. HOKKAIDO UNIVERSITY

Title EQUY /A YR Y OMENZELEDRR S RAYILALE D RBEHHRE
Author (s) A, S5h
Degree Grantor biEERE
Degree Name B (ER)

Dissertation Number HE114765

Issue Date 2014-03-25
DOI https://doi.org/10.14943/doctoral. k11476
Doc URL https://hdl. handle.net/2115/58194
Type doctoral thesis
File Information Mitsuhiro Wada. pdf

kaid
wok ° U'I,L

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




8w L

el YAy R ofits —BILIEOBRR L
RIRYSLABAL D RFEHIHE

APREOGERIT RS il 54

1-1



—
gl
_T%
2

TN Far— LA

A PRIEMAR /Al A2 B H8 L7 B Rt
B LR G R

WFFEET

82 WIN 64821 O &G MEAHEIRFZE
AWFFED B

A RCET ]

N ot e w

28 vrUY A2 R Ofilii) " B koS
1. SRR

2. BEBAEREE AW B

3. BEAE YDAy R Ek AT %R WIN 64821

4. Z#{LHTBRAD G R

5. EALKIS DO

6. —@LEUSSKMEORIE L

7. FUE R O Rt

8. PUSHEMEHELRIZ B 5 R

9. K&k%) folicanthine & chimonanthine D44k

10. WIN 64821 D44k

11. #550

3 & AR AR & LT A ST A B
1. WIN 64821 7 1 7 OAMAIA R
2. HCT116 #ifad In vitro 7 v A
3. WIN 64821 & & D SLAREMEROREETE AR RS
4. & MEAY MTOHS3 O EHAEL U ZE T K 2 M iETE AR B
5. i

N
pil
%ﬁ-
£

5 & Experimental
1. General procedure
2. HCT116 #ifa® In vitro 7 > & A
3. WIN 64821 & & D LR RIEROREETE AR
4. v v MEEY MTOH53 O EHELLZNT K &R Y

1-2



1-1 IANNRAARS— LA

TIANAAL FrT— (BFEEwT) Lid TR (baz >y —n & LTAMBIR iR
AN ERBI IS, N—/3— RRZFO Stuart L. Schreiber H232E L, 40t
AP CIERICHEDR Y AT 5D —RFEMEE TH D, FHO—XE2 b 54 LEEMIZH
325 &, ABNEHEARIES 2R L T, BB Z X0 B EOARGF DOREREE 7y
F LT ] T2FMThL L5420, FULEAROFMICAL A I AR —

(HAb5) BH DB, ZH HITEMREEIC O W TEEMHET [3iH] 5% Th 5 HIC
BOND D, AEEHALEDS RS BET 2 7 I WA d e P—of e LT, 1)
7 a— 7RI LD ERE T ORREIEEF & rTE b, 2) ARIKS &2 VT AR
T OPEREZSTH & BN K DHEREDRR ., 3) ANy + ORI ER S FOBR. 4) (LEW
FTAT TV =TV A LG, 5) GO L E A IS LI AR Al
RENFETFTOND, TNOHNREFNSATEND LD, 7 I WA A A no— LAl
BRI L 7RI T h B

oAb E W 2 - T AR BE D 253 - HiliE 2 B 8 L 72 AF2EI2 B8\ T O — BT S
YRR FALEMEBONL DN TH D, BIEFINA ANV—T v bR ) == T5EIC
RESND G FEOA— R A —v g A X VRO EEENER ST\ D, Lz
Mo T, FHIEMES FIRBETITAMRMEEME B L GATE. E3E e RiED &y
ICEMT AT TV =% WD L THERL, LT 200880 —JBHRELRFEL 2> TV D,

K & x, B, W), AEMSCEERE I E A RROEMDEER L TV D{LEMREOR
PRCoH Y . FDOFROTOITHERE L ENRBELIN TE LV I BEZXRZITANRLAT
Wb, ZIHDE L IXZRITHZRRER D DA OFRREDELAMEEFf > TR I TE
D, TORRE LT, ERED T LR DITHAIERTE D HLONRE, 2013 4F
RERCHHEA G20 Y — MEAMIT O 2 REMBEOEIFIIRIERER LD TH D,
L7=mdo T, REMBHIMEEM T AT 7 ) — O ERZE L L TRLEHEOBIT 5 —ETH
Do

b LB DOHEMMERA N2 D & LB OREERBELBTTDIL D, AIFEOEET
X7 7~ a 7+ 7 ORGE, GO ., BifEodGE, Ko 2 MERiEDORREEZ B E L
T, BEARE D T OBRETIE T 0 —T (LD 7= OREESLETN OPRED T, FLl LT
{EEIRED AT AT K D HEETEEE BRI IE M9 5, AT AR B I 2 2k
BREOHGIEIL. ARSI TE L AG BRI Z R L2 7B KB S D, AREERK
TIHAEGHIEEICE DOIVTHEREDEA - [RE - BEWNEG R RICERRKOFERH 5,
FrE OBRE D i b & WV 9D KT Wender 5 7232"E 3% Function Oriented Synthesis

(FOS) &WHEZXTTH& %, bryostatin 72 & O@EIEMEZ A TR S M SLEPEA K
DB ST /T Db E 2 —> > he LT, o FEL Bk - s L7z
DOAMIEEOR L2 BfET 7 e —F Th 52, £70, FFERBGFOERUTIER &2 H
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H L7 Cix, #ikd 5 ZEkMERELA R (DOS) & AiEmAE R (BIOS) 234 %)/
L LTRSS TV D, — ., EEHRKEFIA L7c AL I PiER Rk & 851
TEOFIENRT D, (LFERNTIETITERLEZEA T 3RE L EEHE RS
HRFEEICEET DL TR T el 26T 5, Bl EAMVIAEE L7 TH
MEZ AL B 2402 0T 2 SRR B 2 03, IR ORI R 2 IR DR T 235
L7202 ENZ, BB LFEHTIE TR, B S R 5 BRREOE AN D BRI
FaWET D L TEREEAZHIET 2, (LEMOREKIZZDOE FICELDONEDE
REFSE A Z il C & 2 SUSFLRIE S 5 23, B 21X LR P450 DR -7 7 A X —WNIZHE
BHEET AL EITE BT L ERE AN OGS ZH ST DHEN S 5 7 E#EA
oD, LN, BHERRIRMEZTOT a7 2R L LY ET5548. A
AR TEL Y REAEESCABRELFORMKEHR R OT Tu—F NEMNTH D
&S B LAY IRME M 238 D K D I L b b,

KIEIIMEW T AT 7 ) —OERER L L TCREENT-—HTH D2, ERMEEIZHM
BAZIZTWD Z ENZN, T2 L AEERWA R L CLE D D, AFERED L
TLEo7b D, AP - FEREENHESL L TWORWE O, BELOAEREN R T mg DbE
WMaERH T 272012 F DR A N B4 E kg A —F — TR L2 iR ir v b 0%
DL MBNTWD, LT, MENRS THDHLOOHEIE, £ OABIGEREN A 423
WRIZATO 2ENTERVWRICHLMERH L, LEEN-T, 7477V —DHWETIE, &
B BHEORGE b EE R T 7 7 X — L7 D,
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ATER Tl RRMBED A RPE & T2 OIEMERHN & e ~ O E 2 ik~ 7o, ZhE 32T,
BRRORGNE & ABEEAR ) T A S A ROE S Z g 2 LM 7477 ) —
OEBEMENBR BRI N, TOBRENRABINTE T,

2000 AR BBt A P 2 o B R U TR RENTT L, 2 OFEI,
FERL=y NersaRAhy 7Y U X VIEKER T2 2 LT, RN LEwitE S
KT DFETHD, BRICE DA — A= a bl T4 7T U —DOHLEESCE K2 A
RO CIEENTZFIETH S T2, 51O ZRTEE QBRI D B2 L@k - Biekko
N xz—va PAMIIEEACEU L LavEo T, oLzt v MEE
PIDOFEFRIITE S o7, Figure 1 ITIERAEE (). B3RS (). 2>+ T
VAERIZE VL NTAbEMEE OR) OFERZENDBED D7 I 1V AN— 2O g i %
AL, ZOMMNLEFHR L=y NOBEFEIKGFE LT T A4 77V —7 A IIEN R
ESNTWAHZENRRTERILD,

Drugs

-5 5

Figure 1 {LEWMBED EDH D7 I DNV AR—RDHEE

Schreiber (32 4kMEFE A5 B (Diversity Oriented Synthesis: DOS) Z #2785 - BA#H L 72,
1S b U TR TENE R c BHRIEOANY =—2 3 VA TH o - DITH L,
COFHEFIZREEKEONY) 2= a VA TH DI RICKEREVNRD D,
Build/Couple/Pair (B/C/P) ¥&ligiL, Hik OS2 AT %5 DOS OIAR 2T 71 —F
Thbd, F—BEMTHD Build T, VEABIRBIZFINLRELT 77 ay 7 AR L
T, H B TH S Couple THT TR BUSICEY EAF 4o rTay 7 2kt L, #=
BeBE o> Pair T4y 1[N BURIC & o THBRZRMEER B H 2 M55 5, Pair IZ351F % Polar-polar
FIANVRUERET I OT 2 FEAERICRES N SIMIEEREER O h v 7Y v 7
nonpolar-nonpolar (X4 L 7 4 » A Z & o 2 2R F SN D IEMmMEERE R O HE R,
polar-nonpolar [FZFEMIEE REHL 2 3O U TIEMEAL L T B AR EREFE OB EEIZ LV B
bz SELHETH D,
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TH L THEA R T ESDTE, 2 DEITER R DREHI LILBDO KIS S&E2#EHT 5 Z
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SIZ MY =2 1-1 2R E L, B2 IMED Y 7 7 v & @ Diels-Alder K2 &

57T 1-3A~1-3D @ 4 FEEHDOEIZT 78 A LTS, v~V A4 I K& 47 2=/-3H1,2,4- F

1-6



U7 —1-8,5(4H)- A4 (PTAD) {LEWIE 03123 d#EE L, 2R 1-2A, 1-2B
M LT 5,6,6,6 BEEROILAEW 1-8A, 1-8B % 5-27-, —FH, XUV F /3107
Diels-Alder SUSAEE Z 59 1-2C, 1-2D # 525, 7272 L, 1-2C IZSHEDFE W LA
ROMINIFEETH Y 6,6,6,6 EBRAZAH T HMUBRMEFH 1-8C ~L AT HZ LN TEXDHZ
LHR LT, 12D 1Y =0 6080 372 D HF - pyridine LBROERIZ i~ = 7 Ak
MEZ 0, Y10 H LT ER(E L 1-8D M L e 22T b, HIsEEE 1-1
DORIRATHHT LT e KEEfET VT ) 74 VOMAEDEEEZDLZ LT, Bind
10 AR DOHEER B THERR S 2 A5 29400 FEOILEW T A 77 U —OAIRUZ K L T\ 5,
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BE&IX b ITBRACATBR A O E 2 k2845 2 & TR ORG24 Z T o8I ThH 0,
#FHlL LT Burke 50t L7277 7 U &G LI 2R RBLG R Z BT 5, 6805y
2B 57 % celement (¥ 7~V L A2 b)) ZPOEEICHAL CTEHE, HBOMSEMEF
THEES 2, AEIOFTIEFE PPTS 2 AWK T7 7 VRAAEL Ty U4 v Hf
RIZR DR EFIHL TS, o UF Y BNERTDHE, P FRNICZ7 Y —Dk Rafxiib
BN o 255 3RO VAR = VKRR ENEE 5, —F LOMEHTIT 2 2Ot
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R X VERHLHOT, 2 EORBBRENEE TEERGA 2 A T AMERE KIS LT,
HEEDAL G TIE 1 FEORBZHE & 2T BKIC K W SEERR, FTEOEY Tk
EBRBEIEZOTHR LT Fo U rBnEnENER Lz, EELITZOE LT 4
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ZREMEFR IO A AR OA FAMEZ R34 & LC, Stanton 52X % Hedgehog #%#& % [HET 5
A RAEEY) robotnikinin D¥E AT BV D, M B I, KW % & 104 10000 53D DOS
A7 7V —DILEMHEE N T AREIIARKE SETEDF~ A 70T LA Z/ERL,
R Z X7 B EMAERT IR FERRE LT, Y=y 7~y YKy 7 (Shh) # 2 /37
BT D~ 7 nRIbAEY 1-6 2 R U AEEEEMEBIC L > TS BTy 7 4 =7
4 — %8 T HEMIK T robotnikinin (1-7) %A L7, 1-7 WA O7 vEA
LD DITEY =y 7~y Uk oy Z X 37 AT 5 2 & CREWKRFERIC Shh RO
FHEEAZ R 2 &, 2) ZORKO FIICH DR ZIHEFH LT LA TS5 2 &
WKV ERF Yy BV ENDZ LR L, V7 FTIURERKICEAT 2 MAEHG 5 Z LTk
DLTWD,
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Waldmann /% Biology Oriented Synthesis (BIOS) Z#2"8 L7-, SAEFRIEMAR IR
DTAT TV —HEFEEFER LT-EIETH DM DOS LREEETH DM, 7477 U —OEK
BRI B L 7o E OB REECTd D RIUTIEWV D B 5, BIOS TII AR RARY)
W2 RS p @EEE a2 it U, = 2 Ioix B2 8 AT 5 2 L TEERMEZ A
HT2HIETHD, WHOIITRARVMOEREK AL LT 52T NI TATAT T —
WETH D, Hlz2IXA v R— & REK &3 5 KIRY) yohimbine, ajimalicine, reserpine
MOILEWHL 5 RIEOREEZA L TS, ZO—#2boMEih X, EORE#
OH TR GZEMEO S DZERIRT 5, HEOHIKILTIL, ~T R FE2E LR biEko T
BRORBZIIITDRNE VI BANCHEN 1 DT OREZEO LI b DE2 T A LT,
A RO TITRmHANHEREZWO L TN 2 & &b,

N H s
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Corréa Jr. 5% yohimbine B RFE#& 2 il AL L 7= 4 BBIEFH O EWEEIZ OV T BIOS 1k
EMTAT TV —EEEL, U UBMEEEREREAIDO Y — Meaa R L7z, kOIS
LCIAT TV —%ME L, £F, BEMEBPRELE N7 N7 7 icEalzuss LT
NT e REEHSE, A I V2RI ED, SV THAx OEBEZEE Lo rdhoo
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¥ % ¥ =1 # A Mannich-Michael B{D )i T D B A &S 5, kD CBRIEL TIX, &
AT TR D & D BRICHER AT 2ICEWRED ., BRVESECTLEET 5 & D BRI VAR
=V EFELTALAMEER TN ENAE LN D, 7100 A2 B2 DILEMT A 77 U —ORERIC L
0| BEHESICES SHEEMAE D &y MEEWIC LB EHIEEER ORFEIZMEI L T
W5,

oH
F ICso: 1.13£0.63 puM
against MptpB
J

AREITIE, EREMR S A Z R L bW 7 A 77 Y — OREGUE R L 72, DOS
& BIOS (X2 ERME & MENE & Mol 2 720 TEEOME & ) FEEBICx LR L7 6 DT,
RO ERR LT —HEBE L TWD Z L2 L TR, M LFOmEN»HIE, Zhbo
TRV T AT A~ —DBAERT D EIENZ N ZERL AR DN A RSN H 5,
LU, &DREDSIKI T2 /T 2IbEME BRI ER LTZWGHI, U7 AT LA
BRI G AFEDR LT U NRETE L EIFRL 20, AL Z ORISR L, SR %
HIEEH LN HEEIT ORI AR T HI LT, By MBEENTEEC MEVD 20 b D7
FRIRAIED ) ZENTED 7 ADOMEEZBR LTV 5, sElITRE TR~ 5,
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1-3 BRSHRIEEK

Our laboratory
~—— Generation of natural product analogues ———

FENIEEAL OB TR TR AR/ EFRIE MR N ® VY’
P % BT B A H IO T X, " @@A
E R ORAHT B KA R L TE b L
H

FTIERV, ZOREEEX THRAIT, A& azulene-based

bispyrrolidinoindoline alkaloids multiple annulated rings
PRYVEPE RS BLIC LB 72 B RE EE D3 i o 72 KR .
ORE% & HICHHEIL LI o2 9 I,

AIfE7R = A P CHTEICARRTE L, EIE [f%@% i C}j:}g
) — FEAIRNF7 1 — 7 OB ’ g
DB E E 2 O TR E W D G %
ST, BHEERIEA A RBE L TV D, ik
DB T HERSHRILEKIL, TNETHEVEE SN T oL ERRBOEKZH
T 5 RRY) DOSIARBIERSS, G TIESE DN WHHERK O EMRE~D R 2T 7
AL DHESZLE B L TV D AICEFEOT e —F L ORE BB H 5,

WHEFE 7V — 7 CTld, REWEPUE S FREO A FEEICOW T HIFFE L TV 5, T
FI LTV AT F— 71, 1) artemisinin <° transtaganolide (2143 &1 2 @ bl 2 %7
N5 NUBER ) =F=F Y UNERETHA Y R=AT Al uA FET 3) 7 XL
VEMAENR—RAL LESRNEREA T HLAWEEE, 4) EAER YD A2 R B
AT HILEWEE. D 42K &5,

BxixzonoolEeFr—70%bzo 3L 2 80 O7 7 —F THIIZER VAT
W5, 1 DEO7 7a—FiL, AP RIEEZEMR L7 [Zerthis 2E8E8 359
737 v A CERRBREECT 7 82T 28D TH D, TOREFE LTX, SHFE=E
DIEEARRE L7z FrEe )Y (DHP) FREAZH L7 5 RO EIEORLR 5T v
aA REORESHKNZET Hid, 18

N ZE2IEDFE LA R 1-9 2 E 2 R U 7 S sOs SR 59
Z L2k Y insitu TDHP BREZ AL L=, DHP HFl{A%Z U R > »T60°C 2+ 5 L
DHP % x> &3 2[4+ B L3S T L T iboga BB DILAW 1-11 7345 5 417-, DHP
DO—FDO _EEESEZETLThOE Fax /o b2 180 °C (245 & DHP Hko —
HEAGE YT ) 7 vk LT[4+2 R L2 1T L C aspidosperma BV E 4 1-12 2 57 51k
B~ AW TE -, F7-, DHP IZ#fE LI A F s b % TIPSOTE Cittkfb+ 5 2 &
T/ b= bF2ALSETHLERYZUVERKRT DL, 2OV EREAIT AT LD
FEAEZ YT ) 7 4T 5 [4+2BR L3I T L T andraginine BIOFHZH T LAWY
118 ~EEH|TE, T 3 FOLEMRIIZNZ NI TR O WA X TRIRY
catharanthine, vincadifformine, andranginine ~& iF&E Si17-, F7=. iboga HEH %
5.2 % DHP # A% 120 °C (2/n# L T ngouniensine A{LA#) 1-15 ~, [RIF A% Ru

sesquiterpene lactones catharanthus alkaloids

Figure 6 EH L TWAEEEF—7
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MBIR5 74 b Ry 7 Al CUOLER L CIERARERDOILEW 1-16 ~ b AT H 2 &
R LT,

Scheme 8 WA ot RI2k D 5 RFEDEEDERE

one-pot CO,Me
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tryptamine [Ru(bpy)3](BF4)2
l CHZCIZIMeN02 g
l H COzMe
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CICH,CH,CI
R _cat. Cu(l) 120 °C \ N -CO,Me
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N Hme’ 5diue
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one-pot 1) PdiC, H,, MeOH 1) TBAF, THF
CICHCH,CI 2) Et;N, hydroquinone 2) TIPSOTY, Pr,NEt
60 °C toluene/CICH;CH,Cl CICH,CH,CI
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N Q N TIPS
\ X
N S - CO,Me S
H M
CO,Me COzMe L CoMe o7 oue

N
\
N
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CO,M -" ©
CO,Me “2Ve N &
2 CO,Me H CO,Me
iboga-type (1-11) aspidospera-type (1-12) andraginine-type (1-13)
N
\

H | 7 H N

CO,Me Et CO,Me N coMe
catharanthine vincadifformine andranginine

2OHOT Fr—FL, BEF—7 LT D RRWOMEREIEIZDOWT, L OILIRET % R
BICHET 2T 7r—F Thd, TOMREKRHIE LT, YFIEEDOLEM. LFENHE LT
BT 2T N7 Fn 7 O =ZRIEMESRILITRB R T bhb, ~T7 V7T 7
U HBERSE (R YR Y —<E) 123 S5 BHIEYYE DIRIREE & L TR RARY T
D EERE Y A% T 1T 7 ko artemisinin & transtaganolide (X, 6,6,7 fEER 225725 3
BRPEAEER R 2 REEAE & LTV D, Zoddmilag B L, 3 BRIEE & ORI A2 Rt
WET D Z L TRAMOEEZ ML LT e ZEEZ2AI L, BRI, 3-=FU L
2-v 7 anF U1 F DT VR VEBEADSLIR R 2 T D 2 L T syn-syn B
anti-syn™, anti-anti O A CHREUEEZ ZMINZEK L, ARAZEI ZXIZXD 6
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RIED IBRMEBHZ AR LTz, SBEBHROPL N ) VY —<iEEE2 A7V —=0 7 LT
HIFPEICEBEN T2 A 71 & N ORFEREZRE L, L7 ¢ & B b & —FEEBSE ORI
WL REEA LRI T e 7itx Gk Lz, &-0vd % Meawito
PLh VR —<IEEETHME L72fE R, 24 7 1 B AR LTz artemisinin & 4 < [7] UHgBR 1%
EEAT LTI a s 1-33 % XXX LT % « < 2 iEEE2 a5 — MeamE LT
HedZ tnc&iz,

Scheme 4 BEAFTNRU T 7 T Fu TEEOMNBLFELEL

i 80-86%

Me

HO 4 o7

cis-cis trans-cis trans-trans

cat. p-TsOH
—_— +
toluene
" 80 °C
1-22 (type | : 1-28 e 1 e 130 v | 131 (from type Il
(type ) 13% 11% 22% " (from type Il
OZv hv, 02 hv 02 hv, ! 02 hv,
rose bengal, -78 °C rose bengal | 60% rose bengal | 66% rose bengal | 77%
‘LZG% -78°C -78°C -78°C
Me
E o
: Me H %/0
CN ; H
1-35 ; 1-36
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1-4 BAREE

AT CIEERZELERIZ 2O T7 7 —FR"b 5 Z L 27z, H 0Tk A K
ENLDWZENZ LD BEHDOEHRILTH D . & ORI AEBNEMERIARY) ORIEE T — 7 DR
B RN DR E T o T2, AFRIZ2 SHOT o —F OB HAEICE LT
BY, [£F—7 LT 2 RRWOEEEEILT D2 L7 <) GREHCREBRE IR b
BYET DM T TR L Rl — 5 BTN EF RN 7 5 ) LB W2 R Al
HHDTHD, REMOSTRTFHLET 2 RICERERY . o BV R
(stereochemical variants) Dt v k% W TEE & 72 A FRTEME 2 3104 5 = & TR L
ZIRRE & T DRSS TER RIS AT O o TEPEREBLUCNER 7 7 —~ a7 + 7 O =R ukiE
TR OHR LALAEYDO—IRA D V) —= 0 TR RITARER AT 7 a—F 08, ABIEIEKSY
FORRETYA DT Fa—F L LTAARILEZRT ZEZHAEICL TV D,
WHEEATICE 720, AEBEET Vv A FORERREEEF—7 Thor AR v
JA VR B EATHRARY WIN 64821 2 F —7 L5 Z LI Lz, TDOFEAIL,
2 7 O HEAR & LA B AE T 2 MOS RN RIZHE ST n 2 & | MR iR b=
DB LY 531 O =R EDOBIN 72 BB Iff S hi-Z &, ® 28 Thsb, Figure 7
\Z entWIN 64821 & SEARFMER O AAE, BlEZRSE 7' 1 77 4 MacroModel % FV T
B FNENOREERELZ R L, AR AVEOTIRE T I BOS KM F 5 &k
BT HETTERTEENRELS B LTHWDZ ENRTENLD Z b, MiKMb %R
L U REE IR AR ZE I LTALAMRES E B2 b D,

Figure 7 WIN 64821 O R RMEABEICK T 2 REZEHIEDOH B R
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ABFFETIE, KW WIN 64821 & & DONLARFEIER O AR ERFAMZ L 0 AT PERR BIAT
REATH, F—nFRBEEATILEMHOMEHIZEY (LEWDO—RA T ) —=2 T &AL
MMEF 2R & LR R ISR VAR BIT JE N —3RITAT D 2N TE 2 A U v D %,
TEVERBUCAR P RISAMEF OMBEDEZRE LD BIZ, FHER, 7V BRAE, =
FEOBEHEZ LRI T 5, 2 L TROIEROEWMEAY ORI IR S E TR
oy F DREEALN A RETR T & B FEET D,

Synthesis of natural products & its stereochemical variants

Further diversification/derivarizaton Biological assays

% o Py - -

= \
SY W e A
X
N N
HoM HoM
O

o P ° anti-infectious diseases,
R* anti-tumor and more...
NH N
N% N l
N H

NksH O Ph H O Ph Screening and SAR
based on stereochemistry

Selection of hit compound /
Identification of
optimal stereochemistry

R/S R/S
l o
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AL 2 28 L7 N & KR WIN 64821 & = DN AKREMARZ BN AT 5, £72. b
U7X B G ITRY chimonanthine & folicanthine ~DF5E A2 HiF L7~

1 P R
; P, H:_ N H N
metal-catalyzed H Br metal-catalyzed N Ps N

Br. OR dimerization g ! 2 dimerization “,

N —_ OR. N. _ = e,
~ . ", P 'ci
P ! P “, P \
tryptophane-derived ' tryptamine-derived
(racemic)

WIN 64821

R = H: chimonanthines
R = Me: folicanthines

Figure 9 BBEBEMEIC L0 V)4V R Vv ZEBIARIGOBTR L BRESHRILERK

LIFIC WIN 64821 OHEE G RkFRK% 7= LT~ (Scheme5), U X h7 7o &7 x=/L
TI=UBREE LTI NERTI VU EATHHEERNEL, XUV N-EFBRES
NDZEWZESTIVINNBELD, 20 1TDT7 PHNAPERE LT E&EEERLL THLA
SULEMETOL OIS BREEMT H, EWVORKTHD,

141

Scheme 5 WIN 64821 DHEE A4 Bk
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WIN 64821 |34 PEE 2R L 72 BHILOWEN T TICHE SN TWD Z e, EA T
2 A TIEAR LW IR Z B L) DEESHF 2T HORKBE IR Lz, &y ME
AR EINT-BEOBEREREUENFZIIITZD LD, 72/ Bl AR O N
RS e RZ 425 2 kkbtoEWWKH\ifﬁmUV/4VFUV%?@%%
L7z BAb®) 1-37 % SERBIRBIC AT D, N UNMNIEA LT RFEE B #0 ITER S
BAE AW b TR n U Y ) A R 138 ~E BT 5, CBAKZICNR
LD E LT X BEER L CHRERKRTREIK ST T REEE 35 2 L T Fe 7
2 BRIBHIC SR AN TE D LB 2T (1-40~1-43), HBITV 7 PERT DU AR
LTWING4821l L =D 7 Fu 7t (1-44~1-47) Z AT HEHHEITH D,

2 ETIEHEYe U YA R U OMER B LS OBIFIZOW TR, 3 T WIN

64821 DOLARFMEAREE D RFHIA K & Z DAFIEMFHMEIZ DWW TG T 5,

Scheme 6 MNARMEZEDOHBICL D 4 RFEO_BEE T LV I RERT e X

0]
OH
Ny NH; MetaI-cata[yzed
N N H reductive
H

B o dimerization
L-Tryptophan 1-37

MeO e

1 399ndo 1- 399xo\‘
2
\\—OMe A\\—OMe OMe OMe
NHBoc NHBoc NHBoc NHBoc
“r\
H
1-43

1-17



1 Newman, D. J.; Cragg, G. M.; Snader, K. M. J. Nat. Prod. 2003, 66, 1022. Carter, G. T.;

Koehn, F.E. Nat. Rev. Drug Discov. 2005, 4, 206.

Wender, P. A.; Verma, V. A.; Paxton, T. J.; Pillow, T. H. Acc. Chem. Res. 2008, 41, 40.

Dobson, C. M. Nature 2004, 432, 824.

Burke, M. D.; Schreiber, S. L. Angew. Chem. Int. Ed. 2004, 43, 46. Galloway, W. R.. J.

D.; Isidro-Llobet, A.; Spring, D. R. Nat. Commun. 2010, doi:10.1038/ncomms1081)

5 Kwon, O.; Park, S. B.; Schreiber, S. L. J. Am. Chem. Soc. 2002, 124, 13402.

Burke, M. D.; Berger, E. M.; Schreiber, S. L. Science 2003, 302, 613.

7 Stanton, B. Z.; Peng, L. F.; Maloof, N.; Nakai, K.; Wang, Z.; Duffner, J. L.; Taveras, K.

M.; Hyman, J. M.; Lee, S. W.; Koehler, A. N.; Chen, J. K.; Fox, J. L.; Mandinova, A.;

Schreiber, S. L. Nat. Chem. Biol. 2009, 5, 154.

Wetzel, S.; Bon, R. S.;Kumar, K.; Waldmann, H. Angew. Chem. Int. Ed. 2011, 50,

10800.

9 Corréa Jr. I. R.; Noren-Miiller, A.; Ambrosi, H.-D.; Jakupovic, S.; Saxena, K.; Schwalbe,

H.; Kumar, K.; Waldmann, H. Chem. Asia. J. 2007, 2, 1109.

10 g) Oguri, H.; Yamagishi, Y.; Hiruma, T.; Oikawa, H. Org. Lett. 2009, 11, 601. b) Oguri,
H.; Hiruma, T.; Yamagishi, Y.; Oikawa, H.; Ishiyama, A.; Otoguro, K.; Yamada, H.;
Omura, S. J. Am. Chem. Soc. 2011, 133, 7096.

11 Mizoguchi, H.; Oikawa, H.; Oguri, H. Nat. Chem.

12 g) Ishigaki, Y.; Mahendar, V.; Oguri, H.; Oikawa, H. Chem. Commun., 2010, 46, 3304.
b) Mahendar, V.; Oikawa, H.; Oguri, H. Chem. Commun. 2013, 49, 2299

13 Mizoguchi, H.; Oikawa, H.; Oguri, H. Nat. Chem. Advanced online publication)

14 3) Steven, A.; Overman, L. E. Angew. Chem. Int. Ed. 2007, 46,5488. b) Schmidt, M.
A.; Movassaghi, M. Synlett 2008, 3, 313.

15 a) YAREE, BHH, ERFEE, mHEE REAEBLAWHhSEEE P-23 1994, 36,
557. b) Barrow, C. J.; Musza, L. L.; Cooper, R. Bioorg. Med. Chem. Lett. 1995, 5, 377.

W N

[}

0

1-18



F2RE EOVDS/AVFRY OMEH—BILEDRR

2-1 —EBHEEXAY

R oz &b, b L IEZ R LIAb AR5 <AFE L T 5, Greer H D
2004 FOWEIZ LD & KARMIZEE T 5 3000 HOFHLD 9 B 1T%0 _&ETH 5 (10%
FIERITFR 1. T%ITHD 1) 2 ENEM SN TVDL, Yu b2k D &, #5203 2009 4F 1
A2 Scifinder T ldimer natural product| &#R3EZTHAE. 700 MOGILNE v
K229 ThdH, 10 FEEOFREEIT, 1960 FLIRTT 14 #H, 1960-1969 H21 6 .,
1970-1979 4FI21Z 16 #, 1980-1989 4EIZI% 67 . 1990-1999 4E(Z1% 165 . 2000-2008
FEIZIE 330 # & 72 0 | FIAELLEIZHEIN L T B2, 1900 FEHR IS B 2 i,
I FEDREL THRWI EITERT S S5,

350 330

300 -
250 |-

200 165

150 |

Number of articles

100 67
50

14 6 16 ]
0 — 1 1 [ ] 1 1 L
before 1960 1960 — 1969 1970 - 1979 1980 -1989 1990-1999 2000 - 2008

Figure 1 104 L 0 _BERRRYOREK

TR ZEREIZESZRLRBED THEINTWD, T2 T T = KD AR
SNDHT7 =T anx ) A NIZEROERTH S, £ DORFEH L L TiL podophyllotoxin
¥4, lignan 8. sesamin JADRZET O b, A VL a=y FOHEFEE W) EGKA T =
ALMBEZRDE, Zx== VT a4 RRRRICT VUM (ORFER) 1IZ2ERTH D
EEXDTENTELN, REDOL ZAHTRITT VT ARVFRE L IARETH
RN ENBZNE DI ThD, o, TAaA ROXTF RRARAWIZH &K - L&k
BEE S HmE SN TS,
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AERIZB W T 8K % 5 2 5 SUSZ 2 T Diels-Alder Kt & O 2209 EOG ([2+2]
[4+4]%) . TP ONVEDER, = AT b, 7' X2 —ViERk, Friedel-Crafts BN E722 6 D
Thod, ZHUTEYD, ZEBEROFREEIC S ZRRENEL D, Rl—0Fnb7e2d &R
RELTH, dIHRbEaY. ZBBUS TN L7 b D, ek B I I ER
EZTTACEM IR ELL O =2 a UBMEET D, I DICRRD 2 fFinbied Tk
EOGET, BEILIAEGRTREIRICHERT 2 2 0 F28iE L7 b LM b &< il
DET2 2 RKIWIFE LR L7 b o b iliE ST s,

[2+2]UPOE TEBHR S LD EHR SN DILEWMD R E AR T L) A N R
Fond, £O—HITH% chloranthalactone F1Z> 7 07 % VERAHFRICAET HAE &
K CTH D3, FOHE EALATERA chloranthalactone A BNHEESNTWD Z End, HE
KORBENDOA VT 4 U RRA2BMINSIET 2 Z L TEERIND LRI ND,

chloranthalactone F chloranthalactone A

Figure 2 chloranthalactone F & % D HiER{& chloranthalactone A

Fo. 2 EHEOHEAAKAIIMEN KRR E LTHLATWAHIE LT, Ht HIV iEMEE2 A
95 KIRY) biyouyanagin 73 % 54, biyouyanagin A X% D& 6. entzingiberene
& hyperolactone C O [2+2]5ALA MBS TEGR SN TWD Z LR PS5, Nicolaou
bl 2 FEO LRI E 207 Fu Z A AR L, SEREIC X S [2+2) 8 K5 T
biyouyanagin A D&k E 7 r VA EER L T 55,

biyouyanagin A ent-zingiberene hyperolactone C

Figure 3 X% biyouyanagin A & % DHEE LA RRETBRIAERRY

UM EE AT D~ T4 Rk, Rl AT UbIGE~27 v 77 h oAb T &b
LN O REBREZM L TS EHEE SIS, cyanolide A8ITy FNIC I VAR ViRl B KR
FUNEERTLHEERNBEWVIIMT DT & 2 AT ALROGZ R Z 3 2 & THEGHKS
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NTWLEFPHREND, 0 FRAEWVICKHE LAV _&Efha L7l L LTI ritterazine $87
LETOND, TIVBOIIIZHNVE=AD iR T I /LS TCHEERBER L, A
WSR2 LHWRP ORBICEILSND Z L THFTROE T D UVEBHEIND
LHEREN D,

0.0
MeO, =
QO;O\ 0 O _~__O
0”0 SRes
= ‘0
OMe

Cyanolide A ritterazine A

Figure 4 243 FBAEWCKE LSS Z & TR LIZRAH DA

Friedel-Crafts /)i C &b 2 HNITHAAA & L THEH Z T 5 vinblstine 723
FIFohb, ZOEWE £7- biyouyanagin & [FEERIC, —EAVETERMA B K KRB D 5] <
b5, EEMAIITIT catharanthine DEEHZIC LV AEU A I =7 A EICSE L,
vindoline M A k& L b DEA O LIAZIZ L 5 RESUCHEITT D A 1 = X L DR
INTWD, AEAEFRL, Boger &2 LEMIDZE AWz oAl vy 7Y v o7
IZR VD AGRE RIRRD 8Bt 2 EEL L T\ 58, ZDORERIRD BYEKRD BB ER LTV 5,

O™ “oMme 0

N
O™ ome [ \O/\?

Figure 5 vinblastine & % DRIER{ catharanthine, vindoline

TVANINCHRT DR b L, —RT 57T TI VN DRE _&IMKITE-
THART 2 &L TREIND/HGF ThiuX, 3 <ITETVIAREE L ITEZLNR
WbDbL D, —EILOEEIZIIE T AINANREETLEELZONSLOLMBILTEY
ZDO—p L LT ligulolide B 3% %9, IR CRLIZHEERD 7 7 VERVPRFEOMIIZ LY~
AT FREGE L R0 BB AR N O BT U ANERT D E TSNS,
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ligulolide B

Figure 6 ligulolide B & % DH#EEAL A kS

AFETERY FF - EEF—T7D—2ThoHERERY Y A R b, i

R

HiT bk

RELVICHBENR T PHNAMBE T8 L TWA Z BRI N T WS, KAWIZIT C
KFR72 B DO DIENT meso MR HEE S HESNTWDHEEL T VU & Lk

THEDEEZLND,
H
. o Ph Oy K
L-Tryptophan Oxidative e
OH NH Dimerization
— —_—
Ny NH, NH, A\ HN%
u HO% INi o} Ph
(0] Ph o
L-Phenylalanine €
Ph O He
4
NH (0]
)
HN C. NH
(0] ) HN
N® O pn
H
®N
M 4 Me .
®NH Y

C,-symmetry

e@ Me Me.

Me
NH
N\ HN. D ___ Oxidative
Me C. Dimerization

N HN
H PLLN

N

N®

N-methyl tryptamine

~ 7 Me -~ Me
N® N H
: H H
N

meso-symmetry chimonanthines

Figure 7 BR{LHI_BALIC L DR R Y V) A v R VRRBBEOLE SR

CRRIRIRWLE OREE D TR BT BRI EBIEME AR T 2 LD Bk A
Wi CTH D, “EEOAFIEMETHEBEAROZ IR T TH S Z A LI LIEHERFKS
NTWAENLTHD, FxITZOHEBAIZHOWVWT, “8]k - LRALIC L » TERERO ) 1Y
MU7eZ & T AMAEMRIC L DERERS T ORFRAGERR L TEEOm B b2 b Shis

LEZ TS,
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2-2 BRERZAVEZELERE

FHALED D " BALSTE < BRI S, SRR ORI SN TE 72, AW AR
MO RIVEHE T2 B L3257/ K—Lfia & Claisen fig & (—F03REEA], Tl 723
KETH) . Diels-Alder St (—HFBRY v WY 7 4 0) %4 “BALIG & #
T ENTE LN, 2T nWZ T8, IVR=ULEYHD —EfbnE L
Tld pinacol B v 7'V 72k 5 1,2 VA —LDOEL, McMurry 7~ 7 U v 72 X 5 iiEE
FEEIFT VLT 4 VOEN LTS, Fo, L7 407 AF 0 _8fhid A ¥
U AL AW TERTE A5 >TE T,

SEFIEE WG e A O BALITFRCE S ORI TE B TH D,
e DHEDIE Wurtz 7y ) o772l EZ N0, ZO7 ) —1A T A ROiEITCH) Bl
1% 1850 AFARICBEICHIZE N BiAR S LTz, Hel T 1900 A R#IEHIC Ullmann SOUG23HE
S, flERHWEE 7 2= VOAIENRE SN, £0%, @FRREEHW e
(LB OEAER 7 0 A h 7Y o T~ EROGRENE L TV o2Z LT, AT
TELOFEBENETIR T T AL L5, HlZE, Grignard REED B ILR =L ~DFHIN
RAR-ETH A TV T TIEIRE ZBENER TS ENMONTWAR, RIS E A7
ENTEOMHIDOTZD D TFIENF IR SN TEZ, LrLRNnG, KERY., EIR,
B OB LA O ENT 47T ny 7 L LTET U —b, BT 2= )LFEE
RENT 47Ty THY ., b EBENZRERETH D AT BALG O @i
2B EF e hotz, RuevrT v A RO X D REMREEO &2 2 T 1980
FRUUE TPl T 5L, a0 2, =o)L i, grs, (P L6 TR
17 figRIs, w9 FH L WEOEFESR R E AW NRRE SN TE T,

& & e B L OR O BBV TR, BT 72 BSOS SR T RSSO 2> 5 I3 Fn
7R LRI T AR DIRREN R EINTE T, 2, WEOmRMNDIXT U —/LLPAMC
HT VART NF N E WS T RIEMN 2 E AR RDORBE~ B I NTE/=, L
U S, Grubbs il 2 W= F 1L 7 4 v A Z B 20 L )T IS TH Y 7203 5K
SR A R D% DI L A /e BRI A2 B, B OIS T T
BDINERE LTV S,

KR R T FTRE 72 eI s 2 A T D HER O "Bk 2 EBL L IGH & LT,
1981 A2 L 5 23345 L7z CoCl(PPhs)s 232517 5415 (Scheme 1), 2003 45, Baldwin
ST 1D 2 0 "R EZ AW —BbNn 2 TR L TEAFT AR T T h
biatractylolide & biepiasterolide DR E LA R L TV 52, RERE 1 OAT 5 2 BRiE
TUNT T A RO TIE 5T%DIEE T 8RB G D v, BMEAROARKIT CoRn
meso BN L R TIEBI 7B IRMETH o 72 (Cr meso=98:2) 22, KIRWHIERAAD 3 Bath ik
BAEFEHLIEEZA EBEROINENMET L, BIYEEROAERIIZZ(L LTz, L LR,
TN 72 55t CHEME 7ol D B B AR Bl RE AR AR R DA AMED VR Sz, & 512 2007 4
\Z1%. Movassaghi SIXFEIEERPRE R Y ¥/ A > R B b OETH —BIbiZHZhTH 5
ZEHERWH L, ZoHEEZKEYIVIZ, de Lera?4, Movassaghi?s, #liif]26 5 (2 X - T,
o) ) A R OB T Bb AR TRETA NI T v 7y v HREAER Y V)
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A2 R VRO EERRNIR A LR SN, Z6NOHEIZL Y, CoCl(PPhs)s 234 /v
A=, TI R, RUBUVAVKRZAPGFT HLEREONIEHWIEE TH &G
%ﬁ$i<ﬁﬁéﬁ%m5%wﬁmﬁkﬁ% THEMEAEL TS Z N RENT, L
LG, EmeThdZ iz, HEICKHLTA4HEUEDO RN 72 =LRAT ¢
VERISERDDSBRE LR TFER LRV ENRZOKISOBRESTHY | BEORH
WD EBZ T, AT KRR A RICE TR 2 BEREMEDO S @ 3 kT A Rofil:
) —BEfbnE BT 0O ThH B,

Scheme 1 CoCl(PPhs)s Z A\ iz T A FDO_&fb

Yamada et al.

: Scope
Br CoCI(PPhg3);
(1 2eq)
benzene
70%

Baldwin et al.

Cl CoCI(PPhs), o
gj:(: S0Cl; @\8: _ (2eq)
+ isomers
benzene
24% (2 steps)

rac-biepiasterolide

Cl CoCI(PPh;3);
w0 (1.2 eq)
— o]

benzene

57%

Movassaghi et al.

0]

CoCI(PPhs);
OMe (1.2 eq)

N “CO;Me acetone
| H 60%
SO,Ph \
SO,Ph
Co-dimer
de Lera et al. Bog
H N
I CoCI(PPh3); Boc. 0
Br. /~"""OMe  (1.2eq) MeO. . L
N —_— \”‘ “, . OMe
- "Boc acetone 0 N.
N H 549, ~ "Boc
Boc N H
Boc
Co-dimer
Sodeoka et al. TBSO
(0] HO
HO CoCI(PPhs)s
NMe (19 eq) MeN
[ acetone NMe
Né H o “otes  55% -
0C -
N H g %bres
Boc
Co-dimer

2-7



2-3 EREQYS/AVERYUBRERT D RAY WIN 64821

NI T R7yrlkoe A w ) ¥ A v R CBEEAT D RRY Tie b Bl 7Zms
ZL72H DX WIN 64821 (1) Th b, 1993 4, Barrow HIZ PWET v % 2 =2 MEM
oAb B ORRIZB W T, LR KD Aspergillus sp. W EFET D &7 Vv A
N1 &ZOERIA WIN 64745 (2) ZFEE L7227, ZOEE EORHEE LT, CoftFriz e
RYT A R) T EBRRERKET IV BREARO YT b BT U U MNHEER LTG5
FHivd, Barrow HiL1 & 3, /v —DFEMR AT MAFHT 24TV 1 ORI 2 Tk
E LT,

o}
WIN 64821 (1) WIN 64745 (2)

Figure 8 WIN 64821 & & D¥E{Ak

1 OREETEPEFE MR ZE I8 BB FI e ST 5, Barrow 51 1994 45 & 1995 4, 1
LFOTFaitoNnT PWET X T=Z MERIZOW CTHEETE AR 2 904 L Tl
L722829 P¥)'E (substance P) &1X 11 7 X /D72 5~ 7F R T, JIZIS T T
— YRR DR S L, NKn A RICHES T 5. NKi A ERITE FOREZSE, 1F8)

(R0 D 2) BELOEM: /2 E~FALET 52 EARBIN TS, PYET VX FT=A K
& NKy ZBET o2 T=Z2 MIURIERZTH Y, H12 23, #lEHEF & L<THfbh b, P
WEOBES D AEMBERENZ N L b, FRICER T (Bl7 X7 7 AHK) O K
L& PWET & T=A MIBREAL R, I bas R ERIRREE, ST AT IR Y
9% LRSI TV 530,

WIN 64821 , Bl BN
“Q —-—J' j% —- . B

YT 28U AP T b (R TS
(TR E R NK BEE O RBRR52)

UF T AR A I

Figure 9 WIN 64821 (2% % P #E ® NK1 ZBFE~DFEATE
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1994 D15 Tk Aspergillus sp.,SC319 OE AR IR I ER R EHEREZ G L T
TRARIRRN T Fa SRS, T OMEEEEERE L, TORE. M F—
VI AF R 0 P BB AT D EIEENME T2 2 VA L2, $RiC, WA
VR VICEBRIENEAIND EIEEOR TR EVEEIC 2D, 72T T2 Oy
BURIZATFANEEZEANLEGAICIEEIIZEA R T LRV, 7= EE2 T 1%L
FACERT 2 SIEESME T T A AN R S, 1995 O TITIE D AR R % 5] H
LCHEbNET T iz T, ALZEKICL Y HEAROFERZ IR L CEE2 ML
Too BALDNE S ATF L (4) S5 EETOIEEDIK TN, 5,503 A Ffb S iz
A (B) ICKRFBITEEOER T RBH Sz, BHEERDOXC DAL ATF L2 LT= e
a4 257 =/ — VSRR LIZaBbEWREOIERMETIZ. 1) 7 heRs Yy
YOT I NEHE EOBEBRLEL (89 ITIEMERTFA2HE 2 L.2) 7= /7 — LD A F 14k (10, 11)
IXIETEICEBE L2 b, 3) = haREB T L TA N VEEFTHT = ViFE AL
BT % (12,18) EIEMERA ET 52 & BNERZERHL NS, L LEBIEHED
BT = U UEEERTHIEHIIRAY O 110 OREOE TH-T-, 2k v, NK-1 ZR
EASOFEEITH B RIIMLEATIEIRN OO, @WT 7 4 =7 — % EBLT 51213872
BUKIEEBKEORMZAT 280 Y Y ) A0 R v ZEBIROEEM DR R S 7okl
REieolz,

H o

WIN 64821 (1)
0.24 uM

NO,
o Orp ol
"R NH "R
R~ N R~ N
N H N H
H o H

6
48 uM >100 pM

NO, Q NO,
HO Q 0 HO o) OH
£ NH £ N
LI I
NHo NHo NO,
7 9
98 uM >100 uM

Figure 10 WIN 64821 77 12 " & NK-1 324K FHETEM:(ICs0)
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L2 NBIFED AR 5 1% 1994 E 0O KA SRR S IcB8V T, WIN 64821 LD 7T
FulZoal A = (CCRICKTT AT v Z =X MEMEAZ#E L7231, CCK &7
F RFILEL THDHA, CCK-BZAEROMERIIFIREA & L THE STV,

WIN 64821

Q—— — RS, BB
ceK \\\*($§~E§~ﬁa)
CCK% i fAa
CCKBZ K
Figure 11 WIN 64821 12 & % CCK ® CCK-B A ~DiESIHE

Barrow & & [FRRICAEPERIZAEG T EIKOFERZRV AENLT e —FT7 u s
BEEAl L, BN, 7227 T =k T R EB VR RICEREZHT5
ThursReT I JBAREBER LT a S AR S, (EAENIT CCK-B Z AR TH
DA, MEETEVEFBI OFE ST Barrow O L RIEROMNEZ R LTz, 77205, 7 x =/ HA~D
EHSENITTEENARE E LM EOGAE b H 7o, 7 = = VA KRDEWRS A o F—
IVHR S FBRASOBEHILENIEEOR T2 W< HAN S hoTo, 7ok, BEREOGSR &
L CIEICHRH SN2 SE b2 2 S L B OTEMERHE AR b b, Zhick s &,
WIN 64821 (1) CCK-B ZHFEDOHEICE T 5 IC501L 80 nM TH v, —H D 11 L DK
B2 U7 FB6 B 7 1 7 14a TIIIEMEOAR F A, 11,100 O SEAR LS 28 Clin L 7256 B
7 a7 14b TIHIEEO KBS TR S iz, £72, mesoBlta V)Y /) A R v
BREK AT LIERNHT 1 2 16 TIHIFEHICIE S IZ EE T o7,

N
H

WIN 64821(1) 14a 14b
80 nM 200 nM 1000 nM

Figure 12 WIN 64821 7F 1 2" & CCK-B Z &5k D M EIEM:(ICso)
T X9z, WIN 64821 (1) ICHET AT A FEICBW CIXFEEOEEIC L v 4t
WML T7 e VAl CREETEHAEENHE SN TE 7, BICERKOLEONREE LD

% & NK-1ZEEL CCK-B A ERA~DFEEITIE 1) KRR (endo) SLIMEFEOER Y ¥
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JAV RPN 1=y b, 2) ZORUNLISERE LT BUKEEZ G T 55 E&ERME, 2
D 2 ONEETHDLZ ENTRBINTND, RIWRZDT F 1 7 ORI 72T T
YINDNY =g AZHIKIN S Y . ST ORENERICE 2 DR RS 5 2
LITTETWRYY, 1, 14a, 14b O ICs EDEWI LTINS & 912, endolexo DUIT
T CBIFNIEMEN L LT 2 LITERIZMET 2R TH 5, AMFZETIR, MaBRE Lk by
ZRHHNCHE LT a7 2GR L. FEDYMEFZ G257 71 72O THER
BB 2 D IEMED R BT 5 R &2 A L T <,
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2-4 ZELAEREDER

CEAbOBFHIAE AT 5 BE X, de Lera b 23#E L7z C1 L VAR = VIO L)
exo LMD RA 1T & Uiz, F12. CLALI VA= VIEEN endo B DY T A7 LA~ —18
Ze I CRZE L7 ZEbOn o EE MM 2 et 5 2 & & L, JRE16 DL 957 >
DBEFNT I NS A — MEGEIEZ RS U2 E O RAE ~ D TIE, exo BRI 72 B SA:
L#E SN TE 6932, —FIORISTHY T AT LA~ —Z2 R IR TE H5R{b-R
FERMFOBETEAT o T2,

BEtOfER, REAINBS 2 THORKEOY 7 un A X NEMSETEE, TORIKIC
MU T hT 7 BEIR 16 2 A TRAmBERM: (0.01 MARE) T 24 FFIE EHHFT 52 &
T. endofk 18 ORI AZ I LE® 5 Z &N TEL, REMADOIRIIAEDET93%TH
. exoendotti 100/71 Th - 7=(exo K 17 : 54%. endo{k 18 : 39%), M7 AT L A4
~ = IV ATV I T L u~ N TT T 4IRS S 2 LT E R, RERIONE

Frafifin S RE 16 DY 7 mu A X IR NBS 22 725613 exo BIRVEDRS E £ 0
endo RN ILIZIIRERIE LI NAE LT, Len-> T, BEMERHEREEZHEL-DIZITH
EMRDINEFFAEETH L EHP LT,

Scheme2 tvrUY ) A v Y VEBAMDER

O O (0]
OMe NBS Br. OMe B, OMe
HN. I —— N. N.
b Boc CH,Cl, Boc -, Boc
N high dilution N H N H
Boc 93% Boc Boc
16 (exo/lendo=100/71) 17 (exo) 18 (endo)
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2-5 ZEIERIEOFER

2010 fFiC Weix biF, Moo=y 7 vE S a7 A7 vF v ORE “Rb 2 W
L7383, #5120 Xoh T, filfit4 8 & L T NiClglyme) % . FIfL 1 & LT
4,4 47-tri-tert-butyl-2,2":6’,2”-terpyridine %, #EILHl & L T~ T Z2HWT, ZThvb %
DMF ¥ TR & 3T 40-80 °C MBS 5 Z & TR “BALPUS I EIT 5 Z &
EH LI LT A E LCNal 2z 5 2 & Thine 77 4k (OMs, OAc, OC(O)CFs)
EREEELTHWSZENTE, o, BUSEFZERT TIToTHIZE A EIERMET LR
W E B EE ST,

Scheme 3 Weix b2 X 5= /it a2 B oA _Bb XS

NiCl,(glyme) (0.5-5 mol%)
terpyridine ligand (0.5-5 mol%) '
Mn (1 eq.) Ry : A

R ‘
)\1 Nal (X=OAc, OMs, OC(O)CFs) Ro | gy | By
R. X 2 ' = N X
2 DMF (1 M) Ry \ \
40-80 °C ~N N~
ligand

under air

BxILZ ORISR ESEBIC, SR L L THbt=> 7 vADRKFY ., BT %
4,4-di-tert-butyl-2,2’-bipyridyl & LT, exo B[R F (LW 1T 282 A~ o 2 & ILITINEL
LT, ZORER, BHERONEEYHIVERP LR TH D CoxtPr &K 19 23556
WD Z e LT, EARPITERMAAEZ LIEHER 16 THH , XUV inKF b
T2EITTIR 20 HE6N D Z LI LT,

Scheme 4 EF YU IAERNMNFERAN-YRIY ) ALY R vyo_BbxiG
Bu ‘Bu

) (15 mol%)
\ NN /

o
NiCl,-6H,O (15 mol%)
Br OMe 10 OMe (1.5 mol%)
N-Boc Mn (1.15 eq) \ HN.g
N H DMA, >90 °C N H
Boc Boc Boc
17 (exo) 19 (max ~30%) 20 (reduced) 16 (cleaved)

Major product in every trial

IENZ X5 DMF OO0z <o OB A AF AT b7 2 K (DMA) ~EEF L
TRUSEA R Lz, IBVEEEICBI LT, 4565 °C BRETIIA T TH Y, SISHEL
SERE L7e o tz, TEBAIK 19 245 5121% 90-105 °C F2E O MANR LI TH - 7228, miiic &
2 R D o3 il & BSOS AR DEHMETR IR G272 5 MU B - 72, eV TR ITAIOMET
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BAToTle, v~ HAMRZTHgH E A VT A2 WG, RFAAL LI HEK 16 04
FREEAKIEIZ EH Lz, LEERo> T, ARICEGE LB IHIZ~ o Ao ThD EREL
7= SIShHFEOLFEE HE LT Nal 2RI L CRERO G EIT> 7228, 2H 51 16 D4
LN KR B Uiz, £, o=y vy —2Zat Lz, KR b=y 71D E v
ANV 7 2= VR AT ¢ b=y S AADE WD E MR AW A 5 2. PIDIZHW
Hifb = Z VADANKFIIR R HE L TND Z ENHBA Lz, M EZEE 2, SRtz i
b= 7 VADKRKFIY), BL 1% 4,4-di-tert-butyl-2,2-bipyridyl & 3 5 inR T, i#
JeHlE~ Y H ol L, BRI 95°C LA FIC A, UG RIITELS &b 128 &35 &
WO ERA LIz, 2050 E 15mol% D= v 7 V& A5 & BB R 25-30%F2
FETHHET D BIK19 Z2HHBLEDLZLNTE R, LrLAENS, RSRNEME
DTl REAZNC LV A U7 16 BEARY & 72 HMBERITSETE e o Tz,

2-14



2-6 —EIEREEHEORELL

i CRWH LR Y O 4 Y U RO “ bR owEL B L T, RED
MAGDEDEEZHRFI L, KERFEOPHNIERSIZ, SzHnierv Xy 7Y 7
FOSORFEIZES L TIR034, ZORE, OHRAT 4 VNN T PN ELENTLHZ L%
B L CWe, BxlZZoT P ANVOREIERL, RAFE2EE ) OANEY T ==
IWRAT 4 ) _XEy (DPPBz) ~EZEH LIz, ZORER, SIE=ERTETL, BV L
T 5 EIK 19 BEARKRY & LT 40%F2E DOILE T Hiv7=(Scheme X), ETAlE LT~
YA, Wi, AUV U LERE LI E 2 A, RIfiOREL L FERIC Y T 20 b IR
RLIZE&WlRZE 2T, —hHT, A VYU LTIHERAMEES D Z LAV LTz,

Scheme 5 —fliD= Ffilftl “JEDER R T 4 VESLFERAWZBITA &1k

(15 mol%)

o Ph,P  PPh,
NiCly-6H,0 (15 mol%)
Br OMe Meo™ >OMeé (1.5 mol%)
N‘Boc Mn (1.15 eq)
N DMA, r.t.
Boc
16 (exo) 19 (~40%)

ZORREZIT, BRAT 4 BT E VD T e b OGS O Forfl & fE LTz,

DPPBz [Z Sl 22 L T 5 Z &b, R E LTEMRY 7 ==V AT 1)
=% (DPPE) #fl\bZ L& Uiz, BErAle~r T, WEEZAFLTE T IR

(DMA) TIEE L., f /o4 Btz R Uiz, B, SEskdn, sk oo A
(IID) % fobfit & U 724546, BRBAR L 7-HEIR 16 N EARM & 72> 7= (Tablel, entryl-3), —
Ji. Hife=oov MAD 2Rl L Lz, BTEO " EK 19 25 46% DR TEARM & LT
fFoi7e (Tablel, entryd), #KIE(L=> 7 VADEAEE Lz & ZAKICBENIE AL
HEATHE T, 75% D BB TREHAIYL & 72~ 7= (Tablel, entry5), Z OJFRRKITE L=/
IVINEBEZIRE L CORp o T 2 ICERT 2 & B2 b, Hifk= v 7 VIDAKF &
fi it & U 72 BRI 19 OULEEIE 60% T _EALINE D feE & 72> 7= (Tablel, entry6) . LA E X U |
fib it a8 2 e b= 7 VADAKFI & U, Blfr . WO R#EIbAZITH 2 & & Lz,
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Scheme 6 fRIEE B DERRE

/N
Ph,P  PPh,
0 (15 mol%)
Metal
Br. OMe (15 mol%)
N‘Boc Mn (1.15 eq) \ HN
N H DMA, r.t.
Boc Boc
17 19 (C,-dimer) 20 (reduced) 16 (cleaved)
Table 1 A4 B OERR
0412 0412 0412 0512
Entry Metal 19 [./0] 20 [%] 16 [%] 17 [%]
(C,-dimer) (reduced) (cleaved) (recovery)

1 CuCl, trace trace 77 0
2 FeCl; trace 14 64 0
3 InCl3 12 <5 74 0
4 CoCl, 46 18 <5 0
5 NiCl,-6H,0 60 17 8 0
6 NiCl, trace trace 7 75
7 NiCl, + 6H,0 52 13 5 0

a) Isolated yields, average of two trials.

BN F- DFOE L Z AT o7z, BERALFTHD MY 7 ==K A7 1 (PPhs) & MW7z
a5 (table2, entryl), 12 RffH] T8 SUSIETER L7er o7z, FrEO 8K 19 OIEED 11%
SRS, FAY R 20 & 16 DSEIE L7276 BRI FI3ASRICRE & B2 biz, 2 DD
Tx74 UNRT xnak s Th F“éht/7:cﬁzlfrx74 /7 xznuty (DPPF) %MWz

& (table2, entry2). FE 17 1ZHKLL7=H DD ZHEK 19 DU 28% & BRI AT
F"ﬁ“ﬁ#i@o?‘_o FNT, RAT 4 v EEET DT A AHENEN TN R D Y 7 =
ZWVIRAT 4 ) TR (DPPB,Cys), ¥ 7 x=)LikA7 (/) 7 s (DPPP,Cs)., ¥7 =
=NWRAT7 4 ) xH 2 (DPPE, C2) ZkafL7- (table2, entry3-5), DfEHR, 7% /L
PR & ROGhE & 8K 19 OUCRIITMBEN S 5 Z EAVHA L7z, Bl FE o0& )=

(DPPE: 100% > DPPP: 95% > DPPB: 90%) & —&1{ki¥# (DPPE: 60% > DPPP: 56% >
DPPB: 46%) T\ T b, IREENFEL RDIFERWEREZ 5272, XUEBUTHRAT »
UNEBENTZY T 2= VR AT 4 ) X (DPPBz, C2) DA T HIREEBEOBEE 28 5

AU (table2, entry6) ., 55%DUNE T 19 WEAEEM Lo oT=, LIz - T, AR W
TIHARRAT 4 % TIRFBTHE L JEORAT ¢ VENL 23 & &2 bz, DD
1251 CTl% DPPE % fi Zefilfir & L C&RIRT L2 L & LT,

2-16



Scheme 7 KRR 7 4 VEASLFDORRFT

Ph,P  PPh,
1 élgﬁgﬂﬁ% Bocwy
Br OMe  (15mol%)  MeO OMe
N‘Boc Mn (1.15 eq) ) HN Boc
N DMA, r.t. N
Boc Boc
17 19 (C,-dimer) 20 (reduced) 16 (cleaved)
Table 2
0412 0412 0512 0412
Entry Metal Ligand Solvent 19 [./0] 20 [%] 16 [%] 17 %]
(C,-dimer) (reduced) (cleaved) (recovery)
1 PPhy” 11 10 19 36
2 DPPF 28 17 20 <5
3 ) DPPB 46 14 <5 <10
NiCl,-6H,0 DMA
4 DPPP 56 <5 <5 <5
5 DPPE 60 17 8 0
6 DPPBz 55 19 trace <5

a) Isolated yields, average of two trials. b) 30 mol%.

2-17



WIEN G 2 DB OWTHA L, IEMEEECH L b= 2Nt 2 A
(table3, entryl) . [Jix A ENE & A CHETETIREHEIICK DT, T T KR T T
(THF) Z 5 & FEITHE SN2 00,20 & 16 DEIZENHEA L7 (tabled, entry2)
TER=RUARLTAFALZNLT 5 K (DMSO) ZHWHA, TAERMELT19 %
A0%FRE DN TH 2 7= (table3, entry3-4), HZIT, mfBEDT I RREEEZMRE L2

(table3, entry5-8), Y AFL7Fut’L L7 (DMPU) ZE\WT, NAFLERY R
¥ (NMP), YAFNAENLLT IR (DMF), YAFAT7E 7 I K (DMA) |37
FPET19 %2 52722 L6 (50-60%) . AMIERIZIET I RREHEA M L TV LB &
HZERLMhoT,

Scheme 8 WIKZIRDRRF}

Ph,P PPh,
o (15 mol%) o o
NiCl,-6H,0 Boc Ny
Br OMe  (15mol%)  MeO OMe OMe
N. —_— OMe N. N\ HN.
Boc Mn (1.15 eq) Boc Boc
N Solvent, r.t. oc N H N
Boc Boc Boc
17 19 (C,-dimer) 20 (reduced) 16 (cleaved)

Table 3 KIGICHEENE 3 ABE

19[%]°  20[%) 16 [%] 17 [%]

Entry Metal Ligand  Solvent (C,-dimer)  (reduced)  (cleaved) (recovery)
1 toluene trace <5 trace 82
2 THF 24 23 16 0
3 CH;CN 41 10 9 0
4 DMSO 41 11 trace <5
5 kOO DRRE ey 23 31 28 0
6 NMP 51 19 14 0
7 DMF 60 5 10 0
8 DMA 60 17 8 0

a) Isolated yields, average of two trials.

2-18



KBIZ=y ) — RO TR L, 7 v b= 7 L AD UK T CIRFRHENR I #
ol (tabled, entryl), ZAUTEEKEL= v 7 VO L [FERIZ, &R OEMENE L <K
NWZEITERLTWD EEZ LD, Blb=y 7V OKRIITRENTWRNWZ Lk,
K R = 7 V(ADIZ 6 4 EOKEMZ TG EAT > 72, 8 19 3 EAERRY & LT 58%
DILRTHE LT (tabled, entry2), [AEEIC L CHEA T b= 7LD & 6 BEDKZfik
B U CRIBEITS &, 19 BNELERM E LT T0%DNETH LI (tabled, entry3),
tableX @ entry7 & OEZIZ LV K= roosa o AEIZK E RN L T2356 ORI,
HALIE < BB < 3 vk L 720 | e U DORFERBRE L 2 D1 Z LB
PEZRTZENHA L, I3 vib=y A ADARKFIWE W56, it Lo ChEmo
T4% DR T K 19 # 5 %2 7= (table4, entry4),

/N
Ph,P  PPh, ]
P N(:(fl)riﬂ?c)) Boc. i P
Br OMe  (15mol%)  MeO om H OMe OMe
e
N‘Boc Mn (1.15 eq) N‘Boc N HN‘Boc
N H DMA, rt. “Boc N H N
Boc \ Boc Boc
Boc
17 19 (C,-dimer) 20 (reduced) 16 (cleaved)
Table 4
0412 0412 0412 0412
Entry Metal 19 [%] 20 [%] 16 [%] 17 [%]
(C,-dimer) (reduced) (cleaved) (recovery)
1 NiF,-4H,0 trace <5 trace 83
2 NiBr,+6H,0 58 14 <5 0
3 Nil, + 6H,0O 70 8 6 0
4 Nil,-6H,0 74 <5 13 0

a) Isolated yields, average of two trials.
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LLEOREHER LY . KBS DRBESFER DO LS ITRE LT, 3 vib=> 711D
FRAKF 2 filfit & U C, Blfzf DPPE &iE5c/ Mn 4. DMA ¥, IR CHERT 5 2
ET DRI PO “BALSUEDHEITT D Z ENHL N E o7, BRI, Kb Sh
To OGS T, AR ORI ARSI 5 2 5 8% HA L7 (Tabled), fllitE 286 1%
ERIGRMZ RS THMERDH Y . IWEODLT IR TRALNZ, LhL, bTh 25
mol% O fi it & T4 B LIERN 60%E M2 TEY . ZHUIHEE ent17 % 1.3 ¥ ED
CoCl(PPhs)s THLEE L 72356 0 ~BALILRIL 54% T > 72 &35 de Lera H O 22 L1
HENTZEBDELNZ D,

Scheme 9
/ N\
Ph,F  PPh,
o (X mol%) o o
Nily-6H,0 "
Br. OMe (X mol%) oM OMe OMe
T, e
N‘Boc Mn (Y eq) N‘Boc D HN‘Boc
N DMA, r.t. oc N H N
Boc Boc Boc
17 19 (C,-dimer) 20 (reduced) 16 (cleaved)
Table 5
ey Nis DPPE Mn Time  19[%]°  20[%]  16[%] 17 [%]
Y X[mol%] Y [eq] [h] (C,-dimer) (red.) (cleav.) (recov.)
1 15 1.15 12 74 trace 13 0
2 4 11 145 67 11 3 0
3 25 1.05 24 63 17 <5 0

a) Isolated yields, average of two trials.
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2-7 EHEBEREEORE

fi i) — BAL RGO BB LS 2 ML TE 72D T, eORFHCHWREDO YT 27 L
F~—Th % endoBLin| NVAR=/VEEHT 2R 18 D —E{t % 7 7=(Scheme X), 7%
B LT, 2FHEOBEENK 22, 16 ORIAESHEML, “E(LENRKEJLFLE (21
42%), F7o. exoFRMBIEE 17 IZHATRIGTER E TICET MR E < 257 (exofid
M7 17 : 5-7h, endoBicm’ Y 18 : 12 h),

Scheme 10 endo BERZIEE % vz BN

Ph,P PPh,
o) (1 5 mol%) [}
Nil,-6H,0
Br, OMe (15 mol%) OMe
_——
'—,/N‘Boc Mn (1.15 eq) N HN‘Boc
N H DMA N
Boc rt. Boc
18 21 (C,-dimer) 22 (reduced) 16 (cleaved)
42% 17% 17%

T AT LA~ —OREEDE NI OW TR LR OE NN HEE LTz, R CUY
FRL ZEEPEITT D exo Bl 17 1%, BFE L WAVR=VEDN syn OFRIZH 5, 1V
RENBFES= TAPENT D E, JUGRTHLIREBIZ=y T AR BELTH 2
ERFREE D E PR END, BB DIV = VERSE A~ OEAL SRR I 2 (R T 5 7]
BEMEDRE 2 bND, — . endoBlm 18 1%, BFE L WV KR= VIR anti DFEURICH D,
ZDRTIE, DIVKRENABE~D = 7 VOSBRI I 2R T D2 ERIT/R D & 1T
BEZIZKW, LIEdo T, D6 I3z, VR = VR~ ORI S ER LA IN % B
ELTWHEEZOLND, DVR=IVIEOEANE Y “FEOY T AT LA~—0 &1k
FOGBTIE, WEH OPCRIZRE 2BV RN H 5 B O DWW LS Al SOSHET LT\ b,
P T, ARIERIID VR =N EE R0 Y 77 L B ERICHEA TE 50T
WnEB Z T,
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syn Ph,P  PPh,
/_\‘o (15 mol%)
Nil,-6H,0
OMe (15 mol%)

4
N.
Boc Mn (1.15 eq)
H DMA, r.t.
c

19 (C,-dimer)
74%

Ph,P  PPh
anti 2 2
/‘\/40 (15 mol%)
Nily-6H,0
Br., (" OMe (15 moi%)
N.
-, Boc Mn (1.15 eq)
H DMA, r.t.
c

N
Bo

Boc

21 (C,-dimer)
42%

Figure 13 S ARMLFESELAISINC S 2 D88

U 72 I RO b mat < ZEbETMAZ G A L7z (Scheme 11),
NV T EZIvEIrmaALALTEN= N VREMICERIS S, 7 ra XA F /LT
LT T8%DILRTRATF NI/ A— | 28 157z, it LT DMAP Z¥nL T 238 %
Boc2O THLEET % Z & T, 98%DINETA o F—/LEEFHI|Z Boc HEANENE L7~ 24 ~E BH L
7o Tha NBS &IETHIFET 5 L BRI RFSIEEIT L, T & IIKRO R 25 73 93%
DIETHE LT,

Scheme 11 + VU 7% I VBEEDOSH

CI-COOMe Boc,0O Br,
N\, NH EtsN \\HN.__OMme DMAP N\, HN.__OMe NBS
2 T T - NYOMQ
H CHCI4/CH,CN ” o CH,Cl,/THF N o CH,Cl,/CH5C N H S
0°Cto35°C 98% Boc ONRC Boc
0, 0,
tryptamine 8% 23 24 93% rac-25

NU 7% 2 UREERO T BALRISICHR D AT, EFTIENY) TR 7 UBER TORIES
M Lz, OGS 12 R CTRmE . 35%DIFEHRI & 2 o7z, BRI TH D
rac-Cdmeso &/ 26/2T 1313 LN b DD, ZDEFHERIL 15%FREE LK -7, Z D5
RS U TARR L7 DITE TR 28 (11%) LBABR LB &K 24 (9%) Tholz, &t
HThd~vr T OR% 1.5 YEITHEC L USRI Z 17 FEfE & Lz & 2 ARSIE5ERS L
77o rac-Cdmeso _ &K 26/27 13 F1 13/18% K TH H L. BIARDOIRIT 28 73
17%. 24 28 16% CTh o7z, RIERP OIS Z B & L TR % Fat L. DPPBz 23
LTWAZEMHBA L7, 15 mol%® 3 7{k=v 7 LADS/KFi# & DPPBz, 1.5 4 &0~
YA THBERN LT 2 A, BHEROAERZIGIT5Z LITIL (28 1 11%, 24 :
12%). TN TIEH D0 _EfvINERRF E L7 (0226 : 17%. meso2T : 20%), Z 2
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TORFHNZEB VT HPLC 947 & TLC 3470 B SUSREME L LT D Z LAV L7,
Z 2T, Bk - AR O S RSCRISUS ZBET B 7o DI US ZRIRTITH 2 & & Lz, K
Refl A 19 REfE]~ EIER L CHIRMMEO RSB N K S DD, Z&IEOm E (Ce
26 : 18%. meso27 : 22%) & ERBHAZ LD BSOSO (24 : 8%) [T LTz, Ll
BB, ZIVTHRBRIGERM OGEHENBH SN2 &b, b= 7 v ADRKFN
W% @A & U TR LT A Bl L &k o LB 270, Hk= v VD AR Fnd % fils
L LT 4°C TRIEEATo TG, BURTERE £ T2 20 RFARE 25 U7, JEBRE OB
BHLOD, “EROEFINENR ELE (C226 : 25%. meso27 : 30%), HPLC i TNZ
TLC Z AW 7208 Tk, 28 & 24 LSO~ A F—72BIAERM OER DR Uiz Z L BAT
B, RO S ADR - 12 2 L BRI FICHE G L TWD & FREND, VT, 5EEK
FOHRIEIREER L 0 HE 5 W =720 72 DPPBz AL 1 SciOPP & TMS-SciOPP35% U
T35 “EBfbiER L2 B L7z, HEBREWNZ L2, 2o OB+ E2 AW HaI1cix
FOSIXRIBATE L 0 HNEE LI MEN TSR E 5 2 70, ZOBRIT, B ONEE
SIZEAETLTWEEEZLOND,
/R OYOMe H

ArgP PAr, Boc -
Br (215 mol%) 2 o H N Boc, - N _’?NYOMe
©\/<; NiX'6HZ0 Meokb;@ : N H O
N OMe (15 mol%) Boc
N T - (+)-28 (reduced)
\ (0] Mn 2
Boc DMA C[Q\ITOMe C[Q\, oMo \ N OMe
()25 NH o N H To( N o

Boc Boc
26 (rac-Cy) 27 (meso) 24 (cleaved)

. b b
Entry Ni(I1) Ligand Temp. Time 26 [%] 27 [%] 28 [%] 24 [%] 25[%]

[°C] [h] rac-C, meso red. cleav.  recov.
13¢ 12 8 8 11 9 35
DPPE
2 r.t. 17 13 18 17 15 0
N||26H20 """"""""""""""
17 17 20 11 12 0
DPPBz -
4 4 19 18 22 11 8 trace
5°  NiCl,6H,0 DPPBz 4 20 25 30 11 7 trace
6° _ 25 25 16 22 23" 7° -
---------- . SciOPP b b
7 _ 40 24 16 20 40 2 -
---------- === NiCly6H,0 : : :
8 TMS- 40 19 9 17 25 10 3
o SCiOPP 60 12 15 20 29" 6 -

6HEIE THiZE LD E BexlI M= LKk E HRAT 4 VN T2 H N -2
VA ROty — 8228 Lz, EOMASbY 2 KkElkT25Z & T, b
VN7 7 ) 72 S RICEARE CH D Z L 235 E LT,
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2-8 RICHIEHEICET 5RER

= AR Ve R ) Y A v R O BRSSO W TSRS & HE25
72O DEBRIZE AT,

KRR EZMZ TS EIT) 2y b —VER AT 72, ETAl~ o o E2MAT,
b= 7 A ADRKFY & DPPE TRAY 17 #4008 L7254, MOSF < EITE IR
RIFZIT 95%DILR TRBI AR S 7z (Scheme X), TN &V, <~ T AT RSBRAG B I
WCMETHD Z ENMELR ST, RETIEHDON, =TIV ERAT 4 U EREZITT
ITEMHEFED B AE LN & B ~DOBLRIFTINNE Z 57202 E DR R I L7,

Scheme 12 <> H v &Mz guvway b o —L 5

Ph,P PPh,
o (15 mol%) o o
NiCl,-6H,0 H
Br. OMe (15 mol%) OMe OMe
Me
N. N. HN.
Boc —Ma--18-eg— Boc b Boc
N H DMA, r.t. N H N
Boc Boc Boc
17 19 (C,-dimer) 20 (reduced) 16 (cleaved)
95% recovered not obtained not obtained not obtained

~ U H v EENF RN, b= A LADASKFIY) O TIHE 2R U354 RIRED
R, IHFEEEMIC (96%) FEINEIN S NTZ, = v 7 VBT H B LA IR 2 572
l/\:&z) %wu énf:o

Scheme 13
o) 5-mol%r
NiCl,-6H,0
Br. OMe (15 mol%)
N. HN
Boc —Me--45-eq— \
N H DMA, rt.
Boc Boc
17 19 (C,-dimer) 20 (reduced) 16 (cleaved)
96% recovered not obtained not obtained not obtained
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=y T NVEMA TG EIT T2 2 A, 138 A ERKIENETETIZ 93%DILER THEUEA
A S Hufz, BN Z L2, TLC T MR TE 2RREO B TR L L- HER
16 DGO NT-Z EAVHIA LT, FEMRERII AR TH LN, v~ T M, LT~
Ty EDHRAT 4 OENFRII BBV Er VY ) A U R VRIE 1T MO RE
O EHE, FRSEDARENRS D Z ENMRBENT, YU AU ERAT 4 D
HEEROE®E L, EEE~ U TP T TR LTEERZIT > T 20O THET T 220,
Flo, TOERE 6 HiOSBMBRROERLY, “EKEEX HIEWHEITI=y 71 Th
D LR R ST,

Scheme 14
Ph,P  PPh,
0 (15 mol%)
NiC=6H0-
Br OMe  {45-moi%)
—_—
N‘Boc Mn (1.15 eq) \ HN
N H DMA, rt.
Boc Boc
19 (C,-dimer) 20 (reduced) 16 (cleaved)
93% recovered not obtained not obtained trace (<1%)
Mn Mn ‘ %
(SET) (SET OMe
S}
N<
u “Boc b Boc
1/2MnBr, N
\
Boc Boc Boc

K%, BN f DPPE 2012 97, b= 7 /W (ADSKFW L& IeHl~ o 7 o CHE % U
L7z, TO%LL EASFURHENR & 72 5 7278, 8.7% & ARMLE 2 ST —Bffk X 3G bz,
Scheme X [ZFR L7c~ o Wz /evvay hue—LERE SO T, KISOMKIZIT~ v
ﬁ/#uﬁf%é_kﬂ%%:@ot&%z%Méoit\$x74/RM%iF%ﬁ#
A7 NVDEEE] ICHHATH D ZERMR TR INTZ—FH T, ZBEE 525701 =y
TFNVEBTAITETTHRNWI EARBINDERLEEZZOND,

Scheme 15
o ) Boc.
NiCl,-6H,0 N
Br. OMe (15 mol%) MeO
_—
N\Boc Mn (1.15 eq) \ HN
N H DMA, r.t.
Boc Boc
17 19 (C,-dimer) 20 (reduced) 16 (cleaved)
76% recovered 7% obtained trace <4%
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Plbkoar ba—EBRE D, Her DRV LR ICIT T X TORERMLHETHD Z
EDMER I, R, 1) ZEREEXHIENRIZI=y SV TH Y Fh~ T T
HIHZ LT GBick) £ALHZ L, 2 VA7 NDEERICHE R T ¢ VBT HIET
HHZL, EXENTNOREOEEZHET LT,

odmf\ﬁﬁmﬁﬁwaWﬁ%%T‘”LTV%’&%@%?&< A
TEMH)%MiTﬁm%ﬁoko—$% ﬁfﬂ7/ﬁw% EITL TV A AT
TEMPO ORNINZ X > TRISHHEIT L7 o720 | HEIZ XK - Tik TEMPO OfFIIRD
BONTD T 5 & 62}%’(1/\60 =7 \_ﬁL“C 3 ¥ &D TEMPO Z AN L Tty
BTl 2 A, ZRALBIRITE Z 57 91%DFRIA AN X7z, AT, K 2% DR T
TEMPO OfHANMA 29 735 b7z, FAAMRDINEIIARD TR, REIRD T 2 A /VE7R A
H = AL THITL TV D AMREMERN B - 72,

Scheme 16 TEMPO %z k 5}iﬂ‘?~ FH = S ER

Ph2P PPh,
(15 mol%)
NiCly'6H,0 N o
(14 mol%) O, OMe
N

H Mn (1 2 eq) N.
Boc
Boc DMA N H
rt Boc
17 TEMPO 29
(47 mol%) (<2%) (not obtained)

Fo, ARIEZRGBBER TITo72 L 2 A, 13 LA EUSHEIT LK 2o Tz, ARSI
KIZK LTI EVFEEEZ T RN D, BEXHFPOMENTEELLEEZ LMD, &
L, v~y AoV EB T2 BBENLE Lo, SONEMERE & BRFE L OIS, < H
YOEKBIEONTNOBFRRNTH D & THEND, Boxr BNEBIZ LTz Weix b OIS
TIHERZHBCR CRISEIT> CHORISHHETT 2 2 & L3 2 & ROGHE B IR K&
B2 Dh, RINEWREOZEMICKEZENRH Y ORI ENTHREND,
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ZZETOMBREREZI . Fx DR L7 fid) BSOS D A I = X8 E LT D

K OITHER L, YA 7V ORKIZ=y 70 2 flinsd 0 fi~DiEITTH D & THEL
oo ~ AT EMAILWNGEIIRICDSET LW E W) ERFELY | ZoELIZIE~
T O—BEFBIARELG LTINS EEXLND,
FISHEEOTIZ, 0o =y 7 uie e ) ¥/ 4 > R B BbfnE+2 2 & T,
NV =y TV BB S VI T RENERNRT D, v o n—E R EEZ LR
DO NIXFEAEBRASET, Eal P/ A2 RS Lo = v 7 L8k L= diEis &
5, ZHICH ) —mForue Y ) A R RGP INEZ LT, 20 FDE R
U4 R ) 3 iD=y )V ChHESNHREE 525, BICHBBEHC LY e
VA R ZBERERI LN 1 Mio=y7rVvEeRY ~ U T RHE—ER
EEILEDD NIXHEARASETOoOMO=y 7 VEBRET LA =ALTHD,

Scheme 17 #EEMESR ST A 71O

Br OMe

N.
Boc

N X 0
“Mn Boc ‘

Nil!
; R \ OMe
Ni'X Ni P N
oxidative “Boc
addition

Me
. %MnX, Né
oc
\ reductive
Boc elimination 2Mn

Y Y:MnX,
Boc\N i o}
oxidative NII
MeO Nu—x addition OMe
N.
o OMe N\ o Boc
N N H
“Boc Br,
N ’ [ OMe Boc
Boc “Boc
N
Boc
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MIGHED D 0 flio=y 7 ABNAETCInNnea ) v 4 v R @bl nE+ 2% 2
CETHIAL WS, Zo2MlioEr VY ) A2 KU 0% C-Ni AN BEREAET 5 Z &
TERrRIP )AL RI TV AINEIMD=y TNV EEL D, Lilio=y 7 Vidh 95—+
DB Y YA R RIS E LT 3flio=y 7L tied, FHE C-Nifid
DYERE L TRIEEELEER I ) AV R I UANERIETDH I & T EERKNRAE
T 5, S 2 o=y r it~ H o O—EFRTAERE LT 2RZIT5ZETO
M=y rNVaEB/ETHZETHA T IVRKLT D,

Scheme 18 #EEMEENKIST A 7 1D

(0]
Ni''X,
Br. OMe
N.
N Boc
\ X o
Boc |
, \_ NilD) OMe
Ni
MnX : oxidative N‘B
2 addition oc
oc
(0]
OMe h
N
Boc
N H
Boc
oxidative
addition Nil=X
N. =
N Boc \ o
H
Boc Br. OMe
N.
Boc
N
Boc
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2-9 XM folicanthine & chimonanthine D& &R

BFolc MU 78 I T EIROSIR LR A RET D 2 & A FdTC, KXY folicanthine &
chimonanthine ~D b 228 2 & H5T L 7=,

BRIl D T BIR 26 & VTSRS TREILEAQR-A FF v h X )T A=
AT MU DA (Red-Al) ZINZ TMEGRIE LT & Z A, 4 DOEZBIRELENETATLE
~&IEIE 1T folicanthine 2345 B L7z, BFEARY R LT — X3 C, xEFRKIRY) folicanthine
0DHEDE—FLIZZEND, 26 BN CRM_EERTH D Z PRI INT, £2, 26
rvsun Ao MY 7 VAafE (TFA) TUBL L7 L 25, Boc R REINY
7=V 3 BRELNTL, 20 31 bIEBEEILEM TH Y | Frx OB DOBFEART K
VT — BN SCHRE & — L7, LRV 26 N Coid B THD LHEEL, YT =V
v 31 % b KFELE A Red-Al 20012 THNEWREPE L T C, chimonantine  (32) ~&
EHLT-,

e T ARMRMER O 8AK 27 25 meso XIFRTH D Z L AR T, VT =V
folicanthine, chimonanthine ~ & Z2#8IZE D fHA TS, 27 % M= SR S ETKFELE R
@-APFTZIFNTNAI=TULFT FU UL (Red-Al) ZMMA TNMEGER L& Z A, C,
KR BEAR DI L [FEEIZ meso-folicanthine (33) 235 Bz, KFEARY FLT — & D33k
L —F L= 2 LD B meso FRMENS S U7, TRA JLERIC X % Boc JEDRRFE
THERLIZYT =02 34 1M, ZNEKFELERQ2-A FFXF T MR INT LI =0 LS
kU 2 (Red-Al) 12X Y iEJT L 7= meso-chimonanthine (35)DEFEART hLT — X RNZEN
ZHSCHRIEEN D meso ML A & BE L=,

Scheme 19 folicanthine 3§, chimonanthine D4R

CO,Me
Boc\ Me\ H

H N H N
MeO,C. = Me.
'\SD Red-Al '\SD
toluene
'—,N‘COZMe reflux ol
N H 80% N H

\

Red-Al

> toluene
N ~Co,Me reflux
N H 85%

Z>>:‘
<
9

Boc Me Boc ~ Me
rac-C, 26 rac-folicanthine meso 27 meso-folicanthine 33
TFA
TFA CH,Cly
CH,Cl, 0°Ctort.
0°Ctor.t. 81%
81%
(‘ZOZMe l\(le
N RN HoN

H N H H
MeO,C. = Me.
N N y !
SD Red-Al QD 3 3
—_— %, Red-Al s,
£ toluene % 3
C[Q\j‘co Me reflux <I<;’L‘Me N toluene N
-~ 2 3 ~N N
N H 89% N H N % CO,Me  reflux N Me

H H H H 89%
31 rac-chimonanthine 32 34 meso-chimonanthine 35
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2-10 WIN 64821 O &R

endo Bl [v] &K 21 % KR WIN 64821 (1) ~E 2Lz, 21 %7 h= kU LI
fig X, 0 °C R B2 5 TMSI CUHT 5 & 4 50 Boc ENRESNZT b T T I
36 N F LTz, 36 IFKIAEME EBIENE N ENS, 7 U FRITHHE S A D IV, A
BRI K D0 & KR AITHO T, MAERYZF< 7 X BEESOSIER Lz, A
> H-NMR ZH7E L, HAOY 86 2NEIRNAICAER L TWD Z EZ2ER LI=DO L, MHaHl
HATU % H\\C NBoc 7 = =/V7 7 = Zif5 LTz, fadid 287 I o CArE SR
1T L. Boc ZEDRREND 2 BERET T6% DI T RTF K 37T MM5 b7z, HELELIZ ) -
T387 D Boc HZRELTHOHFRL, ERLIET I U220 FE FHFEES/:T 180 °C T
MEAL T FERT DU A LTz, 37 £V 2 BB 59%DUET 1 ORE R Z 2k L7-

25
o

Scheme 20 WIN 64821 D24

o
BocHN \,)LOH

Ph
HATU, HOAL, Iutidine BogHN
DATH, DAL utiding

DMF MeO

76% (2 steps)

4 N HCI

i
G
neat Z,
Twe | Y
~N

—_—
dioxane
0°Ctor.t. 59% (2 steps) © 5
NHoO pn
WIN 64821 (1)
2-11 #5ER

Hxld, =y iz Wil A R U AF Y v 7 4+ —/L RORER — &
ek Lic, — I, 3 T VT NANTA FEDSHEIDORISHEZ 50T 270,
BERY FBBEDO Y X7 %5 BETH D, RETIZ, 3T AF A NT A R OFHARER
TR ERAT LA N TEL, REOMAEDLOELHETHZLTRNI T T 7
FHEARE N T IFEEROELLITHHMT S Z LN TE 2 mICFHx BT L2 IS
DIBIADD Do KW FKAZE M T HER I H o "Bk 2RI L, P T hT 7k
MU ZE2I b ENRENLEGHRIND KA WIN 64821 & folicanthine,
chimonanthine DBk MEG AL & ZERL L 72,
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FIE UKL EERIEL LB EEHEHEE
3-1  WIN 64821 7F+ AT DRFKHER

ATEIZIBVT, =y UV K5 S FEN R AEm o o W K
U A RY v OEEFEBL L, KM WIN 64821 (1) DA K N 0
AR LT, 22T, 1 OS2 RIICHZE L7 F e IR ““féé‘gﬁx
AL L LT v AT 5 L CHERIEEE R A Y E N H

A7 V== 7 L, EHERBUCHLBEIESE BN A2 R E 3 5 atl & WIN 64821 (1
NTT,

Synthesis of natural products & its stereochemical variants

I‘DhOH

RN

Further diversification/derivarizaton Biological assays

0 o) . - <
N ) ) |

SR e '
N H NH

o H o anti-infectious diseases,
R anti-tumor and more...
NH N~
"N "N
N N
R H H

O Ph H O Ph Screening and SAR
based on stereochemistry

Selection of hit compound /
Identification of

optimal stereochemistry

Figure 1 RARYDOERSIFIER & BETEEMBEMAEIC L 5 ABEES T OBRRE
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exo BB EREZ I v{b= 7 /L()SKFY 2l & U< B L X, C i &Ik 3
#3577 LREDORr—/VTHB LTz, BEREIURIR SR OSLAEF X WIN 64821 (1) H D
L ThHD, T, 1o FrTFAv—ent-l LZOT I BREBER LTI 3 DA
[ZHUD #7ho 77, de Lera & DBAENIHEVY, LIHMDS ZfIWVWTE AT ) 5 — &R S8 7
DHiZT v hALZIT D 2 & TV DO NAR LS % fis &8 C endo Bl If] &k 4 2 457-,
TMSILERIZ X > T4 2D Boc K& BRELTT b T 7 I 5 & L, ERENT & 2E5E
L. HAERMOEEROKISICHND Z & & L, fia Al HATU % F\WT 512 N-Boc-D 7
ToNT T U RERE S, URTTF R 6 2570, MAFLIC X 5 Boc EOBRET 1HTT
IVEL, INE=—FTIMEAT D2 ETUF bERT VURIBREITOWIERRA KA
ent-1 DL/ AEER LIz, FEEOTIETS5IZN-Boc-L 7 ==V 7 7= &k Lo~
F RHWIR 7 2 CRBMT F 1 7 2 %457~ (Scheme 1),

Scheme 1 ent-WIN 64821 (ent-1) & 7 X JBREBMWR L7270 7 DARK

o)
Br OMe LiHMDS
N _______ 5 MeO
“Boc THF
N H -15°C
Boc
exo bromide
H N
78 °C: Boc..
MeOH, -78 °C; oc\y HN O o
sat. NH,Cl, 0 °C T™SI 1§
MeO__ . MeO . “"NoMe
95% (2 steps) b CH,;CN
0 4 o) NH
0°C
N 'H

without purification

o
BocHN \,)kOH

\
Ph” NN
HATU, HOAL, lutidine  BocHN

5 ——M >

MeO—"
DMF © No

o 1) TMSI
\\\LOMe 2) neat 180 °C

NHBoc 479 (2 steps)

<51% (2 steps) N 'w,‘
NHo pn
o 6
BocHN
j)kOH Ph 0y H
Ph N O 1) TMSI

HATU, HOAL, lutidine  BocHN o oMo 2 neat180°C

5 —— >

MeO—y
DMF © S
<68% (2 steps)

NHBoc 479 (2 steps)

N
H o pn
exo DT /) <=—2 %2 IETICT "I TIEL, T/ BEEEL TS PER

TUVEERIEDL LT exo BIMORRMT I 8 & 9 ZHML LD LEHE L
(Scheme 2), 3 D TMSILFLZ L > CTT F 77 2210 & LTz, Jo & RBE, 10 IHARY O £
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FROBISHER LTz, 7= =7 7= OEFESON T VAR = VO N E AR A7
FTEIERMNZHEIT L, 10 (CN-Boc-D 7 = =V7 7 = %&#ifE L7275 K 11, N-Boc-L 7
ToNANT T2 EEE LRI TF R 12 2N ENGED I ENTE T, HEREWZ &2,
D N ENT D USSR B R OEVNC L B ER N H D Z L AV L7z, Scheme 1
\Z7r L7z endo Bl —&8AK 6, 7 DGE T, BB E 721X TMSI AERIZ LV o7 4 B
THZENTE, ZHUTH L exo BRI ~_7F K11 & 12 D4, TMSI TS 5 L
MERBUNREM L T2 o T, EtORER, OXTF R L 12007 AT U UTERIE, K
PIRB S BT VR TF R~ A 7 m RS SME T 180 °C IThNET 5 = & TR LT
THZEMNHAL, LEX Y, Fex X WIN 64821 & =) F A ~—2hlz., IERKHD
SIREFEE AT DT T St ORI L, Zib ZIEFTE e~ LT,

Scheme 2 exo Ee[f WIN 64821 7F u 7 DA AL,

(0]
3 BocHN \AOH

™SI Ph .
CHaCN.0"C ATy, HOAL, lutidine  gocHN

MeO
H DMF
H N <51% (2 steps)

o 1

OMe gocHn oH 9y
Phoo y H Ph O

microwave
OMe

—_—
NHBoc H,0 180 °C
62%

H H Ph H)’LN KHL
10 N\ HATU, HOAt, lutidine BocHN microwave
(crude) MeO (,\)‘:\_'Ag o HN NH
DMF 0C H,0 180 °C
<68% (2 steps) N 2%
N
N Ho pn HHo pn
12 9
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3-2 HCT116 #iBa®D In vitro 7yt A

YIFFEE ClEm— VA RSt OIFEFTE S LT, b MERIREAR HCT116 4% H
Wiz Invitro 7 v B AN LD H0H AEMEDFAM 2 KA L T\ 5, 7w B A FiiE% LU R I
T 5, 1 U=/ 2000 O HCT116 iz, RPMI-1640 Bttt CHAEME =V
YERRMVT VAT E I KEERET D, 2 c O LA S MEED
DMSO #iRAZ WML, 5% D W bk FFZHK T T 3 HEKET 5, WST8 &5 HiflRD
AT DAL E 2 BRI L 450 nm OWIR A HIE T 5 Z & THMBE A HIE T 5 (Figure
2), WST-8 LB L 0 AHIRaE A G C & 2 JRBRIFIR DFRIT 72 o TV D, AR LMK
FALEEFE S NADHC NADP+E AW CTARN O E 2Bt L. NADH & NADPH 72354 L
TV, AR f#/Ed % NADH & NADPH W& HmiEME TH5H 1-A ¥ PMS IC b
KU NEHx2, ZOt KU RB 1-A % PMS /»6 WST-8 IZBEI 74, 95 &, WSTS
FERAAEIC LV BAGRIL~Y 2525, LR - T, Aflaic sl LTt EER
REL D72, Mlafis g8+ 22 N TE D,

96 well plate culture ~ Culture

overnight j 3 days
—> | —>
T (o)

‘ Treatment with compounds Treatment with WST-8

{
<%

“

density: 2000 HCT116 cells/well
medium: RPMI-1640

antibiotics: penicillin & streptomycin
serum: 10% FBS (Fetal bovine serum)

Measurement of living cells
(by 450 nm absorption)

Figure 2 HCT116 M % A\ - L& MRt o A BRTE H: 37 7 1
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(OFS) ) 05S
O3N SO OzN SO
@N@ ; ZQH_NYG :
NN A
®ON=N ® N=N

NADH, NADPH

NAD+, NADP+

dehydrogenase

substrate

Figure 3 WST-8 |2 L 2AMMBEDOEIEA U =X A
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3-3 WIN 64821 & ZF DL {AREADIEEFEHERE

Bex AR L7z WIN 64821 (1) & 2D xF v FA4~—(entl). FERWSLIRALTF:DT F
12 JEEQ, 8, 9DIEMEZFA L 72 R (Table 1), 1 & 2120377y BN O HFHE EIS
PER S 2 = EAVAIBR L72(1: ICs0 = 40.9 uM, 2: ICs0 = 49.8 uM), F7=, bV 7 ¥ I Uik
DR rad mesofolicanthine & rad meso-chimonanthine % tbik U 7= 35513 meso *I#k
BREBENIIEEZ R L TVWD, 72720, CoFRDILEWRHI T B IR THD Z L2 EE
THE, —HOTF T A~ —OIEMEIIMAITK L TEATRERE 522 2 T
2720, A EIOGTlL meso RIFFEEPENTVD LW ) fiFaaiBE ZLIXTERNESE
Zice WTRIZLTH, ERAERY Y A0 R FK HCT116 Mfiaicxh L CHzrpLE
ERTIHEET— 7 ThDL I ENRBEINT-Z D, )T N7 7 UHERONR b
IZDNWTHEL LT, BRI SE OEFERRN(RR) £ (S,9D EH LN BVNTIRETE 72
WA endoBl M TH Y L-7 = =0T T = 2R Uiz RIS FE IS AN S B
LEREMEDR D D LB X T,

Tablel EARAERUT A2 U URAMEED HCT116 MAIZ 33 2 EFEANHITENE

rac-folicanthine rac-chiomonanthine meso-folicanthine  meso-chiomonanthine
1C50: >100 puM I1C50: 58 pM 1C50: 37 uM IC50: 14 pM

Ph 0y H

ent-1 2 8 9
IC50: >100 uM IC50: 49.8 uM ICs0: >100 uM 1C5p: >100 uM

CORIMERAET AT, U N ERT DU RS D RID T F NEEO TR E M EE
iz 47 - 7= (Table 2), T DOFEE., by MEAEW 2 OEGRFHETHLOXTF R T
(MTOHB)IZ b [FERDIGEEN A Db, B REZ LI T1E3.03 pM &\ ) EWVIEME T
FIROEZ RE L, Z OBICA MR Miafh B 25545 Z L 28 L (Figure 4),
ZOBEEAORAMETHLEHENL D0, REZD XS RBEENEE 50010
WA HTENDH OO, B TIEZ N EOM AT A%BFITETH S, IEHERBLC
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WL IR SIRER 2 [EREICIRET D720, 771 7 ent8 & 1 ORIBKA ent6 OIEMEFEN &1T
ST, RIEETH - 72(Table 2), =F v F A4~ —ent T \ZHLIEEN o7z, &2TELED
D e 1) BRI OBFEREKNN(S9), 2= AT VEN endoBiin], 3) LIKD T ==/
T T = hNERE UTe T OB ZRIEWEDNRBO bivlz, LIz > T, 20 3 iDL
73 HCT116 e O AN HITENE 2 F BT 5 72 OIC RIS R Th 5 L HIr T %,
Control Treatment with MTOH53

Figure 4 MTOHS53 {38 & % M5
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Table 2 &R 7F FEEDO HCT116 Mz xi1 2 BEFEimkETE

IThOHH Ph O y N iPhOH/’H
AN, e, | U,
BocHN . \omMe  BocHN | \_OMe ! BocHN /7% " oMe

Mer\c) > NHBoc MeOA\E3

" NHBoc | MeO—\ “, /™~~~ NHBoc
O NTH N : © R\ N
| |
NHo N

Ph NHo pn; NHO pn
6 (MTOH52) 7 (MTOHS53) : ent-8 (MTOH97)
ICso: >100 uM ICso: 3.03 uM ; ICso: >100 uM
cytostatic !

11 (MTOH50) 12 (MTOH51) 3 ent-6 (MTOH71)
ICso: >100 uM ICso: >100 uM 3 ICso: >100 uM

PO AEVEDALEMIIIRIAN LT 2 DOZEERH D, BMlaiy (cytotoxic) ZRTEME L #
KR (cytostatic) 7eiEMETd 5, RIFEIICTFHE 0 M Z LR S 5 A 7 = X A CHUE(E
MR U, %A B2 I ZHAE B 0145 1k 72 & o B S iin o BB HIER 2 R4, 4l
BrxBE L 7 (MTOH53) 1%, TOEM A 1 =X MIABTH 2 M EMIRR 7248 o
PUBTEECTH D Z L AVRE Sz, Figure 5 13t Ml o By (%) %, A 7
DORE (WM) ZEY | bAWIRE CAEEEOMBE 77 7 Li-b O Th D, Zoihif
ISRRTE DR E % BRI R 72 B LA R LTV AI5ATE, IER M L 2 A Mo X317 < fEM
5 R RN B dL, ICs BN TH> THHEER Y — MM & 13720
2N ERE, ZOEMEKFIE LT, Y7 —T 0BT eV FTHRENTALEYD
VMOH O 7 vt A fEiR%E7r79, VMOH6 OEFEN 0.04~3.7 uM DA 134 < Mfa o
DRMEERTE 2 (595%) A3, 11 uM Tl 9.4% F TRl 2 b S8 T 5, ICs il 6.91
pM TH 2 b0, FHFFrRLMREEOZEE 2 r T bEMTH L LT s D, —iKIZ,
NEYATEDS B ME A IR A TR 2 72 & L X7 BT ST 5 2 L %< FER A7
JadtEic L MR EZ LR ST Z ERmO N TS, o5& 2% L VMOHSG 135
WHERBENWZ ENRTRIND Z 00, EMBICRROIER L TWD Lo fiamicids
B2, —J7, T OIEVEITALERRE OIS U CRE LR AT Y | BEKRT
BRI HERR ST, MARERICE S A7 Y —= U ZHER L0 | T O F SRS FEm i)
TEYERTRD Bz 2 & 225 HCT116 flifa 2 Fr 092585k L TER L TV 5 AlBEME D R S
o, DV TIEF T AR50 U CREMZRRMMEEEZ A L TV D aReERmn e & 2
Lbivd,
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Treatment with MTOH53 (cytostatic) Treatment with VMOH6 (cytotoxic)

[%] [%]

120 120 - .
A Ph

100 100 !

80 Q—KQ\K 80 —* i é‘\ oMo
60 60 o /—\
40 ,‘&W, A 40 \\ .@

20 20
o o s L VMOHE™S |
0.01 0.1 1 10 100 [uM]  0.01 0.1 1 10 100 [uM]

Figure 5 MTOH53 OREERFHZTUEEYE () CHEFRNEEICL SMaFEE B)

ZZETORGNIAET EEROLOAEMEZFHME L, BRI T AN R T,
CRETHLZEOBHEEMEAREET 2720, arbr—AERE LTy MEEH 7 OB
BAROTEMZFM L LD E B ROBELZE /) ~—D#EEIZ13 THD EEZDLND A,
C3a (ZlZ C-H fiBaZ AT HILEM T T I VA LI-HIN20, Lizdi-> T, 15—14—
13 LW IORKBTOERBEELWE PRI, —F., Cla fLlIZRFEZII~T aJf D&
PULANERE L TV AIBAICIZY T S UREBET X 52, 2 2T, Wang b O L7-#iH 4
WHERB Y Y A2 R~ Friedel-Crafts B 7 U — VB AR S 2F M L, HEET I
07 16 A L&D B &7 (Scheme 3), 72, Espejo H D@ Ly v w8y At
B3 % C3a Lo A F ALK&

D-F U7 b7 7 U BEFE LT 19 & @A REE T NBS TALEE L endo Bl A 2{b47 18 % 51%
DOULHFETHE7= (exo Bl : RARE), 18 2 3 U ED Mo Lk v ALz y s
TR RS, -78 °C T 1.5 2 &> AgBF, THLFE L T 20 % 53%D HFfIN R T8 7,
20 Z TMSI TRER L TV 7 2 17 & L2, 17 OHARS HE &5 HATU % v T N-Boc-L-
T2 mVT T = h R L, 2 Bl 80% DI T HBW 16 1572, FOIEMATHI Lz &
Z 5, ICsfEIX 18.6 uM T~ 7=,

L7=23> T, HEETHEMEIIRRT 2600 “RIRICHAD & Z0MEITLE D Z L0
PNy, ZEERTHDLZEOEBMEEAHIET O ENTERLLEZTND, i, AT /L
KrEATHHERT o JI3BEEEFMT TH 5,
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Scheme 3 &/ ~—7 ) v 7 O&KEHE

o (0] (0]
L Youe WL wo L
) NHBoc " "OMe " "OMe
3
N : NH o y Negoe
N N N
AR i L
13 14 (unstable?) —— 15
I
~">OMe
-
Y) NH ring cleavage
N
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Ho
3 \ 0 _ o 1 (‘1 :
: OMe OMe N/ ome !
; NH NH NH !
: N N N i
; HoH HoH HoH :

example of stable pyrrolidinoindoline di-amines

o8 :
\\\k Ag-mediated Br \\k
" "OMe  arylation * "OMe
f— O NH _ N.
removal Boc
H H of Boc N H

Boc
17 18
o toluene O i
1§ AgBF, d
B ~
" “"SOMe  Cs,CO4 OMe
N —_— N\B
“Boc CH,Cl, N N oc
N H 78 °C B
Boc 53% ¢
18 20
o)
B
ocHN OH
DI &8
AU Ph S—ome
™SI OMe  LiATU, HOAL, lutidine NHBoc
- . O NH s O N
CH4CN DMF
N N
0°C noH 80% (2 steps) i "o pn
17 (easy to handle) 16 (MTOH101)
ICsp: 18.6 uM

3-10



34 Ev MEEYMMTOHS3 DEREREIC & HEETEHEEHRE

AT CIEAEBE R BUC LSRN 2 DT 5 2 N TE 2, REICHE, &t
OB L HHEETEME A~ 5 Z & T, 7TMTOHS3)DiEM R E& HiE L7z, 40+
72—~ DISH B HRIFICAN, EOBFRENLEARENEZRLHEM DD, 1) = AT
NNBEDLIE, 2) 7 ==L T 7= HKEFED Boe £Rr%E, 3) 73 VBRI OKZE, UL
D 3 R ZAL 0 B AU EWRE DO AR AE F LT,

— —— Substitution targets
oy H
Side chain
N o)
BocHN . N 0Alkyl
N < y
Alkylo—) " NHBoc
0 N
Side chain
N H OT Ph N HOo
(S,S) configulations L
;men_c 7 (MTOH43) L aminoacid
form ICs0: 3.03 UM
cytostatic
oyu K oy R Pho oy K
R R
N o) N ) N 0
H,oN o \LOMe BocHN & \LOMe BocHN \\LOR
MeO—) ~ NH, MeO— " NHBoc RO\ " NHBoc
PN GRS L™
R R
N Ho N HOo NHoO pn

Figure 6 EMFEBUCKHER=ZRTHEEER L by MEEHOBELREFHE

FT. AT AMHEGE Lz, BKERAEEREZ®mD L2 LRI 47 T
("CsHindk, £72. AL T 4V A X BV AL DFHENEG 2T VKRB EAN L, &
RONIAK I fRIE Movassaghi 5723 5 M @ KOH &k & FH 5 5285 LTz nss, kv
R th 2t Uiz, Bk 4 2K/ A %/ —)VITHF OIRATEBECIARE S, 20 Y& (1
FISRHT=0 10 &) oKLY F U LA TUET D Z L THEDO VLR VR 21 2455
LN TE, gD DMAP 716 . HEAFEE MNBASZ FHHWT O VAR Ul 21 12
TFNTIa—)b T IAT A a—LE2HE L TR T DY AT L~ B LT,
UHA T TN ATV 221F 2 BB TT%DINRT, 7 UL XA 7L 28 13 2 B[ 83% DN =K
THLI, BifREL 7 == V7 7 =i L9 Scheme 1 L [RIFED HIET, V=R T v
BONRTF RNEEH LTz, DA FATF 07 241F 2 Bl 84%DILRT, T VAT F
17 25 1% 2 e 81% DINHE TR LT,
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Scheme 4 T AT IIVEET Fu /DEH

LiOH

THF/MeOH/H,0
0°Ctor.t.
without purification

Boc
Octyl-OH Allyl-OH HoN
MNBA MNBA Boc..
DMAP, Et;N DMAP, Et;N N O ? o
21 271 — O RS
CH,Cl, CH,Cly i ©
0°Ctort. 0°Ctort. X O O N‘Boc
77% (2 steps) 83% (2 steps) N H
1 \
' Boc
H } H
PhoQ HON 1) TMSI ; PR O H N ) TMSI
N 2) N-BocPhe ' N 2) N-BocPhe
o] HATU : HATU
BocHN . e ! BocHN o \Lo
A\ * NHBoc 84% - NHBoc 81%
0 N% (2 steps) O (2 steps)
NHo pn N H o Ph

24 (MTOH104) ; 25 (MTOH100)

T, TR BRI O 21T > 72, Scheme 1 (ZFEH L 72 AR & RIARIC LT,
A HATU ZHWTTF 57 3> 512 NBoc(OBn)t Y >, NBoc /XY > (Val) & NBoc
7I=rvAla)EENENER L, Y 7 e 2 26 MTOH98) 1% 2 BEfE 75% DILR T,
NY 7 Fr 7 27 MTOHTS)IE 2 BEPE 79%DINRT, 77 =27 )17 28 MTOH79)IX
2 Brf 84% DINHE TENT NG LNz, FHNiNY v 71 s 27 MTOHT8), 77 =
7F 127 28 MTOH79) & b v MtAY T MTOHS3) D Boc % Mk TULEL¢ 5 = L Tz
L, FRIL T LHEET L Z & TENENEZXIST DT NI 7 IV 25 (N Ufiia Y
7 2229 MTOHS1), 77 = Hg&a Y7 2280 (MTOHS2), 7 ==/L7T 7= HayT
3 > 31(MTOHS0)),
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Scheme 5 7 I/BUET Tl OEK

o] j’h
BocHN OH 0" oy
HON
TMSI MeO I HATU, HOA, lutidine BocHN | N—oMe
¢ CH3CN Y " OMe DMF eoj\ o e
3

0°C o ‘ NH 75% (2 steps) N

without purification H H Ho o
5 (common intermediate) Prh

oy R
1) 4 N HClI N O

HATU, HOAL, lutidine 2) basification HN \LOMe

5 —— > B — R
DMF Meowo T ONH,
79% (2 steps) ‘ NTHY
NHo
27 (MTOH78) 29 (MTOH81)
o
H H
BOCHN%OH O H N (6] H N
%N o 1) 4 N HCI N
idi 2) basificati
5 HATU, HOA, lutidine  BocHN \\\LOMe ) basification H,N

DMF Mer‘\o NHBoc

84% (2 steps)

hHo

28 (MTOH79)

o
BocHN
J)kOH Ph Oy H
Ph N O o 1) 4 N HCI
idi 2) basification
5 HATU, HOAt, lutidine  gocHN \—oMe ) basificati

MeO—)
DMF © S
<68% (2 steps)

NHBoc

§ Ho pn
7 (MTOH53) 31 (MTOH80)

bt v MbAaY 7 (MTOHSG3) D EHIMEEZ WA L= 7 Fa JEEOAEBEEZ LI FICE &
7o FERMOND IR D & AEIGHK LIoAbEREIE 7T MTOHS3) DI % # . H1bA
%aiﬁmﬁ“_ LINTE o ey, BIIELE DR LA BDGTFT A L ~DREE G
HZENTEI BHHC8 2=y NaHFTH4 7 F /LT A7 /L 24 MTOH104) TIHiE M2
I L 7=(ICs0: >100 uM), Ffafn1 C3 == h&HT 57 U /L= A7 /L 25 MTOH100)I1%
MTOHS53 |22 EIEMENMK T L7 b O O FHa i) 7o HEhE L E1EME 2 A L ICso' 8.25 uM),
B e i ZE (b b B SN - 2 & 0v 5, MTOH5B3 & BE 5 IZIFFREOIER A I = X
TiEME R TN ENZ, PLEXY, = 2T VRO LA TR BB O D ITHE -
TEEDIETICORN D Z ENRTREIND, SRITTZATAESERET 20, 7I0R
E RTVUEERET S 2 L TIEEDN ERHIRTE LD TIERVWMNEBZITNWD, T/
RIS OUAE TIE, MR KRETETCH/NSTETHIFEME N T2 Z LAV L,
FIRTH RN DNV THRE LT Y A Lz 7 F 1 726 MTOHIS) I KIE A KIEIZ I
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55 L72(ICs0° >100 pM), iz b EHIEY A AN /o7 7 =27 Fr 7 28 MTOH79) b KX
TEMEMMET L7z (ICs0: 71.7 uM), —J7, U 7 Fr 2 27 MTOH78)IKIEMER T Dl
/o T2 (ICs0: 15.1 uM), Boc FEDBREIIAEMED M i X B AEBEEGEL I LT
TN T_NTOBA THEENE Lz, &y MeA® T F 12 31 MTOHS80) X5 5 L
TIEEEZBLTD DD (ICs0: 48.8 uM), N U 7127 29MTOH8) & 7 7 =27
J a7 30 MTOHS2) L& & & ICs0 filiA3>100 uM & 725 7=,

Table 3 BHELZHKE L7 v J#E0D HCT116 Ml 2 BEFEIMHIENE

Phoo y K ! Ph 0y H
%N 0 3 \)LN O 0
HN - . BocHN . -

L ome 0o

Meoﬂ\ ~ NH, ; 0—\ " NHBoc
HO R NG e
NHo pPn | N Ho pn
7 (MTOH53) 31 (MTOH80) 3 24 (MTOH104)
ICs: 3.03 uM ICsp: 48.8 uM : ICs: >100 uM
cytostatic cytostatic 1

Oy H Phoo y N
N | %N O o /
HoN o \LOMe 1 BOCHN \Lo
Mer " NH, 1 a NHBoc
W)Y / O
ﬁ H o N H o
27 (MTOH78) 29 (MTOH81) 25 (MTOH100)
ICsp: 15.1 uM ICso: >100 pM ; ICso: 8.25 uM
cytostatic 1 cytostatic
j’h
O y “ 0 y N
N o N
BocHN o \LOMG HzN - \LOMG
MeO— " NHBoc Meoﬂ\ NH,
o N N
N N
H Mo H Mo ©
28 (MTOH79) 30 (MTOH82) 26 (MTOH98) |
ICsp: 71.7 uM ICso: >100 pM ICso: >100 pM

cytostatic
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3-5 #HR

FHERITUR I D RARHIE R & ABGPEREMIC L0 | BT BRRENE )+ DERER LG TEFEER
(CHEERSLRRUEF O D A B2 BT LTz, BP0 HTH 2 ERRURAD NS D) —
NMEEMRR L1372 BRI Teb DD IAMER TIIAEE TE RN IATF R RN
SHEIRZRVE v MEG® 2 MTOHB3) &R/ T2 2 &N TE T, TORREZIT THIZIC
THA o Ule DRGSR E2 AT 2L EWRE] (ZIISRMANCTEEDS Ao v, L vThE
IREHILIZ OV THRMIT 5 2 &R TE 2, BLELD | RBRYOSLHIALT &k &t
57 7 n—F CHMENWE 2RI 2 AR O FEITIE L Wt e & D RRERMFET 5 Z &
INT&ETe, MAxDIBDIRY | MEERFEHELE L bRV ERER Y V) A R ALEWIC

BW TR ZREUT AR L INT-OIZE LWEITH L7, 5% OB E L CIIERE
B DRI & Frfa ) 7o B A ARSI O X 1 = XL OARR T 6D, KT Fe—F%
M OHEEE T — 7 ORKRYCAM ORI BT L. o F 2 k4 2 = kochIEn b4
HEMEE T O Z TRTE D X010 d ZEnifFsn s,
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BAE

R TIE, ABEEET AV e A RORBOEEET -7 THLIEAERY Y ) A R
U ¥ OB IR R 2 RBEAICAE ST 2 FIEZ B Lz, £, Zha#iifmel L TeR
va YAy RV RERMBEORER A ER LT, MEEROERICBNT, =y
TIEDOHRAT 4 VENL AN DI AESRN TR Y Y ) A v R B D T B &R
WCHEITSHELZ 2 RWH LI, MU T N7 7 U BB LTc = A7 )V EE ORI SRR E
WNEIND 2 OV T AT LA~—%EEE LESEIELO b EARD E L THTZED
BhREhH 272, REOMAEDLEELWIEST 22 L TR 7 I UFEKRO 8 lIZE
ARETH D . AR OFEMEOE SNFEIES N, RISEBOHEEICIZTERL TG
OO, FREay hr— VERSCHEAOTIMC LY . REJE~D T P HVOBEENFHES
NHRERESEZ, NIV T 7>, R TEIVliFERNGELNZEAERY VA
Y RUCEHBEWE L LT, KR WIN 64821 & rac-Cdmeso folicanthine, rac-Co meso
chimonanthine D&M AL (2T &KXV 4 TEUWN) ZEK LT,

B=E TR, R WIN 64821 ONLIRL T4 BB LT[Rl — F &0 7T 1 VT
IZoWNWT, =—HA R Sth & o LR i L EE O 21T > 7o, 8T
B L=y rAfiiic k280 )2 40 RY o) 8k T exo LD - EiK%
T LAT =)V LT, T AT VDN F DR E DIL-7 == VT 7 = Offie %
MAEbhEDZ LT, AREBEITHTFOHBIELEZEML L T 4 RO RRY O STAREVER A
AEENCARR L=, KM & 4 FEOBMEROIGIEIRE DB L v | ST BRI HES < R
IR BIRFZE 24T\ AR A B B T S L B 2R NI 2 HEE LT, TR RS BLIC LB 7R
SRR 2 A 2 T AL S RED 25 U — R{EE% MTOHS3 % R L 72, MTOH53 O (& #i
Tl LT AL B R OTEE 2 R - e L, &ML B ) — Meamon 7 m—
T ORISR DR ESD Z LN TE T,

Berld, =iz Ani-vnal Y 4 v R VIR B b a2 ER LR & %
DT F v 7 OAEFEME & LRI L G L7z, Invitro D7 v A THERERE TR
- MTOH53 % G L, ISMERIUALEY OSLILFE N EE R R 2 R 2 s 2mR LT,
TR DS LR B AR ET BT Fu—FIC kv, AFEEWE OERNPAETHY
Ty~ a7 T OZRTHEEERET D VMEROMA GO ER VAL ENTED
ZEHERFRELT,
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AWFFE « ARG SCOVERICER LT, Bfx 7e THE Z T - KN BERKER IR B L %
R
RPNV OHLT—~HL5ZTLLEEY, L b TERIFRECTHEE L L Tolk
T BN TN T R BRI REBR EH EB L £ 7

KA MEITT D BT, ka2 TS - SIS ATHWCEESBEZIILD LT 56K
FOGFRMFFEEE D3 R T OERRICTR  BHE L £,

KFROLFENFTEE THL, =—FA KRSt Ar an P —A#F 2=y NI A
Fa P REO L @l L T REZE L SRV ISR <SG
BLET,

BEQENFEHES WS kxR IS ZEE E LR T LE TR O
EIREEE, B FRE R R L5 o B IR R TR < B L £,

Km0 ZEmB a5 0 £ U ALiEE R R PP P2 E O $nARFEAC TR . BRI EFFA
%, AbifplE KR TR LR O R AR TR < B L £,

ARG H HFITT D ETOWEFENTL S o HEAE LTS B L £,

FEHICHETEDIREZEY, HHELXZ CW TR WIEFEICHES B L ET,
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% 5 F Experimental
5-1 General methods

All reactions were performed under a nitrogen atmosphere unless otherwise specified. NMR
spectra were recorded on JEOL 0400, INM-ECX 400 (*H/400 MHz, *C/100 MHz), and Bulker /'SP
500 (*H/500 MHz, **C/125 MHz) spectrometers. Chemical shifts are reported in & (ppm) using
chloroform as an internal standard of & 7.26, and 77.16, acetonitrile as an internal standard of d 1.94,
and 118.26, methanol as an internal standard of & 3.31, and 49.00, and dimethyl sulfoxide as an
internal standard of & 2.50, and 39.52 for *H and *C NMR, respectively. Data for *H NMR are
reported as follows: chemical shift (number of hydrogens, multiplicity, coupling constant).
Multiplicity is abbreviated as follows: s (singlet), d (doublet), t (triplet), g (quartet), quin (quintet), m
(multiplet), br (broad). ESI-Mass spectra were recorded on JEOL The AccuTOF LC-Plus JMS-T100.
Optical rotations were recorded on JASCO DIP-360 digital polarimeter. The medium pressure liquid
chromatography (MPLC) purifications were performed on a YAMAZEN YFLC-AI-580. Where
necessary, solvents were distilled from appropriate drying agents prior to use. Reactions were
monitored by thin layer chromatography using Merck Millipore TLC Silica gel Fys4 plates (0.25
mm) which were visualized using UV light, p-anisaldehyde stain, and PMS stain. Flash column
chromatography was performed using Kanto Silica Gel 60N or Amino silica-gel [Kanto Silica Gel
60 (spherical) NH;].

5-2 Materials

NiCl, was purchased from Wako Pure Chemical Industries, Ltd. and used after vacuuming for 5 h.
NiCl,-6H,0, NiF,-4H,0, NiBr,, CuCl,, FeCls;, and CoCl, were purchased from Wako Pure
Chemical Industries, Ltd. and used as received. Nil, was purchased from Alfa Aesar and used as
received. Nil,-6H,0 was purchased from Nacalai Tesque, Inc. and used as received. Manganese and
InCl; were purchased from Aldrich Chemical Co. and used as received. The ligands (SciOPP and
TMS-SciOPP)* were provided through the generous gift by Prof. Masaharu Nakamura (Kyoto Univ.)

and Prof. Takuji Hatakeyama (Kwansei Gakuin Univ.).
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5-3 Synthetic procedures

exo-Bromide (7) and endo-bromide (11).

o (0] o
OMe NBS Br OMe Br, OMe
N\ HN. e —— N. N.
N Boc CH,Cl, N Boc N '—,/H Boc
\ high dilution \ \
Boc 93% Boc Boc
16 (exolendo=100/71) 17 (exo) 18 (endo)

To a solution of NBS (294 mg, 1.65 mmol, 1.1 eq.) in dichloromethane (150 mL), 16 (626 mg, 1.5
mmol) was added. After being stirred at room temperature for 26 h, the mixture was treated with
saturated aqueous solution of Na,SO3 and extracted with chloroform. The organic layer was washed
with brine, dried over Na,SOy,, filtered, and concentrated under reduced pressure. The residue was
filtered through a short plug of silica gel to give a mixture of the desired bromides (693 mg, 1.39
mmol, 93%, 7 (ex0)-11 (endo) = 100 : 71). These diastereomers were easily separated by silica-gel
column chromatography to produce 17* (exo) and 18 (endo), 54% and 39% vields, respectively.

17 (ex0): *H NMR (500 MHz, CDCl5): 6 7.54 (1H, br-s), 7.42-7.29 (2H, m), 7.13 (1H, t, J = 7.5 Hz),
6.40 (1H, s), 3.89 (1H, dd, J = 10.4, 6.3 Hz), 3.75 (3H, s), 3.21 (1H, dd, J = 12.6, 6.3 Hz), 2.82 (1H,
dd, J = 12.5, 10.4 Hz), 1.59 (9H, ), 1.41(9H, br-s); **C NMR (125 MHz, CDCl,): & 171.68, 152.37,
141.70, 133.02, 130.77, 124.54, 123.37, 118.79, 83.97, 82.47, 81.67, 59.89, 59.63, 52.55, 42.24,
28.42, 28.36; HR-MS (ESI): calcd. CyHaBrN,OgNa [M+Na]® 519.1101, found 519.1128; [o]p™
-144 (c 1.0, CHCIy).

18 (endo): *H NMR (400 MHz, CDCls): & 7.55 (1H, br-s), 7.31-7.24 (2H, m), 7.04 (1H,t, J = 7.5
Hz), 6.44 (1H, s), 4.54 (1H, d, J = 8.7 Hz), 3.27 (1H, d, J = 12.9 Hz), 3.13 (3H, s), 3.08 (1H, dd, J =
12.9, 9.3 Hz), 1.60 (9H, s), 1.47 (9H, br-s); *C NMR (100 MHz, CDCl5): 5 170.92, 152.29, 142.64,
132.58, 130.79, 124.03, 118.27, 84.49, 82.28, 81.63, 60.51, 59.78, 52.18, 43.56, 28.49, 28.38;
HR-MS (ESI): calcd. CyoHaoBrN,Og [M+H]" 497.1282, found 497.1284; [a]p> +76 (c 1.0, CHCI,).
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Ph,F  PPh, Bog

o (15 mol%) Boc.. o fo)
Metal H
Br OMe  (15mol%)  MeO OMe OMe
N. E—— OMe N. N\ HN.

Boc Mn (1.15 eq) . Boc Boc

N H DMA, r.t. Boc N N

Boc y H Boc Boc

Boc
17 19 (C,-dimer) 20 (reduced) 16 (cleaved)

General procedure

To a mixture of metal catalyst (0.120 mmol, 15 mol%) and DPPE (47.8 mg, 0.120 mmol, 15
mol%) in DMA (650 pL) was added bromide 17 (398 mg, 0.800 mmol), and resulting mixture was
purged with nitrogen. After treatment with Mn (50.5 mg, 0.920 mmol, 1.15 eq), the resulting
suspension was immediately purged again with nitrogen and stirred at room temperature for 12 h.
The mixture was diluted with AcOEt and treated with 1 N HCI. After separation of aqueous phase,
organic layer was washed with H,O x2, 1 N HCI, saturated aqueous solution of Na,SOg, and brine,
dried over Na,SQ,, filtered, and concentrated under reduced pressure. The residue was purified by
silica-gel column chromatography to isolate dimer 19', byproducts (20 and 16) and recovered
substrate 17.

Procedure with pretreatment of anhydrous metal catalyst with H,O

Anhydrous metal catalyst (0.120 mmol, 15 mol%) and H,O (0.720 mmol, 90 mol%) were
premixed, and then DMA (650 pL) was added. To a resulting mixture of metal catalyst in DMA were
added DPPE (47.8 mg, 0.120 mmol, 15 mol%) and bromide 17 (398 mg, 0.800 mmol), and resulting
mixture was purged with nitrogen. After addition of Mn (50.5 mg, 0.920 mmol, 1.15 eq), the
resulting suspension was immediately purged again with nitrogen and stirred at room temperature
for 12 h. The mixture was diluted with AcOEt and treated with 1 N HCI. After separation of aqueous
phase, organic layer was washed with H,O x2, 1 N HCI, saturated aqueous solution of Na,SO3, and
brine, dried over Na,SO,, filtered, and concentrated under reduced pressure. The residue was
purified by silica-gel column chromatography to isolate dimer 19, byproducts (20 and 16) and

recovered substrate 17.

C,-Dimer 19 (ex0): "H NMR (400 MHz, DMSO, 95 °C): § 7.37 (2H, d, J = 8.0 Hz), 7.21-7.11 (4H,
m), 6.91 (2H, m), 6.09 (2H, s), 3.70 (2H, m), 3.68 (6H, s), 2.64 (2H, dd, J = 12.7, 7.0 Hz), 2.25 (2H,
dd, J = 12.7, 9.5 Hz), 1.57 (18H, s), 1.33 (18H, s); *C NMR (100 MHz, DMSO, 95 °C): 171.39,
151.26, 150.45, 141.16, 130.28, 128.72, 123.47, 122.23, 115.86, 80.84, 80.04, 78.61, 58.07, 57.75,
51.35, 34.49, 27.43, 27.27; HR-MS (ESI): calcd. for C,HssN4ONa [M+Na]* 857.3943, found
857.3957; [a]p>’ -133 (c 1.0, CHClIy).
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20: 'H NMR (500 MHz, CDCly): 6 7.54 (1H, br-s), 7.21 (1H, t, J = 7.6 Hz), 7.15 (1H, d, J = 7.4 Hz),
7.03 (1H, t, J = 7.5 Hz), 6.36 (1H, d, J = 5.9 Hz), 4.00-3.90 (2H, m), 3.71 (3H, s), 2.53 (1H, dd, J =
12.7, 6.9 Hz), 2.27 (1H, ddd, J = 12.7, 10.0, 7.2 Hz), 1.56 (9H, s), 1.39 (9H, br-s); *C NMR (125
MHz, CDCly): § 173.24, 152.51, 142.48, 132.19, 128.38, 123.52, 117.79, 81.61, 80.82, 59.07, 52.18,
44.90, 33.03, 28.41, 28.33; HR-MS (ESI): calcd. CpHa N0 [M+H]* 419.2177, found 419.2172;
[a]o?® -100 (c 1.0, CHCIy).

Dimerization of endo bromide

According to the general procedure, bromide 18 (398 mg, 0.800 mmol) was treated with
Nil,-6H,0 (50.5 mg, 0.120 mmol, 15 mol%), DPPE (47.6 mg, 0.119 mmol, 15 mol%) and Mn (50.5
mg, 0.919 mmol, 1.15 eq.) in DMA (650 pL) at room temperature for 12 h under nitrogen
atmosphere to afford C,-dimer 21 (42%), 22° (17%), and 16 (17%).

21 (endo): *H NMR (400 MHz, CDCls, 50 °C): § 7.38 (2H, d, J = 7.1 Hz), 7.09 (2H, m), 6.96 (2H, d,
J=75Hz),6.79 (2H, t, J = 7.5 Hz), 6.37 (2H, s), 4.53 (2H, t, J = 4.7 Hz), 3.06 (6H, s), 2.53 (4H, d,
J = 4.9 Hz), 1.61 (18H, s), 1.48 (18H, s); *C NMR (100 MHz, CDCls, 50 °C): & 171.33, 152.17,
143.74, 130.52, 129.50, 125.11, 122,51, 117.37, 81.91, 79.47, 77.36, 59.29, 51.84, 35.91, 28.58;
HR-MS (ESI): calcd. for CaHssN4O1,Na [M+Na]™ 857.3943, found 857.3957; [a]p?® +97 (¢ 1.0,
CHCL,).

22: 'H NMR (400 MHz, CDCly): § 7.53 (1H, br-s), 7.17 (1H, t, J = 7.7 Hz), 7.08 (1H, d, J = 7.4 Hz),
6.95 (1H, t, J = 7.4 Hz), 6.41 (1H, d, J = 6.6 Hz), 4.56 (1H, d, J = 8.7 Hz), 3.96 (1H, t, J = 6.6 H2),
3.13 (3H, s), 2.58 (1H, d, J = 12.9 Hz), 2.52 (1H, m), 1.58 (9H, s), 1.46 (9H, s); *C NMR (100 MHz,
CDCly): 8 172.34, 152.59, 143.38, 131.82, 128.43, 124.03, 123.12, 117.26, 81.51, 80.82, 76.92,
59.49, 51.95, 44.92, 33.87, 28.53, 28.45; HR-MS (ESI): calcd. CxHs;N,Og [M+H]" 419.2177, found
419.2171; [o]p”” +5.0 (¢ 1.0, CHCIy).
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TEMPO-adduct 29

By ‘Bu

o 2= g 0
Br, OMe N N 0, OMe
N Cu/Cu(OTf), N
Boc N - Boc
I benzene N
Boc C, 75°C Boc

17 TEMPO 29

By adapting the protocol reported by Matyjaszewski®, a mixture of bromide 7 (499 mg, 1.00

mmol), TEMPO (180 mg, 1.15 mmol), cupper shot (955 mg, 15.0 mmol), Cu(OTf), (37.9 mg, 0.105
mmol, 11 mol%) and (4,4’-di-tert-butyl)-2,2-bipyridine (116 mg, 0.432 mmol, 43 mol%) were
suspended in benzene (6 mL) under nitrogen atmosphere. Resulting suspension was heated at 75 °C
and stirred for 20 h. After being cooled to room temperature, suspension was filtered through a pad
of Celite, and concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography to afford 29 (481 mg, 0.838 mmol, 84%) as a white amorphous.
29: 'H NMR (400 MHz, CDCls, 45 °C): § 7.54 (1H, br-s), 7.37 (1H, d, J = 7.5 Hz), 7.28 (1H, m),
7.07 (1H,t,J = 7.4 Hz), 6.61 (1H, s), 3.81 (1H, m), 3.72 (3H, d, J = 1.6 Hz), 2.76-2.64 (2H, m), 1.56
(9H, s), 1.40 (9H, s), 1.44-1.31 (5H, m), 1.29-1.21 (1H, m), 1.08-0.98 (6H, m), 0.94-0.70 (6H, m);
BC NMR (100 MHz, CDCls, 45 °C): 6 172.56, 152.63, 144.42, 132.86, 130.11, 125.57, 123.39,
117.96, 91.89, 81.39, 80.89, 79.67, 77.36, 60.66, 59.82, 59.64, 52.10, 41.16, 40.69, 40.61, 33.91,
33.14, 28.48, 28.41, 20.78, 20.71, 17.22; HR-MS (ESI): calcd. C3;H4gN307 [M+H]" 574.3487, found
574.3515; [a]p>’ -116 (c 1.0, CHCIy).

Synthesis of tetra-amine 36

21 36

lodotrimethylsilane (220 uL, 1.62 mmol, 10.6 eqg.) was added dropwisely to a solution of the
Co-dimer 21 (128 mg, 0.153 mmol) in acetonitrile (3.1 mL) at 0 °C. The resulting solution was
stirred at 0 °C for 90 min and then treated with saturated aqueous solution of Na,SOz. The resulting
mixture was extracted with chloroform 4-5 times. Combined extracts were dried over Na,SO,,
filtered, and concentrated under reduced pressure to afford crude tetra-amine 36 (81.7 mg) as a
yellow amorphous. The crude tetra-amine 36" was subjected to the next reaction without further

purification.
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36: 'H NMR (500 MHz, CD;0D): § 7.19 (2H, d, J = 7.6 Hz), 7.03 (2H, td, J = 7.6, 0.9 Hz), 6.67 (2H,
td, J=7.5,0.9 Hz), 6.55 (2H, d, J = 7.8 Hz), 4.65 (2H, s), 3.74 (2H, dd, J = 8.0, 2.8 Hz), 3.26 (6H, ),
2.83 (2H, dd, J = 13.0, 8.0 Hz), 2.53 (2H, dd, J = 13.0, 2.8 Hz); ®*C NMR (125 MHz, CD;0D): 5
175.15, 152.84, 130.81, 130.11, 127.15, 119.13, 110.81, 81.85, 63.11, 60.86, 52.40, 39.29; HR-MS
(ESI): calcd. for CyHN4O, [M+H]™ 435.2027, found 435.2046.

Synthesis of dipeptide 37

(0]
BocHN\)kOH

Ph”

HATU, HOAt, lutidine
- e .
DMF

To a solution of Boc-Phe-OH (126 mg, 0.475 mmol, 3.1 eq.), HOAt (73 mg, 0.536 mmol, 3.5 eq.),
HATU (195 mg, 0.514 mmol, 3.4 eq.), and 2,6-lutidine (260 pL, 2.23 mmol, 14.6 eq.) in DMF (1.3
mL) was added the solution of the crude tetra-amine 36 (81.7 mg) in DMF (2 mL) at 0 °C. After
being warmed up to room temperature, the mixture was stirred for 7 h. The solution was diluted with
AcOEt and treated with saturated aqueous solution of NH,CI. After separation of organic layer, the
aqueous phase was extracted with AcOEt. Combined organic extracts were washed with saturated
aqueous solution of NaHCOs3, H,O x3, and brine. The extract was dried over Na,SO,, filtered, and
concentrated under reduced pressure. The residue was purified by silica-gel column chromatography
to afford dipeptide 37 (108 mg, 0.116 mmol, 76% for 2 steps).

37: NMR spectra were difficult to be characterized due to broadening of signals even at elevated
temperature; HR-MS (ESI): calcd. for Cs;HgoNgO10Na [M+Na]™ 951.4263, found 951.4252; [a]p™

+249 (c 1.0, CHCL,).

WIN 64821

(+)-WIN 64821 (1)

5-6



Dipeptide (79 mg, 0.085 mmol) was dissolved in 4 N HCl/dioxane (2 mL, 0.04 M) at 0 °C. After
being stirred at 0 °C for 15 min, the mixture was warmed up to room temperature, stirred for 2 h, and
then concentrated under reduced pressure. The residue was diluted with chloroform and treated with
saturated aqueous solution of NaHCOs3. The resulting mixture was extracted with chloroform,
washed with brine. The combined extracts were dried over Na,SO,, filtered, and concentrated under
reduced pressure to produce crude tetra-amine. The crude tetra-amine was used as neat and heated at
180 °C for 15 min under nitrogen atmosphere. The residue was purified by silica-gel column
chromatography to afford (+)-WIN 64821 (1) (33.2 mg, 0.050 mmol, 59%). The NMR spectra were
identical to the literature data.*

(+)-WIN 64821 (1): *H NMR (500 MHz, CD3CN): & 7.34 (2H, d, J = 7.5 Hz), 7.17-7.06 (10H, m),
6.73 (2H,t,J = 7.5 Hz), 6.67 (2H, d, J = 7.8 Hz), 6.07 (2H, s), 5.89 (2H, s), 4.87 (2H, br-s), 4.15 (2H,
t,J =5.3 Hz), 4.05 (2H, t, J = 8.6 Hz), 3.08 (2H, dd, J = 14.7, 5.0 Hz), 3.04-2.94 (4H, m), 2.50 (2H,
dd, J = 14.0, 8.0 Hz); **C NMR (125 MHz, CD;CN): § 169.78, 168.86, 149.94, 137.28, 131.35,
130.27, 130.07, 129.29, 127.57, 126.00, 120.15, 110.36, 80.47, 60.88, 57.68, 56.91, 36.74, 36.02;
HR-MS (ESI): calcd. for C4HasNgO4 [M+H]" 665.2871, found 665.2893; [a]p® +214 (c 0.45,
MeOH). The optical rotation data for (+)-WIN 64821 (6) reported in the literatures: [o]p +200.0 (c
0.15, MeOH),® [a]p®* +230 (c 0.15, MeOH)*.
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Methyl (2-(1H-indol-3-yl)ethyl)carbamate 23.

CI-COOMe
©\/\§\r'\m2 _BWN \ NH__OMe
N CHCI4/CH,CN N
H H o
tryptamine 23
A solution of tryptamine (4.01 g, 25.1 mmol) and triethyl amine (10.4 mL, 75.0 mmol) in 1:1
mixture of chloroform and acetonitrile (170 mL) was added methyl chloroformate (2.30 mL, 30.0
mmol) at 0 °C and stirred for 15 min. The solution was then heated to 35 °C and stirred for 1.5 h.
After being cooled to 0 °C, the resulting reaction mixture was diluted with chloroform and treated
with 1 N HCI. The combined chloroform extracts were washed with brine, dried over Na,SO,,
filtered, and concentrated under reduced pressure. The residue was purified by silica-gel column

chromatography to afford 23 (4.29 g, 19.6 mmol, 78%) as a light brown amorphous.

23: 'H NMR (500 MHz, CDCls): & 8.10 (1H, br-s), 7.61 (1H, d, J = 7.8 Hz), 7.37 (1H, dd, J = 8.1,
0.9 Hz), 7.21 (1H, m), 7.13 (1H, m), 7.03 (1H, s), 4.77 (1H, br-s), 3.67 (3H, s), 3.52 (2H, m), 2.98
(2H, t, J = 6.7 Hz); *C NMR (125 MHz, CDCly): § 157.23, 136.57, 127.45, 122.35, 122.18, 119.64,
118.88, 113.10, 111.36, 52.16, 41.42, 25.94; HR-MS (ESI): calcd. C1,H14N,0,Na [M+Na]*
241.0947, found 241.0954.

tert-Butyl 3-(2-((methoxycarbonyl)amino)ethyl)-1H-indole-1-carboxylate 24

Boc,0O
N HNYOMe DMAP A\ HNTOMe
” CH,Clo/THF N 5

(¢]
98% Boc
23 24

A solution of methyl carbamate 23 (773 mg, 3.54 mmol) in 2:1 mixture of dichloromethane and
THF (24 mL) was treated with Boc,O (920 mg, 4.22 mmol) and DMAP (40.3 mg, 0.33 mmol, 9
mol%). The solution was stirred at room temperature for 50 min and concentrated under reduced
pressure. The resulting residue was purified by silica-gel column chromatography to afford 24 (1.11
g, 3.46 mmol, 98%) as a white amorphous.

24: 'H NMR (500 MHz, CDCls): § 8.13 (1H, br-s), 7.54 (1H, d, J = 7.6 Hz), 7.42 (1H, s), 7.32 (1H, t,
J=7.3Hz),7.25 (1H, t, I = 7.2 Hz), 4.79 (1H, br-s), 3.67 (3H, s), 3.52 (2H, m), 2.91 (2H, t, J = 6.8
Hz), 1.67 (9H, s); *C NMR (125 MHz, CDCls): 5 157.16, 149.85, 135.77, 130.48, 124.67, 123.38,
122.68, 119.02, 117.67, 115.50, 83.76, 52.21, 40.80, 28.38, 25.79; HR-MS (ESI): calcd.
C17H2N,04Na [M+Na]" 341.1472, found 341.1491.
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Bromide 25

Br,
©\/\§;’\l YOMe NBS ©\/<;IL TOMe
N CH,CI,/CH3CN(2/1) N H

(0] O
Boc 0°C Boc

24 (#)-25

A solution of tryptamine derivative 24 (4.37 g, 13.7 mmol) in dichloromethane (60 mL) was
treated with a solution of NBS (2.50 g, 14.1 mmol) in acetonitrile (30 mL) at 0 °C. The mixture was
stirred at 0 °C for 30 min and then added saturated aqueous solution of Na,SOs. The resulting
mixture was extracted with chloroform, and combined organic extracts were washed with brine,
dried over Na,SQy, filtered, and concentrated under reduced pressure. The residue was purified by
silica-gel column chromatography to afford bromide 25 (5.04 g, 12.7 mmol, 93%) as a white solid.
25:'H NMR (500 MHz, CDCl5): 6 7.64 (1H, d, J = 7.6 Hz), 7.37 (1H, dd, J = 7.6, 0.9 Hz), 7.30 (1H,
m), 7.10 (1H, td, J = 7.6, 0.9 Hz), 6.38 (1H, s), 3.78 (1H, m), 3.74 (3H, s), 2.90-2.79 (2H, m), 2.75
(1H, m), 1.59 (9H, s); *C NMR (125 MHz, CDCly): § 154.84, 152.24, 142.10, 132.46, 130.62,
124.33, 123.82, 117.49, 84.16, 82.26, 62.22, 52.85, 46.41, 41.21, 28.38; HR-MS (ESI): calcd.
C17H2:BrN,0O4K [M+K]" 435.0316, found 435.0302.

Dimerization of bromide 25

OMe H
Ph,P  PPh, Boc H Y -

N N

(15 mol%) H N Boc, =

Br., NiCl6H,0 |, )kN N H Tof

_N__OMe (15 mol%) Boc

NEY To( (£)-28 (reduced)
! - HN
Boc DMA - ©\/@ OMe \ T
(¥)-25 N H W N % Tof 5

Boc I\30c Boc
26 (rac-C,) 27 (meso) 24 (cleaved)

According to general procedure, bromide 25 (318 mg, 0.800 mmol) was treated with NiCl,-6H,0
(28.5 mg, 0.120 mmol, 15 mol%), DPPBz (53.9 mg, 0.121 mmol, 15 mol%) and Mn (67.2 mg, 1.22
mmol, 1.5 eq.) in DMA (1000 pL) at 4 °C for 20 h under nitrogen atmosphere to afford C,-26 (ca.
25%), meso-30 (ca. 30%), 28 (9%), 24 (9%).
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26: *H NMR (400 MHz, CDCls, 50 °C): & 7.45 (2H, d, J = 7.9 Hz), 7.12-7.03 (4H, m), 6.85 (2H, td,
J=75,08Hz), 6.34 (2H, s), 3.83 (2H, dd, J = 11.2, 7.4 Hz), 3.73 (6H, ), 2.82 (2H, td, J = 11.4, 5.5
Hz), 2.24 (2H, td, J = 12.0, 7.6 Hz), 2.14 (2H, dd, J = 12.1, 5.4 Hz), 1.60 (18H, s); **C NMR (100
MHz, CDCls, 50 °C): § 154.99, 152.17, 143.16, 131.44, 129.18, 123.52, 123.06, 116.69, 81.97,
79.13, 60.93, 52.70, 45.46, 33.44, 28.55; HR-MS (ESI): calcd. for Cg4Hs,N4OsNa [M+Na]*
657.2895, found 657.2920.

27: *H NMR (400 MHz, CDCls, 50 °C): & 7.63 (2H, d, J = 7.6 Hz), 7.24 (2H, m), 6.95 (2H, t, J = 7.3
Hz), 6.79 (2H, br-s), 6.17 (2H, s), 3.74 (2H, m), 3.71 (6H, s), 2.84 (2H, td, J = 11.5, 5.3 Hz), 2.12
(2H, dd, J = 12.0, 5.2 Hz), 1.98 (2H, m), 1.52 (18H, s); *C NMR (100 MHz, CDCls, 50 °C): 5
154.90, 151.94, 143.93, 131.59, 129.53, 123.57, 117.32, 81.78, 78.23, 60.49, 52.60, 45.82, 33.11,
28.38; HR-MS (ESI): calcd. for C34H4,N4OgNa [M+Na]* 657.2895, found 657.2882.

28: *H NMR (500 MHz, CDCly): § 7.64 (1H, d, J = 7.6 Hz), 7.20 (1H, t, = 7.7 Hz), 7.14 (1H, d, J =
7.4 Hz), 7.01 (1H, td, J = 7.5, 0.8 Hz), 6.38 (1H, d, J = 6.4 Hz), 3.99 (1H, t, J = 7.0 Hz), 3.84 (1H,
dd, J = 11.2, 7.5 Hz), 3.73 (3H, s), 2.89 (1H, td, J = 11.6, 5.7 Hz), 2.14 (1H, m), 2.07 (1H, dd, J =
12.3, 5.5 Hz), 1.57 (9H, s); ®°C NMR (125 MHz, CDCly): § 155.43, 152.63, 143.04, 131.94, 128.27,
123.91, 123.33, 116.34, 81.60, 76.48, 52.63, 45.49, 45.11, 31.37, 28.49; HR-MS (ESI): calcd.
C17H»,N,0,Na [M+Na]* 341.1472, found 341.1485.

C,-folicanthine

<
[}
(@]
=0
% w
<
(]
/
z I
5 <
o Z_m

Red-Al
= toluene
NTOMG reflux N‘Me
NH o N H
Boc Me
(%)-26 (z)-folicanthine (+)-30

A solution of 26 (127 mg, 0.200 mmol) in toluene (2.85 mL) was treated with a 3.3 M toluene
solution of sodium bis(2-methoxyethoxy)aluminum hydride (Red-Al) (950 pL, 3.14 mmol, 15.7 eq.)
at room temperature. The mixture was then heated to reflux for 2 h. After being cooled to room
temperature, excess reagent was quenched by slow addition of 2 M ammonia dissolved in methanol
and dichloromethane (1/9). The resulting mixture was concentrated under reduced pressure and
filtered through a pad of amino silica-gel. The filtrate was concentrated under reduced pressure, and
the resulting residue was purified by silica-gel column chromatography (dichloromethane/2 M
ammonia in methanol) to afford C,-folicanthine (£)-30 (60.2 mg, 0.161 mmol, 81%) as a white

powder. The NMR spectra were identical to the literature data.®
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(£)-30: *H NMR (400 MHz, CDCl, 50 °C): § 6.99 (2H, t, J = 7.7 Hz), 6.95 (2H, d, J = 7.4 Hz), 6.52
(2H,t,J = 7.4 Hz), 6.28 (2H, d, J = 7.8 Hz), 4.41 (2H, br-s), 3.00 (6H, s), 2.67 (2H, br-s), 2.51-2.34
(10H, m), 1.97 (2H, m); *C NMR (100 MHz, CDCls, 50 °C): § 153.02, 132.72, 128.41, 123.96,
116.98, 106.15, 92.22, 62.90, 52.90, 37.99, 35.43, 35.35; HR-MS (ESI): calcd. for CpqHziNg [M+H]
375.2543, found 375.2556.

C,-dianiline 31

H

Boc
2.5 5.
M N M N
€0 TFA/CH,CI, (1/1) €0
’2 _— = ’2
e 0°Ctor.t. e
, NTOMe , NTOMe
N H G N H O

\BOC H

26 31

Trifluoroacetic acid (TFA, 3.7 mL) was slowly added to a stirred solution of C,-dimer 18 (236 mg,
0.372 mmol) in dichloromethane (3.7 mL) at 0 °C. The mixture was stirred for 15 min at 0 °C and
then warm up to room temperature. After being stirred for 2 h, the resulting mixture was
concentrated under reduced pressure. The residue was diluted with chloroform and then treated with
saturated aqueous solution of NaHCOj3. The combined chloroform extracts were washed with brine,
dried over Na,SQ,, filtered, and concentrated under reduced pressure. The residue was purified by
silica-gel column chromatography to afford 31 (131 mg, 0.301 mmol, 81%) as a white solid. The
NMR spectra were identical to the literature data.®

31: 'H NMR (400 MHz, DMSO, 95 °C): § 7.23 (2H, d, J = 7.4 Hz), 7.02 (2H, t, J = 7.5 Hz), 6.64
(2H,t,J=7.4Hz),6.59 (2H, d, J = 7.8 Hz), 4.91 (2H, s), 3.61-3.45 (8H, m), 2.75 (2H, td, J = 10.8,
5.9 Hz), 2.52 (2H, m), 2.12 (2H, dd, J = 12.4, 5.8 Hz); **C NMR(100 MHz, DMSO, 95 °C): &
153.48, 150.45, 128.14, 128.01, 124.05, 116.98, 108.29, 77.48, 60.94, 51.34, 44.28, 31.78; HR-MS
(ESI): calcd. for Cy4HsN,0,Na [M+Na]* 457.1846, found 457.1853.

C,-chimonanthine 32

i %% Mo
. e, -
Meo™ N Red-Al N
= toluene =
NTOMe reflux N-vie
N H o N H

H

31 (x)-chimonanthine (+)-32
racemic
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A solution of C,-dianiline (57.3 mg, 0.132 mmol) in toluene (1.9 mL) was treated with a 3.3 M
toluene solution of sodium bis(2-methoxyethoxy)aluminum hydride (Red-Al) (420 pL, 1.39 mmol,
10.5 eq.) at room temperature. The mixture was then heated to reflux for 1.5 h. After being cooled to
room temperature, excess reagent was quenched by slow addition of 2 M ammonia dissolved in
methanol and dichloromethane (1/9). The resulting mixture was concentrated under reduced pressure
and filtered through a pad of amino silica-gel. The filtrate was concentrated under reduced pressure,
and the resulting residue was purified by silica-gel column chromatography (dichloromethane/2 M
ammonia in methanol) to afford C,-chimonanthine ()-32 (40.7 mg, 0.117 mmol, 89%) as a white
powder. The NMR spectra were identical to the literature data. ®

(+)-32: 'H NMR (400 MHz, CDCls, 50 °C): 6 7.18 (2H, d, J = 7.4 Hz), 6.98 (2H, t, J = 7.5 Hz), 6.65
(2H,t,J=7.4 Hz), 6.53 (2H, d, J = 7.7 Hz), 4.39 (2H, br-s), 4.23 (2H, br-s), 2.61-2.45 (6H, m), 2.32
(6H, s), 2.06 (2H, m); *C NMR(100 MHz, CDCls, 50 °C): & 150.97, 133.61, 128.19, 124.58, 118.73,
109.35, 85.44, 63.70, 52.87, 37.30, 35.91; HR-MS (ESI): calcd. for CyHyN, [M+H]™ 347.2230,
found 347.2256.

meso-folicanthine (meso-33).

Oy_OMe
Wl

Red-Al

- >
toluene
reflux

27 meso-folicanthine 33

A solution of meso-dimer 27 (128 mg, 0.202 mmol) in toluene (2.9 mL) was treated with a 3.3 M
toluene solution of sodium bis(2-methoxyethoxy)aluminum hydride (Red-Al) (950 L, 3.14 mmol,
15.5 eq.) at room temperature. The mixture was then heated to reflux for 2 h. After being cooled to
room temperature, excess reagent was quenched by slow addition of 2 M ammonia dissolved in
methanol and dichloromethane (1/9). The resulting mixture was concentrated under reduced pressure
and filtered through a pad of amino silica-gel. The filtrate was concentrated under reduced pressure,
and the resulting residue was purified by silica-gel column chromatography (dichloromethane/2 M
ammonia in methanol) to afford meso-folicanthine 33’ (64.4 mg, 0.172 mmol, 85%) as a white
powder.
meso-33: 'H NMR (400 MHz, DMSO, 100 °C): & 7.00 (2H, t, J = 7.9 Hz), 6.50-6.28 (6H, m), 4.09
(2H, br-s), 2.75 (2H, m), 2.59 (6H, s), 2.42-2.26 (10H, m), 1.91 (2H, m); *C NMR (100 MHz,
DMSO, 100 °C): & 153.65, 132.47, 127.45, 123.00, 116.22, 106.29, 90.73, 62.26, 51.55, 35.65,
35.45, 35.02; HR-MS (ESI): calcd. for CpsH3: N, [M+H]* 375.2543, found 375.2544.
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meso-dianiline 34

TEA/CH,Cl, (1/1)

0°Ctor.t.
CEQ\J OMe
N "H Y

\ O
Boc

27 34

Trifluoroacetic acid (TFA, 7 mL) was slowly added to a stirred solution of meso-dimer 27 (442
mg, 0.696 mmol) in dichloromethane (7 mL) at 0 °C. The mixture was stirred for 10 min at 0 °C and
then warm up to room temperature. After being stirred for 1.5 h, the resulting mixture was
concentrated under reduced pressure. The residue was diluted with chloroform and then treated with
saturated aqueous solution of NaHCOj3. The combined chloroform extracts were washed with brine,
dried over Na,SQ,, filtered, and concentrated under reduced pressure. The residue was purified by
silica-gel column chromatography to afford 34 (245 mg, 0.563 mmol, 81%) as a pale yellow

amorphous. The NMR spectra were identical to the literature data.?

34: 'H NMR (400 MHz, DMSO, 100 °C): § 6.97 (2H, t, J = 7.7 Hz), 6.60 (2H, m), 6.52-6.44 (4H,
m), 6.01 (2H, s), 5.32 (2H, s), 3.70-3.59 (8H, m), 2.83 (2H, m), 2.34-2.16 (4H, m); *C NMR (100
MHz, DMSO, 100 °C): § 153.60, 150.32, 128.47, 127.92, 127.88, 123.20, 116.74, 107.80, 76.48,
61.46, 51.38, 44.27, 33.31; HR-MS (ESI): calcd. CnHN,O/Na [M+Na]® 457.1846, found
457.1853.
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meso-chimonanthine 35

Red-Al o
— ”,
toluene
reflux N
N -, Me
N H
34 meso-chimonanthine 35

A solution of meso-dianiline 34 (60.6 mg, 0.139 mmol) in toluene (2.0 mL) was treated with a 3.3
M toluene solution of sodium bis(2-methoxyethoxy)aluminum hydride (Red-Al) (450 pL, 1.49
mmol, 10.7 eq) at room temperature. The mixture was then heated to reflux for 1.5 h. After being
cooled to room temperature, excess reagent was quenched by slow addition of 2 M ammonia
dissolved in methanol and dichloromethane (1/9). The resulting mixture was concentrated under
reduced pressure and filtered through a pad of amino silica-gel. The filtrate was concentrated under
reduced pressure, and the resulting residue was purified by silica-gel column chromatography
(dichloromethane/2 M ammonia in methanol) to afford meso-chimonanthine 35 (42.8 mg, 0.123
mmol, 89%) as a white powder. The NMR spectra were identical to the literature data.?
meso-2: "H NMR (400 MHz, DMSO, 100 °C): 5 6.88 (2H, m), 6.63-6.30 (6H, m), 5.66 (2H, br-s),
4.61 (2H, br-s), 2.74 (2H, m), 2.46 (2H, m), 2.38-2.25 (8H, m), 1.92 (2H, dd, J = 10.8, 4.8 Hz); **C
NMR (100 MHz, DMSO, 100 °C): & 152.03, 132.33 126.88, 123.28, 115.72, 106.77, 82.52, 62.59,
51.17, 36.27, 34.92; HR-MS (ESI): calcd. for C,,H,;N, [M+H]" 347.2230, found 347.2248.
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General procedure for the synthesis of C, dipeptides

lodotrimethylsilane (8-10 eq.) was added dropwisely to a solution of the C,-dimerin acetonitrile
(0.05-0.07 M) at 0 °C. The resulting solution was stirred at 0 °C for 90 min and then treated with
saturated aqueous solution of Na,SOs;. The resulting mixture was extracted with chloroform 4-5
times. Combined extracts were dried over Na,SOy,, filtered, and concentrated under reduced pressure
to afford crude tetra-amine as a yellow amorphous. The crude tetra-amine was subjected to the next
reaction without further purification.To a solution of Boc-aminoacids (2.5-3.0 eq.), HOAt (3.0~3.5
eq.), HATU (3.0~3.5 eq.), and 2,6-lutidine (10-15 eq.) in DMF (~ 0.05 M) was added the solution of
the crude tetra-amine in DMF at 0 °C. After being warmed up to room temperature, the mixture was
stirred for 5-10 h. The solution was diluted with AcCOEt and treated with saturated aqueous solution
of NH,4CI. After separation of organic layer, the aqueous phase was extracted with AcOEt. Combined
organic extracts were washed with saturated aqueous solution of NaHCO3, H,O x3, and brine. The
extract was dried over Na,SQy, filtered, and concentrated under reduced pressure. The residue was

purified by silica-gel column chromatography to afford dipeptide.

dipeptides: NMR spectra were difficult to be characterized due to broadening of signals even at

elevated temperature
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General procedure for the synthesis of 11,11°-endoC, diketopiperazines

Dipeptide was dissolved in 4 N HCl/dioxane (0.04 M) at 0 °C. After being stirred at 0 °C for 15
min, the mixture was warmed up to room temperature, stirred for 2 h, and then concentrated under
reduced pressure. The residue was diluted with chloroform and treated with saturated aqueous
solution of NaHCOj;. The resulting mixture was extracted with chloroform, washed with brine. The
combined extracts were dried over Na,SO,, filtered, and concentrated under reduced pressure to
produce crude tetra-amine. The crude tetra-amine was used as neat and heated at 180 °C for 15 min
under nitrogen atmosphere. The residue was purified by silica-gel column chromatography to afford

diketopiperazine.

ent-WIN 64821 (ent-1): *H NMR (500 MHz, CDsCN): § 7.34 (2H, d, J = 7.5 Hz), 7.17-7.06 (10H,
m), 6.73 (2H, t, J = 7.5 Hz), 6.67 (2H, d, J = 7.8 Hz), 6.07 (2H, s), 5.89 (2H, s), 4.87 (2H, br-s), 4.15
(2H, t, J = 5.3 Hz), 4.05 (2H, t, J = 8.6 Hz), 3.08 (2H, dd, J = 14.7, 5.0 Hz), 3.04-2.94 (4H, m), 2.50
(2H, dd, J = 14.0, 8.0 Hz); *C NMR (125 MHz, CDsCN): & 169.78, 168.86, 149.94, 137.28, 131.35,
130.27, 130.07, 129.29, 127.57, 126.00, 120.15, 110.36, 80.47, 60.88, 57.68, 56.91, 36.74, 36.02

3-2: *H NMR(400 MHz, CD;CN) [ 7.25 (2H, t, J = 7.4 Hz), 7.17-702 (16H, m), 6.73 (2H, 1, J = 7.3
Hz), 6.66 (2H, d, J = 5.0 Hz), 6.38 (2H, d, J = 2.3 Hz), 5.87 (2H, s), 4.04 (2H, dd, J = 8.6, 4.4 Hz),
3.09 (2H, dd, J = 13.6, 4.4 Hz), 2.80 (2H, dd, J = 13.6, 4.6 Hz), 2.30 (2H, t, J = 8.6 Hz), 2.21 (2H,
dd, J = 13.4, 9.4 Hz); *C NMR(100 MHz, DMSO) [’ 168.0, 167.4, 148.8, 148.8, 135.5, 130.5,
129.4, 128.6, 128.6, 128.5, 127.4, 109.0, 78.7, 58.6, 58.5, 57.7, 56.0, 54.4.
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General procedure for the synthesis of 11,11°-exoC, diketopiperazines
Dipeptide was suspended in H,O (0.05 M). Resulting suspension was heated 195 °C with
microwave irradiation for 5 min, and then concentrated under reduced pressure. The residue was

purified by silica-gel column chromatography to afford dietopiperazine.

3-8: *H NMR(400 MHz, CD;CN) (1 7.17 (2H, td, J = 7.6, 1.1 Hz), 7.03-6.98 (6H, m), 6.91-6.83 (6H,
m), 6.76 (2H, d, J = 7.7 Hz), 6.68 (2H, td, J = 7.5, 0.9 Hz), 6.44 (2H, d, J = 3.4 Hz), 5.52 (2H, br-s),
4.84 (2H, s), 4.03 (2H, dd, J = 8.4, 3.8 Hz), 3.05 (2H, dd, J = 13.6, 3.6 Hz), 2.79 (2H, dd, J = 13.6,
5.1 Hz), 1.90 (2H, d, J = 11.4, 5.9 Hz)

3-9:'H NMR(400 MHz, CD5CN) [ 7.35-7.31 (4H, m), 7.29-7.25 (2H, m), 7.22-7.17 (6H, m), 7.13
(2H, td, J = 7.6, 1.1 Hz), 6.73 (2H, td, J = 7.5, 1.0 Hz), 6.66 (2H, d, J = 7.8 Hz), 6.02 (2H, br-s), 5.48
(2H, s), 5.08 (2H, s), 4.27-4.24 (2H, m), 3.77-3.72 (2H, m), 3.14 (2H, dd, J = 14.5, 4.9 Hz), 3.04 (2H,
dd, J = 14.4, 6.3 Hz), 2.37 (2H, dd, J = 12.5 Hz, 5.9), 2.29-2.23 (2H, m); *C NMR(100 MHz,
CD4CN) (1 168.8, 166.3, 151.9, 137.5, 130.5, 130.4, 129.6, 128.2, 127.9, 126.2, 119.6, 110.3, 79.1,
59.9, 59.1, 56.8, 36.9, 36.9
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4-4 Biological assay

Analysis of Cell Proliferation:

HCT116 cells were seeded at density of 2,000 cells per well in 96-well plate (Falcon) with 100 mL
of RPMI-1640 medium supplemented with penicillin, streptomycin and 10% FBS. After overnight
culture, cells were treated with an appropriate concentration range of compounds (100 mL) and
cultured for 72 h at 37 “C in 5% CO,. Then 10 mL of WST-8 (Cell Counting Kit-8, Dojindo) was
added to measure viable cells. 1Cs, values were calculated using percent of growth versus DMSO

treated control.
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The *H, *C NMR spectra of synthetic compounds
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Figure S53. A "H-NMR spectrum of 3-23 in CDCl;
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Figure S54. A ®*C-NMR spectrum of 3-23 in CDCl;
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