL T L = UK 6-6 DA AT, T 2 27 L = LK 6-7
MEILRL N SBENDDHTH -T2, 2 MIMERI S TWVRNA I Z Y — D 2 (LT v
FoUbiE, — &I n-BuLi 72 EOIERAVLE LT 5, LaL, SsAR-EliL Y 7Y VK
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JIEDSEFITITZE D XL 5 I RIIHFE L RN &0 D, 6-7 OIEEZSGETH Z LN TE
AT, ARBRHHRA I ZY— 0 2 M7 AT MRS E LTHIATE S L E 2, FORGSE
fz it L7z, £OREF. 6-5 @ DME BRIk LT, EHRFHK F 7 L=/ 9-BBN %
ERMESESZ & CTHETHIE 6-8 ~LHE L%, ERFEMAT i-PREIN 2N+ 52 &
T 6-7 DINEE 68% £ CTHET D Z LT Lz, BUGKRHCIRE O S#PH 55 2 5
&L OIS S B RGBS THEITLTWD Z ENRR SN, A4V —LiTE
TV TFRGFHFRTHDL LD, 2 WEL A I XY — VOB EFHERZEBREOSIZL D 2
MTIVFMEIT—RICHEETH Y . ZHNETITIEE A ERER R, BHOHKHTH D
5 ZLi 7 L = LA INE 6-6 IZAR TE ooy, FEBEREEBRS L DA I 4 —
WV2NLT XD F T 7 FIEEBRT D Z L ITkF LT,

)

BocHN BocHN BocHN

\ [Pd(allyl)Cl], v\ .
MeO,C I \> ) SPhos, K,CO3 > MeO,C )2 MeO,C ol \>
B N ° N N
r DMAS DME,O'IOO C Br H 2 DMAS
8%
6-5 6-7 6-6

HB@ BocHN @ air, i-ProEtN

rll \ 68%
MeOZC
degassed DME | . B
rt, under Ny Br'™N H aromatic nucleophilic

DMAS substitution reaction

6-8
putative intermediate

Scheme 6-2. Discovery of a new synthetic method for 2-alkyl imidazole via aromatic
nucleophilic substitution reaction

HIE TR, PT AT VAERER~ 7 1T 7 % LMEIZOWTiR<7- (Scheme 6-3),
_\%ﬁ@%:&VHw%%WGQ#%81&?4:&y~w777%/b&m%é
%Lt%\%ﬁ@%yPHwﬂM%%%&n&@ﬁﬁﬁnyVﬁ%ﬁ@SI@ﬁ?ﬂﬂ
7 7 & MMERIERMEA 6-12 ZFHT L=, fit\ T, A LI TGS~ n o7 otk
DEFIZHEN, 6-12 D~ 7 v T 7 X MbzRATz, TOE, BE T2 Rfaf 12 B8
6-13 % 58% DN TH DT AT LA ~—& L THEET S Z LTI L, chartelline C

DAFEA~DER 2T ZENTE T, ok, ME—2EEZER L TW5D Baran b
Team~raz s 2 MEZHWE 6-12 P OMEEE AT S BRILABREAE T~ n 7
7 8 MMEERASTD, Rafn 12 BRBPGONRPoT L HMELTWD, w7 r T 7 %Ak
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IZ X DA 12 BEROREEICRIY L2 Lid, Baran H O E %A LEIAFERETHY .
(2 &L 0 chartelline A A fafn 12 BER ZAEH T 28772 FEA R T Z LN TE T2,

H BocHN OTBS
, N> 8 steps ﬁEM 5 steps
/
EtO,C N —_— N | ,> >
7% T NN
CO,Me
6-9 6-10 |
racemate
( ) Br goc Br 6-11
(MNBA)
NO, O o NO,
(o)
DMAP
CH,Cl,

6-13
(single diastereomer, racemate)

Scheme 6-3. Synthesis of cyclization precursor 6-12 and its diastereoselective

macrolactamization

BHECTIE, KBEOPKIZESAZFI FNOBEANLRLT 7 X AMUIZON TR
(Scheme 6-4), X U¥HIZ, AfaFn 12 BB 6-13 DA > F—/L NH % Boc CTRi# L7-%. 3
KK D TBS HABUR#ET A Z L TT /L a—/L 6-14 ~FEL1-, BHh7- 6-14 % Fu
T 3 AKBEEEDRHIAKIZ L D =F I ROBALFEL RET LSRR, 6-14 D(CH:CI)2 HikIZxt
L C. i-PrEtN 377 F. pentafluoropropionic anhydride Z{Ef & T 70 °CiZhnEA L= & = A,
TF IR 6-15 2% 51%DIERTH LI, 2B, milbix, HEOT )V a—LzfikL T
TF I RAEBRT L0 TRAZE L, Wood HiT=F I RO EEBHEIT Lo
leHELTWD, FREDOIERZNO X VE TR T, I LB T2 ik, BE
DERRIFTRE L CTHRERESTHDL EE 25, KT, FoHNiz 6-15 D= I KB
frzRE L%, > R—/L L Boc Sk #ifri#9 5 2 & CTH7 7 % AMERTEEE 6-16 23
RIS 5HZ LN TE, £2T. BoN7- 6-16 (25 LT NBS Z{EHSETET 7 # ufb%k
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Scheme 6-4. Synthesis of g-lactam 6-19 and construction of core skeleton of chartelline C
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General Experimental

Melting points (Mps) were recorded on a Yanaco MP-S3 melting point apparatus and are not
corrected. Infrared spectra (IR) were recorded on a JASCO FT/IR-4100 spectrophotometer and are
reported in wave number (cm™?). Proton nuclear magnetic resonance (*H NMR) spectra were
recorded on a Bruker Avance-400 (400 MHz) or a Varian Gemini-2000 (300 MHz) spectrometer.
Chemical shifts of all compounds are reported in ppm relative to the residual undeuterated solvent
(chloroform-d as ¢ = 7.26, methanol-ds as 6 = 3.31, dichloromethane-d; as ¢ = 5.32). Data were
reported as follows: Chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, q =
guartet, m = multiplet, br = broadened), coupling constant, and assignment. Carbon nuclear
magnetic resonance (33C{*H} NMR) spectra were recorded on a Bruker Avance-400 (100 MHz) or a
Varian Gemini-2000 (300 MHz) spectrometer. Chemical shifts of all compounds are reported in
ppm relative to the solvent (chloroform-d as 6 = 77.16, methanol-ds as 6 = 49.00, dichloromethane-
dz as 6 = 53.84). All NMR were measured at 300 K unless otherwise noted. High-resolution mass
spectra (HRMS) were recorded on an Applied Biosystems Mariner ESI-TOF for ESI-MS or an
Agilent technologies 6220 LC/TOF-MS spectrometer for ESI-MS and are reported in m/z. Reactions
were monitored by thin layer chromatography (TLC) on 0.25 mm silica gel coated glass plates
60F2s4 (Merck, #1.05715.0001). Visualization was achieved by using UV light (254 nm) and
appropriate reagent (7% ethanolic phosphomolybdic acid, p-anisaldehyde solution in
H2SO4/AcOH/EtOH, or ninhydrin solution in n-BuOH/H>O/AcOH), followed by heating. Silica gel
60 (particle size 0.063-0.200 mm, Merck, #1.07734.9025) was used for silica gel column
chromatography. Silica gel 60N (spherical, neutral, particle size 0.04-0.05 mm, Kanto, #37563-79)
was used for neutral silica gel flash column chromatography. Silica gel 60 (spherical, particle size
0.04-0.05 mm, Kanto, #37562-84) was used for silica gel flash column chromatography. Qil bath
was used as the heat source. Dry THF, Et,O and CH2Cl, were purchased from Kanto Chemical Co.,
Inc. Dry DMF, MeCN, DME, (CHxCl)z, i-Pr2EtN and n-BuNH: were distilled from CaH,. Celite
(Hyflo Super-Cel) was purchased from Nacalai Tesque Co., Inc. All other commercially available

reagents were used as received.
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[3026]

Reverse-prenylated aryl 3-7: To a mixture of aryl iodide 3-6 (351 mg, 1.50 mmol), Pd(PPhs)s

(86.7 mg, 0.0750 mmol) and CsF (911 mg, 6.00 mmol) were added dry THF (6.0 mL) at room
temperature under N2 atmosphere. The resulting mixture was degassed by three freeze-thaw cycles,
the flask was filled with N2, and prenyl-9-BBN (0.5 ml, 2.2 mmol) was added. After being stirred
for 11 h at 70 °C, H2O (6 mL) was added. The resulting mixture was partitioned, and the aqueous
layer was extracted with EtOAc (10 mL x 2). The combined organic layer was washed with H,O
and brine, dried over anhydrous Na;SO4 and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane to hexane/CH,Cl, = 9/1) to afford reverse-
prenylated aryl 3-7 (208 mg, 79%) as a colorless oil.
IH NMR (300 MHz, CDCls): & (ppm) 1.41 (6H, s, -Me x2), 3.81 (3H, s, -OMe), 5.04 (1H, d, J =
10.5 Hz, vinyl), 5.06 (1H, d, J = 17.5 Hz, vinyl), 6.04 (1H, dd, J = 17.5, 10.5 Hz, vinyl), 6.88 (2H, d,
J = 8.5 Hz, phenyl), 7.29 (2H, d, J = 8.5 Hz, phenyl). ¥C NMR (75 MHz, CDCls): § (ppm) 28.4,
40.5, 55.2, 110.3, 113.3, 127.1, 140.6, 148.3, 157.5.
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[3030], [3031]

Histidine derivative 3-9: To a solution of L-histidine 3-8 (5.03 g, 0.0324 mol) in MeOH (50 mL)
was added SOCI; (2.8 ml, 0.039 mol) at 0 °C. After being stirred for 19 h at reflux, SOCI, (1.0 ml,
0.014 mol) was added. After being stirred for 20.5 h at reflux, SOCI> (0.5 ml, 6.9 mmol) was added.
After being stirred for 7.5 h at reflux, SOCI. (0.5 ml, 6.9 mmol) was added. After being stirred for 2
days at reflux, SOCI; (1.0 ml, 0.014 mol) was added. After being stirred for 17.5 h at reflux, the
reaction mixture was concentrated under reduced pressure. The crude ester was dissolved in MeOH
(40 mL), the solution was concentrated under reduced pressure, and then repeat this process one time.
The obtained crude ester was dissolved in MeOH (50 mL), and then to the solution were added EtsN
(4.5 mL, 0.032 mol) and Boc,O (7.4 mL, 0.032 mmol) at room temperature. After being stirred for
13 h at room temperature, Boc.O (8.9 mL, 0.039 mmol) was added. After being stirred for 10 h at
room temperature, the reaction mixture was concentrated under reduced pressure. The crude mixture
was dissolved in EtOAc, MeOH and H,O. The resulting mixture was partitioned, and the aqueous
layer was extracted with EtOAc. The organic layer was dried over anhydrous Na;SOs and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography

(hexane/Et,0 = 2/3) to afford histidine derivative 3-9 (11.1 g, 92% in 2 steps) as a pale yellow oil.
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[3111], [3114]

5-bromo histidine 3-10: To a solution of histidine derivative 3-9 (3.24 g, 8.77 mmol) in MeOH (25
mL) was added K>COs (126 mg, 0.912 mmol) at room temperature. After being stirred for 2.5 h at
reflux, the reaction mixture was concentrated under reduced pressure. The crude mixture was
dissolved in EtOAc and H2O. The organic layer was washed with H,O x2, dried over anhydrous
Na»SO, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (EtOAc to CH2Cl./MeOH = 9/1) to afford deBoc histidine derivative (2.06 g, 87%)
as a white solid.

To a solution of deBoc histidine derivative (1.99 g, 7.38 mmol) in MeCN (170 mL) was added
NBS (1.19 g, 6.69 mmol). After being stirred for 1.5 h at room temperature, NBS (100 mg, 0.562
mmol) was added. After being stirred for 0.5 h at room temperature, the reaction mixture was
concentrated under reduced pressure. The residue was purified by silica gel flash column
chromatography (hexane/ EtOAc = 1/1 to EtOAc) to afford 5-bromo histidine 3-10 (2.44 g, 95%) as

a yellow amorphous solid.
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[3051]

1-SEM histidine 3-11 and 3-SEM histidine 3-12: To a solution of 5-bromo histidine 3-10 (360 mg,
1.03 mmol) in dry DMF (3.0 mL) was added DBU (0.3 mL, 0.912 mmol) at 0 °C. After being
stirred for 1.5 h at 0 °C, SEMCI (0.40 mL, 2.3 mmol) was added. After being stirred for 21 h at
room temperature, DBU (120 pL, 0.804 umol) and SEMCI (120 pL, 0.678 umol) were added. After
being stirred for 2.5 h at room temperature, DBU (50 uL, 0.33 umol) and SEMCI (50 pL, 0.28
pmol) were added. After being stirred for 1 h at room temperature, DBU (50 uL, 0.33 umol) and
SEMCI (50 pL, 0.28 umol) were added. After being stirred for 2 h at room temperature, DBU (100
uL, 0.670 umol) and SEMCI (100 pL, 0.565 umol) were added. After being stirred for 5 days, the
reaction mixture was quenched with H,O (3.0 mL). The resulting mixture was partitioned, and the
aqueous layer was extracted with EtOAc (10 mL x 2). The combined organic layer was dried over
anhydrous Na,SO4 and concentrated under reduced pressure. The residue was purified by silica gel
flash column chromatography (hexane/EtOAc = 3/2) to afford 1-SEM histidine 3-11 (306 mg, 62%)
and 3-SEM histidine 3-12 (59.2 mg, 12%) as a colorless oil.
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[3115]

1-DMAS histidine 3-13 and 3-DMAS histidine 3-14: To a solution of 5-bromo histidine 3-10
(2.44 g, 7.01 mmol) in dry CH2Cl, (100 mL) was added EtsN (5.4 mL, 38.5 mmol) and DMASCI
(3.8 mL, 35.0 mmol) at room temperature. After being stirred for 16 h at room temperature, EtsN
(0.5 mL, 3.6 mmol) and DMASCI (0.4 mL, 3.7 mmol) were added. After being stirred for 18 h at
room temperature, EtsN (2.0 mL, 14.3 mmol) and DMASCI (1.6 mL, 14.9 mmol) were added. After
being stirred for 10 h at room temperature, the reaction mixture was quenched with sat. NaHCO3
solution (70 mL). The resulting mixture was partitioned, and the aqueous layer was extracted with
CHxCIl; (100 mL x 2). The combined organic layer was dried over anhydrous Na;SO4 and
concentrated under reduced pressure. The residue was purified by neutral silica gel flash column
chromatography (hexane/EtOAc = 1/1) to afford 1-DMAS histidine 3-13 (1.64 g, 51%) and 3-
DMAS protected histidine 3-14 (726 mg, 23%) as a yellow oil.
1-DMAS protected histidine 3-13: *H NMR (400 MHz, CDCls): & (ppm) 1.43 (9H, s, Boc), 2.97
(6H, s, DMAS), 3.04 (2H, m, -CHCH>-), 3.72 (3H, s, -OMe), 4.61 (1H, dt, J = 8.0, 5.0 Hz, -CHCH»-
), 5.64 (1H, d, J = 8.0 Hz, -NHBoc), 7.97 (1H, s, imidazole). *C NMR (100 MHz, CDCls): & (ppm)
28.3,29.5, 38.4,52.4,52.5, 79.9, 99.1, 139.6, 155.3, 172.0 (one carbon missing).
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[3069]

5-prenyl histidine 3-15: To a mixture of 1-SEM histidine 3-11 (87.0 mg, 0.182 mmol), Pd(PPhs)4
(10 mg, 8.7 umol) and CsF (110 mg, 0.727 mmol) were added dry DME (1.6 mL) at room
temperature under Ar atmosphere. The resulting mixture was degassed by three freeze-thaw cycles,
the flask was filled with Ar, and prenyl-9-BBN (0.060 ml, 0.27 mmol) was added. After being
stirred for 1.5 day at 100 °C, H,O (5 mL) was added. The resulting mixture was partitioned, and the
aqueous layer was extracted with EtOAc (5 mL x 2). The combined organic layer was washed with
H>0O and brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The residue
was purified by silica gel flash column chromatography (hexane/ EtOAc = 1/1) to afford 5-prenyl
histidine 3-15 (54.4 mg, 64%) as a pale yellow oil.
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5-bromo-2-reverse prenylated histidine 3-20 and 1-DMAS-2-reverse prenylated histidine 3-21: 1-
DMAS histidine 3-17 (28.0 mg, 0.0615 mmol) was dissolved in dry DME (0.5 mL) at room
temperature under N2 atmosphere. The resulting mixture was degassed by three freeze-thaw cycles,
the flask was filled with N, and prenyl-9-BBN (0.040 ml, 0.18 mmol) was added. After being
stirred for 1.5 day at room temperature under N, i-Pr2EtN (80 uL, 0.46 mmol) was added. After
being stirred for 30.5 h at room temperature under air, the reaction mixture was concentrated under
reduced pressure. The residue was purified by neutral silica gel flash column chromatography
(hexane/ EtOAc = 4/1 to 2/1) to afford 5-bromo-2-reverse prenylated histidine 3-20 (17.5 mg, 68%)
and 1-DMAS-2-reverse prenylated histidine 3-21 (2.4 mg, 9%).
5-bromo-2-reverse prenylated histidine 3-20: *H NMR (400 MHz, CDCls): § (ppm) 1.44 (15H, s,
Boc, -Me x2), 2.94 (1H, dd, J = 15.5, 7.0 Hz, -CHCHaHy-), 3.13 (1H, dd, J = 15.5, 5.5 Hz, -
CHCH.Hy-), 3.77 (3H, s, -OMe), 4.49 (1H, td, J = 7.0, 5.5 Hz, -CHCH-), 5.10 (1H, d, J = 17.5 Hz,
vinyl), 5.12 (1H, d, J = 10.5 Hz, vinyl), 5.25 (1H, br d, J = 7.0 Hz, -NHBoc), 6.02 (1H, dd, J = 17.5,
10.5 Hz, vinyl), 9.54 (1H, br s, imidazole -NH-). *C NMR (100 MHz, CDCls): & (ppm) 26.5, 28.3,
39.1, 52.9 (x2), 80.3, 113.2 (x2), 122.2, 144.4, 153.1, 172.1 (Boc carbonyl carbon missing). LRMS
(ESI) m/z: [M + Na]*437.84009.
1-DMAS-2-reverse prenylated histidine 3-21: 'H NMR (400 MHz, CDCls): & (ppm) 1.44 (9H, s,
Boc) 1.55 (6H, s, , -Me x2), 2.89 (6H, s, DMAS), 2.99 (2H, d, J = 4.5 Hz, -CHCH,-), 3.71 (3H, s, -
OMe), 4.55 (1H, dt, J = 7.5, 4.5 Hz, -CHCHy-), 4.94 (1H, d, J = 17.5 Hz, vinyl), 5.04 (1H, d, J =
10.5 Hz, vinyl), 5.88 (1H, br d, J = 7.5 Hz, -NHBoc), 6.15 (1H, dd, J = 17.5, 10.5 Hz, vinyl), 6.93
(1H, s, imidazole). *C NMR (100 MHz, CDCls): & (ppm) 28.3, 28.6, 29.9, 38.3, 41.0, 52.2, 53.1,
79.7,112.3,117.7, 134.6, 145.0, 154.8, 155.5, 172.3. LRMS (ESI) m/z: [M + Na]* 466.9046.

13 BocHN BocHN
C NMR

< N\ 3C NMR < \
/\ 5153 (C2) MeOzC)qN\z 5 5155 (C2) MeO,C QI NE ‘3
5113 (C4 or C5) AN 5135 (C4) N
HMBC 5122 (C4 or C5) Bris j 5118 (C5) H s

3-20 3-21
Figure 7-1. Diagnostic HMBC correlation for 3-20 and 3-21

DMAS
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[4127], [4122]

4-Bromoimidazole: To a solution of imidazole 4-1 (28.1 g, 0.154 mol) in CH»Cl, (500 mL) was

added NBS (5.0 g, 0.028 mol) at 0 °C. After being stirred for 15 min at 0 °C, NBS (5.0 g, 0.028
mol) was added. After being stirred for 15 min at 0 °C, NBS (5.0 g, 0.028 mol) was added. After
being stirred for 20 min at 0 °C, NBS (5.0 g, 0.028 mol) was added. After being stirred for 35 min at
0 °C, the reaction mixture was quenched with sat. NaHCO3 solution (500 mL). The resulting
mixture was partitioned, and the aqueous layer was extracted with CH,Cl, (500 mL x 2). The
combined organic layer was washed with H»O, dried over anhydrous Na>SO4 and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (hexane/EtOAc =
1/1 to CH2Cl,/MeOH = 30/1) to afford 4-bromoimidazole (18.9 g, 47%) as a white solid.
Mp: 162-163 °C. IR (film): vimax (cm™t) 2939, 1732, 1560, 1472, 1340, 1253, 1177, 1146, 1036, 952,
841. H NMR (400 MHz, CDs0D, 0 °C): & (ppm) 1.22 (3H, t, J = 7.0 Hz, -CH2CH3), 1.58 (6H, s, -
Me x2), 4.15 (2H, g, J = 7.0 Hz, -CH2CHs3), 7.56 (1H, s, imidazole). *C NMR (100 MHz, CD3;0D,
0 °C): 5 (ppm) 14.4, 25.5, 42.7, 62.6, 111.5, 131.7, 135.3, 176.0. HRMS (ESI) m/z: [M + H]* Calcd
for CoH14BrN20O; 261.0233; Found 261.0245.

SEM imidazole 4-7: To a solution of 4-bromoimidazole (27.1 g, 0.104 mol) in dry DMF (250 mL)

were added K>COs (189 g, 1.35 mol) and SEMCI (27.0 mL, 0.153 mol) at 0 °C. After being stirred
for 5.5 h at room temperature, the reaction mixture was filtered off through a pad of Celite (eluted
with CH2Cl, and DMF), and then the filtrate was concentrated under reduced pressure. To the
residue were added CH»Cl, (200 mL) and 0.1 N Na,COs solution (200 mL). The resulting mixture
was partitioned, and the aqueous layer was extracted with CH2Cl, (200 mL x 2). The combined
organic layer was dried over anhydrous Na.SO. and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (hexane/EtOAc = 3/1) to afford SEM
imidazole 4-7 (25.9 g, 64%) as a yellow oil.
IR (film): wvmax (cm™) 2953, 1732, 1490, 1383, 1251, 1106, 1029, 917, 860, 760. H NMR (400
MHz, CDCls): & (ppm) -0.55 (9H, s, -TMS), 0.88 (2H, t, J = 7.0 Hz, -CH,TMS), 1.19 (3H,t, J = 7.0
Hz, -CH,CH3), 1.58 (6H, s, -Me x2), 3.51 (2H, t, J = 7.0 Hz, -CH>,CH,TMS), 4.14 (2H, q, J = 7.0 Hz,
-CH,CHs3), 5.23 (2H, s, -NCH,0-), 7.61 (1H, s, imidazole). 3C NMR (100 MHz, CDCls): & (ppm) -
1.52,14.1,17.6, 25.2, 43.3, 60.8, 66.4, 74.6, 99.1, 136.5, 143.1, 175.7. HRMS (ESI) m/z: [M + H]*
Calcd for CisH2sBrN2O3sSi 391.1047; Found 391.1041.
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[4136]

Vinylimidazole 4-2: To a solution of 4-bromoimidazole 4-7 (25.0 g, 0.0639 mol) in dry THF (450
mL) and H>O (50 mL) were added potassium vinyltrifluoroborate (16.5 g, 0.123 mol), PPhs (5.00 g,
19.2 mmol), PdCI; (1.10 g, 6.39 mmol) and Cs,COs (104 g, 0.320 mol) at room temperature under
Ar atmosphere. The resulting mixture was degassed by three freeze-thaw cycles, and the flask was
filled with Ar. After being stirred for 5 days at 90 °C, Cs,CO3 (11.7 g, 0.0359 mol) was added.
After being stirred for 2.5 days at 90 °C, Cs2COs (7.40 g, 0.0227 mol) was added. After being
stirred for 3 days at 90 °C, potassium vinyltrifluoroborate (2.08 g, 0.0155 mol) was added. After
being stirred for 7 days at 90 °C, H,O (300 mL) was added. The resulting mixture was filtered off
through a pad of Celite (eluted with CH»Cl,). The filtrate was partitioned, and the aqueous layer was
extracted with CH,Cl, (350 mL x 2). The combined organic layer was dried over anhydrous Na;SO4
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane/EtOAc = 3/2) to afford vinylimidazole 4-2 (19.2 g, 89%) as an orange oil.
IR (film): vmax (cm™) 2953, 1728, 1495, 1383, 1251, 1139, 1090, 918, 837. 'H NMR (400 MHz,
CDCl): & (ppm) -0.03 (9H, s, -TMS), 0.90 (2H, t, J = 8.0 Hz, -CH,TMS), 1.18 (3H, t, J = 7.0 Hz, -
CH:CHs), 1.58 (6H, s, -Me x2), 3.53 (2H, t, J = 8.0 Hz, -CH2CH,TMS), 4.12 (2H, t, J = 7.0 Hz, -
CH2CHs3), 5.21 (2H, s, -NCH0-), 5.34 (1H, dd, J = 12.0, 1.0 Hz, vinyl), 5.52 (1H, dd, J = 18.0, 1.0
Hz, vinyl), 6.54 (1H, dd, J = 18.0, 12.0 Hz, vinyl), 7.48 (1H, s, imidazole). 3C NMR (100 MHz,
CDCls): o (ppm) -1.47, 14.1, 17.6, 26.2, 43.6, 60.8, 66.0, 74.4, 117.7, 123.7, 125.3, 136.7, 143.8,
176.7. HRMS (ESI) m/z: [M + H]* Calcd for C17H31N203Si 339.2098; Found 339.2094.
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[4144]

Aminohydroxyimidazole 4-8: To a solution of vinylimidazole 4-2 (15.0 g, 0.0443 mol) in MeCN

(525 mL) and H20 (175 mL) was added K20sO2(OH)s (655 mg, 1.78 mmol) at room temperature.
To a reaction mixture was then added BocNHOTSs (15.3 g, 0.0532 mol) at 0 °C. After being stirred
for 14 h at room temperature, the reaction was quenched with sat. NaHCOs3 solution (500 mL). The
resulting mixture was partitioned, and the aqueous layer was extracted with EtOAc (500 mL x 2).
The combined organic layer was dried over anhydrous Na,SO4 and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (hexane/EtOAc = 1/1) to
afford aminohydroxyimidazole 4-8 (17.9 g, 86%) as a brown oil.
IR (film): vmax (cm™) 3373, 2979, 1719, 1507, 1365, 1251, 1173, 1087, 860, 837. ‘H NMR (400
MHz, CDCls): & (ppm) -0.01 (9H, s, -TMS), 0.92 (2H, m, -CH,TMS), 1.24 (3H, t, J = 7.0 Hz, -
CHCHs), 1.41 (9H, s, -Boc), 1.57 (3H, s, -Me), 1.62 (3H, s, -Me), 3.31 (1H, dt, J = 13.0, 6.0 Hz, -
NHCH.CHy-), 3.54 (2H, m, -CH2CH,TMS), 3.67 (2H, m, -NHCH.CHy-, -OH), 4.15 (2H, dg, J = 9.5,
7.0 Hz, -CH,CHs), 4.95 (2H, m, -NH-, -CHOH), 5.26 (1H, d, J = 10.5 Hz, -NCHaH,O-), 5.58 (1H, d,
J = 10.5 Hz, -NCHaHO-), 7.43 (1H, s, imidazole). *C NMR (100 MHz, CDCls): § (ppm) -1.49,
14.1, 17.8, 26.6, 27.2, 28.3, 43.7, 45.3, 61.6, 66.25, 66.34, 75.3, 79.7, 125.6, 137.0, 144.2, 156.6,
177.5. HRMS (ESI) m/z: [M + H]* Calcd for C22H42N306Si 472.2837; Found 472.2855.
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[4145]

TBS ether 4-9: To a solution of aminohydroxyimidazole 4-8 (17.9 g, 0.0380 mol) in DMF (250

mL) were added Et3N (32.0 mL, 0.228 mol), DMAP (2.33 g, 0.0191 mol) and TBSCI (17.1 g, 0.114
mol) at room temperature. After being stirred for 12.5 h at 80 °C, TBSCI (3.42 g, 0.0227 mol) was
added. After being stirred for 8.5 h at 80 °C, the reaction mixture was concentrated under reduced
pressure. To the residue were added CH>Cl, (200 mL) and sat. NH4CI solution (200 mL). The
resulting mixture was partitioned, and the aqueous layer was extracted with CH,Cl, (200 mL x 2).
The combined organic layer was washed with H»>O, dried over anhydrous Na,SO. and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography
(hexane/EtOACc = 3/1) to afford TBS ether 4-9 (20.0 g, 90%) as a yellow oil.
IR (film): vmax (cm™) 2954, 1724, 1506, 1364, 1252, 1174, 1082, 837. 'H NMR (400 MHz, CDCls):
5 (ppm) -0.11 (3H, s, -TBS), -0.01 (9H, s, -TMS), 0.13 (3H, s, -TBS), 0.86 (9H, s, -TBS), 0.90 (2H,
m, -CH2TMS), 1.20 (3H, t, J = 7.0 Hz, -CH»CHs), 1.42 (9H, s, -Boc), 1.59 (3H, s, -Me), 1.62 (3H, s,
-Me), 3.38 (1H, m, -NHCH4CHp-), 3.50 (3H, m, -NHCH,CHy-, -CH,CH,TMS), 4.15 (2H, m, -
CH2CHs3), 4.73 (1H, t, J = 5.0 Hz), 5.08 (1H, d, J = 10.5 Hz, -NCHaH,0O-), 5.12 (1H, m), 5.80 (1H, d,
J =10.5 Hz, -NCH Hp0-), 7.44 (1H, s, imidazole). *C NMR (100 MHz, CDCls): & (ppm) -5.30, -
5.00, -1.48, 14.1, 17.9, 18.0, 25.8, 26.4, 26.9, 28.4, 44.1, 46.1, 60.8, 66.2, 66.3, 75.5, 79.1, 125.3,
137.4, 142.8, 155.6, 176.5. HRMS (ESI) m/z: [M + H]* Calcd for C2sHs6N306Siz 586.3702; Found
586.3729.
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[4042]

Imidazole segment 4-3: To a suspension of LiAlH4 (428 mg, 11.3 mmol) in dry Et,O (30 mL) at -

78 °C was added a solution of TBS ether 4-9 (3.69 g, 6.29 mmol) in dry Et:O (25 mL) under N
atmosphere. After being stirred for 5 min at -78 °C, the reaction was quenched with H,O (40 mL),
and then 10% KF solution (35 mL) and 1 M NaOH (35 mL) were added to the resulting mixture.
The resulting mixture was partitioned, and the aqueous layer was extracted with EtOAc (100 mL x
3). The combined organic layer was dried over anhydrous Na,SO4 and concentrated under reduced
pressure. The residue containing aldehyde and alcohol (4:1) was dissolved in DMSO (55 mL), and
then IBX (885 mg, 3.16 mmol) was added at room temperature. After being stirred for 36 h at room
temperature, the reaction was quenched with sat. NaHCO3 solution (50 mL). The resulting mixture
was partitioned, and the aqueous layer was extracted with EtOAc (50 mL x 3). The combined
organic layer was washed with H,O, dried over anhydrous Na>SO. and concentrated under reduced
pressure. The crude aldehyde was dissolved in MeOH (70 mL), and then to the solution were added
K2COs3 (1.74 g, 12.6 mmol) and the Ohira-Bestmann reagent (1.0 mL, 6.9 mmol) at room
temperature. After being stirred for 3.5 h at room temperature, the reaction was quenched with H,O
(70 mL). The resulting mixture was partitioned, and the aqueous layer was extracted with EtOAc
(70 mL x 2). The combined organic layer was washed with H.O, dried over anhydrous Na,SO4 and
concentrated under reduced pressure. The residue was purified by neutral silica gel flash column
chromatography (hexane/EtOAc = 5/1) to afford imidazole segment 4-3 (2.76 g, 81% in 3 steps) as a
pale yellow oil.
IR (film): vinax (cm™t) 2954, 1717, 1506, 1365, 1252, 1173, 1079, 938, 861, 837. H NMR (400
MHz, CDCls): & (ppm) -0.08 (3H, s, -TBS), 0.00 (9H, s, -TMS), 0.14 (3H, s, -TBS), 0.87 (9H, s, -
TBS), 0.92 (2H, m, -CH,TMS), 1.41 (9H, s, -Boc), 1.65 (6H, s, -Me x2), 2.38 (1H, s, -C=CH), 3.52
(4H, m, -NHCH;-, -CH,CH2TMS), 4.67 (1H, t, J = 6.0 Hz), 5.11 (1H, d, J = 10.5 Hz, -NCHaH,0-),
5.82 (1H, d, J = 10.5 Hz, -NCHaH,0-), 5.92 (1H, t, J = 7.0 Hz), 7.45 (1H, s, imidazole). 3C NMR
(100 MHz, CDCls): & (ppm) -5.03, -4.80, -1.47, 17.9, 18.0, 25.8, 28.4, 31.4, 31.7, 31.9, 45.7, 66.1,
66.2, 70.8, 75.5, 79.0, 90.6, 124.9, 137.2, 143.0, 155.,5. HRMS (ESI) m/z: [M + H]* Calcd for
C27Hs52N304Si2 538.3491; Found 538.3466.
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[4161]

Coupling product 4-10: To a mixture of imidazole segment 4-3 (10.3 g, 19.1 mmol), indole

segment 4-4 (22.7 g, 0.0517 mmol), Cul (727 mg, 3.82 mmol), PPh3 (1.99 g, 7.59 mmol) and
Pdz(dba)s-CHCI3 (2.0 g, 1.9 mmol) were added dry benzene (500 mL) and dry n-BuNH; (7.6 mL,
0.077 mol) at room temperature under Ar atmosphere. The resulting mixture was degassed by three
freeze-thaw cycles, and the flask was filled with Ar. After being stirred for 3.5 h at 90 °C, the
reaction was quenched with sat. NH4Cl solution (300 mL). The resulting mixture was partitioned,
and the aqueous layer was extracted with EtOAc (300 mL x 2). The combined organic layer was
dried over anhydrous Na»SO, and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane/EtOAc = 3/1) to afford coupling product 4-10 (12.2 g,
71%) as a pale yellow amorphous solid.
IR (film): vmax (cm™) 2953, 1737, 1506, 1357, 1250, 1162, 1084, 838. 'H NMR (400 MHz, CDCls):
5 (ppm) -0.15 (3H, s, -TBS), -0.02 (3H, s, -TBS), 0.00 (9H, s, -TMS), 0.80 (9H, s, -TBS), 0.98 (2H,
m, -CH2TMS), 1.26 (9H, s, -Boc), 1.66 (9H, s, -Boc), 1.79 (3H, s, -Me), 1.80 (3H, s, -Me), 3.52 (2H,
m, -NHCH,-), 3.60 (2H, m, -CH2CH.TMS), 3.67 (3H, s, -OMe), 3.81 (2H, s, -CH2CO-), 5.29 (1H,
brs, -NH-), 5.31 (1H, d, J = 10.0 Hz, -NCH4H,0-), 5.75 (1H, d, J = 10.0 Hz, -NCH;H,0-), 5.85 (1H,
t, J = 7.0 Hz, -CHOTBS), 7.37 (2H, s, indole), 7.53 (1H, s, imidazole), 8.21 (1H, s, indole). 3C
NMR (100 MHz, CDCls): & (ppm) -5.31, -4.93, -1.44, 18.0 (x2), 25.7, 28.2, 28.3, 30.8, 31.6, 31.9,
33.1, 45.8, 52.1, 66.0, 66.6, 73.6, 76.0, 78.5, 85.2, 107.0, 118.8, 119.3, 120.2, 120.5, 120.9, 125.0,
126.4, 127.6, 135.6, 136.6, 142.0, 149.2, 155.6, 170.6. HRMS (ESI) m/z: [M + H]* Calcd for
Ca3HesBrN4OsSiz 903.3754; Found 903.3745.
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[4163]

cis-Alkene 4-11: To a solution of coupling product 4-10 (12.5 g, 0.0138 mol) in THF (360 mL)
and MeOH (120 mL) was added NaOMe (2.2 g, 0.041 mol) at 0 °C. After being stirred for 4 h at
room temperature, the reaction was quenched with sat. NH4Cl solution (300 mL). The resulting
mixture was partitioned, and the aqueous layer was extracted with EtOAc (300 mL x 2). The
combined organic layer was washed with H.O, dried over anhydrous Na>SO4 and concentrated under
reduced pressure. The crude product was dissolved in EtOH (500 mL), and then to the solution were
added Zn(Cu) (45 g) and conc. HCI (15 mL) at room temperature. After being stirred for 1 h at
reflux, the reaction mixture was filtered off through a pad of Celite (eluted with EtOAc), and then the
filtrate volume was reduced to ca. 1/3 under reduced pressure. To the residue was added sat. K.COs
solution (200 mL). The resulting mixture was partitioned, and the aqueous layer was extracted with
EtOAc (200 mL x 2). The combined organic layer was dried over anhydrous Na;SOs and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane/EtOAc = 6/1 to 5/1) to afford cis-alkene 4-11 (8.54 g, 77% in 2 steps) as a purple
amorphous solid.
IR (film): vmax (cmY) 2953, 1717, 1504, 1365, 1251, 1170, 1084, 837. H NMR (400 MHz, CDCls):
5 (ppm) -0.30 (3H, s, -TBS), -0.04 (9H, s, -TMS), 0.11 (3H, s, -TBS), 0.81 (9H, s, -TBS), 0.86 (2H,
m, -CH>TMS), 1.45 (9H, s, -Boc), 1.54 (3H, s, -Me), 1.60 (3H, s, -Me), 3.42 (4H, m, -NHCH,-, -
CH,CH2TMS), 3.62 (3H, s, -OMe), 3.69 (1H, d, J = 15.5 Hz, -CHaH,CO-), 3.74 (1H, d, J = 15.5 Hz,
-CHaHyCO-), 4.79 (1H, t, J = 6.0 Hz), 5.09 (1H, d, J = 10.5 Hz, -NCHzH,O-), 5.30 (1H, dd, J = 7.5,
5.0 Hz), 5.81 (1H, d, J = 10.5 Hz, -NCH.H,O-), 6.03 (1H, d, J = 13.0 Hz, -C=C-CH=CH-), 6.44 (1H,
d, J = 13.0 Hz, -C=C-CH=CH-), 7.12 (1H, d, J = 8.5 Hz, indole), 7.39 (1H, d, J = 8.5 Hz, indole),
7.43 (1H, s, imidazole), 7.62 (1H, s, indole), 10.35 (1H, br s, indole -NH-). *C NMR (100 MHz,
CDCls): & (ppm) -5.17, -1.50, 17.8, 18.0, 25.7, 28.4, 29.3, 30.4, 31.0, 37.7, 46.0, 51.8, 66.3, 66.7,
75.6, 79.4, 107.7, 113.8, 115.5, 117.3, 119.9, 122.5, 126.3, 126.4, 132.7, 136.8, 137.2, 141.2, 146.0,
155.7,171.9. HRMS (ESI) m/z: [M + H]* Calcd for CasHeBrN4OsSi» 805.3386; Found 805.3402.
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[4164]

Macrolactam precursor 4-5: To a solution of cis-alkene 4-11 (8.5 g, 0.011 mol) in CH,Cl, (350

mL) was added TFA (32 mL, 0.42 mol) at room temperature. After being stirred for 3.5 h at room
temperature, the reaction mixture was concentrated under reduced pressure. Remaining TFA in the
crude product was removed azeotropically with toluene (100 mL x 2). The crude deprotected amine
was dissolved in MeOH (350 mL) and H,O (160 mL), and then to the solution were added LiOH
(2.8 g, 0.12 mol) at 0 °C. After being stirred for 18 h at room temperature, the reaction was
guenched with sat. NH4Cl solution (300 mL). The resulting mixture was partitioned, and the
aqueous layer was extracted with EtOAc (400 mL x 3). The combined organic layer was washed
with H2O and brine, dried over anhydrous Na;SO4 and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (CH2Cl./MeOH = 14/1 to 9/1) to afford
macrolactam precursor 4-5 (4.53 g, 62% in 2 steps) as a yellow amorphous solid.
IR (film): vmax (cm ) 3396, 2953, 2361, 1571, 1362, 1252, 1081, 837. H NMR (400 MHz, CDCl3):
5 (ppm) -0.21 (3H, s, -TBS), -0.09 (9H, s, -TMS), 0.15 (3H, s, -TBS), 0.61 (2H, g, J = 6.5 Hz, -
CH,TMS), 0.83 (9H, s, -TBS), 1.49 (3H, s, -Me), 1.67 (3H, s, -Me), 2.44 (1H, m, -CH,CHsNH3"),
2.82 (1H, m, -CH.CHuxNH3*"), 3.23 (2H, m, -CH,CH,TMS), 3.51 (1H, d, J = 16.0 Hz, -CH.H,CO-),
3.61 (1H, d, J = 16.0 Hz, -CHaH,CO-), 5.08 (1H, d, J = 10.5 Hz, -NCHsH,O-), 5.16 (1H, m, -
CHOTBS), 5.53 (1H, d, J = 10.5 Hz, -NCH;Hy0-), 5.74 (1H, d, J = 12.5 Hz, -C=C-CH=CH-), 6.10
(3H, brs, -NHs*), 6.40 (1H, d, J = 12.5 Hz, -C=C-CH=CH-), 7.05 (1H, dd, J = 8.5, 1.0 Hz, indole),
7.23 (1H, d, J = 1.0 Hz, indole), 7.37 (1H, d, J = 8.5 Hz, indole), 7.66 (1H, s, imidazole), 8.18 (1H,
br s, indole -NH-). 3C NMR (100 MHz, CDCls): & (ppm) -5.13, -4.80, -1.47, 17.1, 18.0, 25.7, 26.0,
28.1, 32.6, 33.0, 36.5, 44.3, 66.1, 75.0, 112.7, 113.1, 116.0, 117.1, 120.6, 122.6, 125.7, 126.5, 131.3,
136.9, 137.5, 138.2, 145.5 (carboxylic acid carbon missing). HRMS (ESI) m/z: [M + H]* Calcd for
C32H52BrN404Siz 691.2705; Found 691.2724.
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4-6
(single diastereomer, racemate)

[5068]

Macrolactam 4-6: To a solution of MNBA (1.79 g, 5.20 mmol) and DMAP (1.90 g, 15.6 mmol) in
dry CHClI> (825 mL) was added a solution of macrolactam precursor 4-5 (1.50 g, 2.17 mmol) in dry
CHCI, (26 mL) over 16 h 20 min by syringe pump at room temperature under N2 atmosphere. After
being stirred for 24 h 40 min at room temperature, the reaction volume was reduced to ca. 1/3 under
reduced pressure. The reaction mixture was then quenched with sat. NaHCOs3 solution (300 mL).
The resulting mixture was partitioned, and the aqueous layer was extracted with CH>Cl, (300 mL x
2). The combined organic layer was washed with H,O, dried over anhydrous Na,SOs and
concentrated under reduced pressure. The residue was purified by neutral silica gel flash column
chromatography (hexane/EtOAc = 2/1 to 1/1 to 1/2) to afford macrolactam 4-6 (846 mg, 58%) as a
yellow amorphous solid.

Relative stereochemistry was determined by NOESY correlation as shown in Figure 7-2.

IR (film): vinax (cm™) 3316, 2954, 2361, 1669, 1521, 1462, 1361, 1252, 1078, 838. 'H NMR (400
MHz, CDCls): & (ppm) -0.05 (9H, s, -TMS), 0.00 (3H, s, -TBS), 0.15 (3H, s, -TBS), 0.45 (2H, m, -
CH,TMS), 0.78 (9H, s, -TBS), 1.48 (3H, s, -Me), 1.79 (3H, s, -Me), 2.54 (1H, td, J = 9.5, 6.0 Hz, -
CHaH,CH,TMS), 2.78 (1H, dt, J = 9.5, 8.0 Hz, -CH,H,CH,TMS), 2.94 (1H, ddd, J = 13.0, 10.0, 2.0
Hz, -NHCH.CHy-), 3.37 (1H, d, J = 12.5 Hz, -CH;H,CO-), 3.67 (1H, d, J = 12.5 Hz, -CH;H,CO-),
4.14 (1H, ddd, J = 13.0, 10.5, 7.0 Hz, -NHCH.CHy-), 4.60 (1H, br d, J = 10.5 Hz, -CONH-), 4.70
(1H, d, J = 11.0 Hz, -NCH4H,0-), 4.97 (1H, dd, J = 10.0, 7.0 Hz, -CHOTBS), 5.40 (1H, d, J = 11.0
Hz, -NCH;Hy0-), 6.13 (2H, s, -CH=CH-), 7.10 (1H, dd, J = 8.5, 1.5 Hz, indole), 7.12 (1H, s,
imidazole), 7.22 (1H, d, J = 8.5 Hz, indole), 7.46 (1H, d, J = 1.5 Hz, indole), 8.32 (1H, br s, indole -
NH-). 3C NMR (100 MHz, CDCls): & (ppm) -4.74, -4.14, -1.39, 17.3, 17.9, 25.6, 31.2, 32.4, 32.6,
375, 42.8, 64.8, 65.4, 73.8, 108.2, 113.7, 115.6, 116.8, 118.7, 123.3, 125.0, 125.6, 134.0, 136.1,
136.7, 145.9, 146.9, 171.0. HRMS (ESI) m/z: [M + H]* Calcd for CszHsoBrN4OsSi, 673.2599;
Found 673.2625.
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Figure 7-2. Diagnostic HMBC and NOESY correlation for 4-6.
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[4054]

N-Unprotected indole 5-5: To a solution of macrolactam 5-1 (48.3 mg, 0.0717 mmol) in THF (3.0

mL) was added TBAF (1.0 M solution in THF; 0.15 mL, 0.15 mmol) at room temperature. After
being stirred for 10 min at room temperature, TBAF (1.0 M solution in THF; 0.05 mL, 0.05 mmol)
was added. After being stirred for 10 min at room temperature, the reaction was quenched with H,O
(3 mL). The resulting mixture was partitioned, and the aqueous layer was extracted with EtOAc (5
mL x 2). The combined organic layer was washed with H>O and brine, dried over anhydrous
Na>SO4 and concentrated under reduced pressure. The residue was purified by neutral silica gel
flash column chromatography (hexane/EtOAc = 1/2 to EtOAc) to afford N-unprotected indole 5-5
(37.2 mg, 93%) as a pale yellow amorphous solid.
IR (film): vmax (cm™) 3396, 2955, 2359, 1654, 1521, 1249, 1076, 837. 'H NMR (400 MHz, CDCls):
5 (ppm) -0.04 (9H, s, -TMS), 0.52 (2H, t, J = 8.0 Hz, -CH,TMS), 1.50 (3H, s, -Me), 1.82 (3H, s, -
Me), 2.69 (1H, dt, J = 9.5, 8.0 Hz, -CH;H,CH,TMS), 2.89 (1H, dt, J = 9.5, 8.0 Hz, -
CHaHyCH,TMS), 3.03 (1H, ddd, J = 13.5, 11.0, 2.5 Hz, -NHCH,CHy-), 3.36 (1H, d, J = 17.0 Hz, -
CHaHpCO-), 3.69 (1H, d, J = 17.0 Hz, -CHaHyCO-), 4.25 (1H, ddd, J = 13.5, 11.0, 7.0 Hz, -
NHCH.CHy-), 4.67 (1H, br d, J = 11.0 Hz, -CONH-), 4.78 (1H, d, J = 12.5 Hz, -NCH4H,0-), 5.00
(1H, dd, J = 11.0, 7.0 Hz, -CHOH), 5.28 (1H, d, J = 12.5 Hz, -NCH,H,0-), 6.16 (2H, s, -CH=CH-),
7.11 (1H, dd, J = 9.5, 1.5 Hz, indole), 7.12 (1H, s, imidazole), 7.24 (1H, d, J = 9.5 Hz, indole), 7.44
(1H, d, J = 1.5 Hz, indole), 8.26 (1H, br s, indole -NH-). *C NMR (100 MHz, CDClz): & (ppm) -
141, 17.4, 30.7, 32.4, 33.3, 37.5, 41.5, 63.5, 65.8, 74.1, 108.4, 113.7, 115.6, 116.9, 118.6, 123.4,
1245, 1255, 133.7, 136.1, 136.9, 1455, 148.7, 172.0. HRMS (ESI) m/z: [M+Na]* Calcd for
C2sH35BrN4O3SiNa 581.1554; Found 581.1558.
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[4058]

Indolenine -lactam 5-7: To a solution of macrolactam 5-5 (9.4 mg, 0.017 mmol) in CH,ClI, (1.0
mL) were added pyridine (7 pL, 0.08 mmol) and TFAA (8 uL, 0.06 mmol) at room temperature.
After being stirred for 1.5 h at room temperature, the reaction was quenched with sat. NaHCOs3
solution (1 mL). The resulting mixture was partitioned, and the aqueous layer was extracted with
CHxCIl; (2 mL x 2). The combined organic layer was washed with H2O, dried over anhydrous
Na»SO4 and concentrated under reduced pressure. The residue was purified by neutral silica gel
flash column chromatography (hexane/EtOAc = 1/1 to 1/2 to EtOAc) to afford indolenine J-lactam
5-7 (8.3 mg, 91%) as a colorless amorphous solid.

Relative stereochemistry was determined by NOESY correlation as shown in Figure 7-3.

IR (film): vmax (cm™) 2955, 2360, 1671, 1455, 1250, 1082, 836. 'H NMR (400 MHz, CDCls): &
(ppm) -0.06 (9H, s, -TMS), 0.68 (1H, m, -CHaH,TMS), 0.83 (1H, m, -CH.H,TMS), 1.44 (3H, s, -
Me), 1.63 (3H, s, -Me), 2.17 (1H, d, J = 17.5 Hz, -CH.H,CO-), 3.00 (1H, d, J = 17.5 Hz, -
CHaHyCO-), 3.20 (2H, m, -CH2CH2TMS), 3.69 (1H, dt, J = 11.5, 3.5 Hz, -NHCHACHy-), 4.24 (1H, d,
J = 11.5 Hz, -NCH4H,0-), 4.27-4.39 (2H, m, -NHCH.CHy-, -NHCH,CH-), 4.37 (1H, d, J = 11.5 Hz,
-NCH:HpO-), 6.07 (1H, d, J = 13.0 Hz, -C=C-CH=CH-), 6.14 (1H, d, J = 13.0 Hz, -C=C-CH=CH-),
6.64 (1H, m, -CONH-), 7.10 (1H, s, imidazole), 7.41 (1H, dd, J = 8.0, 1.5 Hz, indole), 7.46 (1H, d, J
= 8.0 Hz, indole), 7.57 (1H, d, J = 1.5 Hz, indole). *C NMR (100 MHz, CDCls): & (ppm) -1.56,
17.8, 29.8, 30.4, 34.4, 37.5, 39.5, 42.0, 61.3, 66.1, 74.8, 115.9, 121.2, 123.2, 124.4, 124.9, 128.7,
137.0, 137.8, 145.7, 147.8, 157.2, 169.0, 183.3. HRMS (ESI) m/z: [M+Na]* Calcd for
C2sH33BrN4O,SiNa 563.1448; Found 563.1439.

5.7 T™S 5.7

Figure 7-3. Diagnostic HMBC and NOESY correlation for 5-7.
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[5110]

Alcohol 5-9: To a solution of macrolactam 5-1 (544 mg, 0.807 mmol) in THF (40 mL) was added
NaH (78.1 mg, 3.25 mmol, mineral oil free obtained by washing with hexane) at room temperature
under N2 atmosphere. After being stirred for 2 h at room temperature, Boc,O (0.370 mL, 1.61
mmol) was added. After being stirred for 1.5 h at room temperature, the reaction was quenched with
H20 (40 mL) at 0 °C. The resulting mixture was partitioned, and the aqueous layer was extracted
with EtOAc (40 mL x 2). The combined organic layer was dried over anhydrous Na,SO, and
concentrated under reduced pressure to provide crude N-Boc indole. The crude was dissolved in dry
THF (25 mL), and then to the solution were added TBAF (1.0 M solution in THF; 1.60 mL, 1.60
mmol) at room temperature. After being stirred for 3 h at room temperature, the reaction was
guenched with H,O (25 mL). The resulting mixture was partitioned, and the aqueous layer was
extracted with EtOAc (25 mL x 2). The combined organic layer was dried over anhydrous Na;SO4
and concentrated under reduced pressure. The residue was purified by neutral silica gel flash
column chromatography (hexane/EtOAc = 1/1 to EtOAc) to afford alcohol 5-9 (419 mg, 79% in 2
steps) as a 3:1 mixture of conformational isomers as a pale yellow amorphous solid.

IR (film): wvmax (cm™t) 3327, 2954, 2361, 1733, 1660, 1515, 1458, 1351, 1311, 1248, 1144, 1121,
1081, 838. 'H NMR (400 MHz, CDCls): & (ppm) -0.01 (9H, s, -TMS), 0.65 (0.5H, m, -CH,TMS),
0.90 (1.5H, t, J = 8.0 Hz, -CH,TMS), 0.97 (2.25H, s, -Me), 1.24 (0.75H, s, -Me), 1.34 (0.75H, s, -
Me), 1.44 (2.25H, s, -Me), 1.64 (6.75H, s, -Boc), 1.67 (2.25H, s, -Boc), 2.91-3.18 (1.5H, m, -
CHaHpCO-, -CHaH,CH,TMS, -NHCH4CHy-), 3.26 (0.25H, d, J = 7.5 Hz, -CH,H,CO-), 3.28-3.43
(1.5H, m, -CHzH,CO-, -NHCH.CHy-), 3.46-3.62 (1.75H, m, -CH,CH,TMS, -CH;H,CO-), 3.71
(0.75H, m, -NHCH.CHy-), 4.02 (0.25H, m, -NHCH,CHpy-), 4.80 (0.25H, d, J = 10.5 Hz, -NCH HyO-
), 4.97 (0.75H, dd, J = 10.5, 4.0 Hz, -CHOH), 5.29 (0.75H, d, J = 10.5 Hz, -NCHaH,O-), 5.45
(0.25H, d, J = 10.5 Hz, -NCHaH,0-), 5.47-5.54 (1H, m, -CONH-, -CHOH), 5.57 (0.75H, d, J = 10.5
Hz, -NCHaHp0-), 5.76 (0.25H, d, J = 12.5 Hz, -C=C-CH=CH-), 6.11 (0.75H, d, J = 12.5 Hz, -C=C-
CH=CH-), 6.14 (0.25H, d, J = 12.5 Hz, -C=C-CH=CH-), 6.32 (0.75H, d, J = 12,5 Hz, -C=C-
CH=CH-), 7.05 (0.25H, d, J = 8.0 Hz, indole), 7.10 (0.25H, s, imidazole), 7.21 (0.25H, d, J = 8.0 Hz,
indole), 7.30 (0.75H, d, J = 8.0 Hz, indole), 7.48 (0.75H, d, J = 8.0 Hz, indole), 7.49 (0.75H, s,
imidazole), 8.29 (0.25H, s, indole), 8.33 (0.75H, s, indole). *C NMR (100 MHz, CDCls): & (ppm) -
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1.40, -1.33, 17.8, 17.9, 23.5, 27.7, 28.15, 28.18, 29.1, 31.5, 32.8, 32.9, 40.4, 40.5, 43.6, 43.8, 63.2,
64.2, 65.7, 66.4, 74.5, 75.9, 84.4, 84.8, 110.7, 113.0, 114.7, 117.2, 117.7, 118.1, 118.4, 118.5, 120.6,
124.1, 124.4, 125.7, 126.2, 127.2, 127.6, 128.0, 133.7, 134.0, 136.1, 136.3, 138.0, 138.8, 143.8,
145.9, 146.3, 146.4, 149.6, 149.8, 170.0, 171.4. HRMS (ESI) m/z: [M + H]* Calcd for
C31H44BrN4OsSi 659.2259; Found 659.2264.
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[5055]

Enamide 5-10: To a solution of alcohol 5-9 (10.1 mg, 0.0153 mmol) in (CH2Cl), (4.0 mL) were

added i-ProEtN (27 pL, 0.15 mmol) and (CFsCF.CO).0 (25 ulL, 0.13 mmol) at room temperature
under N, atmosphere. After being stirred for 2 h at reflux, the reaction was quenched with sat.
NaHCOs; solution (4 mL). The resulting mixture was partitioned, and the aqueous layer was
extracted with EtOAc (10 mL x 2). The combined organic layer was dried over anhydrous Na;SO4
and concentrated under reduced pressure. The residue was purified by neutral silica gel flash
column chromatography (hexane/EtOAc = 1/1 to 2/3) to afford enamide 5-10 (5.0 mg, 51%) as a
white solid.
Mp: 200-202 °C. IR (film): vmax (cm™?) 2919, 1741, 1670, 1463, 1347, 1313, 1249, 1122, 1084, 836.
IH NMR (400 MHz, CD.Cl,): & (ppm) -0.05 (9H, s, -TMS), 0.86 (2H, m, -CH,TMS), 1.06 (3H, s, -
Me), 1.61 (3H, s, -Me), 1.70 (9H, s, -Boc), 3.46 (2H, m, -CH.CH,TMS), 3.59 (1H, d, J = 14.0 Hz, -
CHaHpCO-), 3.82 (1H, d, J = 14.0 Hz, -CHsH,CO-), 5.08 (1H, d, J = 11.0 Hz, -NCHH,0-), 5.17
(1H, d, J =11.0 Hz, -NCHaHp0O-), 5.75 (1H, d, J = 14.0 Hz, -NHCH=CH-), 5.99 (1H, d, J = 12.5 Hz,
-C=C-CH=CH-), 6.35 (1H, dd, J = 12.5, 1.5 Hz, -C=C-CH=CH-), 7.22 (1H, dd, J = 14.0, 12.5 Hz, -
NHCH=CH-), 7.33 (1H, dd, J = 8.5. 1.5 Hz, indole), 7.41 (1H, s, imidazole), 7.72 (1H, d, J = 8.5 Hz,
indole), 7.92 (1H, br s, -CONH-), 8.24 (1H, d, J = 1.5 Hz, indole). 13C NMR (100 MHz, CDyCl,): &
(ppm) -1.39, 17.9, 20.4, 28.4, 29.2, 32.7, 40.6, 66.3, 74.6, 85.4, 97.2, 112.7, 113.0, 118.3, 118.7,
121.4, 1255, 126.3, 128.6, 132.2, 133.7, 135.2, 136.8, 145.3, 146.7, 149.9, 170.8. HRMS (ESI)
m/z: [M + H]* Calcd for C31H2BrN4O.Si 641.2153; Found 641.2153.
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Oxazoline 5-11: 'H NMR (400 MHz, CDCls): 6 (ppm) -0.01 (9H, s, -TMS), 0.89 (2H, m, -
CH.TMS), 0.99 (3H, s, -Me), 1.57 (3H, s, -Me), 1.69 (9H, s, -Boc), 3.39 (2H, m, -CH.CH,TMS),
3.60 (1H, dd, J = 14.0, 10.5 Hz, -OCHCHgaHy-), 3.68 (2H, s, -CH=CH-CH>-), 4.32 (1H, dd, J = 14.0,
10.5 Hz, -OCHCHaHy-), 5.10 (1H, d, J = 11.0 Hz, -NCH:HO-), 5.25 (1H, d, J = 11.0 Hz, -
NCHHp0-), 5.60 (1H, t, J = 10.5 Hz, -OCHCH>-), 5.77 (1H, d, J = 12.5 Hz, -C=C-CH=CH-), 6.26
(1H, d, J = 12.5 Hz, -C=C-CH=CH-), 7.27 (1H, d, J = 8.5 Hz, indole), 7.36 (1H, dd, J = 8.5, 1.5 Hz,
indole), 7.40 (1H, s, imidazole), 8.29 (1H, d, J = 1.5 Hz, indole). 3C NMR (100 MHz, CDCls): &
(ppm) -1.48, 17.7, 24.6, 25.7, 28.2, 28.7, 40.5, 62.8, 66.0, 73.6, 74.8, 84.7, 112.3, 115.8, 117.7,
118.69, 118.72, 124.8, 125.8, 128.2, 132.8, 135.0, 135.7, 140.4, 147.3, 149.6, 164.9. LRMS (ESI)
m/z: [M + H]* 641.3729.
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[5040]

Bromoenamide 5-14: To a solution of enamide 5-10 (18.1 mg, 0.0282 mmol) in CH,Cl, (5.0 mL)

was added NBS (4.0 mg, 0.022 mmol) at 0 °C. After being stirred for 5 min at 0 °C, the reaction
was quenched with sat. NaHCO3 solution (5 mL). The resulting mixture was partitioned, and the
aqueous layer was extracted with EtOAc (10 mL x 2). The combined organic layer was dried over
anhydrous Na;SO4 and concentrated under reduced pressure. The residue was purified by neutral
silica gel flash column chromatography (hexane/EtOAc = 3/2 to 1/1) to afford bromoenamide 5-14
(11.7 mg, 58%) as a white solid.
Mp: 193-195 °C. IR (film): vmax (cm™t) 2975, 1742, 1680, 1466, 1346, 1312, 1249, 1117, 839. 'H
NMR (400 MHz, CDCls): & (ppm) -0.02 (9H, s, -TMS), 0.90 (2H, t, J = 7.5 Hz, -CH,TMS), 1.10
(3H, s, -Me), 1.62 (3H, s, -Me), 1.70 (9H, s, -Boc), 3.51 (2H, m, -CH.CH,TMS), 3.67 (1H, d, J =
14.0 Hz, -CHaH,CO-), 3.81 (1H, d, J = 14.0 Hz, -CHaHyCO-), 5.18 (1H, d, J = 10.5 Hz, -NCHaH,O-
), 5.42 (1H, d, J = 10.5 Hz, -NCH;H,0-), 5.96 (1H, d, J = 12.5 Hz, -C=C-CH=CH-), 6.30 (1H, d, J =
12.5 Hz, -C=C-CH=CH-), 7.23 (1H, d, J = 12.0 Hz, -CH=CBr-), 7.34 (1H, d, J = 12.0 Hz, -CONH-),
7.37 (1H, d, J = 8.5 Hz, indole), 7.56 (1H, s, imidazole), 7.75 (1H, d, J = 8.5 Hz, indole), 8.21 (1H, s,
indole). *C NMR (100 MHz, CDCls): & (ppm) -1.43, 17.7, 20.6, 28.17, 28.24, 32.6, 40.0, 66.6, 74.7,
85.2,90.1, 112.0, 112.2, 118.4, 121.2, 123.8, 126.3, 127.7, 130.8, 133.0, 136.3, 137.3, 146.3, 147.8,
149.5,170.1. HRMS (ESI) m/z: [M + H]* Calcd for C31Ha1BraN4O4Si 719.1258; Found 719.12609.
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[5107]

S-Lactam precursor 5-15: To a solution of bromoenamide 5-14 (58.3 mg, 0.0809 mmol) in toluene

(40 mL) was added SiO (534 mg) at room temperature. After being stirred for 2 h at 110 °C, the
reaction mixture was filtered, and then the filtrate was concentrated under reduced pressure. The
residue was purified by neutral silica gel flash column chromatography (hexane/EtOAc = 1/1) to
afford f-lactam precursor 5-15 (37.1 mg, 74%) as a pale yellow amorphous solid.
IR (film): wmax (cm™1) 2921, 2361, 1670, 1461, 1255, 1244, 1092, 837. 'H NMR (400 MHz,
CD.Cly): & (ppm) -0.01 (9H, s, -TMS), 0.90 (2H, t, J = 8.0 Hz, -CH,TMS), 1.21 (3H, s, -Me), 1.62
(3H, s, -Me), 3.52 (2H, m, -CH,CH,TMS), 3.74 (1H, br d, J = 13.5 Hz, -CH;H,CO-), 3.80 (1H, d, J
= 13.5 Hz, -CHaHyCO-), 5.19 (1H, d, J = 10.5 Hz, -NCHaHyO-), 5.39 (1H, d, J = 10.5 Hz, -
NCHH,O-), 6.04 (1H, d, J = 12.5 Hz, -C=C-CH=CH-), 6.27 (1H, dd, J = 12.5, 1.0 Hz, -C=C-
CH=CH-), 7.21 (1H, dd, J = 8.5, 1.5 Hz, indole), 7.22 (1H, d, J = 12.0 Hz, -CH=CBr-), 7.30 (1H, br
d, J =12.0 Hz, -CONH-), 7,51 (1H, d, J = 1.5 Hz, indole), 7.57 (1H, s, imidazole), 7.66 (1H, d, J =
8.5 Hz, indole), 8.64 (1H, br s, indole -NH-). *C NMR (100 MHz, CD,Cl,): & (ppm) -1.35, 18.0,
21.8, 30.0, 32.8, 40.6, 66.9, 75.1, 89.8, 106.3, 112.2, 113.9, 115.9, 121.4, 123.5, 124.4, 127.2, 132.0,
132.4, 136.5, 137.7, 147.7, 149.2, 171.1. HRMS (ESI) m/z: [M + H]* Calcd for CzsH33Br.N4O:Si
619.0734; Found 619.0708.
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[5134]

Indolenine S-lactam 5-18: To a solution of S-lactam precursor 5-15 (65.2 mg, 0.105 mmol) in dry

MeCN (38.0 mL) was added NBS (18.5 mg, 0.104 mmol) at room temperature. After being stirred
for 1 h at room temperature, a solution of 18-crown-6 (17.0 mg, 0.0643 mmol) in THF (6.0 mL) and
K2COs3 (166 mg 1.20 mmol) were added at room temperature. After being stirred for 1 h at room
temperature, the reaction was quenched with sat. NaHCO3 solution (20 mL). The resulting mixture
was partitioned, and the aqueous layer was extracted with EtOAc (30 mL x 2). The combined
organic layer was dried over anhydrous Na,SO. and concentrated under reduced pressure. The
residue was purified by neutral silica gel flash column chromatography (hexane/EtOAc = 2/1 to 1/1)
to afford indolenine S-lactam 5-18 (59.9 mg, 92%) as a pale yellow amorphous solid.
IR (film): vmax (cm™L) 3677, 1789, 1709, 1568, 1456, 836. H NMR (400 MHz, CDCls): & (ppm) -
0.02 (9H, s, -TMS), 0.88 (2H, t, J = 8.0 Hz, -CH,TMS), 1.50 (3H, s, -Me), 1.68 (3H, s, -Me), 3.45
(2H, t, J = 8.0 Hz, -CH,CH,TMS), 3.54 (2H, s, -CH,CO-), 5.10 (1H, d, J = 10.5 Hz, -NCHaH,0-),
5.14 (1H, d, J = 10.5 Hz, -NCH,Hv0-), 6.12 (2H, s, -CH=CH-), 6.90 (1H, s, -CH=CBr-), 7.48 (2H, s,
indole), 7.51 (1H, s, imidazole), 7.74 (1H, s, indole). *3C NMR (100 MHz, CDCls): & (ppm) -1.45,
17.7, 29.8, 30.6, 41.3, 47.6, 66.7, 72.6, 74.3, 95.2, 118.4, 123.5, 123.6, 123.8, 125.1, 129.9, 134.8,
135.7, 136.1, 149.2, 150.3, 154.9, 168.0, 177.9. HRMS (ESI) m/z: [M + H]* Calcd for
C26H31Br2N4O2Si 617.0578; Found 617.0589.

HMBC

Figure 7-4. Diagnostic HMBC correlation for 5-18.
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Bromoindolenine 5-16: To a solution of g-lactam precursor 5-15 (21.5 mg, 0.0347 mmol) in

CD.Cl; (0.75 mL) in a round-bottom flask was added NBS (5.3 mg, 0.030 mmol) at room
temperature. After being stirred for 15 min at room temperature, NMR spectra were directly
measured due to instability of the product.
IH NMR (600 MHz, CD2Cl,): & (ppm) -0.02 (9H, s, -TMS), 0.88 (2H, t, J = 8.0 Hz, -CH,TMS), 1.66
(3H, s, -Me), 1.70 (3H, s, -Me), 3.51 (2H, m, -CH2CH,TMS), 3.58 (1H, d, J = 13.5 Hz, -CHaH,CO-),
3.61 (1H, d, J = 13.5 Hz, -CHaHyCO-), 5.15 (1H, d, J = 11.0 Hz, -NCHaH,0-), 5.30 (1H, d, J = 11.0
Hz, -NCH.H,O-), 6.15 (1H, d, J = 13.5 Hz, -N=C-CH=CH-), 6.54 (1H, d, J = 13.5 Hz, -N=C-
CH=CH-), 6.97 (1H, d, J = 12.0 Hz, -CH=CBr-), 7.26 (1H, d, J = 12.0 Hz, -CONH-), 7.46 (1H, dd, J
= 8.5, 1.5 Hz, indole), 7.53 (1H, d, J = 8.0 Hz, indole), 7.60 (1H, s, imidazole), 7.73 (1H, d, J= 1.5
Hz, indole). *C NMR (150 MHz, CD,Cly): & (ppm) -1.38, 17.9, 25.1, 29.2, 41.9, 43.7, 61.2, 67.0,
74.9, 90.9, 112.7, 124.5 (x2), 125.4, 127.0, 130.0, 130.8, 135.8, 137.8, 147.4, 154.0, 154.3, 165.1,
175.3. HRMS (ESI) m/z: [M + H]* Calcd for C2sH32BrsN4O2Si 696.9839; Found 696.9817.
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[5064]

Deprotected imidazole 5-19: To a solution of flactam 5-18 (3.6 mg, 5.8 umol) in CH.CI; (3.0

mL) was added TfOH (8 pL, 0.09 mmol) at -78 °C. After being stirred for 2.5 h at -78 °C, TfOH (10
puL, 0.11 mmol) was added at -78 °C. After being stirred for 1.5 h at -78 °C, the reaction was
guenched with sat. Na,COs3 solution (5 mL) at 0 °C. The resulting mixture was partitioned, and the
aqueous layer was extracted with EtOAc (10 mL x 2). The combined organic layer was dried over
anhydrous Na;SO4 and concentrated under reduced pressure. The residue was purified by neutral
silica gel flash column chromatography (CH>Cl,/MeOH = 20/1 to 10/1) to afford deprotected
imidazole 5-19 (1.8 mg, 64%) as a white amorphous solid.
IR (film): vmax (cm™t) 3369, 2354, 1781, 1704, 1305, 1187, 819. 'H NMR (400 MHz, CDs;0D,
0 °C): 8 (ppm) 1.51 (3H, s, -Me), 1.62 (3H, s, -Me), 3.68 (1H, d, J = 16.5 Hz, -CHaHyCO-), 3.84 (1H,
d, J = 16.5 Hz, -CH;HyCO-), 6.11 (1H, d, J = 13.5 Hz, -C=C-CH=CH-), 6.43 (1H, d, J = 13.5 Hz, -
C=C-CH=CH-), 6.86 (1H, s, -CH=CBr-), 7.55 (1H, s, imidazole), 7.56 (1H, dd, J = 8.0, 1.5 Hz,
indole), 7.67 (1H, d, J = 1.5 Hz, indole), 7.69 (1H, d, J = 8.0 Hz, indole). **C NMR (100 MHz,
CD30D, 0 °C): 6 (ppm) 30.6, 30.7, 40.7, 48.2, 74.1, 116.9, 121.0, 124.2, 125.1, 125.8, 130.5, 131.1,
134.6, 135.4, 137.0, 137.5, 149.3, 155.7, 170.2, 181.1. HRMS (ESI) m/z: [M + H]* Calcd for
Ca0H17Br2N4O 486.9764; Found 486.9752.
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