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Synthetic studies towards natural cyclic peptide ogipeptins and their derivatives

Shingo Takiguchi

The spread of multidrug-resistant (MDR) Gram-negative bacteria is becoming a serious
problem worldwide, for which the development of novel antibacterial drugs is strongly
anticipated. Colistin (also known as polymyxin E) is a polypeptide antibiotic that is active
against most Gram-negative bacteria and shows in vitro potency against organisms with the
MDR phenotype. Since colistin has certain adverse effects, such as nephrotoxicity and
neurotoxicity, its widespread use has been limited, and it is called the “antibiotic of last resort.”

Ogipeptins A-D were isolated from the culture broth of the marine bacterium
Pseudoalteromonas sp. SANK 71903 by Daiichi Sankyo, and each of them showed
antimicrobial activity against Gram-negative bacteria. Ogipeptins are natural cyclic
lipopeptides that exhibit the structural features of multiple basic side chains, which are
similar to colistin. Ogipeptins are thus considered to have potential as lead compounds for
antibacterial agents. In this research, the author conducted synthetic studies of ogipeptins
and their derivatives with the aim of acquiring novel ogipeptin-based antibiotics with higher
antibacterial activity and lower toxicity than colistin.

First, an examination of the synthesis of ogipeptin derivatives with acyl side-chain
replacement was carried out. As a result of various trials, a four-step practical semisynthetic
method for creating such derivatives was established, and 45 novel ogipeptin derivatives were
obtained. Their antimicrobial activities, cytotoxicity, and nephrotoxicity were evaluated.
Among these 45 derivatives, most of them showed good antimicrobial activities against Gram-
negative bacteria and some exhibited significantly reduced nephrotoxicity compared with

colistin.



Based on these results, acyl side-chain replacement appeared to be insufficient to enhance
the antimicrobial activity of ogipeptin derivatives. Therefore, the author focused attention on
amino acid residue replacement and skeleton modification. To obtain such derivatives, a total
synthetic route using solid-phase peptide synthesis (SPPS) was required. However, the total
synthesis of ogipeptins is associated with the limitation that the absolute configurations of
ogipeptins are not elucidated. In particular, the stereochemistry of three residues of B-
hydroxy-a,y-diaminobutyric acids (3-OH Dabs) remained unknown. To determine the absolute
configurations of ogipeptins, the crystallization of ogipeptins and their derivatives for X-ray
structure analysis was attempted, but the author was unable to acquire satisfactory X-ray
diffraction data. Next, the advanced Marfey’s method was applied to determine the absolute
configuration of B-OH Dabs in ogipeptin A. The results confirmed that (2.5,3.9)- and (25,3 R)-
B-OH Dab isomers exist at a 2:1 ratio in ogipeptin A.

Based on that information, the author undertook the total synthesis of ogipeptin A. As the
key starting materials for SPPS, two dipeptide blocks comprising Z-dehydrobutyrine (Z-Dhb)
and (25,3.9- or (25,3R)-B-OH Dab were designed and synthesized via six steps from Fmoc-B-
OH Dab (Boc, acetonide)-OH. SPPS using these blocks, macrocyclization, and deprotection
afforded three diastereomers of ogipeptin A. The HPLC chart and 'H- and *C-NMR spectra
of one synthetic diastereomer exactly matched those of authentic natural ogipeptin A.
Therefore, the absolute configurations of ogipeptins were elucidated and the SPPS-based total
synthetic route was established.

By using this route, the synthesis of skeleton-modified ogipeptin derivatives was carried
out. In that synthesis, some amino acid residues were replaced as follows: 1) f-OH Dab to
Dab; 2) ZDhb to glycine, a-aminoisobutyric acid, or L-valine; and 3) L-arginine to L-norleucine,
L-glutamine, L-glutamic acid, or L-ornithine. Following this approach, eight ogipeptin
derivatives with skeleton modifications were obtained.

The author believes that these results will greatly contribute to the development of novel

antibiotics against MDR Gram-negative bacteria as alternatives to colistin.
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Table 1. AFEIZE> TRAICE R ESNDAMEEE (2019 HHILE)

Carbapenem-resistant Acinetobacter (J1/V/3_RRALMET S R/ 4—)

Candida auris (% < T R)

Clostridioides ditficile (VAN A AT AT 4743 /L)

Urgent Threats

Carbapenem-resistant Enterobacteriaceae

(CRE; VSR AR A )

Drug-resistant Neisseria gonorrhoeae (HEH|MHIHEWMH)

Drug-resistant Campylobacter (JEAIMED /74 —)

Drug-resistant Candida CEA|mHEA %)

Extended-spectrum B-lactamase (ESBL)-producing Enterobacteriaceae

(BEE R BAMEPLORA B T 4~ — B REEA NG )

Vancomycin-resistant Enterococci (/3> a~A T U MHERGEREE)

Multidrug-resistant Pseudomonas aeruginosa (ZHIMHMEREIER)

Serious Threats

Drug-resistant nontyphoidal Sa/monella CGEHFIMHEIET 7 APEYLEXT)

Drug-resistant Salmonella serotype Typhi CGEAIiH4E:T 7 A )

Drug-resistant Shigella (GEA|MHEIRFIEE)

Methicillin-resistant Staphylococcus aureus

(MRSA; AF LV AMMPERH T T ERE)

Drug-resistant Streptococcus pneumoniae (FERHIHENZERE)

Drug-resistant Tuberculosis CEAIMHIEREEZ )
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BRI VAR 4B FRARIRUT-, VAR BRI OW TR, 55— =38 (B 2MEA T BV R g rh i A
Abw % 3D T y—~aZx T DML EIZL ST TAX T LTt K7 T A% —5 LogD BAEnh
D% HLMTERB LT, LogD 235@E, T 72bBIRIAEMENE W T UV AIgH A A 952 LT, Lipid A LD
BOKMAREAE IR LAHS 2L Uiz, BRI ET . A 6 25k L T DMF ., &FEl LR 2,
HATU, DIPEA %\ C7 /U EL7Z, #i< tetraethylammonium fluoride % f\ /=i Fmoc St

Wikl HPLC A58 E BRI I TS 275 81K 45 L&z & LTz (Figure 10)

.t oo
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8-1 (ogipeptin A) 8-2 8-4
(0]
N \
P T v
87 88 8-9 - 8-10
(0]
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@ % % 00 N40 \HK/\S///N
Ni\S&© o b
N
8-12 8-13 8-14 8-15 .
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Figure 10. ##lFHEIL 45 (L EWMOHEE
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5 3 Hi CHUHEE SR 45 A D MIC JIE « Al 7 R

B LTEA T RT T UFHER 45 (LA D MIC (/ME B FHLIEEREE) HIEZITV, K8 ROHE

2]

TEMEARHE 528 L Uiz, FHIIC WS T AR MR EL TUL TSR TR IR LT, 2 AT )k
SHARREL T, E. coli ATCC 47076 #. K. pneumoniae ATCC 10031 #. A. baumannii ATCC
19606 . P aeruginosa ATCC 27853 KA IRINL , X7 F> A MitE#kIZIX K pneumoniae
ATCC 700721 #&. K. pneumoniae JCM 1662 ¥k, P aeruginosa ATCC 15692 #RZfifiL7=, 24
SO EKIFAEN OHUHETEMERBR TIEER K E L THEH L TW b D THD, 7238, X ~TF 0 ATk
BR 3 FRIZHOWTIE, PLETEMZ BT D720 DFRIRERDEREL TR 3228 LT, £ DOMODEKIC
%, AVAF UitERE THD K pneumoniaeIHMA 1387833 ¥k, A. baumanniiTHMA 1312713 ¥k,

P aeruginosa THMA 1375891 #RZ 1%L | ZILHILAAAD International Health Management
Associates (IHMA) #2025 AF LTz, LA EDZ T AR 10 4 vz MIC #7Ei%, Clinical
and Laboratory Standards Institute O AR TANZHEN, EIRIEAIRIE TITo72, 20 K HKE
MHA R2—7— B P 2ER) B HUZBIRL | AR T, 35 °CT—BEki&R LIz, BB L& Hike
10% 7Vt —/WmR CHBEN~ 77 7—T RBERRER 0.5 LRDIDICHRLIbDE s T 25—
Fa—TEL, WG —REL TRIRIBRFLTZ, AX T FUFEERE 96 U=/l 7L —NT 2
pL/well 952437 L 7=, Cation adjusted Mueller Hinton Broth {Z#f5ES—R 73 250 127251912
HEREL | HFEE A 98 pLiwell 35050 7EL , AFAGME T 35 °CT 20 KiJk5# L7, EnVision 2102
Multilabel Plate Reader (PerkinElmer) T (ODe20) ZHIEL . £ E kKD MIC Z5H L 7=, MIC
HEEWATL T, A 55 5RO M o 33 M 2 58l 3 5729012, HEK293 #ifig (e MR & Ml 293) &
HepG2 #ifa (E T A B RME) 2 O oMl s PRk By 520 L 7, HEK293 M3 —# a7 ho
A flas L TR, HepG2 MIIIATIROREET VEL TR TES728 in vivo TOfFEtES
Wl 22 L 2B 2 Tz, Bk z 2 v~y aliZeA— 27 VI (10% DY e R g2 &) T
37 °C. 5% CO2 DRI THRLIM, B4 RIREDOFFH BRI TV Z TN, 4 A FA L Fa—h
L7z, ZD%% . Cell-Titer-Glo® (Promega) - HL C, fijd D74 =4 —17-, MIC LHfifid w1t

ARERORE A Table 3 12FED T,
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Table 3. A7 F LBk Lal) ZAF o OHUEETEVE < M d w3 R A

MIC (pg/mL) CC,, (M)
Organism Cell line
Q N L 9 T @ oy @ =
NS 20 30 8o 8§38 858 ¢O 8 S S3 s 8§
T <SR e ST Y E<ENE R F
= = =
Colistin 1-2 1-2 2 2 1-2 4-16 2-4 32-64 816 64-128 >64 >64
8-1 2 1 2 4 >256  >256 64 >256 >256 128 >64 >64
8-2 8 8 16 16 128 256 64 256 32 128 N.D. 35
8-3 2 2 2 4 8 >266  >256  >256 256 >256 >64 >64
8-4 8 32 256 8 >256 >256 >256 >256 >256 >256 >64 >64
8-5 2 2 2 4 2 >256 8 >256 128 128 >64 >64
8-6 4 128 >256 128 >256 >256 >256 >256 >256 >256 >64 >64
8-7 16 256 >256 128 >256 >256 >256 >256 >256 >256 >64 >64
8-8 2 8 256 >256 32 >266 >2566 >256 >256 >256 >64 >64
8-9 2 2 8 8 2 >266 >2566 >256 >256 >256 >64 >64
8-10 32 >64 >64 16 64 >64 >64 >64 >64 >64 >64 >64
8-11 4 4 8 8 >256  >256 128 >256 64 128 >64 >64
8-12 8 >256  >256 32 >2566 >256 >256 >256 >2H6 >256 >64 >64
8-13 16 128 >256 256 >2566 >256 >256 >256 >2H6 >256 >64 >64
8-14 4 4 256 16 >256 >256 >256 >256 >256 >256 >64 >64
8-15 2 8 >256 8 16 >256 >256 >256 >256 >256 >64 >64
8-16 128 64 >128 32 >128 >128 >128 >128 >128 >128 >64 >64
8-17 2 4 32 8 >256  >256 32 >256  >256 64 >64 >64
8-18 2 4 2 4 4 4 64 >256 8 64 >64 >64
8-19 8 8 4 16 8 16 16 >256 128 256 >64 >64
8-20 >64 >64 >64 >64 >64 >64 >64 >64 >64 >64 >128>128
8-21 8 16 128 4 >256 256 64 >256 32 8 >64 >128
8-22 4 8 8 4 128 >256 128 >256  >256 128 >128>128
8-23 2 4 2 4 4 >256 64 >256 16 128 >128>128
8-24 4 8 >256 16 32 >256 >256 >256 >256 >256 >128>128
8-25 2 8 64 32 32 >256 >256 >256 >256 >256 >128>128
8-26 4 4 16 4 32 >256 16 >256 256 64 >128>128
8-27 2 4 16 >64 >64 >64 >64 >64 64 >64 >64 >64
8-28 2 4 >256 2 4 >256 256 >256  >256 64 >128>128
8-29 2 2 32 4 256 256 64 >256 64 16 >128>128
8-30 2 2 2 4 2 256 256  >256 8 128 >64 >64
8-31 4 2 4 4 256  >256 8 >256 32 32 57 >128
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8-32 2 2 16 4 >256 >256 128 >256 >256 128 >128>128
8-33 2 2 64 4 >256  >256 64 >256 >256 128 >128>128
8-34 2 2 >256 32 256  >256 >256 >256 >256 >256 >128>128
8-35 2 2 2 4 >256 >256 64 >256 64 256 >128>128
8-36 4 2 4 4 256  >256 8 >256 64 16 66 >128
8-37 16 64 >256 128 128 >256 256  >256 256 128 38 47
8-38 1 1 2 4 >256  >256 >256 >256 >256 >256 >128>128
8-39 1 1 2 4 >256 >256 16 >256 >256 128 >128>128
8-40 1 1 2 4 >256 >256 256  >256 >256 256 >128>128
8-41 1 2 4 4 >256 >256 2566  >256 >256 >256 >128>128
8-42 1 2 4 4 >256 >256 256  >256 >256 >256 >128>128
8-43 1 1 256 4 >256 >256 128 >256 >256 128 >128>128
8-44 1 1 2 2 >256 >256 4 >256 32 64 >128>128
8-45 1 1 2 4 256 >256 64 >256 64 128 >128>128

*N.D. = not determined

MIC JBIEDFEFR I NFEAE OFERNPTY AT LSRRI R L C R I IR 2 7R3 2803
Dhole, TDO—F T, AXNTF o A MRS VAT MRS LTIV EEZ R 32>, Fe
HEFTEEAERSRNEVIFER Th Tz, ZOMMITAF T T A(8-1) LR Th o7, 7/l
BAOREE LPUEIETED BRI DWW THE T DL | ~T iSO E B A R ob | IR =187
CIIPETE NI E DM H T~ (8-4, 8-7, 8-12, 8-1872L), F/-, BHHIEMIEASCY ==Lk, 7=
IR VT 2 = URIE R OB O EIX RV HTETE AR L7z (8-18, 8-23, 8-30, 8-38-45 72L) . ZD
ZEMB AFXARTFUATRIIF L AALFRRIC, 73 UAIBEE Lipid A EOF AR AHUETEEIC &
FCHHILEIRES T,

HEK293 #ifdé HepG2 ALk 2 M0 ERER Cld 1ZEA L OFFER NPV RAT L LR E

2, ZNEDL IV EENEE (CCso) 27 TG R &ra o7,
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54 i BB 10 (k& OB FEIERER

MIC #I7E T B AF e hidiE A R L-7E 4k 10 LA (8-8, 8-5, 8-18, 8-23, 8-30, 8-35, 8-36, 8-
38, 8-39, 8-44) OEFMEFMAEITOZLE LT, EDOMOFEMEFHMIZ OV TR, BAF 2P s AR
TR T HEARMELNI B CEMMTHILEL, FTEVAT ORI TR RSN B H
PRI EIRZ X FEMAT o7, B #tEikB3, LLC-PK1 A (7 & %8 FRAE #iia) 2 <, wLEg
ik %% (lactate dehydrogenase; LDH) ZH| L7z SCEREE NI O 7w har— L 2D [ ZHESTITUV, 45
fbA# > LLC-PK1 Mlaizxt 3584 B mith e UG L 7=, E{bA# LDao fif (20% 5l a £ 5E
i) LRI 5T VO LogD fE% Table 4 (277, 7238, FALAEMILT VI8 D LogD fEAMK

WIIEZAE A~ %95 LD fEEFE LT,

Table 4. A X7 F L FHERD LDso fliE 7> /HAIEE D LogD fi

Compound Structure LDz [mg/mL] | LogD

o
o
85 \©\/\ro 265.30 | 2.65
= T \K

8-3 % >489.70 | 2.83
0 cl
0]
8-38 W 480.55 | 2.99

8-44 \)K@ /©/ >252.78 | 3.62
o)

8-30 O 89.37 3.75
g

8-1 (ogipeptin A) Heoo~ 119.40 | 3.76

8-39 m 250.80 | 3.91
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o

8-35 ‘QK@ 131.65 | 4.37
o/\/\/©

8-36

W
o
8-23 \)KQo 48.29 | 4.65
(J

O OH

16.06 | 4.48

o
8-18 %O% 36.86 | 4.98

Colistin sulfate 44.20

AYZF D LDsgo flilE 44.2 mg/mL THo7273, ZHEVEIROEILFRRE O HMEL RLTzH D
1% 8-18, 8-23, 8-36 D 3 {LAM TH Tz, AX T T A(81) DB FEIEITIVAT > IVH{EL LDso
fif 119.4 mg/mL Z/RU7ZH, ZHEDHELIZTHWOBEETHS DI 6 (LEMBHY , TDOHTHHRFIC
8-3 & 8-38 |IMEBLIZHIV MEZE /R LT, GUATF U AFAT T A(8-1), 83, 838 DEEMERBRAEF
Z LT Figure 11 1[ZF DT, AVATF U EFERE T 58 B mIEDMERL THD e
DDe 7TV WANEHD LogD x5 4 Z#E 2 Dk BRI LA TRV Bt 2 7R3 2 83 £
D—FT 4 LU FOFERITE m MRS DI H 02D BNER 5T, ZOIIRFERNE A
FATF URFEEN I IROGUETEMEZ R 971213, LPS A AEAEM 2720127 W AIBHICIEH 512

EOREMENBETIIHLbOD, md E2MREETROEEE e A USE o RSN,
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Figure 11. LLC-PK1 #i}ld% i\ 7z in vitro B 2R — =75 R

LI ED I, AETIET VARSI A X ST F U B B8RO A L — N L, FiiasEs
45 {LEMDOE UL LTz, ZAHDOHUETE RN & B #E  Mla MR A T o728 24, 7T Lk
PEE DOV ATF U EZ MR 4 FRICKTL CEEAE OFERNS RAFRPTETEIEEZ R L, SHIZZDOFN5
TYAF L U TR BRI B R MR L 735 81K 8-3 X° 8-38 4552803 T&/- (Figure 12), it
BEEMEEZ BMED AT RAZ DI, TN DIREMEEDF 2 — = VR EE TH LI LS L

L7,

H / H
NH 0 NH
HoN NJ\E cl HoN Hkﬂ

Figure 12. 8-3 & " 8-38 D&
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52

B 1HT AT T ORI STARBLE LSOV T OB LR LAREE IR O 723D OB FEIRF

ATEEICC, VAT U LRIRBEOHFEIEMEEZ R L, in vitro TOE B BISILZ T ISHZ #
A RARTF U FE R EBULEMRDL LTI LI, VAT E0b O FLETE 2 R b E
WG DI TSR D 5T, ZOFRERDD, 7 VIO E BT T TIERIEZ B ETE LR I3 RIAD
IRONEHIBTL, SORDFHEREB D S [ EL THE ST F U O B K% BB UIZFHER OB R
PLLEZ T2, Blz1E. B-OH Dab DOt ud I A Eah 7o 13bRE L2 8(K<° Dhb 27U (Gly) %
OO T I/ FRFEIN WL CREEE IR L 72b O, SRIE MO T =0 A/ T2 Arg iAo
TR BRI TR AR S N B ID, ZOLOREERE AR T DL, ST F REM A K
(SPPS) DFEEMNTT /e 1 RIET O e SE2®&, BILSEL ALV — MR B THHLEE
ABNDTD | EFFIIAFT AT F o OEERV— b OMESLZ HEL TR Z B AL 7=,

FXRTF U DEEREATINCHTN AT T2 O SLARBLIE DS R THHZ LR ETH
STy AXARTFNT T HRIEOT I TR SN COD M, A THFZEIZEBV T Arg, 1 (Leu) .
Dab iZ LATHY, Dhb O AR L FT ZEE THHZENERIINTND, ED—F T, FEH D 3 7
® B-OH Dab Dk SEARELEIZSOWTIEIAITHY , #igm - 4 FEOSIBREMEERNE 2 B

(Figure 13),

NH,
(2S,3S) (2S,3R) (2R,3S) (2R,3R)
Figure 13. p-OH Dab ® 4 fED 74K FREA
TICAXANTFUEEFROEGHBAR TITE AT o TR A X ~T F U OEGRRIE T2
FAZ—HIZIE D-T R/ REACSE DRI E ER0 -T2 p-OH Dab bhhod 7 /iR I L[F

BRIC L AR THLZEDH LT CRIIAL G L DI RINFFED T2 O FEMITIER /) . 220 37205, B-OH

28



Dab @ 2 (iOSNLARLFIT SELE THHZEDMEEL AL F1T B-OH Dab OERE I JLA3
FEA LI SNAFRBDOIHREIRD ZONED SEZIL REEEDOE L THO N EE /-T2 (Figure
14), B-OH Dab ¥ 3 &b D720, SFioit RELEDMAEHOHIZED 8 FE(2X2X2) DY T AT

F=—=NEZBI, ZOIHO— DN RINUOHERSLRBLEZ AT HLE AL,

NH
Figure 14. X ~X7'F> A(1) DL B-OH Dab DA B 7k N7 AR & (%)

X AT F L OISR E 2RI T 572012, X SRS E T 2 i a2 Lz, 18T
AR LT= 8-44 75 Ns FRER 9-1, Boc fRi#(R 9-2 22T N7 (Figure 15), ZNHZ VT, A
IR R FRBIB I LA ) — =0 T HAT o728 2 A, 9-2 DEHRIABE T COAEHIRAEMmE AU,
LINLZRD3 5, ZOREEIT X #RE IRE L TR OO HEEMRITICE 8578 X BRIEHTH &R ITAEH 780
2Tz, ZD1%, Scheme 2 ® Fmoc Rt T MK 6 2 HI TR 4 OFHRCILE T 30 AR 55
R CRE s LR FI AT o 72y, BB GITBOINRD o7z, Bl EOFEREZFf> T AT FU3HE
RORERAITIHEEECHHLHIBTL | X SRS RE AT O BRI LD MEHTH IR LTz,

o e,

“NH 07 NH

NO,
OH O,N
) H Y j<
H,N

\[( HN ~0

CEO Jk@@ iiJOJ

0=8
o N
0]
AN
H
H2N\rr \/\/F

NH
91 9-2
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Figure 15. X7 F U HEK 9-1 LN 9-2 L7 dHkAE SR O TR

RIZ, AT F o A OB I LM ARBLE O A e 02L& LT, AF_TFoho
3 73D B-OH Dab [TH— DI KELEL AL, £ TQS39- 1K E/-1342TQS3R)- K TSI T
ZATREMEAS N EHERIL 7=, 22 °C. FEBEIC B-OH Dab 2342 T(25,39- 1K £7-13 4 T8, 3R) - A CTHEAL
SINTAXAATF U A OUTATLUA~—2 fl 10-1 O 10-2 22 AL, R I —4
N—E T D% T 52 LU 72 (Figure 16),

H H

NH, NH,
0 NH, (o] NH,
H H
o) o)
H N\ N Nj\)'/”OH H N N N OH
: Wi
N N\/\/FNH U0 HoN_ N N NS0
NH NO .\\OFbl NH NO or
HN ., HN
0 O A ik 0 i,
N
H

H,N N NH H,N NH
H | I

101 102
Figure 16. H.—® B-OH Dab THSNAAFT T T A OHEEHEE

Ho

10-1: £ C(25,39-1A. 10-2: &£ T(2S,3R)-1K

EEROFEMILEE 8 MICTGHER TN, AFXFXT T ADEERIV—NfEL L, T 10-1, 10-
2 ENENA T DL, LINLRRG, RIRAF T F 2 A L HPLC IZEV el a1
272EZA,10-1 & 10-2 (ZEBEH RN ELRFFIFHE AN — B L 72 o7, L7223 > T, 10-1 £ 10-2 (34
FART T A DEOHEETIIR AMIZEZOND 6 OV T AT LA~ —DRIIEDOHEENHHES
AONT, 8D 6 DOV T AT LA~ —Z2 TR ETERL, — DT 2oL TR EERL T

WSITEIZER ST MDD D120 fETOT 7 a—F il o e e,

30



W2 AXAATTF L A ~Dihk B Marfey 1EDE

T D SR D-/L-ELE A T ISR E T4 FBe L LT, 1984 4212 Peter Marfey 737~k
3£ 1-fluoro-2,4-dinitrophenyl-5-L-alanine amide (L-FDAA., Marfey i) D& ka7
T EEOER, HPLC 3T &l & o 7= Tk GEFR Marfey 15) #38% L7, 29 Marfey 3E&f%
JELT=T /BRI D KL LAED= 7 A—ar OIS TR ERE S O OH 7 8 87320
i< HPLC /3 #71Cl D (RIVH 5T LIRO T NS T D72 | O REFES T/ EEED
HPLC fRFFFHOHHRIZIY D-/L-FLE AR E T HIEN ATREL 720 CUND, DR D3 HTikaR DR Ji
LEHIZ, Marfey 15& GC, LC-MS, NMR Dtk & 72 it FIEE M A G DY RIENFESIL, 25
DALE DS ZEDRALNCSNTET, 20 ZOIIRBEMTIEO—2LL T, 1995 FIZJFHD
RIEFLI-DHL B Marfey 1 CThd, 2520 i 2 Marfey 1513 Marfey #:& LC-MS & b7
FIETHY, FDAA OFRHVIC 1-fluoro-2,4-dinitrophenyl-5-L-leucine amide (L-FDLA) ZF| 4%
Z& T LC-MS STV TR T /B D X0 S L e i 3 Pl RE L Ae o7z, TR BITEERITRIRA
TFRIZXL T R Marfey 75418 H L, LC-MS OREFRFHND NAF WALT I BR72E DIERRT
B THS>THED DL ARG IR TELZ LA HEL TND, 2520 F/- | il Tl 2020 FIZ,
HRFOBBONRKNAED Y7 TIN B OMENLEREHTT LRI 1-fluoro-2,4-
dinitrophenyl-5-L-valine- N, N-dimethylethylenediamine-amide ( L-FDVDA ) & 1-fluoro-2,4-
dinitrophenyl-5-L-leucine- N, N-dimethylethylenediamine-amide (L-FDLDA) Z B3 L, Z<fi%&
DRI 7 ML T FDAA <° FDLA 2028554 X0 LC-MS sV TR 7/ ke

BRI m S TR TE a2 & RIHL T4 (Figure 17) , 27

NO, H (6] NO, H O NO, H (0] ,L NO, H (@] ,L
=" “NH, =" “NH, NS TN
O,N ) O,N Y O,N AN O,N Y
F F F F
L-FDAA L-FDLA L-FDVDA L-FDLDA

Figure 17. Marfey i{ZEEZ DOJRAE KSR

FHARTF L OREEREZBI T D EATHIIETIE, S B Marfey {£& NMR BT IC KOS A#T 21T
27273, p-OH Dab DE VT AT LA~ —FEMD AFNNEEZRZ LB HY |t SLARFLE O 58 R E NS
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IZEDLR T, 19 22T, SALONAR D SEZIE RELE ThD L-p-OH Dab AL E kL
THEL., b Tk B Marfey 5% F 452 &L LT,

ITUOIC, RIUA X AT F o A VTSR Marfey 541To72, X7 F 2 A % 6N HEEIC
FoTEEMAK R, 1 T BEHEALIZ 3R LT-t% ., L-FDLA F721% D-FDLA ZJESECH TR
DT FEAETH LT (Scheme 3) , SEENMET IV BRIISOC RN a7 EEEMEHOTIVEED 2 03w D
728, 2 53 1@ FDLA EUSLTEbONEARME L TELIZ, FiV T, LC-MS & HPLC 43#r%
ATV, B Y BESRME OIR R EAT T, Fio. ZOEBREWATL T, AF ST F o OBKR T /B THD
L-Arg, L-Leu, L-Dab, (2)-Dhb DA i [RIERITAER - 34T L T, 47 /200 HPLC (2317 AR Fiiy

b MERR LT,

“\/\ji” I fy 1% FDLA in acetone N,
hd NH HN"~0 6N HCI ag. IMNaHCO, 2

NH or > > O)N o
o 105°C, 15 h 37°C,15h i L
HN. O 0. J., )LM then 1N HCI " “OH
0 PN .

1 1la: L-FDLA adducts
11b: b-FDLA adducts

Scheme 3. AXX7F 2 A OEEINIAKSfREE FDLA %

B-OH Dab |Z2OWTIE, ZDIEMER LTI E AT o7, B-OH Dab fREERD AT OWTIE
BHIOHRERHY, ZNHDLERES BTG REIToT, 2829 eERad T =/h v (12) RIS L
TZ LREEZ®R T, T2 ® B-OH Dab fR# K. (2S83R)- £721%(253.9-Fmoc-p-OH Dab(Boc,

acetonide)-OH (18a, 18b) Z & %L 7= (Scheme 4)

Boc
(OH N#
NN 5
| .
QYOH —
N — 3
H OH

(0] FmocHN",
o

12 13a: (2S,3R)
13b: (2S,3S)

Scheme 4. Fmoc-B-OH Dab(Boc, acetonide)-OH D&k,
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fev VT 18 Z W T, iR E72% B-OH Dab (15) DA kAT o7, li Fmoc St D% LR - K %
BT 572012, £ 18a, 18b #F1Z 4L CI-Trt(2-CD-resin _bIZfAFFSW7-, WIZ, EFH = CBL
Fmoc 51TV, DMF & CH2Cle 2R DL P U B 2 ATH 72T O fFE/2 #F T 14a, 14b 21572, TFA
(ZEDERAEEC, LU inbOYIV L, K O Boc 2L acetonide Z:D il fi# % [FIIFIZ1 TV, B-OH Dab

L 15a, 16b #Z F A L7~ (Scheme 5),

N~ o) 1. CI-Trt(2-Cl)-resin, DIPEA, o ‘ o
fOH CH,Cl,, 11, 1.5 h o g Q Resin S0 TFAICH.Cl, N, Aoy,
N‘fo\ 2. 2% DBU 2% piperidine ° on .

Boc' |O

in DMF, rt, 5 min + 10 min N‘# NH,
Boc’
13a: (2S,3R) 14a: (2S,3R) 15a: (2S,3R)
13b: (2S,3S) 14b: (2S,3S) 15b: (2S,3S)

Scheme 5. p-OH Dab £/ DAk

136072 16 L@t D UV RIS Z LW DRI T3 A O £ FE FDLA A% v
72, Scheme 3 DR SRMLRARIZL T L-FDLA %7213 D-FDLA i HL CENEIUE#HE2IT o7,
B-OH Dab % a firk y (20 2 M T/ HAH 357280 kDY 2 530 FDLA LG LIZH O
(16a—d) LA EL TEDIL, 1 5 FERISLIZHD (17 a—d) T TR TELRE Th o7
(Scheme 6), 16 & 17 DIRAY T NEFNT, X T F 2 AWK fEY 0O FDLA ikt~
b 11 LRBRIC LC-MS KO HPLC S3#T 24TV, SicliiZ2 7y BEGR HE O YRIR D720 (TR & SRl iat 21T

>7,
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0 1% FDLA in acetone AN, Non NH;
HoN,, < OH ag. IMNaHCO, X N O,N 0
R >
“OH 37°C,15h AN, < SoH
N H2 then 1N HCI
OH
NH,
07 N H,

(2S,3R)-16a: L-FDLA double adduct (2S,3R)-17a: L-FDLA single adduct

15a: (2S,3R) (2S,3R)-16b: D-FDLA double adduct (2S,3R)-17b: p-FDLA single adduct

major product minor product

NO. (0]

S

N
NH,
NO
O,N O\Q i i
O 1%FDLAIn acetone HN,,, oH NH
HoN, ag. IMNaHCO,
< “OH + O;N 0
S
OH 37°C,15h N on
NH, then 1N HCI Nou
NH,
07

NH2

G

15b: (2S,3S)

(2S,3S)-16¢: L-FDLA double adduct
(2S,3S)-16d: D-FDLA double adduct

(2S,3S)-17c: L-FDLA single adduct
(2S,3S)-17d: D-FDLA single adduct
minor product

major product

Scheme 6. B-OH Dab #£5h > FDLA #55%

16 & 17 ORAEY 7 LC-MS kO HPLC 753#r &3 LizL 25, D-FDLA THE#kL7- 16b,
16d J0H L-FDLA THE#kL 7z 16a, 16c D50 BT/t — 7 pBia R~ LTz, £z, ~ AT —iior Too
L-FDLA O 1 {HIEF#k{K 17a, 17c 1% 2 [HIEF#IKLD 16a, 16¢ (ZH_DEE—I5REE R IEF 125, 7D
17a, c O —2 53 BEG B o7, LTeh > T, f#HTI2iE B-OH Dab @ L-FDLA -2 {EEF#%{A 16a, 16¢
DY —2% ANDZEZ LT, TGO EIT oI/ R, LT O LC-MS /it &th 03t BAF72E
— 7oy R o R LT, ASMHC, B-OH Dab D (28,3 R)-1K£7-132(28,39) -1k, X XTFF A

FE IR D L-FDLA B> 7 & 547 LTz LC-MS T+ —h% Figure 18 [Z/RLTZ,
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<LC-MS 53#rdeft >

Instrument: AB SCIEX API2000 LC/MS

Column: Combi-RP (5 um, 4.6 1.d. X 50 mm, Nomura Chemical)

Flow rate: 2.5 mL/min

Mobile phase: A) 0.1% formic acid in H>O; B) 0.1% formic acid in CH;CN

Gradient (B): 0 min 0%; 0-3.75 min 0% to 100%; 3.75—4.75 min 100%; 4.75-5.00 min 100%
to 0%

2 (A)
. oL I
HN%&OH HN”‘s OH
B oH > oH
) 1]"‘ 16, IR
\ N VAN A
1(B)
- L-FDLA m 1
5 < “OH o
@FﬁH 17¢c 16¢
\ K '\
(C)

Figure 18. FDLA #£3%t>~7 /v 16, 17, 11a ® LC-MS F+v—K*

*IREDOE =713 IR L7z L-FDLA O —2

Figure 18 ®(A)i% p-OH Dab ®(28,3R)-1A? LC-MS F¥—h T, #i<~—2L7=t"—27H(25,3R)
KD L-FDLA-2 {EFEEIA 16a THY ., (RFFIRFRIL 2.97 min Th-7=, Figure 18 O(B)IXFIEEIZSy
HrL7z p-OH Dab ™(28,39-1K? LC-MS F¢—r T, HLv—27 LI —77%28,39-1KD L-FDLA-
2 EHEEFRIR 16c THY ., FRFFFEMIT 3.06 min TéH-7=, Figure 18 D(C)DA X7 F 1 A FRK 4y
il 11a OF ¥ —ha iDL, AX_TF Ul T4 7 I/ BOY — 705 g TE, SHIZ 16a & 16¢

35



IZRM T HE =Rl R ENTZ, (O D 2 SOE =7 D@ S bW 5&, 16¢ 13 L-Dab Ot —
Je—A— =TT L TWDHN, 16¢ & 16a 13 2:11 DR THHIENHER CTETZ, LIz -> T, 4%
NI F RO 35D B-OH Dab 13(25,39)-1KL(28,3R)- 147 2:1 TIFAEL TV DO ZENHBEN L2 >
72

ZOFERIT, B-OH Dab 34T (28,39 K F7-13 2 TQRS3R- K THEKSNI-AFATF o A DY

TATLA<—2 FE 10-1, 10-2 N RIRB L — L 7eh 7= 22 L RFL D,
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3 HT AT F o A DML AREL B OHEE

AT CRER L72d012, AT Fo A 122k B Marfey 540 A L7-L 24, 3 74D B-OH Dab @
SBREFIE(28,39-1KE (283 R)- KA 2:1 TIFEAEL TWAZEMHIBI L7z, LTzAio T, (283 R)-1AA 3
553D B-OH Dab OE DALEIZFIET DD UL, X RTF U OBEOHEL I TEHEE %
7

(28,3R)-1KD B-OH Dab NREDNLEICHDNICLEST 3OV T AT LA ~—0NE 2 HNDHIZh A
FATF A DEOREEIX FROY T AT L4~ —18a, 18b, 18¢c DWW\ T Tho AREMENFEE

HEHIL 7= (Figure 19),

NH NH,
OH OH
OH OH
e} 3+ H 3 H
N N NH, N N NH,
H N2 oy s N"2 3
H,N H™ g 2 HN. N H® o 2l
2 NH HN" S0 2 NH HN

0 5N 0 NX,'N
/\/VI: N H ° /\/\/[ NH °
H,N N | H,N N |

H H
18a 18b
(2"S,3"S)-(2'S,3'S)-(2S,3R) type (2"S,3"S)-(2'S,3'R)-(2S,3S) type

NH,
O H OH
0 § H NH
H N N 2" . 3 2
Ho,N_ N H" g 2
2 N NH HN"S0
NH NO > ~Ory
HN. -0 o} N ;~N/u£«¥g
H,N N NH "
2 H |

18c
(2"S,3"R)-(2'S,3'S)-(2S,3S) type

Figure 19. 47 F 2 A OHEERE &

FXRTTF o A ODBEOREEE T 572012, EERIZZOT T AT LA~ —3 fix Ak, KARYL

DRSS TF — 5 D HBRT LM IR ERATHZ L e L,
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9 1E EF G —ROILE

FEXRTF o A DREREBRIGETAITHI-0, WA RN 21T >7- (Scheme 7).

Boc

beHNYNH
Boc

NHBoc HN N
(0] O © OH O Cl
H H H |
p— N N N
H,N \./U\N N N © Resin
o H H H H

B-OH Dab-(Z)-Dhb dipeptide

Scheme 7. X _XTFF o A OWE KRN

BRUAGHV—FTITET, p-OH Dab &(29-Dhb OV 7 FRfjkZGRL Tl&E, Zha
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NTFREHE RO B O T I BEFEFEEL THWDZ LU, RIC, BEHAKR TXTFREEMEL
2% LYV BEIO L TR A E 155, BONTBIRRE BLSE, KB ICT /BB OR#E LD
AEEATHOZE THFX T T2 A [ZEL—NI2>T%, B-OH Dab &£(2)-Dhb O~ F K HifH]
HRE T DAL TRGIEEZRST-OIZLL FOBEBANSTHD, £7°, (2-Dhb D& L@ T AL 4=
> (Thr) ZBAKRNAT T ZE TS DD, REROKRIT/2 5L, B-OH Dab oo 7 /% I
WHEAFTHH T, Thr OAHE RN PASELZ LT EEE B0 HThs, £7-, (D-Dhb 12
9% B-OH Dab ZEIIMSAD B I DIV T, 0TI/ FETT VLS TOD e Rk it
THDHIZD ., FTOT L MALL TRBW T NG AR TBRIRIIZT /AL T2 EES | B -0

TWEB R T, ANV—PEMENLT DD, DT FRREEO SRR FNOE FLI,
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% 2 fii B-OH Dab-(2-Dhb 27 F R KD A

B-OH Dab-(2)-Dhb F1REIKD AL, kB Marfey %:CH A= B-OH Dab 0 (28,3R- 1k
(285,39-1RDIRFH#A 13a, 18b ZJ7UEHI AWV THHAAL 72, £ 13a, 18b IZxfLC, HATU & DIPEA %
MWIZiE & &M T Thr @ tert-7 F/VEAT NV EFOGSET 19 LT, RIZ, Thr OFKISIZ O
THE A ORRFTEAT T2, SLRESHZIZL T, LT OIS 7RO SRIFER LA, B IO BAARIRI
FITEONWRE R E/e o7 (51 1. di-tertbutyl dicarbonate, 4-dimethylaminopyridine,
CH;CN, then 1,1,3,3-tetramethylguanidine, 3 2 2. methanesulfonyl chloride, DBU, and
EtOAc,3V 44 3. phenyl triflimide, triethylamine, and CH2Cls.32 72X OS2 iEt) o
BEZMALIZNOD FOSSME, HREA 19 OffE HIZH IR Z E 72 Fmoce FED3 A FL TNHTE
HHY | PASIEEEATL T Fmoe HEOBIREGEETLEIZ LD, BRDOIKAPMRINER £ 134
SHARRLZRWIERIZZe oo EHERR U T, £ 2T PSR THETT 32 i K FA$E L LT Martin sulfurane
(2 A LT, 39 CHaCle (Z¥fREL - 19 (S LT KM D =R RIS T T Martin sulfurane O
CH:Clz I ZH T L CRIGERAT=EZ 5, 80% L LD IR THED(2)-Dhb #iE 20 ([SHITHT
LR LTz, BLZliT, 2ERVW(A-Dhb #iE LB ONDREIAERMITEALRNZEb GRS,
ApL7z Dhb 2% Z BLiE THHILT NMR TSI > TUL R OFIEICIVFERE L7z, £7°, 'H, 13C,
DEPT, HSQC, HMBC, DQF-COSY, SEL-TOCSY BIE#BifEL T, 20a DETHT Ik KU —
R 7 F IR E LTz (Figure 20), fit< HOESY A~V MUEHTIZ XY Dhb @ 1 i h—R & 3L
ZTahr OMHBEZEL, Dhb O 4 (L7 aRAZIE L7 NOE A7 MUIEHTICEY 4 (r 7 mhe &7
IFFEA DT ah LD AR LT (Figure 21, 22) . LA EOfiET#E B35, 20a fE3&E T o> Dhb 1% Z
BliEZ A T 5HDOEHEILIZ, 20b IOV THFEIEROMTIZED, Z BliE ChDHZEa MR LT, AR
20 @ Fmoc MDBR#L AX~TF 1 A DRHTHLT I BREDHEEIZEV P 22 2157,
TFA WPRIZIHMAREDH . B-OH Dab MIEHDO T/ A% Fmoc A THR#EL , FrAO YT F R

{K 24a, 24b #1552 L12kEI LT, (Scheme 8)
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Boc
Boc H-Thr-OtBu HCI N—P
‘N_P HATU

(0]
1) DIPEA 3 Martin sulfurane
—_— (0] " >
> OH DMF.1t,2h S Q TNTa'NHFmoe ooy
FmocHN" >, NH
o (o) 0°C,25h
19a: 79% HO 20a: 81%
13a: (2S,3R) 19b: 83% 19a: (2S,3R) 20b: 94%
13b: (2S,3S) 19b: (2S,3S)
Boc ) .
‘N_P Decanoic acid
20% Piperidine o HATU
in DMF 3 DIPEA
_ = o) _— =
n,1h >L 0 2'NH> DMF,
0 NH r,3.5h
21a: 69% | 22a: 94%
21b: 79% 22b:59%
20a: (2S,3R) 21a: (2S,3R)
20b: (2S,3S) 21b: (2S,3S)
30% TFA NH, NHFmoc
5% TIPS OH Fmoc-OSu

in CH,Cl, Sk j’\[\* sat. aq. NaHCO ,
P — . o 5N >

s >
& 1t,25h Ny H 1,4-Dioxane/THF,
19T r2h H
23a: 92%

24a: 71%
23b: 33% 24b: 28%
22a: (2S,3R) ° 23a: (2S,3R) ° 24a: (2S,3R)
22b: (2S,3S) 23b: (25,3S) 24b: (25,39)
Scheme 8. B-OH Dab-(2)-Dhb 7' F K i{KD G %
7.40
128.0
7.76 7.31
120.3 127.3 173
276 1416 7.59 14.9
190.3 141.6 1252
5.65 1.47
H 4.48 28.2%*
7.40 .
128.0 O@'\lh 55.3
4.46,453 || 1.47
731 759 67.5 5 28.2%*
1273 1252 319,370
47.4 28.2%%
94.7
N 1.50
O—<152,1 24.5, 25 4 %%
Red: H 158
Blue: 13C 1.47 ° 26220270
In CDCl5 28772 82.1
1.47 1.47

28.7%* 28.7%*
Figure 20. F A 20a @ 'H KON 13C-NMR ATV D7 /UG &
* %% Interchangeable carbons; ***: [RIHAFEMEIRHREEbiLd 2 27 F VA
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1 Jg i pPpm
6.6
0 R R I
| -6.8
1 L
\ 7.0
7.2
——
— } } —
a% 7.4
= 7.6
2.NH '
— - —17.8
L L T | 8.0
175 170 165 160  ppm

Figure 21. F[E{& 20a ® HOESY A7k

1H NMR

o Normalized Intensity

o o o
F T

o
w

o
[N

B

 ARAS AR AARSR RS RRREARR
1.0 Chemical Shift (ppm)

. 80

£ 1H NOEDIF
% E 1.7435 ppm
2°

002: H

001: 2-NH

0 ZA_%

-0.015

RRREA REARRERRER R R
1.0 Chemical Shift (ppm)

Figure 22. Ffi{K 20a @ 'H NMR A~XZ7kLE 1.74 ppm Z S CTE7272 NOE A7V
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53 AXATFUADEER

BRI T F R 24 2 HWTTFREMERRICE FL, BAGROL Y ZE Cl-
Trt(2-Cl)-resin (25) Z#IR L=, ZOL 1T, 1% TFA/CHCle IFiEC55E Tdhd HFIP 27 F K
FHOUWHUKFITHWDZENTEDT2D | TV ORGE LD RSN T TF R G T BRI
KOESHNWOID, 39 X TFUOREMIZBNTL, BN TFREZRIESE DM BN
DOTD | RERT FREfGFHIeOIIARL D528, BFERITET LYz RT
FRFMIA 24 Zo—F 47 LT L r—RLYr 26 21572% . Fmoc JEOBLR#EET I WO &%
I T — 72 Fmoc (5T FRERGHICED ST FREDOMEEZITO, AFXF T F A LLT
AREVED®HD 3 ROV T AT LA~ —IZxHa T 20 27a— %157, KtV T, HFIP Z V7ol F7s
FETLYrBDTHLETTV, Wi HPLC FFEUZ IV SRIKIRET TR 28a—c Z A A AUIY
R B0%FEE THRDZLITAR LT, IRD 28 DOBALIGIE, 7RIS Z2Hi<T2)12 CHsCN/THF
(LDREEE A T2 @ ERRGEM T TIT o7, BRI OBRAGIZRIEREIT LI | POSTR %
AR L% 28a—c BRALIROHEERE AT THZ LT, LUz 3h, Wit HPLC FE#LLNEMHE Y h 7
VAT DEEROW ST TRET AT T2b OO, BALEZ BT 52 83 TEn-oTc, ZOHEBEL T,
T MBI IR LA A T DS BRI IRE N IR @O | WA T AN L TR S
NOBWZENRKEEZ 2 BTz, o IBE Y7 V717 258 TIE CH2Cle/MeOH SRIZ3HUVT
MeOH OFIGEBECTZECTBRALBEIA NS EHZENTE2, R E Oy BETEL | B LR% B
B cx7pinotz, DL EORREHRE RS, MR A A T 2R LRI BT 97, B LR I S IR
DIPREET o716 THILT 2 IRICE R 528 Uz, BSOS IRIR DYRAE 1% DI IR T,
30% TFA 10% TIPS in CH2Cle it Z AL THRIBAPREEL TH S Boce, acetonide, Pbf Sk liifri#
Z[RIIRFZATV, W0FH HPLC AR HHE RIS Lo TITE DA X TF o A OV T AT LA~ —3 i,
18a, 18b, 18¢ &I HILITIILT, BRAL - Bifri#D 2 TREDIRIT 20%55 LV DIiE R/ >7
73, p-OH Dab <°(2)-Dhb #iE%H T DR RSO AL TTHEA RV THLHEE

ZTCW5, (Scheme 9)
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O 24aor 24b

Cl O Resin > FmocHN Resin
CHZCIZ, HN

O rt, 2 h

o5 26a: (2S,3R)
26b: (2S,3S9)
PbfHN NH
NHBoc
Fmoc SPPS
—_—
—_—
—= N\)L
27a: (2"S,3"S)-(2'S,3'S)-(2S,3R)
27hb: (2"S,3"S)-(2'S,3'R)-(2S,3S)
27c: (2"S,3"R)-(2'S,3'S)-(2S,3S)
beHNYNH
HN
30% HFIP NHBoc
in CH,CI, 0
H
—_—
N
,1.5h  HaN \z)J\N
] O E H
28a: 30% Y
28b: 26%
28c: 28%
28a: (2"S,3"S)-(2'S,3'S)-(2S,3R)
28hb: (2"S,3"S)-(2'S,3'R)-(2S,3S)
28c: (2"S,3"R)-(2'S,3'S)-(2S,3S)
NH,
30% TFA

HATU  10% TIPS
DIPEA  inCH,CI,

e

CH,CN/THF, rt,15h
rt, 5 h
18a: 17% (2 steps)
18b: 19% (2 steps)
18c: 16% (2 steps)

18a: (2'S,3"S)-(2'S,3'S)-(2S,3R)
18b: (2'S,3"S)-(2'S,3'R)-(2S,3S)
18c: (2"S,3"R)-(2'S,3'S)-(2S,3S)

Scheme 9. AXXFF L A DT AT LA ~—3 FEOLERK
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AR AXRT T A DRRYIIESLEDOREER AT T — 2 D LB LA SRR [E O E

DAL AERTF o A D 3HEDOIT AT LA ~—18a—¢ & KR AX~TFF 2 A % HPLC 45
HrCHERLIZfE R, 3 OTUT AT LA ~—055, 18a DIRFFIFI N KR LI — BT D2 L0 MR
Sz (Figure 23), BT, RIRBIAXTF o A & 18a DIRE V7 Va4 T4 HPLC 2347

LI2eZAE =I5B RN T F—EEW THL M REME DS M\ W ZEDVRIRSNTS,

Natural ogipeptin A 7.97 min

8

5247
7.084

4 ’ 5 ] 7 B g e T 11 12 13 min

Figure 23. KIRUA X7 F > A & 18a—c D HPLC Z#7

<GSRt >

Instrument: Agilent 1100 L.C system

Column: Inertsil ODS-3 column (5 pm, 4.6 i.d. X 150 mm, GL Science)

Flow rate: 1.0 mL/min

Mobile phase: a) 0.1% TFA in H20; b) 0.1% TFA in CH;CN

Gradient (b): 0—2 min 10%; 2—4 min 20%; 4—6 min 30%; 6—8 min 40%; 8—10 min 50%; 10-15
min 80%; 15-20 min 10% (Figure 23 (% 4-14 min Z¥L KFR L=, )
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eV TC, 18a O NMR HIEEIT o7z, A X XTF o OREIEMANT IOV TOIATHIZE 19 THOLS
T2 RE R AV, Yo7 1% 0.04N DCUD:20 + 0.1% 1,4-dioxane ¥ARICIRfRSH, 1H- K O 13C-
NMR HliEZFEHRL 7=, Figure 24 (TR $ X2, LT 18a L RARDFF 7 F o A ® TH-NMR
ATV, FEFIZROW—E R U BB ThD 18a D NET 7 T /Ty v — 7T S
DB OIS, B 7 MROFEMEILRICEZ R LTz, £72, BC-NMR A7 KMUZ2OWT

t 18a & KRR TU 7 UMM FERIZ—HL TNDZ xR LTz (Figure 25)

>
@
2
¢ Compound 18a
T
D
N
®
E
5
4
0.025
0.020
0.015
o
B o 0
N~ @D =3
0.010 h T V5880
| raag
o_?; 2.3 @ | m(,g.\ THe
0.005 23 3 3318738% J.—%ﬁ‘ﬁﬁﬁﬁ?ﬁ mg-"—f ol8ed | 3
: Sod hE A “*“E%gd«,mmhdmdgzwm‘tﬁﬁm = W
© © f ! o M
L | | I\ i
0 \ I Al Ul,r/' Wb iy .JIJL/-.A SN LI .
=] 2 © o @ Q= cOT W 0D X oes=s
S S <= +<un 54 » ™ T N- - 9O & - R S ©
2 PRI - o o Necceanm T ooo
85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)
. Natural ogipeptin A
0.025 ‘
0.020 H
@
0.015 ‘| ]
|1 I oo
0.010 [ N Tl :"‘"32523
,‘g mgﬁﬁs§m mﬁvngggomg “’P ? I‘O
s © N g — 0N - o o«
0.005 58 835~ TosBRa L7 80Ngessst | [ i
‘ ) A S A
o | A N 4V A SR . S L W AV SV VAV AN -
@ -~ =) w o moYT ®© 2 r~ow
=3 - - = o ® Se= v ® N - oo
3 &, o <8R ST T8 o 9 Saam
8.5 8.0 7.5 7.0 6.5 6.0 55 50 4.5 4.0 35 3.0 25 20 15 1.0 Chemical Shift (ppm)

Figure 24. 18a L RINAF 7 F > A © TH-NMR A~7 L (500 MHz)
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I o~
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: | Compound 18a &
-
o
T
£
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z
00754
(D'Cng g g
R o <
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o . o - s el 28] I8
1D O gy N = o~
Gouspdcs 2 2 8% 828, .83%058] v o
0.025-] Bopegroe B 2 @ 82| Qweascs¥sian| o
] i i Jml Nl
L ‘ I
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z ]
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s | Natural ogipeptin A =
o
2
N
™
£
£
z 3
&
-
5
= 2 I
0.50 p H
by Eaér
&
D I -
5 < o T = B - &8 o
0.25 ] 5 5 2% | g88r5.s8%995g | |3 ¢
5 3 = 2% FE82E2 oYY ' o |
5 oD oo 3 &
l L L e L
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Figure 25. 18a & RARFA X T T A D 18C-NMR A~<7 L (125 MHz)

L ko HPLC 7547, NMR fif T OfE RS, AFXF_TF o A OFOEEIL 18a ThHIEAHH
L, AT F o A Offie SLRBLE DM STz, 3 %D B-OH Dab D956 MIEHN R B #IZH &
I TW% B-OH Dab DA (283R)-RT, il 2 5% HIX(28,39- K THEAS LTz, JEATIFSEICE
STAFRTFF o AB,CD IZFRICEEHRER O ZEN D> TN, LLEORERIC LA F LT F

> AB,C,D & O ARELE MR &7z, (Figure 26)

Figure 26. 4 X X7F > A-D OEOEE
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H
S
gl

A CHESLLIEA X T F oD REG L — MR HL T B RERFEROGRICEFTLHIL
ELTz, BEIADA R IT#HEL T, Figure 27 (ORLIZEH R kIE 2 E R LT-, £9°, p-OH Dab OtRn
FUEOFREIZED Dab ~O %L (2)-Dhb L% Gly <° 2-7 /1 V& (Aib) , 23U (Val) 728
(CZE AT DR NG L AR 92 L2 L=, B-OH Dab X°(2)-Dhb DT, 4 X7 F s ka1t
FHRCRERETHILEE XTI, NATARRDZEDPBESND, LI203> T, &L L
L CHHETE MR SN DD ThIUR, T OB AR AL 3 s wm CHRIC DL Bbivie, £
T OGO S #+E LT, Arg FRIEDEHAEE X 7o, TVAT L OREEL L T, AF T F
DORFEI72 803 Arg FRIEEDAFAETHY | Arg M AFAET DHIEILNED 7T =2 ) B3 PriIE MO
TS L TR L DO EE 52 TS FTREMET B W EHERIL 7, Z22C, Arg &% PED Tk
Tho/naA (Nle) 07 V423 (Gln) | BEEDZ V2 (Glu) | HEFEMEDA /L =T (Orn) %
(ZEZHZET, ZOFFERDOTEM MR E O IOTEALT H0NTFHl M2 DD EE 2 T2, Lz
BT, ERROIIRE T #CEBENE LA T FUFHERRNE AT E{TIZE L

7’9—
—o

48



ArgisEBDER s
NIe,gGIn, GIu:_Orn ’ £ FU;O/HEDggB%E

NH,
OH — Dab
- OH

o N H N
H\/\/\\\’i” NI]\/NHz YJ\/ |
H>N N (0] \O

mamise Sow S 2

Gly, Aib, Vval

Figure 27. ‘BHERAXTF L FHERO A LT #
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%281 EHE R ATF R PRE DA AL

HIEDAF T F o A DEFHL—MIGE ETEAAG IV T F R REDOE D
#FL7= (Scheme 10) . iiEAIE TH2 Boc-Dab(Fmoc)-OH (29) # i EHIL T, £ T7I/FED tert 7
FINTATVERFESET 30a-d ZZNE NG, Mt ST /ERI2IE Thr, Gly, Aib, Val @ 4
fia M7z, Thr EOVASTFR 80a IOV TR, AT T A ORERAT T F T nyr04
RRRFE[FERIZ, Martin sulfurane (28> THIKRIGZETTV, FT#20(2)-Dhb ##iE 31 (23 /-, Dhb
DREEHERIZ DN TH R I EFERIZ, 81 D7 NOE AT MUEHTIZE - T ZBLE ThHZ Lt
2L 7z (Supporting information: Figure S1 &), 354172 81, 80b—d |2k T, TFA &L IZ L~
T Boc #& tBu FDOBIR#ELAT 1288 T AV BRETE LI 2T A 0T 2= ATV E IR
ST Dab @ o- 7/ EET UL, ITEO VT FRHA 32a-d &k L7z, 82a—d O&H#iE
I% Figure 28 (Z/RL7=, 4C B-OH Dab bR uf T 5idkRZEL, (2-Dhb #ALIZ 2V TiE Gly, Aib,

Val [ZZ#L7zbDx lE LT,

H-X-OtBu HCI NHFmoc
NHFmoc HATU
. DIPEA o |}
H > 0 NHBoc
°N"“NHBoc  DMF, 1t, 15 h ﬁ\ )ng/H\
OH O 7>
R'R
29 30a: Rl—CH(CH3)OH R2=H 89%
Boc-Dab(Fmoc)-OH 30b:R1=R2=H 91%
30c: Rt=R2=CH, 100%
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General methods and materials

Materials were purchased from commercial suppliers and used without further
purification. Reactions were monitored by thin-layer chromatography (TLC), AB
SCIEX API2000 LC/MS, Agilent 1260 Infinity II Prime LC system with an LC/MSD
XT detector, or Waters Acquity UPLC system with an SQ Detector 2. Analytical TLC
was performed on Merck silica gel 60F254 plates with visualization under ultraviolet
(UV) light at 254 nm. Flash column chromatography was carried out using the SNAP
Ultra (Biotage), SiliaSep (SiliCycle), Hi-Flash Premium (Yamazen), or
CHROMATOREX Q-Pack (Fuji Silysia Chemical Ltd.). Reversed-phase HPLC
purification was conducted using a Gilson purification system with a Develosil Combi-
RP column (5 pum, 20.0 or 28.0 mm/100 mm, Nomura Chemical). 1H- and 13C-NMR
spectra were recorded on a JEOL ECS400 instrument or a Bruker AVC500 instrument
in the indicated solvent. Chemical shifts (§) are reported in parts per million (ppm)
relative to the internal standard. Multiplicity abbreviations include: s, singlet; d,
doublet; t, triplet; q, quartet; m, multiplet; and br, broad. Data are presented as
follows: chemical shift (multiplicity, integration, coupling constant). High-resolution
mass spectrometry (HRMS) was performed with a LTQ Orbitrap XL instrument
(Thermo Fisher Scientific) or an Acquity UPLC/Xevo Q-Tof MS system (Waters).
Analytical HPLC was conducted on an Agilent 1100 series LLC system or an Agilent
1260 Infinity IT LC system equipped with a diode array detector HS using an Inertsil
ODS-3 column (5 pm, 4.6 i.d. X 150 mm, GL Science). The flow rate was 1.0 mL/min.
The mobile phase and its gradient were as follows: a) 0.1% TFA in H20; b) 0.1% TFA
in CH3CN; gradient used for compounds in chapter 3 (b): 0—2 min 10%; 2—4 min 20%;
4—6 min 30%; 6—8 min 40%; 8-10 min 50%; 10—15 min 80%; 15—20 min 10%; gradient
used for compounds 22a and 22b in chapter 3 (b): 0—2 min 10%; 2—4 min 25%; 4—6 min
40%; 6—8 min 55%; 8-10 min 70%; 10—15 min 90%; 15—20 min 10%; gradient used for
compounds in chapter 4 (b): 0—12 min 10% to 50%; 12—15 min 50% to 90%; 15—18 min
90%; and 18-20 min 90% to 10%.
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Experimental procedure conducted in chapter 1

Syntheses of compounds
Compound 6

To a solution of the ogipeptin A—D mixture (14.3 g, 43.5% purity) in DMF (430 mL), Fmoc-
OSu (64 g, 190 mmol) was added at room temperature. The mixture was stirred for 20 h and then
diluted with water (1.5 L) and EtOAc (1 L). To the diluted mixture, KoCO3; was added until the
solution’s pH was 8. The insoluble matter was removed by filtration with a Celite pad. The Celite
pad was washed with EtOAc (500 mL). The organic and aqueous layers were separated from the
filtrate. The aqueous layer was extracted with EtOAc (500 mL). The combined organic layer was
washed with brine (twice) and dried over NaxSOa4. The dried organic layer was filtered and
concentrated in vacuo. The residue was purified by flash silica gel column chromatography (EtOAc
to 0-35% MeOH/CHCl,) to afford compound 5 (12.9 g). Next, a mixture of compound 5 (12.9 g),
1,4-dioxane (800 mL), and 35% HCI aq. (400 mL) was stirred for 16 h at 35 °C. The reaction
mixture was poured into the stirring mixture of NaHCO3 (380 g), H>O (1.5 L), and EtOAc (1 L),
and then the resulting mixture was stirred for 1 h at room temperature. To the mixture, K2CO3 was
added until the solution’s pH was 8, and then NaCl was added until saturated. The organic and
aqueous layers were separated. The aqueous layer was extracted with EtOAc (1 L). The combined
organic layer was washed with brine (twice) and dried over Na;SOs4. The dried organic layer was
filtered and concentrated in vacuo. The residue was purified by flash column chromatography (20—
50% CH3CN/0.1% TFA aq.) with a SiliaSep C18 cartridge (800 g). The collected fractions were
concentrated in vacuo. The residue was dissolved in EtOH (30 mL), and then the solution was
poured into the stirring solution of n-hexane (1 L). The resulting suspension was stirred for 1 h at
room temperature. The insoluble matter was collected by filtration and washed with n-hexane. After
vacuum drying, compound 6 (3.13 g, about 34% yield, two steps) was obtained as a light brown
powder. 'H-NMR (DMSO-ds, 400 MHz) &: 9.45 (br, 1H), 8.63 (br, 1H), 8.28-8.10 (br, 4H), 7.90—
7.86 (m, 8H), 7.70-7.63 (m, 8H), 7.54 (m, 1H), 7.43-7.36 (m, 8H), 7.33-7.26 (m, 8H), 7.23-7.16
(m, 3H), 7.05 (br, 2H), 6.64 (br, 1H), 5.99 (br, 1H), 5.32 (d, 2H, J = 4.9 Hz), 4.46 (br, 2H), 4.39—
4.15 (m, 11H), 3.92 (br, 1H), 3.83 (br, 3H), 3.65 (br, 1H), 3.25 (br, 3H), 3.13-3.00 (br, 6H), 1.91
(br, 2H), 1.79 (br, 1H), 1.64 (d, 3H, J=10.7 Hz), 1.44-1.39 (br m, 3H), 0.89 (d, 3H, J= 6.7 Hz),
0.86 (d, 3H, J = 6.1 Hz); HRMS (ESI): calcd. for C77HoN14016 [M+H]" 1467.6738; found
1467.6697.



Compound 8-1 (ogipeptin A)

To a solution of compound 6 (30 mg, 0.020 mmol) in DMF (1 mL), decanoic acid (3.9 mg,
0.022 mmol), HATU (15.5 mg, 0.041 mmol), and DIPEA (14.0 puL, 0.082 mmol) were added. The
mixture was stirred for 15 h at room temperature and then diluted with EtOAc (5 mL) and water (5
mL). The organic layer was separated. The aqueous layer was extracted with EtOAc (10 mL). The
combined organic layer was washed with brine and dried over Na>SO4. The dried organic layer was
filtered and concentrated in vacuo. The resulting residue was purified by flash silica gel column
chromatography (CH2Clz to 25% MeOH/CH>Cl) to afford compound 7-1 (25.2 mg, 76%) as a
white solid. To a solution of compound 7-1 (25.2 mg, 0.016 mmol) in DMF (1 mL),
tetraethylammonium fluoride hydrate (34.8 mg, 0.23 mmol) was added. The mixture was stirred
for 2 h at room temperature. The reaction mixture was purified by reversed-phase HPLC. The
obtained fractions were lyophilized to give compound 8-1 (11.7 mg, 79%) as a white solid.
Compounds 8-2—45 were synthesized by this same procedure with a corresponding carboxylic acid.
"H-NMR (D0, 400 MHz) §: 6.63 (q, 1H, J=7.3 Hz), 4.48 (br, 2H), 4.42 (d, 1H, J=7.9 Hz), 4.34—
4.17 (m, 6H), 3.62 (d, 1H, J= 5.5 Hz), 3.59 (d, 1H, J= 5.5 Hz), 3.23-3.15 (m, 6H), 3.10-2.98 (m,
4H), 2.47-2.40 (m, 2H), 2.26 (br, 1H), 2.13 (br, 1H), 1.94 (br, 1H), 1.83—1.75 (m, 6H), 1.65 (br m,
6H), 1.32-1.28 (m, 13H), 0.96-0.84 (m, 10H); HRMS (ESI): calcd. for C42H79N 14011 [M+H]"
955.6047; found 955.6037.

Compound 8-2

e A total of 2.5 mg (26%, two steps) was obtained
o o P NH, as a white solid. HRMS (ESI): calcd. for
N Cs:HgoNisOi3  [M+H]®  1134.6060;  found

S gf% 1134.6038.
| e

e . A total of 2.4 mg (36%, two steps) was obtained as a white
o J K I, solid. "TH-NMR (D0, 400 MHz) &: 7.85 (d, 1H, J = 1.8 Hz),
H
M o 7.66 (d, 2H, J = 10.4 Hz), 7.57 (dd, 1H, J = 8.9 Hz, 2.1 Hz),
NH Ol-b

° 6.69 (q, 1H, J=6.7 Hz), 4.71 (br d, 1H, J= 1.8 Hz), 4.54 (dd,
HzN«IN LGB 50N o 1H, 7= 9.8 Hz, 4.9 Hz), 444 (d, 1H, J = 7.3 Hz), 4.40-4.38

(m, 2H), 4.30-4.24 (m, 5H), 3.77 (dd, 1H, J = 13.7 Hz, 6.4

Hz), 3.32-3.04 (m, 11H), 2.29 (m, 1H), 2.15 (m, 1H), 1.97 (m, 1H), 1.88-1.82 (m, 2H), 1.79 (d,
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3H, J = 6.7 Hz), 1.71-1.57 (m, 5H), 0.96 (d, 3H, J = 6.1 Hz), 0.91 (d, 3H, J = 6.1 Hz); HRMS
(ESI): calcd. for C41HesCIN14012 [M+H]" 979.4517 and 981.4482; found 979.4501 and 981.4487,
respectively.

Compound 8-4

e A total of 1.8 mg (12%, two steps) was obtained as a
N Py NH, white solid. HRMS (ESI): calcd. for Cs4sHgoNi5013
HaN N NH O NS [M+H]" 1074.6060; found 1074.6039.

e ., A total of 5.1 mg (35%, two steps) was obtained as a
o R L white solid. HRMS (ESI): caled. for C47H77N 14014
HaN N NH FinSo [M+H]" 1061.5744; found 1061.5723.

NH, A total of 5.5 mg (36%, two steps) was obtained as a
o OHH S white solid. HRMS (ESI): caled. for C49H76CIN 16012
N\ N 2
N N oHNfoV . [M+H]" 1115.5517; found 1115.5497.

EH A total of 4.5 mg (31%, two steps) was obtained as a
OH

o N, white solid. HRMS (ESI): caled. for CaqH72N19O12

HaN HV\)\iNH” OHNIK/

[M+H]" 1058.5608; found 1058.5587.
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Compound 8-8

NH,

y OH
., SN N N NH,
H
HoN N\/\/FNH QinSo
NH NO o
HN._O [ Oty F
Ho
HzN/\/\/[H ‘NH '\L/ F
L_o
Compound 8-11
NH,
OHH oh
o
! N N NH,
H
HZNW(NV\/FNH UnSo
NH NO oH
HN__O

A total of 6.5 mg (48%, two steps) was obtained as a white
solid. HRMS (ESI): calcd. for Cs2HesN17012 [M+H]"
1002.5233; found 1002.5214.

A total of 3.9 mg (28%, two steps) was obtained as a white
solid. HRMS (ESI): caled. for CsaH71N16013 [M+H]*
1031.5387; found 1031.5367.

A total of 1.8 mg (12%, two steps) was obtained as a white
solid. HRMS (ESI): calcd. for CasHesFoNisO13 [M+H]"
1064.5089; found 1064.5068.

A total of 7.2 mg (35%, two steps) was obtained as a white
solid. HRMS (ESI): calcd. for CasH7CINi6O11 [M+H]
1081.5099 and 1083.5064; found 1081.5078 and 1083.5068,
respectively.
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Compound 8-12

NH,

OH
y OH
0 N NH
H >—N ?
H
HZNYN\/\/FNH %inSo
NH So o

NH
H2N ”)KL N N/\

A total of 7.6 mg (37%, two steps) was obtained as a white
solid. HRMS (ESI): caled. for C4sH72CIoN15012 [M+H]*
1084.4862; found 1084.4844.

Atotal of 6.5 mg (30%, two steps) was obtained as a white
solid. HRMS (ESI): caled. for C46H72N15013S [M+H]"
1074.5155; found 1074.5133.

A total of 4.7 mg (31%, two steps) was obtained as a
white solid. HRMS (ESI): caled. for CsiHgsNi5013
[M+H]" 1114.6373; found 1114.6349.

A total of 4.3 mg (30%, two steps) was obtained as a white
solid. HRMS (ESI): caled. for CaH71N16012S [M+H]"
1047.5158; found 1047.5140.

A total of 1.3 mg (8%, two steps) was obtained as a white
solid. HRMS (ESI): calcd. for CsoH79FN17013 [M+H]"
1144.6027; found 1144.6012.
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Compound 8-17

" Actotal 0of'4.7 mg (30%, two steps) was obtained as a white solid.
o, K,[(n T, HRMS (ESI): caled. for CsiH7sCIN1sO13 [M+H]" 1140.5357;
B w8 ey
HN N NH o NSO found 1140.5337.

NH, A total of 5.9 mg (41%, two steps) was obtained as a white
OH
o JH T solid. HRMS (ESI): caled. for CsH77N14012 [M+H]
e R Qg 1053.5845; found 1053.5825.

Compound 8-19
NH, A total of 8.6 mg (53%, two steps)

OH

y OH was obtained as a white solid. HRMS

NH,
YHV\IH %va (ESI)I calcd. for C57H99N14013
[M+H]" 1187.7516; found

@ ig/ W o A 1187.7492.

Compound 8-20

NH, A total of 0.6 mg (5%, two steps) was obtained as a white
o T solid. HRMS (ESI): caled. for CaoHesNigOn [M+H]®
HZNYHw\fNH” Qo 973.5080; found 973.5069.
NH o Ol'b
£,
e -l
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Compound 8-21

NH, A total of 3.3 mg (22%, two steps) was obtained as a white
OH
Ho fH NH2 solid. HRMS (ESI): caled. for Cs;HsiNisO12 [M+H]
YHVVTH qw 1081.6158; found 1081.6138.

o O%o

Compound 8-22

NH, A total of 6.6 mg (45%, two steps) was obtained as a white
o T o solid. HRMS (ESI): caled. for CsoHuNisO1 [M+H]*
N\ N 2
L AN S F 1076.5641; found 1076.5618.

N
NH 7 N/
HoN N y
Ho |l

Compound 8-23

NH, A total of 7.4 mg (51%, two steps) was obtained as a white
OH
noT solid. HRMS (ESI): caled. for CsiH7N14O12 [M+H]'
Y“vvi Gavo 1073.5532; found 1073.5513.

\o

o

Compound 8-24

™ oy A total of 7.8 mg (48%, two steps) was obtained as a white
0 NK,[(N T solid. HRMS (ESI): caled. for CyoHssNi4Op3 [M+H]'
H
e MKt o 1077.6421; found 1077.6399.
NH (o]
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Compound 8-25
NH,

OH
H

N
Uno
o

OH

SN NH,
N

N
H\/\/FH
HZNYN "

NH

Compound 8-26

NH,
OH
y OH
o
} N N NH,
H
H,N N\/\/T
Nr N GiNSo
HN
2050 N

HoN N

Compound 8-27

NH,
OH
y OH
o
! N nyNH2
H
HoN wa
Ny N GiNSo
NH o % on F

F

ih:/[o 0 °s N)k@/%
H,N N NH
H |l

Compound 8-28

NH,
OH
H

o
HZNYN\/\/FNH Un"So
N o)

NH I—b

NO
H

OH
NH>

Compound 8-29

NH,
OH
OH

H
o Ni(NfVNHZ
H

\/\/FNH U

NH NO
N

HoN N
i H)k[

o
o1
. cl
N o)
O
_N
'

NO \i/ "6
HN__O o O g A~
HN/\INJKLNH " CI\
2 H ‘
0"So
P

A total of 3.9 mg (28%, two steps) was obtained as a white
solid. HRMS (ESI): caled. for CasHgiN14O13 [M+H]"
1025.6108; found 1025.6086.

A total of 9.4 mg (64%, two steps) was obtained as a
white solid. HRMS (ESI): calcd. for CsiHgiN14O12

Qk [M+H]" 1081.6158; found 1081.6135.
(0]

A total of 0.8 mg (6%, two steps) was obtained as a white solid.
HRMS (ESI): caled. for CsoHesF3N14012 [M+H]" 989.4780;
found 989.4766.

A total of 12.2 mg (85%, two steps) was obtained as a white
solid. HRMS (ESI): calcd. for CsHesCINisOn [M+H]
990.4677 and 992.4642; found 990.4659 and 992.4647,
respectively.

A total of 11.7 mg (76%, two steps) was obtained as a white
solid. HRMS (ESI): caled. for CasHeoFCIN;sO13 [M+H]"
1116.4794; found 1116.4772.
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Compound 8-30

A total of 8.8 mg (57%, two steps) was obtained as a white

f’lwz solid. HRMS (ESI): caled. for CysHesCIN14O1 [M+H]

e R~ Lt Queho 1015.4881 and 1017.4846; found 1015.4866 and 1017.4855,
ot

SRg

NH,
OH
H
0\\ N N
H
NH OHN
NH \O .
respectively.
N
HaN H)k[
Cl

Compound 8-31

NH, A total of 10.6 mg (55%, two steps) was obtained
o OHH S as a white solid. HRMS (ESI): calcd. for
NN 2
HZNYHVVFNHH %Nﬁ CaHg7N14012  [M+H]™  1027.6628;  found
" So b on 1027.6610.
H,N HJKLNH
Compound 8-32
NH, Atotal of 11.7 mg (83%, two steps) was obtained as a white
o Tw oMo solid. HRMS (ESI): caled. for CasHoFN 14Oy [M+H]*
N\ N 2
e R L oHNfOV ® F 1013.5333; found 1013.5316.
NH Ol—b
J JKLNH H
H,N N ‘
Compound 8-33
NH, Atotal of 5.6 mg (57%, two steps) was obtained as a white
o Tm oMo solid. HRMS (ESI): caled. for Co7HziNi4O1n [MHH]
N\— N 2
" PP oHNﬁ 1025.5532; found 1025.5514.
NH N Ol—b (0]
y NA:LNJKLNH .
2 H ‘
Compound 8-34
NH, A total of 5.7 mg (30%, two steps) was obtained as a white solid.
OH
0 nf"lw HRMS (ESI): caled. for Ca4H77Ni4On [M+H]"™ 977.5896; found
N\ N 2
I RPN N O 977.5878.
NH NO ory
HN__O O
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Compound 8-35

NH, A total of 6.4 mg (32%, two steps) was obtained as a
o T m oM white solid. HRMS (ESI): caled. for CasHrN14O1
N——N 2
LSNP S T [M+H]" 1053.5845; found 1053.5826.

NH No

ba
HN_O O /.,
HZNA/\[”)OKLNH ”JKG\ON\Q

Compound 8-36

NH, A total of 11.1 mg (57%, two steps) was obtained
o OHH S as a white solid. HRMS (ESI): calcd. for
NN 2
N S WL P O CsHgiN1sO12  [M+H]®  1027.6628;  found
Y o
Moo N o 1027.6609.
HN_0 5 O NJK/\/\/\/\/\/\
HZNA/\[H ‘ NI
Compound 8-37
NH, A total of 11.1 mg (49%, two steps) was obtained
o OHH S as a white solid. HRMS (ESI): caled. for
NN 2
LU P WL 0 S CseHi0sN14O13 [M+H]"  1181.7986;  found

NH S °© Hna~
Nooo\j | SOOOOURL L]

NH, A total of 9.5 mg (51%, two steps) was obtained as a white
o T w oo solid. "H-NMR (D,0, 400 MHz) &: 7.21-7.20 (m, 4H), 6.63—
N\ N 2
mn R L g 6.61 (br, 1H), 4.44-4.40 (m, 3H), 4.33-4.21 (m, 6H), 3.58 (d,
H

NH
NH NO
HN (0]
e 2H), 2.31 (s, 3H), 2.25 (br, 1H), 2.14 (br, 1H), 1.94 (br, 3H),
1.77-1.75 (br m, 5H), 1.64-1.58 (br m, 4H), 0.94 (s, 3H),

0.89 (s, 3H); HRMS (ESI): calcd. for C43H73N 14011 [M+H]" 961.5583; found 961.5567.

N"S0

Oj:w 1H, J = 13.4 Hz), 3.29-3.03 (m, 9H), 2.65 (br, 2H), 2.43 (br,
nu H

\

H

Compound 8-39

NH, A total of 12.5 mg (65%, two steps) was obtained as a white
OH
o o solid. HRMS (ESI): caled. for CssH79N14O11 [M+H]
N\ N 2
K L o 1003.6053; found 1003.6035.
NH Ol—b
HZNJN ‘ nH H
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Compound 8-40

NH, A total of 5.8 mg (33%, two steps) was obtained as a white
o OHH S solid. HRMS (ESI): caled. for CasH7sN14On [M+H]*
N\ N 2
LSNP S A 975.5740; found 975.5722.

NH, A total of 7.5 mg (39%, two steps) was obtained as a white
o T solid. HRMS (ESI): caled. for CaHrnoCINZOn [M+H]

NN 2
LSNP S F . 981.5037 and 983.5002; found 981.5023 and 983.5010,

Compound 8-42

NH, A total of 6.0 mg (32%, two steps) was obtained as a white
o Tm oMo solid. HRMS (ESI): caled. for CasH7FN14Oy [M+H]®
N\ N 2
s R L ko 979.5489; found 979.5473.
NH o

g

NO
H,N N NH F
Ho |l

Compound 8-43

NH, A total of 6.0 mg (32%, two steps) was obtained as a white
o T w oMo solid. HRMS (ESI): caled. for CasH7NuOn [M+H]
NN 2
wan N 1 %Nroy 1011.5376; found 1011.5359.

NH, A total of 10.6 mg (62%, two steps) was obtained as a white
OH
o Ho solid. HRMS (ESI): caled. for CsH7i1N14O12 [M+H]"
NN 2
i N LR %ny 1011.5376; found 1011.5360.
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Compound 8-45

NH, A total of 10.7 mg (62%, two steps) was obtained as a white
OH
o v solid. HRMS (ESI): caled. for CsH71N14O12 [M+H]
N\— N 2
S NP WL ¢ 1011.5376; found 1011.5358.

NS0
NH NO oH)
Sevaase
HoN H)K[NH o

HPLC charts of compounds 6, 8-1, 8-3, and 8-38

Column: Inertsil ODS-3, 5 pm, 4.6 x 150 mm (GL Sciences)

Flow rate: 1.0 mL/min

Mobile phase: A) 0.1% TFA in H20O; B) 0.1% TFA in CH3CN
Gradient: B (%) 0—5 min, 10%; 5—15 min, 10-95%; 15-20 min, 95%

1400 Compound 6, UV 254 nm
1200
1000

mAU ] % 0.0
|

800 Nr NHH NS0
NH \r\fko oH
600 HN_O _ o/,
o © O ‘NH
1 s A/VL NH
400 §‘t ‘.%I;\o N N ‘
200 &\
o+ e A
- T — — — T
0 2 4 6 8 10 12 14 16 18 min
NH,
mAU_ = OHH OH
Compound 8-1, UV 210 nm ; O AN NH,
TN W,
1500 N NH o N

1000

/\/\/[ H
NH

HoN N

500 || 2 Hkﬂ

-500 ||

0 25 5 1.5 10 125 15 17.5 mir

mAU o

16001 Compound 8-3, UV 254 nm

1400 3 Y
o
1200 Hv\fﬂ Nr\/NHz
HN_ N N AUn

9952

1000 N H o
800 NH \(\(L\o o
400 ‘ HaN Nyt ° o
200 |
0] B JL
T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 i
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mAU >}
0] Compound 8-38, UV 254 nm 2 "
500 ‘
400 ‘ .
300 NH S oR,
200 H mg 0 OJNJWQ/

100

4.174
1890
T

Evaluation of antibacterial activity, cytotoxicity, and in vitro nephrotoxicity

Minimum inhibitory concentrations (MICs) were determined using the medium microdilution
method following the guidelines of the Clinical and Laboratory Standards Institute. (Methods for
Dilution Antimicrobial Susceptibility Tests for Bacteria that Grow Aerobically. 10th ed. Wayne, IN:
Clinical and Laboratory Standards Institute; 2015.)

To test the cytotoxicity of the compounds, cell lines were cultured in Dulbecco’s Modified Eagle
Medium (Invitrogen, Carlsbad, CA, USA) containing 10% fetal bovine serum in a 37 °C, 5% CO
humidified incubator. Test samples of various concentrations were added and incubated for 4 days.
Cell-Titer-Glo (Promega, Madison, WI, USA) was used to monitor cell viability.

The in vitro nephrotoxicity study was conducted using porcine renal proximal tubular cells
(LLC-PK1 cells). The protocol followed the method reported in PLOS ONE (2011;6:¢26908).

74



Experimental procedure conducted in chapter 2

Syntheses of compounds
Compounds 15a: (25,3R) and 15b: (25,3S)

H Q1. CKTr(2-Cl)-resin, DIPEA, o O 0
Fmoc™ “g ~OH CH,CL,t,1.5h HoN, | o O Resin 30% TFAICH,CI, HoN,, S‘ oh
o - 0

\J
»

9 2. 2% DBU 2% piperidine o i, 2 h H
Boc’ %\ in DMF, rt, 5 min + 10 min N#\ NH,
ocC /
Boc
13a: (2S,3R) 14a: (2S,3R) 15a: (2S,3R)
13b: (2S,3S) 14b: (2S,3S) 15b: (2S,3S)

First, 2-chlorotrityl chloride resin (26 mg, 1.55 mmol/g, Watanabe Chemical Industries) was
swelled with CH2Cl, (0.5 mL) for 20 min. To the swelled resin, a mixture of (25,35)-13b (20 mg,
0.04 mmol) and DIPEA (13.8 pL, 0.08 mmol) in CH>Cl, (1 mL) was added at room temperature.
The reaction mixture was agitated in a reaction vessel for 1.5 h at room temperature, and then the
solution was drained. The unreacted points on the resin were capped by washing five times with a
cocktail of CH,Clo/MeOH/DIPEA (17:2:1). After that, the resin was washed with CH2Cl, (three
times) and DMF (three times). To the washed resin, 2% DBU and 2% piperidine in DMF (1 mL)
was added at room temperature. The reaction mixture was agitated in a reaction vessel for 5 min at
room temperature, and then the solution was drained. This Fmoc deprotection procedure was
repeated (10 min agitation), and then the resin was washed with DMF (five times) and CH2Cl, (five
times). After the resin was dried, 30% TFA in CH2Cl; solution (1 mL) was added to the resin at
room temperature. The reaction mixture was agitated in a reaction vessel for 2 h at room
temperature, and then the solution was collected by filtration. The resin was washed with CH>Cl»
(three times), and the washing solution was also collected. The combined solution was dried by
nitrogen gas flushing to give 9.49 mg (crude, 95% yield) of (25,35)-15b as a colorless solid. The
crude product was confirmed by NMR and LRMS, and it was successively used for FDLA
derivatization without purification. (25,3R)-15a was prepared according to the same procedure to
give 8.57 mg (crude, 86% yield) as a colorless solid. Data for (25,35)-15b: 'H-NMR (DMSO-ds,
400 MHz) ¢: 4.09 (dd, 1H, J = 7.9 Hz, 4.9 Hz), 3.64 (d, 1H, J = 2.4 Hz), 3.30 (br, 2H), 3.07 (dd,
1H, J=13.4 Hz, 6.1 Hz), 2.97 (dd, 1H, J = 12.8 Hz, 4.3 Hz); ESIMS-LR m/z 135.1 [M+H]". Data
for (25,3R)-15a: 'TH-NMR (DMSO-ds, 400 MHz) §: 3.98 (dd, 1H, J = 11.9 Hz, 7.0 Hz), 3.42 (d,
1H, J= 6.1 Hz), 3.34 (br, 1H), 3.09 (dd, 1H, J=12.8 Hz, 4.9 Hz), 2.90 (dd, 1H, J=12.8 Hz, 7.3
Hz); ESIMS-LR m/z 135.1 [M+H]".
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Compounds (25,3R)-16, 17 and (25,35)-16, 17

NO, 0

Hol
NH,
NO 0
O,N ?\C( 2RO
o 1% FDLA in acetone HN

NH
ag. IMNaHCO (s OH /i;( ’
. 3 , N
K OH > NO,  “OH + ©2 N ?

“OH 37°C,15h NH "< “OH
NH then 1N HCI .
2 “OH
O,N

2
H N\(\( NH3
07 “NH,
(2S,3R)-16a: L-FDLA double adduct (2S,3R)-17a: L-FDLA single adduct
15a: (2S,3R) (2S,3R)-16b: b-FDLA double adduct (2S,3R)-17b: D-FDLA single adduct
major product minor product

0O

NO; |,
Ho]
NH,
NO 0
O,N o) RO

0] 1% FDLA in acetone HN,, | OH NH,
S
HoN,, < oH ag. IMNaHCO, s O,N o
s > NO, OH + HN
OH 37°C,15h NH " TOH
NH then 1N HCI S
2 OH
OoN NH
HN\(\( 2
07 >NH,
(2S,3S)-16c: L-FDLA double adduct (2S,3S)-17c: L-FDLA single adduct
15b: (2S,3S) (2S,3S)-16d: D-FDLA double adduct (2S,3S)-17d: D-FDLA single adduct
major product minor product

First, 2 mg/mL of (25,3R)-15a aqueous solution was prepared, and 10 pL of it was transferred
to a vial. To the vial, ag. IM NaHCO3; (5 pL) and 1% L- (or D-) FDLA in acetone (20 pL) were
added. The reaction mixture was warmed at 37 °C for 1.5 h with occasional stirring. To the vial, 1
N HCI (5 pL) was added for neutralization, and then the mixture was diluted with acetonitrile (80
pL). To another vial for LC-MS, 50 pL of the resulting mixture was transferred, and it was further
diluted with acetonitrile (50 puL). The obtained sample mixtures of (25,3R)-16 and 17 were used
for LC-MS or HPLC analysis. (25,35)-16 and 17 were prepared according to the same procedure.
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LC-MS charts of FDLA adducts of authentic amino acids composing ogipeptin A

Column: Combi-RP (5 um, 4.6 i.d. x 50 mm, Nomura Chemical)

Flow rate: 2.5 mL/min

Mobile phase: A) 0.1% formic acid in H>O; B) 0.1% formic acid in CH3CN

Gradient (B): 0 min 0%; 0-3.75 min 0% to 100%; 3.75—4.75 min 100%; 4.75-5.00 min 100% to
0%

*The gray peaks in all charts are residual L- or D-FDLA.

L-Arg derived with L-FDLA

L-Arg
N '/
2\ ;[\
L-Arg derived with D-FDLA
L-Arg
/
/ \

L-Leu derived with L-FDLA
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L-Leu derived with D-FDLA

L-Leu

L-Dab derived with L-FDLA (double adduct)

L-Dab derived with D-FDLA (double adduct)

(Z)-Dhb derived with L-FDLA

Derived from Dhb
—

sl
~
! ! ‘/ e
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(2)- Dhb derived with D-FDLA

\

Derived from Dhb
—

(25,3R) B-OH Dab derived with L-FDLA

i

(2S,3R)-17a

(2S,3R)-16a

(25,3R) B-OH Dab derived with D-FDLA

(2S,3R)-17b (2S,3R)-16b
. /\ ) | /\/
(25,35) B-OH Dab derived with L-FDLA
(2S,3S)-16¢
(23138)'1 7c ‘,
_ /\ | /\
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(25,35) B-OH Dab derived with D-FDLA

(25,35)-17d \

}

(2S,3S)-16d

v

A

J\ -

LC-MS chart of D-FDLA adducts of ogipeptin A hydrolysate (11b)

17b, 17d, Dhb, L-Arg

[
\

L-Leu [\

} \\ _ J\}\\

(2S,35)-16b, (2S,3R)-16d
/

14

L-Dab

Table S1. Retention times of FDLA adducts of authentic amino acids

Amino acid L- or D-FDLA | Retention time [min]
L 1.94
L-Arg
D 1.88
L 2.68
L-Leu
D 3.05
L 3.12 (double adduct)
L-Dab
D 3.30 (double adduct)
L 2.02-2.14
Dhb
D 2.03-2.15
L 1.93 (17a), 2.97 (16a)
(2S,3R) -OH Dab
D 1.94 (17b), 3.19 (16b)
L 1.90 (17¢), 3.06 (16¢)
(25,3S) B-OH Dab
D 1.92 (17d), 3.16 (16d)
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Experimental procedure conducted in chapter 3

Syntheses of compounds

Compound 19a
CIH

(0] J<
Hzf\;(lo

S

Boc
Boc OH ‘N—P
'N_P HATU 0
O
(0]

DIPEA
—_— ",
OH DMF. 1t 2h >L NHFmoc
FmocHN NH
0 " 3
HO

To a solution of compound 13a (1.00 g, 2.01 mmol) in DMF (20 mL), L-threonine tert-butyl
ester hydrochloride (448 mg, 2.11 mmol), HATU (1.15 g, 3.02 mmol), and DIPEA (1.04 mL, 6.04
mmol) were added. The mixture was stirred for 2 h at room temperature, and then it was diluted
with EtOAc (80 mL), brine (20 mL), and water (20 mL). The organic layer was separated. The
aqueous layer was extracted with EtOAc (50 mL). The combined organic layer was washed with
sat. aq. NaHCOj and brine, and then it was dried over Na>SO4. The dried organic layer was filtered
and concentrated. The resulting residue was purified by flash silica gel column chromatography
(hexane to 50% EtOAc/hexane) to afford compound 19a (1.04 g, 79% yield) as a colorless solid.
"H-NMR (DMSO-ds, 400 MHz) §: 7.89 (d, 2H, J = 7.3 Hz), 7.87 (br s, 1H), 7.73 (d, 2H, J = 7.3
Hz), 7.67 (br s, 1H), 7.42 (t, 2H, J= 7.3 Hz), 7.32 (t, 2H, J = 7.6 Hz), 4.95 (d, 1H, J = 5.5 Hz),
4.39-4.23 (m, SH), 4.15-4.10 (m, 2H), 3.59 (dd, 1H, J = 10.3 Hz, 5.7 Hz), 1.50 (s, 3H), 1.42—
1.40 (overlapped, 22H), 1.06 (d, 3H, J = 6.4 Hz); >*C-NMR (DMSO-ds, 100 MHz) §: 169.3, 169.2,
156.0, 151.2, 143.7, 140.7, 127.6, 127.1, 127.0, 125.3, 125.2, 120.1, 80.6, 66.3, 65.8, 58.4, 55.8,
47.3, 46.6, 28.0, 27.6, 20.3; HRMS (ESI): calcd. for C3sHasN3O9 [M+H]" 654.3385; found
654.3411.

Compound 19b
CIH

O k
HzN}(‘LO

S

., Boc
oH N—
‘N~(/ HATU O
Ie} DIPEA *
o —— O\ .,
OH DMF 1t,2h >L ? NHFmoc
FmocHN o

NH
o 5
HO
Following a procedure similar to the one used for the synthesis of compound 19a, compound
19b (1.09 g) was obtained in 83% yield from compound 13b (1.00 g, 2.01 mmol). 'H-NMR
(DMSO-ds, 400 MHz) 6: 8.10 (br s, 1H), 7.89 (d, 2H, J= 7.8 Hz), 7.75 (d, 3H, J= 7.8 Hz), 7.44—
7.40 (m, 2H), 7.34-7.29 (m, 2H), 4.93 (d, 1H, J = 5.5 Hz), 4.62 (br s, 1H), 4.43-4.38 (m, 1H),
4.29-4.22 (m, 3H), 4.14-4.08 (m, 2H), 3.42 (br s, 2H), 2.69 (s, 1H), 1.46—1.40 (overlapped, 23H),

1.07 (d, 3H, J = 6.4 Hz); *C-NMR (DMSO-ds, 100 MHz) &: 169.4, 169.0, 156.1, 151.2, 143.8,
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143.7, 140.7, 127.6, 127.1, 125.4, 120.1, 93.0, 80.6, 66.2, 66.0, 46.6, 38.2, 28.0, 27.6, 25.7, 24.5,
20.3; HRMS (ESI): calced. for C3sHasN309 [M+H]" 654.3385; found 654.3427.

Compound 20a

Boc Boc
N—k ‘N—P

o )

Martin sulfurane
0 © “’NHFmoc = /o) SN ““NHF
>L J};\NH CH,Cl,, 0°C, 25 >L T moe
o 0
|z
HO

To a solution of compound 19a (909 mg, 1.39 mmol) in dry CH>Cl> (14 mL), Martin sulfurane

(1.03 g, 1.53 mmol) was added at 0 °C under N, atmosphere. The mixture was stirred for 2.5 h at
0 °C under N; atmosphere, and then it was concentrated. The residue was purified by flash silica
gel column chromatography (hexane to 20% EtOAc/hexane) to afford compound 20a (719 mg,
81% yield) as a colorless solid. 'H-NMR (DMSO-ds, 400 MHz) §: 9.32 (s, 1H), 7.89 (d, 2H, J =
7.8 Hz), 7.75 (m, 2H), 7.70 (br s, 1H), 7.42 (t, 2H, J = 7.3 Hz), 7.32 (t, 2H, J = 7.3 Hz), 6.44 (q,
1H, J=17.0 Hz), 4.38-4.22 (m, 5H), 3.62 (dd, 1H, J=10.1 Hz, 6.0 Hz), 1.66 (d, 3H, J = 6.9 Hz),
1.50 (br s, 3H), 1.43-1.39 (overlapped, 22H); *C-NMR (DMSO-ds, 100 MHz) §: 167.8, 162.9,
156.0, 151.2, 143.8, 143.7, 140.7 (2 carbons), 131.3, 128.8, 127.6, 127.0, 125.3 (2 carbons), 120.1,
80.3, 78.9, 73.2, 65.8, 56.2, 47.4, 46.6, 28.0, 27.6, 25.9, 24.1, 13.2; HRMS (ESI): calcd. for
C3sHeN30s [M+H]" 636.3279; found 636.3287.

Compound 20b

Boc Boc
N—P ‘N—(/

0 Ke}

Martin sulfurane "
0 EN “NHFmoc - o} EN “NHFmoc
CH,CL,, 0°C, 25h >L
T
o}

>LO)%,{NH NH
z

H

Following a procedure similar to the one used for the synthesis of compound 20a, compound
20b (0.97 g) was obtained in 94% yield from compound 19b (1.07 g, 1.63 mmol). 'H-NMR
(DMSO-ds, 400 MHz) o: 8.94 (s, 1H), 7.85 (d, 2H, J= 7.8 Hz), 7.70 (m, 2H), 7.40 (t, 2H, J= 7.3
Hz), 7.30 (m, 2H), 6.46 (q, 1H, J= 7.0 Hz), 4.45 (dd, 1H, J= 8.9 Hz, 6.6 Hz), 4.38-4.29 (m, 3H),
4.23 (q, 1H, J = 7.0 Hz), 3.57 (dd, 1H, J = 10.5 Hz, 6.4 Hz), 3.39 (dd, 1H, J = 10.3 Hz, 8.5 Hz),
1.65 (d, 3H, J = 7.3 Hz), 1.49 (s, 3H), 1.43-1.40 (overlapped, 22H); 3*C-NMR (DMSO-ds, 100
MHz) 6: 167.8, 163.1, 156.0, 143.8, 143.7, 140.7, 131.2, 129.0, 127.7, 127.0, 125.4, 120.1, 80.2,

73.1, 66.0, 46.6, 28.0, 27.6, 13.2; HRMS (ESI): calcd. for C3sHasN30s [M+H]" 636.3279; found
636.3311.
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Compound 21a

Boc Boc

0 20% Piperidine 0
in DMF
o_ 8. E—— o_s.,
(0] "NHFmoc 0} NH,
>L r, 1h >L H 0o
0 0 £ J\

NH
Iz H”  OH
Compound 20a (102 mg, 0.16 mmol) was treated with 20% piperidine in DMF (1 mL) at room
temperature, and the mixture was stirred for 1 h. The mixture was purified by reversed phase HPLC
(CH3CN/H20 + 0.1% formic acid) and lyophilized to afford compound 21a (51 mg, a formate, 69%
yield) as a white solid. 'TH-NMR (DMSO-ds, 400 MHz) &: 8.19 (s, 1H, formic acid), 6.43 (q, 1H, J
=7.1 Hz), 4.33 (brs, 1H), 3.57 (br s, overlapped, 2H), 3.55 (dd, 1H, J=10.1 Hz, 6.4 Hz), 3.39 (d,
1H, J = 4.9 Hz), 3.35 (t, 1H, J = 9.8 Hz), 1.64 (d, 3H, J = 7.3 Hz), 1.48 (s, 3H), 1.42-1.40
(overlapped, 22H); *C-NMR (DMSO-ds, 100 MHz) §: 170.6, 163.5, 163.2, 151.3, 130.5, 128.5,
92.9, 80.4, 74.8, 55.7, 47.3, 28.1, 27.6, 25.8, 24.1. 13.6; HRMS (ESI): calcd. for C20H36N30s
[M+H]" 414.2599; found 414.2607; HPLC (A =210 nm) ¢z = 10.67 min.

Compound 21b

Boc Boc
‘N—P ‘N—P
g 0 20% Piperidine Q 0
in DMF S
0]
0]

NH
Iz H OH

Following a procedure similar to the one used for the synthesis of compound 21a, compound
21b (538 mg) was obtained in 79% yield from compound 20b (939 mg, 1.48 mmol). 'H-NMR
(DMSO-ds, 400 MHz) &: 8.18 (s, 1H, formic acid), 6.44 (q, 1H, J= 7.1 Hz), 4.27 (br s, overlapped,
2H), 4.24 (m, 1H), 3.60 (br s, 1H), 3.46 (dd, 1H, J=10.4 Hz, 6.1 Hz), 3.33 (t, I|H, J=9.8 Hz), 1.65
(d, 3H, J = 6.7 Hz), 1.50 (s, 3H), 1.42—1.40 (overlapped, 22H); '*C-NMR (DMSO-ds, 100 MHz)
0:170.3, 163.5, 163.1, 151.3, 131.0, 128.7, 93.0, 80.3, 78.8, 74.6, 55.3, 45.9, 28.1, 27.6, 25.8, 25.1.
24.2, 13.4; HRMS (ESI): calcd. for C20H3sN306 [M+H]" 414.2599; found 414.2614; HPLC (A =
210 nm) fr = 10.67 min.

Compound 22a
o}
Boc JJ\H/ Boc
N_P HO 8 N_P
o} HATU 0
_ DIPEA
o (0] -.,NH2 0 Jj\/\/\/\/\

|z |z

DMF, rt, 35h >L
NH
>LOJ\L HJ\OH

To a solution of compound 21a (50 mg, 0.11 mmol) in DMF (1.5 mL), decanoic acid (20 mg,
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0.12 mmol), HATU (61 mg, 0.16 mmol), and DIPEA (74 uL, 0.43 mmol) were added. The mixture
was stirred for 3.5 h at room temperature, and then the mixture was directly purified by reversed
phase HPLC (CH3CN/H20 + 0.1% formic acid). Sat. aq. NaHCO3 was added to the combined
fractions until the solution’s pH was basic. The resulting mixture was concentrated to remove
CH3CN, and the residual aqueous mixture was extracted with EtOAc. The organic layer was
washed with sat. aq. NaHCOj3 and brine, and then it was dried over Na2SOs. The dried organic layer
was filtered, concentrated, and dried in vacuo to afford compound 22a (58 mg, 94% yield) as a
colorless solid. "TH-NMR (CDCls, 400 MHz) &: 7.73 (s, 1H), 6.68 (q, 1H, J= 7.1 Hz), 6.37 (d, 1H,
J=7.3Hz), 4.75 (m, 1H), 4.68 (br s, 1H), 3.67 (brs, 1H), 3.20 (t, IH, J=9.8 Hz), 2.28 (t, 2H, J =
7.3 Hz), 1.71 (d, 3H,J = 7.3 Hz), 1.65 (m, 1H), 1.57 (br s, 2H), 1.49—1.44 (overlapped, 23H), 1.36—
1.24 (overlapped, 12H), 0.86 (t, 3H, J = 6.4 Hz); *C-NMR (CDCls;, 100 MHz) &: 173.8, 166.8,
163.1,151.9,132.6,126.7,94.2, 81.8, 80.0, 72.2, 53.4,47.3, 36.6, 31.8,29.4,29.3,29.2, 28.4, 28.0,
25.6, 22.6, 14.6, 14.1; HRMS (ESI): calcd. for C30Hs4N3O7 [M+H]" 568.3956; found 568.3955;
HPLC (A =210 nm) fr = 14.92 min.

Compound 22b
0
Boc )LM/ Boc
N_P HO 8 N_P
0 HATU 0
&) DIPEA § 9
(0] O\ “NH, o JJ\/\/\/\/\

=R o
DMF, 1t, 3.5 h >L OI
OH 0 |

>I\OJ\<\JH Py NH i
|z H z

Following a procedure similar to the one used for the synthesis of compound 22a, compound
22b (375 mg) was obtained in 59% yield from compound 21b (514 mg, 1.12 mmol). 'H-NMR
(CDCl3, 400 MHz) &: 7.72 (s, 1H), 6.68 (q, 1H, J=7.1 Hz), 6.26 (d, 1H, J=7.3 Hz), 4.77 (t, 1H,
J=179 Hz),4.22 (q, 1H, J= 7.5 Hz), 3.69 (br s, 1H), 3.51 (t, IH, J=9.8 Hz), 2.24 (t,2H, J="7.3
Hz), 1.73 (d, 3H, J = 7.3 Hz), 1.62 (overlapped, 3H), 1.51-1.46 (overlapped, 22H), 1.28-1.26
(overlapped, 13H), 0.88 (t, 3H, J = 6.4 Hz); >*C-NMR (CDCls, 100 MHz) &: 173.6, 167.4, 163.0,
151.9,132.2,127.1, 81.6, 74.1, 54.4, 48.5, 36.6, 31.8, 29.4, 29.3, 29.2, 29.1, 28.4, 28.0, 25.6, 22.6,
14.4, 14.1; HRMS (ESI): calcd. for C30HssN3O7 [M+H]" 568.3956; found 568.3972; HPLC (A =

210 nm) #r = 14.90 min.

Compound 23a

5% TIPS Ol—b

in CH,Cl,
0
0 O N — QN ”
rt, 2.5 h NH
>L N HO
0 |z
|z

Compound 22a (68 mg, 0.12 mmol) was treated with 30% TFA and 5% TIPS in CH>Cl» (2 mL)

at room temperature, and the mixture was stirred for 2.5 h. The mixture was concentrated, purified

Boc
‘N_P 30% TFA NH,
0
0
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by reversed phase HPLC (CH3CN/H20 + 0.1% formic acid), and lyophilized to afford compound
23a (41 mg, 92% yield) as a white solid. 'TH-NMR (DMSO-ds, 400 MHz) §: 7.91 (d, 1H, J=17.9
Hz), 6.25 (q, 1H, J= 6.9 Hz), 4.67 (d, 1H, J= 7.9 Hz), 4.11 (s, 1H), 2.74-2.67 (m, 2H), 2.33 (m,
1H), 2.23 (t, 2H, J= 7.3 Hz), 1.54 (d, 3H, J = 6.7 Hz), 1.49 (m, 2H), 1.24 (overlapped, 14H), 0.86
(t,3H, J= 6.7 Hz); HRMS (ESI): calcd. for C1gH34N305 [M+H]" 372.2493; found 372.2483; HPLC
(A =210 nm) g = 13.85 min. In the "TH-NMR spectrum, the two protons derived from a carboxylic
acid and an amide could not be observed due to the very low solubility of compound 23a in DMSO-

ds Besides, compound 23a was too insoluble to record a *C-NMR spectrum.

Compound 23b
Boc

‘N_P 30% TFA N H2
5% TIPS
—>In ch.Cl, JJ\/\/\/\/\

JJ\/\/\/\/\

r,2.5h NH

NH HO

>LO |z

|z

Following a procedure similar to the one used for the synthesis of compound 23a, compound
23b (73 mg) was obtained in 33% yield from compound 22b (343 mg, 0.60 mmol). HRMS (ESI):
calcd. for CisH3aN30s [M+H]" 372.2493; found 372.2515; HPLC (A = 210 nm) fg = 13.76 min.
Compound 23b was too insoluble in DMSO-ds, D20, and CDCI; to record 'H- and '*C-NMR

spectra.

Compound 24a
NH;, NHFmoc
o) Fmoc-OSu o
o " sat. ag. NaHCO, }W
0 N "N _— 0 O

H - H
NH 1,4-Dioxane/THF NH

To a suspension of compound 23a (40 mg, 0.11 mmol) in 1,4-dioxane/THF (6 mL/4 mL), sat.
aq. NaHCOs3 (2 mL) and Fmoc-OSu (38 mg, 0.11 mmol) in 1,4-dioxane (1 mL) were added. The
mixture was stirred for 2 h at room temperature, and then it was diluted with Et0O (10 mL) and 1N
HCl aq. (3 mL). The mixture was extracted with EtOAc. The organic layer was washed with brine,
then it was dried over Na>SOs. The dried organic layer was filtered and concentrated. The resulting
residue was purified by reversed phase HPLC (CH3CN/H20 + 0.1% formic acid) and lyophilized
to afford compound 24a (45 mg, 71% yield) as a white solid. "TH-NMR (DMSO-ds, 400 MHz) §:
12.52 (br s, 1H), 8.92 (s, 1H), 7.89 (d, 2H, J= 7.9 Hz), 7.75 (d, 1H, J= 8.5 Hz), 7.70 (d, 2H, J =
7.3 Hz), 7.44-7.40 (m, 2H), 7.33 (t, 2H, J=7.3 Hz), 7.13 (t, 1H, J= 5.8 Hz), 6.58 (q, 1H, J= 7.1
Hz), 5.07 (br s, 1H), 4.50 (dd, 1H, J = 8.9 Hz, 3.4 Hz), 4.30-4.20 (m, 3H), 4.00 (m, 1H), 3.04 (m,
2H), 2.22 (m, 2H), 1.64 (d, 3H, J=7.3 Hz), 1.50 (m, 2H), 1.22 (overlapped, 12H), 0.84 (t, 3H, J =
6.7 Hz); *C-NMR (DMSO-ds, 100 MHz) &: 172.8, 168.7, 165.6, 156.1, 143.9 (2 carbons), 140.7,
132.4,127.9, 127.6, 127.1, 125.3, 120.1, 69.7, 65.6, 55.0, 46.7, 43.7, 35.2, 31.3, 28.9 (2 carbons),

85



28.7 (2 carbons), 25.2, 22.1, 14.0; HRMS (ESI): calcd. for C33H44N307 [M+H]" 594.3174; found
594.3187; HPLC (A =210 nm) tr = 14.75 min.

Compound 24b

NH;, NHFmoc
N Fmoc-OSu .0
S/ I—b S" I—b
(e}

sat. ag. NaHCO, J\/\/\/\/\
0 "X "N _ = 0 “
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H 1,4-Dioxane/THF H
NH ,

Following a procedure similar to the one used for the synthesis of compound 24a, compound
24b (26 mg) was obtained in 28% yield from compound 23b (59 mg, 0.16 mmol). 'H-NMR
(DMSO-ds, 400 MHz) &: 12.48 (br s, 1H), 9.03 (s, 1H), 7.97 (d, 1H, J = 8.5 Hz), 7.89 (d, 2H, J =
7.9 Hz), 7.71 (d, 2H, J="7.3 Hz), 7.42 (t, 2H, J="7.3 Hz), 7.33 (t, 2H, J= 7.3 Hz), 7.14 (t, 1H, J =
5.5Hz), 6.57 (q, 1H, J=7.1 Hz), 5.04 (brs, 1H), 4.49 (t, 1H, J="7.3 Hz), 4.31-4.20 (m, 3H), 3.74
(dd, 1H, J=10.7 Hz, 6.4 Hz), 3.28-3.24 (m, 1H), 3.07-3.01 (m, 1H), 2.22-2.10 (m, 2H), 1.65 (d,
3H, J = 7.3 Hz), 1.49 (br s, 2H), 1.22 (overlapped, 12H), 0.83 (t, 3H, J = 6.4 Hz); *C-NMR
(DMSO-ds, 100 MHz) 6: 172.3,168.2, 165.5, 156.3, 143.9, 140.7, 132.4,127.9,127.6, 127.1, 125.2,
120.1, 70.5, 65.5, 55.2, 46.7, 43.7, 35.1, 31.3, 28.9, 28.8, 28.7, 28.6, 25.2, 22.1, 13.9 (2 carbons);
HRMS (ESI): caled. for C33HuN307 [M+H]" 594.3174; found 594.3179; HPLC (A =210 nm) fr =
14.76 min.

Compound 26a

O 24a O
Cl DIPEA OH O | Cl .
Cl O Resin ————» FmocHN\/H)L O Resin

CH,Cl, 2 N I °
rt, 2 h \[]’H\s O
o)

CI-Trt(2-Cl)-resin (25, loading = 1.55 mmol/g, 32.3 mg, 0.05 mmol) in a reactor vessel was
swelled with dry CH2Cl, (1 mL) for 1 h at room temperature. A mixture of compound 24a (34.1
mg, 0.06 mmol) and DIPEA (25.7 pL, 0.15 mmol) in dry CH2Cl; (2.5 mL) and dry DMF (1.5 mL)
was added to the swelled resin, and the mixture was agitated for 2 h at room temperature. After
draining the reaction solution, the unreacted sites were capped with CH>Clo/MeOH/DIPEA (17:2:1,
4 mLx5 times). Washing the resin with CH>Cl> (1 mLx3 times), DMF (1 mLx3 times), and CH2Cl»
(1 mLx3 times) afforded the pre-loaded resin 26a (0.05 mmol).
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Compound 26b

g 2ab O
Cl DIPEA OH O | Cl .
Cl O Resin ————» FmocHN\/\)L O Resin

CH,CI,

Following a procedure similar to the one used for the synthesis of compound 26a, the pre-
loaded resin 26b (0.10 mmol) was prepared from Cl-Trt(2-Cl)-resin (25, loading = 1.55 mmol/g,
64.5 mg, 0.10 mmol) and compound 24b (89 mg, 0.15 mmol).

Compound 28a

beHN
Boc

NHB
OH © ol O Fmoc SPPS  30% HFIP oc
. in CH,CI

| (0] Q Resin n 272

FmocHN\)g\aLN ) h HON N\/U\
HN\n{/Hﬁ\ o O rt, 1.5 2 X 3
8
(0]

Boc

A linear acyl heptapeptide 28a was synthesized manually by Fmoc solid-phase peptide

synthesis using the pre-loaded resin 26a (0.05 mmol). The procedures are described below.

Fmoc deprotection
All Fmoc deprotections were carried out with 2% DBU and 2% piperidine in DMF (1 mL, 5

min and 10 min). After the deprotection, the resin was washed with DMF (1 mLx5 times).

Coupling reaction

A mixture of Fmoc amino acids (3 eq. for compound 13a/b or 4 eq. for commercially available
amino acids), HATU (4 eq.), and DIPEA (8 eq.) in DMF (1.5 mL) was added to the resin, and the
mixture was agitated for 1.5 h at room temperature. After draining the reaction solution, the resin
was washed with DMF (1 mLx3 times).

Cleavage from resin

To the dried resin 27a, 30% HFIP in CH2Clz (1.5 mL) was added. The mixture was agitated for
1.5 h at room temperature, and then the reaction solution was drained and collected into a test tube.
The resin was washed with 30% HFIP in CH>Cl, (1 mL) and CH2Cl> (1 mLx3 times), and all
washing solution was collected into the same test tube. The collected solution was concentrated by
N> gas flushing at room temperature. The resulting residue was purified by reversed phase HPLC
(CH3CN/H20 + 0.1% formic acid) and lyophilized to afford compound 28a (24 mg, 30% yield) as
a white solid. LRMS (ESI): calcd. for C76H130N14021S [M+2H]** 803.4622; found 803.6; HPLC (A
=210 nm) fr = 13.37 min. Compound 28a was successively used for the synthesis of compound
18a.
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Compound 28b

beHN
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NHBoc N—P
Fmoc SPPS  30% HFIP
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15h  HN \/U\ \/S\HL
(¢] 3 HN

Boc

Following a procedure similar to the one used for the synthesis of compound 28a, compound
28b (21 mg) was obtained in 26% yield from compound 26b (0.05 mmol). LRMS (ESI): calcd. for
C76H130N14021S [M+2H]*" 803.4622; found 803.5; HPLC (A =210 nm) fr = 13.40 min. Compound

28b was successively used for the synthesis of compound 18b.

Compound 28¢

beHN

Boc
HBoc
Fmoc SPPS 30% HFIP
S jY fesy ———= _INCHCL, ‘ OH
mocl esin
N
M, 15h  HN \/U\ \/3\21\
HN

0 3
Boc

Following a procedure similar to the one used for the synthesis of compound 28a, compound
28¢ (22 mg) was obtained in 28% yield from compound 26b (0.05 mmol). LRMS (ESI): calcd. for
C76H130N14021S [M+2H]** 803.4622; found 803.5; HPLC (L =210 nm) g = 13.32 min. Compound

28c¢ was successively used for the synthesis of compound 18c.

Compound 18a
beHN WOH
Boc o 3 H
NHBoc 30% TFA N S
HATU  10% TIPS H\/\jiH 212
H OH O DIPEA  inCH,CI, 2 nH HINSo
N\)L > NH OH
CH,CNITHF 1, 1.5h o Y O
i, 5h /iN/\EO o © oy )LH,S
H,N NJ\ENH

Boc

To a solution of HATU (3.8 mg, 0.010 mmol) in CH3CN/THF (1:1, 5 mL), a mixture of
compound 28a (10.6 mg, 0.007 mmol) and DIPEA (4.5 pL, 0.026 mmol) in CH3CN/THF (1:1, 2
mL) was added dropwise. The mixture was stirred for 5 h at room temperature, and then TFA (2.1
uL, 0.028 mmol) was added for quenching after the vanishing of compound 28a was confirmed by
LC-MS. The mixture was concentrated, and the deprotection reaction was successively conducted.
The residue including the cyclic form of compound 28a was treated with 30% TFA and 10% TIPS
in CH2Cl (0.5 mL) at room temperature, and it was stirred for 1.5 h. The mixture was concentrated,
purified by reversed phase HPLC (CH3CN/H20 + 0.1% formic acid), and lyophilized to afford
compound 18a (1.08 mg, 17% yield) as a white solid. "TH-NMR (0.04N DCI/D,0 + 0.1% 1,4-
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dioxane, 500 MHz) 6: 6.64 (q, 1H, J= 7.0 Hz), 4.50 (d, 1H, J = 2.6 Hz), 4.49—4.45 (m, 1H), 4.44
(d, 1H, J = 7.6 Hz), 4.37-4.23 (m, 6H), 3.65-3.61 (m, 1H), 3.30 (dt, 2H, J = 13.4 Hz, 3.4 Hz),
3.26-3.06 (m, 8H), 2.49-2.39 (m, 2H), 2.33-2.25 (m, 1H), 2.20-2.13 (m, 1H), 2.00-1.93 (m, 1H),
1.87-1.82 (m, 2H), 1.79 (d, 3H, J="7.1 Hz), 1.70-1.56 (m, overlapped, 7H), 1.33—1.29 (overlapped,
15H), 0.96 (d, 3H, J= 6.3 Hz), 0.92 (d, 3H, J= 6.2 Hz), 0.88 (br t, 3H); '>*C-NMR (0.04N DCI/D,O
+ 0.1% 1,4-dioxane, 125 MHz) 6: 179.0, 174.9, 174.6, 173.4, 172.8, 171.3, 170.6, 167.9, 157.3,
133.5, 128.9, 69.6, 67.5, 67.4, 58.0, 57.0, 56.8, 53.9, 53.6, 52.8, 43.0, 42.6, 42.3, 41.0, 39.5, 37.1,
36.1, 31.8, 29.2-29.0 (4 carbons), 28.9, 28.3, 25.9, 25.2, 25.1, 22.9,22.7, 21.1, 14.0, 13.2; HRMS
(ESI): calcd. for C42H79N 14011 [M+H]" 955.6047; found 955.6057; HPLC (A =210 nm) zr = 7.98

min.

Compound 18b
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Following a procedure similar to the one used for the synthesis of compound 18a, compound
18b (2.40 mg) was obtained in 19% yield from compound 28b (21.2 mg, 0.013 mmol). 'H-NMR
(0.04N DCI/D20 + 0.1% 1,4-dioxane, 500 MHz) &: 6.82 (q, 1H, J= 7.1 Hz), 4.58 (br dd, 1H, J =
10.5 Hz, 4.2 Hz), 4.51-4.49 (m, 1H), 4.49—4.45 (m, 1H), 4.43 (d, 1H, J=6.2 Hz),4.36 (d, 1H, J =
7.0 Hz), 4.33-4.25 (m, 3H), 4.12 (td, 1H, J= 7.2 Hz, 3.5 Hz), 3.68-3.62 (m, 1H), 3.40 (dd, 1H, J
= 14.2 Hz, 3.4 Hz), 3.30-3.19 (m, 5H), 3.16-3.03 (m, 5H), 2.36 (br t, 2H, J = 7.3 Hz), 2.30-2.24
(m, 1H), 2.14-2.06 (m, 1H), 2.04—1.97 (m, 1H), 1.92—1.84 (m, 1H), 1.81-1.74 (m, overlapped, 2H),
1.79 (d, 3H, J= 7.2 Hz), 1.68-1.58 (m, overlapped, 7H), 1.34—1.23 (overlapped, 15H), 0.96 (br d,
3H,J=5.9 Hz), 0.92 (br d, 3H, J= 5.8 Hz), 0.87 (br t, 3H, J = 6.7 Hz); *C-NMR (0.04N DCI/D,0
+ 0.1% 1,4-dioxane, 125 MHz) ¢: 178.4, 175.3, 174.8, 172.7, 172.5, 171.4, 171.2, 177.0, 157.3,
136.5, 128.0, 70.0, 67.5, 67.1, 57.5, 57.3 (2 carbons), 54.5, 53.7, 51.8, 43.6, 42.6, 42.5, 41.0, 39.8,
37.0, 35.9, 31.8, 29.6, 29.2, 29.0 (2 carbons), 28.9, 27.8, 25.9, 25.4, 25.1, 22.7 (2 carbons), 21.3,
14.1, 13.5; HRMS (ESI): calcd. for C42H79N 14011 [M+H]" 955.6047; found 955.6062; HPLC (A =
210 nm) fr = 8.85 min.

89



Compound 18¢

beHN OH

Boc o 3» H
NHBoc 30% TFA N S
HATU  10% TIPS Hv\jiH 2 8
QH O | DIPEA  inCH,CI, 2 nH HINSo
N\)L \/\Hj\ OH > NH OH
T2 N CH,CNITHF 1, 15h 30
"R © t,5h HN.0 o O Ay,

E P/\II‘
O NH
H |

Following a procedure similar to the one used for the synthesis of compound 18a, compound
18c (2.11 mg) was obtained in 16% yield from compound 28¢ (22.3 mg, 0.014 mmol). 'H-NMR
(0.04N DCI/D20O + 0.1% 1,4-dioxane, 500 MHz) 6: 6.80 (q, 1H, J= 7.1 Hz), 4.61-4.55 (m, 2H),
4.50-4.45 (m, 1H), 4.40-4.34 (m, 4H), 4.32-4.28 (m, 1H), 4.12 (td, 1H, J= 7.0 Hz, 4.1 Hz), 3.68
(dd, 1H, J = 14.2 Hz, 6.9 Hz), 3.36 (dd, 1H, J = 14.2 Hz, 4.0 Hz), 3.31-3.19 (m, 5H), 3.12-3.01
(m, 5H), 2.39-2.33 (m, 3H), 2.29-2.24 (m, 1H), 2.14-2.00 (m, 3H), 1.91-1.82 (m, 2H), 1.81-1.76
(m, overlapped, 2H), 1.79 (d, 3H, J = 7.2 Hz), 1.70-1.59 (m, 8H), 1.35-1.21 (overlapped, 17H),
0.96 (br d, 3H, J= 6.2 Hz), 0.92 (br d, 3H, J = 6.0 Hz), 0.89-0.84 (m, overlapped, 4H); '*C-NMR
(0.04N DC1/D20O +0.1% 1,4-dioxane, 125 MHz) 6: 178.3,175.4, 174.6, 172.8,172.5, 171.1, 171.0,
167.0,157.3,136.2,128.0,69.7,67.9, 67.3,57.8, 57.6,57.0, 54.3, 53.9,51.9,43.5,42.5,42.3,41.0,
40.4, 37.0, 36.0, 31.8, 29.7, 29.2, 29.0 (2 carbons), 28.9, 28.1, 26.0, 25.5, 25.1, 22.7 (2 carbons),
21.2, 14.0, 13.5; HRMS (ESI): calcd. for C42H79N 14011 [M+H]" 955.6047; found 955.6068; HPLC
(A =210 nm) fr = 8.88 min.

O O
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Experimental procedure conducted in chapter 4

Syntheses of compounds
Compound 30a

NHFmoc

>L 0 Oﬁ/l\NHBoc
NH
(0]

HO

To a solution of Boc-Dab(Fmoc)-OH (29, 1.00 g, 2.27 mmol) in DMF (23 mL) were added L-
threonine tert-butyl ester hydrochloride (0.53 g, 2.50 mmol), HATU (1.29 g, 3.41 mmol), and
DIPEA (1.56 mL, 9.08 mmol). The mixture was stirred for 1.5 h at room temperature, followed by
dilution with EtOAc (50 mL), brine (25 mL), and water (25 mL). The organic layer was separated.
The aqueous layer was extracted with EtOAc (50 mL). The combined organic layer was washed
with sat. ag. NaHCO3 (50 mL) and brine (50 mL), after which it was dried over Na>xSOs. The dried
organic layer was filtered and concentrated. The resulting residue was purified by flash silica gel
column chromatography (hexane to 50% EtOAc/hexane) to afford compound 30a (1.21 g, 89%
yield) as a white solid. 'H-NMR (DMSO-ds, 400 MHz) &: 7.89 (d, 2H, J= 7.3 Hz), 7.73 (d, 1H, J
= 8.5 Hz), 7.69 (dd, 2H, J= 7.6 Hz, 2.1 Hz), 7.41 (t, 2H, J= 7.3 Hz), 7.35-7.30 (m, 3H), 7.02 (d,
1H, J=17.9 Hz), 4.96 (d, 1H, J = 4.9 Hz), 4.30-4.20 (m, 3H), 4.17-4.04 (m, 3H), 3.11-3.02 (m,
2H), 1.86-1.79 (m, 1H), 1.64-1.59 (m, 1H), 1.38 (overlapped, 18H), 1.05 (d, 3H, J= 6.1 Hz); '*C-
NMR (DMSO-ds, 100 MHz) 6: 172.2,169.6, 156.0, 155.3, 143.9, 140.7, 127.6, 127.1, 125.1, 120.1,
80.5, 78.1, 66.4, 65.3, 58.0, 52.0, 46.7, 37.3, 32.0, 28.2, 27.7, 20.2; HRMS (ESI): calcd. for
C32Has4N30s [M+H]" 598.3123; found 598.3141.

Compound 30b

NHFmoc
o~
(|) \I/\NHBoc
>Lo/k/NH

Following a procedure similar to the one used for the synthesis of compound 30a, compound
30b (2.30 g, white solid) was obtained in 91% yield from Boc-Dab(Fmoc)-OH (29, 2.00 g, 4.54
mmol) and glycine tert-butyl ester hydrochloride (0.84 g, 4.99 mmol). "TH-NMR (DMSO-ds, 400
MHz) &: 8.12 (t, I1H, J= 5.5 Hz), 7.89 (d, 2H, J= 7.9 Hz), 7.68 (d, 2H, J= 7.3 Hz), 7.41 (t, 2H, J
=7.6 Hz), 7.33 (t, 2H, J= 7.3 Hz), 7.26 (t, I1H, J= 5.5 Hz), 6.95 (d, 1H, J= 7.9 Hz), 4.29 (m, 1H),
4.22 (q, 1H, J = 6.9 Hz), 3.98 (dd, 1H, J = 13.7 Hz, 8.2 Hz), 3.78 (dd, 1H, J=17.7 Hz, 6.1 Hz),
3.67(dd, 1H,J=17.4 Hz, 5.2 Hz), 3.05 (m, 2H), 1.82 (m, 1H), 1.63 (m, 1H), 1.39-1.38 (overlapped,
19H); '*C-NMR (DMSO-ds, 100 MHz) 6: 172.2, 168.9, 156.0, 155.3, 143.9, 140.7, 137.4, 128.9,
127.6,127.3,127.1,125.1,121.4, 120.1, 120.0, 109.8, 80.6, 78.1, 65.3, 51.9,46.7,41.4,37.3, 32.1,
28.2,27.7, HRMS (ESI): calcd. for C30H40N307 [M+H]" 554.2861; found 554.2850.
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Compound 30c¢

NHFmoc

S
o J><NH
Following a procedure similar to the one used for the synthesis of compound 30a, compound

30c (1.36 g) was obtained in quantitative yield from Boc-Dab(Fmoc)-OH (29, 1.00 g, 2.27 mmol)
and tert-butyl 2-amino-2-methylpropanoate hydrochloride (0.49 g, 2.50 mmol). The purification of

NHBoc

crude 30c was conducted by flash silica gel column chromatography (hexane to 40%
EtOAc/hexane) to afford compound 30c¢ as a white solid. 'H-NMR (DMSO-ds, 400 MHz) §: 8.03
(s, IH), 7.89 (d, 1H, J= 7.9 Hz), 7.68 (d, 2H, J="7.3 Hz), 7.42 (t, 2H, J= 7.3 Hz), 7.33 (t, 2H, J =
7.6 Hz), 7.25 (t, 1H, J= 5.5 Hz), 6.82 (d, 1H, J= 8.5 Hz), 4.30 (br d, 2H, J = 7.3 Hz), 4.22 (t, 1H,
J=7.0Hz), 3.92 (m, 1H), 3.03 (m, 2H), 1.74 (m, 1H), 1.60 (m, 1H), 1.37-1.29 (overlapped, 24H);
BC-NMR (DMSO-ds, 100 MHz) §: 172.8, 170.9, 156.1, 155.2, 143.9, 142.6, 140.7, 139.4, 137.4,
128.9, 127.6, 127.3, 127.1, 125.1, 121.4, 120.1, 120.0, 109.8, 79.5, 78.0, 65.3, 55.3, 51.7, 46.7,
37.3,32.8, 32.3, 28.2, 27.4, 24.7, HRMS (ESI): calcd. for C3H4sN307 [M+H]" 582.3174; found
582.3198.

Compound 30d

NHFmoc

o :
>|\ (l) NHBoc
NH
(0]

Following a procedure similar to the one used for the synthesis of compound 30a, compound
30d (1.26 g) was obtained in 93% yield from Boc-Dab(Fmoc)-OH (29, 1.00 g, 2.27 mmol) and L-
valine tert-butyl ester hydrochloride (0.52 g, 2.50 mmol). The purification of crude 30d was
conducted by flash silica gel column chromatography (hexane to 30% EtOAc/hexane) to afford
compound 30d as a white solid. 'TH-NMR (DMSO-ds, 400 MHz) &: 7.89 (d, 2H, J = 7.3 Hz), 7.82
(d, 1H,J=17.6 Hz), 7.68 (d, 2H, J= 7.3 Hz), 7.41 (t, 2H, J= 7.0 Hz), 7.33 (t, 2H, J= 7.6 Hz), 7.28
(t, IH, J=5.5 Hz), 6.99 (d, 1H, J = 8.5 Hz), 4.30 (br d, 2H, J = 8.9 Hz), 4.22 (t, I1H, J = 7.0 Hz),
4.10-3.99 (m, 2H), 3.04 (m, 2H), 2.03 (td, 1H, J = 13.4 Hz, 6.9 Hz), 1.81-1.74 (m, 1H), 1.63-1.55
(m, 1H), 1.39-1.33 (overlapped, 18H), 0.88 (overlapped, 6H); *C-NMR (DMSO-ds, 100 MHz) §:
172.0, 170.4, 156.1, 155.3, 143.9, 140.7, 128.9, 127.6, 127.3, 127.1, 125.1, 121.4, 120.1, 120.0,
109.8,80.7,78.1, 65.3,57.6,52.0,46.7,37.3,32.1,30.2, 28.1, 27.6, 18.8, 17.8; HRMS (ESI): calcd.
for C33H46N307 [M+H]" 596.3330; found 596.3322.
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Compound 31

NHFmoc

NH
7

To a solution of compound 30a (477 mg, 0.80 mmol) in dry CH2Cl> (9.5 mL) was added a
solution of Martin sulfurane (966 mg, 1.44 mmol) in dry CH2Cl> (4.5 mL) in a dropwise manner at
0 °C under a N, atmosphere. The mixture was stirred for 30 min at 0 °C under a N2 atmosphere,
after which it was diluted with sat. ag. NaHCO3 (30 mL). The mixture was extracted with CH2Clo.
The organic layer was washed with brine, followed by drying over Na>SQO4. The dried organic layer
was filtered and concentrated. The resulting residue was purified by flash silica gel column
chromatography (hexane to 40% EtOAc/hexane) to afford compound 31 (387 mg, 84% yield) as a
colorless solid. 'TH-NMR (DMSO-ds, 400 MHz) &: 9.07 (s, 1H), 7.89 (d, 2H, J = 7.3 Hz), 7.69 (d,
2H,J=7.3 Hz), 7.42 (t,2H, J= 7.3 Hz), 7.35-7.27 (m, 3H), 6.99 (d, 1H, J="7.9 Hz), 6.42 (q, 1H,
J=6.9 Hz),4.31 (brd, 2H, J=6.1 Hz), 4.22 (t, 1H, J= 7.0 Hz), 4.04 (q, 1H, J= 7.3 Hz), 3.08 (m,
2H), 1.83 (m, 1H), 1.68 (m, overlapped, 1H), 1.65 (d, 3H, J = 6.3 Hz), 1.40-1.38 (overlapped,
18H); *C-NMR (DMSO-ds, 100 MHz) 6: 170.8, 163.3, 156.1, 155.3, 143.9, 140.7, 130.9, 128.9,
127.6,127.3,127.1, 125.1, 121.4, 120.1, 120.0, 80.2, 78.1, 65.3, 52.2, 46.7, 37.4, 32.0, 28.2, 27.6,
13.3; HRMS (ESI): calcd. for C32H4N307 [M+H]" 580.3017; found 580.3053.
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Figure S1. 'H-NMR and NOE difference spectra at 1.47 ppm of compound 31 in CDCl;

The correlation between 1-H and 2-H was observed.
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Decanoic acid pentafluorophenyl ester

Decanoic acid pentafluorophenyl ester was prepared by following the preestablished procedure
reported in US Patent WO 03/014147 A1l. Decanoic acid (10.0 g) as a starting material afforded
decanoic acid pentafluorophenyl ester (16.4 g) with 84% yield.

Compound 32a

Compound 31 (500 mg, 0.86 mmol) was treated with 30% TFA in CH2Cl, (10 mL) at room
temperature, and the mixture was stirred for 3 h. The mixture was concentrated and dried in vacuo.
The residue was dissolved in THF (9 mL), and decanoic acid pentafluorophenyl ester (350 mg,
1.04 mmol) and DIPEA (1.48 mL, 8.63 mmol) were added at 0 °C. The mixture was stirred
overnight at room temperature, after which it was diluted with EtOAc and water. To the diluted
mixture was added 1N HCI until the solution’s pH was 1. The mixture was extracted with EtOAc.
The organic layer was washed with brine, followed by drying over Na>SQO4. The dried organic layer
was filtered and concentrated. The resulting residue was purified by reversed-phase HPLC (0.1%
formic acid in 60% CH3CN/H20 to 0.1% formic acid in 90% CH3CN/H20), and the collected
fractions were concentrated and dried in vacuo to afford compound 32a (275 mg, 55% yield) as a
white solid. "H-NMR (DMSO-ds, 400 MHz) &: 9.06 (s, 1H), 8.02 (d, 1H, J = 8.5 Hz), 7.89 (d, 2H,
J=173Hz),7.69 (d, 2H, J= 7.3 Hz), 7.41 (t,2H, J="7.3 Hz), 7.33 (t, 2H, J= 7.6 Hz), 7.26 (t, 1H,
J=5.5Hz), 6.57 (q, 1H, J="7.1 Hz), 4.43 (dd, 1H, J=14.0 Hz, 8.5 Hz), 4.30-4.20 (m, 3H), 3.08
(g, 2H, J= 6.5 Hz), 2.13 (ddd, 2H, J = 15.7 Hz, 8.4 Hz, 6.0 Hz), 1.88 (m, 1H), 1.69 (m, 1H), 1.64
(d, 3H, J=17.3 Hz), 1.48 (br t, 2H, J = 5.8 Hz), 1.22 (overlapped, 12H), 0.83 (t, 3H, J = 6.7 Hz);
3C-NMR (DMSO-ds, 100 MHz) &: 172.4, 170.3, 165.5, 156.0, 143.9, 140.7, 132.2, 128.1, 127.6,
127.1,125.1, 120.1, 65.3, 50.4, 46.7, 37.3, 35.1, 32.3, 31.3, 28.9, 28.8, 28.7, 28.6, 25.2,22.1, 13.9,
13.7; HRMS (ESI): calcd. for C33Hu4N3O0s [M+H]" 578.3225; found 578.3227.

Compound 32b

Following a procedure similar to the one used for the synthesis of compound 32a, compound
32b (363 mg) was obtained in 73% yield from compound 30b (500 mg, 0.90 mmol). The
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purification of crude 32b was conducted by reversed-phase HPLC (0.1% formic acid in 60%
CH3CN/H20 to 0.1% formic acid in 90% CH3CN/H>0) to afford compound 32b as a white solid.
'H-NMR (DMSO-ds, 400 MHz) &: 8.13 (br s, 1H), 7.99 (d, 1H, J = 7.9 Hz), 7.89 (d, 2H, J=7.9
Hz), 7.68 (d, 2H, J= 7.9 Hz), 7.41 (t, 2H, J= 7.0 Hz), 7.33 (t, 2H, J= 7.6 Hz), 7.25 (t, IH, J=5.5
Hz), 4.36-4.19 (m, 4H), 3.73 (m, 2H), 3.03 (m, 2H), 2.11 (m, 2H), 1.83 (m, 1H), 1.63 (m, 1H),
1.47 (br m, 2H), 1.22 (overlapped, 12H), 0.83 (t, 3H, J = 6.7 Hz); '3*C-NMR (DMSO-ds, 100 MHz)
8: 172.3, 171.8, 171.1, 156.0, 143.9 (2 carbons), 140.7, 127.6, 127.1, 125.2, 125.1, 120.1, 65.4,
50.1, 46.7, 40.6, 37.3, 35.1, 32.3, 31.3, 28.9, 28.8, 28.7, 25.2, 22.1, 14.0; HRMS (ESI): calcd. for
C31H4N306 [M+H]" 552.3068; found 552.3064.

Compound 32¢

NHFmoc

Following a procedure similar to the one used for the synthesis of compound 32a, compound
32¢ (408 mg) was obtained in 82% yield from compound 30c (500 mg, 0.86 mmol). The
purification of crude 32¢ was conducted by reversed-phase HPLC (0.1% formic acid in 65%
CH3CN/H20 to 0.1% formic acid in 90% CH3CN/H20) to afford compound 32¢ as a white solid.
"H-NMR (DMSO-ds, 400 MHz) &: 12.25 (br s, 1H), 8.07 (s, 1H), 7.92-7.88 (m, 3H), 7.68 (m, 2H),
7.41 (t,2H,J=7.0 Hz), 7.33 (dd, 2H, /= 10.4 Hz, 4.3 Hz), 7.22 (t, 1H, J = 5.5 Hz), 4.35-4.20 (m,
4H), 3.01 (q, 2H, J = 6.5 Hz), 2.17-2.05 (m, 2H), 1.78 (td, 1H, J=13.4 Hz, 6.7 Hz), 1.59 (td, 1H,
J=14.3 Hz, 6.7 Hz), 1.47 (m, 2H), 1.35 (s, 3H), 1.34 (s, 3H), 1.22 (overlapped, 12H), 0.83 (t, 3H,
J = 6.7 Hz); 3C-NMR (DMSO-ds, 100 MHz) &: 175.3, 172.1, 170.5, 156.0, 143.9, 140.7, 127.6,
127.1, 125.1 (2 carbons), 120.1, 65.3, 54.8,49.9,46.7,37.1, 35.1, 32.6, 31.3, 28.9, 28.8, 28.7, 28.6,
25.3, 24.9, 24.6, 22.1, 13.9; HRMS (ESI): calcd. for C33HasN3Os [M+H]" 580.3381; found
580.3384.

Compound 32d

Following a procedure similar to the one used for the synthesis of compound 32a, compound
32d (406 mg) was obtained in 82% yield from compound 30d (500 mg, 0.84 mmol). The
purification of crude 32d was conducted by reversed-phase HPLC (0.1% formic acid in 65%
CH3CN/H20 to 0.1% formic acid in 95% CH3CN/H»0) to afford compound 32d as a white solid.
"H-NMR (DMSO-ds, 400 MHz) &: 7.93 (d, 1H, J= 7.9 Hz), 7.83 (m, overlapped, 3H), 7.61 (d, 2H,
J=17.3Hz), 7.34 (t,2H, J=17.3 Hz), 7.26 (t, 2H, J= 7.3 Hz), 7.19 (t, 1H, J= 5.5 Hz), 4.33 (q, 1H,
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J=17.5Hz),4.23 (brd, 2H, J= 6.7 Hz), 4.15 (t, 1H, J= 6.7 Hz), 4.08 (dd, 1H, J= 8.5 Hz, 5.5 Hz),
297 (q, 2H, J = 6.5 Hz), 2.07-1.97 (m, 3H), 1.74 (m, 1H), 1.54 (m, 1H), 1.40 (m, 2H), 1.14
(overlapped, 12H), 0.81-0.74 (m, overlapped, 9H); *C-NMR (DMSO-ds, 100 MHz) &: 172.8,
172.3, 171.7, 156.0, 143.9 (2 carbons), 140.7, 127.6, 127.1, 125.1 (2 carbons), 120.1, 65.3, 57.0,
50.1,46.7,37.2,35.1,32.2, 31.3, 29.9, 28.9, 28.8, 28.7, 28.6, 25.3, 22.1, 19.0, 17.8, 13.9; HRMS
(ESI): caled. for C34HagN306 [M+H]" 594.3538; found 594.3553.

Compounds 33a—d

FmOCHN\/\HLNE\WO Q Resin

0] Cl i
F .
mOCHN\/\HLN/\ﬂ/O Q Resin

FmOCHN\/\HLN%fO Q Resin
33c
0O Cl i
” (e}
HN O
s O
(@)

33d

FmocHN

Q Resin

CI-Trt(2-Cl)-resin (25, loading = 1.60 mmol/g, 68 mg, 0.11 mmol) in a reactor vessel was
swelled with dry CH>Cl> (2 mL) for 3 h at room temperature. A mixture of compound 32a (146 mg,
0.25 mmol) and DIPEA (148 pL, 0.86 mmol) in dry CH2Cl; (2.5 mL) and dry DMF (2 mL) was
added to the swelled resin, and the mixture was agitated overnight at room temperature. After
draining the reaction solution, the unreacted sites were capped with CH>Clo/MeOH/DIPEA (17:2:1,
5 mLx4 times). Washing the resin with CH2Clz (3 mLx3 times), DMF (3 mLx3 times), and CH2Cl
(3 mLx3 times) afforded the pre-loaded resin 33a (0.11 mmol). Following this procedure, the pre-
loaded resins 33b—d (0.10-0.11 mmol) were similarly prepared from CI-Trt(2-Cl)-resin and
compounds 32b—d.
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Compounds 34a—h

PbfHN NH

NHBoc HN NHBoc O
0 0 o) cl
H H H | _
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Y K s
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34a
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HsN Y N Y N N
i _W/H o N O

(0]
NHBoc (0]

34b

PbfHN NH

NHBoc HN NHBoc O
(0] O (0] Cl
H H H
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34c
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NHBo

c HN NHBoc O
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H H H
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34d
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Trt
NHBoc NHBoc O
N\)I\ N\)I\ \/\)LN/\H/ Resin
NHBoc O ]

34f

NHBoc NHBoc
N\)L\S\'(N\)L \/\HLN/\[]/ Resin

NHBoc

NHBoc 20N NHBoc O
N\)J\\S\'(N\)J\ \/\)LN/\[]/ Resin

NHBoc O
34h
Linear acyl heptapeptides 34a—d were synthesized manually by Fmoc solid-phase peptide

synthesis using the pre-loaded resins 33a—d (0.11 mmol). The procedures are described below.

Fmoc deprotection
All Fmoc deprotections were carried out with 2% DBU and 2% piperidine in DMF (1 mL, 5

min and 10 min). After the deprotection, the resin was washed with DMF (1 mLx35 times).

Coupling reaction
A mixture of Fmoc amino acids (4 eq.), HATU (4 eq.), and DIPEA (8 eq.) in DMF (1.5 mL)
was added to the resin, and the mixture was agitated for 1.5 h at room temperature. After draining

the reaction solution, the resin was washed with DMF (1 mLXx3 times).

Linear acyl heptapeptides 34e—h were synthesized automatically by Fmoc solid-phase peptide
synthesis using the pre-loaded resin 33b (0.10 mmol) and Syro I parallel peptide synthesizer
(Biotage). The procedures are described below.

Fmoc deprotection

All Fmoc deprotections were carried out with 20% piperidine in DMF (2 mL, 3 min and 10
min). After the deprotection, the resin was washed with DMF (2.1 mLx5 times).
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Coupling reaction

Fmoc amino acids (0.5 M in DMF, 800 uL), HATU (0.48 M in DMF, 840 pL), and DIPEA (2
M in DMF, 400 pL) were successively added to the resin, and the mixture was agitated for 45 min
at room temperature. After draining the reaction solution, the resin was washed with DMF (2.1
mLx3 times).

Compound 35a

beHN

@N Lot

NHBoc O

To the dried resin 34a (0.11 mmol) was added 30% HFIP in CH>Cl; (4 mL). The mixture was
agitated for 2.5 h at room temperature, and then the reaction solution was drained and collected
into a round-bottom flask. The resin was washed with 30% HFIP in CH>Cl» (2 mLx2 times) and
CH>Cl: (2 mLx3 times), and all washing solution was collected into the same flask. The collected
solution was concentrated. The resulting residue was purified by reversed-phase HPLC (0.1%
formic acid in 35% CH3CN/H2O to 0.1% formic acid in CH3CN) and lyophilized to afford
compound 35a (59 mg, 37% yield) as a white solid. LRMS (APCI): calcd. for C70H121N1401sS
[M+H]" 1477.8698; found 1478.2. Compound 35a was successively used for the synthesis of
compound 36a.

Compound 35b

beHN

NHBoc NHBoc
N\)LHYNQL V\ANWOH

NHBoc O

Following a procedure similar to the one used for the synthesis of compound 35a, compound
35b (68 mg) was obtained in 44% yield from compound 34b (0.11 mmol). The purification of crude
35b was conducted by reversed-phase HPLC (0.1% formic acid in 40% CH3CN/H20 to 0.1%
formic acid in CH3CN) to afford compound 35b as a white solid. LRMS (APCI): calcd. for
CosH119N14018S [M+H]" 1451.8542; found 1452.4. Compound 35b was successively used for the
synthesis of compound 36b.
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Compound 35¢

beHN

N¢LHYN¢L V\)L yYOH

NHBoc O

Following a procedure similar to the one used for the synthesis of compound 35a, compound
35c¢ (71 mg) was obtained in 45% yield from compound 34¢ (0.11 mmol). The purification of crude
35¢ was conducted by reversed-phase HPLC (0.1% formic acid in 40% CH3CN/H2O to 0.1%
formic acid in CH3CN) to afford compound 35¢ as a white solid. LRMS (APCI): caled. for
C70H123N14018S [M+H]" 1479.8855; found 1480.4. Compound 35¢ was successively used for the

synthesis of compound 36c¢.

Compound 35d

beHN

N¢LHYN¢L V\)L IKOH

NHBoc O

Following a procedure similar to the one used for the synthesis of compound 35a, crude
compound 35d (121 mg, brown solid) was obtained in 75% yield from compound 34d (0.11 mmol).
LRMS (APCI): calcd. for C71H125N14015S [M+H]" 1493.9012; found 1494.2. Compound 35d was

successively used for the synthesis of compound 36d without purification.

NHBoc NHBoc
Nh(N\)L \/\HL

NHBoc O

Compound 35e

Following a procedure similar to the one used for the synthesis of compound 35a, crude
compound 35e (41 mg, colorless solid) was obtained in 36% yield from compound 34e (0.10 mmol).
LRMS (ESI): calcd. for CssHi0oN11O1s [M+H]™ 1156.7551; found 1156.6. Compound 35e was

successively used for the synthesis of compound 36e without purification.
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Compound 35f

NHBoc NHBoc
N\)L\&(N\)L V\)LN/\H/OH

NHBoc O

Following a procedure similar to the one used for the synthesis of compound 35a, crude
compound 35f (58 mg, colorless solid) was obtained in 41% yield from compound 34f (0.10 mmol).
LRMS (ESI): caled. for CssHooN12016 [M+H]" 1171.7296; found 1171.5. Compound 35f was

successively used for the synthesis of compound 36f without purification.

Compound 35¢g

NHBoc NHBoc
N\)LE(N\)L \/\HL

NHBoc O

Following a procedure similar to the one used for the synthesis of compound 35a, crude
compound 35¢g (42 mg, colorless solid) was obtained in 34% yield from compound 34g (0.10
mmol). LRMS (ESI): caled. for CssHiosN11017 [M+H]" 1228.7763; found 1228.6. Compound 35g

was successively used for the synthesis of compound 36g without purification.

Compound 35h

BocHN

NHBoc NHBoc
NQL\i(N\)L V\)L

NHBoc O

Following a procedure similar to the one used for the synthesis of compound 35a, crude
compound 35h (55 mg, colorless solid) was obtained in 44% yield from compound 34h (0.10
mmol). LRMS (ESI): calcd. for CsoHi0oN12017 [M+H]" 1257.8028; found 1257.6. Compound 35h

was successively used for the synthesis of compound 36h without purification.
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Compound 36a

NH»

To a solution of COMU (51 mg, 0.12 mmol) in CH3CN/THF (1:1, 30 mL) was added a mixture
of compound 35a (59 mg, 0.040 mmol) and DIPEA (41 uL, 0.24 mmol) in CH3;CN/THF (1:1, 10
mL) in a dropwise manner. The mixture was stirred overnight at 40 °C, after which it was
concentrated. The residue was purified by reversed-phase HPLC (0.1% formic acid in 65%
CH3CN/H20 to 0.1% formic acid in CH3CN) and lyophilized to afford the cyclic form of compound
35a (24 mg, 40% yield, yellowish white solid). LRMS (ESI): calcd. for C70H19N14017S [M+H]"
1459.8593; found 1460.4. The cyclic compound was successively treated with a deprotection
cocktail of TFA/TIPS/H20 (95:2.5:2.5, 1 mL) at room temperature, and the mixture was stirred for
3.5 h. The mixture was concentrated, purified by reversed-phase HPLC (0.1% formic acid in 5%
CH3CN/H20 to 0.1% formic acid in CH3CN), and lyophilized to afford compound 36a (20 mg,
quantitative yield, four formic acid salts) as a white solid. "TH-NMR (D20, 400 MHz) &: 6.67 (q,
1H, J=17.1 Hz), 4.53 (dd, 1H, J = 10.1 Hz, 5.2 Hz), 4.36-4.25 (m, 6H), 3.56 (m, 1H), 3.26-3.01
(m, 12H), 2.35 (t, 2H, J=7.3 Hz), 2.30-1.82 (m, 2H), 1.77 (d, 3H, J= 6.7 Hz), 1.62 (m, overlapped,
8H), 1.29 (overlapped, 17H), 0.96 (d, 3H, J= 6.1 Hz), 0.91 (d, 3H, J= 6.1 Hz), 0.86 (t, 3H, J=6.7
Hz); HRMS (ESI): calcd. for C42H77N1408 [M-H]~ 905.6054; found 905.6017; HPLC (A =220 nm)
fr = 9.30 min.

Compound 36b

NH,

j\/\/NHZ
\/\/,\_ HNK\O
s RN SN
/\/\/[ K\
JLNH

Following a procedure similar to the one used for the synthesis of compound 36a, compound
36b (2.7 mg, white solid) was obtained in 5% yield from compound 35b (68 mg, 0.047 mmol). 'H-
NMR (D20, 400 MHz) 6: 4.43 (dd, 1H, J = 9.8 Hz, 4.9 Hz), 4.35-4.32 (m, 5H), 4.25 (dd, 1H, J =
10.1 Hz, 4.0 Hz), 4.07 (d, 1H, J=17.1 Hz), 3.90 (d, 1H, J=17.1 Hz), 3.51 (m, 1H), 3.25-3.00 (m,
12H), 2.33 (dd, 2H, J=7.6 Hz, 6.4 Hz), 2.27-2.02 (m, 7H), 1.96-1.75 (m, 4H), 1.69-1.59 (m, 8H),
1.30 (overlapped, 16H), 0.96 (d, 3H, J= 6.1 Hz), 0.91 (d, 3H, J= 6.1 Hz), 0.87 (t, 3H, J= 7.0 Hz);
HRMS (ESI): caled. for C40H75sN 1408 [M-H]~ 879.5898; found 879.5897; HPLC (A =220 nm) tr =
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&.91 min.

Compound 36¢

NH;

Following a procedure similar to the one used for the synthesis of compound 36a, compound
36¢ (9.0 mg, white solid) was obtained in 17% yield from compound 35¢ (71 mg, 0.048 mmol).
'H-NMR (D20, 400 MHz) §: 4.46-4.33 (m, 5H), 4.28 (dd, 1H, J= 8.5 Hz, 6.1 Hz), 4.18 (dd, 1H,
J=10.7 Hz, 4.0 Hz), 3.55 (m, 1H), 3.23 (td, 2H, J = 7.0 Hz, 3.1 Hz), 3.19-3.00 (m, 8H), 2.35 (br
t, 2H, J = 7.3 Hz), 2.31-2.04 (m, 3H), 2.02-1.89 (m, 3H), 1.84-1.74 (m, 2H), 1.68-1.58 (m,
overlapped, 8H), 1.49 (s, 3H), 1.45 (s, 3H), 1.30-1.26 (overlapped, 17H), 0.96 (d, 3H, J= 6.1 Hz),
0.92 (d, 3H, J = 6.1 Hz), 0.86 (t, 3H, J = 6.7 Hz); HRMS (ESI): calcd. for C42H79N 1405 [M-H]"
907.6211; found 907.6218; HPLC (A =220 nm) fr = 9.41 min.

Compound 36d

NH»

@ OOY\”JOJ\/\/\/\/\

JINH

Following a procedure similar to the one used for the synthesis of compound 36a, compound
36d (4.6 mg, two diastereomers, white solid) was obtained in 6% yield from compound 35d (121
mg, 0.081 mmol). HRMS (ESI): calcd. for C43Hs3sN140s [M+H]" 923.6513; found 923.6512; HPLC
(A =220 nm) fr = 9.55 min and 9.73 min (two diastereomers).

Compound 36e



To a mixture of compound 35e (41 mg, 0.036 mmol) and DIPEA (37 pL, 0.22 mmol) in
CH3CN/THF (1:1, 24 mL) was added a solution of HATU (41 mg, 0.11 mmol) in CH3CN/THF
(1:1, 4.8 mL) in a dropwise manner. The mixture was stirred overnight at room temperature, after
which it was concentrated. The residue was successively treated with a deprotection cocktail of
TFA/TIPS/H20 (95:2.5:2.5, 1 mL) at room temperature, and the mixture was stirred for 2.5 h. The
mixture was diluted with cold diethyl ether (10 mL), and the resulting suspension was centrifuged
by a manual centrifuge. After removal of the supernatant, the precipitate was dried by N> gas
flushing. Then, the dried crude product was purified by reversed-phase HPLC (0.1% TFA in 20%
CH3CN/H20 to 0.1% TFA in 50% CH3CN/H20) and lyophilized to afford compound 36e (3.4 mg,
3%, three TFA salts) as a white solid. 'H-NMR (D,0, 400 MHz) §: 4.41-4.25 (m, 7H), 4.04 (d, 1H,
J=16.5Hz),3.94 (d, 1H, J=17.1 Hz), 3.49 (m, 1H), 3.23-3.04 (m, 9H), 2.33 (t, 2H, J= 7.3 Hz),
2.29-2.01 (m, 5H), 1.94-1.67 (m, 1H), 1.61 (overlapped, 3H), 1.30-1.28 (overlapped, 22H), 0.96
(d, 3H, J= 6.1 Hz), 0.91-0.85 (m, overlapped, 9H); HRMS (ESI): calcd. for C49H76N110s [M+H]*
838.5873; found 838.5876; HPLC (A =220 nm) fr = 10.63 min.

Compound 36f

HN ? /”\/\/\/\/\
OOO\ N

o
HZN/\):NJ\/NH H

H

Following a procedure similar to the one used for the synthesis of compound 36e, compound
36f (10 mg) was obtained in 8% yield from compound 35f (58 mg, 0.041 mmol). The purification
of crude 36f was conducted by reversed-phase HPLC (0.1% TFA in 10% CH3CN/H>O to 0.1% TFA
in 40% CH3CN/H20) to afford compound 36f as a white solid. 'H-NMR (D20, 400 MHz) §: 4.40—
4.27 (m, 7H), 4.02 (d, 2H, J=4.3 Hz), 3.46 (m, 1H), 3.22-3.02 (m, 9H), 2.36-2.30 (m, 4H), 2.27-
1.90 (m, 8H), 1.82—1.65 (m, 1H), 1.60 (overlapped, 3H), 1.27 (overlapped, 16H), 0.95 (d, 3H, J =
6.7 Hz), 0.90-0.85 (m, overlapped, 6H); HRMS (ESI): calcd. for C390H73N 1209 [M+H]" 853.5618;
found 853.5622; HPLC (A =220 nm) #r = 9.25 min.

Compound 36g

Following a procedure similar to the one used for the synthesis of compound 36e, compound
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36g (4.0 mg, white solid) was obtained in 10% yield from compound 35g (42 mg, 0.034 mmol).
However, LC-MS/HPLC analyses of 36g indicated that it was a mixture of 36g and its linear form.
The reversed-phase HPLC purification with both the gradient condition (0.1% TFA in 10%
CH3CN/H20 to 0.1% TFA in 40% CH3CN/H20) and the isocratic condition (0.1% TFA in 40%
CH3CN/H20) could not achieve their complete separation. Therefore, 36g and its linear form were
obtained as a mixture. HRMS (ESI): calcd. for C30H72N 11010 [M+H]" 854.5458; found 854.5472;
HPLC (A =220 nm) #r = 9.28 min (linear form) and 9.52 min (36g).

Compound 36h

NH,

WF l” -
/'\/NH

Following a procedure similar to the one used for the synthesis of compound 36e, compound
36h (3.7 mg, free form, white solid) was obtained in 4% yield from compound 35h (55 mg, 0.044
mmol). The reversed-phase HPLC (0.1% TFA in 10% CH3CN/H20 to 0.1% TFA in 40%
CH3CN/H20) afforded a mixture of 36h and its linear form, and then the mixture was treated with
a basic resin VariPure IPE (Agilent Technologies) to give pure 36h as a free form. HRMS (ESI):
caled. for C30H75N 1208 [M+H]" 839.5825; found 839.5883; HPLC (A =220 nm) fr = 8.95 min.
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