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BRIRATF Rk, mWEERBIAITE, BFEmtt, ARNELEEE AT D2 ENAEETH Y |
MRAN D 2 X 7 BRI AR 2 BE T 2 TR O T2 DRIFE A F v 7+ —/L K & L THIfT
ShTWD M, Eio, ERGOABOFER TIE, TR K2R BTk 5 IR FSEBI S O 7=
DO —RL LTHHIND T TR, RO FEELORFTOZDDY — FMeEw s, @2
B e, Fx V7 7L LThIGHEN TS,

ZIVETIT, BE L OBRIRSTTF FEEN L7225 RIAERILAD D HE SN TED | EEE
IZEHEML & L TRHIA I TV B RER 726 & LT cyclosporin A (1) 217 545 (Figure 1),
BN D HEES N2 BRIRTF R CTh 5 cyclosporin A 1%, HiaN D ¥ o /X7 & cyclophilin A
EHEERZIZA L, calcineurin Z PHE I 2 MfIH & LTHMbBATWD 5, FRIK TN
e L TEDLNTEY , BENZEEEEESC RG220 7 XA Z 8T ¢ 2nRd 22 &D
5. cyclosporin A % &7 /L & L 72 head-to-tail B DELIRA~T'F R OEEE M BT 278035

2 WA STV 10
OS\’H

fm

Cyclosporin A (1
(immunosuppressive act|V|ty

Figure 1. Structure of Cyclosporin A

KRB HE X3 5 BRI~ 7" F RIZIZ. cyclosporin A @ X 9 72 head-to-tail B D ERR~ T F
R7EF T2l ﬁ"&ﬁ’%%ﬁﬁ‘éfﬁﬁ’\7 F R BRMEDBIRARTF REIX U &7 5K
72BN SR DERTF RAHESN TV D, 2O X 9 e =—7 IR0 5 72 D BR
NTF RICH, 2T E THREFIO 22 WIAN OFER 2 FI2EH U TAERTEEZ R T 6 O D3 H
HEEINTWD T, BRI T BRI DB F NIX, cyclosporin A @ X 9 73 head-to-
tail BDOBRANTF PIZHA~ATHEYEZAREZ R~ O T L BB DR DD 18
daptomycin (2)'° <° romidepsin (3)*° @ X 5 IZEHKN & L CHKIGH SN TV ABRIRSTF K
LA S TWS  (Figure 2),
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o Yo (antimicrobial activity)

Figure 2. Approved Pharmaceuticals of Branched Cyclic Peptide Natural Products

Wk 1) 72 AR ENE 2 R T BRIR AT F RORIZEMFFE D FII B P IZ W T B & 2 5 DI 1k
FHEEDRETH D, T TF NG OEEREITIL, —I72 RIREREL S O EDR
ETHWONDE &SI NMR AT MEITTET TR 70T X ot 2 eSS
B R T 72 E AR DED T EMARETH D, LLERENG, oA ANRRKE N
TF RHAL G OREEREICEB W T, AT e r v~ N7 7 A ETOHRBERREETH
HTZ L7 BT XY SRBLE A HEE T E RV OEED R SILTW DA, [HiE - 7o
WEDRSNTWAEARH S 223, 295 LR TlE, REBEROY T LD A~T F v
fEHT 72 12 L 0 JEHE L 72L& D 2 M IC O W T A RRIFZEIC L 0 15 b b A
EDOHBIZ L VIS 52 ERETH D,

AT IFZER Clx, ERRBHEEOA =V T4 RBRNTF RERRY O —FETH 5
odoamide (4) DALFERMIFEIZE D $A, AT MRS TIZHBI T E R o TR Y 7 F
R85y O SLARBLE % P8 Lz 242 (Figure3), Z DA FARKE OMESLIZ AT T2AFFEIZ BT

A ERAFZE DB FR THFEN AR B RSLSHER NG D= 720 T <L Bz TeNr L= ARk
Tuv AR EEEAT D LX) REITITR S e M Effi & L 7RI LAY 5 O
BIRLZER 5 Z &N TE 72 2%,

: D-MePhe? Llle
N
N JL s pi

-~
L- AIa L-MeAla®
D-allo-Hila'  ogoamide (4) [D-MeAIaB]-Odoamlde (5)
ICs0: 4.2 NM IC50: 1.9 NM

Figure 3. Structures of Odoamide and Its Derivative



FR901459 (9) ASP5286 (10)

Figure 4. Structures of Non-immunosuppressive Cyclosporin A Derivatives for Anti-HCV Agents

ZD XD RERART T REE D 72 D RKIRY) T ORIZEMFZE D] & LT, Bl ® cyclosporin
A DRBEREEZIED LT C TR T A /LA (HCV) (TR 2500 A /b AHI ORI 5E D
FFohns Y, 9725, cyclosporin A 75 HCV ORI A2 HI4 2 & DL 28 28k & LT,
SR IHITETEZ R ST HCV IS T 2510 A )V ATEMED 7% 779 cyclosporin A #5388 (K352
Ft&niz (Figured4), Z OREEEELMIZE TIE. cyclosporin A H1® cyclophilin A & OFH A AE
Mz #ERF4 2 77T, calcineurin & OFHAAEMAN TE RN L D ICERIRANTF FOEIEE
zlbFEM T HZ LT, HHEOBEEICKID L TWD, ZORIFENZE TH LN



alisporivir/DEBIO-025 (6)*°. NIMS811 (7)*°, SCY-635(8)*! i%. W\g' b CHIAFR 7 A L A JkHx
JEVEHIEA~DIGH %Z B L7 BRRBRN EE ST\ 5, £i2, 7 AT 7 AREOMIE 7 L
— 1L BT 7 v —F 2 K Y | Stachybotrys chartarum D YEEHE D b BB S 7172 cyclosporin
A JEELD K IR FRO01459 (9)°2 2 & DG RBIIC L 0 . ENT-AMIEET a7 7 AV ERT
PLHCV IEPEATF K ASP5286 (10) 1 X O OFFE KR Z L L T2 3335,

Z DX DT FHEHI AL TFAEIE D B 7R D BRIRA T T RO OFFERZ (LA R L CREETS
PEARBIMIZE 21T © Z & 1%, BT EIE S ORI 27273 5 B L7210 Tl < | FrE DR
H53F & O AAFHRCBEE M A B 725 i O R E 21X U & - 5 B ry 5 i 4 $2 it
TLZ LN, ARSI 2 BEERNIERETH 2, NIEEHREZILICD &3 28R
LS 2 AT DB TF FOFFERIT, #IFCR 2 WA P T 7o —FI12 K0 §iid
TEDHEELHIN, SERFER LI LD LT 5 70— 7 ORI 2 a VI R
HRMFEA~BRIATE D LW ) M T, ALFERK - BHiZ N7 T e —FRNEHEITH D,

IO Ll EOL &, FEHIT MIENO X X7 EIZER L TEMIEEE RTXT T Mt
KRN O ORIZEFTEO—ER & LT, DB ZHT 5 2 DOERIRTTF RO Z1T
- 7= (Figure 5),

N\)LO/\[rN\)L r ¢ LHN; o H%jH

Coibamide A (11) Vitilevuamide (12)

Figure 5. Branched Cyclic Peptide Natural Products Presented in This Thesis

BT, BTHEED O R D8RI T 7 27 F K coibamide A (11) O 1ETEMEFH BIF

GEZONW Tk 35, FH X, L FERNE S 72 coibamide A Ol & &AL U — Nb
e LT, BEROT 7 u—F TREIEIEEFBE 41T > 72, Coibamide A & [R] UAERYS> F
WZAEH LILBOE /oS 2 A 3 5 KW apratoxin A 35 X ONE OFFEAR O ETE MEAE BAE
B BEIZ L, coibamide A IZH ENDHEKRT X/ BEOEEIE MBI 2 BB L=, £7-.
coibamide A D~ 7 10T 7 h AT D= AT )VEEE AL O & 2 BT D A TE AR
BARFZE 2 Sl L=, 225 OiFtZi@ LT, coibamide A OB FHET I/ BEOMIEHEZ > S &
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WEFRICET 5 & MaEEIMHTETES RMEIZm B35 Z &, coibamide A D A7 )Lk
BT I FEERCRFZBIRZLE/AICER L CHIEESERE IS Z &, BLIOZ 0y
FEED 2 DD A F VI EYIEMICEE 2B 2R L TCWDH Z EEHLMNI LT,

:ﬁf@\:%@%%&f%ﬁvmwmmxan@A%HW:OmTWLﬁé B
I%. vitilevuamide Db FHEE OPE, WS, HEmE Lo 5 1 - B AERERRO
FRBICRI A IRE R 7' 0 — T 3 DA RRIZE T 5 vitilevuamide DfLFE T 1 & R DHENLIZ
[T 72 W5 21T o 72, Vitilevuamide (23 £ D EHOIF RN Z H T 257 I/ e a KIX
T BBICIEES R T2 T VAT TF RERE L, vitilevuamide O EBRPEE # DN 7 HESL
ZHIE Ulomat a2 S Lz, F72. vitilevuamide O RIRE D SARELE & [RIE T 5 72 DI
BLD NNAFNLE FEFXF U A MR =023 00T ERBAENSBEZAET LT I 88
[ZDOWT, EAHA I rTRe R O e R A AT 27 X/ B RO AL E G LT,
INHORFTEE LT, TXTOIERABUT IV BOILFEAER T v AZMHLTHE L HIT
vitilevuamide OERIZIB W THEE 720 “BRIEEHROMBE LT E N T3777:/’\@2{@75:Eu
LETNRTTF ROGRT 0 A &ML LT,
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PF—%  Coibamide A D& IETE MR BIRFSE
F—H AFEOTE R

Coibamide A (1) 1, ¥FHEL T /NI T VT LV HEESNZ SHDO N-AF VT 2V REH
T2 1 BRERRT 7o _XTF R THY | kkx RFEE OISR  LCIER IR ) 7o/l
R BEFEINHITE M 273 1, BRIOFREREE 2 TIET 2V BONMEFIT T _RC LIRS ST
WS, LA SR BRI R L IX NMR 227 Vs —Eeed, £ 724AmiEtE
R & i LT Ty o 1 IR T LTz 2, FEAFZERICB W T H IR 2 O ARk
5}}7"3 IRV AHA TR, Z ol &“C%E't 5372 coibamide A = E'{K[L-Hva®]-coibamide A (3)

. R 1 Oy D 1 FRE ORIBREEFEINEITEE L AvR S 220 72 3, 2015 4, Yao BT,

coibamide A DEA LA EM L, $2"BHEIED 2 & OSARELE 2 E1E L 7oED R ThH
HZ EERBMMZ L (Figure 1) 4,

Tyr(Me) 10 oo

D- MeAIa”
D-Hva?2
(D-a-hydroxy- MeLeu*

|sovaler|c acid) MeThr \[]/\NH M .
eLeu®
N\)J\O/\"/N

Alas
MeSer(Me) | 0

o o
MeSer(Me)® ~ ' Melle’

Coibamide A (1)
revised structure
G|50 =1.5nM

O\ O\
vt T o

Tﬁ“” mﬁNH
ULIW Jﬁw ;HL N wkj; &Lﬁw I

Figure 1. Structures of Coibamide A and Its Stereoisomers. Glso values are the concentrations for
50% growth inhibition of A549 cells (n = 3).

Me,Val'

F72. Yao 5%, coibamide A DFER T I / FRCBRIME Jr OAELETE AR BANFZEIC BT 4
&AL U728 RO K ¥4 1% coibamide A & bl U T4 D 1 LLFICTAEDEMENME T L
b DD, 2 FFTD MeSer(Me) % MeAla (ZEH: L 7= 8K 4 NEWIEMEZHEEF+ 52 & %



BIS M L7z (Figure 2) °, ZAU5 2 T MeSer(Me) % MeAla ([ZE#L L 7-F58 KX, 7
T LT < DKV MeSer(Me) Offir TREZ AL THRTE S Z b, 2D
IREH R A R & RS ROE LT TR THE T D,

N=N

j(\NH \H/\NH
N\)ko/ﬁ(r\l\)kﬁﬁ( N\ N\)LOWNQLi(
MeAla® o Pra3 -
MeAIa6 O
4

G|50 =3.1nM
Figure 2. Previously Reported Coibamide A Derivatives. Glso values are the concentrations for
50% growth inhibition of A549 cells (n = 3).

ZHETIZ, BEED coibamide A DML L~/ TOERBEF N T HOILTWD
Coibamide A 35| X = 3 & N BEEREMALKIC T 2 Mfd # 1% mTOR FEMKFED A — b 7
7/~% NTHHDTHY O A— 77 V—DOFFEIZIT ATGS 35 L TWD Z ENAG

IENTWD T, Fi2, Serrill 51X, coibamide A DSHMAEE I OMEST 2 FHE L, Ml OEEE

7'7}0 JOMBRHEBENEZIRTIEDLZ L 2RE LS, ZOEMIE. coibamide A 23 NTEMENE &
YR T S IME N EGIIIEIER F 2 Ak 2 (VEGFR-2) OFRBBELTLD Y > FTH
% VEGF-A D453b% 587112 m Lz bickabiEEN TV D, 61T, Bt =
—75 %ﬂﬂb\fjﬁﬁ’ﬁ%‘é;ﬁ ZX V.| coibamide A 23/ AR INAIEEE~D & X7

(BT D2 R F%E/\ﬁ: Sec61 @ a 7=y MIMEHLTH /7 EHW
%Bﬂ%?é ERHIBMNEIoT 0,

Sec6la (ZVEH L TH v X7 Bz lET 2 KK & L C apratoxin A (6)'*!!, decatransin
(7). eeyarestatin I (8)'*!4, cotransin (9)'*"7, ipomoeassin F (10)'3, 35 & T mycolactone A/B (11)"
DHIHILTWS (Figure3), ZAVHDORIRYD 5 5 cotransin (X Sec61 HKD Z > /X7 B4y
W% IR R E T D DIk LT, apratoxin A, ipomoeassin F 33 & T coibamide A |3,

EHRFRICHET 2 L MESLTVD, BREWZ LIZ, Znboka®iznihng
Sec6lo (Z/EMT DI H D 5T, NCI-60 227 U —=2 7 /3L (60 HEAD & A3 Affiiaik

(L M B FE I RIVE AT O REZ T D & ALEM T LR R L T T s AV
T2 ENHLMNERST20, ZORRIT, 2 b DORRMNZ LR HET Secola
(AR U720 | Secola USDIERI T FICHIEH LTIV 95 2 Lic kv SHLAEMEEZ
AT AR A R LTS, T 07D, ASEIFFFRAIZ Sec6la Z[HET 2 Z LA ESN



) oH

o] OH OH
Ipomoeassin F (10) Mycolactone A/B (11)

Figure 3. Structures of Sec61a inhibitors

T\ % coibamide A (ZFE~ DIERiZ i 2 LIS L 0 | HIIBEIRMEICE WV Z H L, 5 2 M
~OEMIRZIEB L 7Z2F LW AR O S — X2 A8|H4 2w feEN H 5,

THLEHEOL L, ZEIT. coibamide A DUE SR EWTE M R OMERG 4T & OFE A AE
JAC LB RSB A B 5 M2 T X< | coibamide A DOREETEMEFEBIMFZEIZHL Y FHA TS,
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%5 ffi  Coibamide A 0D KERIRAK & DA 1EE AR BT

FTBMFEEE Tld. coibamide A (1) DILFE AR K DAEEREIZ AT 72 B Y fHAHTN AA)
ELTOHE B USSR L L TE /e, 2095 b, — I {b 7k &
OWEMSFIIZEEPMENE SND~ T a Ty b g2 A L& is MEA BANF 4t o i
BT BRIEEDRERZMFE LI EE~ru T 7 N2 T VX VBUCENR LT3
K 122 DHRREOIERZRTZEARH LTS (Figured) X, ok oHic, ~7a 77

K ERSY TED ORETEIT, B2 A HLTH > T coibamide A DAEMTEIEIZ K& 7B A 5 2
L2 EBAEMERSTN e, 2O LieHEmDb L, FEFIEL XTF K 122 © 2 EHFo
MeSer(Me) % MeAla (ZE# L 72 358K 13a Z5%5TH L. X7 F N 13a & U — RN & L7
B Z AT > 12,

MelLys( Me MeLys(Me)®
l

j]/\NH N\"/\NH
3 I\ MeAla3
MeSer(Me) P MeAIa6 0
MeSer(Me)®

12a 13a
Glgg = 210 nM Glgg = 420 nM

Figure 4. Structures of Coibamide A MeLys(Me) Analogues. Glso values are the concentrations for
50% growth inhibition of A549 cells (n = 3).

ARTF R 13a [ IXTF N 12a IVEHRIIET L7200, V—FNebame LTHaokiE
MR L=, 5l&Hix. coibamide A ® D-MeAla''-MeThr® O 2 7 VAL DR E el 2 1T
9 Z L& BRE LT, MeLys(Me)’ DL L, MIEH T VL8R BT X /7 K R o Efitk
K (VA FVEL) OB D AFEFHEIR 13b-h Z5%Gt - Ak L7z, BT F RO
HREHENEEZ T L7 & 2 A, U S UAIBHIC N- A T VR Z A S0 FFEIK 13e TR
F R 13a L CTHEHOIK FIZ2 0D 1 BETho7-, ZDOZ b, 5FEEEBDOY
DARIEE A F/VEEN coibamide A DERAEIEIZ 5 2 DI/ WD EDNRIBE ST, — ., il
OFERTITIEENE RS LIIKRBICK T Lz, ZO/ERNL, SEEBOT I /I L-
MeLys(Me)3 i CTab 0 . SEARAL 08 7 /1 2 L8 E O 28K L 0 Be & s RiE 2 28 b+
% EMNRBEE T (Table 1),

Coibamide A D LD T F RiES LD N-A F NI L OKERIEE L HERT DT 2 /R
DN ER R T F RO a7 A= a URREWEMNIC S 2 B2/ L2 Y
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Table 1. Structure—Activity Relationships of Analogues with Lys and Orn in Place of the Ester
Linkage of Coibamide A

O\
L/D-MeXaa®
j]/\NH
AT
NG NN -
SORS 7
PR O N~
13 O o
peptide MeXaa® Glso (uUM)*
13a L-MeLys(Me) 0.42+0.03
13b D-MeLys(Me) 83+22
13¢ L-MeOrn(Me) 9.6+3.2
13d D-MeOrn(Me) >10
13e L-MeLys 0.85+0.02
13f D-MeLys >10
13g L-MeOrn >10
13h D-MeOrn >10

¢ Glso values are the concentrations for 50% growth inhibition of A549 cells (n = 3).

LT, XTF R 13a D N-ATFNNT )% N-ATIVIERO /2T X BRICERR L7725
EIK 14af, BEO, KEWREEZBKRT 57 X BONRELE N R 5558 K 15a— 25
AU, ZEWTEE A RN L 7= (Table 2)
BRIV OESNCEEND N-AF T X RO N-AFNIEEFRE LIZFHER 142 KO

14b TlX, X7F N 13a & g U TEMEDME T L7223, IR TFOEGWIE 10 430 1 K T,
OFHEEIR LD NSNS o7, —T70 REREMHK LD N-AFNVEEZRE L -HY
K 1de—f 13, TEMERAHA S L ITRIBIZIK T L7z, REBRIRIEEEZERT 27 I JBEDO N-A T
VI MeLys(Me)® @ N°- A FVHLZ RO CTAEPIEMEICEZE TH Y . ZOHFGIFERINET O
FOA D ESHAEE D N-A FVEE L B L TEW 2 E AR S T,

Flo, RERSEZMHRT 27 I /BD 55, MeLeu’ % D-MeLeu (Z{&E# L 72558 (K 15d
TIH10 0D 1 BEDKTICE EE T, —H T, ZOMOT IV BONAKREELZEE LT

FHER 13b, 15a—c B L OV 15e TiE, EWTEHENR 1500 1 LLFIZE TR F Lz, 20 b O
2B MeLew’ DONARBLE DS BRIEIECAEMIENEIZ G- 2 5B TF I/ NS W & D3R
Sz, RERMEEZMERT 57 X/ BONRELE 22 L7275 13b 38 L0 15a— (3,
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%fﬂ%&f?FBak%@bfﬁéﬁﬁ?bk:&ﬂ@y&f?PBa@?i/@EW%
DMAEDOENRE THD Z EIRB ST,

Table 2. Modification of the Macrocyclic Structure by Substitution with N-Demethylated and D-

Amino Acids
Tyr(Me/)8©/O\

MeLeu*
MeLys(Me)3 N
A)/ MeLeu®
N \)J\o/\n/

MeAla® N Es HN Ala®
o)
MeAla® O . Melle
14,15
peptide modification Glso (uUM)*
N-Demethyl amino acid
13a - 0.42+0.03
14a Ala? 2.2+0.6
14b Leu* 34+0.6
14c Lys(Me) 6.4+1.7
14d Ala® 75+3.2
14e Ile’ >10
14f Leu’ 39+04
13e MeLys’ 0.85+0.02
D-Amino acid
13b D-MeLys(Me)® 8.3 +2.2
15a D-MeAla® >10
15b D-allo-1le’ >10
15¢ D-Ala® >10
15d D-MeLeu’ 26+0.9
15¢ D-Tyr(Me)!? >10

@ Glso values are the concentrations for 50% growth inhibition of A549 cells (n = 3).
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% —fi Coibamide A ® Tyr(Me) HINLOEE Feim iz & 2 mis M EIR O Al il

ATEMFZEE Clx, SeEfMEfL 2 a3 5 71 —7 % H\\ /= coibamide A (1) DFERI
DIRE % il A HAFFRIZE D f A T & 72, 24U E TIZ, coibamide A @ Tyr(Me)!'* #5712 2-amino-
3-[4-(3-trifluoromethyl-3 H-diazirin-3-yl)phenyl]propanoic acid (Tdf) Z3& A L7 7' 0 —7 23§t -
BRL. ZOT =775 Secola & LAREGZIEMT D22 L2MbNIT LI, ZDZ &I,
coibamide A @ Tyr(Me)'* fHI#47% Sec61a DR HAERERAL O EEIALE L. Sec6la (2 K 54y
TR CEE R R AR L TWD 2 E AR LTV D,

—J7. BHEBIE, Secolo [T/EH U CHIFRIEIHINSNE M 2 R BRI T 7o _FF RE LT
HBHAVTUN D apratoxin A (6) OFEIETEMEFERIMIEICIB W T, op-FafT I FRBXOF TV
U VBRI AT LT HER 16 25 L7z (Figure 4) 2!, ~X7'F K 16 | apratoxin A & It
i U AR ENETEN 40 0D 1T UL FICE TR F L7 b DD X7 F R 16 O Tyr(Me) %
B-(4-biphenylyl)alanine (Bph) (ZEH# L 725558 17 13 16 DF) 100 £558 /7 7 MG ESH AN SIS
MZrm LT,

INHOEAES EIZ, FHIX, apratoxin A & [F] R0 TIZVEA 7% coibamide A (235
WTH Tyr(Me) HALOEAGIZ XL 0 Ml FEIMHITEEA W B35 2 & 2 M LT, Mgtk
FHRANIIE 21T o 72,

Tyr(Me) Tyr(Me) Bph !
Jo

| =
11, NY‘\
L )
SN0 © o7 ;

Apratoxin A (6) 16 17
Glsg =2.8nM Glso = 120 nM Glsg=1.1nM

Figure 4. Structure—Activity Relationship of Apratoxin A Derivatives. Glso values are the
concentrations for 50% growth inhibition of HCT116 cells (n = 3).

FT. RUBUVER EONRTLOEBIE AT LT8R 18a—i O L OVEMIEEDFE
fi%z4T>7= (Table3), Phe & A L7-#5E(K 18a DEMIEMEIZ 10 0D 1 EETHY . =k
ik, VT K 7 MR UVEEZENENEA LZF SR 18b, 18d I8 KON 18h (LT TF R
13a LR L CTH D 1 BREICE TIEMEDME T L2 0D, 18i 21X U D LT 5% DFE
K23 13a L [FIFRE OEWIETEAE R LTz, —7F . Bph 8 A L7-FF5K 18 1IZ*7F K 13a ®

14



Table 3. Structure—Activity Relationships of Coibamide A Analogues with Modification at the
Tyr(Me)'® Moiety of Coibamide A

Xaa'?

HZN;
N O o
AR \)Li(l)j o T
UrTvY . 1

07 N7 | HNT
A
18 O

peptide Xaa'®¢ Glso (uM)?
13a Tyr(Me) [Phe(4-OMe)] 0.42+0.03
18a Phe 4.0+0.8
18b Phe(4-NO») 1.1+£0.2
18¢c Phe(4-CF3) 0.37 +0.07
18d Phe(4-CN) 1.5+0.5
18e Phe(4-N3) 0.38 £0.05
18f Phe(4-Cl) 0.71 +0.19
18¢g Phe(4-¢-Bu) 0.61+£0.21
18h Phe(4-O¢-Bu) [Tyr(z-Bu)] 1.0+0.1
18i Phe(4-OCF;) [Tyr(CF3)] 0.32+£0.03
18j Bph [Phe(4-Ph)] 0.060 +£0.016
18k 2-Pal >10
181 3-Pal >10
18m 4-Pal >10
18n MePhe >10
180 Tic >10
18p 1-Nal 4.8+0.5
18¢q 2-Nal 0.28 +£0.03

42-Pal, B-(2-pyridyl)alanine; 3-Pal, B-(3-pyridyl)alanine; 4-Pal, B-(4-pyridyl)alanine; Tic, 1,2,3,4-
tetrahydroisoquinoline-3-carboxylic acid; 1-Nal, B-(1-naphthyl)alanine; 2-Nal, B-(2-naphthyl)-
alanine; Bph, PB-(4-biphenylyl)alanine. ’Glso values are the concentrations for 50% growth
inhibition of A549 cells (n = 3).

7 51F 98 ) e MR I EEE 2o~ L2 [Glso (18f) = 60 nM],
Bph OEANIC I DIEHNM ELIZZ LD, EHITMMOBEFEROEANIZ LV iEEN R T
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%2 LWL T, BEIK 18k—q DARE L OEMIEHEOFME 21T~ 72, BV UUBREAEA
L 727538 K 18k—m TITEMESTER Uiz, N-AFVHEEZE A LT8R 18n °, HHERO 2
VI A= a rEEET DH I ENAEEZR 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (Tic)
ZE A L7ZAER 180 THIEMNIEAE LIZZ &b, Tyr(Me)' Y EAL D N-7 L%k 7x E D
RERWEED 2 7 o A— g B E RITTHEMIE, EPIEVEICARRITH D 2 & 3R
Shiz, BBRIZEWZ &2, B-(1-naphthyl)alanine (1-Nal) %38 A L7ZF5EK 18p TIE2FF K
13a & Lbifg U CAEMTEMEIZ 10 730 1 FREEIZ E TR T L7z —J7 T, B-(2-naphthyl)alanine (2-Nal)
28N L7235 EK 18q TIZAEDTEIEN DT Iz L L7z [Glso (18p) = 4.8 uM; Glso (18q) =
028 uM], TN HDFERMNG | HHEED /T OBEHILDOEE & % OFED EYTE I EEE
ThdIENTRBINT,

bk OREIETEVEF AN IR HAF DT E LA S £ 1T coibamide A (KAL) D AEMTEMED
M b2 S Lo 2175 7o, ARREEINHITEE O ) _E23 147 T & % Bph % coibamide A (2
WA L2758 192, B L, £ D MeAla’/MeAla® B A 19b Z7%5t L7z, ~27°F F 19a B
LN 19b OMFEFEINHTEMEZ TG L7 & 2 A, 19a 1R D 10 {524 B J) 7o ZEWpiE
Zas L7z [Glso(192)=0.11nM], F£7=. MeAla BEH#K 19b &, KM O 5 5L EmWiEME%E

Rk L7= [Glso (19b) = 0.25 nM] (Figure 5),
N\)J\o/\n/N\)J\AS\”/ r

MeSer(Me)3

or MeAla3
MeSer(Me)6

or MeAla®

.02 nM
.09 nM

19a R = OCH; Glsg: 0.11

+0
19b R=H Glsy: 0.25+ 0

Figure 5. Structures of Biphenylylalanine (Bph)-containing Coibamide A Analogues and Their
Cytotoxicities. Glso values are the concentrations for 50% growth inhibition of A549 cells (n = 3).
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FEUET Coibamide A D~/ 1 Z 7 k ‘/ﬁfﬂ{i@%ﬁ:ﬁ‘@*ﬁ BAHTSE

EEH OMIERAGRE R E TIT, PRI TlX, coibamide A(1) D~27 17 7 KU ZK
B LIZHEEROEREZIT> Tz, & u& IBWT, TATIREGE AT L UHE LTIEFE
BIK 12a DHREOIEELZ R L, RF—RFB EES & LIZHEE 12b OIEMEITELRT D
ZEEHLMITLTND 2, 2D OFEIRTIE, KR O MeThr D B- A F/LH: & D-MeAla
D a-AFNVIEITHYT D 2 DDA FNAVEERNTEY | REMIZBITHZNHD X F L
DIEERSEAL & B AR L TWEmTREMESS, 2D D A FOVEE D EWIEM I e a T
FA—varl D LICTFG LTV D AR RSN, 29 LIEERDO S & EHIT
coibamide A @ MeThr @ B-A F /LI L D-MeAla @D a- A F/VIEIZFHE 5 A F VLA E AT
D ET EMIEEON LRI TE DO TRV LB X FEIR 20a 3550 20b &%
- A L7z (Figure 6),

N\)ko/}(N\)ki‘/
o %0

a
o o ; /

o
O S( N O
12a (-CH-CH-): Glsp=210nM  © 20a (-CH-CH-) 0
12b (-CH=CH-): Glso > 3.0 uM 20b (-CH=CH-)

Figure 6. Design of Coibamide A Derivatives with 3,6-Dimethyl Lysines. Glso values are the
concentrations for 50% growth inhibition of A549 cells (n = 3).

HEFLIeRTF REAKT D720, Vo7 a8 508N H -7, Fmoc
EEHOTCEEERIZE O RXTF REGlT o < ZHICHEMATRERREY > o7 r s
E LT, 2laBLO21b 255 L2 (Figure 7). £7. 2O EZEHKT H7OITIE, afiid
7i/%\UVV@%%t@&f%w%\&f%w%®ﬁ3o®ﬁﬁﬁ®iwm%%ﬁ@#
HVENDD, Elo, TAWT 2G5 21b I2OWVWTIL, 2 OORFRBICEHRENT=T V7
VI A trans B T OMERHDH, I HIZ, TNHOU T IR TIE, NTF A

,?\Iloc
Me NH
» Stereochemistries of a-, B-, e-positions
H
N » ' . .
Fmoc” "Me « trans-Configuration of alkene in 21b
CO,H CO,H
21a 21b

Figure 7. Design of Protected 3,6-Dimethyl Lysine Derivatives
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DOERIZEHH MDD 2 >OT IV HEXFITLHOMLERSH DL Z Lnb, a-7 I/ FEORGERL L
LT Fmoc k%, e7 IV EOEERLL LT Alloc KE2FHTHZ & & LT,

250U 7 Fu %, D-Ser KD Gamner 7 /L7 b K 2 ZH3EE & LTAEK LT,
F9°. Gamner 7L 7 B K22 ~0D Wittig s 212 LV 2 mFx=y NEWER LR, G5R
777k R231Z% LT Bvans 7V R—/VJEZE1T 9 2 & T, D-MeAla @ a- A F/VIEITHH
VT HAFNVEEHT L7 Va3 —)/0 24 ZNRERICGTZ, £DH%, B FeXx 5% TBS
R L, REMBEZMAKDEIZLVEREL T, IVRUFE26 2B LT-, BILVAR T 26
DONLRELE X, X BRE ST IC L 0 MR L7z, FeV T, B/L7R U 26 O DPPA ALERIC

VIFOLNDEET ¥ RO Curtius (L GNZ LW A V2T F— b, U v OfIEE
ERITHIG LT v a— L EDORISIZ K VIRGET I v 27 2157, ZOER, fafifkFEHN L
2B YT a S OFEREK 27a X BO TR TT V7 OB ITALEL D Z L2 E 2
T, MIEHPRER: A — H Coz AL TlRi L 7o, 5l & TBS Az itk Lok, Kigka A o
JAL LT HE 29a,b 125 LT, AHEERIE 2 -\ 2 anti-Sn2> 7 L WAL IOS 242 128 0 2
F NI SEASRINAIE A L, 30a 5K N30b 2157, Cbz {A30a 1%, #Efilicic L2541
7 4 DEICE Coz EDOWIRFED, Alloc fRi#ET 5 Z & T{LEW 31 & L7z (Scheme 1),

/\/CHO /\/\/CHO /\/\/\)J\ )J\ TBSO
_a_ _b> _» /\/\/\/COzH
%'NBOC ﬁ'NBoc %'N Boc Me :

Bn %'NBOC Me
24 R=H
o[, 25 R = TBS 26
e, f TBSO OH OoM
(for 27a) . N oo o H
- O/\'/\/\/ R h /\/\/\/N\ i /\/\/\/N\
z : —> 0 : : R — O : . R
(fotre,ng) %'NBOC Me %'NBOC Me ﬁ'NBoc Me
27a R = Cbz 28a R = Cbz 29a R = Cbz
27b R = Alloc 28b R = Alloc 29b R = Alloc
/\/I\'/Ii%\/H /\/Mi/\/H
EEENRGEPR N N L LR N - Alloc
ﬁ'NBoc Me %'NBOC Me
30a R=Cbz 31
30b R = Alloc

Scheme 1. Stereoselective Synthesis of the Lys Frameworks. Reagents and conditions: (a)
Ph3;P=CHCHO, CHxCly, rt, 75%:; (b) (R)-4-benzyl-3-propanoyl-2-oxazolinone, n-Bu,BOTT, DIEA,
CH2Cly, 75%; (c) TBSOTHT, 2,6-lutidine, CH2Cl», 98%; (d) LiOH-H>0, H,O», THF, H>0, 0 °C, 75%;
(e) DPPA, Et3N, toluene, 50 °C; (f) BnOH, toluene, 50 °C, 84% (2 steps); (g) allyl alcohol, toluene,
50 °C, 90% (2 steps); (h) TBAF, THEF, rt, 80% (28a) and 83% (28b); (i) MsCl, pyridine, CHCl3,
0 °C; (j) MeMgBr, CuCN, LiCl, THF, —78 °C, 79% (30a) and 75% (30b) (2 steps); (k) 10% Pd/C,
MeOH, rt; (1) Alloc-Cl, DIEA, THF, 0 °C to rt, 85% (2 steps from 30a).
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wZIWZ, 78 A FOBRZEL Boc EDOFRZE ., Fmoc fRiEXITo72%, Ak L7272 —

IVORBVEISZITH) Z ik BRI Y o7 a7 21a B L 21b 2455 L 7= (Scheme
2),

a,b MAlloc ¢ 2N < Alloc
31— ° - — = -
HN HN. Me
Fmoc Fmoc
32a 21a
OH Me Me H
HO,C I AN
a, b 7 Al c 2N Mloe
30b —— ¢ - — = -
HN. Me HN. Me
Fmoc Fmoc
32b 21b

Scheme 2. Synthesis of Protected Lys Derivatives with Two Methyl Groups. Reagents and
conditions: (a) TFA, CHCls, 0 °C to rt; (b) Fmoc-OSu, DIEA, MeCN, H>O, rt, 71% (32a) and 87%

(32b) (2 steps); (c) AZADOL, NaClO, NaClO2, MeCN, phosphate buffer (pH 7.0), 0 °C, 75% (21a)
and 71% (21b).

VrTFarso B s EAS A FAROSAREIL, BIRLFE AR L5 o
NMR FEHTIZ K 0 ffei L 7= (Scheme 3), £7°, 7 /47 30b & A U E{IC A L 7= %, NaBHa,
TEITTUET 5 Z L TT v a—)L 36a #147-, ZH LIRS, TAHa—LD2ODTT AT
LA ~—36a L 1U36b ., Weinreb 7 X K33 26ER LTz, T72b5, 7 I N33 & MeLi
TS 5 2 L TAF IV b BTt Wittig BOSIZ L W TV 2(2)-35 24572, il T
b RaRUSRME—RILSOSIC LD T A A TR LT W T L~ b T T 4 —IC

%'N\BOCOMe BOC — ﬁ' ‘Boc - ﬁ' BOC ﬁl Boc

33 34 (+)-35 (+)-36a (+)-36b

N e | N i
ﬁl Boc %’ ‘Boc : )( \ﬂ/ X \”/
(£)- 37a (#)- 37b
Scheme 3. Synthesis of an Authentic Samples for the Determination of the Stereochemistry of
Compound 30b. Reagents and conditions: (a) O3, MeOH, —78 °C; (b) NaBH4, —78 °C to rt, 43%;
(¢) MeLi, THF-Et,0, —78 °C; (d) PhsP-CH3'Br, +-BuOK, rt, 56% (2 steps); (¢) BH3-SMe,, THF,

0 °C; (f) H20., 1t, 12% ((#)-36a) and 45% ((x)-36b); (g) NaH, THF, 0 °C, then reflux, 67% ((¥)-
37a) and 71% ((£)-37b).
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LTV T AT VA~ —% T HZ LT, Tha—/(+)-36ab 2f7-, ZOTaEARITLY
B HIT2(2)-36a D NMR A7 hLid, 772 30b OA Y VABIZ LSS T v=
—/L 36a & —K L7,

FlEfEE, 73— 1(£)-36a,b & Z N EIEEMESMF COBRILKINITMA T Z & T, 1,3-F4
X UF L 2-F 2 (£)-3Tab ITEWLT-, {LEW(H)-3Tab O 8a MOKFZFIZEET 5 'H-
NMR FEHTIZEBV T, (£)-37a TIL 8- A F /L & DT, (£)-37b Tl 8 MLDKFZFE T & DFH

2321 NOE fHEAN GRS b7z (Figure 8), T b D Z Enh ., A{LEW(£)-37a D 8a if
DKRFBIRF & 8-AF NI ABBETH Y, Uo7 F o FEIHEEK 30b (TEA SN AF
VILIFPFTE DS ARBLE CEA SN TWND Z EDNRBE I T,

HsC HsC
2.3%/4.0% (:H > H 1.2% /0.6% (: ;

0.5%/0.8%

XY X

(S.R) 37a (R.R)- 37b

6.0%/4.2%

Figure 8. NOE Correlations for the Determination of the Stereochemistries in Lys Derivatives.

G L=V T a7 &2 A LTz coibamide A i EARD AR AT T2, DI FEEK
DOIFEMEZFTMLIZE Z A, BB IR e M A FIVEEEZZA LT VX /LaFEik 20a O
HREANHTENE L, EEEHLA 13a LV & KRIEIZM = L7z [Glso(20a)=41nM] (Table4), E7z,
T AT VAEE R  IRF—IRF _HAES & LdFEK 200 OMaEFEIHIIE L, HEES
DORTF R 20a L0 X SITHITEMEEZ R L, EOIEEIT= AT UK 4 L IFIEFRZED
%7 L7 [Glso(20b)=2.6nM], ZTHNHDFERI Y = 2T )VELD 2 DDA F NI L sp?
R SE DIFAENEPTEEIC T H L TS ATREMEDS R S iz, A TFVEEZE AT H Z & T
HBUCEBER AL T4 A= aryZR0DRT <725 L &b, sp? IREBDHFIEIC L 0 &N
g LWBICEE(L S N 2 E BN EYTEEOR EO—RTHDH B2 b,
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Table 4. Structure—Activity Relationships of Analogues with a Modified Lysine.

Y 9 |
n L AN N
N0 <N
GRS E
o
Peptide R X Y Glso
(nM)“
4 Me OMe -CO-O- 3.1+£0.8
[Tyr(Me)]
13a H OMe -CH2CH»- 420 + 30
[Tyr(Me)]
18j H Ph -CH2CHz- 60+ 16
(Bph)
20a Me OMe -CH2CHz- 41+4
[Tyr(Me)]
20b Me OMe -(E)-CH=CH- 26+04
[Tyr(Me)]

¢ Glso values are the concentrations for 50% growth inhibition of A549 cells (n = 3).

SEDRRFHI I T, coibamide A DT AT NVAER AT 5 sp? RFBDIFED L IFZ~TF
RFBE—IRFEZEHMODIEE T T A= a VIZARITH D Z
EWRBENTZ &b I EHE, ZOMNAET I NG & LI BIROTEMEZ A L7z,
HIEREOT I NiEE 38 1LE T OIERTELITHES

R 20b (ZHT7ZITHA ST R

FRIFRTHORES N

RIZBWTHAEWIEMERHERF SN D Z L2815 L= (Figure 9) 26,

Figure 9. Design of Coibamide A Derivatives with an Amide Linkage at the D-MeAla!'-MeThr’

Position.

B 1 |
N L% N
;Yr H;Yr
A 38
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TRATNAAEEINDT I RFEG~OERONR 2T T 272012, _7F R 4 O MeThr %
N-RAF-23-7 3/ Bl (MeDab) (ZE#E L7355 (K 38a k5 L. 2415 OMIfuIEsH
PHEMEZ TR L=, Z DX F F38ald, TATAREESNLMRDXTF K4 LIRIFR%D
EMEZ R LTz [Glso (38a) = 3.6 nM], Z DR % E £1Z, coibamide A @ D-MeAla''-MeThr’
DITATNAEEZT I RREGITER L2355 38b &, S 512 Tyr(Me)'* % Bph IZEH# L 7=
PR 38¢ A RREF L7z, X7 F K 38b B LU 38c DAEWIEHMELZ Tl L= & Z A, 38b 1T KK
W L RI%DEM %77 L [Glso (38b) = 1.3 nM]. Bph [E#K 38¢ [T KM 38b L 0 50777
AEWTEMEZ R L7z [Glso (38¢)=0.27nM] (Table5), L5 DFERND ., coibamide A DT A
TIREGNE T X REA~OEBNAEETH D Z EIRIB X L7z, — ., MeThr @ B- X F )L
HITHE T DA TFNVIEE WD N-ATFIN-23-UT7 2 ) a4 R (MeDap) (ZE# L

Table 5. Structure—Activity Relationships of Analogues with an Amide Linkage.

o

h|l ;

\ﬂ/\NHY

~_— R3 (0] =
BSOS B A-
N ‘__N Ny - O<_N
e - (o) - N /RZ ~N
R 0~ °N | HN™ "
RL.-K’(N,,_ o

0

Peptide R! R? R} R* Glso (nM)*

Coibamide A (1) 1.5+0.4

4 3.1+0.8

38a H Me H OMe 3.6x1.4
[MeAla] [Tyr(Me)]

38b OMe Me H OMe 1.3+0.3
[MeSer(Me)] [Tyr(Me)]

38¢ OMe Me H Ph 0.27£0.10
[MeSer(Me)] (Bph)

39a H H H OMe 48 £ 10
[MeAla] [Tyr(Me)]

39b H H Me OMe 6500
[MeAla] [Tyr(Me)]

4 Glsp values are the concentrations for 50% growth inhibition of A549 cells (n = 3).
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TeFFER 39a,b TiX, Wb AEFEIMHTEMEME T Lic, T70bb, B-7 I/ KITAF
NWIERZ R 72720 NH 7 2 FIK 39a 13, X7F R 4 O 16 00D 1 OEYIEMETH -7
[Glso (392) = 48 nM], F£7=, X7 F K 39a D B-7 X J FEIT N- A FVEEAERG %+ L 7= NMe
7 X N{K39b Tik, KIERAEMIEEDIK TR 57z [Glso (39b) = 6500 nM ],
INHDOZ LMD, coibamide A D~ 7 1 Z 7 RN AR T D = AT EES DS NH
7 2 RFEB~DZEHTIE coibamide A L [FBED I T 4 A— 3 U EMEFFT 5 Z LN A[EET
Y HTICEASIINIZT X R NHIIKBER AR GRS U CTAEMIEHEICERE LY RIT S 720
TEMNRBENT, £, T2 FHEEEICBW T, coibamide A D MeThr® @ B- A F/LH(C
FIY4 2 A F VN EYTFRICEE TH D Z ERBR I NT,

23



FRHT  Coibamide A 7% AR D A W15 M FEAT
PUE F T OREETEVEFABIMFIE Tl AS49 AR %7 D MR AR ENHINEPE 2 F8HE & L T,
coibamide A F5E(RDFEAM 2 16D T & 7=, ARBFIE T 5 4172 coibamide A #FHERD 5 5 A549
S5 2 30 ) e AEMIEME 2 7R L1277 F RIC oW T, B O MR 2 Mia et

WFONT, & 237 By WABR M 2 5 L 7=
F9. AS49 L (b AR B R B RIAE) (S0 T UST fMlia (b hARRRIB S E A )
& HCT116 Ml (v NEERGEMA) (o372 MladrE 2 550 L7z (Table6), Coibamide A (1)
I%. HCT116 FMAIZXt LT A549 MIfRIT 39~ 216 & RIFREE O EMIEMEZ2 7~ L7225, UST
FElZiZ 30 43D 1 FEEEE TIEMEMME T L7z, —# D coibamide A #HERD 5 % Bph ZE A L
Te_XT7F R 19a 3T X TOMBIERIS K U CThe b iR ) 22 AEWTEYE S 7R L7z, Coibamide A @ D-

MeAla''-MeThr® #353D 2 DOIEE A FOVFITAIY 35 A FNVHEE 2720 _7"F K 13a,

18j. B LN 39a iE, T X TOMIAEE
HERLTEY, 2RHDAF IO

)70 Bl i 73 M EE R |

XL TCAFNIEEZHT HMOTF R L5500
CEHERKEIERZLTWAS

Table 6. Cytotoxicities of Coibamide A Derivatives against U87, HCT116, and A549 Cells

R \H/\NHY
Y 1 g S
N\)ko/ﬁ(N\é)L ) ojr -
° N7 HNT
NN
o}
Peptide R R X Y us7 HCTI116 A549
CCso (nM)“ CCso (nM)“ Glso (nM)b
1 OMe Me OMe -CO-O- 50+£6 2.7£0.5 1.5+04
4 H Me OMe -CO-O- 26+0.1 39+0.5 3.1+0.8
13a H H OMe -CH:CH»- 830+ 110 2,300+100 420+ 30
18j H H Ph -CH>CH>- 55+2 130+ 30 60+ 16
19a OMe Me Ph -CO-O- 1.4+0.1 1.6 £0.1 0.11+£0.22
20a H Me OMe -CH:CH:- 57+2 130 £30 414
20b H Me OMe -(E)-CH=CH- 6.2+0.1 11+1 26+04
38a H Me OMe -CO-NH- 39+0.5 45+0.5 3.6x1.4
38b OMe Me OMe -CO-NH- 22+04 34+£0.6 1.3+0.25
38¢ OMe Me Ph -CO-NH- 0.6+0.2 0.80+0.23 0.27+0.10
39a H H OMe -CO-NH- 48+3 60+4 48 £ 10

@ CCso values are the concentrations for 50% viability after 72-hr incubation of cells (n = 3).? Glso

values are the concentrations for 50% growth inhibition of A549 cells (n = 3).
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Coibamide A FHEIRIZ L B & X7 B nsiETE % . Gaussia V7 =7 —+F (GLuc)
AN T D LR —Z — L AGA AT UST HMifakk & FV TR L7 (Table 7).,
Coibamide A & Z D MeAla’/MeAla® EHLE 4 1T TG 58R T 70 &2 L X 7 B3 WmsNEME 2 7R
L. F72. Bph!® EHA 18] 35 L O 19a 13 & O ITIRIRE CRYFN 722 & o /X7 B 3 Wil TE T
s LTm, —J7. D-MeAla'-MeThr’ #i7 % U o VU FFERICERR L7- 132 B L 0 20a,b 0, 7
X REHRD 5 H MeThr O B-A FIOVIEITHH Y T 5 A FVHE R FHEIK 39a Tl o7
By nNEE S BES LTe, BBRIRNZ &1, = AT VRS &7 I MRS &R L 72 38a—c
TWT NS Z X7 B wGlEEE R L, FFICKRY &R L MeSer(Me)*/
MeSer(Me)® 249 % 38b 33 .U 38¢ Tld. coibamide A £ ¥V 10 {5 LA E5& )y 72 B ETE M 2~ L
776

Table 7. Protein Secretion Inhibition of Coibamide A Derivatives

P

RGN~ NH
Y 09 | TOC)\Y
/N\E)J\O/'\H/N\i/[LN N2 Oj/N\
N O g e N | HNT
RN N,

Peptide  R! R? X Y ICso (nM)“
1 OMe Me OMe -CO-0O- 1.1+0.3
4 H Me OMe -CO-O- 2.0+0.3
13a H H OMe -CH2CH:- 19+4
18j H H Ph -CH2CH:- 0.86+0.11
19a OMe Me Ph -CO-O- 0.79+0.14
20a H Me OMe -CH>CH:- 18+ 1
20b H Me OMe -(E)-CH=CH- 13+2
38a H Me OMe -CO-NH- 0.71 £ 0.09
38b OMe Me OMe -CO-NH- 0.04 +0.02
38¢ OMe Me Ph -CO-NH- 0.08 £ 0.03
39a H H OMe -CO-NH- 30+£3.9

@ 1Cso values are the concentrations for 50% of secretory function in U87-GLuc cells after 18-hr
incubation in the presence of the compound (n = 3). During the protein secretion assay (18-hr
incubation for U87-Gluc cells), no effect on cell viability was observed (at 300 nM for peptide 1
and 3.0 uM for other peptides).
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PLEDOHEIZ XY | coibamide A #5380 3 FlkE O BRI AIEIE ~ O IR FE M O 5 A
B A & | & 3T B BT M OREIETE PERR B OB NI ITE VAR B D Z L AVHI LT,
F_T D coibamide A 75 EARDNFFE D Z 3T B3 WHERE D 2% [ CAERERNTIRE 95 2
ETHIRI~DIE Z R T OTHIUL, 2O X5 BRERITFEOONR2WET TH DL, 2D,
TOXIORERNELD L LR 2 ODFREMICHONWTEZE LT,

1 DHODOAEEME L LT, coibamide A 3 X TNZE DFFERD Sec6la LA DIER 53112 HEH
U CHUf GG 2 R 7 —ARE 265, D7 —ATIX, coibamide A @ D-
MeAla'-MeThr’ IZHHY T D EA0IZT 2 A 2 A3 555K 38b 35 L 1N 38¢ 1d Secbla £ 7
X7 DD Z o7 B WS RE & i+ 2 2 R 7 BT D I EEME &2 LTl 7 i
R EME 2R LIz DTk L. 7 VR V882 69 % 20a 35 KOV 20b O EEFENHITEMEIL Sec61a
PISNORERNAEH T2 Z 2L DD ThHATEIRTHZ ENTE D, RIMIZH OGNS
D-MeAla'-MeThr® O AT VEEGIE Sec6la (Zx4 BHERMEICAZITHD Z LITNA T,
ZDOMOIER 3 FIZKH L TCHHIREOIEHEZA L W B2 b5, £2, Tyr(Me)'* ®
Bph ~D@E L, = AT /LK 19a B LT I NK 38¢ TIXZ DM DR 53 F1Z %8 T D IEMED
i ECwE L. 7 %K 18] Tldk Secola DILFEEED M LIZHE LIz &&Z 2 b5,

2O B OAFEME & LT Secbla BT L7T= & o 237 A IR TE M 0 HUB e BLME 73 coibamide
AFERAEFREES LV B r—ARNEZOND, 2O —ATIE, #lx1X. coibamide
A L XTF K 38b &bl d 5 & coibamide A @D D-MeAlal'-MeThr’ I[ZFHY T AE(I DT I R
FEAS~OEBIL, Glue (¥ /X7 BWEEORIEE L THW LR —Z—X X 78) O
YW B BETENENSE L < 1A B Le— 05 C, MR R 2 &7 L R Oy E
1ETPEIX coibamide A ERIZETH O TZAREMENH D EMINTHZ LN TE 5, 2, TFL
DR DFHEIR 13a & 20a T H L ~TFF K 13a ~D MeThr @ -2 F /L& D-
MeAla @ o- A FAIEIHHE T 5 2 DDA F VIO AL, Gluc DB EIEEIC T2 %
B2 2o 72DV U, MBI B 5 & v X 7 B O W EE T R 2 R Lz &
ZDHTENTED,
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FH X, coibamide A (1) @ D-MeAla''-MeThr® #/i. 2 MeLys(Me) (ZE#i L7-i5E K% U —
NG & U 7o EiE AR BT IR 72 © NS miE RS SR ORI M 7o Mt 21T o 7o, KER
WHEEOBRORE S, 7 X VBEONAREE., N-A FIVEOFEEDENIZ L5 21TV,
coibamide A HIRD REDIREHE AT 2 FHEE P EVTEEICHKE TH D Z L 2P 5T
L7z, Fxiii7e RESIAEE 225 72 5 coibamide A #53E R D Tyr(Me)'® FL OIS Fcii{b % 3 A
Tc& A, Bph IZAEWT 2 Z &1 K0 MIIEFEISNEED M B35 2 L2 LN LT,
Coibamide A DT AT )Lk G & RFE—IKFE ZHHEGLT I NREAICERL LU Cl i g pnslE
PEDHERF ST 2 &0 6 | ZOBUR TIXAEWFHIEMA L LTHEITH D Z LRSI LT,
—Ji. B R B W IHNEMEOBLR TIL, T AT VR RITIRFE—RB ZEHEEGT I il
B LITRRDIEEZ R LT LS AW ERNC MR ERE L RS RN LRGN E e o7,
%72, Coibamide A 36 & OZ DFERD &7 23 7 E 53 UABLETENE & Ml TS P O A i
TEMFEEZ R L2 2 A, —HOFERIZOWTITHERRD b WNWL DR H-1-, =
DFERIL. coibamide A 75 Sec6lo LIS DIERY 73112 S AFEH U CRIFEFEINHTEMEZ 7 LT
B —A L Secola T DGR 722 R EHWHEEZ R L TWD T —ANREZD
%, Coibamide A IZHMll 72 &R/ A M 2 5 Z & TIEH ML ~DFEIEZ B L oo, JEEHML
M VA NVADELAZ D D & 87 BT UIHIETED 21 %2 753 Seco1 FLFE A ORI D
AREMEZ R LT D,
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Experimental section

Synthetic General Method

'H and *C NMR spectra were recorded using a JEOL ECA-500 or JEOL ECZ600R spectrometer.
Chemical shifts are reported in & (ppm), relative to MesSi (in CDCl3) as an internal standard for 'H,
and referenced to the residual solvent signal for '*C. Exact mass (HRMS) data were recorded on a
JEOL SX-102A (FAB) or Shimadzu LC-ESI-IT-TOF-MS (ESI-TOF) equipment. Optical rotations
were measured using a JASCO P-1020 polarimeter. For flash chromatography, Wakogel C-300E
(Wako) was employed. For analytical HPLC, a Cosmosil SC18-ARII column (4.6 x 250 mm, Nacalai
Tesque, Inc.) was employed with a linear gradient of CH3CN (with 0.05% (v/v) TFA) or (with 0.1%
(v/v) TFA) in H2O, and eluting products were detected by UV at 220 nm. Preparative HPLC was
performed using a Cosmosil 5C18-ARII preparative column (20 x 250 mm, Nacalai Tesque, Inc.). The
compound purity for the bioassays was determined to be >90% by HPLC analysis.

Fmoc-MeSer(Me)-OH. Fmoc-MeSer(Me)-OH was synthesized by the identical procedure reported
previously.?’”?® To a suspension of Fmoc-Ser(Me)-OH (5.74 g, 16.8 mmol) in toluene (300 mL),
paraformaldehyde (3.33 g, 111 mmol) and TsOH-H>O (320 mg, 1.68 mmol) were added, and the
mixture was refluxed for 2 h. The solution was washed with aqueous NaHCO3 and brine, and dried
over MgSOs. After concentration, the crystalline product was dissolved in CHCI3/TFA (1:1, 170 mL),
and Et3SiH (8.04 mL, 50.4 mmol) was added. The solution was stirred at room temperature for 22 h
followed by concentration to give an oily residue. Purification by flash chromatography on silica gel
(CHCI3:MeOH = 1:0 to 20:1) provided Fmoc-MeSer(Me)-OH as a colorless oil (5.87 g, 98% for 2

steps). The spectral data were in good agreement with those previously reported.?®

Alloc-Bph-OH. To a suspension of H-Bph-OH (419 mg, 1.74 mmol) in THF (0.91 mL) and H2O (1.93
mL), allyl chloroformate (185 pL, 1.74 mmol) and 2.0 M aqueous NaOH (1.74 mL) were added at
room temperature. After being stirred for 3.5 h, the reaction mixture was concentrated. The residue
was acidified with 2.0 M HCI, and extracted with EtOAc. The extract was washed with brine, and
dried over MgSQOs4. After concentration, the residue was recrystallized from n-hexane-EtOAc to
provide Alloc-Bph-OH as a white solid (489 mg, 86%): [0]**p +76.2 (c 0.52, CHCI3); '"H NMR (500
MHz, CDCl;) 6: 3.12-3.28 (m, 2H), 4.57 (d, J = 5.5 Hz, 2H), 4.69-4.76 (m, 1H), 5.14-5.24 (m, 2H),
5.28 (d,J=17.0 Hz, 1H) 5.87-5.93 (m, 1H), 7.25 (d, /= 7.5 Hz, 2H), 7.33 (t, J= 7.5 Hz, 1H), 7.42 (t,
J=17.5Hz, 2H), 7.48-7.62 (m, 4H); 3C{*H} NMR (125 MHz, CDCls) &: 37.3, 54.5, 66.0, 118.0, 127.0,
127.3, 127.4, 128.8, 129.7, 132.4, 134.5, 140.1, 140.6, 155.8, 176.1; HRMS (ESI-TOF) calcd for
C1oH20NO4 [M+H]": 326.1387; found: 326.1388.

Preparation of N-Terminal Me2Val'-D-Hva? Moiety.

Cbz-Val-D-Hva-OBn (S1). To a solution of D-valine (27.9 g, 238 mmol) in 0.5 M H>SO4 (950 mL),
a solution of NaNO; (98.2 g, 1.43 mol) in H>O (325 mL) was added dropwise at 0 °C. The mixture
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Scheme S1. Synthesis of N-Terminal Me,Val'-D-Hva? Moiety (S2). Reagents and conditions: (a)
NaNOy, H>SO4, H>0; (b) BnBr, EtsN, DMF, (c¢) Cbz-Val-OH, EDCI-HCI1, DMAP, CH2Cl», 44% (3
steps); (d) Hz, Pd/C, Ho, HCHO, i-PrOH-H-0, 68%.

was stirred for 10 h at room temperature. The whole was extracted with EtoO and the extract was
washed with brine, and dried over MgSQOas. The filtrate was concentrated under reduced pressure to
give crude H-D-Hva-OH (25.4 g), which was used for the next step without further purification. To a
stirred solution of crude H-D-Hva-OH (20.7 g, ca. 175 mmol) and Et3N (48.8 mL, 350 mmol) in dry
DMEF (100 mL), BnBr (19.8 mL, 166 mmol) was added dropwise at 0 °C. The mixture was stirred for
18 h at room temperature. The resulting mixture was diluted with EtOAc and the whole was washed
with citric acid aq., NaHCOs aq., and brine, and dried over MgSOs. The filtrate was concentrated under
reduced pressure to give crude H-D-Hva-OBn (18.9 g), which was used for the next step without
further purification. To a mixture of H-D-Hva-OBn (18.9 g, ca. 90.6 mmol), Cbz-Val-OH (27.3 g, 109
mmol) and DMAP (1.11 g, 9.06 mmol) in dry CH2>Cl, (180 mL), EDCI-HCI (34.6 g, 181 mmol) was
added at 0 °C. The mixture was stirred for 24 h at room temperature. After concentration, the residue
was diluted with EtOAc. The whole was washed with citric acid aq., NaHCO3 aq., and brine, and dried
over MgSOys. Purification by flash column chromatography on silica gel (n-hexane:EtOAc = 5:1)
provided compound S1 as a colorless oil (38.0 g, 44% for 3 steps): [a]**p +15.3 (¢ 0.79, CHCl5); 'H
NMR (500 MHz, CDCI3) 9: 0.89-1.00 (m, 12H), 2.19-2.43 (m, 2H), 4.44 (dd, J = 9.5, 4.0 Hz, 1H),
4.90 (d, J = 4.0 Hz, 1H), 5.11-5.21 (m, 4H), 5.27 (d, J = 9.5 Hz, 1H), 7.24-7.40 (m, 10H); C{*H}
NMR (125 MHz, CDCls) 6: 17.0, 17.2, 18.7, 19.0, 30.0, 31.1, 59.1, 66.9, 67.0, 77.4, 128.10, 128.13,
128.3, 128.4, 128.46, 128.49, 135.1, 136.1, 156.1, 169.0, 171.4; HRMS (ESI-TOF) calcd for
C2sH31NNaOg [M+Na]": 464.2044; found: 464.2044.

Me:Val-D-Hva-OH-HCI (S2). To a solution of Cbz-Val-D-Hva-OBn S1 (304 mg, 0.688 mmol) in i-
PrOH (2.4 mL) were added 10% Pd/C (42.4 mg) and formaldehyde (37%, 513 pL, 6.88 mmol). The
mixture was stirred under H> at room temperature for 24 h. The resulting mixture was filtered using a
membrane filter (Advantec TO50A025A, 0.50 um) and concentrated under reduced pressure. The
residue was purified by a CombiFlash® Rf 150 apparatus using a C18 reversed phase column to provide
TFA salt. To replace TFA counterions with chloride ions, the product was lyophilized in the presence
of HCI, which gave compound S2 as a white solid (133 mg, 68%): [0]*’p +8.59 (¢ 0.55, CHCl5); 'H
NMR (500 MHz, CDCl;) 6: 1.00 (d, J= 7.0 Hz, 3H), 1.02-1.09 (m, 6H), 1.31 (d, /= 6.5 Hz, 3H), 2.34-
2.44 (m, 2H), 3.00 (s, 6H), 3.88 (d, J = 7.0 Hz, 1H), 5.02 (d, J = 3.5 Hz, 1H); C{*H} NMR (125
MHz, CDCl;) 6: 16.7, 17.8, 18.9, 20.0, 27.5, 29.2, 41.6, 71.9, 78.8, 167.0, 169.8; HRMS (ESI-TOF)
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caled for C12H24NO4 [M+H]": 246.1700; found: 246.1699.

General Procedure for Solid-Phase Peptide Synthesis.

Loading of an amino acid on the solid support. A solution of Fmoc amino acid (0.198 mmol) and DIEA
(138 pL, 0.792 mmol) in dry CH2Cl; (2.0 mL), was reacted with (2-CI)Trt chloride resin (204 mg,
0.326 mmol). The reaction was continued for 2 h at room temperature.

Deprotection of Fmoc group. The Fmoc-protected peptidyl resin was treated with 20%
piperidine/DMF for 20 min.

Coupling reaction using HATU/DIEA. DIEA (104 uL, 0.600 mmol) was added to a solution of Fmoc
amino acid (0.30 mmol) and HATU (110 mg, 0.290 mmol) in DMF. The whole was poured into the
peptidyl resin (0.10 mmol), and the reaction was continued for 1.5 h at 40 °C. For the coupling of N-
terminal ester moiety (S2), an excess amount of DIEA (157 pL, 0.900 mmol) was used.

Coupling reaction using DIC/HOBt. DIC (46 pL, 0.30 mmol) was added to a solution of Fmoc amino
acid (0.30 mmol) and HOBt-H>O (46 mg, 0.30 mmol) in DMF. The whole was poured into the peptidyl
resin (0.100 mmol), and the reaction was continued for 1.5 h at 40 °C.

N-Methylation on solid support.®® 2,4,6-Collidine (132 uL, 1.00 mmol) was added to a solution of
NsCl (111 mg, 0.500 mmol) in NMP. The whole was poured into the peptidyl resin (0.100 mmol), and
the reaction was continued for 15 min at room temperature. After removal of the reagent solution, a
solution of MeOH (20 pL, 0.50 mmol) and Ph3P (131 mg, 0.500 mmol) in dry THF was added into the
peptidyl resin. DEAD (228 pL, 0.500 mmol) was added dropwise, and the reaction was continued for
30 min at room temperature. This reaction was repeated twice. To a suspension of the peptidyl resin in
NMP, DBU (75 pL, 0.50 mmol) and 2-mercaptoethanol (70 pL, 1.0 mmol) were added, and the
reaction was continued for 5 min. This deprotection process was repeated twice.

Deprotection of Alloc group. To the peptidyl resin (0.100 mmol) were added PhSiH3 (247 pL, 2.00
mmol) and Pd(PPh3)s (23 mg, 0.020 mmol) in dry CH>Cl», and the reaction was continued for 10 min.
Cleavage from the resin. The peptidyl resin was treated with 1,1,1,3,3,3-hexafluoropropan-2-ol
(HFIP)/CH2Cl; (3:7) for 2 h at room temperature. After filtration of the residual resin, the filtrate was
concentrated under reduced pressure to give a crude peptide, which was used for the next step without

further purification.

Synthesis of [MeAla®, MeLys(Me)°, MeAla‘]-Coibamide A

[MeAla’, MeLys(Me)>, MeAla®]-Coibamide A (13a). The linear peptide was constructed by solid-
phase peptide synthesis on peptidyl resin S3 (0.490 mmol/g, 204 mg, 0.100 mmol). After the cleavage
from the resin S7 as described above, EDCI-HCI (192 mg, 1.00 mmol) was added to a solution of
linear peptide, HOAt (136 mg, 1.00 mmol), and DIEA (697 uL, 4.00 mmol) in dry DMF (100 mL) at
0 °C. The reaction mixture was allowed to warm up to room temperature and the stirring was continued
for 18 h. The reaction mixture was concentrated and the residue was purified by RP-HPLC to give
compound 13a (5.9 mg, 4.4% from resin) as a white powder: '"H NMR (500 MHz, CDCls, mixture of
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Scheme S2. Synthesis of [MeAla®, MeLys(Me)’, MeAla®]-Coibamide A (13a). Reagents and
conditions: (a) Fmoc-Ala-OH-H,O, HATU, DIEA, DMF, 40 °C; (b) 20% piperidine/DMF, rt; (c)
Fmoc-Melle-OH, HOBt-H>O, DIC, DMF, 40 °C; (d) Fmoc-MeAla-OH, HATU, DIEA, DMF,
40 °C; (e) Fmoc-Lys(Alloc)-OH, HATU, DIEA, DMF, 40 °C; (f) NsCl, 2,4,6-collidine, NMP, rt;
(g) PhsP, DEAD, MeOH, THEF, rt; (h) 2-mercaptoethanol, DBU, NMP, rt; (i) Fmoc-MeLeu-OH,
HATU, DIEA, DMF, 40 °C; (j) Me;Val-D-Hva-OH, HATU, DIEA, NMP, 40 °C; (k) Pd(PPhs)s,
PhSiH3, CHaCl, t; (1) Fmoc-Tyr(Me)-OH, HATU, DIEA, NMP, 40 °C; (m) 30% HFIP/CH,CL, rt;
(n) EDCI-HCI, HOAt, DIEA, DMF, 0 °C to rt.

rotamers) : 0.69-1.04 (m, 27H), 1.08-1.15 (m, 4H), 1.15-1.22 (m, 4H), 1.22-1.29 (m, 4H), 1.29-1.37
(m, 4H), 1.37-1.76 (m, 9H), 1.76-1.97 (m, 2H), 2.00-2.29 (m, 3H), 2.42-2.53 (m, 1H), 2.57-2.74 (m,
3H), 2.74-3.15 (m, 27H), 3.78 (s, 2H), 3.79 (s, 1H), 3.83-3.90 (m, 1H), 4.23 (d, J= 11.0 Hz, 1H), 4.29-
4.41 (m, 0.5H), 4.85-5.17 (m, 3.5H), 5.35-5.57 (m, 4H), 6.47 (d, J = 8.5 Hz, 0.5H), 6.74-6.87 (m,
2.5H), 6.99 (d, J=8.5 Hz, 0.5H), 7.07 (d, J = 8.5 Hz, 1H), 7.08-7.18 (m, 0.5H), 8.02 (br s, 0.5H), 8.28
(d,J=10.0 Hz, 0.5H); BC{*H} NMR (125 MHz, CDCls, mixture of rotamers) §: 9.9, 11.3, 14.1, 14.37,
14.44,15.3, 15.5, 15.6, 16.3, 16.4, 18.0, 18.3, 18.69, 18.74, 18.8, 19.0, 20.0, 20.8, 21.2, 21.3, 21.57,
21.62,22.2,22.6,23.0,23.2,24.4,24.65, 24.74, 249, 25.3, 26.1, 26.4, 27.78, 27.81, 28.6, 28.7, 28.8,
28.9,29.0,29.3,29.55, 29.60, 29.7, 29.9, 30.1, 32.2, 32.5, 33.0, 33.4, 35.2,37.3,37.4,37.5,37.7,38.9,
39.4,42.1,43.9,46.3, 48.3, 48.6, 49.7, 49.8, 50.2, 50.5, 50.8, 51.1, 51.3, 52.3, 52.9, 54.9, 58.4, 65.2,
70.6, 70.6, 113.4, 113.8, 127.7, 127.8, 129.9, 130.2, 158.3, 158.4, 167.3, 167.4, 167.6, 168.2, 168.6,
169.4, 170.2, 170.3, 170.4, 170.5, 170.9, 171.0, 171.1, 172.1, 172.4, 172.4; HRMS (ESI-TOF) calcd
for Ce2H107N10012 [M+H]": 1183.8064; found: 1183.8070.
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[MeAla3, D-MeLys(Me)®, MeAla®]-Coibamide A (13b). According to the procedure described for the
preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was converted into 13b
(10.3 mg, 8% from resin) as a white powder: HRMS (ESI-TOF) calcd for Cs2HiosN1oNaO12 [M+Na] "
1205.7884; found: 1205.7864.

[MeAla3, MeOrn(Me)’, MeAla®]-Coibamide A (13¢). According to the procedure described for the
preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was converted into 13¢
(27.6 mg, 22% from resin) as a white powder: HRMS (ESI-TOF) calcd for Cs1Hi0sN10O12 [M+H]":
1169.7908; found: 1169.7909.

[MeAla’, D-MeOrn(Me)®>, MeAla®]-Coibamide A (13d). According to the procedure described for
the preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was converted into 13d
(9.5 mg, 7% from resin) as a white powder: HRMS (ESI-TOF) caled for Ce1H104N1oNaO12» [M+Na] "
1191.7727; found: 1191.7740.

[MeAla3, MeLys>, MeAla‘]-Coibamide A (13e). According to the procedure described for the
preparation of 13a, peptidyl resin S3 (0.490 mmol/g, 204 mg, 0.100 mmol) was converted into 13e
(25.6 mg, 20% from resin) as a white powder: HRMS (ESI-TOF) calcd for Cs1Hi0sN10O12 [M+H]":
1169.7908; found: 1169.7909.

[MeAla’, D-MeLys®, MeAla®]-Coibamide A (13f). According to the procedure described for the
preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was converted into 13f
(17.2 mg, 13% from resin) as a white powder: HRMS (ESI-TOF) calcd for Cs1Hi0sN10O12 [M+H]":
1169.7908; found: 1169.7906.

[MeAla’, MeOrn®, MeAla®]-Coibamide A (13g). According to the procedure described for the
preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was converted into 13g
(19.4 mg, 15% from resin) as a white powder: HRMS (ESI-TOF) calcd for CeoHi03N10012 [M+H]":
1155.7751; found: 1155.7756.

[MeAla’, D-MeOrn3, MeAla®]-Coibamide A (13h). According to the procedure described for the
preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was converted into 13h
(19.8 mg, 16% from resin) as a white powder: HRMS (ESI-TOF) calcd for CeoHi03N10012 [M+H]":
1155.7751; found: 1155.7753.

[Ala3, MeLys(Me)’, MeAla®]-Coibamide A (14a). According to the procedure described for the
preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was converted into 14a
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(6.9 mg, 5% from resin) as a white powder: HRMS (ESI-TOF) caled for Ce1H104N1oNaO1>» [M+Na] "
1191.7727; found: 1191.7742.

[MeAla®, Leu*, MeLys(Me)®, MeAla®]-Coibamide A (14b). According to the procedure described
for the preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was converted into
14b (5.4 mg, 4% from resin) as a white powder: HRMS (ESI-TOF) calcd for C61H106N10012 [M+2H]**:
585.3991; found: 585.3975.

[MeAla3, Lys(Me)’, MeAla®]-Coibamide A (14¢). According to the procedure described for the
preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was converted into 14¢
(8.5 mg, 7% from resin) as a white powder: HRMS (ESI-TOF) calcd for Cs1HiosN10O12 [M+H]™
1169.7908; found: 1169.7922.

[MeAla3, MeLys(Me)>, Ala‘]-Coibamide A (14d). According to the procedure described for the
preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was converted into 14d
(8.8 mg, 7% from resin) as a white powder: HRMS (ESI-TOF) calcd for C¢1H106N19O12 [M+2H]*":
585.3991; found: 585.3976.

[MeAla’, MeLys(Me)3, MeAla®, Ile’]-Coibamide A (14e). According to the procedure described for
the preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was converted into 14e
(11.6 mg, 9% from resin) as a white powder: HRMS (ESI-TOF) calcd for C1H106N10012 [M+2H]*":
585.3991; found: 585.3990.

[MeAla’, MeLys(Me)*, MeAla®, Leu’]-Coibamide A (14f). According to the procedure described for
the preparation of 13a, H-Leu-(2-Cl)-Trt resin (0.690 mmol/g, 145 mg, 0.100 mmol) was converted
into 14f (11.6 mg, 9% from resin) as a white powder: HRMS (ESI-TOF) calcd for Cs1H104N10NaO12
[M+Na]": 1191.7727; found: 1191.7734.

[MeAla’, MeLys(Me)*, D-MeAla®]-Coibamide A (15a). According to the procedure described for the
preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was converted into 15a
(3.5 mg, 3% from resin) as a white powder: HRMS (ESI-TOF) calcd for Cs2Hi07N10O12 [M+H]™:
1183.8064; found: 1183.8070.

[MeAla3, MeLys(Me)’, MeAla®, D-allo-Melle’]-Coibamide A (15b). According to the procedure
described for the preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was
converted into 15b (2.3 mg, 2% from resin) as a white powder: HRMS (ESI-TOF) calcd for
Ce2Hi107N 10012 [M+H]": 1183.8064; found: 1183.8066.
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[MeAla’, MeLys(Me)’, MeAla®, D-Alad]-Coibamide A (15¢). According to the procedure described
for the preparation of 13a, peptidyl resin S3 (0.690 mmol/g, 145 mg, 0.100 mmol) was converted into
15¢ (3.2 mg, 3% from resin) as a white powder: HRMS (ESI-TOF) calcd for Cs2Hi0sN10NaO12
[M+Na]™: 1205.7884; found: 1205.7830.

[MeAla’, MeLys(Me)S, MeAla®, D-MeLeu’]-Coibamide A (15d). According to the procedure
described for the preparation of 13a, H-D-MeLeu-(2-Cl)-Trt resin (0.570 mmol/g, 175 mg, 0.100
mmol) was converted into 15d (13.4 mg, 10% from resin) as a white powder: HRMS (ESI-TOF) calcd
for Ce2Hi107N10012 [M+H]": 1183.8064; found: 1183.8063.

[MeAla’, MeLys(Me)’, MeAla®, D-Tyr(Me)!°]-Coibamide A (15¢). According to the procedure
described for the preparation of 13a, peptidyl resin S3 (0.490 mmol/g, 204 mg, 0.100 mmol) was
converted into 15e (4.4 mg, 3% from resin) as a white powder: HRMS (ESI-TOF) calcd for
Ce2H107N10012 [M+H]": 1183.8064; found: 1183.8059.

[MeAla’, MeLys(Me)>, MeAla®, Phe!’]-Coibamide A (18a). According to the procedure described
for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18a (4.2 mg, 3% from
resin) as a white powder: HRMS (ESI-TOF) caled for Ce1Hi0sN10O11 [M+H]": 1153.7959; found:
1153.7958.

[MeAla®, MeLys(Me)S, MeAla®, Phe(4-NO2)!°]-Coibamide A (18b). According to the procedure
described for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18b (17.4 mg,
13% from resin) as a white powder: HRMS (ESI-TOF) calcd for Cs1H104N11013 [M+H]"™: 1198.7810;
found: 1198.7809.

[MeAla’, MeLys(Me)S, MeAlaS, Phe(4-CF3)!°]-Coibamide A (18c¢). According to the procedure
described for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18¢ (32.8 mg,
25% from resin) as a white powder: HRMS (ESI-TOF) calcd for Co2H104F3N10O11 [M+H]": 1221.7833;
found: 1221.7832.

[MeAla’, MeLys(Me)S, MeAla®, Phe(4-CN)!’]-Coibamide A (18d). According to the procedure
described for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18d (23.9 mg,
18% from resin) as a white powder: HRMS (ESI-TOF) calcd for Ce2Hi04N11O11 [M+H]": 1178.7911;
found: 1178.7911.

[MeAla’, MeLys(Me)°, MeAla®, Phe(4-N3)!’]-Coibamide A (18¢). According to the procedure

described for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18e (5.8 mg,
4% from resin) as a white powder: HRMS (ESI-TOF) calcd for C1H;04N13011 [M+H]": 1194.7973;
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found: 1194.7974.

[MeAla3, MeLys(Me)®, MeAla®, Phe(4-Cl)!’]-Coibamide A (18f). According to the procedure
described for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18f (25.9 mg,
20% from resin) as a white powder: HRMS (ESI-TOF) caled for Cs1Hi04CIN19O11 [M+H]": 1187.7569;
found: 1187.7564.

[MeAla3, MeLys(Me)®, MeAla®, Phe(4--Bu)!’]-Coibamide A (18g). According to the procedure
described for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18¢g (36.1 mg,
27% from resin) as a white powder: HRMS (ESI-TOF) calcd for CesHi13N 10011 [M+H]": 1209.8585;
found: 1209.8582.

[MeAla’, MeLys(Me)*>, MeAla®, Phe(4-Oz-Bu)!’]-Coibamide A (18h). According to the procedure
described for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18h (31.7 mg,
24% from resin) as a white powder: HRMS (ESI-TOF) calcd for CesHi13N10O12 [M+H]": 1225.8534;
found: 1225.8534.

[MeAla3, MeLys(Me)’, MeAla®, Phe(4-OCF3)!°]-Coibamide A (18i). According to the procedure
described for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18i (21.8 mg,
16% from resin) as a white powder: HRMS (ESI-TOF) caled for Ce2Hi04F3N 10012 [M+H]™: 1237.7782;
found: 1237.7784.

[MeAla’, MeLys(Me)>, MeAla®, Bph!’]-Coibamide A (18j). According to the procedure described
for the preparation of 13a, peptidyl resin S3 (0.490 mmol/g, 204 mg, 0.100 mmol) was converted into
18j (16.2 mg, 12% from resin) as a white powder: 'H NMR (500 MHz, CDCls, mixture of rotamers)
3: 0.66-1.79 (m, 51H), 1.79-2.00 (m, 2H), 2.00-2.32 (m, 3H), 2.41-2.85 (m, 9H), 2.85-3.31 (m, 22H),
3.78-3.95 (m, 1H), 4.21 (m, 0.5H), 4.28-4.46 (m, 0.5H), 4.74-5.21 (m, 4H), 5.21-5.69 (m, 4H), 6.52
(d, J= 8.5 Hz, 0.5H), 6.83 (br s, 0.5H), 7.18 (d, /= 8.0 Hz, 1H), 7.24 (d, /= 8.0 Hz, 1H), 7.31-7.39
(m, 1H), 7.39-7.48 (m, 2H), 7.52 (d, J = 8.0 Hz, 1H), 7.55-7.69 (m, 3H), 7.97 (br s, 0.5H), 8.52 (d, J
=9.5 Hz, 0.5H); *C{*H} NMR (125 MHz, CDCls, mixture of rotamers) &: 10.2, 11.7, 14.5, 14.7, 14.8,
15.5,15.8,16.0,16.7,16.9, 18.3, 18.6, 19.1, 19.18, 19.22, 19.3, 20.4, 21.2,21.6, 21.9, 22.0, 22.7, 23.0,
23.3,23.6, 24.8, 25.0, 25.1, 25.2, 25.4, 26.6, 26.9, 28.16, 28.20, 29.00, 29.04, 29.1, 29.3, 29.7, 29.91,
29.94,30.1, 30.2, 30.3, 30.4, 32.5, 32.8, 33.5, 33.8, 35.6, 37.7,37.8, 37.9, 38.5, 39.5, 39.9,42.5, 44 4,
46.6, 48.8, 49.0, 50.0, 50.1, 50.4, 50.6, 51.5, 51.6, 52.6, 53.4, 58.8, 65.5, 70.8, 70.9, 126.8, 126.9,
127.0,127.3,127.4, 127.5, 128.8, 128.9, 129.7, 130.3, 135.1, 135.4, 139.7, 139.9, 140.1, 140.5, 167.7,
167.8, 167.9, 168.5, 169.1, 169.9, 170.6, 170.8, 170.9, 171.25, 171.29, 171.34, 172.5, 172.6, 172.7,
HRMS (ESI-TOF) calcd for Ce7H100N 10011 [M+H]*: 1229.8272; found: 1229.8254.
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[MeAla’, MeLys(Me)S, MeAla®, 2-Pal'’]-Coibamide A (18k). According to the procedure described
for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18k (7.1 mg, 5% from
resin) as a white powder: HRMS (ESI-TOF) caled for CeoH10sN11011 [M+2H]**: 577.8992; found:
577.8993.

[MeAla’, MeLys(Me)’, MeAla®, 3-Pal'’]-Coibamide A (181). According to the procedure described
for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 181 (31.3 mg, 23% from
resin) as a white powder: HRMS (ESI-TOF) caled for CeoH10sN11011 [M+2H]**: 577.8992; found:
577.8992.

[MeAla3, MeLys(Me)®, MeAla®, 4-Pal'’]-Coibamide A (18m). According to the procedure described
for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18m (25.0 mg, 18%
from resin) as a white powder: HRMS (ESI-TOF) calcd for CeoHiosN11O11 [M+2H]*": 577.8992;
found: 577.8991.

[MeAla’, MeLys(Me)°, MeAla% MePhe!’]-Coibamide A (18n). According to the procedure
described for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18n (2.0 mg,
2% from resin) as a white powder: HRMS (ESI-TOF) calcd for Ce2Hi07N10011 [M+H]": 1167.8115;
found: 1167.8116.

[MeAla’, MeLys(Me)3, MeAla®, Tic!'’]-Coibamide A (180). According to the procedure described
for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 180 (8.9 mg, 7% from
resin) as a white powder: HRMS (ESI-TOF) caled for Ce2HiosN10O11 [M+H]": 1165.7959; found:
1165.7959.

[MeAla’, MeLys(Me)>, MeAla$, 1-Nal'’]-Coibamide A (18p). According to the procedure described
for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18p (5.8 mg, 4% from
resin) as a white powder: HRMS (ESI-TOF) calcd for CesHio7N10O11 [M+H]": 1203.8115; found:
1203.8114.

[MeAla’, MeLys(Me)S, MeAla$, 2-Nal'’]-Coibamide A (18q). According to the procedure described
for the preparation of 13a, peptidyl resin S6 (0.100 mmol) was converted into 18q (5.5 mg, 4% from
resin) as a white powder: HRMS (ESI-TOF) calced for CesHio7N10O11 [M+H]": 1203.8115; found:
1203.8112.

Synthesis of [Bph!°]-Coibamide A

The peptide was assembled on H-Melle-(2-C1)Trt resin by Fmoc-SPPS. Coupling of Ser(Me)®
followed by on-resin N-methylation?® provided peptidyl resin S10. MeThr’, MeLeu*, and MeSer(Me)?
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Scheme S3. Synthesis of [Bph!®]-coibamide A (19a). Reagents and conditions: (a) Fmoc-Ser(Me)-
OH, DIC, HOAt, DMF, 40 °C; (b) 20% piperidine/DMF, rt; (¢) NsCl, 2,4,6-collidine, NMP, rt; (d)
PhsP, DEAD, MeOH, THF, rt; (e) 2-mercaptoethanol, DBU, NMP, rt; (f) Fmoc-MeThr-OH, DIC,
HOAt, DMF, 40 °C; (g) Fmoc-MeLeu-OH, DIC, HOAt, DMF, 40 °C (h) Fmoc-MeSer(Me)-OH,
DIC, HOAt, DMF, 40 °C; (i) Me;Val-D-Hva-OH, HATU, DIEA, DMF, 40 °C; (j) Fmoc-D-MeAla-
OH, DIC, DMAP, 1,2-DCE, rt; (k) Alloc-Bph-OH, DIC, HOAt, DMF, 40 °C; (1) Pd(PPhs3)4, PhSiH3,
CHxCl, rt; (m) Fmoc-MeLeu-OH, DIC, HOBt-H,O, DMF, 40 °C; (n) Fmoc-Ala-OH-H»O, DIC,
HOAt, DMF, 40 °C; (0) 30% HFIP/CHxCl,, rt; (p) HATU, DIEA, CH2Cls.

were efficiently coupled onto N-methylamino acids using DIC/HOAt. Coupling of the N-terminal
Me;,Val'-D-Hva® moiety using HATU/DIEA gave the peptidyl resin S11 Subsequently, Fmoc-D-
MeAla-OH was coupled onto the MeThr’ hydroxy group using DIC/DMAP. To avoid the
diketopiperazine formation under basic condition for deprotection of the Fmoc group, Alloc protection
was employed for Bph!®, which can be removed under neutral condition. After coupling of Alloc-Bph-
OH using DIC/HOAL followed by deprotection of the Alloc group, MeLeu’ and Ala® were coupled
using DIC/HOBt and DIC/HOAL, respectively. Cleavage of the open-chain peptide S12 from the resin
and macrocyclization with HATU/DIEA in CH2C1,*® gave the desired product 19a.

[Bph!’]-Coibamide A (19a). The linear peptides were constructed by solid-phase peptide synthesis on
peptidyl resin S8 (0.712 mmol/g, 422 mg, 0.300 mmol). Fmoc- or Alloc- protected amino acids (0.900
mmol) were coupled at 40 °C by using DIC (139 pL, 0.900 mmol) and HOAt (122 mg, 0.900 mmol)
in DMF. Fmoc-D-MeAla-OH (488 mg, 1.50 mmol) was coupled onto the hydroxy group of MeThr" at
room temperature using DIC (232 pL, 1.50 mmol) and DMAP (55 mg, 0.45 mmol) in dry DCE. After
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cleavage from the resin S12 as described above, HATU (570 mg, 1.50 mmol) and DIEA (1.05 mL,
6.00 mmol) were added to a solution of crude linear peptide in dry CH2Cl> (300 mL). The reaction
mixture was stirred for 12 h. After the mixture was concentrated, the residue was purified by RP-HPLC
to give compound 19a (26.5 mg, 6.1% from resin) as a white powder: 'H NMR (500 MHz, CDCls,
mixture of rotamers) 6: 0.61-1.17 (m, 33H), 1.17-1.48 (m, 11H), 1.48-1.61 (m, 2H), 1.61-1.73 (m, 1H),
2.01-2.15 (m, 1H), 2.15-2.33 (m, 2H), 2.35-2.87 (m, 9H), 2.87-3.06 (m, 15H), 3.06-3.43 (m, 12H),
3.44-3.57 (m, 1H), 3.57-3.73 (m, 2H), 3.73-3.82 (m, 1H), 3.82-3.95 (m, 2H), 4.71-4.87 (m, 1H), 5.06
(d,J=4.5Hz, 1H), 5.13-5.23 (m, 1H), 5.23-5.30 (m, 1H), 5.30-5.46 (m, 1H), 5.46-5.59 (m, 1H), 5.68-
5.84 (m, 1H), 5.84-6.05 (m, 1H), 6.20-6.44 (m, 1H), 6.54-6.70 (m, 1H), 6.82-7.11 (m, 1H), 7.25 (d, J
= 7.0 Hz, 1H), 7.29-7.39 (m, 2H), 7.39-7.60 (m, 6H); 3C{*H} NMR (125 MHz, CDCls, mixture of
rotamers) o: 11.6, 12.9, 13.0, 15.8, 16.6, 17.5, 18.6, 18.7, 19.0, 19.1, 21.0, 21.11, 21.14, 21.5, 22.1,
23.1,23.2,23.3,23.4,24.3,25.3, 28.2, 28.9, 29.1, 29.7, 29.9, 30.1, 30.2, 30.4, 31.0, 32.0, 36.6, 37.6,
38.8,39.7,47.0, 50.0, 51.3, 51.5, 51.7, 52.9, 53.1, 53.3, 58.8, 63.6, 64.7, 68.2, 68.6, 68.9, 69.0, 71.0,
77.6,126.7,126.88, 126.93, 127.1,127.2,127.4, 128.8, 129.7, 130.0, 130.1, 135.3, 140.0, 140.5, 167.2,
168.0, 168.5, 168.6, 169.15, 169.22, 169.6, 170.0, 170.3, 170.6, 170.7, 171.2, 171.6, 172.0; HRMS
(ESI-TOF) caled for C70H114N19015 [M+2H]*": 667.4227; found: 667.4227.

[MeAla’, MeAla®, Bph!'’]-Coibamide A (19b). According to the procedure described for the
preparation of 19a, peptidyl resin S8 (0.712 mmol/g, 422 mg, 0.300 mmol) was converted into 19b
(30.3 mg, 7.3% from resin) as a white powder: 'H NMR (500 MHz, CDCls, mixture of rotamers) &:
0.62-0.84 (d, J = 6.0 Hz, 3H), 0.86-0.99 (m, 15H), 0.99-1.06 (m, 8H), 1.08 (d, /= 7.0 Hz, 3H), 1.11
(d,J=7.0 Hz, 3H), 1.13-1.24 (m, 8H), 1.24-1.34 (m, 9H), 1.34-1.45 (m, 2H), 1.45-1.59 (m, 2H), 1.64-
1.74 (m, 1H), 2.01-2.10 (m, 1H), 2.15-2.30 (m, 2H), 2.33-2.72 (m, 4H), 2.76 (s, 3H), 2.87 (s, 3H),
2.89-3.23 (m, 20H), 3.63-3.83 (m, 2H), 3.87 (d, /= 9.0 Hz, 1H), 4.74-4.90 (m, 1H), 5.01 (d, J=4.5
Hz, 1H), 5.06-5.71 (m, 6H), 6.32-6.61 (m, 1H), 7.23-7.31 (m, 2H), 7.35 (t, /= 7.5 Hz, 1H), 7.44 (t, J
=7.5 Hz, 2H), 7.46-7.60 (m, 4H); *C{*H} NMR (125 MHz, CDCl;, mixture of rotamers) &: 11.5, 11.7,
12.7,12.8, 14.0, 14.4, 14.6, 15.6, 15.8, 16.0, 16.7, 18.5, 18.9, 19.0, 21.0, 21.2, 21.9, 23.0, 23.2, 23.4,
24.1, 25.1, 25.2, 28.0, 28.9, 29.0, 29.5, 29.6, 29.9, 30.1, 30.7, 32.1, 36.6, 37.5, 38.0, 38.7, 39.5, 46.4,
46.7, 50.0, 50.2, 50.3, 50.6, 51.1, 51.2, 51.4, 51.6, 57.3, 64.6, 68.8, 70.8, 70.9, 77.1, 126.6, 126.7,
126.8,127.0,127.1, 127.3, 128.7, 129.6, 130.0, 134.9, 137.1, 139.1, 140.0, 140.3, 140.6, 167.4, 167.6,
167.7, 168.5, 169.2, 169.9, 170.4, 170.6, 171.4, 171.5, 171.8, 171.9, 172.8, 173.7; HRMS (ESI-TOF)
calcd for CesHi10sN1oNaO13 [M+Na]": 1295.7990; found: 1295.7976.

tert-Butyl (S,E)-2,2-dimethyl-4-(3-oxoprop-1-en-1-yl)oxazolidine-3-carboxylate (23). To a stirred
solution of D-Garner aldehyde 22 (1.00 g, 4.34 mmol) in dry CH»Cl> (7 mL) was added
triphenylphosphoranylidene-acetaldehyde (1.34 g, 4.34 mmol) at room temperature. The reaction
mixture was stirred for 46 h. The solution was concentrated and the residue was purified by flash

chromatography over silica gel (hexane/EtOAc =7/1) to give compound 23 (0.836 g, 75%) as a yellow

38



oil. The spectral data were in good agreement with those previous reported.?

tert-Butyl (5)-4-{(38,4R,E)-5-|(R)-4-benzyl-2-oxoo0xazolidin-3-yl]-3-hydroxy-4-methyl-5-
oxopent-1-en-1-yl}-2,2-dimethyloxazolidine-3-carboxylate (24). To a stirred solution of (R)-4-
benzyl-3-propionyl-2-oxazolidinone (754 mg, 3.23 mmol) in dry CH>Cl> (24 mL) under argon were
added n-Bu,BOTf (1.0 M in CH2Cly; 3.88 mL, 3.88 mmol) and DIEA (676 uL, 3.88 mmol) at —78 °C.
After being stirred for 1 h, the reaction mixture was warmed to 0 °C and stirred for 30 min. To this
mixture was added a solution of 23 (826 mg, 3.23 mmol) in CH>CL (8 mL) at —78 °C. After being
stirred for 1 h, the mixture was warmed to —10 °C and stirred for 1 h. The mixture was diluted with pH
7.0 phosphate buffer solution (4 mL) and 30% H>0O, in MeOH (1:2, 12 mL) and stirred overnight. The
whole was concentrated under reduced pressure and extracted with Et,O. The extract was washed with
aqueous saturated NaHCO3 and brine, and dried over Na;SO4. The filtrate was concentrated under
reduced pressure and the residue was purified by flash chromatography over silica gel (hexane/EtOAc
= 4/1 to 2/1) to give compound 24 (1.18 g, 75%) as a colorless oil: [a]*p —28.1 (¢ 1.02, CHCIL3); IR
(neat): 3496 (OH), 1778 (C=0), 1690 (C=0); 'H NMR (500 MHz, CDCls, mixture of rotamers) §: §:
1.24 (d,J=7.0 Hz, 3H), 1.45 (s, 9H), 1.45 (s, 1.5H), 1.51 (s, 1.5H), 1.57 (s, 1.5H), 1.62 (s, 1.5H), 2.79
(dd, J=13.4, 9.5 Hz, 1H), 2.82-2.94 (m, 1H), 3.25 (dd, J=13.4, 3.2 Hz, 1H), 3.75 (dd, /= 8.8, 1.6
Hz, 1H), 3.80-3.92 (m, 1H), 4.004.06 (m, 1H), 4.15-4.27 (m, 2H), 4.28-4.32 (m, 0.5H), 4.38-4.45
(m, 0.5H), 4.47-4.56 (m, 1H), 4.65-4.74 (m, 1H), 5.56-5.69 (m, 1H), 5.72-5.81 (m, 1H), 7.20 (d, J =
7.1 Hz, 2H), 7.28 (m, 1H), 7.33 (m, 2H); BC{*H} NMR (125 MHz, CDCl;, mixture of rotamers) &:
10.9, 11.2, 23.5, 24.8, 26.7, 27.4, 28.4, 37.8, 55.1, 58.5, 58.6, 66.2, 67.9, 68.2, 71.3, 71.9, 79.7, 94.0,
127.4, 128.9, 129.0, 129.4, 130.4, 131.1, 131.3, 134.9, 151.9, 153.0, 176.7; HRMS (ESI-TOF) calcd
for C26H36N2 Na O7 [M+Na]"™: 511.2415; found: 511.2415.

tert-Butyl (8)-4-{(35,4R,E)-5[(R)-4-benzyl-2-0xooxazolidin-3-yl]-3-[(fert-butyldimethylsilyl)-
oxy|-4-methyl-5-oxopent-1-en-1-yl}-2,2-dimethyloxazolidine-3-carboxylate (25). To a stirred
solution of 24 (2.03 g, 4.16 mmol) in dry CH>Cl, (16 mL) under argon were added TBSOTf (1.15 mL,
5.00 mmol) and 2,6-lutidine (1.74 mL, 17.0 mmol) at 0 °C. The reaction mixture was warmed to room
temperature and was stirred for 2 h. The reaction was quenched with aqueous saturated NaHCO3. The
whole was extract with EtOAc and the extract was washed with saturated citric acid and brine, and
dried over Na;SOs. The filtrate was concentrated under reduced pressure and the residue was purified
by flash chromatography over silica gel (hexane/EtOAc = 3/1) to give compound 25 (2.45 g, 98%) as
a colorless oil: [a]**p —7.5 (¢ 1.02, CHCl3); IR (neat): 1782 (C=0), 1696 (C=0); 'H NMR (500 MHz,
CDCls, mixture of rotamers) o: 0.01 (s, 3H), 0.01 (s, 3H), 0.88 (s, 9H), 1.21 (d, J= 6.5 Hz, 3H), 1.45
(s, 9H), 1.47 (s, 1.5H), 1.51 (s, 1.5H), 1.55 (s, 1.5H), 1.59 (s, 1.5H), 2.73-2.82 (m, 1H), 3.23-3.31 (m,
1H), 3.65-3.72 (m, 1H), 3.87-3.97 (m, 1H), 4.00 (m, 1H), 4.11-4.18 (m, 1.5H), 4.28 (m, 0.5H), 4.31—
4.42 (m, 2H), 4.55-4.63 (m, 1H), 5.60-5.74 (m, 2H), 7.21 (d, J=7.1 Hz, 2H), 7.28 (m, 1H), 7.33 (dd,
J=17.3,7.3 Hz, 2H); BC{*H} NMR (125 MHz, CDCls, mixture of rotamers) &: —5.2, —4.3, —0.03, 11.9,
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12.7, 18.1, 23.4, 24.7, 25.7, 26.7, 26.9, 27.3, 28.4, 37.7, 41.9, 44.4, 55.7, 58.0, 66.0, 67.8, 68.6, 73.2,
74.5,79.6,79.9,93.5,93.8,127.2,128.9,129.1, 129.4, 130.2, 131.2, 132.1, 135.3, 135.5, 151.7, 153.2,
174.3, 174.8; HRMS (ESI-TOF) calcd for C32HsoN2NaO7Si [M+Na]™: 625.3279; found: 625.3273.

(2R,3S,E)-5-[(S5)-3-(tert-Butoxycarbonyl)-2,2-dimethyloxazolidin-4-yl]-3-[(zert-butyldimethyl-
silyl)oxy]-2-methylpent-4-enoic acid (26). To a stirred solution of 25 (84 mg, 0.14 mmol) in THF (2
mL) and H>0 (0.5 mL) were added LiOH-H20O (11.8 mg, 0.281 mmol) and 30% H>0O; in H>O (100
uL) at 0 °C. The reaction mixture was stirred at the same temperature for 4 h. The reaction was
quenched with aqueous saturated Na,SO3. The mixture was acidified with saturated citric acid to pH
3 and extracted with EtOAc. The extract was washed with water and brine, and dried over Na;SOs.
The filtrate was concentrated under reduced pressure and the residue was purified by flash
chromatography over silica gel (hexane/EtOAc = 3/1) to give compound 26 (46.6 mg, 75%) as
colorless block crystals: mp 105-109 °C; [a]*p +40.4 (¢ 1.04, CHCl3); IR (neat): 1703 (C=0); 'H
NMR (500 MHz, CDCl3, mixture of rotamers) 6: 0.07 (s, 4.5H), 0.09 (s, 1.5H), 0.90 (br s, 9H), 1.10
(br s, 3H), 1.41-1.62 (m, 15H), 2.58-2.66 (m, 1H), 3.69 (m, 1H), 3.99-4.04 (m, 1H), 4.28-4.34 (m,
0.5H), 4.36-4.42 (m, 1.5H), 5.51-5.75 (m, 2H); BC{*H} NMR (150 MHz, CDCls, mixture of
rotamers) o: —5.3, 5.2, 4.2, 0.0, 11.3, 11.6, 18.5, 23.3, 24.7, 25.7, 26.8, 27.5, 28.4, 45.4, 45.5, 58.2,
67.8, 68.4, 74.2, 74.6, 79.8, 80.2, 93.4, 94.3, 129.9, 130.1, 131.8, 132.7, 151.8, 176.4; HRMS (ESI-
TOF) calcd for C2oHaiNNaOeSi [M+Na]": 466.2595; found: 466.2594.

X-ray Crystallographic Analyses of 26

Figure S1. Crystal Structure of Carboxylic Acid 26.

The data of the compound 26 (C22H41NOgSi1) was collected with a Rigaku XtaLAB AFC11 (RCD3):
quarter-chi single diffractometer using mirror monochromated CuKa radiation at 93 K. The substance
was crystallized from n-hexane as colorless block crystals and solved in monoclinic space group P21/,
with Z = 2. The structure was solved by direct methods (SHELXT-2018/2) and refined by the full-
matrix least-squares on F2 (SHELXL-2018/3). All non-hydrogen atoms were refined anisotropically
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and all hydrogen atoms were placed using AFIX instructions. The crystal data are as follows:
C22H41NOgSi, FW: 443.65. a = 6.7065(1), b = 22.0348(2), ¢ = 9.0980(1), ¥ =1293.05(3) A3, Z =2,
Deaic = 1.139 g/em?®, 1= 1.078 mm ™!, Ry = 0.0313 (I > 26(1)), wR2 = 0.0895 (all data), GOF = 1.057.
The CCDC deposition number: CCDC 2239668.

tert-Butyl (5)-4-[(3S,4R,E)-4-{|(benzyloxy)carbonyl|amino}-3-[(zert-butyldimethylsilyl)oxy]-
pent-1-en-1-yl]-2,2-dimethyloxazolidine-3-carboxylate (27a). To a stirred solution of 26 (518 mg,
1.17 mmol) in dry toluene (5 mL) were added diphenylphosphoryl azide (377 pL, 1.75 mmol) and
triethylamine (488 pL, 3.5 mmol) at room temperature. The reaction mixture was warmed to 50 °C
and stirred for 24 h. To this mixture was added benzyl alcohol (602.4 pL, 5.84 mmol) at 50 °C. The
reaction mixture was stirred at the same temperature for 24 h. Then, water was added to the mixture at
room temperature. The whole was extracted with EtOAc and the extract was washed with brine, and
dried over Na>SO4. The filtrate was concentrated under reduced pressure and the residue was purified
by flash chromatography over silica gel (hexane/EtOAc = 5/1) to give compound 27a (540 mg, 84 %
in 2 steps) as a colorless oil: [a]*°p +56.8 (¢ 1.02, CHCI3); IR (neat): 1699 (C=0); 'H NMR (500 MHz,
CDCl3, mixture of rotamers) 6: 0.00 (s, 6H), 0.89 (s, 9H), 1.06 (d, J= 6.3 Hz, 3H), 1.43 (s, 9H), 1.48—
1.60 (m, 6H), 3.69 (d, /= 8.6 Hz, 1H), 3.75-4.02 (m, 2H), 4.27-4.39 (m, 2H), 4.78-4.87 (m, 1H), 5.08
(s, 2H), 5.53-5.71 (m, 2H), 7.33 (m, SH); *C{*H} NMR (150 MHz, CDCl;, mixture of rotamers) &: —
5.1,-4.5,13.9, 14.5, 18.2, 23.4, 25.0, 25.8, 26.7, 28.4, 28.4, 51.3, 51.5, 58.3, 58.5, 66.4, 66.5, 67.8,
68.4, 73.8, 74.0, 79.6, 80.0, 93.3, 94.0, 127.9, 128.1, 130.1, 131.9, 136.6, 151.8, 155.7; HRMS (ESI-
TOF) calcd for C20HagN2NaOgSi [M+Na]*: 571.3174; found: 571.3170.

tert-Butyl (8)-4-[(3S,4R,E)-4-{[(allyloxy)carbonyl]amino}-3-[(ert-butyldimethylsilyl)oxy|pent-1-
en-1-yl]-2,2-dimethyloxazolidine-3-carboxylate (27b). To a stirred solution of 26 (1.07 g, 2.41
mmol) in dry toluene (10 mL) were added diphenylphosphoryl azide (622 pL, 2.89 mmol) and
triethylamine (1.01 mL, 7.24 mmol) at room temperature. The reaction mixture was warmed to 50 °C
and stirred for 24 h. To this mixture was added allyl alcohol (828 pL, 12.1 mmol) at 50 °C. The reaction
mixture was stirred at the same temperature for 24 h. Then, water was added to the mixture at room
temperature. The whole was extracted with EtOAc and the extract was washed with brine, and dried
over NaxSOg4. The filtrate was concentrated under reduced pressure and the residue was purified by
flash chromatography over silica gel (hexane/EtOAc = 5/1) to give compound 27b (1.08 g, 90 % in
2steps) as a colorless oil: [a]*’p +62.5 (¢ 1.01, CHCI3); IR (neat): 1698 (C=0); 'H NMR (500 MHz,
CDCls, mixture of rotamers) d: 0.02 (s, 3H), 0.04 (s, 3H), 0.91 (s, 9H), 1.06 (d, J= 6.3 Hz, 3H), 1.39—
1.64 (m, 15H), 3.68-3.78 (m, 2H), 4.02 (m, 1H), 4.26-4.42 (m, 2H), 4.55 (m, 2H), 4.76-4.90 (m,
1H), 5.16-5.23 (m, 1H), 5.29 (d, J=17.2 Hz, 1H), 5.50-5.59 (m, 0.5H), 5.60-5.78 (m, 1.5H), 5.85—
5.97 (m, 1H); *C{*H} NMR (125 MHz, CDCls, mixture of rotamers) &: —5.2, 4.5, 13.9, 14.5, 18.1,
23.4,24.9, 258, 25.8,26.6,27.4,28.4,51.2,51.4, 58.3, 58.5, 65.2, 65.3, 67.7, 68.4, 73.8, 74.0, 79.6,
80.0, 93.3, 93.9, 117.3, 117.5, 130.0, 131.0, 132.9, 133.1, 151.8, 155.5; HRMS (FAB) calcd for
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CasH47N206Si [M+H]": 499.3198; found: 499.3202.

tert-Butyl (5)-4-[(3S,4R,E)-4-{|(benzyloxy)carbonyl]amino}-3-hydroxypent-1-en-1-yl]-2,2-
dimethyloxazolidine-3-carboxylate (28a). To a stirred solution of 27a (582 mg, 1.06 mmol) in THF
(5 mL) under argon was added TBAF (1.0 M solution in THF; 5.31 mL, 5.31mmol) at room
temperature. After being stirred for 1 h, the reaction mixture was diluted with aqueous saturated NH4Cl.
The whole was extracted with Et;O and the extract was washed with brine, and dried over Na;SOs.
The filtrate was concentrated under reduced pressure and the residue was purified by flash
chromatography over silica gel (hexane/EtOAc = 2/1) to give compound 28a (369 mg, 80%) as a
colorless oil: [a]*p +36.8 (¢ 1.02, CHCI3); IR (neat): 3353 (OH), 1697 (C=0); '"H NMR (500 MHz,
CDCls, mixture of rotamers) o: 1.12 (d, J = 6.9 Hz, 3H), 1.42 (s, 9H), 1.46-1.63 (m, 6H), 2.27-2.56
(m, 1H), 3.68-3.75 (m, 1H), 3.80-3.99 (m, 1H), 4.03 (dd, J = 9.2, 6.3 Hz, 1H), 4.22-4.39 (m, 2H),
4.89-5.19 (m, 3H), 5.53-5.79 (m, 2H), 7.28-7.39 (m, 5H); *C{*H} NMR (150 MHz, CDCl;, mixture
of rotamers) 6: 14.9, 15.3, 15.9, 23.5, 25.1, 26.7, 27.1, 28.3, 28.5, 51.2, 51.4, 58.6, 59.1, 65.9, 66.7,
67.8, 68.3, 73.8, 74.3, 79.8, 80.3, 93.6, 94.1, 128.1, 128.2, 128.5, 130.2, 130.4, 131.0, 131.8, 136.5,
151.8, 152.1, 156.9; HRMS (FAB) calcd for C23H35N206 [M+H]": 435.2490; found: 435.2505.

tert-Butyl (8)-4-[(3S,4R,E)-4-{[ (allyloxy)carbonyl|]amino}-3-hydroxypent-1-en-1-yl]-2,2-
dimethyloxazolidine-3-carboxylate (28b). To a stirred solution of 27b (1.40 g, 2.81 mmol) in THF
(14 mL) under argon was added TBAF (1.0 M solution in THF; 14.0 mL, 14.0 mmol) at room
temperature. After being stirred for 1 h, the reaction mixture was diluted with aqueous saturated NH4Cl.
The whole was extracted with Et;O and the extract was washed with brine, and dried over Na;SO4.
The filtrate was concentrated under reduced pressure and the residue was purified by flash
chromatography over silica gel (hexane/EtOAc = 2/1) to give compound 28b (895 mg, 83%) as a
colorless oil: [a]*p +43.5 (¢ 1.00, CHCI3); IR (neat): 3361 (OH), 1694 (C=0); '"H NMR (500 MHz,
CDCls, mixture of rotamers) o: 1.11 (d, J = 6.9 Hz, 3H), 1.38-1.64 (m, 15H), 2.56— 2.80 (m, 1H),
3.69-3.74 (m, 1H), 3.77-3.95 (m, 1H), 4.03 (dd, J = 8.9, 6.2 Hz, 1H), 4.21-4.26 (m, 1H), 4.26-4.39
(m, 1H), 4.48-4.59 (m, 2H), 4.98-5.21 (m, 3H), 5.53-5.79 (m, 2H), 5.83-5.94 (m, 1H); *C{*H} NMR
(125 MHz, CDCls, mixture of rotamers) o: 14.9, 15.8, 23.5, 25.1, 26.7, 27.1, 28.4, 51.1, 51.4, 58.6,
59.1,65.5,67.8,68.2,73.8,74.2,79.7,80.3,93.6,94.0, 117.6, 117.8, 130.2, 130.5, 131.1, 132.7, 132.9,
151.8, 152.1, 156.7; HRMS (ESI-TOF) calcd for C19H3:N2NaOg [M+Na]*: 407.2153; found: 407.2152.

tert-Butyl (5)-4-[(2S,5R,E)-5-{[(benzyloxy)carbonyl]amino}hex-3-en-2-yl]-2,2-dimethyloxazoli-
dine-3-carboxylate (30a). To a stirred solution of 28a (257 mg, 0.591 mmol) in CHCI3 (1 mL) under
argon were added pyridine (952 pL, 11.8 mmol) and MsCl (458 pL, 5.91 mmol) at 0 °C. After being
stirred for 2 h, the reaction mixture was diluted with water. The whole was extracted with EtOAc and
extract was washed with saturated citric acid and brine, and dried over Na;SOs. The filtrate was

concentrated under reduced pressure to give compound 29a, which was used further purification. To a
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stirred solution of LiCl (250 mg, 5.91 mmol) and CuCN (265 mg, 2.95 mmol) in dry THF (3 mL)
under argon was added MeMgBr (1.02 M solution in THF; 2.90 mL, 2.95 mmol) at —78 °C. The
reaction mixture was warmed to 0 °C and stirred for 15 min. To this mixture was added a solution of
29a in dry THF (2 mL) at —78 °C. After being stirred for 30 min, the reaction mixture was diluted with
aqueous saturated NH4Cl and 28% ammonia solution. The whole was extracted with EtOAc and the
extract was washed with brine, and dried over NaxSOas. The filtrate was concentrated under reduced
pressure and the residue was purified by flash chromatography over silica gel (hexane/EtOAc = 2/1)
to give compound 30a (202 mg, 79% in 2 steps) as a colorless oil: [0]*’p +7.5 (¢ 1.00, CHCI3); IR
(neat): 1698 (C=0); 'H NMR (500 MHz, CDCls, mixture of rotamers) &: 0.97 (d, J= 6.7 Hz, 3H), 1.21
(d,J=6.1 Hz, 3H), 1.45 (br s, 12H), 1.54 (s, 2H), 1.60 (s, 1H), 2.62-2.71 (m, 1H), 3.68-3.90 (m, 3H),
4.19-4.29 (m, 1H), 4.58-4.69 (m, 1H), 5.08 (s, 2H), 5.36-5.59 (m, 2H), 7.28-7.38 (m, SH); *C{*H}
NMR (150 MHz, CDCls, mixture of rotamers) o: 14.3, 15.0, 21.0, 21.3, 22.8, 24.3, 26.0, 27.0, 28.4,
28.5, 38.7, 48.0, 48.4, 60.8, 61.2, 64.4, 64.5, 66.5, 79.7, 80.1, 93.6, 94.2, 128.1, 128.1, 128.5, 131.6,
132.1, 132.8, 136.6, 152.3, 155.4; HRMS (FAB) calcd for C24H37N2Os [M+H]": 433.2697; found:
433.2715.

tert-Butyl (8)-4-[(2S,5R,E)-5-{[(allyloxy)carbonyl]amino}hex-3-en-2-yl]-2,2-dimethyloxazoli-
dine-3-carboxylate (30b). To a stirred solution of 28b (438 mg, 1.14 mmol) in CHCI3 (2 mL) under
argon were added pyridine (1.83 mL, 22.8 mmol) and MsCl (881.2 uL, 11.4 mmol) at 0 °C. After being
stirred for 2 h, the reaction mixture was diluted with water. The whole was extracted with EtOAc and
extract was washed with saturated citric acid and brine, and dried over Na;SOs. The filtrate was
concentrated under reduced pressure to give compound 29b, which was used further purification. To a
stirred solution of LiCl (482 mg, 11.4 mmol) and CuCN (510 mg, 5.69 mmol) in distilled THF (6 mL)
under argon was added MeMgBr (1.02 M solution in THF; 5.57 mL, 5.69 mmol) at =78 °C. The
reaction mixture was warmed to 0 °C and stirred 15 min. To this mixture was added a solution of 29b
in dry THF (4 mL) at —78 °C. After being stirred for 30 min, the reaction mixture was diluted with
aqueous saturated NH4Cl and 28% ammonia solution. The whole was extracted with EtOAc and the
extract was washed with brine, and dried over Na>SOas. The filtrate was concentrated under reduced
pressure and the residue was purified by flash chromatography over silica gel (hexane/EtOAc = 2/1)
to give compound 30b (327 mg, 75% in 2 steps) as a colorless oil: [a]*’p +16.9 (¢ 1.00, CHCI3); IR
(neat): 1698 (C=0); '"H NMR (600 MHz, CDCls, mixture of rotamers) &: 0.98 (d, J= 6.9 Hz, 3H), 1.21
(m, 3H), 1.47 (s, 12H), 1.58 (s, 2H), 1.60 (s, 1H), 2.62-2.72 (m, 1H), 3.72-3.91 (m, 3H), 4.23 (m, 1H),
4.50- 4.64 (m, 3H), 5.21 (d, J=10.3 Hz, 1H), 5.30 (d, J = 17.2 Hz, 1H), 5.38-5.58 (m, 2H), 5.86—
5.96 (m, 1H); “C{*H} NMR (150 MHz, CDCls, mixture of rotamers) &: 14.3, 15.0, 21.0, 21.3, 22.8,
24.3,26.0,27.0,28.4, 28.5, 38.7, 48.0, 48.4, 60.8, 61.2, 64.5, 64.5, 65.4, 79.7, 80.1, 93.6, 94.3, 117.5,
131.6, 132.1, 132.7, 133.0, 152.3, 152.8, 155.3; HRMS (ESI-TOF) caled for C20H3sN2NaOs [M+Na]':
405.2360; found: 405.2360.
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tert-Butyl (8)-4-[(28,5R)-5-{[(allyloxy)carbonyl]amino}hexan-2-yl]|-2,2-dimethyloxazolidine-3-
carboxylate (31). To a stirred solution of 30a (170 mg, 0.393 mmmol) in MeOH (17 mL) was added
10% Pd/C (34 mg) at room temperature and the mixture was flushed with H» gas (1 atm). After being
stirred for 1 h, the reaction mixture was filtered through membrane filter. The filtrate was concentrated
under reduced pressure to give the corresponding amine, which was used without further purification.
To a stirred solution of the above amine in THF were added allyl chloroformate (49.9 uL, 0.472 mmol)
and DIEA (82.2 uL, 0.472 mmol) at 0 °C. After being stirred for 1 h, the reaction mixture warmed to
room temperature and stirred for 2 h. Water was added to this mixture at room temperature. The whole
was extracted with EtOAc and the extract was washed with brine, and dried over Na;SOas. The filtrate
was concentrated under reduced pressure and the residue was purified by flash chromatography over
silica gel (hexane/EtOAc = 2/1) to give compound 31 (129 mg, 85%) as a colorless oil: [a]**p +2.6 (c
1.02, CHCl); IR (neat): 1697 (C=0); 'H NMR (500 MHz, CDCls, mixture of rotamers) &: 0.86 (d, J
= 6.8 Hz, 3H), 1.09-1.31 (m, 5H), 1.35-1.64 (m, 17H), 1.85-2.08 (m, 1H), 3.56-3.71 (m, 1H), 3.72—
3.91 (m, 3H), 4.43-4.66 (m, 3H), 5.20 (d, /= 10.3 Hz, 1H), 5.29 (d, J=17.2 Hz, 1H), 5.84-5.97 (m,
1H); *C{*H} NMR (150 MHz, CDCls, mixture of rotamers) &: 14.4, 14.5,21.5,22.8, 24.3, 26.1, 26.9,
28.5, 30.1, 30.3, 34.3, 34.6, 35.3, 35.4, 47.3,47.6, 60.8, 61.2, 63.7, 63.9, 65.3, 79.6, 80.1, 93.5, 94.0,
117.5, 117.6, 133.0, 133.1, 152.4, 153.0, 155.7, HRMS (FAB) calcd for CH37/N,Os [M+H]":
385.2697; found: 385.2702.

(9H-Fluoren-9-yl)methyl allyl [(25,3S,6R)-1-hydroxy-3-methylheptane-2,6-diyl]dicarbamate
(32a). To a stirred solution of 31 (108 mg, 0.281 mmol) in CH>Cl> (1 mL) was added TFA in CH2Cl>
(1:3,4 mL) at 0 °C. After being stirred for 30 min, the mixture was warmed to room temperature and
stirred for 1 h. The mixture was concentrated under reduced pressure to give the corresponding amine,
which was used without further purification. To a stirred solution of the above amine in MeCN (2 mL)
and H>O (2 mL) were added Fmoc-OSu (123.2, 0.365 mmol) in MeCN (1 mL) and DIEA (196 puL,
1.12 mmol) at room temperature. The reaction mixture was stirred at room temperature for 2 h. Then,
water was added to the mixture at room temperature. The whole was extracted with EtOAc and the
extract was washed with saturated citric acid and brine, and dried over Na;SOs. The filtrate was
concentrated under reduced pressure and the residue was purified by flash chromatography over silica
gel (hexane/EtOAc = 1/1) to give compound 32a (92.7 mg, 71%) as a white amorphous solid: [a]*°p —
14.6 (¢ 0.80, DMF); IR (neat): 3321 (OH), 1698 (C=0); 'H NMR (500 MHz, CDCls, mixture of
rotamers) o: 0.79-0.86 (m, 0.5H), 0.93 (d, J= 6.4 Hz, 2.5H), 1.14 (d, J= 6.2 Hz, 3H), 1.39-1.50 (m,
2H), 1.61-1.88 (m, 2H), 2.16-2.30 (m, 1H), 3.40-3.77 (m, 4H), 4.19—4.26 (m, 1H), 4.33-4.72 (m, SH),
5.06-5.24 (m, 3H), 5.74-5.96 (m, 1H), 7.34 (dd, J=7.4, 7.4 Hz, 2H), 7.39 (dd, J = 7.4, 7.4 Hz, 2H),
7.60 (d, J = 7.3 Hz, 2H), 7.76 (d, J = 7.5 Hz, 2H); *C{*H} NMR (150 MHz, CDCls, mixture of
rotamers) o: 16.2, 22.1, 28.2, 32.6, 33.7, 46.3, 47.3, 56.9, 63.3, 65.5, 66.7, 117.6, 119.9, 125.0, 125.1,
127.0, 127.0, 127.7, 132.8, 141.3, 143.9, 156.2, 157.1; HRMS (FAB) calcd for C27H3sN>Os [M+H]":
467.2541; found: 467.2543.
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(9H-Fluoren-9-yl)methyl allyl [(2R,5S,6S,E)-7-hydroxy-5-methylhept-3-ene-2,6-diyl]dicarba-
mate (32b). To a stirred solution of 30b (403 mg, 1.05 mmol) in CH>Cl, (2 mL) was added TFA in
CHoCl, (1:3, 8 mL) at 0 °C. After being stirred for 30 min, the mixture was warmed to room
temperature and stirred for 1 h. The mixture was concentrated under reduced pressure to give the
corresponding amine, which was used without further purification. To a stirred solution of the above
amine in MeCN (4 mL) and H>O (4 mL) were added Fmoc-OSu (462 mg, 1.37 mmol) in MeCN (2
mL) and DIEA (733 uL, 4.21 mmol) at room temperature. The reaction mixture was stirred room
temperature for 2 h. Then, water was added to the mixture at room temperature. The whole was
extracted with EtOAc and the extract was washed with saturated citric acid and brine, and dried over
Na>SOs. The filtrate was concentrated under reduced pressure and the residue was purified by flash
chromatography over silica gel (hexane/EtOAc = 1/1) to give compound 32b (425 mg, 87%) as a white
amorphous solid: [o]*°p +17.8 (¢ 1.04, CHCl3); IR (neat): 3314 (OH), 1688 (C=0); 'H NMR (500
MHz, CDCls, mixture of rotamers) 6: 1.03 (d, J= 6.3 Hz, 3H), 1.20 (d, /= 5.7 Hz, 3H), 2.23-2.66 (m,
2H), 3.27-3.72 (m, 3H), 4.10-4.25 (m, 2H), 4.31-4.59 (m, 4H), 4.79 (d, J = 6.9 Hz, 1H), 5.10-5.30
(m, 3H), 5.38-5.47 (m, 1H), 5.50-5.62 (m, 1H), 5.76-5.95 (m, 1H), 7.30 (dd, J = 7.4, 7.4 Hz, 2H),
7.38 (dd, J=17.2, 7.2 Hz, 2H), 7.58 (d, J = 7.4 Hz, 2H), 7.75 (d, J = 7.4 Hz, 2H); *C{*H} NMR (150
MHz, CDCl3, mixture of rotamers) o: 16.7, 21.0, 28.4, 37.3, 47.3, 48.6, 57.0, 63.8, 65.5, 66.7, 117.7,
120.0, 125.1, 127.0, 127.1, 127.7,131.4, 132.7, 132.8, 132.9, 141.3, 143.9, 143.9, 155.5, 157.0; HRMS
(ESI-TOF) calcd for C27H32N2NaOs [M+Na]+: 487.2203; found: 487.2203.

(28,35,6R)-2-({{(9H-Fluoren-9-yl)methoxy]carbonyl}amino)-6-{[(allyloxy)carbonyl]amino}-3-
methylheptanoic acid (21a). To a stirred solution of 32a (92 mg, 0.197 mmol) in MeCN (4.5 mL) and
pH 7.0 phosphate buffer solution (1.5 mL) were added AZADOL (6.04 mg, 0.0394 mmol), NaClO:
(44.5 mg, 0.394 mmol) and NaClO solution (119.5 pL, 0.197 mmol) at 0 °C. After being stirred for
1.5 h, the reaction mixture was diluted with 1 M HCI. The whole was extracted with EtOAc and the
extract was washed with brine, and dried over Na>SOs. The filtrate was concentrated under reduced
pressure and the residue was purified by preparative thin-layer chromatography over silica gel
(CHCI3/MeOH = 9/1) to give compound 21a (71 mg, 75%) as a colorless amorphous solid: [a]*p
+12.7 (¢ 0.613, CHCl3); IR (neat): 1701 (C=0); 'H NMR (500 MHz, CDCI3) &: 0.83—-1.01 (m, 3H),
1.10-1.30 (m, 6H), 1.44-1.51 (m, 1H), 1.98-2.12 (m, 1H), 3.66-3.75 (m, 1H), 4.19-4.24 (m, 1H),
4.31-4.64 (m, SH), 5.13-5.41 (m, 2H), 5.56 (d, J = 8.1 Hz, 1H), 5.81-6.05 (m, 1H), 7.25 (dd, J=7.3,
7.3 Hz, 2H), 7.51 (dd, J="7.5, 7.5 Hz, 2H), 7.57-7.61 (m, 2H), 7.75 (d, J= 7.5 Hz, 2H); *C{*H} NMR
(150 MHz, CDCl3) o: 14.1, 15.8, 16.3, 21.5, 21.7, 22.7, 28.2, 29.7, 31.6, 34.2, 34.6, 35.4, 46.2, 46.8,
47.1, 59.3, 65.5, 66.0, 66.2, 66.9, 67.1, 117.6, 119.9, 125.2, 127.1, 127.7, 129.0, 132.6, 132.8, 141.2,
143.8, 144.0, 156.2, 156.7, 176.6; HRMS (FAB) calcd for C27H33N206 [M+H]": 481.2334; found:
481.2331.
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(28,38,6R,E)-2-({{(9H-Fluoren-9-yl)methoxy]carbonyl}amino)-6-{[(allyloxy)carbonyl]amino}-3-
methylhept-4-enoic acid (21b). To a stirred solution of 32b (139 mg, 0.299 mmol) in MeCN (6 mL)
and pH 7.0 phosphate buffer solution (2 mL) were added AZADOL (9.14 mg, 0.0597 mmol), NaCIlO,
(67.5 mg, 0.597 mmol) and NaClO solution (181 pL, 0.299 mmol) at 0 °C. After being stirred for 1.5
h, the reaction mixture was diluted with 1 M HCI. The whole was extracted with EtOAc and the extract
was washed with brine, and dried over Na;SOs4. The filtrate was concentrated under reduced pressure
and the residue was purified by preparative thin-layer chromatography over silica gel (CHCl3/MeOH
= 9/1) to give compound 21b (102 mg, 71%) as a colorless amorphous solid: [a]*p +18.2 (¢ 0.991,
CHCl3); IR (neat): 1708 (C=0); 'H NMR (500 MHz, CDCls) &: 1.04 (d, J = 6.9 Hz, 3H), 1.15 (d, J =
5.2 Hz, 3H), 2.73-2.90 (m, 1H), 4.06-4.22 (m, 3H), 4.29-4.48 (m, 4H), 5.01-5.51 (m, 4H), 5.71-5.83
(m, 2H), 7.26 (t,J= 7.4 Hz, 2H), 7.35 (t,J= 7.4 Hz, 2H), 7.53-7.59 (m, 2H), 7.72 (d, J= 7.4 Hz, 2H);
BC{*H} NMR (150 MHz, CDCl;) §: 16.2, 20.9, 29.7, 38.6, 47.1, 48.7, 59.1, 65.6, 66.9, 67.3, 117.8,
119.9,124.9,125.2,127.0,127.7,130.0, 132.7,133.1, 141.2, 143.8, 144.0, 155.9, 156.7, 176.7, HRMS
(FAB) caled for C27H30N2NaOs [M+Na]™: 501.1996; found: 501.2003.

tert-Butyl (S)-4-[(R)-1-hydroxypropan-2-yl]-2,2-dimethyloxazolidine-3-carboxylate (36a). O gas
was bubbled into a stirred solution of 30b (49.5 mg, 0.129 mmol) in MeOH (5 mL) at =78 °C for 20
min. Oz was then bubbled through the solution for 10 min to remove excess Os. The reaction mixture
was added NaBH4 (49.0 mg, 1.29 mmol). The reaction mixture was warmed to room temperature and
stirred for 2 h. The reaction was quenched with saturated citric acid at 0 °C. The whole was extracted
with EtOAc and the extract was washed with aqueous saturated NaHCO3 and brine, and dried over
NaySO4. The filtrate was concentrated under reduced pressure and the residue was purified by flash
chromatography over silicagel (hexane/EtOAc =2/1) to give compound 36a (14.5 mg, 43%) as a white
amorphous solid: [0]**p —5.58 (c 0.63, CHCl3); IR (neat): 3253 (OH), 1688 (C=0); 'H NMR (500
MHz, CDCl3, mixture of rotamers) 8: 1.03 (d, /= 6.8 Hz, 3H), 1.47-1.52 (m, 15H), 1.61-1.70 (m, 1H),
3.34-3.41 (m, 1H), 3.58-3.63 (m, 1H), 3.74-3.85 (m, 2H), 3.91 (dd, J = 8.9, 5.3 Hz, 2H); C{*H}
NMR (150 MHz, CDCls, mixture of rotamers) o: 14.8, 24.4, 27.5, 28.3, 38.6, 59.1, 63.3, 66.2, 81.2,
93.5, 154.3; HRMS (ESI-TOF) caled for C13H2sNNaO4 [M+Na]": 282.1676; found:282.1677.

tert-Butyl  2,2-dimethyl-4-(prop-1-en-2-yl)oxazolidine-3-carboxylate ((¥)-35). (+)-35 was
synthesized by the identical procedure reported previously.*!-*? To a stirred solution of amide 33 (1.00
g, 3.47 mmol) in dry THF (10 mL) under argon was added MeLi (1.09 M solution in Et2O; 6.37 mL,
6.93mmol) at —78 °C. After being stirred for 2 h, the reaction mixture was diluted with aqueous
saturated NH4Cl. The whole was extracted with EtOAc and the extract was washed with brine, and
dried over NaxSOq. The filtrate was concentrated under reduced pressure to give corresponding ketone,
which was used without further purification. To a stirred solution of methyl triphenylphosphonium
bromide (3.72 g, 10.4 mmol) in dry THF (10 mL) under argon was added -BuOK (1.17 g, 10.4 mmol)

at 0 °C. The reaction mixture was warmed to room temperature and stirred for 10 min. To this mixture
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was added a solution of the above ketone in dry THF (5 mL) at room temperature. After being stirred
for 10 min, the reaction mixture was diluted with brine. The whole was extracted with EtOAc and the
extract was dried over Na>xSQOa. The filtrate was concentrated under reduced pressure and the residue
was purified by flash chromatography over silica gel (hexane/EtOAc = 7/1) to give compound (£)-35
(472 mg, 56%) as a colorless oil. The spectral data were in good agreement with those previous

reported.?

tert-Butyl (S/R)-4-[(R/S)-1-hydroxypropan-2-yl]-2,2-dimethyloxazolidine-3-carboxylate ((£)-36).
To a stirred solution of (£)-35 (300 mg, 1.24 mmol) in dry THF (9 mL) under argon was added
BH3-SMe; (2.0 M in THF solution; 2.47 mL, 4.97 mmol) at 0 °C. After stirred for 4 h, aqueous
solutions of 30% H20O, and saturated NH4CI were added to the mixture, which was warmed to room
temperature and stirred overnight. The whole was extracted with EtOAc and the extract was washed
with brine, and dried over Na;SOs. The filtrate was concentrated under reduced pressure and the
residue was purified by flash chromatography over silica gel (hexane/EtOAc = 4/1) to give compound
(¥)-36a (37.0 mg, 12%) as a white amorphous solid and compound (£)-36b (144 mg, 45%) as a
colorless oil.

(£)-36a: IR (neat): 3286 (OH), 1690 (C=0); '"H NMR (500 MHz, CDCl3, mixture of rotamers) &: 1.04
(d, /= 6.8 Hz, 3H), 1.48-1.52 (m, 15H), 1.62—-1.69 (m, 1H), 3.35-3.43 (m, 1H), 3.59-3.65 (m, 1H),
3.79-3.86 (m, 2H), 3.92 (dd, J = 8.9, 5.3 Hz, 1H); *C{*H} NMR (150 MHz, CDCl;, mixture of
rotamers) o: 14.8, 24.4, 27.6, 28.4, 38.6, 59.2, 63.4, 66.3, 81.2, 93.5, 154.3; HRMS (ESI-TOF) calcd
for C13H2sNNaO4 [M+Na]': 282.1676; found: 282.1676.

(£)-36b: IR (neat): 3486 (OH), 1695 (C=0); 'H NMR (500 MHz, CDCl;, mixture of rotamers) &: 0.85
(d, J=6.8 Hz, 3H), 1.48 (s, 12H), 1.58 (s, 3H), 1.85-1.94 (m, 1H), 3.23-3.31 (m, 1H), 3.42-3.50 (m,
1H), 3.79-3.84 (m, 1H), 4.00-4.07 (m, 1H), 4.12-4.19 (m, 1H), 4.24-4.30 (m, 1H); *C{*H} NMR
(150 MHz, CDCl3, mixture of rotamers) d: 11.3, 23.9, 26.1, 28.2, 40.1, 56.7, 64.6, 66.4, 80.8, 94.3,
154.5; HRMS (ESI-TOF) calcd for C13H2sNNaO4 [M+Na]™: 282.1676; found: 282.1676.

(8R/S8,8a8/R)-3,3,8-Trimethyltetrahydro-3H,5SH-oxazolo[3,4-c][1,3]oxazin-5-one ((£)-37a). To a
stirred solution of NaH (34 mg, 0.848 mmol) in dry THF (0.5 mL) under argon was added a solution
of (¥)-36a (44.0 mg, 0.170 mmol) in dry THF (1 mL) at 0 °C. The reaction mixture was refluxed for
15 min. Then, aqueous saturated NH4Cl was added to the mixture at room temperature. The whole was
extracted with EtOAc and the extract was washed with aqueous saturated NaHCO3 and brine, and
dried over Na>SOs. The filtrate was concentrated under reduced pressure and the residue was purified
by flash chromatography over silicagel (hexane/EtOAc = 1/1) to give compound (£)-37a (21.1 mg,
67%) as colorless block crystals: mp 103-105 °C; IR (neat): 1687 (C=0); 'H NMR (500 MHz, CDCls)
0:0.97 (d, J=6.6 Hz, 3H), 1.57 (s, 3H), 1.61 (s, 3H), 1.81-1.92 (m, 1H), 3.39 (ddd, /= 10.0, 10.0, 5.6
Hz, 1H), 3.54 (dd, J= 9.9, 8.5 Hz, 1H), 3.83 (dd, J = 11.3, 11.3 Hz, 1H), 4.16-4.24 (m, 2H); *C{*H}
NMR (150 MHz, CDCl) &: 12.6, 23.7, 25.9, 31.2, 60.5, 68.7, 72.2, 95.5, 149.5; HRMS (ESI-TOF)
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calcd for CoH sNNaOs [M+Na]™: 208.0944; found: 208.0944.

(8R/S,8aR/S)-3,3,8-Trimethyltetrahydro-3H,SH-oxazolo[3,4-c][1,3]oxazin-5-one ((+)-37b). To a
stirred solution of NaH (110 mg, 2.76 mmol) in dry THF (2 mL) under argon was added a solution of
(£)-36b (143 mg, 0.552 mmol) in dry THF (4 mL) at 0 °C. The reaction mixture was refluxed for 15
min. Then, aqueous saturated NH4Cl was added to the mixture at room temperature. The whole was
extracted with EtOAc and the extract was washed with aqueous saturated NaHCOs3 and brine, and
dried over Na,SOg4. The filtrate was concentrated under reduced pressure and the residue was purified
by flash chromatography over silicagel (hexane/EtOAc = 1/1) to give compound (£)-37b (72.7 mg,
71%) as a colorless oil: IR (neat): 1688 (C=0); '"H NMR (500 MHz, CDCls) &: 1.06 (d, J = 7.1 Hz,
3H), 1.56 (s, 3H), 1.62 (s, 3H), 2.15-2.23 (m, 1H), 3.64 (dd, J=10.1, 8.7 Hz, 1H), 3.89-3.95 (m, 1H),
4.04 (dd, J=8.6, 5.8 Hz, 1H), 4.11 (dd, J=11.0, 1.7 Hz, 1H), 4.28 (dd, J=11.0, 2.6 Hz, 1H); *C{*H}
NMR (150 MHz, CDCls) o: 10.4, 23.4, 25.9, 26.1, 57.7, 65.7, 72.9, 94.6, 149.2; HRMS (ESI-TOF)
calcd for CoHisNNaOs3 [M+Na]": 208.0944; found: 208.0944.

Synthesis of Coibamide A Derivatives with a Modified Lysine (20a,b).

Synthesis of compound 20a. The linear peptides were constructed by solid-phase peptide synthesis
on peptidyl resin S3 (0.490 mmol/g, 102 mg, 0.0500 mmol). After the cleavage from the resin S16a as
described above, EDCI-HCI (96 mg, 0.500 mmol) was added to a solution of crude linear peptide,
HOAt (68 mg, 0.500 mmol), and DIEA (348 pL, 2.00 mmol) in dry DMF (50 mL) at 0 °C. The reaction
mixture was allowed to warm up to room temperature and the stirring was continued for 18 h. The
reaction mixture was concentrated in vacuo and the residue was purified by RP-HPLC to give
compound 20a (3.7 mg, 3% from resin) as a white powder: 'H NMR (600 MHz, CDCls, mixture of
rotamers) 9: 0.43-1.59 (m, 50H), 1.59-2.29 (m, 1.5H), 2.47-2.67 (m, 3H), 2.67-2.78 (m, 2.5H), 2.78-
3.10 (m, 19H), 3.19-3.30 (m, 2H), 3.69-3.82 (m, 2.5H), 3.82-3.92 (m, 1H), 3.92-4.06 (m, 0.5H), 4.41-
4.72 (m, 0.5H), 4.72-4.87 (m, 1H), 4.87-4.96 (m, 0.5H), 4.96-5.06 (m, 1.5H), 5.06-5.18 (m, 1H), 5.18-
5.34 (m, 2H), 5.34-5.66 (m, 1.5H), 6.58-6.83 (m, 1.5H), 6.83-6.94 (m, 0.5H), 6.94-7.18 (m, 1.5H),
8.67-8.98 (m, 0.5H); *C{*H} NMR (150 MHz, CDCls, mixture of rotamers) &: 10.1, 12.0, 14.0, 14.1,
14.4,14.7 154, 15.5, 16.1, 16.8, 16.9, 18.0, 18.7, 18.8, 19.1, 19.2, 20.7, 21.3, 21.5, 22.6, 23.3, 23.47,
23.52,24.5,24.6,25.0,25.2,25.5, 26.8, 26.9, 28.2, 28.25, 28.28, 29.1, 29.6, 29.89, 29.93, 30.1, 30.4,
31.4,31.6,32.7,35.6,37.2,37.4,45.2, 46.3, 46.9, 49.5,49.7, 50.2, 50.4, 51.2, 51.3, 55.1, 55.2, 56.5,
56.7, 65.7, 70.8, 113.6, 115.5, 117.5, 127.5, 130.9, 158.7, 162.2, 162.5, 167.4, 167.7, 168.1, 169.5,
170.6, 170.7, 171.5, 172.6, 173.6, 173.7; HRMS (FAB) calcd for CesH111N10O12 [M+H]"™: 1211.8378;
found: 1211.8407.
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Scheme S4. Synthesis of Coibamide A Derivatives with a Modified Lysine (20a,b). Reagents and
conditions: (a) Fmoc-Ala-OH-H,O, HATU, DIEA, DMF, 40 °C; (b) 20% piperidine/DMF, rt; (c)
Fmoc-Melle-OH, HOBt-H>O, DIC, DMF, 40 °C; (d) Fmoc-MeAla-OH, HATU, DIEA, DMF,
40 °C; (e) Fmoc- yLys(Alloc)-OH, HATU, DIEA, DMF, 40 °C; (f) NsCl, 2,4,6-collidine, NMP, rt;
(g) PhsP, DEAD, MeOH, THF, rt; (h) 2-mercaptoethanol, DBU, NMP, rt; (i) Fmoc-MeLeu-OH,
HATU, DIEA, DMF, 40 °C; (j) MezVal-D-Hva-OH-HCI, HATU, DIEA, NMP, 40 °C; (k) Pd(PPh3)4,
PhSiH3, CH2Cly, rt; (1) Fmoc-Tyr(Me)-OH, HATU, DIEA, NMP, 40 °C; (m) 30% HFIP/CH2Cl,, 1t;
(n) EDCI-HCI, HOAt, DIEA, DMF, 0 °C to rt.

Synthesis of compound 20b. According to the procedure described for the preparation of 20a,
peptidyl resin S3 (0.650 mmol/g, 77 mg, 0.0500 mmol) was converted into 20b (1.2 mg, 1% from
resin) as a white powder: 'H NMR (600 MHz, CDCl3, mixture of rotamers) &: 0.75-2.37 (m, 63H),
2.37-2.63 (m, 2H), 2.63-3.30 (m, 25H), 3.65-3.99 (m, 3.5H), 4.80-4.91 (m, 0.5H), 4.91-5.02 (m, 1H),
5.02-5.28 (m, 2H), 5.28-5.43 (m, 1H), 5.43-5.52 (m, 1H), 5.52-5.67 (m, 0.5H), 6.59-6.95 (m, 2H),
6.95-7.17 (m, 2H); *C{*H} NMR (150 MHz, CDCls, mixture of rotamers) &: 11.7, 14.1, 14.4, 14.7,
16.0, 17.3, 17.6, 18.6, 18.8, 18.9, 19.1, 19.3, 21.0, 22.1, 22.7, 23.2, 24.6, 24.8, 25.0, 25.3, 28.2, 29.0,
29.3,29.7,30.0, 30.1, 30.6, 31.9, 32.6, 37.5, 38.1, 46.8, 50.0, 51.1, 51.5, 55.3, 65.1, 71.0, 113.8, 113.9,
127.6, 130.2, 130.4, 158.5, 167.6, 168.0, 168.7, 169.6, 170.6, 172.2; HRMS (FAB) calcd for
Ce4H109N 10012 [M+H]": 1209.8221; found: 1209.8239.

Synthesis of Coibamide A Derivative with a D-MeAla-MeDab Linkage (38a)
Synthesis of compound 38a. The linear peptides were constructed by solid-phase peptide synthesis
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Scheme S5. Synthesis of Coibamide A Derivative with a D-MeAla-MeDab Linkage (38a).
Reagents and conditions: (a) Fmoc-Ala-OH-H,O, HATU, DIEA, DMF, 40 °C; (b) 20%
piperidine/DMF, rt; (¢) Fmoc-Melle-OH, HOBt-H>O, DIC, DMF, 40 °C; (d) Fmoc-MeAla-OH,
HATU, DIEA, DMF, 40 °C; (e) Fmoc-Dab(Alloc)-OH, HATU, DIEA, DMF, 40 °C; (f) NsCl, 2,4,6-
collidine, NMP, rt; (g) PhsP, DEAD, MeOH, THF, rt; (h) 2-mercaptoethanol, DBU, NMP, rt; (i)
Fmoc-MeLeu-OH, HATU, DIEA, DMF, 40 °C; (j) Me>Val-D-Hva-OH, HATU, DIEA, NMP, 40 °C;
(k) Pd(PPh3)s, PhSiH3, CH2Cl, rt; (1) Fmoc-D-MeAla-OH, HOBt-H>O, DIC, DMF, 40 °C; (m)
Fmoc-Tyr(Me)-OH, HATU, DIEA, NMP, 40 °C; (n) 30% HFIP/CHCl,, rt; (o) EDCI-HCI, HOA,
DIEA, DMF, 0 °C to rt.

on peptidyl resin S3 (0.490 mmol/g, 206 mg, 0.100 mmol). After the cleavage from the resin S20 as
described above, EDCI-HCI (192 mg, 1.00 mmol) was added to a solution of crude linear peptide,
HOAt (136 mg, 1.00 mmol), and DIEA (697 pL, 4.00 mmol) in dry DMF (100 mL) at 0 °C. The
reaction mixture was allowed to warm up to room temperature and the stirring was continued for 18 h.
The reaction mixture was concentrated in vacuo and the residue was purified by RP-HPLC to give
compound 38a (10.4 mg, 8% from resin) as a white powder: '"H NMR (600 MHz, CDCls, mixture of
rotamers) 6: 0.53-1.72 (m, 48H), 1.90-2.15 (m, 2H), 2.15-2.36 (m, 2.5H), 2.36-2.59 (m, 4H), 2.59-2.82
(m, 6H), 2.82-3.30 (m, 23H), 3.52-3.89 (m, 5H), 4.15-4.24 (m, 0.5H), 4.40-4.68 (m, 1.5H), 4.68-4.91
(m, 1.5H), 4.91-5.15 (m, 2.5H), 5.34-5.68 (m, 2.5H), 5.68-6.07 (m, 1H), 6.07-6.20 (m, 0.5H), 6.62-
6.88 (m, 2.5H), 6.88-7.01 (m, 0.5H), 7.01-7.18 (m, 2H), 7.30-7.43 (m, 0.5H); *C{*H} NMR (150
MHz, CDCIl3, mixture of rotamers) &: 11.7, 11.8, 12.6, 12.8, 16.0, 17.3, 17.4, 17.5, 18.0, 18.5, 18.59,
18.64, 18.9, 19.0, 20.8, 22.2,22.4,22.7,23.1,23.4,24.3, 24.9, 25.0, 25.2, 25.5, 28.2, 28.8, 29.3, 29.4,
29.5,29.7,29.8,30.0, 30.1,30.17, 30.21, 30.3, 30.9, 32.1, 34.0, 35.9, 36.9,37.4,37.9, 38.1, 39.0, 44.3,
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44 .4, 46.5,47.1, 51.0, 51.4, 51.7, 51.8, 51.9, 52.3, 52.7, 52.9, 53.0, 55.30, 55.33, 56.0, 58.5, 58.75,
58.80, 58.86, 58.91, 64.6, 64.7, 64.8, 68.4, 68.6, 68.88, 68.93, 71.3, 71.4, 113.9, 114.3, 126.9, 127.8,
130.1, 130.2, 158.8, 159.1, 167.1, 167.7, 167.8, 169.0, 169.1, 169.6, 169.8, 170.0, 170.1, 170.3, 170.4,
170.8, 171.7, 171.9, 172.6, 173.0; HRMS (FAB) calcd for Ce7Hi07N11NaO13 [M+Na]": 1248.7942;
found: 1248.7963.

Synthesis of compound 38b. According to the procedure described for the preparation of 38a,
peptidyl resin S3 (0.490 mmol/g, 206 mg, 0.100 mmol) was converted into 38b (15.0 mg, 11% from
resin) as a white powder: 'H NMR (600 MHz, CDCls, mixture of rotamers) &: 0.71-1.70 (m, 48H),
1.87-2.14 (m, 1H), 2.14-2.32 (m, 2H), 2.41-2.55 (m, 3H), 2.67-2.76 (m, 3H), 2.76-3.26 (m, 25H), 3.26-
3.39 (m, 6H), 3.47-3.92 (m, 9H), 4.16-4.23 (m, 0.5H), 4.40-4.60 (m, 1H), 4.70-4.86 (m, 1.5H), 4.94-
5.10 (m, 2H), 5.31-5.40 (m, 0.5H), 5.40-5.47 (m, 0.5H), 5.67-5.89 (m, 2H), 6.00-6.10 (m, 0.5H), 6.10-
6.22 (m, 0.5H), 6.61-6.73 (m, 0.5H), 6.73-6.89 (m, 2.5H), 6.89-6.97 (m, 0.5H), 6.97-7.12 (m, 2H),
7.12-7.23 (m, 0.5H); *C{*H} NMR (150 MHz, CDCl;, mixture of rotamers) &: 11.7, 11.8, 12.6, 12.8,
16.0,17.3,17.4,17.5,18.0, 18.5, 18.59, 18.64, 18.9, 19.0, 19.4, 20.8,22.2,22.4,22.7,23.1,23.4, 24.3,
24.9,25.0,25.2,25.5,28.2,28.8,29.3,29.4,29.5, 29.7, 29.8, 30.0, 30.1, 30.17, 30.21, 30.3, 30.9, 32.1,
34.0,35.9,36.9,37.4,37.87,37.95,38.1,39.0,44.3,44.4,46.5,47.1,51.0,51.4,51.7,51.7,51.8, 51.9,
52.3,52.7, 52.9, 53.0, 55.29, 55.33, 56.0, 58.5, 58.9, 64.6, 64.7, 64.8, 68.4, 68.6, 68.88, 68.93, 71.3,
71.4,113.9,114.3, 126.9, 127.8, 130.1, 130.2, 158.8, 159.1, 167.1, 167.7, 168.8, 169.0, 169.1, 169.6,
169.8, 170.0, 170.1, 170.3, 170.4, 170.8, 171.7, 171.9, 172.6, 173.0; HRMS (FAB) calcd for
CosHi12N11015 [M+H]": 1286.8334; found: 1229.8353.

Synthesis of compound 38c. According to the procedure described for the preparation of 38a, peptidyl
resin S3 (0.490 mmol/g, 206 mg, 0.100 mmol) was converted into 38¢ (10.5 mg, 7% from resin) as a
white powder: 'TH NMR (600 MHz, CDCls, mixture of rotamers) §: 0.74-1.78 (m, 48H), 1.88-2.15 (m,
1H), 2.15-2.39 (m, 2H), 2.39-2.61 (m, 3H), 2.61-2.81 (m, 3H), 2.81-3.27 (m, 25H), 3.27-3.43 (m, 6H),
3.43-3.57 (m, 1H), 3.57-3.93 (m, 6H), 4.05-4.26 (m, 0.5H), 4.33-4.64 (m, 1H), 4.69-4.79 (m, 0.5H),
4.79-4.94 (m, 1H), 4.94-5.12 (m, 2H), 5.30-5.40 (m, 0.5H), 5.40-5.46 (m, 0.5H), 5.59-5.95 (m, 2.5H),
6.00-6.11 (m, 0.5H), 6.11-6.23 (m, 0.5H), 6.68-6.74 (m, 0.5H), 6.88-6.97 (m, 0.5H), 7.19-7.26 (m,
1.5H), 7.32-7.40 (m, 1.5H), 7.40-7.48 (m, 2H), 7.48-7.53 (m, 1.5H), 7.53-7.62 (m, 3H); *C{*H} NMR
(150 MHz, CDCl3, mixture of rotamers) o: 11.6, 11.8, 12.5, 12.8, 14.1, 16.0, 17.1, 17.2, 17.5, 17.9,
18.5, 18.6, 18.8, 19.0, 19.1, 19.3, 20.7, 22.1, 22.2, 22.3, 22.4, 22.6, 23.1, 23.3, 24.2, 24.9, 25.0, 25.2,
25.5,28.1, 28.7, 29.26, 29.35, 29.7, 29.8, 29.9, 30.05, 30.1, 30.17, 30.24, 30.4, 30.8, 31.9, 32.1, 34.0,
36.2,37.2,37.3, 37.86, 37.34, 38.92, 44.2, 44.3, 46.4, 47.1, 51.0, 51.8, 52.0, 52.6, 53.0, 53.1, 56.0,
57.6, 58.5, 58.7, 58.79, 58.83, 58.9, 64.5, 64.7, 64.8, 68.3, 68.5, 68.80, 68.84, 71.0, 71.1, 126.90,
126.93, 127.2, 127.4, 127.5, 128.8, 128.9, 129.49, 129.55, 134.1, 134.8, 140.2, 140.3, 140.4, 140.6,
162.1, 162.3, 167.1, 167.7, 168.1, 168.2, 168.4, 168.7, 168.8, 168.9, 169.4, 169.6, 169.97, 170.05,
170.3, 170.5, 171.0, 171.7, 171.8, 172.5, 172.9; HRMS (FAB) calcd for C70H114N11014 [M+H]":
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1332.8541; found: 1332.8560.

Synthesis of compound 39a. According to the procedure described for the preparation of 38a, peptidyl
resin S3 (0.590 mmol/g, 171 mg, 0.100 mmol) was converted into 39a (7.0 mg, 5% from resin) as a
white powder: 'H NMR (600 MHz, CDCls, mixture of rotamers) 8: 0.62-2.30 (m, 52H), 2.43-2.54 (m,
3H), 2.54-3.16 (m, 27H), 3.58-3.92 (m, 6H), 3.92-4.13 (m, 0.5H), 4.13-4.26 (m, 1H), 4.50-4.64 (m,
1H), 4.82-5.15 (m, 4H), 5.15-5.29 (m, 0.5H), 5.29-5.44 (m, 1.5H), 5.44-5.58 (m, 1H), 5.58-5.74 (m,
0.5H), 6.35-6.51 (m, 0.5H), 6.57-6.75 (m, 1H), 6.75-6.91 (m, 2H), 7.03-7.15 (m, 2H), 7.53-7.77 (m,
0.5H); C{*H} NMR (150 MHz, CDCls, mixture of rotamers) &: 11.6, 11.8, 12.6, 12.9, 14.5, 14.8,
15.6,16.0,16.9,17.1,17.2,18.7,18.8, 18.9, 19.1, 19.22, 19.25,19.3,21.3,22.1, 22.5,22.7, 22.8, 24.8,
25.0,25.1,25.2,28.2, 29.0, 29.1, 29.2, 29.4, 29.5, 30.0, 30.1, 30.2, 30.3, 30.5, 32.3, 33.2, 33.6, 35.8,
36.8,37.1,37.5,37.7,39.0, 46.1, 46.4, 48.3, 49.0, 50.1, 50.3, 50.8, 51.2, 51.4, 51.9, 52.4, 55.3, 55.4,
58.2, 58.9, 64.6, 65.1, 70.9, 113.9, 114.3, 126.7, 127.9, 130.1, 130.3, 158.8, 159.2, 167.80, 167.85,
168.0, 168.1, 168.5, 170.0, 170.7, 171.0, 171.4, 172.0, 172.1, 172.7, 173.5, 173.9; HRMS (ESI-TOF)
calcd for Ce2H10sN11NaO13 [M+Na]": 1234.7786; found: 1234.7778.

Synthesis of compound 39b. According to the procedure described for the preparation of 38a,
peptidyl resin S3 (0.590 mmol/g, 171 mg, 0.100 mmol) was converted into 39b (3.1 mg, 2% from
resin) as a white powder: HRMS (ESI-TOF) calcd for Cs3Hio7N11NaO13 [M+Na]": 1248.7942; found:
1248.7942.

Growth Inhibition Assay Using A549 Cells*’

A549 cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM; Sigma) supplemented
with 10% (v/v) fetal bovine serum at 37 °C in a 5% COz-incubator. Growth inhibition assays using
A549 cells were performed in 96-well plates (BD Falcon). A549 cells were seeded at 1000 cells/well
in 90 pL of culture media, respectively, and were cultured for 24 h. Chemical compounds in DMSO
were diluted 50-fold with the culture medium in advance. 30 pL of the chemical diluents were added.
The final volume of DMSO in the medium was equal to 0.5% (v/v). The cells under chemical treatment
were incubated for a further 72 h. The wells in the plates were washed twice with the cultured medium
without phenol-red. After 1-hour incubation with 100 pL of the medium, the cell culture in each well
was supplemented with 20 pL of the MTS reagent (Promega), followed by incubation for additional
40 min. Absorbance at 490 nm of each well was measured using a Wallac 1420 ARVO SX multilabel
counter (Perkin Elmer). Three experiments were performed per condition and the averages of
inhibition rates in each condition were evaluated to determine ICso values using the GraphPad Prism

software.

Viability Assays Using U87 MG Cells and HCT116 Cells

Human U87 MG glioblastoma and HCT116 colon cancer cells were from American Type Culture
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Collection (ATCC, Manasses, VA). U87 MG cells were cultured in Minimum Essential Medium
(MEM) with Earl’s salts and L-glutamine (Corning Life Sciences), supplemented with 10% fetal
bovine serum (FBS; Hyclone, Logan, UT) and 100 U/mL penicillin and 100 mg/mL streptomycin (1%
penicillin/streptomycin). HCT116 cells were cultured in McCoy’s 5A medium supplemented with 10%
FBS and 1% penicillin/streptomycin. All cells were grown under standard conditions and maintained
at 37 °C in an atmosphere of 5% CO.. For analysis of biological activity, cells were seeded at 3,000
cells/well into 96-well plates and allowed to attach overnight. On the day of the experiment, all cells
were treated at the same time with the test compound or vehicle (0.1% DMSO) and plates returned to
the cell culture incubator for 72 h. The viability of cells was measured at 72 h using a CellTiter-Glo®
Luminescent Cell Viability Assay (Promega Corp) and luminescent signals measured using a multi-

mode microplate reader (Biotek Synergy HT).

Protein Secretion Assay

The generation of U887 MG cells expressing the secreted reporter Gaussia_luciferase (GLuc) to yield
the U87-GLuc cells for reporter assays has been described previously.>** U87-GLuc cells were
cultured in Minimum Essential Medium (MEM) with Earl’s salts and L-glutamine (Corning Life
Sciences), supplemented with 10% fetal bovine serum (FBS; Hyclone, Logan, UT) and 100 U/mL
penicillin and 100 mg/mL streptomycin (1% penicillin/streptomycin). All cells were grown under
standard conditions and maintained at 37 °C in an atmosphere of 5% CO.. For analysis of biological
activity, cells were seeded at 3,000 cells/well into 96-well plates and allowed to attach overnight. On
the day of the experiment, all cells were treated at the same time with the test compound or vehicle
(0.1% DMSO) and plates returned to the cell culture incubator for 18 h. For analysis of secretory
function in U87-GLuc cells at 18 h, 20 puL of conditioned cell culture medium was removed from each
well and transferred to new 96-well white-walled plates. Subsequently, 50 pL of 1.68 uM
coelenterazine was injected into each well (final concentration = 1.2 uM), and luminescent signals
were measured using a multi-mode microplate reader (Biotek Synergy HT) with Gen5® software and
compared across conditions (3 sec wait, 0.5 sec integration time following coelenterazine injection).
The viability of all U87-GLuc cells was measured at 18 h using a CellTiter-Glo® Luminescent Cell

Viability Assay (Promega Corp) and luminescent signals measured using the same microplate reader.
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A VALZEIHITE DRENRH 5, F2. Xaa''D-allo-Hil'' ] DO~_T7'F FiEA TORLIZEBW
TIE, Xaa'® Z fetk OFE T Dha (CAMET 2720, BALKIGICEIT 5 Xaa D= 2 Vb %
ERETDMENRN, XTF R2EBET DL 7o AT, BILAEA L 2 57T K 4
HH BEREBELTNTF R 3a 2B %IC AREZEETIREOLE, XTFR40D A

BRAMGE L TXTF R 3b 21571212 BERAWHET HRKEOPEESIN D, RiE~TTF K 4
IX. Dha HiBR{A (Xaa) ZHFFL7=7 v b Y FUEE ET Fmoc BMAERIEE VW TE KL
TLHZEE LT,

F7o. BRAGATERA 4 Z G 272010%, RO T I BEHEARLAMNT, FERRAAIEH %
BT D 3MEOT X k5T, ﬁ@ﬁ% EILOMAGDOEND 725 Lan FHEK 8 2 VD 4
ENRBHDHTZD, TNODOEMIZONT HRFTE21T -7 (Figure 2),

N “Fmoc “Fmoc “Fmoc “Fmoc
Fmoc-L-Nmhm-OH (5)  Fmoc-L-Hil-OH (6) Fmoc-D-allo-Hil-OH (7) Fmoc-Lan-OH (8)

Figure 2. Structures of Protected Nonproteinogenic Amino Acids (5-8) for Synthesis of
Vitilevuamide. Abbreviations: Nmhm: N-methyl-B-hydroxymethoxinine; Hil: homoisoleucine;

Lan: lanthionine
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BEH BT AT T KA HV = vitilevuamide O "ERPEE RS OMEEE T 0 X DENL

Vitilevuamide (1) @ "BV OARK 7 v & ADFESIZ AT T, BWURR#ERORR, 7
bt Rr7 7= (Dha) OHEHEDIREZ HRL LICHR 21T o7, T OB, 207265
AT O N FHERREAEAF T 57 2 /a3 s L CTAFRER T X/ JRICHE S #
RTET VLG 9 i%Et Lo (Figure3), BARAIIZIZX, L-Hil* 3 X O D-allo-Hil"! & 2
AU L-Leu 3 X O D-Leu (2, L-Nmhm'} % L-MeThr [ E & X 728K A2 ET VT F RE L
THRE LI, ZNOHDEHIC L DT F ROEHEGE~OFEITEM TH Y . ZBIEFHKO
MR RETT 5 2 LI EIT A &l L7,

L-Phe? D-Ala’®

HN— HN—
©_>_< _} L-Hil* ©_>_< _}H L-Leu*
(0]
o O NH O 07 NH
HO\H/\)L j/ L-Pro’ (0] NH D-allo-Thr® L-Serl HO\”/\)J\ j/ \
N~ O Oy~ 0.__0O
o I Y

ZT

Y 7/\/ \f : OH
é ; / NH = Il
L-Lan' § NH ' o
HN HN  OH HN HN  OH
e} L-Phe® -
ooLar? A\/K/O\ OA\:/\ »
L-Nmhm13 N L-MeThr
0 NH N O
H (0]
9 N N
Llle™ ™ 4 N D-Val'? g H § H
Dha1°
D-allo-Hil"" D-Leu™
Vitilevuamide (1) model compound (9)

Figure 3. Design of a Model Peptide for the Synthetic Study on Vitilevuamide.

Vitilevuamide @ "ERMEFHED B BRA RYNHEET LR BEODOE KT 1 A DR 21T -
72 (Scheme 2) , Dha HifE{A & L C Serif Bk 2 5 Z & & L, ZHUTHE Y 3 5 Fmoc-Ser(Trt)-
OH Z#Fs L7zZ7 vm U FUBE 10 2 3k & UL THRIM L7z, £3°. DIC/HOBt Z i &
& L CHIA L7z Fmoc BEAHAAIEIC LY Phe? 75 Ser(Trt)' OFES 11 25 L=, Z 0
B Lan FHEAKITHLR AR L7z Boo/ Xy PN 2T UEE W (FBRIESR), +0%.
D-allo-Thr’ {ll#{»D b K % v H 2, DIC/DMAP % H\ T Fmoc-Ser(t-Bu)-OH Z i & L 7=,
ZDEE. 20%FEE D Ser(t-Bu)'* OB A VLRI N, BlEHix. 7 BROMEAE 1T
VN, D-Leu'' £ TORSN12 ZHE5E LTz, ZOFE, MeThr®* O N-XF LT X ) E~DT v
& (D-Val'? ®E A) (2iE, #iAEH & LT DIC/HOAt % /=, 5l& k. 1,1,1,3,33-
hexafluoroisopropanol Z %I/ L 72#flE72>6 D8]V i L, EDCVHOAt Z WA RS T T
BRALEOL 21TV, BEREZFEE LIZBRIRT'F N 13 24572, IZIC, X7F N 13 D Cbz # &
NPT AT )V AR TS L0 iRGE L Z OSSR U TAIREA: T TOBRIBISIZ
42 & T ZEREERRAT T RN 14 21572,
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NH
a,b,a,c,
a,d, a, e,
OTrt afa,g, o OTrt
a, h,a,i H
Fmoc. o) " Cbzo N \)J\ /’%(
N - = N N N
10
l j»a, k, a,
B ~
l,a,m, a ocC ,\Eﬂ/
OTrt
e L0 ’
Cbhz . N N N N,
oy Lo 2 0
H o H o J. " o k H o .
(0] W
07 " ot-Bu
HN (0]
?
tBuO N N NH, 12aR=H
HN\ HN— H HN— "
Cbz N N
o o]

o) T o)
\\g\ Ph Oél'\./\ Ph
07 TNH OH o N-r o
: o)
- H
N
0 0
13aR=H 14aR=H
13b R = Me 14b R = Me

Scheme 2. Synthetic Study on the Bicyclic Structure of a Vitilevuamide Model Peptide Having a
Ser at the Dha!” Position. Reagents and conditions: (a) 20% piperidine/DMF, rt; (b) Fmoc-Ile-OH,
DIC, HOBt-H>O, DMF, rt; (¢) Fmoc-D-Lan(Boc-Lan-OBn)-OH, DIC, HOBt-H,O, DMF, rt; (d)
Fmoc-Pro-OH, DIC, HOBt-H,O, DMF, rt; (¢) Fmoc-Phe-OH, DIC, HOAt, DMF, 40 °C; (f) Fmoc-
D-allo-Thr-OH, DIC, HOBt-H,0O, DMF, rt; (g) Fmoc-Leu-OH, DIC, HOBt-H>O, DMF, rt; (h)
Fmoc-D-Ala-OH, DIC, HOBt-H,0, DMF, rt; (i) Cbz-Phe-OH, DIC, HOBt-H,0, DMF, rt; (j) Fmoc-
Ser(#-Bu)-OH, DIC, DMAP, CH2Cl,, DMF, rt; (k) Fmoc-Thr(z-Bu)-OH (for 12a) or Fmoc-MeThr(z-
Bu)-OH (for 12b), DIC, HOBt-H>0, DMF, rt; (1) Fmoc-D-Val-OH, DIC, HOAt, DMF, 40 °C; (m)
Fmoc-D-Leu-OH, DIC, HOBt-H,O, DMF, rt; (n) 30% HFIP/CH>Cl, rt; (0) EDCI-HCI, HOAt,
DIEA, DMF, 0 °C to rt, 17% from resin (13a) and 24% from resin (13b); (p) 10% Pd/C, Hz, i-PrOH,
rt; (q) EDCI-HCI, HOAt, DIEA, DMF, 0 °C to rt, 26% (14a) and 22% (14b) (2 steps).
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e, TERMEATT R 14 O Ser FE % Dha (CEMT 5 12O DO ISSFMOKET 21T - 72

(Table 1), £, MsCliZk VY 14a Dt Fua T Ea2iEME L, 5l &k AL T To
BES S & A Te & 2 A, Dha fR 15a 135 63, A% — VR Z B L THE bz
EEDONDEENE F—0 FBOARY (5B RMEER) LA 4 ORISR LY 4
R U727 aa R g Hiie (entry 1), IEMHEAEAIE LT TsClX° Ms0 &R L 72 BRIC § [RlER
(2, JEURD BER & b B A 035 H A7 (entries 2 38 LTV 3), F72, HAE 14b % Ms:0
TIEMEL UL BSOS I WA S L TDBU 2RI L7 & Z A, & D Dha {& 15b 73
H SN2, BRI B RN EARY & L CE LNz (entryd), £7=. Cu(l) HEAF(E F EDCI
THHRT L5605 Z2at L& 24, Dha{k15b MRS N7=b DD, 4 Y 7 LT OfitEED
EITES, Fo. RO BYERO AR S fEFE S 4172 (entry 5),

Table 1. Investigation on Dehydroalanine Formation by -Elimination of the Ser Side Chain.

HN— 4 HN
_>N _>/*N
Ox-NH O ~NH
Boc. j/ Boc. j/
7/\/ OtBu 7/\/ OtBu
—_—
HN OtBu HN HN OtBu

. ?iL " fi*

14b R = Me 15b R = Me
entry substrate R  conditions yield of 15  byproducts
1 14a H MsCl EtN N.D. isomer?, chloride*
2 1l4a H  TsCl, EtsN, DMAP N.D.“ isomer”
3 14a H Ms0, EtsN N.D.4 isomer”
4 14b Me Ms;0, EtsN, DBU trace isomer”
5 14b Me EDCI-HCI, CuCl, EsN trace isomer”

@ Not detected. ” Unidentified product with the identical molecular weight mass of the

substrate. ¢ Unidentified product.

kD X 91z, Ser A Dha ~EHad 5 7t ANHIT Lo 722 &35, Dha iR
REEH LR ORET 21T 572, Chalker 513, Cys #5E(K 16 OIEH A V7 7 N HZ M
LT TIA- T BET R AL A AT AT IMMEDOSEMIATT L. 2 A= AR O
iBER: 17 DIERZRE T, B IAEIZ X ¥ Dha 355K 18 «&W@éméﬁﬁ;%‘:%&ﬁbbmxé
(Scheme 3) ¢, Ax)i% vitilevuamide ¢ Dha #7815 OAEZE I T *< . Cys iFE K%

61



e TERMER OMBEEZ BT LT,
Fmoc-Cys(St-Bu)-OH Z#iff L7 7 v v ~ U FIUEE 19 2 158k E LT, Scheme2 & [A]
RO 7 a2 L DA ERATZ (Scheme 4), ~7F REHOMEIZ LV R#E~TTF NEHE

x-
y 9
Br-(CHy)4-Br base
R! RR——— = > | R! R2 | ——R! R?
N/Ef(o H 0 H o}
o} o}

(6]
16 17 18

Scheme 3. Dehydroalanine Formation from Cys-type Precursor.

Boc.
NH
a,bac, K”/O Bn St Bu
St-Bu a, d a,e, o
$ afa,g,
IS e %
Fmoc\N O\O Laka N/\n/ O
H (e} l,a,m,a
19
20a Ot Bu
n, o
(0]
HN H HN—
Ps o
(0]
Os_OBn O«_NH ©
NH
Boc. Nj/ Boc.. Nj/ H
H 7/\/ Ot Bu H 1” 7/\/ Ot Bu
P, q
HN — HN
St Bu St Bu

ry
Scheme 4. Synthetic Study of a Vitilevuamide Model Peptide Having a Cys(St-Bu) at the Dha!?
Position Using Cbz/Bn Ester Protective Groups. Reagents and conditions: (a) 20% piperidine/DMF,
rt; (b) Fmoc-Ile-OH, DIC, HOBt-H,0O, DMF, rt; (¢) Fmoc-D-Lan(Boc-Lan-OBn)-OH, DIC,
HOBt-H>O, DMF, rt; (d) Fmoc-Pro-OH, DIC, HOBt-H,O, DMF, 1t; (¢) Fmoc-Phe-OH, DIC, HOAt,
DMEF, 40 °C; (f) Fmoc-D-allo-Thr-OH, DIC, HOBt-H>O, DMEF, rt; (g) Fmoc-Leu-OH, DIC,
HOBt-H,0O, DMF, rt; (h) Fmoc-D-Ala-OH, DIC, HOBt-H,O, DMF, rt; (i) Cbz-Phe-OH, DIC,
HOBt-H,0O, DMF, rt; (j) Fmoc-Ser(z-Bu)-OH, DIC, DMAP, CH>Cl,, DMF, rt; (k) Fmoc-MeThr-
OH, DIC, HOBt-H>O, DMF, rt; (I) Fmoc-D-Val-OH, DIC, HOAt, DMF, 40 °C; (m) Fmoc-D-Leu-
OH, DIC, HOBt-H>0, DMF, 1t; (n) 30% HFIP/CH:Cl., 1t; (0) EDCI-HCI, HOAt, DIEA, DMF, 0 °C
to rt, 7% from resin; (p) 10% Pd/C, H», i-PrOH, rt; (q) EDCI-HCI, HOAt, DIEA, DMF, 0 °C to rt.
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20a 2137212, BHEO DU L & BEOBRILEISIZ XY | IRESTF R 2la 2552 &
MTET, LLRnG, NXT7F R 2la OFMIE TG IOV MRiEZIT o7& T A, RHPR
@%mb\%@%A%%ﬁ%#ék@@%kﬁmmﬁbf%E%@*%ﬁ&f%ﬁn%ﬁ
HTZEIXTERD ST, VAT AV OLREEPEMB SCORMFITITEE L)oo 2 ENRE
b5,

AR TCIZ L D MLRFENBEUNTHRRE L 2o T2 2 B A BRI DO VIV R ERGERL &
T U IVRERERRICE 2 TR 21T >7-, 9. Scheme 4 & [RIAEDOFEKIZ L Y . Fmoc-D-Lan-
(Boc-Lan-O-Allyl)-OH & O’ £ 8 Alloc-Phe-OH % W TR F R DM R 2170, fRi#ET
F RHE 20b 2455k L7= (Scheme 5), Z 2 T, AV 7= Lan @8R DA pIL S UHET TRl 9
Do

B
OoC< NH
o)
a,bac, Kf( “Allyl St-Bu
St-Bu a, d a,e, o S
$ afa,g, /
_ahal Ao \‘)L N %1/
Fmoc. (0] °N N
e T ”f o
0 l,a,m,a
19
20b o Sot-Bu
HN.__O
Q H
HO N
NJ\;/ NH,

Scheme 5. Synthesis of a Vitilevuamide Model Peptide Precursor Having a Cys(Sz-Bu) at the Dha!®
Position Using Alloc/Allyl Ester Protective Groups. Reagents and conditions: (a) 20%
piperidine/DMF, rt; (b) Fmoc-Ile-OH, HOBt-DIC, H>O, DMF, r1t; (c¢) Fmoc-D-Lan(Boc-Lan-O-
Allyl)-OH, DIC, HOBt-H,O, DMF, rt; (d) Fmoc-Pro-OH, HOBt-DIC, H>O, DMF, rt; (e) Fmoc-
Phe-OH, DIC, HOAt, DMF, 40 °C; (f) Fmoc-D-allo-Thr-OH, DIC, HOBt-H>O, DMF, rt; (g) Fmoc-
Leu-OH, DIC, HOBt-H>O, DMF, rt; (h) Fmoc-D-Ala-OH, DIC, HOBt-H>O, DMF, rt; (i) Alloc-Phe-
OH, DIC, HOBt-H>0, DMF, rt; (j) Fmoc-Ser(z-Bu)-OH, DIC, DMAP, CH2Cl2, DMF, rt; (k) Fmoc-
MeThr-OH, DIC, HOBt-H>O, DMF, rt; (1) Fmoc-D-Val-OH, DIC, HOAt, DMF, 40 °C; (m) Fmoc-
D-Leu-OH, DIC, HOBt-H,0O, DMF, rt.

glEfes, BIENOOEI L D%, BROBR(LKISZE THREXTT N 21b 2157, &
HNTZ_T7F K 21b |Z PA(PPhs)s/PhSiHs Z/EHI 7L 2 A, Alloc 2B LOT Vv x5
VD REN A L — XIZHIT LT Z & 2R L7z (Scheme 6), iV T, Z OMLLRFERZ A7
REM T CTOBRILBUSICATZ & T, “BRENTF K2 255 2 LN TEE, ZOARR
HECIE, DR L TR CRREBELZ ST 2 &0, U1V H L LEBLE TONEN AR +4 T
b Ll HEBOBENRH T,
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N /’\ N YV Ot-Bu /’\ N YVO\TO Ot-Bu
a, b / /< NH ' c, d / /( NH - 'I/
200 — HNTX HN QH —_— HNTX M
PhSt Bu © PhSt Bu © :
0”7 TNH s o N~ 0”7 NH s 0N~
H i H
T A T A
o) H H o) H o H
21b 22

Scheme 6. Synthesis of a Vitilevuamide Model Peptide Having a Cys(S¢-Bu) at the Dha!® Position
Using Alloc/Allyl Ester Protective Groups. Reagents and conditions: (a) 30% HFIP/CH2Cl,, rt; (b)
EDCI-HCI, HOAt, DIEA, DMF, 0 °C to rt, 13% from resin 19; (¢) Pd(PPhs)4, PhSiH3, CH>Cl, rt;
(d) EDCI-HCI, HOAt, DIEA, DMF, 0 °C to rt, 25% (2 steps).

I T, ZBRESTF R 2218250 T, BEMEBIE LT A BREMET 2 BRILRIS & SBITAT -
e, BERZMEET H#EHKQ (Scheme 1) DEK T v X4t L7z, £7. Fmoc-Cys(St-
Bu)-OH Z#£F L7z 7 v ~ U FURHE 19 & 3R EE LT, Phe? 225 Cys(St-Bu)!® £ TD
ANTF RES 23 ZHEEE L, Fmoc BB LT VNV AT VA& NfRiET H Z & TRESTF
R 24 %#157= (Scheme 7). Z DERALATEEIR 24 (2% L CHEFABIE T DIC/HOAt Z1FH S &
e e T A, BRI BIEEOEVEITT 5 2 ERBIE S (Scheme 8), SIEHEx, A B>

NHBoc

052
§t—BU a, b, a,c, R Sf Bu
S a,d, a, e, O
e L0 SHes Ne
Fmoc. (e} a, h,a,i R< N
0 CYT j* Wﬁ "0
(0] (0]
19

23R'= Fmoc R2 = allyl
J ,:24 R1 R2 -

Scheme 7. Synthesis of a Vitilevuamide Model Peptide Precursor for an Alternative Synthetic
Route. Reagents and conditions: (a) 20% piperidine/DMF, rt; (b) Fmoc-Ile-OH, DIC, HOBt-H,O,
DMF, 1t; (¢) Fmoc-D-Lan(Boc-Lan-O-Allyl)-OH, DIC, HOBt-H>O, DMF, rt; (d) Fmoc-Pro-OH,
DIC, HOBt-H>0O, DMF, rt; (¢) Fmoc-Phe-OH, DIC, HOAt, DMF, 40 °C; (f) Fmoc-D-allo-Thr-OH,
DIC, HOBt-H>0, DMF, rt; (g) Fmoc-Leu-OH, DIC, HOBt-H,O, DMF, rt; (h) Fmoc-D-Ala-OH,
DIC, HOBt-H>O, DMF, rt; (i) Fmoc-Phe-OH, DIC, HOBt-H,0O, DMF, rt; (j) Pd(PPh3)4, PhSiH3,
CHCly, rt
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5RHBRIRATF R 25 D D-allo-The IO b R 3 FI~FF F#{ZME L. D-Leu"
ETORLS 26 ZAEE Lo, KBS, BEMEBENLOEY HL, BXO, HREET TOR
BEOSIZATT Z L TBBRAME L, “RIETT N2 24K Lz, AERREK CIX, Lan'
D7 VN AT VO RifRE & BRALR)S & BABHIE L T1T 5 2 & T, IR O R RERIE 2 A0
TEHELEBIT, XTFR2OUENM ELTZ,

NHBoc
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P%ﬂ 3B
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HoN N N CONTY N \O 24
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o) o ), o) [ 0
OH o
la
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Scheme 8. Alternative Synthetic Route of a Vitilevuamide Model Peptide Having a Cys(Sz-Bu) at
the Dha'® Position. Reagents and conditions: (a) DIC, HOAt, DMF, rt; (b) Fmoc-Ser(z-Bu)-OH,
DMAP, DIC, CH2Cl>, DMF, tt; (c) 20% piperidine/DMF, rt; (d) Fmoc-MeThr-OH, HOBt-H>O,
DIC, DMF, rt; (¢) Fmoc-D-Val-OH, HOAt, DIC, DMF, 40 °C; (f) Fmoc-D-Leu-OH, HOBt-H>O,
DIC, DMF, tt; (g) 30% HFIP/CH:Cl, rt; (h) EDCI-HCI, HOAt, DIEA, DMF, 0 °C to rt, 6% from
resin 19.

FEW T, Chalker & 23 HE L7 B A7 LF /UALIBES L ¢ #2BIZ LT, ZRETF R
22 D Cys 55725 Dha ~DZEHIZ DWW THRET L7 (Scheme9), £9°. Cys LD tert-7 F )L
FAREEZDITICE VBRELIER EEMESFE T TI4-U 7 rnET7 2 2 EHSER L2 A,
LA O BB S ST L, Dha 1K 27 & 57z, Zd Cys #40 L C Dha 2454 5 7/ nt
ATIE, Ser ZRIBEA L L7BICE D B ADERIZI & BRI N0 o7, sRill7eH
HIZ AR TIES D23, AR =0 AEOEE 2 RE VIS L BEHSUSe E ORISR Z
DIz < HIFF LT BERE DMEERICHEEA TS LB X Db,
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Scheme 9. Dehydroalanine Formation via B-Elimination of the Cys Side Chain. Reagents and
conditions: (a) DTT, DIEA, DMF, rt; (b) 1,4-dibromobutane, EtsN, DMF, rt, 62% (2 steps).

RBIC, ZBRESTF R 2T PDET AT T R 9 ~OEHEZRFH L7 (Scheme 10),
T, X F K27 D Lan! @ Boc # & Ser!* @ -Bu % TFA ALELIZ L0 BifRF#E L7z, FiVL T
NaHCO; T#E FHEK a2 /EH S5 2 L Ca s i@z E AL, vitilevuamide DET /L
b9 2155 N TET, UEDOETNARTF REHWEMRFHZ LY | vitilevuamide ©
TERMER L ZNICE END Dha OMEE T 0 A B MNLT D LN TEI,

Scheme 10. Synthesis of Vitilevuamide Model Peptide. Reagents and conditions: (a) 95% TFA aq.;
(b) succinic anhydride, NaHCO3, MeCN, H>O rt, 62% (2 steps).
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UG FERRMEEE BT 20T I/ BEOERK

ET MEEMOERFHZ LV | vitilevuamide (1) DA I KT & 72 5 IERAAUAISH 2 H
THT XMk S5-8 OIEENMEE L7 (Figure 4), Nmhm (5) 1. 3 (2O SARELE D EE L7
2 O BMARZ ST 20BN H 5, BT ALTF FOSRICHNZ MeThr Db Rz %
VINTIIRGE R A M E L Lrho 722 &6, 3R{KS5a & 3S K 5b Z3kE L7z, 2 2D Hil
FHERIL, 4 NOSAEEENLETH L OD, o fOSAREEN R D 2 DORMEE (L-
Hil 6 33 X ' D-allo-Hil7) & L TEHMKT HMENH D, Lan dFERIX, Boe/7 U /L= AT LAR
HIKS L LTARLE,

OH O OH O
_N N

“Fmoc - “Fmoc

(3R)-Fmoc-L-Nmhm-OH (3S)-Fmoc-L-Nmhm-OH
5a 5b

O

o) o) 0
Allyl
WOH ~Son "V \O)J\;/\S/\;)J\OH
HN HN HN N

~ < < HN
Fmoc Fmoc

Boc “Fmoc
Fmoc-L-Hil-OH Fmoc-D-allo-Hil-OH Fmoc-D-Lan-OH
6 7 8

Figure 4. Structures of Protected Nonproteinogenic Amino Acids for the Synthesis of
Vitilevuamide.

Fmoc-L-Nmhm-OH D &%

Fmoc-Met-OH % 3 JFE & L CEk%ETT > 72 (Scheme 11), FMESAE F/NT RV LT VT
E REAWET X = VIBRES TIZE D AT U0 29 L Lk, FAZ—T VR
L TANLARFY N30 & LIEEEZSESAME T CHBtSE 2 & TooRm 7 vr > 31 215
728 BlEHEE, mCPBA Z W e ARF ABUSIC I ZARF IR 2T AT LA~ —
BAEME L TH%., BEEMEETAY ) —/VLHICLY A MR RABALLY, T
=/ 33ab DT AT VAT —IREWE I v~ N T 7 4 —IZX 0 3EEL. 33a O X i
P EEMRATIC KV | 332 BRIK) I5LUN33b (BSR) ONARML a2 YE Lz, Mfklc, Bt
FMH T T T UiETEITV. (BR)-Fmoc-L-Nmhm-OH (5a) 35 K UY3S)-Fmoc-L-Nmhm-OH (5b)
s e

Fmoc-L-Hil-OH 3 & O} Fmoc-D-allo-Hil-OH ® & %
Hil 7% 5 K13 Schollkopf ik F 2 FIV N TH K L 7= (Scheme 12) 1% R{A % L < 1 SHAD Schollkopf
K 35 A gRIE ISR T T (S)-1-i0de-2-methylbutane & G SHETTVF{L L, 36a b L
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Scheme 11. Synthesis of Fmoc-L-Nmhm-OH. Reagents and conditions: (a) (HCHO),, TsOH-HO,
toluene reflux; (b) NalO4, THF, MeOH, H2O, 0 °C to rt; (c) xylene, reflux, 48% (3 steps); (d) m-
CPBA, CHxCl,, 0 °C to rt, 68%; (e) HClIO4, MeOH, rt; then, separation, 16% (33a) and 20% (33b);
(f) TFA, Et3SiH, CH2Cl, tt, 59% (5a), 37% (5b) and 29% (34).
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Fmoc-D-Lan(Boc-L-Lan-O-Ally])-OH D&%,

Zhu 52 L 2 FHEARB B AREE 2 TR T o T4 = Bk E S5 124 8 L7z (Scheme 13)
", %7, Fmoc-D-Cys(Trt)-OH (38) 75, {RFEFDZHL % % T Fmoc-D-Cys-OTce (40) % &A%
L7z, —J. Boc-Ser-OH(41) DT VLT AT NAREL T LI LD -7 uET T =
BR 43 21572, F\ T, TBAB f#7E F CHEfE =T /L3 KO pH 8.5 DRE/AKFET ~ U 7 LK
WIRDO "JBRTUATA VHEIR4 T aET 7=V B8R 43 2 S SE T, 70 F 4=
V44 FGT, ZOB, A3 HKOTE Ra T 7= UIlkT 5 40 OMIBISIZ L 0 E ST
EERADONDYT AT VY= 10%RREAR L TWND Z ERRBO LT, KEIT, 4 D
M) ZarF )L 27 )V ZETTAARIZ LV BiARGE LT, B Fmoc-D-Lan(Boc-L-Lan-O-
Allyl)-OH (8) Z Ak L7=,
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Scheme 12. Synthesis of Fmoc-L-Hil-OH and Fmoc-D-allo-Hil-OH. Reagents and conditions: (a)
n-BuLi, THF, -78 °C; (b) (S)-1-iodo-2-methylbutane, -78 °C, 54% (36a) and 59% (36b); (c) 1 M
HCI aq., THF, rt; (d) Fmoc-OSu, CH2Cl, rt; (e) HCI, 1,4-dioxane, H>O, reflux, 34% (6) and 45%
(7) (3 steps).
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Scheme 13. Synthesis of Fmoc-D-Lan(Boc-L-Lan-O-Allyl)-OH. Reagents and conditions: (a)
2,2,2-trichloroethanol, EDCI-HCI, DMAP, CH>Cl,, —15 °C, 95%; (b) TFA, TIS, CH2Cl,, H>O, rt;
(c) Allyl-Br, K2CO3, DMF, rt, 88%; (d) CBrs, Ph3P, CH2Cl, 0 °C to 1t, 79%; (e) TBAB, NaHCO3,
EtOAc, H2O, 1t, 51% from 39 (2 steps); (f) zinc dust, NHsOAc, THF-H>O, rt, 72%.
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Experimental section

Synthetic general method

'H and *C NMR spectra were recorded using a Bruker AV300, BrukerAV500 or JEOL ECZ600R
spectrometer. Chemical shifts are reported in 6 (ppm), relative to MesSi (in CDCIz and DMSO) or the
residual solvent peak in CD3CN as an internal standard for 'H, and referenced to the residual solvent
signal for 1*C. Exact mass (HRMS) data were recorded on a Shimadzu JEOL SX-102A (FAB), JEOL
GC mate II (EI) LC-ESI-IT-TOF-MS equipment. Optical rotations were measured using a JASCO P-
1020 polarimeter. For flash chromatography, Wakogel C-300E (Wako) or Wakogel C-200E (Wako)
was employed. For analytical HPLC, a Cosmosil 5C18-ARII column (4.6 x 250 mm, Nacalai Tesque,
Inc.) was employed with a linear gradient of CH3CN (with 0.05% (v/v) TFA) in H2O, and eluting
products were detected by UV at 220 nm. Preparative HPLC was performed using a Cosmosil 5C18-
ARII preparative column (20 x 250 mm, Nacalai Tesque, Inc.).

General procedure for solid-phase peptide synthesis.

Loading of an amino acid on the solid support. A solution of Fmoc amino acid (0.82 mmol) and DIEA
(572 pL, 3.28 mmol) in dry CH2Clz (10.0 mL), were reacted with (2-C1)Trt chloride resin (1.0 g, 1.37
mmol). The reaction was continued for 2 h at room temperature.

Deprotection of Fmoc group. The Fmoc-protected peptidyl resin was treated with 20%
piperidine/DMF for 20 min.

Coupling reaction using DIC/HOBt. DIC (46 pL, 0.30 mmol) was added to a solution of Fmoc amino
acid (0.30 mmol) and HOBt-H>O (46 mg, 0.30 mmol) in DMF. The whole was poured into the peptidyl
resin (0.100 mmol), and the reaction was continued for 1.5 h at room temperature.

Coupling reaction using DIC/HOAt. DIC (46 pL, 0.30 mmol) was added to a solution of Fmoc amino
acid (0.30 mmol) and HOAt (40 mg, 0.30 mmol) in DMF. The whole was poured into the peptidyl
resin (0.100 mmol), and the reaction was continued for 1.5 h at 40 °C.

Coupling reaction of esterification. DMAP (18 mg, 0.15 mmol) was added to a solution of Fmoc amino
acid (0.50 mmol) in CHCI3;/DMF (9/1). The whole was poured into the peptidyl resin (0.100 mmol).
To a suspension of the peptidyl resin was added DIC (78 pL, 0.50 mmol), and the reaction was
continued for 18 h at room temperature.

Deprotection of Allyl group. To the peptidyl resin (0.100 mmol) were added PhSiH3 (247 pL, 2.00
mmol) and Pd(PPh3)s (23 mg, 0.020 mmol) in dry CH>Cl», and the reaction was continued for 10 min.
Cyclisation on solid support. DIC (46 pL, 0.30 mmol) was added to a solution of HOAt (40 mg, 0.30
mmol) in DMF. The whole was poured into the peptidyl resin (0.100 mmol), and the reaction was
continued for 1.5 h at room temperature.

Cleavage from the resin. The peptidyl resin was treated with 1,1,1,3,3,3-hexafluoropropan-2-ol
(HFIP)/CH2Cl; (3:7) for 2 h at room temperature. After filtration of the residual resin, the filtrate was
concentrated under reduced pressure to give a crude peptide, which was used for the next step without

further purification.
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Preparation of Fmoc-D-Lan(Boc-Lan-OBn)-OH.

Boc.
HS

NH o
RO%S\S%OR b Boc\N)\n/OBn
0 NG o Ho L u BnO:/l/O
a l:s1 R=H S3 Boc\N .,

S2R=Bn H

Fmoc.  _~ OH
o) . o H/\[f
HO/\.)J\OH — <./Eo °

HN

N HN .

Fmoc Fmoc

S$4 S5
Scheme S1. Synthesis of Fmoc-D-Lan(Boc-L-Lan-O-Bn)-OH. Reagents and conditions: (a) BnBr,
K>COs3, DMF, rt, 78%; (b) n-BusP, H,O, THF, rt; (c) PhsP, DMEAD, THEF, 60 °C to rt, 44%; (d)
CsHCOs, DMF, rt, 28% from S5.

(Boc-Cys-OBn): (S2). To a stirred solution of (Boc-Cys)2 S1 (2.1 g, 4.7 mmol) in DMF (24 mL) were
added K>COs3 (1.6 g, 11.8 mmol) and BnBr (1.3 mL, 10.3 mmol) at room temperature. After being
stirred for 12 h, to this solution was added water. The whole was extract with EtOAc and the extract
was washed with brine, dried over Na;SOs4. The filtrate was concentrated under reduced pressure and
the residue was purified by flash chromatography over silica gel (hexane/EtOAc =4/1 to 1/1) to give
compound S2 (2.3 g, 78%) as a white solid. The spectral data were in good agreement with those

previously reported!?.

(9H-Fluoren-9-yl)methyl (R)-(2-oxooxetan-3-yl)carbamate (S5). To a stirred solution of Ph3P (2.4
g, 9.16 mmol) in dry THF (30 mL) was added DMEAD (2.2 g, 9.16 mmol) in dry THF (30 mL) at -
60 °C. After being stirred for 30 min, to this solution was added Fmoc-D-Ser-OH (S4) in dry THF (30
mL) at —60 °C. The reaction mixture was warmed to room temperature and stirred for 12 h. After water
was added to this solution, the whole was extract with EtOAc and the extract was washed with brine,
dried over Na;SOs. The filtrate was concentrated under reduced pressure and the residue was purified
by flash chromatography over silica gel (hexane/EtOAc = 2/1) to give compound S5 (1.2 g, 44%) as a

white solid. The spectral data were in good agreement with those previously reported'?.

Fmoc-D-Lan(Boc-Lan-OBn)-OH (S6). To a stirred solution of S2 (502 mg, 0.81 mmol) in dry THF
(10 mL) was added BusP (275 pL, 1.2 mmol) at room temperature. After being stirred for 30 min, H.O
(100 puL) was added to this solution at room temperature. After being stirred for 1 h, the reaction

mixture was concentrated under reduced pressure and the residue was purified by flash
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chromatography over silica gel (hexane/EtOAc = 5/1) to give thiol S3 as a colorless oil. Thiol S3 was
dissolved in dry DMF. To this solution was added CsHCO3 (570 mg, 1.47 mmol) at rt. After being
stirred for 30 min, S5 (445 mg, 1.5 mmol) was added to this mixture at room temperature. After being
stirred for 12 h, water was added to this solution. The whole was extract with EtOAc, and the extract
was washed with brine, dried over Na>xSOa. The filtrate was concentrated under reduced pressure and
the residue was purified by flash chromatography over silica gel (CHCI;/MeOH = 50/1 to 30/1) to give
compound S6 (254 mg, 28%) as a colorless oil: [a]*'p —22.8 (¢ 1.09, CHCl3); IR (neat): 1716 (C=0);
'"H NMR (300 MHz, CDCls, mixture of rotamers) &: 1.36 (s, SH), 1.43 (s, 4H), 2.65 (t, J = 15.4 Hz,
1H), 2.73-3.13(m, 2.5H), 3.26 (d, J = 14.5 Hz, 0.5H), 4.09 (br, 0.5H), 4.20 (br, 1H), 4.26-4.44 (m,
1.5H), 4.44-4.77 (m, 2H), 5.06-5.29 (m, 2H), 5.49 (d, J = 7.2 Hz, 0.5H), 6.03 (d, /= 7.1 Hz, 0.5H),
7.23-7.42 (m, 8H), 7.46 (d, J= 6.9 Hz, 0.5H), 7.53 (t, /= 8.2 Hz, 1.5H), 7.61 (t, /= 9.0 Hz, 1H), 7.68
(d, J=7.2Hz, 1H), 7.75 (d, J= 6.9 Hz, 1H); *C{'H} NMR (75 MHz, CDCls, mixture of rotamers) §:
28.1, 28.3, 34.7, 35.1, 35.6, 47.1, 47.3, 53.8, 54.2, 66.1, 67.3, 67.6, 76.6, 80.8, 82.4, 120.0, 124.8,
125.2,127.1,127.6, 127.7, 128.6, 135.0, 141.3, 143.7, 155.5, 155.8, 156.0, 157.4, 169.9, 170.7, 173.1,
173.9; HRMS (ESI-TOF) calcd for C33H36N2NaOsS [M+Na]":643.2085; found:643.2090.

Compound 13a. The linear peptide was constructed by solid-phase peptide synthesis on peptidyl resin
10 (0.340 mmol/g, 147 mg, 0.050 mmol). After the cleavage from the resin 12a as described above,
EDCI-HCI (96 mg, 0.50 mmol) was added to a solution of linear peptide, HOAt (68 mg, 0.50 mmol),
and DIEA (348 uL, 2.00 mmol) in dry DMF (50 mL) at 0 °C. The reaction mixture was allowed to
warm up to room temperature and the stirring was continued for 18 h. The reaction mixture was
concentrated and the residue was purified by RP-HPLC to give compound 13a (16.4 mg, 17% from
resin) as a white powder: LRMS (ESI) m/z 1905 [M+H]".

Compound 13b. According to the procedure described for the preparation of 13a, peptidyl resin 10
(0.340 mmol/g, 147 mg, 0.05 mmol) was converted into 13b (23.0 mg, 24% from resin) as a white
powder: LRMS (ESI) m/z 1918 [M+H]".

Compound 14a. To a stirred solution of 13a (11 mg, 5.78 ummol) in i-PrOH (1 mL) were added 10%
Pd/C (20 mg) and AcOH (10 pL) at room temperature and the mixture was flushed with H> gas (1 atm).
After being stirred for 12 h, the reaction mixture was filtered through membrane filter. The filtrate was
concentrated under reduced pressure to give the corresponding peptide, which was used without further
purification. To a stirred solution of above peptide, HOAt (17 mg, 0.13 mmol), and DIEA (87 uL, 0.5
mmol) in dry DMF (13 mL) was added EDCI-HCI (24 mg, 0.13 mmol) at 0 °C. The reaction mixture
was allowed to warm up to room temperature and the stirring was continued for 18 h. The reaction
mixture was concentrated, and the residue was purified by RP-HPLC to give compound 14a (2.5 mg,
26%) as a white powder: LRMS (ESI) m/z 1662 [M+H]".
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Compound 14b. According to the procedure described for the preparation of 14a, 13b (11 mg, 5.78
ummol) was converted into 14b (4.4 mg, 22%) as a white powder: LRMS (ESI) m/z 1676 [M+H]".

Compound 21a. The linear peptide was constructed by solid-phase peptide synthesis on peptidyl resin
19 (0.441 mmol/g, 113 mg, 0.050 mmol). After the cleavage from the resin 20a as described above,
EDCI-HCI (96 mg, 0.50 mmol) was added to a solution of linear peptide, HOAt (68 mg, 0.50 mmol),
and DIEA (348 uL, 2.00 mmol) in dry DMF (50 mL) at 0 °C. The reaction mixture was allowed to
warm up to room temperature and the stirring was continued for 18 h. The reaction mixture was
concentrated, and the residue was purified by RP-HPLC to give compound 21a (6.5 mg, 6.6% from
resin) as a white powder: LRMS (ESI) m/z 1966 [M+H]".

Compound 21b. The linear peptide was constructed by solid-phase peptide synthesis on peptidyl resin
19 (0.441 mmol/g, 113 mg, 0.050 mmol). After the cleavage from the resin 20b as described above,
EDCI-HCI (96 mg, 0.50 mmol) was added to a solution of linear peptide, HOAt (68 mg, 0.50 mmol),
and DIEA (348 uL, 2.00 mmol) in dry DMF (50 mL) at 0 °C. The reaction mixture was allowed to
warm up to room temperature and the stirring was continued for 18 h. The reaction mixture was
concentrated, and the residue was purified by RP-HPLC to give compound 21b (12 mg, 13% from
resin) as a white powder: HRMS (ESI-TOF) caled for CooH140N14Na2022S3 [M+2Na]**: 955.4607;
found: 955.4615.

Compound 22 (Scheme 6). To a stirred solution of 21b (6 mg, 3.2 pmol) in dry CH2Cl; (1 mL) were
added Pd(Phs3P)4 (2 mg, 0.02 mmol) and PhSiH3 (24 pL, 0.20 mmol) at room temperature. After being
stirred for 1 h, the reaction mixture was concentrated, and the residue was purified by RP-HPLC to
give corresponding peptide. To a stirred solution of above peptide, HOAt (6.8 mg, 0.05 mmol), and
DIEA (34.8 uL, 0.20 mmol) in dry DMF (5 mL) was added EDCI-HCI (9.6 mg, 0.05 mmol) at 0 °C.
The reaction mixture was allowed to warm up to room temperature, and the stirring was continued for
18 h. The reaction mixture was concentrated, and the residue was purified by RP-HPLC to give

compound 22 (1.4 mg, 25%) as a white powder.

Compound 22 (Scheme 8). The linear peptide was constructed by solid-phase peptide synthesis on
peptidyl resin 19 (0.506 mmol/g, 395 mg, 0.20 mmol). After the cleavage from the resin 26 as
described above, EDCI-HCI (192 mg, 1.00 mmol) was added to a solution of linear peptide, HOAt
(136 mg, 1.0 mmol), and DIEA (697 pL, 4.00 mmol) in dry DMF (100 mL) at 0 °C. The reaction
mixture was allowed to warm up to room temperature, and the stirring was continued for 18 h. The
reaction mixture was concentrated and the residue was purified by RP-HPLC to give compound 22 (19
mg, 5.5% from resin) as a white powder: '"H NMR (600 MHz, CDCls, mixture of rotamers) &: 0.61-
2.39 (m, 72H), 2.39-3.98 (m, 18H), 3.98-5.94 (m, 16H), 5.94-6.94 (m, 3H), 6.94-7.58 (m, 14H), 7.58-
8.22 (m, 2.5H), 8.22-8.63 (m, 1.5H), 8.63-9.41 (br, 1H); *C{'H} NMR (150 MHz, CDCls, mixture of
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rotamers) o: 9.6, 12.0, 15.5, 16.1, 18.3, 20.3, 20.6, 21.1, 21.9, 22.8, 23.2, 23.4, 23.5, 24.6, 24.9, 26.0,
27.4,27.6,28.3,29.3,29.7, 29.8, 30.0, 30.4, 33.3, 34.9, 36.1, 38.1, 39.7, 41.0, 42.7, 48.6, 48.7, 49.0,
51.6,52.5,53.7,54.2,55.4,61.0,62.8, 66.4,73.2,73.5,79.9, 126.8, 127.0, 127.3, 128.5, 128.6, 128.9,
129.2, 129.5, 136.8, 154.4, 168.5, 169.8, 171.4, 171.6, 172.0, 172.7, 174.0, 175.4; HRMS (ESI-TOF)
caled for Cs3H130N14Na2019S3 [M+2Na]**: 884.4292; found: 884.4293.

Compound 27. To a stirred solution of 22 (19 mg, 0.01 mmmol) in dry DMF (11 mL) were added
DIEA (764 uL, 4.4 mmol) and DTT (169.1 mg, 1.1 mmol) at room temperature. After being stirred for
12 h, the reaction mixture was concentrated, and the residue was purified by RP-HPLC to give
corresponding peptide. To a stirred solution of above peptide in dry DMF (11 mL) were added EtzN
(611 uL, 4.4 mmol) and 1,4-dibromobutane (130 pL, 1.1 mmol) at room temperature. After being
stirred for 12 h, the reaction mixture was concentrated, and the residue was purified by RP-HPLC to
give compound 27 (11 mg, 62%) as a white powder: 'H NMR (300 MHz, CDCl3, mixture of rotamers)
0:0.63-1.46 (m, 41H), 1.46-1.91 (m, SH), 1.93-2.36 (m, 15H), 2.38-3.98 (m, 11H), 4.23-5.17 (m, 10H),
5.98 (br, 0.5H), 6.20-6.65 (m, 1.5H), 6.94-7.25 (m, 5SH), 7.27-7.41 (m, 4H), 7.96-8.29 (m, 1H), 8.78
(br, 0.5H), 9.33-9.69 (m, 1H); *C{'H} NMR (150 MHz, CDCls, mixture of rotamers) &: 10.0, 13.2,
14.1, 14.7, 18.7, 18.9, 19.6, 21.5, 22.7, 23.2, 23.9, 24.4, 24 .8, 25.0, 25.4, 27.4, 28.2, 29.3, 29.7, 31.3,
34.6, 35.6, 36.7, 39.6, 43.4, 44.0, 47.9, 50.6, 52.2, 52.6, 52.9, 54.0, 55.0, 59.3, 60.1, 61.5, 62.5, 67.8,
72.9,73.8,76.8,77.0,77.2,80.3, 109.1, 127.1, 127.4, 128.5, 128.8, 129.0, 129.3, 135.5, 136.1, 138.4,
154.8, 167.1, 168.0, 168.8, 169.5, 170.2, 170.8, 171.6, 172.7, 173.6; HRMS (ESI-TOF) calcd for
C79H120N14Na2019S [M+2Na]**: 823.4180; found: 823.4185.

Model compound (9). Peptide 27 (10.8 mg, 6.7 pmmol) was stirred in 95% TFA aq. (17 mL) at room
temperarture. After being stirred for 2 h, the mixture was concentrated under reduced pressure to give
the corresponding peptide, which was used without further purification. To a stirred solution of above
peptide in MeCN (4 mL) were added aqueous saturated NaHCOs3 (4 mL) and succinic anhydride (135
mg, 1.4 mmol) at room temperature. After being stirred for 1 h, the reaction mixture was added 1 M
HCI. The whole was extract with EtOAc, and the extract was washed with brine, dried over Na>SOs.
The filtrate was concentrated under reduced pressure and the residue was purified by RP-HPLC to give
compound 9 (6.5 mg, 62%) as a white powder: 'H NMR (500 MHz, CD3CN, mixture of rotamers) &:
0.68-1.40 (m, 38H), 1.41-2.27 (m, 16H), 2.30-5.60 (m, 40H), 6.72-7.75 (m, 18H), 7.95 (br, 1.5H), 8.36
(br, 1.5H), 8.62-9.03 (m, 1H); 1*C {'H} NMR (75 MHz, CDsCN, 50 °C) §: 10.3, 15.4, 18.7, 19.2, 19.3,
20.2,21.3,22.0,22.9, 23.1, 23.3, 25.3, 25.7, 25.8, 29.5, 30.9, 31.5, 33.3, 37.5, 38.8, 42.9, 48.5, 49.1,
51.8,53.3,54.0, 54.4, 54.8, 55.7, 56.7, 60.9, 61.7, 63.0, 63.1, 66.0, 73.5, 109.2, 127.48, 127.53, 129.1,
129.2,130.0, 137.4, 137.7,166.2, 168.0, 169.7, 170.0, 170.9, 171.3, 172.0, 172.7, 173.0, 173.8, 173.9,
174.1, 174.4; HRMS (ESI-TOF) caled for C74H10sN14Na2020S [M+2Na]**: 795.3685; found: 795.3683.

(9H-Fluoren-9-yl)methyl (S)-5-oxo-4-vinyloxazolidine-3-carboxylate (31). To a suspension of
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Fmoc-L-Met-OH (5.0 g, 13.5 mmol) in toluene (250 mL), paraformaldehyde (3.0 g, 100 mmol) and
TsOH-H>O (537 mg, 2.82 mmol) were added, and the mixture was refluxed for 2 h. The solution was
washed with aqueous saturated NaHCOs; and brine, and dried over NaSOs. The filtrate was
concentrated under reduced pressure to give compound 29. To a stirred solution of 29 in MeOH (65
mL) and THF (13 mL) was slowly added NalO4 (2.74 g, 12.8 mmol) in H2O (17 mL) at 0 °C. The
reaction mixture was allowed to warm up to room temperature, and the stirring was continued for 72
h. The reaction mixture was concentrated under reduced pressure, and CH>Cl> was added to the residue.
The whole was extract with CH2Cl, and the extract was washed 1 M HCl and brine, dried over Na;SOa.
The filtrate was concentrated under reduced pressure to give compound 30. The solution of 30 in dry
xylene (70 mL) was refluxed for 24 h. The solution was concentrated and the residue was purified by
flash chromatography over silica gel (hexane/EtOAc = 5/1) to give compound 31 (2.16 g, 48%) as a
light yellow oil: [a]*p +64.7 (¢ 1.00, CHCl3); IR (neat): 1804 (C=0), 1714 (C=0); 1H NMR (300
MHz, CDCl;, 50 °C) 9: 4.19 (t,J=5.7 Hz, 1H), 4.52-4.63 (br, 1H), 4.59 (dd, J=5.6, 1.6 Hz, 2H), 5.10
(d, J=4.52 Hz, 1H), 5.19 (br, 0.5H), 5.25 (br, 0.9H), 5.28 (br, 0.6H), 5.38 (br, 1H), 5.63-5.77 (m, 1H),
7.29 (td, J=7.4, 1.2 Hz, 2H), 7.39 (t, J = 7.4 Hz, 2H), 7.52 (dd, J= 7.4, 0.8 Hz, 2H), 7.74 (d, /= 7.5
Hz, 2H); *C{'H} NMR (75 MHz, CDCls, 50 °C) &: 47.2, 56.8, 67.6, 77.5, 119.1, 119.5, 120.1, 120.1,
124.6, 124.7, 127.2, 127.9, 127.9, 129.2, 141.5, 143.3, 143.4, 152.8, 169.7; HRMS (EI) calcd for
C20H17NO4 [M]": 335.1158; found: 335.1154.

(9H-Fluoren-9-yl)methyl (4.5)-4-(oxiran-2-yl)-5-oxooxazolidine-3-carboxylate (32). To a stirred
solution of 31 (5.2 g, 15.4 mmol) in CH2Cl> (260 mL) was added mCPBA (13.3 g, 54 mmol, 70%) at
0 °C. The reaction mixture was warmed to room temperature and stirred for 3 days. The reaction was
quenched with aqueous saturated Na>SOs. The whole was extract with CH>Cl, and the extract was
washed with aqueous saturated NaHCO3 and brine, dried over Na;SOs4. The filtrate was concentrated
under reduced pressure, and the residue was purified by flash chromatography over silica gel

(hexane/EtOAc = 5/1) to give compound 32 (3.7 g, 68%) as a mixture of both diastereoisomers.

(9H-Fluoren-9-yl)methyl (5)-4-[(R)-1-hydroxy-2-methoxyethyl]-5-oxooxazolidine-3-carboxylate
(33a) and (9H-fluoren-9-yl)methyl (S5)-4-[(S)-1-hydroxy-2-methoxyethyl]-5-0xooxazolidine-3-
carboxylate (33b). To a stirred solution of 32 (3.51 g, 9.98 mmol) in MeOH (30 mL) was added
perchloric acid (1.31 mL) at room temperature. The reaction mixture was stirred for 4.5 h. The reaction
was quenched with aqueous saturated NaHCOs3. The whole was extracted with EtOAc, and the extract
was washed with brine, dried over Na;SOs4. The filtrate was concentrated under reduced pressure and
the residue was purified by a CombiFlash® Rf 150 apparatus over silica gel (hexane/EtOAc) to give
compound 33a (630 mg, 16%) as needle crystals and compound 33b (776 mg, 20%) as a colorless oil.
33a: mp 146-150 °C [a]*'p +83.9 (¢ 1.01, CHCl3); IR (neat): 1799 (C=0), 1711 (C=0); '"H NMR (300
MHz, DMSO, 50 °C) 6: 3.29 (s, 3H), 3.36 (d, /= 6.6 Hz, 0.5H), 3.46-3.56 (m, 1H), 3.98-4.10 (br, 1H),
4.25 (s, 1H), 4.29 (t, J= 6.6 Hz, 1H), 4.37-4.45 (m, 2H), 5.17 (d, J=3.6 Hz, 1H), 5.39 (d, /= 3.8 Hz,

76



1H), 5.64 (d, J = 4.9 Hz, 1H), 7.34 (t, J = 7.4 Hz, 2H), 7.43 (t, J= 7.2 Hz, 2H), 7.68 (d, J = 7.4 Hz,
2H), 7.88 (d, J=7.5 Hz, 2H); *C{'H} NMR (75 MHz, DMSO, 50 °C) &: 47.1, 58.1, 58.9, 67.7, 69.5,
72.4,78.7, 120.6, 125.6, 127.6, 128.2, 141.2, 141.3, 144.0, 144.1, 152.7, 170.5; HRMS (EI) calcd for
C21H2iNO6 [M]: 383.1369; found: 383.1368.

33b: [a]*'b +96.9 (¢ 1.00, CHCl:); IR (neat): 1801 (C=0), 1715 (C=0); 'H NMR (300 MHz, DMSO,
50 °C) &: 3.10-3.22 (m, 2H), 3.19 (s, 3H), 3.97 (q, J= 5.7 Hz, 1H), 4.16 (s, 1H), 4.31 (d, J = 6.0 Hz,
1H), 4.45-4.57 (m, 2H), 5.08 (d, J= 4.2 Hz, 1H), 5.45 (d, J = 4.7 Hz, 1H), 5.46 (d, J= 2.9 Hz, 1H),
7.34 (td, J=7.4, 1.2 Hz, 2H), 7.42 (t, J= 7.3 Hz, 2H), 7.67 (dd, J = 7.5, 2.9 Hz, 2H), 7.88 (d, J= 7.4
Hz, 2H); *C{'H} NMR (75 MHz, DMSO, 50 °C) &: 47.2, 58.7, 67.7, 70.7, 73.9, 79.5, 120.6, 125.0,
125.5, 127.6, 128.2, 141.3, 144.0, 144.2, 154.1, 172.5; HRMS (EI) calcd for C2iH2NOg [M]":
383.1369; found: 383.1371.

X-ray Crystallographic Analyses of 33a

Figure S1. Crystal Structure of Alcohol 33a.

The data of the compound 33a (C21H21NOg) was collected with a Rigaku XtaLAB Synergy-I: quarter-
chi single diffractometer using mirror monochromated Cu-Ka radiation at 100 K. The substance was
crystallized from EtOAc/hexane as colorless needle crystals and solved in monoclinic space group
P2/, with Z = 2. The structure was solved by direct methods (SHELXT-2018/2) and refined by the
full-matrix least-squares on F2 (SHELXL-2018/3). All non-hydrogen atoms were refined
anisotropically and all hydrogen atoms were placed using AFIX instructions. The crystal data are as
follows: C21H21NOs, FW: 383.39. a = 12.7080(5), b = 5.8976(1), ¢ = 13.5551(5), V' = 902.40(6) A3,
Z =2, Dearc = 1.411 g/em?, u = 0.864 mm~', Ry = 0.0552 (I > 25([)), wR> = 0.1427 (all data), GOF =
1.039.

(2S,3R)-Fmoc-Nmhm-OH (5a). To a stirred solution of 33a (174 mg, 0.453 mmol) in dry CH2CD

(2.2 mL) were added Et3:SiH (289 pL, 1.81 mmol) and TFA (2.2 mL) at room temperature. The reaction
mixture was stirred for 24 h. The solution was concentrated, and the residue was dissolved in EtOAc.
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The whole was washed with brine, dried over NaxSQOa. The filtrate was concentrated under reduced
pressure and the residue was purified by a CombiFlash® Rf 150 apparatus over silica gel
(CHCI3/MeOH) to give compound 5a (105 mg, 59%) as a colorless oil. [a]*'p -83.9 (c 0.94, CHCl5);
IR (neat): 1715 (C=0); 'H NMR (300 MHz, DMSO, 50 °C) &: 2.89 (s, 3H), 3.25 (s, 3H), 3.27-3.47
(m, 2H), 3.96-4.04 (m, 1H), 4.18-4.62 (m, 4H), 4.80-5.60 (br, 1H), 7.32 (t, J= 7.2 Hz, 2H), 7.42 (t, J
= 7.8 Hz, 2H), 7.65 (d, J = 7.3 Hz, 2H), 7.88 (d, J = 7.4 Hz, 2H), 12.2-13.1 (br, 1H); “C{'H} NMR
(75 MHz, DMSO, 50 °C) &: 14.5,21.2,32.2,47.2,58.8, 60.2,60.4, 61.0, 67.4, 69.3, 74.7, 120.4, 120.5,
125.5, 127.5, 128.1, 141.2, 144.3, 156.4, 171.4; HRMS (ESI-TOF) calcd for C21H24NOs [M+H]":
386.1598; found: 386.1596.

(2S,35)-Fmoc-Nmhm-OH (5b). To a stirred solution of 33a (200 mg, 0.521 mmol) in dry CH>Cl> (2.5
mL) were added Et;SiH (333 pL, 2.08 mmol) and TFA (2.5 mL) at room temperature. The reaction
mixture was stirred for 24 h. The solution was concentrated, and the residue was dissolved in EtOAc
washed with brine, dried over Na;SOj4. The filtrate was concentrated under reduced pressure, and the
residue was purified by a CombiFlash® Rf 150 apparatus over silica gel (CHCI3/MeOH) to give
compound Sb (76 mg, 37%) as a colorless oil and byproduct 34 (58 mg, 29%) as a colorless oil.

5b: [a]**p -72.9 (c 0.98, CHCl5); IR (neat): 1712 (C=0); '"H NMR (300 MHz, DMSO, 50 °C) &: 2.94
(s, 3H), 3.20-3.34 (m, 5H), 4.17-4.41 (m, 4H), 4.61-4.70 (m, 1H), 7.33 (t, J= 7.5 Hz, 2H), 7.41 (d, J
=7.3 Hz, 2H), 7.65 (dd, J=7.3, 2.7 Hz, 2H), 7.88 (d, J= 7.4 Hz, 2H); *C{'H} NMR (75 MHz, DMSO,
50 °C) o: 33.1, 47.2, 58.9, 60.4, 67.4, 69.1, 74.6, 120.5, 125.5, 127.5, 128.1, 141.3, 144.30, 144.35,
145.7,157.0, 171.7, HRMS (ESI-TOF) calcd for C21H24NOs [M+H]": 386.1598; found: 386.1598.
34: [0]**p -89.2 (¢ 1.06, CHCls); IR (neat): 1719 (C=0); '"H NMR (300 MHz, DMSO, 50 °C) §: 3.32
(s, 3H), 3.48-3.57 (m, 2H) 4.14-4.41 (m, 5H), 4.76 (d, /= 3.8 Hz, 1H), 5.03 (br, 1H), 7.33 (td, J= 7.4,
1.1 Hz, 2H), 7.42 (t, /= 7.4 Hz, 2H), 7.64 (d, J= 7.2 Hz, 2H), 7.88 (d, J = 7.5 Hz, 2H), 13.1 (br, 1H);
3C NMR (75 MHz, DMSO, 50 °C) &: 47.1, 58.8, 59.2, 67.6, 72.2, 79.0, 120.3, 120.6, 125.5, 127.2,
127.6, 128.2, 141.2, 144.0, 144.1, 145.7, 152.9, 171.5; HRMS (ESI-TOF) caled for C21H22NOs
[M+H]": 384.1442; found: 384.1443.

(2R,55)-2-Isopropyl-3,6-dimethoxy-5-[(S)-2-methylbutyl]-2,5-dihydropyrazine (36a). To a stirred
solution of (R)-2-isopropyl-3,6-dimethoxy-2,5-dihydropyrazine (200 pL, 1.12 mmol) in dry THF (5
mL) was added n-BuLi (1.58 M solution in hexane, 710 pL, 1.12) at -78 °C. After being stirred for 15
min, to this solution was added (S)-iodo-2 methylbutane (194 pL, 54%) and stirring was continued for
4 h at -78 °C. The reaction mixture was allowed to warm up to room temperature overnight. The
reaction was quenched with saturated aqueous NH4Cl. The whole was extract with EtOAc, and the
extract was washed with brine, dried over Na>SO4. The filtrate was concentrated under reduced
pressure and the residue was purified by flash chromatography over silica gel (hexane/EtOAc = 19/1)
to give compound 36a (153 mg, 54%) as a colorless oil: [0]*p +7.1 (¢ 1.01, CHCI3); IR (neat): 2961
(CH3), 1695 (C=0), 1672 (C=0); 'H NMR (500 MHz, CDCl3) &: 0.69 (d, J = 6.8 Hz, 3H), 0.85-0.91
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(m, 5H), 1.06 (d, /= 6.9 Hz, 3H), 1.10-1.35 (m, 2H), 1.38-1.49 (m, 1H), 1.61-1.69 (m, 1H), 1.75-1.83
(m, 1H), 2.24-2.33 (m, 1H), 3.49 (d, J = 5.1 Hz, 1H), 3.68 (s, 3H), 3.69 (s, 3H), 3.91-3.95 (m, 1H),
4.00-4.06 (m, 1H); *C{'H} NMR (75 MHz, CDCl3) §: 11.1, 16.5, 19.1, 19.6, 29.1, 30.1, 31.5, 41.5,
52.2, 52.3, 54.1, 60.4, 163.0, 164.8; HRMS (ESI-TOF) calcd for CisH27N202 [M+H]": 255.2067,
found: 255.2065.

(28,5R)-2-Isopropyl-3,6-dimethoxy-5-[(S)-2-methylbutyl]-2,5-dihydropyrazine (36b). To a stirred
solution of (S)-2-isopropyl-3,6-dimethoxy-2,5-dihydropyrazine (500 pL, 2.8 mmol) in dry THF (12
mL) was added n-BuLi (1.58 M solution in hexane, 1.8 mL, 2.8 mmol) at —78 °C. After being stirred
for 15 min, to this solution was added (S)-iodo-2 methylbutane (466 pL, 3.6 mmol) and stirring was
continued for 4 h at -78 °C. The reaction mixture was allowed to warm up to room temperature
overnight. The reaction was quenched with saturated aqueous NH4Cl. The whole was extract with
EtOAc, and the extract was washed with brine, dried over Na>SO4. The filtrate was concentrated under
reduced pressure and the residue was purified by flash chromatography over silica gel (hexane/EtOAc
=19/1) to give compound 36b (418 mg, 59%) as a colorless oil: [0]**p—15.3 (c 0.31, CHCl3); IR (neat):
2963 (CH3), 1696 (C=0); 'H NMR (500 MHz, CDCls) 8: 0.69 (d, J= 6.8 Hz, 3H), 0.86 (t, /= 7.4 Hz,
3H), 0.93 (d, J= 6.4 Hz, 3H), 1.06 (d, J = 6.9 Hz, 3H), 1.13-1.25 (m, 1H), 1.25-1.37 (m, 1H), 1.45-
1.54 (m, 1H), 1.58-1.65 (m, 1H), 1.67-1.74 (m, 1H), 2.22-2.33 (m, 1H), 3.67 (s, 3H), 3.69 (s, 3H),
3.91-3.95 (m, 1H), 3.99-4.04 (m,1H); *C{'H} NMR (75 MHz, CDCl;) &: 11.3, 16.6, 19.0, 19.1, 30.2,
30.6, 31.5, 41.5, 52.3, 54.0, 60.5, 162.8, 164.8; HRMS (ESI-TOF) caled for Ci4H27N20, [M+H]":
255.2067; found: 255.2070.

Fmoc-Hil-OH (6). To a stirred solution of 36a (165 g, 0.65 mmol) in THF (3 mL) was added 1 M HCI
(3 mL) at room temperature. After being stirred for 2 h, the reaction mixture quenched with 2 M NaOH.
The whole was extract with EtOAc, and the extract was washed with brine, dried over Na;SOs. The
filtrate was concentrated under reduced pressure to give the mixture of corresponding amine, which
was used without further purification. To a stirred solution of above amine in dry CH>Cl, (5 mL) was
added Fmoc-OSu (263 mg, 0.78 mmol) at room temperature. After being stirred for 12 h, water was
added to this solution. The whole was extract with CH>Cl, and the extract was washed with brine,
dried over Na>SOg4. The filtrate was concentrated under reduced pressure, and the residue was purified
by flash chromatography over silica gel (hexane/EtOAc = 4/1) to give mixture of compound 37a and
Fmoc-D-Val-OMe. To this mixture in 1,4-dioxane (3 mL) and water, HCI1 (420 pL, 4.92 mmol, 36%)
was added, and the mixture was refluxed for 12 h. The whole was extract with EtOAc, and the extract
was washed with brine, dried over Na;SOs4. The filtrate was concentrated under reduced pressure and
the residue was purified by RP-HPLC to give compound 6 (80.1 mg, 34%) as a colorless oil: [0]**p
+5.2 (¢ 0.76, CHCI3); IR (neat): 1714 (C=0); '"H NMR (500 MHz, CDCls) &: 0.88 (t, J = 6.8 Hz, 3H),
0.95 (d,J=6.3 Hz, 3H), 1.13-1.25 (m, 1H), 1.39-1.60 (m, 3H), 1.80-1.89 (m, 1H), 4.23 (t,J= 6.9 Hz,
1H), 4.42 (t, J= 6.3 Hz, 3H), 5.16 (d, J = 8.4 Hz, 1H), 7.31 (t, J = 7.4 Hz, 2H), 7.40 (t, J = 7.4 Hz,
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2H), 7.59 (t, J= 6.5 Hz, 2H), 7.76 (d, J= 7.5 Hz, 2H); '*C{'H} NMR (75 MHz, CDCl3) 5: 10.8, 14.2,
19.2, 21.1, 28.4, 30.9, 39.4, 47.2, 52.3, 60.6, 67.1, 120.0, 125.1, 127.1, 127.8, 141.3, 143.7, 143.8,
156.2, 177.9; HRMS (ESI-TOF) caled for C2oHasNNaOs [M+Na]*: 390.1676; found:390.1674.

Fmoc-D-allo-Hil-OH (7). To a stirred solution of 36b (191 mg, 0.75 mmol) in THF (4 mL) was added
1 M HCI (4 mL) at room temperature. After being stirred for 2 h, the reaction mixture quenched with
2 M NaOH. The whole was extract with EtOAc and the extract was washed with brine, dried over
NaxSOs. The filtrate was concentrated under reduced pressure to give the mixture of corresponding
amine, which was used without further purification. To a stirred solution of above amine in dry CH>Cl,
(6 mL) was added Fmoc-OSu (304 mg, 0.90 mmol) at room temperature. After being stirred for 12 h,
water was added to this solution. The whole was extract with CH2Cl,, and the extract was washed with
brine, dried over Na,SO4. The filtrate was concentrated under reduced pressure, and the residue was
purified by flash chromatography over silica gel (hexane/EtOAc = 4/1) to give mixture of compound
37b and Fmoc-Val-OMe. To a mixture of compound 37b and Fmoc-Val-OMe in H,0/1,4-dioxane (1/1,
3 mL), HCI (500 pL, 5.76 mmol, 36%) was added, and the mixture was refluxed for 12 h. The whole
was extract with EtOAc, and the extract was washed with brine, dried over Na>SOg. The filtrate was
concentrated under reduced pressure, and the residue was purified by RP-HPLC to give compound 7
(124 mg, 45%) as a colorless oil; [0]*’p +5.5 (¢ 1.13, CHCI3); IR (neat): 1714 (C=0); '"H NMR (500
MHz, CDCls) 6: 0.89 (t, /= 7.3 Hz, 3H), 0.95 (d, J = 6.4 Hz, 3H), 1.20-1.30 (m, 1H), 1.30-1.42 (m,
1H), 1.44-1.55 (m, 1H), 1.65 (t,/=7.1 Hz, 3H), 4.23 (t, /= 6.8 Hz, 1H), 4.43 (t,J= 6.9 Hz, 3H), 5.09
(d, /=8.7Hz, 1H), 7.31 (t, J="7.4 Hz, 2H), 7.40 (t, /= 7.4 Hz, 2H), 7.59 (t,J= 5.9 Hz, 2H), 7.76 (d,
J=7.5Hz, 2H); *C{'H} NMR (75 MHz, CDCl3) &: 11.2, 14.2, 18.4,29.8,31.0, 39.2,47.2, 52.2, 60.5,
67.1, 120.0, 125.1, 127.1, 127.7, 141.3, 143.7, 143.9, 156.3, 177.9; HRMS (ESI-TOF) calcd for
C22H25sNNaO4 [M+Na]": 390.1676; found:390.1675.

Fmoc-D-Cys(Trt)-OTce (39). To a stirred solution of 38 (5.0 g, 8.54 mmol) in dry CH2Cl, (34 mL)
were added 2,2,2-trichloroethanol (900 pL, 9.39 mmol), DMAP (104 mg, 0.85 mmol) and EDCI-HCI
(1.8 g, 9.39 mmol) at —15 °C. After being stirred for 12 h, the reaction was quenched with 10% citric
acid. The whole was extract with EtOAc and the extract was washed with aqueous saturated NaHCO3
and brine, dried over Na>SQOs. The filtrate was concentrated under reduced pressure, and the residue
was purified by flash chromatography over silica gel (hexane/EtOAc = 5/1) to give compound 39 (5.8
g, 95 %) as a colorless oil: [a]*p —~1.33 (c 1.04, CHCI3); IR (neat): 1766 (C=0), 1730 (C=0); 'H NMR
(300 MHz, CDCl3, 50 °C) 6: 2.71 (br, 2H), 4.20 (t, J = 6.9 Hz, 1H), 4.31-4.45 (m, 3H), 4.63 (d, J =
11.8 Hz, 1H), 4.76 (d, J=11.9 Hz, 1H), 5.14 (br, 1H), 7.16-7.32 (m, 11H), 7.33-7.43 (m, 8H), 7.57 (d,
J=72Hz, 2H), 7.74 (d, J = 7.5 Hz, 2H); '*C{'"H} NMR (75 MHz, CDCls, 50 °C) §: 33.8, 47.2, 53.2,
67.3, 67.4, 74.6, 94.4, 120.0, 125.0, 127.0, 127.1, 127.7, 128.1, 129.5, 141.4, 143.7, 143.8, 144.2,
155.5, 169.1; HRMS (ESI-TOF) calcd for C39H3,CIsNNaO4S [M+Na]": 738.1010; found: 738.1001.
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Boc-Ser-OAllyl (42). To a stirred solution of 41 (5.0 g, 24.4 mmol) in DMF (50 mL) were added allyl
bromide (2.3 mL, 26.8 mmol) and K>COs3 (4.4 g, 31.8 mmol) at room temperature. After being stirred
for 12 h, the reaction mixture quenched with water. The whole was extract with EtOAc and the extract
was washed with brine, dried over Na>SOa. The filtrate was concentrated under reduced pressure and
the residue was purified by flash chromatography over silica gel (hexane/EtOAc = 2/1) to give
compound 42 (5.3 g, 88%) as a colorless oil. The spectral data were in good agreement with those

previously reported.'*

Boc-p-bromo-Ala-OAllyl (43). Boc-B-bromo-Ala-OAllyl was synthesized by the identical procedure
reported previously.'® To a stirred solution of 42 (5.3 g, 21.5 mmol) and CBr4 (8.6 g, 25.8 mmol) in
dry CH2Cl; (150 mL) under argon was added PhsP (6.8 g, 25.8 mmol) in dry CH>Cl, (50 mL) at 0 °C.
The reaction mixture was warmed to room temperature and stirred for 4 h. The reaction mixture
quenched with water. The whole was extract with CH2Cl> and the extract was washed with brine, dried
over NaSOs. The filtrate was concentrated under reduced pressure, and the residue was purified by
flash chromatography over silica gel (hexane/EtOAc = 7/1) to give compound 43 (5.2 g, 79%) as a

colorless oil.

Fmoc-D-Lan(Boc-Lan-OAllyl)-OTce (44). To a stirred solution of 39 (550 mg, 0.77 mmol) in dry
CH2Cl> (8 mL) under argon were added triisopropylsilane (236 puL, 1.15 mmol) and TFA (880 pL, 11.5
mmol) at room temperature. After being stirred for 1 h, the reaction mixture was diluted CH>Cl> and
water. To this solution was slowly added NaHCO3 (920 mg, 11.5 mmol). The whole was extract with
CHCl,, and the extract was washed with brine, dried over Na;SOas. The filtrate was concentrated under
reduced pressure to give compound 40. To a stirred solution of 40 in EtOAc (5 mL) under argon was
added TBAB (989 g, 3.07 mmol) in aqueous saturated NaHCOs3 (adjusted pH 8.5 with 1 M HCI) and
43 (189 mg, 0.61 mmol) in EtOAc (10 mL) at room temperature. After being stirred for 12 h, the whole
was extract with EtOAc, and the extract was washed with brine, dried over Na>SOa. The filtrate was
concentrated under reduced pressure, and the residue was purified by flash chromatography over silica
gel (hexane/EtOAc = 5/1) to give compound 44 (219 mg, 51%) as a colorless oil; [a]**p +10.0 (c 1.03,
CHCl3); IR (neat): 1717 (C=0); 'H NMR (300 MHz, DMSO, 50 °C) &: 2.73 (m, 4H), 4.15-4.45 (m,
5H), 4.58 (dt,J=5.3, 1.5 Hz, 2H), 4.90 (q, J=11.1 Hz, 2H), 5.19 (dd, /= 10.5, 1.5 Hz, 1H), 5.32 (dq,
J=17.3,1.7 Hz, 1H), 5.79-5.99 (m, 1H), 7.19 (br, 1H), 7.32 (td, /J=7.4, 1.2 Hz, 2H), 7.41 (t, J=7.1
Hz, 2H), 7.70 (d, J = 7.1 Hz, 2H), 7.87 (d, J = 7.3 Hz, 2H), 7.94 (d, J = 7.5 Hz, 1H); C{'H} NMR
(75 MHz, DMSO, 50 °C) &: 28.6 33.3, 33.7, 47.2, 54.3, 54.6, 65.5, 66.5, 74.2,75.9, 95.4, 118.2, 120.5,
125.6, 127.5, 128.1, 132.7, 141.2, 144.2, 155.8, 156.4, 169.8, 170.7, 171.0; HRMS (ESI-TOF) calcd
for C31H3sCIsN2NaOsS [M+Na]*: 723.1072; found: 723.1073.

Fmoc-D-Lan(Boc-Lan-OAllyl)-OH (8). To a stirred solution of 44 (81 mg, 0.12 mmol) in THF (6
mL) under argon were added zinc dust (290 mg, 0.45 mmol) and 0.5 M NH4OAc (1.5 mL) at room
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temperature. After being stirred for 12 h, the reaction mixture was filtered through Celite. The filtrate
was concentrated under reduced pressure. The residue was added CHCI3; and H>O. The whole was
extract with CHCIls, and the extract was washed with brine, dried over Na>SOa. The filtrate was
concentrated under reduced pressure and the residue was purified by flash chromatography over silica
gel (CHCl3/MeOH = 50/1 to 10/1) to give compound 8 (47.5 mg, 72%) as a colorless oil; [a]**p —14.6
(c 1.03, CHCl3); IR (neat): 1719 (C=0); '"H NMR (300 MHz, DMSO, 50 °C) &: 1.38 (s, 9H), 2.74-3.03
(m, 4H), 4.09-4.35 (m, 5H), 4.57 (d, J = 5.3 Hz, 2H), 5.19 (dd, J = 10.5, 1.3 Hz, 1H), 5.31 (dq, J =
17.3, 1.6 Hz, 1H), 5.80-5.97 (m, 1H), 7.19 (br, 1H), 7.32 (td, J= 7.4, 1.1 Hz, 2H), 7.41 (t, /= 7.1 Hz,
2H), 7.58 (d, J = 7.1 Hz, 1H), 7.71 (t, J = 7.3 Hz, 2H), 7.87 (d, J = 7.4 Hz, 2H); C{'H} NMR (75
MHz, DMSO, 50 °C) é: 28.6, 33.6, 34.0,47.2, 54.6, 65.4, 66.3, 70.3, 79.0, 118.2, 120.5, 125.7, 127.5,
128.1, 129.3, 132.6, 132.8, 139.7, 141.2, 144.3, 155.8, 171.1, 172.5; HRMS (ESI-TOF) calcd for
C29H34N2NaOsS [M+Na]": 593.1928; found: 593.1928.
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