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AFRSCHICEE R L 7S & T RRCR T
Ac : acetyl

Boc : tert-butoxycarbonyl

Bu : butyl

Cbz : benzyloxycarbonyl

CK : creatine kinase

Dab : Diaminobutylic acid

Dap : Diaminopropionic acid

DCC : N,N-dicyclohexylcarbodiimide
DMAP : N.N-dimethyl-4-aminopyridine
DMD : duchenne muscular dystrophy
DMF : N,N-dimethylformamide

EDC : 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
Et : Ethyl

FBS : fetal bovine serum

Gln : Glutamine

HOBt : 1-hydroxybenzotriazole

HPLC : high-performance liquid chromatography
HRMS : high-resolution mass spectrometry
Me : Methyl

NMM : N-methylmorpholine

NMR : nuclear magnetic resonance

Orn : Ornithine

PBS : phosphate buffer solution

PTC : premature termination codon

PTSA : p-toluenesulfonic acid

ppm : parts per million

rt : room temperature

-Bu : tertiary butyl

TEA : triethylamine

THEF : tetrahydrofuran

TLC : thin-layer chromatography
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TR UARAERIZL > TH &I SN BEEMHEEIT 1800 FELU EHDH LS TEY
T 2= XY A~ a7 4 — (Duchenne muscular dystrophy; DMD) &% D —2>Th %,
Tavz U IMIPHLHA e 7 0 —H &b KT, HhOEERRKERTZ &
WEI LTV D ™ DMD 1E X ek Lo F ot o AL ER A U KRB IE = B2 (premature
termination codon ; PTC) MHA SN D FHIZ K-> Tl Z 5. BHE THOEITHEDOEMES P&
YRR THY . HEBIRD 3,500 AT 1 AOEIGTHRAET 2 Y, KEBOK 20%L, ¥ A
a7 4 VBB EICPTC NEL D Z L TH U ERBIER TN T., BEeERy
AP BT 4B UNRTEREH LN, DR huT g 7RI BE, Ay B 427KDa O
2 UNRNTET, MIENTZEOT I ) Kimfllcr 7 Frefetds, To—FTHrarsy
Ty, VAMaZ Y hrEOfEEBEL MY RN v I AT I = EREA L, HE
LM ER & 207 X1, AR 5 EEREE %2 > (Figure 1A), Z OfiEE ¥
Z b7 g Rl i RRHE O RO 2R IHE SRR (T PE D A e I D AR D BHLLE iy T
Wb, EDIZDRE NI ENRET DL, HMRNERE, SfiukE, finss g EEo 2L
RS ITHRES R U FER & L TRk i i, Wik oM gis MR cE vz
EnD, BRG. B, BEERZII LD ETABAMERTEOERN LN D ™Y, ZhIctE
W, TP D 1 2 E TOMICHBITARE L 725 LRIFFIZ, MR AL, ODAEEIZL DI
BELHZENRMOBNTWD,

IDOVAINR T 4 AR B a— RLTCWDABGINRYVA e 7 4 VBT THD,
VAR T7 0 VBETIE, B M KROBE T T X YK E 3000Kb IZIENY 79 Dy Y
UINBAER E TV S, Duchenne UV A b7 4 —DEED 65%IXV A hr T ¢ ViELG
FIZBT 2= Y VR TOBEBFRE - BEEEZALTND, £, 13~15%DEHEIE, ¥
Abha7 4 VBEBTOF RV AEREFELTEY, BV OBRFEIXZOMD SERERE
HALTWHZEbMbRTNG Y,

BiE, DMD OJRRBIEIIRIEAFERE T, HEREE L TITOR TV Ak E LT, mlE
R AR VE L Td 5 Prednisone <° Deflazacort OG- N B TW5, T HHEANT, £ &
L C DMD O#ITZE L0 | 1A OKEEZ LTS B0 T 20BN H 508, (K
BN HE et A NS, BBERD E WS EEREERA DY . HHERGICRE S
% " Z oz, DMD ~OH R IBREIIAEE T, BRIICH 2R OB 508 2 %
NTW5,
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Figure 1. (A) The role of dystrophin (B) Nonsense mutation and readthrough activity.



I Ry FHeamE v, 20 PTC iR, b — RAL—385 2 & TR

BREOVA IO T 4 BN BEEFEREELRALPER SN TV (Figure 1B) 2, =
DEIREREAT DY — KA L—{LEME LT, Figure 2 (2787 Gentamicin (1), G418
Q) ITRFENDZTI 7V ay RRFUEME N #RE SN TWS P, Gentamicin (1) 1%
1990 AERICEBICH VA a7 4 —FEF A~ 2 ZEE S, EFOK 10%DY A ka7
A BRI BRERT L ENHESAE Y, LrLAans, 7 7) 3y RRbA
W IT. Bt Bm il & Vo R EEARREAOHBIC LY  EME LG IRECTH D 9,
G418 X7 X/ 7V ay RRFIAEWEOHT T, b7k — KA L—TE%EE2H T 2503,
BB LE L, WS LCoARRETHs MY, snicche 7 /) av R
DOHEEZ ML U ELHIZ L Y . Nudelman 1T NB54 (3) ##&EL7- 0 iz
Gentamicin (1) £V HEWVWU — RAAL—IHEEZF L TWD E L HIT, T v ¥y —EGERE,
N— T —JEERE, S DT EENAMERREIE L W T 2 v = U XBIH Y A h e 7 — LS D
T ABBMEBEEREBASLEHWEEEZ R T ZEBHALNE RS TWND, F2, Th
I% HEK293, COS-7. MDCK & W\ o 72 fRE e 5B ML IZ 35\ T Gentamicin (1) £V H K
WHIR M2 R & L bic, v v R B VWA HEERRIcB VT HLIEEEEZ R L, —
J5. Shulman 5137 X/ 7V a v RFUAEMEOREMESGICB T 281EHACTH 5, HEEDK
WA -FEAE LTNB4 @) ZHELTW5 Y, 20U — FZ2—i&MEE Gentamicin
(1) £V E< (G418 > NB74 > gentamicin), H#EMEH G418 & bl L TR 200 5 L T
HZEDBHBEMNET ST,

T/ 7V ay RUHNOY — FRL— (LG5 E LT Atarulen (PTC-124) (5) BT o1
22, ZHULR OB EARE 124-FFF T —VEBFEKE LT, N AL—T y RS
V== WX IINTAT TV =L RWEENT G TH S, 2007 412 4 H[H
2725 mdx ¥ 7 A (DMD €7 /L~ U A) ~OEGEFERPITOI, BISEE ., BEREET.
DI COYA RN T ¢ 2N T EOEREPRE STz, £ DHBREKINC T, DMD % %55
BE LIIEBRANER S, 5 b HEEA L EHEMR Y 7 AR HER (40 mg/ kg / day (2
BT HEBERETAMN) (TN T T ARG EDORBEENROND LFRIKFIC, ZalET
BT 7 AME, T RREGREFERECTHD LTSN, ., mAEEGEE (80 mg/
kg /day) CTIE7 7 v REHREE AEICEN 2L LA T 7 v REHRE X D A FE
BN R SN END, FRREDDHE LR E SiL, BREBIZHIE L TF D% R
BCHBrESNTWAERDZ S D P, L Lans, BINERLTEKRLEES (CHMP)
X, IS OEFRRERT — 2 1 EEEEZ K SO TH D & 95— TR ARELH 5
EERDT L, Tadvzr XBFHUA e 7 4 =TT HEKREREZA L TWD &
L7ze 2D DORMEER T, BIEEUICBWT S EOBITalfER T v v AERAT o
VU XBHY A Mu T —BEOHB DR EREERIEEZZ T, ETSSIZE ST
%, —J5, Z® Atarulen (5) DU — RAL—ZRIZONTIE, TRE2HETHIHEL H
52 EMB P BROKMMPE SN TNDEEBNZD,

7L AF—3 L L TARMIZTIRIEARRZ %1 TV 5D Amlexanox (6) & U — KA /L—JF



WEHT LK THS, Amlexanox (6) (X 2012 412 Gonzalez-Hilarion 52XV, &
A5 FEH mRNA O ALK SVE % B T & 5 nonsense mediated mRNA decay (NMD) >
DOIEAERZ BN LIy I a2 s ) —=v 7 ko AEniz 2, /)ty 2%
(AR TPS3, DMD, K OFERMERRMESE) DF vt ABR T+ 5 U — KA
N—EEIC K> TOFRER Y X7 B OB R S iz, o> NMD [HEAIOFIZEH U
— RANV—{EM®EZ G T 2ILEMDPAFIET D ATREEDS RIE SN ARRERIZ, A% OFH Y —
RANL—LEMORBIFFRICB N THHARMAEZ 525D Th D,

FoEBIE, TavarXBFHGIOA M T4 —ETAVETTT7 4 v v 2 lTTHRY
— RAV—bEMDA T V== TR FERLTFRER, RARY AT 7 —EHEFAITH S
T2 7402 (1) BN, ALEMRBMEE L I L THER Y — RAL—{EEZ AL T D
TEEHALMNELE P, EEE BT T T4y aDVRA MR T 4 U F R BEOGEYE
DFER, Y Z VR TEORBINHERINT-Z D, REHOF & A RMEEIC
X9 D —EDIRBUEN RPN GF SN D,

1970 41T Streptomyces purpeofuscus 7> 5 . HEHR HIZ K - CTHEE - G EI Nz, B R
VMG EATDHONTTF PRGIAEME (+)-Negamycin (8) 6 U — RAL—{LEHD 1
SOTH D, (+)-Negamycin (8) 137 T AREMEICK L THROTIEFEEZA LT 5 "2t »
Mmb b, ZToatE#EME (ICs) 7 Gentamicin (1) @ 10 7D 1 LKL v, 7/ 7Y
Y FRPUVEWE TRONDENE TEOHHB TR NPT, SHIT, 2003 i
HHIZE>TDMD OF eV AERMET N~ R (mdx ~ 7 A) ~OFEHIZEL T, &
BB LODHICBNTYA ha 7 0 v 2 U R BEORBABPHR SN, 2 dk ) 8%,
TR AEREZGT HBEMRBOFIZIIGEIEL 700 5 D AEEEEL D TN D, L
L6, 8 DRESVRAZEBT LV A M7 o2 N7 EORBEIT, EWH~T AD
10%fRETHY L VENRY — RAL—IEEREZ 6T 2FEEROAI-RLETHDL EEZ D
b, LEOHMNGER LT, EEEMEEDOES LT HIEL., 8 ICEH LICAIZEMZE L
BB L TE 7z,

LIRTOWFFEIZ L0 | FFH HiX,. (+)-Negamycin (8) @ 5 (/KEEEEIZAE H L 7o &E TS MEAE B
WFEH> 5 3-epi-deoxynegamycin (9) 35 L OF leucyl-3-epi-deoxynegamycin (10) 23 8 LV & &
WU — RRALV—IERZHETHZ L2 RN L, ZiubilbaWiE. 1977 FFIT streptomyces
goshikiensis X 0 HEE S NI PUEEE 2 F 22 W RREBILEY Th -7, oF0., Zh
bOFHEMRITY — F R L—IEMW L FUHAEEOE SHEHC S LTk EmTH L L) T &
W GMNE I oTe, Fo, ZTNOFHFEMRIT, KIBE E.Coli Ol el Hi# 2 v 7 e ~
VRTBEEMFRERND Y — FAL—FHlRICEB W T Y — RRAL—I{EERBIE IR o
oo TDZEMML, RA~A ¥ RBRIKITERMIRRIRAIC Y — F AL —{H M2 Jg i
THZEEHLNE ST,

2T, AW TIE, 9 KO0 250 & LRSI ARt BB L. S 52 5 |
PEFEROESZ B Lo, 8 1 ETIE 9 O BFIRBFER W OV RV /LR o BRERALICAR
REYTEFEEROER « AWIEVEFH 21T 572, S b2, Bb iz miEtkEiFEko ) —



N2 —1EVEDBIC G 2 2 ENEELRKET 222 HE LT, MlEOEEL S
T 5 Z &7 < YELEMEZ BT AT RE e ML & L N B AR AL L, Rl AT o 72,
BT, TENHERRT AT T — B & WK R AT > 72, H2F T, 10 O 3
A7 2 HEICER LIEMEE#BAEm LT, 612, H1ETHRFLZELYx O X7 )L
WIS 2 R VR VEEEALICEAT 5 2 L CE LR b EiE B EROESEEZ Ko7, 5
\ZHEAR DO AERNL EMNFHG, 3L Winviveo 11T D EMEFN G EiE L7, —F., @itk
FERDOEIFICMLBEAR R RIZA T~ A T FHD Y — R A—{EWFBI T 5T 215055 1
WNZZDFEEGENIIRTZH LN E 72> TR, S5, MlENTEFEAR S TWVD
U= RANL=DBRBT DA =AL b+ ZITHH I TWRVOBRBIRTH S, £ T,
FIETIIRAT~A v BB ROEMNEMET 2 B & LT, MIFEER Saccharomyces
cerevisiae % T2 BARFROMEATAIFZE 2 F2hi L 72,
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Figure 2. Structures of readthrough compounds and negamycin analogues.
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e =3

%1 E
3-epi-deoxynegamycin @ EHI K ARG /LR VERIZHE B LB EERO G &
A P REATR

H
=
._W.
gﬁ\\s

IHETIZEH HIX, (H)-negamycin (8) 226 DFHFEIZ LV | 3-epi-deoxynegamycin (9)
& O Leucyl-3-epi-deoxynegamycin (10) 238 LV HEWY — RRAL—{EHEZHFTHZ L&A
L7z, SHICIRHFHERIT, 1977 FICHBERE S L. FUEEMEZ R T 2 & bR
HELTHEINTERRAERILEM ChoT, 22T, Bd U — FAL—{EFEOM L%
H 6 L T, 3-epi-deoxynegamycin (9) @, 1) EHRFEHEDOELT, 2) p-7 I/ BEEED o
T X BADOEE, BATR O THEARZ KRG - G L, AEMIEERMIZ E L7z, S 51T
BONIHEEREZNNT, BRDEEEFEROBEL AN E LT, Kb /LR BICE
HLUEHEKROEHREZIToTo, BRMIZIZ= AT UG, 7 I MEE~OEHEZIT 572,

% 2 Hi 3-epi-deoxynegamycin (9) O EFHIRFEHEZALT LI-FHEROG &G

(1) FHEEOI RGO

EH L, 3-epi-deoxynegamycin (9) D EHERFHRICER L, ZOKRIFHE LA LHTL
THEROFREN, BREITH)>Z L L, T72b5H, N KB XU 3 7 I 7 Mo
FEBE A (b 2 FEE L 7=,

Figure 3 |ZF%5F L7 3 DOFFEMRZ R T, BARMIZIE, | RFHR LIFFERE L THE
K 11a Z | 1 IRFBFME L7728 E UG8 11b 2, S 512X 2 IRFHEME L8RS L
T1le #aXal L7,

NH, O | O NH, O | O
7 HoN  \ N
H2N 5 N,N\)J\OH 2 . N OH
H
3-epi-deoxynegamycin 1Ma:n=4
(TCP-107, 9) 1b:n=2
11c:n=1

Figure 3. Structure of derivative 11a-c.
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2) FHEAERDOEHKD

Scheme 1 (27" T &R 2 W CEREF LB ER A SRR LT,

% Boc R 7T X /I (12a-¢) OANVAKR U a7 vaa XA Y 7 F & HOIREBEEKY
~EEX | NaBHy ITTT v a— /&8I0, T TASUEEITH 2212k, 3 TR,
58-66% DIVETILEW 13a-¢c 2157, 7 /MbZ T+ Z & T 51-62%DINHET= |k U /L 14a-c
13T, o= R U VBN NI TR IRET D TNV R iR~ & Bk,
HOBtEDC i PZHWTt RT YV 1bith P EMAEKIGIAMTHETE KTV R 15a-¢ 24
R L7z, 15a-¢c OPRFERZFBAERIZChrE L, HPLC TR 2 2 & THrZEOFHER 11a-c
AR LT,

Boc. 1) isobuthyl chloroformate Boc. Boc.
NH A NH NH
H - OH N-methylmorpholine, THF H H OMs KCN, 18-crown-6 H H oN
Boc” ™M Y 2) NaBH,, THF / H,0 Boo” (M acetonitrile Boc” >
0 3) MsCl, EtzN, CH,Cly 51-62% 4
12a:n = 4, Boc-Lys(Boc)-OH-DCHA 58-66% (3 steps) 13a:n=4 ::g "
12b:n = 2, Boc-Dab(Boc)-OH 13bin=2 1 ns ;
12¢:n = 1, Boc-Dap(Boc)-OH 13cin=1 cin=
Boc.
1) KOH, EtOH:H,0 = 2:1 H NH O \)CL 4M HCI / dioxane NH, O | O
Ny N ———————————  HyNy / N
2) Hydrazine unit, Boc n N OtBu HPLC purification 2 n H OH
| 0,
HOBt-H,0, Et:N, 15a:n = 4 52-69% (2 steps) Han=4
EDC-HCI, DMF 15b:n =2 11b:n=2
38-39% (2 steps) 15¢c:n=1 11c:n=1

Scheme 1. Synthetic route of 11a-c.

(3) FHEERDITREFD

3-epi-deoxynegamycin (9) ([ZFBF A7 X /i EE a7 IV BAEE L I-FHEARD S
TEREH. BEEAT o T,

Figure 4 (Z5%FH L7 4 DOFEEERZ Y, BARAICIE, IRFFHRZ 1 RFIK L7288
& LT Lys 8 A L7275 (K 16a %, 3-epi-deoxynegamycin (9) & [RERDORFEHEEZHT D
BERE LTIL, Om ZEAL7ZFHER 16b 5% L7, S 512, Dab #E A L7-BER
16¢c, 2 RFEHEHE L-3FEMA L LT Dap 2 A L7- 16d & 3%5F L7=,
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NH, O | O NH,

\/\/\)J\ - T H‘
HN o N A, HaN g ,Tl/\H/OH

0] o
3-epi-deoxynegamycin
(TCP-107,9) 16a:n=4
16b:n =3
16c:n=2
16d:n=1

Figure 4. Structure of derivative 16a-c.

(4) FHEAERDOEHKD

Scheme 2 (23T ARG 2 AW CEREF L 728K 2 ARk LT,

% Boc fRi#7T X /& (12a, 12¢-d, 17) (ZxF LT, HOBt-EDC {£%# H Tk K7 Vv bH
Wy & HE A SOSITATTHE T IR 62%-quant \Z THFEREHEEZ AT 5 BT K 18a-d Z Ak
L7z, 18a-d OR#EIEZ AL IC TEZs L, HPLC TH4 % Z & THrEOFHER 16a-d %
IR 22-69%2 TERL L7z,

Boc. Boc.

H '?‘H Hydrazine unit H ’;‘H H
BOC/NWOH HOBt-H,0, Et;N BOC/NWN"TJA[(OFBU
0 EDC-HCI, DMF 0 0
12a:n = 4, Boc-Lys(Boc)-OH 62% - quant. 18a:n=4
17 :n =3, Boc-Orn(Boc)-OH 18b:n=3
12¢c:n = 2, Boc-Dab(Boc)-OH 18c:n=2
12d:n = 1, Boc-Dap(Boc)-OH 18d:n =1

4M HCI / dioxane

HPLC purification

22-69% (2 steps) 16a:n=4

16b:n=3
16c:n=2
16d:n=1

Scheme 2. Synthetic route of 16a-d.
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% 3 Hi 3-epi-deoxynegamycin (9) O EFHRFHEZAL T L 725K OGN
(COS-7 #ifia 2 VT D U — K A )L—TEEEEAM)

AN 2FEARD Y — R A L—{EMEIL Figure 5 IR T 77 AI RE T U AT =
7 va Lz COS-Tfifldz W TR L7, 372 b, PTC ThH D TGA DREIZL-T T 7 |k
VHE—Y HBAINY T 2 F—PEMBIANTET 2T N LR—F —#a T Y% H -, PTC
ORI, T2 = XBFTA M7 4 —FET A~ T A (mdx vV A) [ZHEKT 5,
LB — R A =GN WG S FIERIL PTC B TR T2 2 &b, B-HTF 7 b
VHE—BORNEITH, L L, FERIZY — FAL—{EERH 5545, PTC TH D5 TGA
DiARELNEZ Y, BIFEINFET DI 7 27— LIRS, TOME. B-7
TR HE—BENANT T 2T —BOMGREBT 5, ULOFEEE S LI, KBl F% b
TFUAT = a Uiz COS-THIE (77U I KUY AEMIE Z2HNT, AKLEHE
BR (200 uM) DU — RZL—{EMEEZFHI L7, 7ods. U — RAL—{HMEEIL,

Y — RZ2 L —{EME (Readthrough activity) = Luciferase activity / f-Galactosidase activity

TRD, T, FFEEROIEMEIZ., 20 Fe—LThALEMETRINEEOIEMEE 1
LR IEE S LTHEB L,

— CN';YOIHE;?::m B-Galactosidase Luciferase B-Globin poly A |}—

- TTG AAAGAG CAA—-{ TGA |- AAT GGC TTC AAC -

3Pl b |
(Premature termination codon; PTC)

Figure 5. Schematic structure of the dual-reporter gene construct.
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P L 72 358K & & DTGB Z Table 1 12777, 3-epi-deoxynegamycin (9) 384 ik &8
FZ 1 RFHR U 1a 137EMEMENEEI Lz —J7, 1 RFEHE L7Z 11b (TCP-112) (X% D
TEPEME 2N KBS HBR T DR & 72 o7z, & 51T, 11b DU — R AL—iFMIT, BTN
BT 52 BB EZ 572 (Figure 6), 11b 225 S 52 1 RFBWIKRT H &, T OTENE
fEIEX (+)-negamycin (8) fHLE TR F L7z, —FH., B 7 I/ WHEE o7 I JB~EHE
L72EK 16a-d (2B Tk, T OEMEEIEAYRIFIMERRE TR FI D8R Lo
2o LEDRERMNS, X H~A DY — RAL—IEMERIEICIIp-T 2/ Wi N MZH T
HoHZ EnHER ST,

Table 1. Readthrough activity of derivatives 11a-c¢ and 16a-d.

1
Readthrough Readthrough
Compound Structure aCtiVityag : Compound Structure aCtiVityag
I
I
OH N, O | 0O | NH; |,
(+)-Negamycin (8) HaN\/&;\/g\/”\N—N\)'\OH 1.81+£0.17 1 16a HZN/\/\/\H/Nwlu/\,rO” 1.01 £ 0.06
H 1 o) 0o
I
2 Pt I\)OL : NH,
(3-epi- HoN : N 2.94 +0.12 ;e
deoxynegamycin) TN T [ 16b PASAY ™ 0.9940.03
1 o 0]
NH, QO | 0 :
11a in~~a A N, 2,05 £0.23 , e |
H 52
| 16¢ HZN/\/\n’N‘lil/\n/OH 1.07 £0.22
N OO I ° °
11b in~ AN Ay 428 £0.16
(TCP-112) " |
I We
woo | o I 16d ”zN\/\g“T/\g/C’” 1.30+ 0.09
11c HN AN, 1.49£0.07 1
H
I
I
1

a Ratio of readthrough activity of compound (200 uM) against that of negative
control (= 1). Cell : COS-7
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5 -
©
2 47
=
©
© 3 1
e
(@)
-]
S 21
=
©
®
QO 1 4
) I I I
0 R
0 50 100 200
Cont. (+)-Negamycin (1) 11b (TCP-112)

a Ratio of readthrough activity of compound (200 uM) against that of
negative control (= 1). Cell : COS-7

Figure 6. Cell-based readthrough activity (TGA) of 11b in COS-7 cells.

AR VR BRI E B LI EAROGRR & O LY TEIERHR D

(1) FHEARDL R
FEF 1L, TCP-112 (11b) D R¥gH ViR o BRERAL

TZHERO T RGE, BKEIT) 2

CEAL. TOHIRFIIVIEAERM L
LT, SR bEiEERT~ A 2 VHEROES %X
>77,

Figure 7 (ZiXaF L7z 4 DO EKREZ R T, BRI AT ABEL AT 258K LT
TFNTERTIVHEKR19a, XUV AT IVEEK 19 E LT, T MEEE AT D
FHERE LTI AT I RFER 19¢, BIUORUULT I RFER 19d 2385 LT,

NH O | O NH, 6 | O
. ,N /\/-\)J\ .
N A e
TCP-112 (11b) 19a: R = OEt
19b: R = OBn
19c : R = NHEt
19d: R = NHBn

Figure 7. Structure of derivatives 19a-d.
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(2) FHEEDOE K

Scheme 3 (Z7R G RRIEES 2 VTR L72@f Bk 2 G pk L 72, Scheme 1 & [FEkD Fik
(& o TRONIZ= Tt UV 14b Z NS TS TR ET 5 TH VR 20 ~ &
ZEHath . HOBHEDC 2 W TCHERE L KT VU AbB! LA RISICA+H Te K Y K 21a,
21b, 21d Z AR L7, 21a, 21b, 21d DR ZELEIC TR L, HPLC TR 5 2
LT 19a, 19b, 19d 24 L7 (Scheme3A), TF AT I RIFEMK 19¢ 12, AT
MR 21b 22D AR LT, BANRTIZL Y 21b ORIV AT L ERELZOL, =T )L
7 2 v % HOBtEDC & IV THEAT 5 2 L T RT Y RN 2le 2157, 21c OIR#EL L
RLERIZTRRZE L, HPLC TR 5 Z & THE(L 19¢ # 5k L 7= (Scheme 3B),

A
Boc. ~
oc NH Boc NH O i . .
BOC\N/\/'\/CN KOH BOC\NMOH ydrazine unit
H EtOH:H,0 = 2:1 H HOBt-H,O, EtzN
14b 20 EDC-HCI, DMF
(2 steps)
" o L AMHCI / di WO 0
Boc. /\/\)L _N loxane /\/\)L
N N \)LR — HoN N’NQJ\R
H H HPLC purification H
21a:R=0Et 31% 19a: R=0OEt 36%
21b:R=0Bn 57% 19b: R =0Bn 50%
21d : R = NHBn 26% 19d : R = NHBn40%
B
Boc.
1) Hp, Pd/C, MeOH NH O O
21b BOC\N/\/\)J\NfN\)J\N/\
2) Ethylamine, HOBt-H,0, H H H

EtsN, EDC-HCI, DMF

21c
(2 steps, 70%)
AMHCI/ di W@ 1 ©
ioxane :
/\M ,NQJ\ PO
e HoN N N
HPLC purification H H
87%
19¢c

Scheme 3. Synthetic route of derivative 19a-d.
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(3) FHEAROIEER M (COS-7 #Mifldz VT D U — B A/ —HMERE)

ARIFFENZR T DFERDO VU — KA —JEEIE, COS-7 HMifid 2 FV 2 5528 M i s % 2
WCHENE U7z, FE-M L 72558 K & & OTEVEfEZ Table 2 (2”7, =F /LT X7 LiFEIK 19a
OFEMABIL TCP-112 (11b) XV EET L. XU Vo AT /LiEEIR 19b 131 2 MR 5 5
Rilpol, —FHT, TIFFERERTHDLIZTF LT I F{E19e, X7 2 FE19d & b
IZEDOIEMER s br— L EREREE THA L TEBY ., EHEEZIEAE L (Table2),

Table 2. Readthrough activity of derivatives 19a-d.

Compound Structure Readt.hrough
activity?
I;IHZ O | (0]
TCP-112 (11b) NN W N 4.26 +0.02
H
........................................................ N HO|O
19a I NNV N NN 2.08 + 0.11
H
e L AL
19b N3 o/\@ 4.04 +0.06
H
NH, O | O
19¢ NG N NN 1.42 +0.15
H H
NH, O | O
19d HZN/\/M”'N\)LH@ 0.80 +0.05

a Ratio of readthrough activity of compound (200 uM) against that of negative
control (= 1). Cell : COS-7

20



F5HEI WV CBREBALICHE B LIS B O 51 iEE - B E T OEMIEIERHARO

%5 4 H#iTIX TCP-112 (11b) DKW 77 VAR A EEALIZE B L, = A 7 LG ~DZH (19a,
9b). BLOT I FHEIE (19¢, 19d) ~DEMZIT > 72iFEREZ G L. U — FAL—{EHE
ZEME L7z, TOFEE, V—FNEaEWTH S 11b O U — K AL —iFME 2% < ER O S
WIZEL R STeb DD, NPT 2T )VEEER 19b 75 11b & FIHEOTEMZHEFF L T
72 19b OB UBEHEAICER L, RNUB VR RICKERLZEA LSRR L 5K
T2 ETEIORLEIEEFHEROES X -T2,

(1) #BEERDSFixE!

RPNV AT IVEBR19b DRV B BICAFRERILZEA LSRRG LT,
BRIIZIX, BRE, ERoaF ik =fa, A MR UEEZERENAN ML, A Z AL,
PWRINTENE | B L ZFFER (22a-1) Z %G L7 (Figure 8),

N

_H2 O | O
HZN/\/\)]\N’N\)J\O AN
H | R
=

22a:R=0Br 22¢9:R=0-NO,
22b:R=m-Br 22h:R=m-NO,
22c:R=p-Br 22i :R=p-NO,
22d:R = o-Cl 22j :R = 0-OMe
22e:R=m-Cl 22k:R=m-OMe
22f :R = p-Cl 22| :R = p-OMe

Figure 8. Structure of derivatives 22a-1.

(2) FHEEDOE K

BEROAGRICE L CTiX, RPNV AT VFHEK 19b OGREEZ S LI L TITH
Ll Tbb, RUUAZ AT IVHER 21b O VA Pd / C & V2 Bz
IZE D I NVAR 22 & L, DCC, DMAP Z W TR~ OEBEEZF T H X7 L a—
NEREATDH I L T23al 2155, BRALFRIZ T Boc J& % IifA##% ., HPLC [ TRl Z &
T, TEOFHER 22a-1 5T HZ LIk LTz, LNICEBOAGKRTEE, WRE LD
\Z7~9 (Scheme 4)

Jt
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Boc.

Boc.

24a

24c

24e
24f

(3)

1 0-Br
24b :
1 p-Br
24d :
:m-Cl
: p-Cl

m-Br

o-Cl

Iz
1

|0

N A
O

PN

24g: 0-NO, 27%
24h : m-NO, 42%
24i : p-NO, 42%
24j : 0-OMe 49%
24k : m-OMe 49%
24| : p-OMe 44%

Substituted benzyl alcohol,
DMAP, DCC

DMF

(2 steps)
23
) NH, O | O
4M HCI / dioxane H N

HPLC purification HeN N A (I

=

22a:0-Br 50% 22g:0-NO, 74%

22b : m-Br 23% 22h: m-NO, 56%

22c :p-Br  47% 22i : p-NO, 68%

22d : 0-Cl  74% 22j : 0-OMe 65%

22e : m-Cl 56% 22k : m-OMe 64%

22f : p-Cl  58% 22l : p-OMe 56%

Scheme 4. Synthetic route of derivatives 22a-1.

AR OTEVERE (COS-7 MldZ W T U — R 2L —iE M)

WAL, TaT7 VU AR—F—BInTZ N7 A7 27 v a L COS-7 #Mifa % M
W, AR L7EBER (200 uM) DV — RAL—{EMHZ 3N L7-, AFHEIZRB W TIE, &
FEAMZEBRICIS 1T D TCP-112 (11b) Dfi% ., 427 IZMIE L72HETO Y — R A /L—{FME %
AT, (ZOTEMAEIE 11b % 16 [A], EERIZAF L2 BBICHE D e B0 FE)ETH %, ) Table
3ICEOFEMAETRT, MA T, SENIIEEMEORIE L 725 ClogP A I THELET 5,
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Table 3. Readthrough activity of derivatives 22a-1.

l;le O | (0] l;le (0] I (0]
A .N A .N
HoN 3 N OH HoN N 0 I :_R
TCP-112 (11b) 22

T

Readthrough Readthrough

Compound R ClogP® activityag : Compound R ClogP® activity?

I

T%P{I;;Z -4.07 426+002 1 22g oNO, -0.42 451+007
I
19b H -0.08 4.04 +0.06 I

| 22h mNO, -0.42 3.21£0.13
22a  0-Br 0.78 3.83+0.56 [

1 .

226 m-Br 078 375£031 g 22 PNO, 042 3.05+0.16
|

22¢  p-Br 0.78 2.98 £0.40 I 22j o0-OMe -0.16 3.10+0.13
I
22d ol 0.63 3.34£0.15 I

2% I 22k m-OMe -0.16 3.71£0.19
(Tcp.1g2) MCl 063 4.90 +0.21 :

22f  p-Cl 0.63 421+016 221 p-OMe -0.16 3.25+0.09
1

a2 The value of calculate log P (ClogP) was calculated by CS ChemBioDraw Ultra 12.0
b Ratio of readthrough activity of compound (200 uM) against that of negative control (= 1).
Cell : COS-7.

RFBEWRTH 2558K 22a-¢ T, AT BIIKTIEMBE OB LA LD DD, AL
MIEBAETH D 22a IZB W THEPEDOHEFF SR T 72, N2 T, WHREHLIK 22d-f TiI A
X EHLA 22¢ (TCP-182) (28T TCP-112 (11b) ## <, {EMEOH LSRN, 21
bor g ) EEET HFHEMRD ClogP fHIX, RH#E, HEHREWAKTENZN 078, 0.63 27
L. 11b KV EEERH L2 nEZBND,

L L n, RUB VR EOBEBBBEOAE L Y — 2L —{EM% L OBREMEIZ OV T,
WRE AR 2155 2 S IXH kR o T2,
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56 Hi MM 2 87 HA KGR OMEE L Gt 2 T VI ER O T PR

%5 5 Hi T TCP-112(11b) D 71 VAR AL ATl 1 B D7 L 3 — )L 238 A (22a-1)
THZET, V= RAL—JEERH ETHZEBNREN, ZOFTha sy )i FRTA
Z AR E RN 22¢ (TCP-182) 7%, 11b OVEMEE 2% STEMEMEZ R LTc, £/, Thb D
BRI OFHEIR & i LT ClogP & < ALEMZ D DDIREMERH L T D
ZEMEZLRNT, T B4 HTIE, TCP-112 (11b) Kigh VR U BE T 2 FiEE~
&AW LT R 19¢, 194 IZB W T, ZOIEMEMER 2 b e —AAfHIICE TR T, 720
HIEMERH AT D L VIR EZH T\ D,

UbEXY, DVKRUEEE = AT NAEEICERT 5 2 LI XD MaEE RO S EN, I
PICEEBEEHEZ THDOTIRHRWNEBE L, £2 T, T AT EEOIEE~DFE L
PRDZ e A E UTEMIL Y v N7 B RARZ TN U, 58RO TR 217
DT bl Ui, ZOMMIRY VAT BEEKRRICENTL, (LAY OMIAEEHAEL S ET
5z el ML A OTEIEZ T2 2 E RN ARETH D,

(2) ML 2 /37 B A RGR DS

Figure 9 (ZHEMfa 2 o N7 HEMFRZ AN — R ZV—{EERHIIC NS 7T XA IR
DOILAK & 779, COS-7 Ml % 7=V — K ZL—3Fivk & kR, PTC T 5 TGA Fidd]
@ Ll B-Galactosidase, [ iitlZ Luciferase ZfHAAATET 27 VLR —F —T T A K&
HAWrz, Yee—%—& L CiE, Mgz THW T2 CMV/B-actin promoter % T7 promoter
\ZZZEF L, FEFNFRAEMLIZIX IRES (internal ribosome entry sites) Z3&E A LT\ 25, Ziuid, #
REBRIAT DHREZFID. VAR Y — ADONALEZ S TNDS Z ERMBATND Y,

T7

1 promoter IRES B-Galactosidase Luciferase B-Globin poly A }—

- TTG AAA GAG CAA - TGA [-AAT GGC TTC AAC -

k&It IRy
(Premature termination codon; PTC)

Figure 9. Schematic structure of the dual-reporter gene construct for cell-free assay system.
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IR BARFLRIZIT D U — KA L—3EMIL, COS-7 #lfa 2 W 7= 3 & [AFR 12, Luciferase
DIEMAE % B-Galactosidase DVEMEE TR L 7cfla U — RAL—{EMHE L LTz, £72, HFihE
ROTEEEIX, 2> he— AT RbbbEMERINEEOTEMEZ 1 & LR HIEMEIZ T
HH L=,

(3) WBEARDOIFEMRN (M S > N7 HEERARICBIT D, AT AFEEEDO Y — FA L
—{EERTAL)

IS CTHEEE L - IR & o RV B RGCR & VT, TCP-112 (11b), B X RZED m-7
= Iﬁf\/‘//l/i%?‘ﬂ/aﬁ%{$ 22e ZHEND 20 yM 12T 5 U — KA L— GG 21T -
Too LLFICZE OFE R % | B8 MiasEM -2 OISTEE & &b CTit# 9 5 (Figure 10), TCP-112
(11b) 1%, REEAMILEAR & FAERIC, By v 7 BEEMRICBWTH BRI ) — KA
N—iEMEE R L7 (Figure 10B), — 5T, XU UL AT LFEE K 22e OB LGEAT R T
OIEMEMEIL, ALEVARTIMBHIE TR T L TR Y, MR TOMRICHEK T 5 iR
Llpole, TOZENL, RUVNLTATIVFHEER 22e X, (LEMZDOLDOTITY — KA
J—IEMERE L TWA ZENHBMNE R otz, Tbb, = AT VRIGEERITMEAN T
BEBEDFBELZ T, IEEAKRTH D TCP-112 (11b) ICE# SN D Z & TiEMZ RS 5
7a K7y 7 ThDH RN RE I T,

A) [COs-7#ifazRALV=EHEi (TGA)] B) (#FEMfaZ ALV -5Tl (TGA) ]

6.01
6 6
:'? 5 491 -? 5
= 4.27 2
© o
8 4 c 4
5 5
g., 3 =2 3
o o
< £
[J] [4)
Y (1’4
1 l 1
0 0 -
control 11b 22e control 11b 22e
(TCP-112)(TCP-182) (TCP-112)(TCP-182)

a) Ratio of readthrough activity of compound (200 uM) against that of negative control (= 1). Cell : COS-7.
b) Ratio of readthrough activity of compound (20 uM) against that of negative control (= 1). Human cell lysate.

Figure 10. Cell-based and cell-free readthrough activity of derivative 11b and 22e.
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FIHE AT 7 —BE WK SRR

(1) FFia

EEMEAN S D AT VBRI RIL, MR R TR R Y — R A LV—EM 2R
T—HT, B Y LN BERRICE T AIREEIL, KIBICK T2 Z &R L E
-7 (Figure 10), T 72 b, = 27 VAGREKITMMIRN CTRESR E DO BT L o TIHMEARK
TdH 5D TCP-112 (11b) IZEHIND T v RT7 v 7 ThHAREEN B IN-, £Z T, 7
ATl kT 2T T —B 2 W CHEERDONK S FERZITH 2 & T, #ba&% TCP-112
(11b) DAERDOFEEEFTI~DZ L & LTz,

(2) =AT T —8 & AWK MR & 2 DhE R

T AT )VEERZABAELET (pH7.4) . 7 ZFlEd k=27 7 —8 % 5 K55 iR
B 24TV, HPLC I TREFFIIIC T 21T o 72, BB, 0.1 M U U ERFRER (pH 7.4) (23R
fiff S W T-FHER 22 O 2 mM IERIZIKITFIRE R =27 7 — B2 @0 L7121, 37 COEIRMY
2T 0453, 304, 1 Wef), 2 K[, 3 Wefi. 4 Rfffl 241 % = ~— k L7z, 14 HPLC
IZCAT T —BMRED % T 5 2 & TIKRDIEFEM DORIE %17 - 72, LA FICE ORE
R & 4 RFRRGRIF O HPLC 7% — K& ~7 (Figure 11),
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A) 250

é 22e
200 =
ISU—f
mué
-su—f —_—
luu;\\||||||||\||l\||||\||\\||||\1||\||||w|l|
0 5 10 15 20 % 30 35 40
- Time (min)
zuné TCP-112 (11b) cl on
150—3 :
mn—f 22e /
50 LJ
od I
fso—f ﬂ_/\\\
~1qu7E
0 10 15 20 % 30 35 40
Time (min)
B)
120 1
—e— 11b (TCP-112)
100 4 -H--22e (TCP-182)
9 ;
< 80 -
C
i)
s 60 -
=
[
..
g wi{ ) e
S .........
O 20 .
B ]
0 T T T T
0 1 2 3 4
Time (h)

Compound concentration (%) is determined by RP-HPLC. Error bars indicate = SD (n =
3). Gradient: H,0 (0.1% TFA) / CH;CN =100 : 0 to 90 : 10 over 10 min and 90 : 10 to
35 : 65 over 30 min, flow rate: 0.9 mL / min, UV: 222 nm, column: COSMOSIL Protein-R,
4.6 mml.D. x 150 mm.

Figure 11 (A) HPLC analysis of products after esterase hydrolysis of 22e. (B) Hydrolysis of 22e by

porcine liver esterase.
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T AT 7 —BNMKGIREFIZFROFER, RN DL 27 VAIERER 22e O
— 73 L, —HF T2, 20 0 icHi s — 2 AHHBL L2 (Figure 11B), Z Dt —
TG LIZEZ A, 25D E—7 X TCP-112 (11b) O ' — 7 & {RFFHFRE 23— L, HRMS
(2T 11b D4y - ENHERR S 7= (caled for CgH sN4O5 [M + H]" 219.1457, found 219.1464) . Jil
2 THRI20 3D E— 271X GCMS IZTHT & To7 2 A, m-7raX P07 La— T
HHZERH LN E T, LEDZ EnD, RV AT IVRIEEEK 22¢ (TCP-182)
FAEERRNIZTE=AT 7 —BIZ Lo TR Z2 52T, BYbEmE LT 11b (TCP-112) %4
L CTWARIBEME DN R SNz, £70. = AT 7 —BRLBSEMETICB T 500 & LT,
[FARD = A7 VEKER 22¢ ZEBEMET (pH 74, 37 °C) IZTA »Fa~X— kL, HPLC
I CTRREFIC O 2 AT o 7288, 6 BRI O USIZEB W T 22e ODfRIZIEE A EH BT, K
6%FRE DIz & EF o7z,

Thebb, FHEIK 22e (I 0 N7 v 7L LT, MlAZAT T —BIZTESHITIIKS
ik %2275 2 LT, IGEMEARIKTH D TCP-112 (11b) Z AR LIEMEE RIS 5 Z EAVR S
7= (Scheme 5)

N

Hp O O Porcine liver esterase B
WL .N Cl WL N
H,N H \)J\O/\©/ H,N H

0.1 M Phosphate buffer
37°C
22e 11b
(TCP-182) (TCP-112)

Scheme 5. Benzyl ester derivatives 22e function as a prodrug to produce parent drug 11b.
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08 HI /NE

DLai O T L0, F & 1E, (+)-Negamycin (8) DL DFHEEIZ L > THL LT,
3-epi-deoxynegamycin (9). leucyl-3-epi-deoxynegamycin (10) 7% (+)-Negamycin (8) XV %
WY — RZL—IEWZ AT 5 L FRIC, FUEEEEZ R 220, Ao BEC S Lo bd
MThdENIFELRNIZLIZ,

X0 EIEER Y — RAL—(LEWM DS EZ HIY & L, 3-epi-deoxynegamycin (9) % JLik &
LU 7o ETE AR BRI R 2 T 5 10 H 720 . AETIZ D) -7 I/ BRI DM R FHE O
EHELBEIN2) a7 I JBE~OEH, ZTo 28 REHRE. AlkL, &61T, 3) 556
NI EmTEMEF IR O RIG DNV Ve = AT WG, 7 I FEIEA~EH LT8R 2 %5,
B LTz, ZOfER, LN ORRE 157,

(1) 9 OEHURFHEL 1 DEHE L7 TCP-112 (11b) 2, BEFORH~ A v v FEik %
BETHEWY — RAL—JEEZE L TWAZ ERHLNE o, — . FH~A T
BT D EHEP-T 2 VB E R -T2 B~ BT D EEMESNKIEICEES T A 2 b
BN ERoT,

(2) TCP-112 (7) O AR UEE I Z = F L 2T )L (192) ~& BHT 5 LIEMEROR
KTFL, XUV AT (19b) ~E BT D EIEERHERF SN D, £O—FHFTT I N
E (19¢,19d) ~EEHT D LIEENRHEET L2 ENHL MM E o7,

(3) IEMHEMERF L 72 o TR UV AT OVFEER 19b 2 VT, OB U BICKFE
AT AHEREAERT AL IC Lo TiEEDm L2 B LT-, ZORE, A Xk
FEHLK 22e I2BVT TCP-112 (11b) Z#E IEMEO W ESfER S Nn T,

(4) MR & o R BERRGREFTZ ISR L, FEli 21T > 7=, TCP-112 (11b) (X COS-7
AR 2 D72 3R & [RERIS, SR 2 2 R 7B ERRICEB TS BaF7e Y — R AL —{EME
ERLTz, —H T, RUUNTZRAT AR TH DHEK 22e 122 OIFHEMEITLA P ARTINEE
MEECTEF L, 202D, RUPAT AT IVHERT, (LEWFD L O TIHIEES
RIRWZERAENE 0Tz, TbbH, = AT NAEEERITHIEN CHRAFDOEL
ZAF . WEMEARIKTH D TCP-112 (11b) ICEMES LD T 0 KT v 7 Th D ATREMEDRIE S
776

(5) TEMHH R 257 5 —F &2 AW Tx 27 ARIERER 22¢ DK REERZITU,
HPLC (& Corf % 34l L7 & 2 A RIS fF - T 55K 22e 2375 L. TCP-112(11b)
WERTDZEBRHLNE ST, ZOZ D, AT ARG ERKIIERNTERATZ
— B L o TR fEZS T, TCP-112 (11b) Z#ARRT 25 Z & CIEMZRET L, Vv N
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Ty I ThDHIENHD TRBRINT,
ULDFERNS, AT NAEE~OERIZ LV IEEO R LA R 6o, (bawBaIk

OIEMERTR TIE 2 <, IREERmM E LKA K7 v 7 & U THEEEL. MildN~Di%k
WENEEINTZTZDEEZ BT,
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2
Leucyl-3-epi-deoxynegamycin @ 3 iz 7 X/ B3 S ORI 7 VAR V EEEAL I
B L2 ERO AR & AW TE RN

H
=
._W.
gﬁ\\s

ARFETIT  Leucyl-3-epi-deoxynegamycin (10) ZFEAFH & L T3INT I/ E#HO A
VUMEIZAE B LTSI YEARBEIMI R A R 5 2 & T milEE R ER 0BG A X o T,
BEARAJIZIZ, 10 O A UGS/ T I BICEHR LoF 8 ae a5 L &bl 15
DT EIEEFHERD BV R VRN T AT A~ BT 5 L TE LS EIENE
fbx X -7,

O~ NH O | O

HQN\/\/T\)kN’N\)kOH
H

Leucyl-3-epi-deoxynegamycin
(TCP-126, 10)

Figure 12. Structure of Leucyl-3-epi-deoxynegamyin (TCP-126, 10).

% 2 Hi Leucyl-3-epi-deoxynegamycin (10) @ 377 X 7 FEEBICHEH LS ROREHE &
i & 2 O A TE MR

(1) #BERDSTFixE!

FE L. Leucyl-3-epi-deoxynegamycin (10) ZIEAREH & LT, 37 I/ EHoa 1 >~
UHEIEICE B Lo SRR e 2 i L 7=, T2 5, 10 D317 I /KD - A1
VUNEET R ) RE SO AR L IHERE SR T O L & LT,

Figure 13 [Z&XE L7z 6 DOFFEKRAZRT, BARIZIL, D-mA P U BELZEANLZHE
& 25a, (S)-2-hydroxy-4-methylpentanoic acid Z & A\ L7z 25b DA ZEFH L7, S BT, 7
T=NT T=r, Fuy B A LEER25c, 25d, N 2 EALZ25e, T v
Z AN LT8R 25 2 ik EE L7z,
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o o0
HaN \/\/?’\)J\ H -N \)J\OH
25
R= \WEiTNHZ \wzijOH E \NH,

07 ¥ 07 o~ 07
25a 25b 25¢c
OH

\NH, //L;L“NHZ HQN;l
07 ¥ 07 ¥ 07 ¥~
25d 25¢ 25¢

Figure 13. Structure of derivatives 25a-f.

(2) FHEEDOE K

Et U724 358K D5 k% Scheme 6 (279, Boc-Orn(Cbz)-OH (25) % ARk L
FIVIR L2 7 m e XA Y 7 T E VRSB~ L X NaBH, (2 T7 /L=
NI I TAYIEERITY 2 L2k 0 3 TR, 7T71%DIUR T A 27 2157,
elT T T JAEEATV 2% DR T= M Y LIk 28 #1572, f3biL7z= kU /L 28 % DIBAL
EHWTETLTHIETT AT FbiEE =y ZERICK D DVR B 29 ~ b
W, BRAK LI RI Y ra=y k% HOBtEDC &2 VW THEATH Z Lick vk
R 30 Z UL 71% THF7z, FRILFRIZ T 30 D Boc & Mifki# LD, & FE Boc (i 7
JBRERRGT D2 LIS LAY 31 2R 50-95% THE7o, HEANETTICATT 2 & T Chz
WA 2T ViR L2t i< 4M HCl/Dioxane (T Boc kD HifR7#,
HPLC F§ 4175 Z & T, (K 25a, 25¢-f 2GR L7z, 31b (TR W T, AR OHAANE T
IZff4 2 & T Cbz AT DT 2T V% Rl L=, HPLC 4175 Z & T,
FHER 250 ~ LN,
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B 1) isobutylchloroformate B
OC‘NH N-methylmorpholine, THF OC‘NH
H © on _2)NaBH,, THF/H,0 H S omMs _ KCN, 18-crown-6
- AN NN
Cbz \/wg/ ) MsCl, EtzN, CH,Cl, Cbz acetonitrile
26 77% (3 steps) 27 82%
Boc. Boc.
H NH 1) DIBAL-H, CH,Cl, H NH O H,N-N(Me)CH,CO,Bn
bz NN T Nah,PO,, NaCIo, Cbz”N\/\/\)]\OH EDC-HCI, HOBt-H,0
2-methyl-2-butene EtsN, DMF
28 t-BuOH/H,0 29 71%
32% (2 steps)
Boc. R.
H NH O \).i 1) 4M HCl/dioxane H NH O i
N~ AN N~ AN
Cbz H OBn 2) Boc-protected amino acid (for 31a, 31c-f), Cbz ﬂ OBn
30 (S)-2-hydroxy 4-methylpentanoic acid (for 31b), 31
EDC-HCI, HOBt-H,0, Et;N, DMF
50-95% (2 steps)
FLNH (@] (@] NH
1) Hy, PAIC, MeOH N R= NHz ~OH ~NHp
31a, 31cf . HN A~ A~ N
2) 4M HCl/dioxane H OH o7 o7d- o7
HPLC purification
30-47% (3 steps) 25a, 25¢-f 25a 25b 25¢
R. OH
Hy, Pd/C, MeOH NH o 0
31b HzN\/\/\)J\N’N\)J\OH
HPLC purification H
65% (2 steps) 25b “NH, ﬁ\\NHZ Hle
07 o075 o7
25d 25e 25f
Scheme 6. Synthetic route of derivatives 25a-f.
=R N = 4 . s o =
(3) FHEAROIEVEREN (COS-7 Mz 2 Y — R 2L —IE ML)

FB1IEELEFRKOT 27V VR —F—BI5TE2 N TV AT 273 Lz, COS-7 fifld%
AWNWT, &k LEZEE R (22a-) OV — K2 L—{EM: %35 L7=, Table 4 (2% DOIEMEED

AR,
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Table 4. Readthrough activity of derivatives 25a-f.

R‘r:\JH o |, 0
HZN\/\/?’\)LH*N\)LOH
_ Readthrou h — Readthrough
Compound R= activity? 9 ! Compound R= aCtIVItyag
1
(+)-Negamycin (1) 154 +0.13
1
....................................................................... !
l 25¢ ~N2 5 13 40.08
Leucyl-3-epi- ! 3
. «NH, ! o
deoxynegamycin . 2.72+0.50 !
o)
(10) o7 ! H
1
1
! 25d 1.92 + 0.21
. NH,
25a \TgtN”z 1.30 £ 0.09 |
1 (e} e’s*
(@) \—‘S‘* 1
i <NH;,
. 25¢ /J:L 1.87 +0.29
: o7&
1
25b ~OM " 133£0.14 ! NH,
L I 25f 2.10+0.90
o7¥ : oiﬁ

a) Cell-based readthrough activit k;las compared to control (=1).
COS-7 cell. Compound 200 pM. Data mean + SD .

Leucyl-3-epi-deoxynegamycin (10) ([ZE END L-1 A > U HfELE LR EMERTHD DA
UATEH LT 25a 13, RV (10) L HE L CEOEMEITESBREE TR T L, —
JF. L-aA v UHiE % (S)-2-hyrdoxy-4-methylpentanoic acid ~ & 285 L 72 755K 25b O{EME
EIZBWTHRROBEMEZ R L, ZRODORERLD 37 I/ EITEAT LT I/ BRI
LA TH D Z ENEMRIUCHKLETHY ., o, oD 7T 2 ENEERBICEETH D Z
ELB LN ER ST, LA TV UBEOMBICER L, ZOHEA O E#EEZ AT L2
L-NY AN UTCRRER 25e KOV Y o v &8N L7o i8R 251 I2B W TIE 10 &g L
THTOEEEOER TR RNz, —FH T, L-7==/A7 7 =K 25¢, L-F 1 K 25d
IZB VT leucyl-3-epi-deoxynegamycin (10) DOIEMEEZ B E T HFERITITE L e o 72,
INHOFRERIY ., 37 I EIER LEHE BN TE, L-e A Y U BEEZ /T 5
V— KMb&EMTH 5. leucyl-3-epi-deoxynegamycin (10) 723 FiifEiE T D & fIWr L7z,
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% 3 Hi Leucyl-3-epi-deoxynegamycin (10) O /LR EEEALICHE B LTS RO AR E 2
D W) 1A FEA

(1) #BERDGFixE!

Leucyl-3-epi-deoxynegamycin (10) ZEEARFH & LT, 3 i7 I /Ao v A ¥ &I
EHLUCHEEEMEENRELZEm LZHER, Lo v U HBEZHT 5 RAM,
Leucyl-3-epi-deoxynegamycin (10) # #E HFEROEHFICIIEL e oo, — .
3-epi-deoxynegamycin (9) O EHRFFHKICEHEH LIoMEFHFEIZ LY, TCP-112 (11b) D
BRI L, SHI21E 11b DB NVR CEELZ = AT ARG~ BT H LT, &6
WZIEMES M B35 2 EBB BN 570, & 2T, Leucyl-3-epi-deoxynegamycin (10) D7
VIR VBREMIIZAE B L, [RRIC = AT bz i3 2 & TR O R L&A T,

Figure 14 |23 GEF L7z 5 D OFFEARZ RS, BARAYITIZ, TCP-112 D VAR BEEALIZ &
A L7 8 R GRS O N2 E I, RUPAT AT B IO, £ 1 B~V
VT AT ARSI N LR ER (32a-e) A L7o, EHELIZIE, TCP-112 OFFE~Y
VIVEBUA T CEIEEZ R LTZ 0-Br XU UL T a—L m-Cl X2 VLT L3 —)b 0-NO,
RV NT A= ZLTm-OMe NPT )b a— )Lz @R LT,

NH, NH,
O~ NH O | (0] O~ NH O | (0]
H N\/\/-\)J\ H N\/\/_\)J\ N
2 3 N VJDH 2 3 N VJb N g
=
Leucyl-3-epi-deoxynegamycin 32
(TCP-126, 10)

32a:R=H
32b: R = 0-Br
32¢c: R =m-Cl
32d: R = 0-NO,

32e : R = m-OMe
Figure 14. Structure of derivatives 32a-e.

(2) FHEEDOE K

PR D BRI 2 Scheme 7 (2R T, AR A 31 (2% LEANE T2 i3 2 & T Cbz
RN AT NVEORIRE LTI, B-T X /e =y FDT X/ H%E Boc T
R# L. DMAP, DCC # VTR AT a— L, BROKH 1| B L7 La—iL
EHMHEMAT DI & T34a-e 21577, 34a-e D Boc A FRALFRIC TERZE L, HPLC (2 TR
T 52 & THMEOFER 32a-e R LT,
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H
N N
~""“Boc : Boc
1) Hp, Pd/C, MeOH

H O~ NH O | 0} 2) (Boc),0, NaOH, DMF : H,0 =2 : 1 H |
N - N _N N
Cbz N OBn  3) Benzyl alcohol (for 33a), Boc H 0 | \—R
Substituted benzyl alcohol (for 33b-e), =
DCC, DMAP, DMF
31 33
43-82% (3 steps) 33a:R=H
33b: R =0-Br
33c: R=m-Cl
33d: R =0-NO2
33e : R = m-OMe
“NH;
4M HCI / dioxane om WMo 0
H2N\/\/\)J\ 'N\)J\
e N (0} N
HPLC purification 3 H | 1R
23-55% (2 steps) Z
32
32a:R=H
32b: R = 0-Br
32c: R=m-Cl
32d: R =0-NO,

32e : R = m-OMe

Scheme 7. Synthetic route of derivatives 32a-e.

(3) FHEAROIEER A (COS-7 Mifldz VT D U — B A/ —EMERH)

TaT VLR —H =85 % T A7/ 3Lz COS-THlEHAWT, Gk L7ZH
WK (200 pM) DU — R 2 —{EMEZ M L7z, JRIAPEDFEEE & 72 % ClogP i & - CT&
%59 %, Table5|ZEDIEMHEOFEMAZ . FHERDOIE, I L ClogP i & IR,

NRUVNT T —) )L EE AN LTS 32a X, Leucyl-3-epi-deoxynegamycin (10) D&M
B2 KIEICEET DU — RAL—3EME (8.92+0.19) 2/~ L7z, 0-Br XU VT )ba— L%
A LTZFFER32b § 32a L RBRICE WY — RAL—IEMEZ R L7z, S HIT, 0-NO, R
UNT I a— L BN LT ER 32d BV TCHRWYTEEEZ AT E R L N A
S72, m-Cl X2 TNV AT IV m-OMe X V)V AT I)VFEERTH D 32¢, 32e IZB
TH., BLA® Leucyl-3-epi-deoxynegamycin = (10) @ 2 DY — KA V—{EME2 /R L, —
AT VHEBRERC THEMED EARA LT, FRCEW Y — RAL—{E%EZ R L7z 32b

(TCP-199) 135 b @GR RIRBE K Y — RAL—{LEMELTHMONDT I /7 ) a v R,
G418 (2) ##ES LD TH -7z, £72. 32b 1T 10uM 7225 200uM DIEFEIZIBU T, BEEEK
FHNCY — RANL—IE%Z RS2 E b LMNE 72572 (Figure 15), 32b 23 & WY — K AL
—JEVEE AR L= D1, TCP-112 (11b) D AT WA E~ DL & Rk, SBkME s
¥)C& 5 Leucyl-3-epi-deoxynegamycin (10) DOfFEMERm E L7722 LIk 0, MRANBITHE
NUE LD THDLEELE LT,

Clog i & U — R 2L —{EHAE D HRAA RN HIWT L. D in vivo EWIEMERHIIZ BV TIX
32b (TCP-199) ZHW\WHZ & & LTz,
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Table 5. Readthrough activity of derivatives 32a-e.

O” NH O (e}

0” NH O o)

HZN\/\/;\)J\N ’L\)J\OH HzN\/\/S\)L”f“l‘\)J\O N
Leucyl-ii:l?glij-iif;éy?g)gamycin 32a-6
Compound R ClogP @ Re;\:g’gcirt?/ubgh
Leucyl-3-epi-
deoxynegamycin n.ac¢ -1.97 2.58 + 0.07
(10)
32a H 0.02 8.92+0.19
32b
(TCP-199) o-Br 0.85 8.84 +0.07
32c m-Cl 0.58 5.37 £0.22
32d o-NO, -0.23 9.15+0.21
32e m-OMe -0.10 5.15+£0.13

a The value of calculate log P (ClogP) was calculated by CS ChemBioDraw Ultra 12.0

b Ratio of readthrough activity of compound (200 uM) against that of negative control (= 1).
Cell : COS-7.

€ Not appilcable.
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10 1

Readthrough activity

Sl
0

0 FFH
200 200 50 100 200 10 25 50 100 200 (uM)
Cont. NM G418 10 32b (TCP-199)
(Leucy-3-epi-

deoxynegamycin)

a) Cell-based readthrough activitk;I as compared to control (= 1).
COS-7 cell. Compound 200 uM. Data mean + SD. n = 3.

Figure 15. Cell-based readthrough activity (TGA) of 32b (TCP-199) in the COS-7 cells.

HAE 7 AR Sk 2T T —F & D IIK SRR

TCP-112 (11b) D K 1 VAR VI m-Cl X )Lt 2T LA A2 A L7 TCP-182(22¢)
L= RAT T —E &2 AWK REES, 700 ONTHMAL 2 > X7 FIFRR 2 W 723k &
V. MIRRNICBITHRT 2T 7 —BIC X0 Ikaf S, Blba4 TCP-112 (11b) AR
570 Ry T ThHDLARENREBEIN TS, 2T, H 1 BICEELEZZAT T —
BRIy iR SF28R % IV T, TCP-182 (22e) & [RARD MK fEERR %= Eliid 5 2 & T,
T AT NAEEDOTEMEICH T 2R BEERST L E L, T2bb, TATAHEKREE
HALMET (pH 7.4), 7 X lgd k=27 7 —8 & HW =KD iEE G 24TV, HPLC (2
TR 21T o7z, 0.1 M VU iR (pH 7.4) (WM S E 727581k 32b @ 2 mM
WiRIZ, 7 2Rk 27 7 —EB 2L, 37 CHIEMIZTO 5. 30 45, 1 K], 2
M. 3 K. 4 BZNnEThA v FaX—h L7, £ Fa— Rk, 32b OFEGFELE 10
(Leucyl-3-epi-deoxynegamycin, TCP-126) DA [i=% HPLC oM TR L2 B — 7 HifH &
LB O ER O FH L,

ZTORE, 3020 FTRHEMKFEHNICEHAS L, ZOoBEMILLEYL TH D 10
(Leucyl-3-epi-deoxynegamycin, TCP-126) DA NHER S Vi, £l AT 7 —BIEFET
T 37°C 2B LMD LEEMEEFMMLI=E 2 A, 32b 1T 6 Bl A U F 2 _X— M
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WTHERFEFR 99% ELZETh-oT, LN ->T 32b 1%, MilaNickW\W T A7 7 —8|Z
KV EOZ AT WAEENIIK GRSV BUIEEW TH S 10 (Leucyl-3-epi-deoxynegamycin)
EHERTHIETHIREBET LI 0 RT v 7 THDHEND T ENRER I (Figure 16) .,

120 -
5100
S 80 -
©
£ 60 —e— 10 (TCP-126)
3 m-- 32b (TCP-199)
S 40
O

20

(]
d
O T T g T L
0 1 2 3 4 5 6
Time (h)

Compound concentration (%) is determined by RP-HPLC. Error bars indicate + SD (n = 3). Gradient: H,0 (0.1% TFA) / CH;CN =
100: 0to 90 : 10 over 10 min and 90 : 10 to 35 : 65 over 30 min, flow rate: 0.9 mL / min, UV: 222 nm, column: COSMOSIL Protein-
R, 4.6 mml.D. x 150 mm.

Figure 16. Hydrolysis of 32b by porcine liver esterase.

AR D in vivo FEWTEMEFEAM

R
2

(1) ZFHEED invivo Y — R ZL— 1BV

10 (Leucyl-3-epi-deoxynegamycin, TCP-126) % U — Fb&¥ &+ 5 K VA U RIZEH
LIz AT VEBIZ LY B CTEWN M LT DRER 2572, Frio v DL 27 11K 32a,
0-Br X2 VT AT IR 32b, 0-NO, N TV AT UK 32d 3, BT U — R A L—{EE
Zor Lz, WIZ in vivo IZBT D U — KA L—{E%FHIi 2 Eii T 212H7-0 . T HFEER
DOHFTHt ClogP 285m0 GRIBRNBATHEREWEEB X HND) 0-Br X VLT X7 LK 32b

ZEIR LT,

in vivo ?HIIEEE 3 #HiTY — RAL—EHRHEIC AW T 27V L R—Z =TT XA I R
R B —%BALT N T AV 2=y 7~ A (READ ~ 7 A; Readthrough Evaluation and
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Assessment by Dual-reporter mice) % FV 7z, EEREIE/KICHEME L7-{LE&® 32b %, READ
~ 7 A2 1 mg/day/20 g O ET 7 B READ ~ U ADIEHGEMIZ K P& 5 L7, =2 b
n—LE LTERREKEZ, RYT 7 ar ba—ARBZIET I RZ7 ) ay RRIVAEDE
TY—RAL—EEEZATHELTHMOLND T ATy (ABK) P EHWT, RIS 7
HI# READ ~ 7 ADIEHEIC TG LT,

E&® 32b WHIIREIL, TAR_D VU B GRECHERT, U — RAL—IEERE D H O
D, invivo ICBWTHHEERY — NALV—IE%REZHT 52 ERRSz (Figure 17),

25 T

20 T

Readthrough activity

05 T

0.0
0 1 1 (mg)

Saline 32b (TCP-199) ABK
(n=3) (n=4) (n=4)

In vivo readthrough activity in READ mice. Compound 32b (TCP-199) and
ABK (arbekacin) were subcutaneously injected into the abdominal region
of READ mice at a dosage of 1 mg day~' 20 g~' body weight for 7 days.
Data are mean + SD * p < 0.01.

Figure 17. In vivo readthrough activity of 32b in READ mice.

(2) FEEOFHEIMD (B10 < 7 % % AU (K EAALI H5 < )

B10 ¥ 7 AT 10 mg/day/20 g @ & CHEHMEBUZHEIEZ M &5 L, 32b (TCP-199) D%
Pz, B10 v 7 R 2 M OERELEIZES ETFHE L7, HlghE & U AR Z FERIC
RE SRR R N5 LT,

32b (TCP-199) B:HEEE. 1| HEIZBW ThOT M REKEORMIVREORIZbDD, 0D
Bixar e — VL FRROREBBAHER SN, 202 &0 bbaY 320 OAaMkEMSE
RS, Tt AERMEBIBEICI T 2 R GIZE#IG L O 5 REMER R S iz

(Figure 18) ,
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120

115 —— Saline
—@— 32b (TCP-199) T

110 T

105 T

100 T

Change of body weight (%)

95 Tt

90 S
0 1 2 3 4 5 6 7
Days

Acute toxicity test of 32b. The body weight of 32b-treated B10 mice (n = 4) during 2 weeks was
measured in comparison to saline-treated B10 mice (n = 3) as a control. The analogue was
subcutaneously injected only once (10 mg day~' 20 g~' body weight) into the abdominal region of
B10 mice.

Figure 18. Acute toxicity test of 32b.
W6 PR M A

32b (TCP-199) IZ. READ v U A% 5 in vivo U — KA /L—{EM%RHIIIZ BV TT L
R GRS L D0D, AERY — RALV—IEEEHT 52 EBRI NI,
T, F2EFEAMEBNT 32b T AT T —BIZ TSR I L, EEARKTHD 10
(Leucyl-3-epi-deoxynegamycin, TCP-126) Z#BlT 570 NF v 7 Th L AIREMHEINRE S
TWs, =iz, =27 7 —81L, HiFEh., £ L TmEPEIZZGENL R LN
TW5, £Z°C, wIZ, b MEEZ HWTZIIKR G EIERZ1T 5 2 & T, 32b @ in vivo & 5-
REICRT D, K VEEM b AL EERME G L=, b Min$EZEERERIX R, Konsoula
SOFIEICESNTEMLEZ ) F72bb, b b 495uL, 4% 7 = =T U ¥
LEPUEEEAIE L CET) 1Tk L, BRI TEM 72320 23RN L, 37 Clo Tyl
B A v F a2 _X— L7z, A rFa—va % 200l D7 h=rUALETML, #
g HZ L CmiES XY DWW AT T2, KT T, 4 CT 14,000 rpm, 15 min (2 Tl
Sy L 721, 1% % RP-HPLC 368 X ON&E 0 ff e &0 AT K » THMr L7, & D5 R % Figure
19 12RT,
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120

—— 0-Bromobenzyl alcohol

o 100 9 @ 32b (TCP-199)
S
S 80 -
S
< 60 A
Q
=
S 40 1
@)

20 -

O T T D """"" L L D

0 10 20 30 40 50 60
Time (min)

Compound concentration (%) is determined by RP-HPLC. Error bars indicate + SD (n = 3). Gradient: H,0 (0.1% TFA) / CH,CN =
100 :0to 90 : 10 over 10 min and 90 : 10 to 35 : 65 over 30 min, flow rate: 0.9 mL / min, UV: 222 nm, column: COSMOSIL Protein-
R, 4.6 mml.D. x 150 mm.

Figure 19. Stabitlity of derivative 32b in human plasma.

RP-HPLC {2 & 204 Ofit 5. 32b  (TCP-199) [ XFRIFAGIZIRA L, MKA%F%TﬁéoBr
NRUVAT NI VREINT 52 L 2B TE, bbb, b M E RN O K
%\&bﬂﬂﬂ%)itme¢iXT7—?LfﬂﬁnLTL%ﬂ_mm%%éﬂ\ﬁﬁ
AR TH 5 10 (Leucyl-3-epi-deoxynegamycin, TCP-126) Z/Epk+ 5 Z & BRI iz,

#

%7 8 HEAROBMENG (EEMIEIC I T D AR E M O RH)

5 HilCRIT D B10 v U7 A & W (KRB IS < S ERHmIC & - T 32b (TCP-199)
D in vivo \ZRBITF HEAMFEMIZIRWZ E0RE N, £ 2T, KICE MERHESEMR (HDF ;
Human Dermal Fibroblast) . M O COS-7 fifa % v, Gk L7 = A7 VEFEEIR (32a-e) DOF%
FHPRTEMEREAL 2 5506 U 7=, AREmIE, MIEESR I T IZ WST-1 reagent Z¥RI1 L, 48 FFfik
OWSEEAREST HZ LTk > THRI L7z, WST-1reagent TIZEENDT TV U UL
. AR Oy BET N7V U LABETBREICL VALY UoARICE IS,
AR O LY | S~ BROEADEINT L2 b, ZoRL<Y A%
BEWNEIZESOWCTHIEST 52 & T, MEMNICEMBEROREDOE N AR TH DL, i
R-% Figure 20 [Z/R” 7,
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A)

Cell viability (%)

=z

Cell viability (%)

140 7

120 1

100 1

80 T

60 T

40 1

20 T

HDF (Human dermal fibroblast) #8125 (15 3% M & E tE 514

O_
Cont. 10 32a 32b 32c 32d 32e G418

140

COS-7 #MAREIZ & 1T S35 MR & 14 5T

Cont. 10 32a 32b 32c 32d 32e G418

Figure 20. /n vitro cytotoxic assay of synthetic derivatives 32a-e against HDF and COS-7 cells.

WST1 reagent & JHU 7=, TCP-126 = 2 7 /L 58K (32a-e) O RIS MR- O F5 2L . HDF -
COS-7 Mfe LT BAZE 2 MO 1 IR ST, A= AT VIR, ot o 2B R
BEMERBIERICB T 2 RMRGICHEIS TR TH D Z & 13l TR ST,
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B7H NME

EHOIX, LLATOWIEIZ X U . Leucyl-3-epi-deoxynegamycin (10) 73(+) -Negamycin (8)
Fvbvbmnwy —F2ALVv—EHEETAET LR LE, 22 TAHH,
Leucyl-3-epi-deoxynegamycin (10) @ 3 i7" X / HIZHEH LIoMELHR AT H 2 & TEistk
HEROEEEZX T, R E LT MEEHREZITo 72 b DD, Leucyl-3-epi-deoxynegamycin

(10) DOIEHEZ Lo STHFEROEHITITES eh o7z, —FH T, 11b (TCP-112) DAV
R UBRERALICAE B L7oMEE AR K 0 = 27 VB8R 22b (TCP-182) A&\ Y — KA /L—
EEERET DL ENHALNERS>TWVD, £ 2T, 4F Leucyl-3-epi-deoxynegamycin (10)
AR D = AT NAREDHEANZAT O Z & TEEM E2M -7, ZORE, o-Br X PLx
AT VBN LTZfB 8K TCP-199 (32b) 2w — FAL—TEMEEZ G T 25 Z LR 52 L
mole, THUX, RARBKROU — RAL—{bEME L THRbEEETHL L LTHLNLD
TI/7VavE, G418 (2) OFEMALEET LD TH T, SHIT, 32b DTAT )L
W& X 7 # Wit = 2 7 7 — B2 TUIKF & 41, Leucyl-3-epi-deoxynegamycin (10) % 4K,
T5Z L b MIEEFIZIW T HRERIC 10 24T 2 Z & AR STz, £72, TCP-199 (32b)
X, invivo TOFHHICENWTHHEER Y — RAL—{EEZRT L & b2, B RaMEHEE
bEZEEINT, Tt ABRERBIER~ORNE G IO A A TH 2 TREEN R S
72
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%3 E
RH <A T AE RIS 2 B & U 7o A8 RS MERE RER O 1 £E

U— R 2L —8AROFEHIZIL, V— FAL—LEYOIEERETIINETH DB, Th
ERIFFIZZ S OB E wRT D Z ENROOLND, TORBRERLEOD—DONY — KX
—R B ORI T D, ARTEPEFR BRSO ML, SEMEF SRR OB SN 5 b
PWARRIRTHDLEZEZ DD,

—WRIZ Y — R —iEMEIE, L T35 T 0 AERESIC L > THEELZZITH LS
NTW5, FEEE. F ot AZERIT TGA > TAG > TAA DNEIZFHATRIE LERB DT 5 2
ENELAMBENTEY, ZORBIIR T~ A ¥V HBRREIF BT [RIEE O H A3 7
5D, BT, PTC BAIDI72 53, FDOELEAHN L > TV — KAV —RRN B L%
J5ZEBE SN TV, Floquet 513, PTC D RT#ESNC 4 2 MR &2 92056 L 7= °7,
ZORER PTC BLHNE FIZ C (¥ Foy) BREEND T B ABERINZBNT, @hE
TY—FRAL—RNRIHFEEHALNE LT, LLAENRL, ZOE FEIOHR LT, £
DI HIZHIZOBSN S YV — RAL—hRIITFELHEXHT b, BRI LIZED Y —
RANV—3hRIIRE B D, £z, 2014 4, Blanchet 53U — FA/L—{EMHEFREBUZ XV
WH LI ERX VX7 EIZBWT, PTC BSIORDLVICHEASIND T X /%, BRI
S L2 ) — RAJL—FER D MS/MS FEFT LB Lz Y, ZOfER, TGA BlAIC
XL TIX Trp (82%). Cys (14%). Arg (4%). TAG B TiX Tyr (92%). Gln (5%). Lys
(3%). TAA B2 TIiX Tyr (54%) Gln (44%) Lys (2%) DMFEAIND Z & TrREREH VX
TEMBETHZLENHALMNE o2, ZDOXEHIC, V—FRAL—DORAMHELIOV, VU
— RANV—{EMEFEBE ORFED ICEET 2 MENH DL OO, TO—FHT, V—RA)L
—IEMERBUC M EREER X V87 BIXRTEFE ST,

REMWRY — RAL—ALEWTHDLT I 70 a2y RRFUAEMEIL 30S VARY —2%7
2=y MRNICHFIET D 16STIRNA DT 2/ 7% A b (Asite) ITEICHA L. A site 251
2ZA w FIERT 52 & THEFEHZREET S5, RNA A1 v FIE, ZOWNENIAFET
% A1492 & A1493 AL OREEZLIZ LD . 3 N« 7o F a R ORI O IEfENE %
ZOBEEICLVERT D LT, RNADL X U NI E~DT a—T 4 > 7 % EfEIAT
MBI OEE|ZH S TND, T /70 ay FRPAEWEIZZ DN AL v FRICHEET
B LT, Al492 b A1493 HAT OSLAR A FIC—HICEET S Y, Zhic kY, AKTIE
MY THhoLa Ry - TUoFa Rz E a7 I 7 70 tRNA OENRAEL, EolzT
2 BRINE N ERINCHAAEND Z LT, BIRROMENSIEEZEND, ZhAnT
/7Y ay FRPVEMEOBREIEROFRBRA =X LTHY | FKRFIZY — RALV—EH
ERETDHDAD=ALDO—DTHDEZZLND (FRROEFEN K IEa K (PTC) 24T
THENY —RAL—THHEEBEZDLND), LNLENRL, Z0OA =X LKA
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D, T 7Vay FIZBWTHEEEE UV — FAL—{5H & 230 5B CE 2 WRE T
HbdhdEWVWRD,

A2 A T DOFREETAICE L TH 2 E THRAMICHFZEN 2 ST, 2007 I
Susan 5%, FAGMIL (HHIE) 50S UARY —A% T o=y bERxH~vA v b Ok
ERNT 2 20 L 7= %0, Z O HR. 2~ A ¥ U384 & o /% 7 8 Exit tunnel ITEEICHES L.
AELZ LRI D)) =A% HEL TWDAEEEN R I N, L LR S, KIBH E.Coli
IZBWTIXZ O Exit tunnel ~DOFfEH & FUETENME & ORRMEL RWNET 2 N TE o
7oL DFEHEN B D, FT-. Polikanov b ITAFRMEEEME D 70S U AR Y — A3 LT, mRNA,
tRNA & R~ A v b QML G 25 L, At 9 @R T~A v UG H A4 b
G LTS, & 512 Olivier S513 KIFHE D R Y —A~DFRH~A ¥ OERENLE
IH A MR (BUETEMEICE L C) OB, B3I OF 0B REFTORE 2@ U TH
BANCT D &L BT, ZOREM A SRS SRR IC T B 2T Le P, ZORE5, 16S IRNA
WO RBERERIZ LD 2T~ A > OPIEFEES R L, i ET2 Z B LNERY |
ZOEREITIX, FAOBAEYEE L THbLNDET T A 7 ) UEGEMLOEETH D
ZENREINT,

F # 1X, 3-epi-deoxynegamycin (9) 35 £ O Leucyl-3-epi-deoxynegamycin (10) 73(+)-negamycin
(8) LI LTEWY — RAL—JEEZALTND E L BHIT, FIETEEEZ RS20, L)
BRI LT x W~ A VU RIREBRIKTHL Z E 2N LTE R, EitoxT~A
VUTER BB T AWM I OB TR I v A VU PIEEEICE B LT, Z Ok AR
EEMLTWVWDZ END, Frx WER LR T~ A v v RERES X O O SR,
INETORELITRARDIAEEBNST - EINTHEAETHZETY — KAV A IS
HARRMENRZ 2 b,

E DT, FUZHIRL 72 B ONC LA AR e o0 M B e ik 2 FA O 2 BB &7 > X 7 A RRGRIC &
%) — RAL—{EUEHIOFE R, Kx b~ A v BRI, BE-EMERMICY — F AL
—IEEERBTHZERHLNE RS TWVD, LD~ A v UAEGEALICET 285
. FEMBEAERE LTERL TV I ENDLL, R~ A VU RREREB L OO
FHERIT, TNETORE LITRRDEERNS T - GITCHEAET 52 LT — RAL—E
PEZFEBL L TV D AlREME S D THEMI S 47,

— I, AEGINL - RS T OBRFBRITIIR E < T 1) WEEEATIFSE, 2) BB
BIEATIEZED 2 DDOFEND D, 7 I 7T a—Tbx i Li-{b&Wma v, =S+ &
OYFHEEAER ZFIH T 2 FIENPBRFHIMBT ChH 5, ZOFEICBW T, BHDE
WAL L LB & OBIFWEZ MR LT (B T OMBEERZ R L) I a—
TIACE D DEERVLERF R Th D, 2O7a—7 L LTix, VH v REElE Ry
BERBEET DO ONERE OEBfIERE (R y 7o U7V %K) ITfEFESR
). BEORYV=F LT YVa—, T/ h7arBE0) o h—nRHEShD, Ln
LB b, Thb T I 7T a—70O/EE., ERGF~OFEEBAME DK T oIk Rr Bk
FHOWMERE DR &0 LR ETEEAEEORMARD b D, 7 r—T 1k
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G EFER oy & OREEBIFMELAMNC . F ORPECIEEN 0 T O RTENRMEE 705 Z &
LW P, T Ok D RN T T u —F I X DRy FE DS IR EE AR 1 A AT e T
N 2) BIRTFHIEHT CH D (Figure 21), X, B CoE7 vAEMEZ W, BRET
5 YAy Rk B ZE R 2 %, T OERKO T ) LM 21T 5 2 & T, BRI
MLz FET 5, fi< ELFEN - 5 TAEWFEN TR L DM AT X - ¢, FH#E0ICE
My TE2RETDHENI FETHDL, ZRET, ZOBBHENT 7o —F & AWy
F-DOEEICHL Lizfl & LT, SaE @Al Rapamycin 23515 51 * 2 DK TéH 5 mTOR
SEMWMIIROMIRN Y 7R E RS 5 LT, RT LD TERVWREREE MK
EHZTWD, ERABNELZ. T TEH b0 v —T vk EWE W TR X
VR BRIEBEIC TRE TERWVEN D T2 RIERRERGEG L ZVEINTERY ., Fahk
TEWEE 2D P,

HE

—

BOST

Figure 21. Schematic models of genomic analysis.

Z ZCH IR, HEERERE Saccharomyces cerevisiae % €7 VAW & U CRINL | BI55
HIFEMTII TR & D R T~ A ¥ L HAFAR D5 G AL AR ORI ICE FT 02 & &
L7z, HEFREREI 16 RO aREZH/ L TRY, 2045 7 2EREY] (K 6000 #Eis 1)
N TG I TWD, HIERREOSF ) A9 X% 1200 77 bp FRETH Y, B hdD 250
D1 ERENENE DD, EMBROIERN RS THREOL S PREINTND Z LD
b, BEEMBROARARETVE LTARE TR RS TR TR Y, &bi
HZERE AR, BEAHN 0 « JREPER R VR CEBREL VL CTOFHICE L TEB YD, —FK
ARG & RIS & BN EISHFIE L, —HRICRIT 5 mating 12 X 2 FAfMERBRIC X 0 Eix
TEROEBHELEDO N ESICARETH H, iz, BB FHERKE X ZhE 08 REAF T, 2
D3 DNA OFFEHRHIZR N @2 LIz, BRI, 2 o7 e o724 < D
DTEMFENTERINETICEEINTEY, BRFENEIT2/T) L CTRETHD L5
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X5, FRLOBBNG, HIFEERIT, 2NETTIINR I ) —=0 7 NS TORE -
HeW, = L THE A O AUTEERIZ A &S h T & 7z,

2011 ARIZHNA&E DIT L 0 SN T-BERFK 12geneAHSR 1%, SEAIPEHRICBID D 12 FEOE
ot CEAIBEHAR V7 8 BIE 1. KOE DEER 1 4 s 1) ZEET 5L & Il RME]
WA D7 BT —X —ERIC AR ZEN (ins-3084) 752 & Tl IEMREZ A EXE 2
LIk BIRFIRITIC LR EEARE, HEORE. RTEARE A MR LI E ££<
DHIFNH LmWERARZ 2 T 2HBREZEMECcH L Y, ZZ2C4hHE. Z0
12geneAHSR % M\, R~ A o VHBROE SRS, KOV — R 20 —{EFEHh I A
IR FERE OMER Z 1T o 7, S BT, MR U7 BERE 2 ) 28R 2T IF9E & L
IH~A T UFERICHT DY — FRAV—TittEE % BB, T 07 ) AT & Ehii T 5 2
LT, R~ A AFRBEOMIAEZ B LT,

Varaxd

55 2 fii I2gene AHSR % JE & L7 U — N A /L—{EMEEME BRI (-2t o 22
S A TEREER) O 5

HZERE R 2 W 2 BB F AT AT EICE F T 210h720 . £ TBKTH D 12genedHSR
ZHWTY — R2V—{EMWZ @RI rTRE R BRI A LT, Thbb, fFurtr
AEREEHT HBRIROEEEI T2, ZHETY — FAL—{EEOFEL EREATRER
RELT, Frbvrr RAEREINEELT 2T VL ER—F—T7TF A ReREIRl+ 52 &
T, V= RAL—TE 2 JIE ATRERBERF R DM DN e ST DN P Zhidy — RAL
—ALEMEER SOOI, 74— ORI, KLFR—%—% X7 EE
PEDERE, LWVWolZEREOTRAZEL, HMERERLZME D R T, FRM TR, S5
|2, B-galactosidase FEEEH TIH D LacZ WIZFT B ABREBAN LT T A FEEA
L. % ®p-galactosidase IEMEZBLRHET 5 Z & T, UV — RANL—JEMEEZFET 2 A H1T
bNTVHRY 25 5 b EEOBEB CERARFZIFIIIEICITE S RNnW e B b5,

—J. BEFEOIX. BERAEKRNOT 7= A% ADE2 (235 H L7 (Figure22), 77 =
“IX. Ribose-5-phosphate & ¥ ZEMED LWL Z R TAGHK I NS, HBIFETHDH U AR —R
5 UMD ZEBEFERGNIZ LV p-Ribosylaminoimidazole (AIR) ~& ZA#i X u7=t%, AIR 7>
© p-Ribosylaminoimidazole carboxylate (CAIR) ~DZE#RITHILDH, T D AIR 7*5H CAIR
~OEWBOBERN, 77 = HHEIRT 2 (UDE2) Thod, ZD ADE2 ¥ L /R7EHRK
BT 25 & BBNIZEW T, AIR @ CAIR ~OEBBITh /a2 & TER L7- LD AIR
N, BILICEAT 5 Z & TRatFE (AR BLEAR) ~EEHIn-th, KRNIZE
T 5, ZHICXY, 7T = REEHIZEBW T, BERETE O BEN LR~ EZ{LT
BT ENMBNTWDS Y, Z2ZTEHRE, 20 ADE2 \IZHFET b AERABA L, M
ERBPIWILTFT B ABRGABIREEEST L8 & Lic, ABERRIZ, V—FAL
—ALEWDOEEHA~DIFINC XLV | ADE2 DF > U AERGBEARELNAELDHZ LT, B2
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& ADE2 5% X7 IRE RSN IR A~ 2T 5,

0 ({ NH,
—1 ADE2 —> Ho—f—o—w _> k)j: >

0 WT OH
HO—(I;;O o OH (non PTC) OH OH Adenine
p-Ribosylaminoimidazole (Colony : white color)
OH OH carboxylate (CAIR)
Ribose-5- g\i‘/ / \ 7 \N\7
phosphate Negative (-) HOL M ) \HO HZNB_N /n HO HZNB_N
— }XZ —> Readthrough —> ° © °
i l , Activity
PTC mutation il el O O on o
containing strains

Oxidative polymer of AIR
(estimated structure ; Red pigment)
(Colony : Red color)

N
oo QN_\>\NH2 Positive (+) .
i —Ki?l — A%z —> Readthrough ~—>, I\)j:
OH OH PTC mutation Activity
containing strains
p-Ribosylamino- l + U—RKRZJL—1tEY ] Adenine
imidazole (AIR) (Colony : white color)

Figure 22. Schematic synthetic pathway of Adenine.

KRR A REST 5100720 . ADE2 F ok v 225 BEHIT, YPHA99 #EA LI/ B —=
Y7 UTm, Z @ YPH499 #RI% ADE2 WNIT E54X (TA4) OERZTTIZALTEBY, 77 =
YRR CTREAD I =— %2 AT D, N KiKiE ADE2 Binf% /7 n—=1 7%,
KFEIRIN~— N —ThH D URA3 BB~ #— (pRS306) [T infusion reaction % FV N THLAIA
ToZ L TERIRRY ¥ —Z M Lz, TD%, Bglll IZT ADE2 NHEELS O 1 (&P 2 U4
VF U LT BT — MEEZHAWDOHFERBZ IS L 2 EERREZERT 52 LT, BETHD
OTAO017 ~ N KKHH ADE2 a1 %8 A L7, SC-URA HiHiic T L7 v a vk, HHOD
BmIa A% PCR ICCHER L=, TDO#%, 5-7 vt vt uF U@ (5-FOA) ZH\WbHHh v
VHE—t L7 a LD pop-out ATV, AKD ADE2 EinfAE KRB L, T AER

(TAA) &H ADE2 % DR BEERRZ /S LTz (Figure 23), TGA B4 K% O TAG BE5
EHETDLT v AEREAEREMRIT, PCR (CTHBOF & v ZAELHZ R I0A A T2 A
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PAER, . RIRED R X —Z BT 5 Z & THEE L=, 5. TN 2N OEERE %2 YKH-001
(TAA). YKH-002 (TGA). YKH-003 (TAG) & #*itd 5.

EVHIN

PTC

A

DE

2

Homologous recombination

chromosome

V

ADE 2

>

ADE 2

URA3

—= AlocFIR

expression

@

¥ D EE

Non expression

EVHn
POP-OUT

Figure 23. Schematic models of plasmid transformation and pop-out.

MR U ERBERRIE, 7T = RBEHICTERE T, 77 =V BEE2HIR Lz gE®
PGS TREICTAEFTT 2 2 L 2l Lo, FixMET L7o/R, BRERH# YPD 260
TIX 0.0005%., A AakseabiH SC-ADE (28Tl 0.0045% D 7 7 = U FiERME - 2 KF¥) & i
M2 LT, AFICEEEL 2T, oot GRADE) % BRI THBIF
BECHHZ ENHLNE -T2 (Figure24)
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SC-ADE + 0.0045% adenine YPD + 0.0005% adenine

ADE2
(WT) TGA
TAA | TAG

Figure 24. The color of /2geneA0HSR ade2-E64X strains.

3 Hi YKH-002 BED U — R & )L— sz Pk 3

FH~A T FEFIRTH D Leucyl-3-epi-deoxynegamycin (10) M ONE{EPERE (K TCP-112

(11b) % & e SC-ADE + 0.0045% adenine 7L — F &2 1Ek L. ot o A B REHRERAE A
RIS 5 2 & TAREERHIRD U — B AV — M2 5 N L7z, ARHEIC W TR, x A~ A
UHBEMRICRT D U — R AL A E D TGA BUSIE A RERE YKH-002 £ % %
e, ORI % Figure 25 IR,

Leucyl-3-epi-

£ _ B _cammrd

Control (Red color )

deoxynegamycin (10) (White color)
(White Color)

Figure 25. The colour of /2geneA0HSR and ade2-E64.X strains turned from red to white in the

presence of readthrough compounds.
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Tl ft L7 RE S, 500 uM O AT~ A > U HAR AR % & Tp SC-ADE + 0.0045% 7 7 = %
REEHNZ B W T UASKRED YKH-002 [T HEOan=—%24RT5Z ERHLNER T,
—J5. G418 (2) IZB W T HFEERIZ 170uM IZ THAE e =— DA B RHR TX 72, G418 (2)
B L TR~ A v R L REED 500 pM 23RN 5 &, TofaEMEIC L - T,
YKH-002 #RIZAF LN & bR TE 7=,

B4 fl R ~A VTR WEEL ) B = 2

(1) RH~ A 2 MHERE O B

W2 BT L) — RAL— 2T v v A B RE AR E V., 2T~ A >

VBEEROEN Y TERIETHIEERBME LT, X ~A U UHEREICH T — R
VT ERKERG TSI ELE, Thbb, X~ A v UibHEK
(Leucyl-3-epi-deoxynegamycin (10) &% X TCP-112 (11b)) 500 uM % & #, 0.0045%D 7 7
= URRERYE - 2 KR & G T ERERE M (SC-ADE) Z{ERK L. ODgy=0.05 (5.0 x 10°
fE#) @ YKH-002 iz L7-, 30 °CIC T4 HA v FaX— L%, VU—FKRAL—(C
It llcan=—0OF TREDEEENLL TRV OLZHEEL -, HEFL-=
Ho—%, EXT~A VUG RBREMICHEMR ST 52T V—FAL—MEEZH L
TBYVREDOan=—|ZTAEETH I L 2HEMRRBE, XU~ P UrFEERHTO I 1R
F v EFEMTHIET, FAT~A VVEBRIIHT DY — RAV—MHERfH5 ST
WHZ AR LTc, ZORRE, 30O R T~ A ) — N R L—REA SR & S5
HTEWTHII LT, Tiuh 30 BREZ LB DEHTICHWS Z & & LTz,

(2) FH~A T UMERD T ) BV v—Ir o A fRMT

FRRIZT, AT ~A U UBERICHT DR BEEZDFICRII LI &b, Zib
DERBIETOREEIT) L Lic, TbbH, 7/ L) =7V AffiTa1T 5 2 & T,
EREL T ORIEEAT - T2, HEE L 72 U — F A /b—TiEkE 30 %D 47 7 2 DNA (chromosome)
% Takara Gen & % < A"% AW CHEER R | SR RIS AR, SR 1S 5 HEHER
ROBRFEERTFT ) Mg o 2 —ORIGEITTREINZT ) LY v— o ARIT & K L
776

T EY =l AR D R~ A TR OB BN OFE R, 27 OB T
DH R Ea— REBIC 1 7V BEE GO OBBRTERNH DL ERFILMNE
mole, TNHOEFERETIIR T~ A T UTHEEZ M G T 5 BInFEROBEREZITH) Z L &
L7,
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FHHT R~ A v MRS T OMENT
(1) 25 FHI S AR 7R RR O A T

TR =l ADFERIA SN E IR 572 27 B O T, BEREOAFITHHETIZAR WD
& DWEN D D 15 EIZ I THREERT A 2 /ERk L. YKH-002 (238 AT 5 2 & Tli{n FiERk
ZHEEE L72 (Figure 26) . MHPEAREUAGIE & [FIAR O SRR LR MERT HE SC-ADE+0.0045% 7 7 =
FEREHAE O, 2T~ AV UFEE (500 pM) 12T 5 U — RAL—@ZEE 2R v b
T oA X FHME L, RS R A, Figure 27 (ZC#T 5, T OFEE. UBRI. RADG,
UBP3., PTR2 Dt 4 BI5 T OWEKIIA T ~A U RM7T L— MZBWTHLREE 2T 5
ZEBHLNERY X~ A T REA~D Y — RAL—ERFE SN TNS Z &R
HOnE o7z (Figure27), — 5. @Y — RALV—EEEZHT 577 70 23 K, G418
(2) BADLETIHMLIZA, 2 ~D VU — RAV—MHEI G SN2 L B3R TE T,
D EMDL, INLOBIBTRRT YAV UEZMEICM L NOFEE 52 TND I LR
R ENTZ, FO—FHT, 20 G418 (2) (BT BEHHICRB W TiE. UBP3 EERL (ubp3
A::CgURA3) T G418 (2) =Moo EXMR SNz, ZOBLEIZO W TEI®RIET 5,

\. Primer1:S1_Genename_ F"

CgURA3
Primer 2 : S1_Genename_R"
CgURA3

Transformation

Genomic DNA

=

CgURAS (Gene A)

Genomic DNA

1) C. Janke., et al., Yeast., 2004, 21, 947-962.

Figure 26. Method of gene disruption.
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(2) CcUP9 DM

BARTFIEREZ W2 AR Yy b7 A OFER UBRI. RAD6, UBP3. PTR2 DFl 4 E1s
T OWIERICB N TR T~ A AT D U — FAL—ER 5 S TnD Z L35
WERol-, InsikEnEFN2EeXF U B3 U AH—Y, B2 2% F U H—F, 2EF
FURRN T T T —8, VRXTF RN T URAR—F—EEZNEFNa— FT 58T
e TIZITEHILZ, VXTF R TFUAR—F—PTR2IZHH LT,

2015 /=, D. Mckinney HIZKIFHIZIBNT, OXFF R KT AR —4— DppA /L
TARA~A DN BATT 5 2 & CHETEEZ R L T D Ll Lz 2 AR i
FUEIEMEORBICOREB L THY, U — F2L—IHEFREEL & OBEM: IT3HR L TV,
Mckinney O3 G L72 R T~ A ¥ U FERIT,  (+)-negamycin (8) [FERDEAEHK Z2H 7
L2 LD, BEOBKR UZEFEMER T~ A 2 U8R G ORE CHBRANICBITL,
U— RAL—{EMEZRE L TWDAEER B 2 b7,

URTF R RTUAR—=F—Pu2p DFBUL, FOV T Ly —ThD Cup9p DR, K
O'N K7 X BRITIRF L CH oV B REFHET 5 E3 28X F U A —+E Ubrlp IZ
FoTEICHEESND Z MmN TS ), &512 Radép b £72. Ubrlp & MAMEMAT
%HZ L TPmp OFEBAME LT 5 (Figure 27), —77. UBP3IZBIL TlE, PTR2 £ D
B ME DA IXBURF Tl STV 2R,

Extracellular

Cell A

membrane Intracellular

PTR2
(dipeptide transporter)

[ RS ;6R1 } \\

Dipeptide

(E3 Ubiquitin ligase)

< :
suppression of
Ubiquitination, CUP9 PTR2 expression

degradation []

Figure 27. Schematic diagram of relationship of UBRI, RAD6, CUPY, and PTR2.
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T TEEIT. R~ A TV UFBRITE DT T FEEMIEZ Pu2p IC X » TR SN D
ZET, MBENICEESN TV TIERWNEE 2T, Thbb, 20 LRICET S
Ubrlp, Rad6p DI (FEE) 12X 0 Cup9p N EFF b EN T, FiiD Pr2p BHEZ (K
FTEEDETRIA Y UHEEROMBNBITEN BT 272, xb~A> v (Y
— R2AL—) MERSIEEI SN TS, EWHRBAE LT,

COWRMENGET S5 LA HME LT, RRICTHE L7 UBRI, UBP3, RAD6, PTR2
DOIERE (ubrl A:: CgURA3., ubp3 A:: CQURA3. rad6 A:: CgURA3, ptr2 A:: CgURA3) 2/
Z. CUP9 ODRFZEFM (cup9 A:: CgURA3) ZHEE L, R H~A ¥ U FFHEIK TCP-112 D A
Ny 8T v A TEORZMZB/BMO L7, ARy 8T vt A DR, cup9 A:: CgURA3
RS B TOR—REERBRIIX T~ A > VTittE T 57223 cup9 A:: CQURA3 D I3 %77
~A v UHEERICH L TCHEFICEWEZEE R LT (Figure28), ZiUE, XA ~A D
AANBATHENERFICE N LT, TOHMEIC L > THEOEFTZO L ONREFE SN
LOTHDEER L, S5, cup9A:: CgURA3 L, @ YKH-002 BR2S A% R &I
REDEETHD 30uM IZBNTH, B (V— RAL—@EZM) #2070, ZO/EM
b, CUPYTEEIC L o TR A~ A VU OMBNBITEN K LI Z EBRHEE S5,

control TCP-126 (10)  TCP-112(11b) G418 (2)
OD600 0.1 0.01 0.001 0.1 0.01 0.001 0.1 0.01 0.001 0.1 0.01 0.001

ubr1A
rad6A
ubp3A

cup9A

ptr2A

Figure 28. The sensitivity of gene disruptant strains to negamycin analogues and G418.
(3) “HEIBAR FRIEMRICIR T 230 ~ A ¥ BRI O R MR
WICEH DT, “HBEEFBERRAMEL, S OICHEMAEBRITZ 52L& L
7o TbL, Puw2p B R BRI OMEMEM AT S Z &2 A E LT CUPY &1x

TR D LFIIIC UBRI, RAD6, CUPY %R L T- AR ERE L. T O
Sl Z4T > 72, UBP3 2B L Tld., PTR2 & OEEMED R IRV, CUPY & D EHhkEE
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KA W T (PTR2 OWMFIFEBELDNEL TYH) XU~ A ¥ VIHED MR D DG D)%l
RHZEREE LT, [FAERD 2 BIER A HEE LT,

MEEE U 72 “HER OB YERHMIZ, ARy T v A THEB L, T7b b, 500uM
DT~ A 3 VEBRE G TRBEERM SC-ADE + 0.0045%7 5 =2 7 L — hZ OD600 =
0.1, 0.01, 0.001 |[ZExMEAIRN L 7-FBERBMIIE (YKH-002) % 3 uL 92> AR v b, 30°C 12T
AHA U F 2= THZLTRI~YA 2 DEZMEAFAN L2, 3 5 % Figure 29 (T
ZNE I

ARy NT vA DOFR, X ~A > UNMittE%ER L7z UBRI, RAD6, UBP3 A::His3MX6
FRIZ CUPY 4 (cup9 A::CgURA3) Zhd & (ZHIKET 5 L), £2ORTTRAI~YA T
MO KRR S iz, — T PTR2 & CUPY O —BEMIEMHTIT TABY IZU — KA L
—MER R BN, LEOFRERLY, XA NIV XTF R NT AR —F —Pu2p &
LU CHIBNICEATL TRV . TOBIT2%IL, UBRI. RAD6, CUPY \Z L - Tl & T
WD ERRB ST,

control TCP-126 (10)  TCP-112 (11b) G418 (2)
ODgq0 01 0010001 01 0010001 01 0010001 0.1 001 0.001
ubri1A
§ rad6A
Q
3 | ubp3a
e ooloca <Y e

Figure 29. The sensitivity of CUPY disruptant strains to negamycin analogues and G418.

4) ORXTFRFBAET vEA

Eio@y) , xH~A T UFEERIIO AT T KR T AR —F—PTR2p %4 L CHIlRN

IBATT 22T — RAL—IEMEZRE L CO D AR R SN, £2 T, V7
FRHREEZRX T~ A L UFEREFRRFICIRML, BAESELZ L1280, %@ﬁmm%
ITERY — RALV—IEERNEBH T LE0E2RW02 L& L, BIAEIHELIXTF NIT
Tmﬂm&UGmmy®2ﬁ%Eﬁbko:h%m?Nf%F7477)~%ﬁwkﬁ%%
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FRPTIZE D . P2p ~ORHk ST S| bEV, b LAFMBEWERE SN TND IR
F R THDH, DF V., Trp-Phe IT Gly-Gly &l LT XY Pu2p kN mNZ &206,
FANBATHERE . AT~ A Y UFEEROMBNBITICEL TEVmIBaT2Z 87
BEhd, TNENEZRT~YA T UFFERE & BITHEMICENT 22 & T, xA~A
DV — RAV—RIZENELDIDERF LTz, Thbb, XU~ A TV UHERFETT
B A e OY cup9 AR DS MRl 217 - 72, #55 % Figure 30 (2R,

Gly-Gly — — 1 mM —
Trp-Phe —
TCP-112

Figure 30. Competition assay with dipeptide and TCP-112 (11b).

URTF AT v A OFEE. 1 mM O YT F RIFINZEBW T, Trp-Phe 1% Gly-Gly
EHEEL T, LOVRTA VU EHBAELTWDIERHALNE 2o, T bbb, XU~
AT EINDLURTTF RIFMEABITEED 1 2 L THICURTF R ET UV AR—X
—ZAHLTWD Z ERREBIINT-,

(5) pH #&AFaER O I
VRTFRENTGUAR—F I T 0 NCAERLERE ) E L TCURTF REET 57 a
NABREN S VAR —2—ThDH I ENMLENTWD, DF VT O pH MKIC L > TS
F KRR TF NEUWE OMBNBITHEN BT 5 &2 55, £ 2 TpH 5.5 D%
KEHITAZ, 02 MHEPES Ny 7 7 —IZT pH 7.0 BX N pH 8.0 DERIEH 205K L, B
AR L O cup9 AKZEFET 5 2 & T 3~ A ¥ VM OE W & i~ 7= (Figure 31)
Z ORGSR, cup9 ARIZE T HBIEEREN pHIEKIFHETH D Z LA LN ERD | 7'r b R
IKIF LT, A~ A VU ORIBRNEANZELT H Z & bRz,
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(500 pM)

Figure 31. pH dependent activity of TCP-112 (11b) to cup9 A strain.

U EDRERNG, FH~A TV FERILIANTF RN T U AR—F—Ptr2p 2 L CHERE
DOHIRNIZBITL, U — RRL—{EMEE T 5 2 LRI,
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HoHl /E

ETEMER T~ A 2 BB OFEM LA E IR - O AL Z 2 M E LT, M
FBERE Saccharomyces cerevisiae % N D BARTFHINTIISCZ T LTz, £, 77 =5
AR O T 7 = A RGRIE T ADE2 \[CA5 B LA RBRRAHME T LT, #EF &
VAR A G TR YKH-001, 002, 003 25 L7, il xH~A ¥ U iFEfRicxt4 5
U — KA L—ittEE B OTS, BL U ) LAEITIC L > T, MitEA 51285325 &5
z%h&m7ﬁ®Lm%Wﬁkﬁ%ﬁ?Lto%n%%&%wﬁ%%%%ﬁ% J— K21
—EEZMFMI A R L2 ZA ORI F R T AR —F —IC#ET 5 4 851 (UBRI,
RADG, MW31Tm)®ﬁﬁ’£oto:n%wﬁ%%@ﬁB\w%L&umpm2@3L
f5¥-1X N-end rule QI & FEIZIL A —H D > 7 F VRRIKICEEE L T Y . Pu2p OB ZEL
H2DHZENRMONT W, &2 TEORKICEET S PTR2 OIHIK -7 CUPY & & I
RH~A ¥ VAR M BT D A 2R i & I L T,

MMLRM&LW%W@%®CWW%W%LK¥EW%%Ti ZDORTTRA~A Y
VIR MEDOH KRB HER TE -, — T, PTR2 & CUP9 ® " EMEEKETIT Y — K A /L—ifittE
MHERE N, XA~ A VNIRRT F R T AR—H—Ptr2p 25 L CHIIBNIZEIT L T
BY., TOBITEHRIL. UBRI, RAD6, CUPY \ZX > CHIFIZ N TWD Z LAVURIE X iz,
IHIT, AH~A T ORIBRNBITIX, X7 F R Trp-Phe EHET HZ EBHBAET v A
DOFERIVHALNERY KO TUXTF RN U AR—F—%0 L TRIENBEITL TV
HIEWRBINE, 2, VXTF RN T UAR—F =07 b AREREI L LT
UARTF REBETH T N BB R — 2 —ThDH T LICHEH L, 5o pH & fE 4 4
LA, 2078 M REIEKFE LT, XTA T OMBNEANEILT S &
b BMNE o T,

PLEX Y, T~ A 2 VEEEITZEOMBANBITHED DL LTIVXTFRET R
R—A—ZFHALTNDZ LIRS T,

ST, T L= AR, —BIRFIERIC X 5FHIIZ W T, ubp3 ARRIZXR T~
AT UHERICRT DY — RRL—itEE A LTz, —JF5 T, CUPY & UBP3 OO HhkE
BRI W TIE o3& s - AREERR & [FEEIC PTR2 O@EIFEBLCE S < fam BTt om Bic
FOEWEZEERL, AT~ VUMM OEREZ#ET 52 L1 TEhhol, 20
UBP3 &V — RAL—IHME & OBIRIEIL, x T~ A v Vi %%@ﬁf%ﬁﬂbth%aﬁ
BrHaAERL L. U — FR LV — SR &2 F2hE 32 2 & T (FMEIC X 5 BERREE A PH I P
NHHNT, UV — RAL—{EHOLZ R TEHREREZERTHZLT), BETHZ &
MARETH D B2 HND,

UBP3 34— N7 7 UV — L OMEMEICOWTEZEORENRH D, A— b7 7 U —IZEKN
OIEFHEOMFFICEET 5, F oV EORffEEO—>Th D, ZOFD—>& LT,
YRV =LA = 77— (VA7 7V—) bV, T, UBPIIZZDYART 7V —IT
BT EnAHEN, 72/ 7Y ay FRIEMEZ2IZCH LT 5 — KA L—(k
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EMDL 1T, VAY —LAZEHNELTWAZ Enb, ZOHMITREBEERER NS DO TH
%, & 512, 2015 4E(Z S.P.Kelly H1%., Z O UBP3 IERRICE W T, LAY AREINE; (Basal)
DY — RAV—BEENRK) 2 570 EME L2, TORKICOWTIFEMA R 54T
VNZRUN, UBP3 BREERRICH51T 5 G418 JEAEZMEHE N O BRI KR E L TAITH LA, 2D
WEG S UBP3 IO bT ) — RAL—{EMERBUCEE L T\ 2 L HER S 4v, UBP3 1%
BERICBW TR~ A Y UMERf S SnFcb RVCEE L TWwWb EEZ NS, &
BE VRN Em S, U — RAL—IEER B ORI &N 5 2 L 2 5T 5,
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«
(533

wofE

ARWFFETIL, XA H~ A ¥ R (3-epi-Deoxynegamycin (9) . Leucy-3-epi-
deoxynegamycin (10)) DO FEHHRFEHEF, 3 L7 I 2 5B, WS KEG D VR VBRI A
H U7oiEiE AR 7E 4 BB L7, Z OfER, TCP-182 (22¢). TCP-199 (32b) D1
IZED, 32b IZBWTEBEFOETESE Y — FAL—(b&W G418 (2) ZEET 5, WAV
— R2ANV—IEEEZGT D ERHLNE o7, X HIT32b 1L, invivo FHHIZB W THIA
EhhalmEtEioRn ST, Pt AR REEBOIREICH A EREMLAY & e D FEE
WERRBE STz, — T, HEFEERTOT 7 = 5B E T ADE2 ~&fE PTC AR ZE AL
T 2 AR PERE RER OREEEIZ & D) U 7o, REERERE 2 H O 2 3858 PRI IR JEIZ L - T
I~ A 2 HEFIRILE OMBENBITHIED —2 L LTYUNTF N T AKR—4 —Ptr2p
ZFHLTWD Z EWRI, RERKD Y — R AL—{EMEIEEBL A T = X LD T ~DFH
FMED R ST,

WA, U — RAL—3RICEET 2783 LT\ b, ZiuiE, DMD DA O s M7 BT
GBI TN ER, T AERERTLRENRSZHFEESNTE VD Z EICER
T5ERLND, [BA) BBEBETEEDZORIERROUNESDTHD L INTWND, FEE,
TR b= RFEICE D D BN AMHIEIE T pS3 OERN, BABED 50%LL LIZR b,
ZDON %N T e AERTHDLEORENH D Y, BRAEICEIT D 2010 EDOHA RS
FH (K80 HAN) O 2EETIT, pS3 DF LB ABROLTHENTK 32 HADOHE
TERNRRIIBREDHEFECTCNWDH Z LD, V— FAL—{bEMIE, ZHIZEAT
THEANE LCEYT D AREMEE MO TR Y . REBRGEN,

EARMER B O FRIERBR TIX, Fix 0RZ2 &S BEEEEOBEENE TH D
RN DT, RREICIRERZBER TS 2 SIIRENBLE LD = RABREN, T72bb
BRI A CE 2 EFIFR N HENTH D, 220V BErD L, 2L O E
1 Unmet Medical Needs D@\t v AL M EIEMEREZ IR 5 . Al b5 Lo
B~ BN D ARMROMRIT, REBERENLDOTHDLEEZTND,

201841 H 9 H
EE E1h
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AREBRIZEE L TR L7 oS FIILL T O®@m ) Th S,
1H BRI 27 kv ("HNMR)

Varian Mercury-300 NMR Spectrometer (300 MHz)

Bruker DPX-400 NMR Spectrometer (400 MHz)

HEHEF o TMS (0.00 ppm) 2 NERERAE L L CHIE L 72,

13C NMR #ZRE& I %2 ~<2 v (C NMR)

Bruker DPX-400 NMR Spectrometer (400 MHz)

H7uaRLAFHOr7 aak/Ls (77.05ppm) L TMS (0.00 ppm) & NERERE L LT
HE LTz,

NMR A7 hVOFEHITROBE SIS D LT D,
s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, m = multiplet, br s = broad singlet,
br d = broad doublet.

Mass AX7 kL
Micromass LCT (HRMS)

WHEIK Y v~ 7T 7 4 —
YMC-Pack ODS-AM 250 x 20 mm Column
WHIRIZIZ TFA 2 A AT RIEE L T01% 7 =KV, H,O L7,

IRNTHWARIR 7 n~ N 75 7 4 —

COSMOSIL Packed column Protein R 4.6 ID x 150 mm

EHIRIZIE, TFA Z A A TR E L T01% 5T H,0, TRMO T h=hr Y VZ&MHL
7=,

P JE S B I E
HA O BEEEER P-1030

BT~ NTTT 44— SRS SR IR B R bR s 4 B A L 72 Silica gel
60N (spherical, neutral) (40-50 mm) MY (63-210mm) & W7z,

g s o~ 777 40— (TLC) 12X 50#81121X. MERCK Silica gel 60F,s4 & H 72,

il AR, Pt
AR mm Ay (ZEAERN X OEK THF (ZEAERM) 13RI RS
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e EEAFERASHEI VAL O 2 M Lz, HPLCHEIZHEMN LT h= KU L
FEREALFERR A St RGOS L VA L, £ oM oiE#Es JOBEIC >V T
X, BRSO RWIRY RO b D22 D F EF MW,
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(8)-2,6-bis(tert-Butoxycarbonylamino)hexylmethanesulfonate (13a)

Boc.
°C~NH

Boc. R
0C N/\/\/\/OMS
H

Boc-Lys(Boc)-OH-DCHA 12a (600 mg 1.14 mmol) (Zxf L, -15 °C 2T, N-A FI/LE/NFRY
> (140 pL, 1.25 mmol ), 7 1 1 ¥EeA ¥ 7F /L (165 pL, 1.25 mmol) ZHN L, FHEEICZT
10 73 $EHE L7z, BUSEIR 2 A, THF TUevd L, 15672 RHRIOKER T, KFEA T HE
T RU DL (65 mg, 1.71 mmol) ®/K (1 mL) WERZWRIML, FREEIZ T 10 FEEE L7z,
BOSHRIZOK S THREE Uz, KEMZ, BEE= T L Tt L7-. A8 2 fafn K T,
Na,SO, THzl: L7, A, RHREZMER ET25 2 & T, BahikmEZ2 5. Zob 0l
RS2 2 LS RO W,

Bon-EEEZY7on A X (7.5 mL) ISR L, KGHEET, rVFrr v
(237 uL, 1.71 mmol), ¥ifb A # > ALk =)L (264 uL, 3.42 mmol) Z#HM L, HEIZKEHEE
L7, KGHEET, KISIWIRICKEZMZ, 7 ook AT L. B8 %2 ffatEkc
Veid, Na,SO, THZME L7z, Ak, RHKZEREL, (BOoNTREEL S VW TNV T T L7
o~ N7 74— (ZrBKRVAL 0 AKX —)L =100 : 1) THT L Z L THAEKEE
72(270 mg, 0.658 mmol, 2 T-F% 58%). ; [a]p> =—11.2 (¢ 2.07, MeOH); m.p. 83.6-85.4 °C; '"H NMR
(400 MHz, CDCls) & 4.89-4.73 (br d, 1H), 4.64 (br s, 1H), 4.34-4.22 (m, 1H), 4.18 (dd, J = 10 and
4.2 Hz, 1H), 3.81 (br s, 1H), 3.12 (br s, 2H), 3.04 (s, 3H), 1.64-1.34 (m, 24H); *C NMR (100 MHz,
CDCly) & 156.1, 155.4, 79.8, 79.1, 71.1, 49.6, 39.9, 37.3, 30.6, 29.7, 28.4 (3 carbons), 28.3 (3
carbons), 22.8; HRMS (ES+) calcd for C;7H33N,0O;SNa [M-i-Na]+ 433.1984 found 433.1991.

(S)-2,4-bis(tert-Butoxycarbonylamino)butylmethanesulfonate (13b)

Boc.
NH

N : M
Boc H/\/\/O s

13b /%, Boc-Dab(Boc)-OH 12b (10.0 g, 31.4 mmol) % FH\>, 13a & FRIEED HEIZ I Y ARk L
7o (BECHRE, 7.97 g, 20.9 mmol, 2 T2 66%).; [a]p> =-38.1 (¢ 1.97, CHCl;); 'H NMR (400
MHz, CDCl3) § 5.07 (br s, 1H), 5.03-4.78 (br d, 1H), 4.30 (dd, J = 10 and 3.5 Hz, 1H), 4.23 (dd, J =
10 and 4.4 Hz, 1H), 4.01-3.88 (m, 1H), 3.38 (br s, 1H), 3.12-2.94 (m, 4H), 1.87-1.55 (m, 2H), 1.44
(s, 18H); *C NMR (100 MHz, CDCl3) § 156.0, 155.7, 80.1, 79.4, 71.4, 47.3, 37.3, 36.9, 31.9, 28.4
(3 carbons), 28.3 (3 carbons); HRMS (ES+) calcd for C;sH3N,0;SNa [M+Na]" 405.1671, found
405.1671.
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(8)-2,3-bis(tert-Butoxycarbonylamino)propylmethanesulfonate (13c)

Boc.
°C~NH

H H
_N ' OMs
Boc” NN

13c %, Boc-Dap(Boc)-OH 12¢ (383 mg, 1.26 mmol) % FH\>, 13a & FRIEED HEIZ L Y ARk L
7= (AR, 270 mg, 0.733 mmol, 2 TFE 58%).; [alp” = —4.74 (¢ 0.27, MeOH); m.p.
90.8-92.1 °C; 'H NMR (400 MHz, CDCls) & 5.46-5.26 (br d, 1H) 4.99 (br s, 1H), 4.34-4.17 (m, 2H),
4.02-3.83 (m, 1H), 3.33 (t, J = 6.1 Hz, 2H), 3.06 (s, 3H), 1.44 (s, 18H); “C NMR (100 MHz,
CDCl3) § 156.9, 155.6, 80.1 (2 carbons), 68.5, 50.6, 40.8, 37.4, 28.3 (6 carbons); HRMS (ES+)
caled for C14HosN,0,SNa [M+Na]" 391.1515, found 391.1512.

(S)-tert-Butyl 6-cyanohexane-1,5-diyldicarbamate (14a)

Boc.
NH

Boc. B
ocC N/\/\/\/CN
H

13a (198 mg, 0.499 mmol) ®7 & h= kUL (14 mL) HHKIZ, 18-7 T 7 > -6-=—T )b
(860 mg, 3.25 mmol), 7 LAY 7 A (353 mg, 5.42 mmol) Z¥IIL, 100 °C 12T 2 eI
BURUE Lo, BOSHIR 2 BIRICE L7121, KMEEHE T, fafmEEKE T U O LOKEK 2
%, BEfe— TV CHIH L7e. A 2 fafi K CUel, Na,SO, Tzl L7z, Ak, RHE
FRWIEBREL, BoniglEEs VANV~ T T 74— (~FH Ly HiRT L =
2:1) THIT S Z & THABIRZE- (475 mg, 1.39 mmol, 51%).; [a]p> = —43.5 (¢ 0.53,
CHCl;); m.p. 79.0-79.8 °C; 'H NMR (400 MHz, CDCls) & 4.93-4.77 (br d, 1H), 4.60 (br s, 1H),
3.89-3.68 (m, 1H), 3.23-3.03 (m, 2H), 2.72 (dd, J = 17 and 5.5 Hz, 1H), 2.56 (dd, J = 17 and 3.6 Hz,
1H), 1.83-1.32 (m, 24H); *C NMR (100 MHz, CDCl;) & 156.2, 155.2, 117.4, 80.1, 79.2, 47.2, 39.8,
32.9, 29.8, 28.4 (3 carbons), 28.3 (3 carbons), 23.8, 22.8; HRMS (ES+) calcd for C7H;;N3;04Na
[M+Na]" 364.2212, found 364.2216.

(S)-tert-Butyl 4-cyanobutane-1,3-diyldicarbamate (14b)

Boc.
NH

Boc. : N
ocC H/\/\/C

14biZ. 13b (7.97 g,20.9 mmol), 7& F =k U L (105mL) % F\>, 40°CIZ TR L7,
14a & FEED FIEIC L VRIS 5 2 L TAK L7 (AAE{E, 4.08 g, 13.0 mmol, 62%).; [a]p” =
—64.1 (c 1.14, CHCL); m.p. 84.7-85.6 °C; 'H NMR (400 MHz, CDCl;) § 5.03-4.72 (m, 2H), 4.00-3.83
(m, 1H), 3.48-3.26 (m, 1H), 3.16-2.97 (m, 1H), 2.74 (dd, J= 17 and 5.4 Hz, 1H), 2.62 (dd, J= 17 and
4.6 Hz, 1H), 1.90-1.67 (m, 2H), 1.45 (s, 9H), 1.44 (s, 9H); *C NMR (100 MHz, CDCl;) & 156.0,
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155.3,117.2, 80.4, 79.6, 45.0, 36.9, 34.3, 28.4 (3 carbons), 28.3 (3 carbons), 23.9; HRMS (ES+) calcd
for C;sH,7N304Na [M+Na]" 336.1899, found 336.1896.

(S)-tert-Butyl 3-cyanopropane-1,2-diyldicarbamate (14c)
5OC\I§H

Boc’N\/-\/CN

14¢iZ, 13¢ (205 mg, 0.557 mmol), 7 = K U/ (3mL) % H\>, 40°CIZ TIHFRHRFE L7214
Mal [FEED FIEIC X KR4 25 2 & TR L (AEBAR, 100 mg, 0.334 mmol, 60%); [a]p™
= -31.1 (¢ 0.63, CHCL3); m.p. 120.4-120.9 °C; 'H NMR (400 MHz, CDCls) § 5.63-5.36 (br d, 1H),
4.94 (br s, 1H), 4.00-3.83 (m, 1H), 3.50-3.22 (m, 2H), 2.77-2.51 (m, 2H), 1.44 (s, 18H); *C NMR
(100 MHz, CDCl3) 8§ 157.0, 155.4, 117.1, 80.4, 80.2, 48.8, 43.0, 28.31 (3 carbons), 28.29 (3 carbons),

21.2; HRMS (ES+) caled for C14H,5N;04Na [M+Na]" 322.1743, found 322.1738.

(S)-tert-Butyl2-{2-[3,7-bis(tert-butoxycarbonylamino)heptanoyl]-1-methylhydrazinyl}acetate
(15a)

Boc.
°°“NH 0

\ |0
Boc. /\/\/\)J\ -N
¢ N N \)kOt-Bu

14a (75.4 mg, 0.221 mmol) ® EtOH/H,0 (2: 1,2 mL) &2, KOH (124 mg, 2.20 mmol)
Z BRI TN A, 80 °C 1T THRANREHE LT, BUSEIR 2 iRICR Lo, W2 BE R £1%,
BoNTEEICK L, KIS FICTIMHCLE 23RN L. pH 1.0 & L Fifg—F L Tt L7, &
LT A RS & f I B K THEE, NapSO, THzM L7z, Ailatk, RHKZBIEREEL., f56h
THEEBEEABHMTLILERSKRORIGICHWRE, T ® DMF (2 mL) &K IZ,
PTSA-H,NN(Me)CH,CO,#-Bu (147 mg, 0.442 mmol), HOBt-H,O (67.7 mg, 0.442 mmol) % ¥R/
L7, KT, hUZF LT 2> (61.3 pL, 0.442 mmol), EDC-HCI (84.7 mg, 0.442 mmol)
ZNEREN L, FIE TR L2, 10% 27 © VU BKIR I BOSTRIR 2 N %, HEfR—F /LT
hH U7-. FHSE 2 fafniRis kBT b U o DK, K, SafnfK T, Na,SO, CHzli
L7, Aitk, BHRZBIEEEL, GohiEEs vV b rvrsa~ /77 4— (Zan
RV o AX =)L =100:1) THEET D Z & THEBER 15a 21572 (42.0 mg, 83.6 pmol,
2 T2 38%).; [alp” = —12.4 (¢ 0.56, CHCl;); m.p. 86.5-87.3 °C; '"H NMR (400 MHz, CDCl;) &
7.90 (s) and 7.44-7.31 (br d, total 1H), 5.49-5.17 (m, 1H), 4.75-4.52 (br s, 1H), 3.98-3.77 (m, 1H),
3.67-3.33 (m, 2H), 3.20-3.03 (m, 2H), 2.88-2.48 (m, 4H), 2.42-2.21 (m, 1H), 1.88-1.20 (m, 33H);
C NMR (100 MHz, CDCl3) § 170.3, 169.1, 156.1, 155.7, 82.4, 79.2, 79.0, 58.3, 47.7, 43.9, 40.3,
394, 34.4, 29.6, 28.4 (6 carbons), 28.2 (3 carbons), 23.3; HRMS (ES+) calcd for Cy4H4N4O;Na
[M+Na]" 525.3264, found 525.3265.

(S)-tert-Butyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methylhydrazinyl}
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acetate (15b)

NH O | (0]

Boc.  ~_~ A N
o¢ N %Ot-Bu

15biZ. 14b (90.2 mg, 0.288 mmol) % A\, 15a & FIEED HIEIC L W HER92 2 & THR LT
(AR, 51.3 mg, 0.108 mmol, 2 TFE 62%).; [a]p> = —40.1 (¢ 0.52, CHCl;); m.p. 108.9-110.8
°C; "H NMR (400 MHz, CDCls) § 7.94 (s) and 7.47-7.35 (br d, total 1H), 5.83-5.49 (m, 1H), 5.49-5.11
(m, 1H), 4.15-3.80 (m, 1H), 3.69-3.46 (m, 2H), 3.46-3.20 (m, 1H), 3.05-2.81 (m, 1H), 2.81-2.48 (m,
4H), 2.48-2.18 (m, 1H), 1.75-1.18 (m, 29H); *C NMR (100 MHz, CDCls) & 174.7, 170.2, 169.1,
156.1, 82.4,79.3,79.0, 58.2, 45.1, 43.9, 38.9, 37.1, 35.2, 28.44 (3 carbons), 28.36 (3 carbons), 28.2 (3
carbons); HRMS (ES+) calcd for C,H4N4O;Na [M+Na]+ 497.2951, found 497.2959.

(S)-tert-Butyl 2-{2-[3,4-bis(tert-butoxycarbonylamino)butanoyl]-1-methylhydrazinyl}
acetate (15c¢)

Boc.

STw oo
Boc’N\V/A\V/ﬂ\H'N\V/M\OPBU

15¢i%. 14¢ (76.9 mg, 0.257 mmol) % A\, 15a & [FAEED HiBIC L W 45 Z & TAR LT
(AR, 46.0 mg, 0.100 mmol, 2 TFE 39%).; [a]p” = —5.90 (¢ 0.62, CHCls); m.p. 84.7-85.9 °C;
'H NMR (400 MHz, CDCls) & 8.11 (s) and 7.33 (s, total 1H); 5.78-5.36 (m, 1H), 5.08 (br s, 1H),
4.08-3.83 (m, 1H), 3.63-3.49 (m, 2H), 3.45-3.19 (m, 2H), 3.09- 2.50 (m, 4H), 2.34 (d, J = 5.1 Hz, 1H),
1.57-1.35 (m, 27H); °C NMR (100 MHz, CDCl;) & 170.1, 168.9, 156.6, 155.8, 82.3, 79.5, 79.3, 58.8,
48.6, 45.1, 43.9, 36.7, 28.4 (6 carbons), 28.2 (3 carbons); HRMS (ES+) caled for C,;H4N4O;Na
[M+Na]" 483.2795, found 483.2792.

(8)-2-[2-(3,7-Diaminoheptanoyl)-1-methylhydrazinyl]acetic acid-2TFA (11a)
NH, O | O

H,N . H’N\)J\OH

15a (22.0 mg, 43.8 pmol) (KM T, 4M R/ A x> 2 mL) 2L, EiE T 1
REf PR Lo, W2 R £1%, 50725k 2 KICEME L, HPLC (gradient: milli-Q
water (TFA 0.1%) : CH3CN (TFA 0.1%) = 100 : 0 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 95 : 5 over 40 min, flow late 5 mL/min, UV: 222 nm) THfld4 2% = & THAREAK 11a
%157 (14.4 mg, 30.4 pmol, 69%).; m.p. 66.0-67.0 °C; 'H NMR (400 MHz, D,0) & 3.66-3.54 (m,
3H), 3.01 (t, J= 7.6 Hz, 2H), 2.68 (s, 3H), 2.60 (dd, J = 16 and 5.6 Hz, 1H), 2.51 (dd, /=16 and 7.0
Hz, 1H), 1.81-1.63 (m, 4H), 1.57-1.40 (m, 2H); C NMR (100 MHz, D,0) & 173.3, 169.4, 58.6,
48.4,44.1,39.0,35.0, 31.3, 26.3, 21.6; HRMS (ES+) calcd for C;oH»3N40; [M+H]" 247.1770, found
247.1770.

68



(8)-2-[2-(3,5-Diaminopentanoyl)-1-methylhydrazinyl]acetic acid-2TFA (11b, TCP-112)
NH O | O

HoN ' ”’NJLOH

11biZ. 15b (29.3 mg, 61.8 pmol) Z A\, 1lal FEED HEIC L VRS L Z & THR LT
(44 [E 4, 14.6 mg, 32.6 pmol, 53%).; [a]p> = +8.21 (¢ 1.22, H,0); m.p. 127.9-129.0 °C; 'H NMR
(400 MHz, D,0) & 3.81-3.72 (m, 1H), 3.71 (s, 2H), 3.18-3.08 (m, 2H), 2.75-2.57 (m, 5H), 2.16-2.00
(m, 2H); “C NMR (100 MHz, D,0) & 172.3, 168.9, 58.3, 46.1, 44.4, 35.7, 34.6, 29.7; HRMS (ES+)
caled for CgHoN4O5 [M+H]" 219.1457, found 219.1455.

(8)-2-[2-(3,4-Diaminobutanoyl)-1-methylhydrazinyl]acetic acid-2TFA (11¢)

HoN N,N\)LOH
H

11ciE, 15¢ (25.4 mg, 55.2 umol) Z AW, Mal [FAEED HEIC L VRS 52 & TAR LT
(EA K, 12.4 mg, 28.6 mg, 52%).; m.p. 108.1-108.7 °C; 'H NMR (400 MHz, D,0) § 4.00 (q, J =
6.2 Hz, 1H), 3.64 (s, 2H), 3.48-3.33 (m, 2H), 2.85-2.62 (m, 5H); *C NMR (100 MHz, D,0) § 173.3,
168.1, 58.5, 46.1, 44.1, 40.6, 33.4; HRMS (ES+) caled for C;H;N40; [M+H]" 205.1301, found
205.1303.

3. Synthesis of derivatives 12a-d
(S)-tert-Butyl 2-[1-methyl-2-(2,2,14,14-tetramethyl-4,12-dioxo-3,13-dioxa-5,11-
diazapentadecancarbonyl)hydrazinyl]acetate (18a)

H
Boc. N. Ot-Bu
N/M N

(0]

Boc-Lys(Boc)-OH-DCHA 12a (50.0 mg, 94.7 pmol)) @ DMF & # (2mL) {2 %f L .
PTSA-H,NN(Me)CH,CO,t-Bu (62.8 mg, 0.189 mmol), HOBt-H,O (29.0 mg, 0.189 mmol) % ¥/l L
72 KBIREET, PV =F L7 2> (262 uL, 0.189 mmol), EDC-HCI (36.2 mg, 0.189 mmol) %
NERASIN L, SR CREHEE L7z, 10% 7 = VKR SOSTAR 2 N %, HEiR— /L CHhlH
L7, A2 fmRmE/KFET MY U LKEHK, K, SR EHE /K THeHF, NaSO, TR L 7.
AHibth, FHREZBIERE EL, fonifkEsz vV sV s~ NI 7 40— (ZrakLvA
AH =) =100 : 1) THET L5 Z & CTEREAHRYE18a% 1572 (45.1 mg, 92.3 umol, 98%).;
[a]p” =-3.08 (¢ 0.50, CHCl;); '"H NMR (400 MHz, CDCl3) & 8.16 (s) and 7.54 (br d, J = 24 Hz, total
1H), 5.32-5.06 (m, 1H), 4.90-4.52 (m, 1H), 4.08-3.86 (m, 1H), 3.78-3.33 (m, 2H), 3.26-3.03 (m, 2H),
2.75 (s, 3H), 1.90-1.20 (m, 33H); "C NMR (100 MHz, CDCls) § 170.1, 169.3, 156.1, 155.6, 82.4,
80.0, 79.5, 58.4, 53.3, 43.9, 40.1, 32.3, 29.7, 28.46 (3 carbons), 28.41 (3 carbons), 28.1 (3 carbons),
22.5; HRMS (ES+) calcd for C,3HysN4O7 [M+H]" 489.3288, found 489.3278.
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(S)-tert-Butyl 2-[1-methyl-2-(2,2,13,13-tetramethyl-4,11-dioxo-3,12-dioxa-5,10-diaza
tetradecanecarbonyl)hydrazinyl]acetate (18b)

H
N. Ot-Bu

(@]

18bi%. Boc-Orn(Boc)-OH 17a (100 mg, 0.303 mmol) % V>, 18a & [FkED J7ikic & v K4
5HZETARLE EAHRYE, (131 mg, 0.277 mmol, 91%).; '"H NMR (400 MHz, CDCl3) &
8.28 (s) and 7.63 (d, J = 25 Hz, total 1H), 5.38-5.18 (m, 1H), 4.79 (br s, 1H), 4.13-3.95 (m, 1H),
3.77-3.38 (m, 2H), 3.29-3.10 (m, 2H), 2.75 (s, 3H), 1.89-1.34 (m, 31H); °C NMR (100 MHz, CDCl;)
8 170.0, 169.1, 156.0, 155.4, 82.2, 79.5, 79.0, 58.4, 52.8, 43.8, 39.8, 29.9, 28.3 (3 carbons), 28.2 (3
carbons), 28.1 (3 carbons), 26.1; HRMS (ES+) calcd for C»H4N4O; [M+H]™ 475.3132, found
475.3127.

(S)-tert-Butyl 2-[1-methyl-2-(2,2,12,12-tetramethyl-4,10-dioxo-3,11-dioxa-5,9-
diazatridecanecarbonyl)hydrazinyl]acetate (18c)

Boc.
NH

H
Boc. N. OtBu

18ciE. 12¢ (60.6 mg, 0.190 mmol) % >, 18a & FIEED HIEIC L W92 = & THR LT
(AR E, (59.4 mg, 0.129 mmol, 68%).; [a]p” = —20.4 (¢ 0.63, CHCls); '"H NMR (400 MHz,
CDCls) & 8.30 (s) and 7.69-7.48 (m, total 1H), 5.46-5.26 (m, 1H), 5.13 (br s) and 4.90-4.72 (m, total
1H), 4.15-4.00 (m, 1H) and 3.78-3.50 (m, 2H), 3.48-3.29 (m, 1H), 3.11-2.92 (m, 1H), 2.76 (s, 3H),
2.06-1.68 (m, 2H), 1.68-1.19 (m, 27H); >C NMR (100 MHz, CDCls) § 169.9, 169.8, 156.1, 155.7,
82.4, 80.1, 79.7, 58.4, 50.8, 43.4, 36.8, 34.0, 28.4 (3 carbons), 28.3 (3 carbons), 28.2 (3 carbons);
HRMS (ES+) calcd for Cy HyN4O; [M+H]" 461.2975, found 461.2978.

(S)-tert-Butyl 2-[1-methyl-2-(2,2,11,11-tetramethyl-4,9,dioxo0-3,10-dioxa-5,8-diazado
decanecarbonyl)hydrazinyl]acetate (18d)

Boc.
OC~\H

BOC/H\/?ﬁ]/H\T/\H/Ot-BU
(0] (0]

18di%. 12d (172 mg, 0.565 mmol) Z >, 18a & FIEED HIEIC L VK9 2 = & THR LT
(A A E 4, 158 mg, 0.353 mmol, 62%).; [a]p> = —12.4 (¢ 0.38, CHCls); m.p. 64.6-65.9 °C; '"H NMR
(400 MHz, CDCl;) & 8.55 (s) and 7.73-7.30 (m, total 1H), 5.82 (br s, 1H), 5.19 (br s, 1H), 4.16 (br s,
1H), 3.56 (d, J = 5.2 Hz, 2H), 3.55-3.39 (m, 2H), 2.75 (s, 3H), 1.49 (s, 9H), 1.46-1.33 (m, 18H); "°C
NMR (100 MHz, CDCl3) & 169.8, 168.4, 157.0, 155.8, 82.3, 80.1, 79.8, 58.4, 54.7, 43.9, 42.3, 28.28
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(3 carbons), 28.25 (3 carbons), 28.1 (3 carbons); HRMS (ES+) calcd for CaH3oN40; [M+H]
447.2819, found 447.2827.

(S)-2-[2-(2,6-Diaminohexanoyl)-1-methylhydrazinyl]acetic acid-2TFA (16a)

NHZ H

HZN/\/\/\H/N ‘N/\[(OH
o I o

18a (26.7 mg, 54.6 pmol) (KWL FRE T, 4M /A4 (2 mL) Z¥RML, =G TIHF
HE U7e. W2 U8 £1%, 5 672 5%0E 2 KICEEE L, HPLC(gradient: milli-Q water
(TFA 0.1%) : CH;CN (TFA 0.1%) = 100 : 0 to milli-Q water (TFA 0.1%) : CH;CN (TFA 0.1%) =
95 : 5 over 40 min, flow late 5 mL/min, UV: 222 nm) THHI4 2% = L THAEK16a% 57- (17.4
mg, 37.8 umol, 69%).; m.p. 71.1-72.5 °C; 'H NMR (400 MHz, D,0) & 3.87 (t,J = 6.7 Hz, 1H), 3.65 (q,
J =17 Hz, 2H), 3.00 (t, J = 7.7 Hz, 2H), 2.70 (s, 3H), 2.00-1.82 (m, 2H), 1.76-1.65 (m, 2H), 1.41 (q, J
= 7.7 Hz, 2H); C NMR (100 MHz, D,0) & 173.2, 167.4, 58.6, 51.8, 44.2, 38.9, 30.2, 26.3, 21.2;
HRMS (ES+) caled for CoH,N,O; [M+H]" 233.1614, found 233.1613.

(S)-2-[2-(2,4-Diaminopentanoyl)-1-methylhydrazinyl]acetic acid-2TFA (16b)

NHy
HQNV\/'\H/N\ OH
N/\n/
o I o

16biX. 18b (86.8 mg, 0.183 mmol) % A\, 16a & FIEED HIEIC L VK92 = & THR LT
(FEAlE A, 36.4 mg, 81.7 umol, 45%).; m.p. 51.6-52.5 °C; '"H NMR (400 MHz, D,0) 5 3.92 (t, J = 6.7
Hz, 1H), 3.78-3.62 (m, 2H), 3.02 (t, J = 7.6 Hz, 2H), 2.70 (s, 3H), 2.03-1.86 (m, 2H), 1.78-1.63 (m,
2H); *C NMR (100 MHz, D,0) & 172.5, 167.0, 58.2, 51.5, 44.4, 38.7, 27.7, 22.3; HRMS (ES+) calcd
for CgHoN4O; [M+H]" 219.1457, found 219.1456.

(S)-2-[2-(2,4-Diaminobutanoyl)-1-methylhydrazinyl]acetic acid-2TFA (16¢)

e iy
HZN/\/\(BrN\lTIﬁO(OH

16¢i%. 18¢ (29.9 mg, 64.9 umol) % V>, 16at [FAEED HikIC L W 45 Z & TAR LT
(GEJEIA, 12.7 mg, 29.3 pmol, 45%).; m.p. 71.7-72.4 °C; '"H NMR (400 MHz, D,0) & 4.00 (t, J= 6.7
Hz, 1H), 3.78-3.61 (m, 2H), 3.17-3.02 (m, 2H), 2.71 (s, 3H), 2.34-2.20 (m, 2H); >C NMR (100 MHz,
D,0) & 172.8, 166.3, 58.2, 49.7, 44.3, 35.1, 28.3; HRMS (ES+) caled for C;H;;N40; [M+H]"
205.1301, found 205.1300.

(8)-2-[2-(2,3-Diaminopropanoyl)-1-methylhydrazinyl]acetic acid-2TFA (16d)
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NHo
HZN\/'\H/N\N/\H/OH
o | o
16di%. 18d (24.4 mg, 53.0 pmol) Z A\, 16at [FEED HiBIC L W R+ 5 Z & TAR LT
(5 4[5 14, 4.83 mg, 11.6 pmol, 22%); m.p. 113.2-115.1 °C; 'H NMR (400 MHz, D,0) & 4.28 (t, J =
6.0 Hz, 1H), 3.83-3.63 (m, 2H), 3.63-3.43 (m, 2H), 2.73 (s, 3H); °C NMR (100 MHz, D,0) § 175.6,
167.2, 60.8, 52.6, 47.0, 42.3; HRMS (ES+) calcd for C¢H1sN4O5 [M+H]" 191.1144, found 191.1143.

(S)-Ethyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methylhydrazinyl}
acetate (21a)

Boc .
°°“NH O | o

Boc. ~_~_J .
ocC NN
H

N
H

20 (105mg, 0.335 mmol) ® DMF (3 mL) &% 2, H,NN(Me)CH,CO,Et (1.01 g, 0.670mmol),
HOBt-H,O (103 mg, 0.670 mmol) Z#M L7z, KIGHEE T, Y =F L7 I (929 uL,
0.670 mmol), EDC-HCI (128 mg, 0.670 mmol) ZJEXREM L, Eil CREHE L2, 10%7 —
VRIS OS2I %2, B = L CHit U7, A8 2 ffnmigKkEST MU oA
KEEHR, 7K, BAFE K THEE, Na,SO, TR L7, Ak, RHRZ TR EL, fonk
Wl VXNV Ia~w NI TT7 40— (Zanakbh o AKX —L =100 : 1) THT 5
Z L CEAEKAZS7 (46.5 mg, 0.104 mmol, 2 T2 31%).;[alp” = -44.6 (¢ = 1.01, CHCl,);
'H NMR (400 MHz, CDCl;) & 7.81 (s) and 7.28 (br d, total 1H), 5.77 (m, 1H), 5.44-5.20 (m, 1H),
421 (q, J = 7.2 Hz, 2H), 4.08-3.88 (m, 1H), 3.75-3.46 (m, 2H), 3.38 (br s, 1H), 2.92 (br s 1H),
2.88-2.49 (m, 2H), 2.48-2.39 (m) and 2.24 (dd, J = 15 and 5.8 Hz, total 1H), 1.75-1.55 (m, 2H), 1.44
(s, 18H), 1.32-1.23 (m, 3H);"*C NMR (100 MHz, CDCl;) & 174.7, 169.7, 156.14, 156.04, 79.4, 79.1,
60.1, 57.7,45.4, 44.1, 38.9, 37.2, 35.1, 28.5 (3 carbons), 28.4 (3 carbons), 14.2; HRMS (ES+) calcd
for CoH30N,07 [M+H]" 447.2819, found 447.2812.

(S)-Benzyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methylhydrazinyl}
acetate (21b)

NH O | o}

Boc .~~~ A\ N
oc N \)I\OBn

20 (101 mg, 0.322 mmol), H,NN(Me)CH,CO,Bn (87.3 mg, 0.450 mmol) % >, 21a & [FAERD
FiEZ X v AR LT (BEGRETE, 64.9 mg, 0.127 mmol, 2 T 57%). [alp> = -34.5 (c = 2.17,
CHCL3); '"H NMR (400 MHz, CDCls) & 7.77 (s) and 7.42-7.27 (m, total 6H), 5.72-5.54 (m, 1H),
5.42-5.09 (m, 3H), 4.04-3.86 (m, 1H), 3.81-3.49 (m, 2H), 3.37 (br s, 1H), 3.04-2.50 (m, 5H),
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2.49-2.35 (m) and 2.29-2.17 (m, total 1H), 1.78-1.57 (m, 2H), 1.43 (s, 18H); °*C NMR (100 MHz,
CDCl;) 6 170.5, 169.5, 156.2, 156.0, 135.1, 128.7, 128.6, 128.5 (2 carbons), 77.0, 76.7, 66.7, 57.7,
44.1, 38.9, 37.1, 34.8, 28.5 (3 carbons), 28.4 (3 carbons); HRMS (ES+) calcd for C,sH41N4O4
[M+H]"509.2975, found 509.2981.

(S)-di-tert-Butyl
{5-]2-(2-ethylamino-2-oxoethyl)-2-methylhydrazinyl]-5-oxopentane-1,3-diyl}dicarbamate (21c)

B\
C“NH 0 |

\ (0]
BOC\N/\/\)J\H,N\)J\H/\

H

21b (75 mg, 0.148 mmol) ® A ¥ / —L¥HR (2 mL) (2, 10% Pd/C (7.5 mg) = Z, /KHEK
AT, ISR L. KSEKRE 274 NA8 U EEZ2RTEE L L. SO EiEiT
2 = & 22 RO SIS W T2 FRIEA IR ODMFEHE (2mL) |2, Ethylamine-HCI (24.1 mg,
0.296 mmol) and HOBt-H,O0 (45.3 mg, 0.296 mmol) Z ¥R L7=. KT, NV =F L7 I
(41.0 pL, 0.296 mmol), EDC-HCI (56.7 mg, 0.296 mmol ZEXFIN L, =il CREHL L=
10% 7 @ VB K BRI SOSVIR 2 N %, Bl — /L CHlt U7z, A & fafn iRk &
U0 LKEIR, K, BEFEHK TUeH, Na,SO, TR L7z, Ak, RHKZBIEREL, 506
NEEEE VANV a<x v T 7 40— (Zaak/bh 0 AKX —)L =100:1) Tk
% Z & THMAE R Z457-(46.0 mg, 0.103 mmol, 2 T2 70%).; [a]p® = —16.4 (¢ 1.12, CHCl3); m.p.
123.0-124.0 °C; 'H NMR (400 MHz, CDCl;) 8 7.90 (br s, 1H), 5.53 (br s, 1H), 5.22 (br, s, 1H),
4.06-3.82 (m, 1H), 3.55-3.14 (m, 5H), 2.96 (br s, 1H), 2.68 (s, 3H), 2.52-2.27 (m, 2H), 2.04 (s, 1H),
1.70-1.56 (m, 2H), 1.43 (s, 18H), 1.14 (t, J = 7.3 Hz, 3H); C NMR (100 MHz, CDCl;) & 170.0, 168.9,
156.3, 156.0, 79.6, 79.3, 62.6, 46.7, 45.6, 38.8, 37.1, 35.2, 34.1, 28.5 (3 carbons), 28.4 (3 carbons),
14.5; HRMS (ES+) calcd for C50H39NsOgNa [M+Na]* 468.2798 found 468.2799.

(S)-tert-Butyl 5-{2-[2-(benzylamino)-2-oxoethyl]-2-methylhydrazinyl}-5-oxopentane-1,3-
diyldicarbamate (21d)

Boc

NH O | 0o
B ~ /\/-\)J\ ,N
¢ N N \)J\NHBn

20 (98.0 mg, 0.313 mmol), H,NN(Me)CH,CONHBn (97.8 mg, 0.506 mmol) %z HV>, 21a & [A]
BROFHEIZ I B LT (HEEK, 41.3 mg, 81.3 pmol, 2 TFE 26%). [a]p” = -22.4 (¢ =0.62,
CHCl;); 'H NMR (400 MHz, CDCl;) § 8.35-8.21 (m, 1H), 7.69 (s, 1H), 7.39-7.20 (m, 5H), 5.38 (br
d, 1H), 5.15 (br s, 1H), 4.53-4.38 (m, 2H), 3.89-3.76 (m, 1H), 3.38 (s, 2H), 3.36-3.14 (m, 1H),
3.01-2.94 (m, 1H), 2.64 (s, 3H), 2.31 (dd, J = 16 and 5.1 Hz) and 2.21 (dd, J = 14 and 6.3 Hz, total
2H), 1.78-1.50 (m, 2H), 1.44 (s, 18H);"*C NMR (100 MHz, CDCl;) & 169.9, 168.9, 156.3, 156.0,
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128.6 (2 carbons), 128.0 (2 carbons), 127.3, 77.2, 77.1, 62.6, 46.6, 45.6, 43.1, 38.6, 37.2, 34.9, 28.5
(3 carbons), 28.4 (3 carbons) ; HRMS (ES+) caled for C,sH4xNsOs [M+H]™ 508.3135, found
508.3116.

(S)-Ethyl 2-[2-(3,5-diaminopentanoyl)-1-methylhydrazinyl]acetate - 2TFA (19a)
NH, O | O

H,N ' H’NJOEt

21a (29.1mg, 65.2 mmol) (KB T, 4M /A% 2 mL) ZHML, EET1
REf PR Lo, W2 R £1%, 5072 5%E 2 KICEME L, HPLC (gradient: milli-Q
water (TFA 0.1%) : CH;CN (TFA 0.1%) = 95 : 5 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 85 : 15 over 40 min, flow late 5 mL/min, UV: 222 nm) Tk 2 = & CTHEAE K %215
72 (11.03 mg, 23.3 pmol, 36%).
[alp? = +8.44 (¢ = 0.43, H,0); m.p. 72.3-73.8 °C; 'H NMR (300 MHz, D,0) & 4.17 (q, 2H),
3.74-3.70 (m, 1H), 3.61 (s, 2H), 3.10 (t, J = 8.17 Hz, 2H), 2.67-2.56 (m, 5H), 2.11-2.01 (m, 2H),
1.23 (t, J=7.14 Hz, 3H); HRMS (ES+) calcd for C;oH,3N4,03 [M+H]" 247.1770, found 247.1764.

(S)-Benzyl 2-[2-(3,5-diaminohexanoyl)-1-methylhydrazinyl]acetate - 2TFA (19b)
NH; O | O

N
H,N N \)J\OBn

21b (64.9 mg, 0.128 mmol) % FH >, 19a & [AER D 73512 L Y Ak L, HPLC (gradient: milli-Q

water (TFA 0.1%) : CH;CN (TFA 0.1%) = 95 : 5 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 85 : 15 over 40 min, flow late 5 mL/min, UV: 222 nm) CH#L L 7= (ZEAE K, 34.6 mg,
64.5mmol, 50%).
[a]p® = +5.80 (¢ = 1.15, H,0); m.p. 65.5-66.3 °C; '"H NMR (400 MHz, D,0) d 7.44-7.39 (m, 5H),
5.20 (s, 2H), 3.68-3.60 (m, 3H), 3.07 (t, J = 7.2 Hz, 2H), 2.63 (s, 3H), 2.59-2.44 (m, 2H), 2.14-1.98
(m, 2H); C NMR (100 MHz, D,0) & 173.6, 171.8, 138.2, 131.7 (2 carbons), 131.6, 131.3 (2
carbons), 70.1, 61.3, 48.9, 47.2, 38.5, 37.6, 32.7; HRMS (ES+) caled for C;sH»sN4,O3 [M+H]"
309.1927, found 309.1915.

(5)-2-(2-(3,5-Diaminopentanoyl)-1-methylhydrazinyl)-/V-ethylacetamide-2TFA (19¢)
NH, O | O
HoN : H’N\)J\H/\
21c (21.3 mg, 47.8 umol) & M\, 19a & [FAAR D HIEIZ L U ARk L, HPLC (gradient: milli-Q

water (TFA 0.1%) : CH;CN (TFA 0.1%) = 95 : 5 to milli-Q water (TFA 0.1%) : CH;CN (TFA
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0.1%) = 85 : 15 over 40 min, flow late 5 mL/min, UV: 222 nm) CH#L L 7= (HE@E A, 19.6 mg,
41.4 umol, 87%).; [a]p> = +20.4 (c 0.38, H,0); m.p. 133.7-134.4 °C; '"H NMR (400 MHz, D,0) &
3.80-3.69 (m, 1H), 3.45 (s, 2H), 3.22 (q, J = 7.3 Hz, 2H), 3.17-3.03 (m, 2H), 2.70-2.54 (m, 4H),
2.18-1.98 (m, 2H), 1.10 (t, J = 7.3 Hz, 3H); >C NMR (100 MHz, D,0) § 174.0, 172.4, 64.3, 49.1,
48.0, 38.6, 37.6, 37.3, 32.8, 16.4; HRMS (ES+) calcd for C;oH,N5O, [M+H]" 246.1930, found
246.1928.

(S)-N-Benzyl-2-[2-(3,5-diaminopentanoyl)-1-methylhydrazinyl]acetamide - 2TFA (19c¢)

NH, O | O
HoN ' H'N\)]\NHBn

21c¢ (34.7 mg, 68.3 umol) % H\>, 19a & [FAED L2 L W & L, HPLC (gradient: milli-Q
water (TFA 0.1%) : CH;CN (TFA 0.1%) = 95 : 5 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 85 : 15 over 40 min, flow late 5 mL/min, UV: 222 nm)f58 L 7= (1 A [E {4, 14.8 mg, 27.6
umol, 40%).
[a]p? = +0.90 (c = 0.49, H,0); m.p. 77.3-78.2 °C; 'H NMR (400 MHz, D,0) d 7.43-7.22 (m, 5H),
4.41 (q, J = 15 Hz, 2H), 3.67-3.25 (m, 3H), 3.11-2.98 (m, 2H), 2.62 (s, 3H), 2.67-2.40 (m, 2H),
2.02.08-1.89 (m, 2H); ;°C NMR (100 MHz, H,0) 8 174.1, 172.4, 140.7, 131.7 (2 carbons), 131.7 (2
carbons), 130.5, 64.0, 48.9, 45.7 (2 carbons), 38.6, 32.9; HRMS (ES+) caled for C;sHpsNsO,
[M+H]" 308.2085, found 308.2087.

(S)-2-Bromobenzyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methyl
hydrazinyl}acetate (24a)

BOC‘I;IH o | o Br

21b (103 mg, 0.203 mmol) ® A ¥ / — /A ¥EHE (2 mL) 2, 10% Pd/C (10.3 mg) =z, /K%
FHE T, 15 S Lz, KISHEREE T A4 A U2 TR L Lz, 5577k
I 2 2 L RO W,

FEHE D DMF 3§ (2 mL) (2 0-7 2 &2 UL 7T )L a—/L (45.6 mg, 0.244 mmol), DMAP
(2.48 mg, 20.3 pmol) Z M1 %, K& T, DCC (46.0 mg, 0.223 mmol) Z ML, EiEIZ THK
WL, RGREZ TR 5%, 7RV A THIRL, Al L. AilEZK, fafn
RHEK THEN, NaSO4 THZE LT, Ailatk, WA BIEREL, fonEiEa > ) 17w
HIhrna<w NI T7 74— (Zaakbh o AZ 7 —/L =100:1) THE+THZ L THA
A %157~ (56.1 mg, 95.5 pmol, 2 T2 47%). [a]p” = -30.7 (¢ =1.11, CHCl3); m.p. 122.0-123.4
°C; '"H NMR (400 MHz, CDCl;) & 7.77 (s) and 7.44-7.28 (m, total 3H), 7.60 (d, J = 8.0 Hz, 1H),
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7.25-7.20 (m, 1H), 5.74-5.57 (m, 1H), 5.40-5.20 (m, 3H), 4.06-3.89 (m, 1H), 3.83-3.56 (m, 2H),
3.37 (br s, 1H), 3.00-2.89 (m, 1H), 2.83-2.72 (m) and 2.63-2.50 (m, total 4H), 2.46-2.38 (m) and
2.23 (dd, J = 15 and 5.8 Hz, total 1H), 1.74-1.57 (m, 2H), 1.44 (s, 18H); *C NMR (100 MHz,
CDCl;) 8 174.8,169.3, 156.1, 134.4, 133.0, 130.5, 130.3, 130.2, 127.7, 123.7, 79.3, 79.0, 66.3, 57.7,
45.4, 44.1, 38.9, 37.1, 35.0, 28.5 (3 carbons), 28.4 (3 carbons); HRMS (ES+) calcd for
C,5H4oN4O,Br[M+H]" 587.2080, found 587.2092.

(S)-3-Bromobenzyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methyl
hydrazinyl}acetate (24b)

Boc .
°°*NH O

O
BOC\NWJ\”,IL\)LO/\@&

21b (108 mg, 0.212 mmol), m-7 T E~_2 P/ T L a—/b (47.5 mg, 0.254 mmol) % A\,
24a L[FEIRRD FIEIZ L W AR LT (BEREIE, 84.6 mg, 0.144 mmol, 2 TF2 68%). [a]p™ = -
27.7 (¢ = 1.24, CHCl;); m.p. 82.5-83.6 °C; 'H NMR (400 MHz, CDCls) & 7.82 (s) and 7.34 (br d,
total 1H), 7.57-7.44 (m, 2H), 7.32-7.20 (m, 3H), 5.73-5.57 (m, 1H), 5.41-5.20 (m, 1H), 5.14 (s, 2H),
4.06-3.88 (m, 1H), 3.82-3.47 (m, 2H), 3.36 (br s, 1H), 3.04-2.88 (m, 1H), 2.87-2.49 (m, 3H),
2.48-2.38 (m) and 2.24 (dd, J = 15 and 5.7 Hz, total 1H), 1.86-1.57 (m, 2H), 1.43 (s, 18H); "*C
NMR (100 MHz, CDCls) § 174.8, 169.3, 156.0, 137.2, 131.7, 131.4, 130.3, 126.9, 122.6, 79.3, 79.0,
65.7, 58.9, 57.8, 45.5, 44.1, 38.9, 37.1, 35.0, 28.4 (3 carbons), 28.3 (3 carbons); HRMS (ES+) calcd
for C,5H4N407Br [M+H]" 587.2080, found 587.2080.

(S)-4-Bromobenzyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methyl
hydrazinyl}acetate (24¢)

Boc .
°°*NH O

\ 19
BOC‘N/\/\)kN’N\)ko/\(;L
H
Br

H

21b (120 mg, 0.236 mmol), p-7 ZEX> /LT )L a—/b (53.0 mg, 0.283 mmol) % 1>,
24a L FRIBED HIEIC X VAR LZ (AEEK, 71.6 mg, 0.122 mmol, 2 THE 52%). [alp” = -31.7
(¢ = 1.10, CHCls); m.p. 121.7-122.4 °C; 'H NMR (400 MHz, CDCl;) § 7.77 (s) and 7.28 (br s, total
1H), 7.51 (d, J = 8.3 Hz, 2H), 7.25-7.21 (m, 2H), 5.71-5.52 (m, 1H), 5.40-5.18 (m, 1H), 5.12 (s, 2H),
4.07-3.85 (m, 1H), 3.69-3.50 (m, 2H), 3.36 (br s, 1H), 3.00-2.86 (m, 1H), 2.68-2.48 (m, 4H),
2.45-2.38 (m) and 2.23 (dd, J = 15 and 5.8 Hz, total 1H), 1.74-1.57 (m, 2H), 1.43 (s, 18H); "°C
NMR (100 MHz, CDCls) 6 174.7, 169.4, 156.1, 134.0, 131.9 (2 carbons), 130.2 (2 carbons), 122.7,
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79.3, 79.0, 65.9, 58.9, 57.7, 45.4, 44.1, 38.9, 37.1, 35.0, 28.5 (3 carbons), 28.4 (3 carbons); HRMS
(ES+) caled for C,5H4N40;Br [M+H]" 587.2080, found 587.2078.

(8)-2-Chlorobenzyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methyl
hydrazinyl}acetate (24d)

Boc .
N o | o cl
s

H

21b (98.0 mg, 0.193 mmol), 0-7 = B LT L3 —/L (32,9 mg, 0.232 mmol) % HW>,
24a L[FEIRRDO FIEIZ L W AR LT (HGEIK, 37.17 mg, 0.069 mmol, 2 T2 35.5%). [a]p” = —
38.0 (¢ = 1.00, CHCl3); m.p. 90.3-91.3 °C; '"H NMR (400 MHz, CDCl;) & 7.88 (s, 1H), 2.28-7.42 (m,
total 4H), 5.63 (m, 1H), 7.25-7.20 (m, 1H), 5.28-2.38 (m, 2H), 5.40-5.20 (m, 3H), 3.93 (br s, 1H),
3.68-3.77 (m, 2H), 3.38 (br s, 1H), 2,93 (br s, 2H), 2.78 (m, 3H), 2.39-2.60 and 2.28 (dd, J = 14.9,
14,9 Hz, total 2H), 1.59-1.65 (m, 2H), 1.43 (s, 18H); *C NMR (100 MHz, CDCl3) & 170.3, 169.4,
156.1, 156.0, 133.8, 132.8, 130.3, 130.1, 130.0, 127.1, 77.3, 76.8, 64.0, 57.7, 45.4, 38.9, 37.2, 34.8,
28.8 (3 carbons),28.4 (3 carbons) ; HRMS (ES+) caled for CpsH4N40;NaCl [M+Na]" 565.2405,
found 265.2393..

(8)-3-Chlorobenzyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methyl
hydrazinyl}acetate (24e)

Boc .
°°“NH O

\ 9
BOC\N/\/\)J\H,N\)J\O/\@CI

H

21b (100 mg, 0.197 mmol), m-7 B XYL 7T /L a—/L (344 mg, 0.242 mmol) % HW>,
24a L[FEIRRD FIEIZ X W AR LT (BAREIE, 24.4 mg, 0.045 mmol, 2 TF& 22.8%). [a]p” = —
19.3 (¢ = 1.00, CHCls); m.p. 95.9-96.3 °C; "H NMR (400 MHz, CDCls) & 7.78 (s) and 7.36-7.24 (m,
total 4H), 5.57 (m, 1H), 5.12-5.11 (m, 2H), 3.92 (m, 1H), 3.75-3.67 (m, 2H), 3.37, (br s. 1H),
2.93(br s 2H), 2.78 (s, 3H), 2.60-2.40 and 2.2353 (dd, J = 14.7, 14.7 Hz, total 2H), 1.67-1.59 (m,
2H), 1.44 (s, 18H); C NMR (100 MHz, CDCls) 8 170.3, 169.4, 156.2 (2 carbons), 137.1, 134.6,
130.0, 128.7, 128.7, 128.5, 126.5, 77.4, 77.1, 65.7, 77.1, 45.5, 44.1, 38.9, 37.1, 349, 28.5 (3
carbons), 28.4 (3 carbons); HRMS (ES+) calcd for C,sH4N4O,NaCl [M+Na]® 565.2405, found
565.2405.
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(S)-4-Chlorobenzyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methyl
hydrazinyl}acetate (24f)

Boc .
°°*NH O

\ 19
Boc . /\/\)J\ .
oc N N N\)J\O/\©\
H
Cl

H

21b (100 mg, 0.197 mmol), p-7 BB LT L a—/L (35.5 mg, 0.250 mmol) % HW>,
24a L[FEIRRD FIEIZ X W AR LT (BAREIE, 42.0 mg, 0.077 mmol, 2 T 39.3%). [a]p” = —
30.6 (c = 0.85, CHCl3); m.p. 102.6-103.9 °C; '"H NMR (400 MHz, CDCl3) § 7.76 (s, 1H), 7.35 (d,
20.7 Hz) and 7.31 (d, 5.5 Hz, total 4H), 5.65-5.58 (m, 1H), 5.14 (br s, 2H), 3.99-3.91 (m, 1H), 3.73
(br s 2H), 3.37 (br s, 1H), 2.93-2.72 (m, 4H), 2.23 (dd, J = 31.4 and 14.4 Hz), 1.66-1.59 (m, 2H),
1.43 (s, 18H); "C NMR (100 MHz, CDCl3) § 170.4, 169.4, 156.2 (2 carbons), 134,6, 133.6, 129.9 (4
carbons), 77.0, 76.7, 57.7, 45.5, 44.1, 38.9, 37.2, 35.1, 28.5 (3 carbons), 28.4 (3 carbons)nk; HRMS
(ES+) caled for C,5H4oN4O,Cl [M+H]",543.2586 found 543.2590.

(S)-2-Nitrobenzyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methyl
hydrazinyl}acetate (24g)

BOC‘I;JH o | o NO,
BOC\H/\/’\)J\H,N\)J\O/\KD

21b (80.6 mg, 0.193 mmol), o-= F B XL 7 /L a—/L (35.2 mg, 0.230 mmol) % HW>,
24a L[FEIRRD FIEIZ X W AR LT (BEREIE, 28.3 mg, 51.1 pmol, 2 T2 27%). [alp™ = -33.0
(¢ = 1.40, CHCly); m.p. 124.2-125.8 °C; 'H NMR (400 MHz, CDCl;) § 8.13 (d, J = 8.1 Hz, 1H),
7.79-7.63 (m) and 7.26 (br s, total 2H), 7.62-7.50 (m, 2H), 5.77-5.50 (m, 3H), 5.40-5.19 (m, 1H),
4.09-3.88 (m, 1H), 3.87-3.51 (m, 2H), 3.37 (br s, 1H), 3.03-2.48 (m, 5H), 2.42 (dd, J = 15 and 4.5
Hz) and 2.35 (dd, J = 15 and 6.0 Hz, total 1H), 1.77-1.54 (m, 2H), 1.43 (s, 18H); >C NMR (100
MHz, CDCl;) 8 170.0, 169.1, 147.7, 133.9, 129.6, 129.3, 125.3, 125.2, 63.4, 57.6, 45.5, 44.1, 39.0,
37.1, 34.9; HRMS (ES+) calcd for C,sH4NsOo [M+H]" 554.2826, found 554.2826.

(S)-3-Nitrobenzyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methyl
hydrazinyl}acetate (24h)

Boc .
°°*NH O

A S
Boc . /\/\)J\ .
oC N H N\)J\O/\©/NOZ

H
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24b (60.3 mg, 0.118 mmol), m-= kXL 7 /La—/ L (21.7 mg, 0.142 mmol) % HW>,
21a L[FEIRRD FIEIZ L W AR LT- (BAREIE, 41.4 mg, 74.8umol, 2 T2 63%). [a]p> = -32.0
(c = 1.49, CHCL3); m.p. 86.9-87.8 °C; "H NMR (400 MHz, CDCl;) & 8.23 (s, 2H), 7.76 (s) and 7.25
(br s, total 1H), 7.70 (t, J = 7.5 Hz, 1H), 7.59 (t, J = 7.9 Hz, 1H), 5.71-5.52 (m, 1H), 5.40-5.18 (m,
3H), 4.06-3.85 (m, 1H), 3.84-3.57 (m, 2H), 3.36 (br s, 1H), 3.03-2.50 (m, 5H), 2.42 (dd, J = 15 and
4.8 Hz) and 2.25 (dd, J = 15 and 5.9 Hz, total 1H), 1.78-1.58 (m, 2H), 1.43 (s, 18H); *C NMR (100
MHz, CDCl3) § 170.2, 169.3, 156.1, 148.4, 137.2, 134.1, 129.8 (2 carbons), 123.5, 123.1, 77.4, 76.7,
65.2, 57.7, 45.5, 44.1, 39.0, 37.1, 34.9, 28.4 (3 carbons), 28.4 (3 carbons); HRMS (ES+) calcd for
CasH4oNsO9 [M+H]"554.2826, found 554.2817.

(S)-4-Nitrobenzyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methyl
hydrazinyl}acetate (24i)

Boc .
°°“NH O e

BOC\N/\/'\)J\N,N\)J\O/
H H
NO

21b (82.5 mg, 0.197 mmol), p-= F B> VL7 /L3 —/b (36.3 mg, 0.237 mmol) % 1>,
24a L[FEIRRD FIEIZ X W AR LT (BAREIE, 45.3 mg, 81.9 pmol, 2 TF2 42%). [a]p™ = -30.5
(c =0.77, CHCl;); m.p. 98.7-100.5 °C; 'H NMR (400 MHz, CDCl;) d 8.25 (d, J = 8.7 Hz, 2H), 7.71
(s) and 7.23 (br d, total 1H), 7.53 (t, J = 8.5 Hz, 2H), 5.74-5.48 (m, 1H), 5.40-5.17 (m, 3H),
4.08-3.84 (m, 1H), 3.83-3.75 (m, 2H), 3.36 (br s, 1H), 3.03-2.83 (m, 1H), 2.82-2.49 (m, 4H), 2.42
(dd, T = 16 and 5.8 Hz) and 2.24 (dd, J = 15 and 5.8 Hz, total 1H), 1.76-1.55 (m, 2H), 1.43 (s, 9H),
1.42 (s, 9H); >C NMR (100 MHz, CDCl;) & 170.2, 169.3, 156.2, 156.0, 147.9, 142.2, 77.0, 76.6,
65.1, 57.7, 45.4, 44.1, 39.0, 37.1, 34.9, 28.4 (6 carbons), HRMS (ES+) calcd for C,sHsNsOoNa
[M+Na]" 576.2645, found 576.2633.

(S)-3-Methoxybenzyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methyl
hydrazinyl}acetate (24j)

H

Boc .
N O | O OMe
Boc\N/\/\)LH,N\)]\O/\ﬁj

21b (114 mg, 0.224 mmol), 0- A F F X L7 /L2 —/L (37.1 mg, 0.269 mmol) % H\>,
24a L RBEDOFIEICE VAR L7z (AEBE, 59.6 mg, 0.111 mmol, 2 T2 49%). ;[alp> = -
38.0 (¢ = 0.75, CHCl3); m.p. 77.1-79.0 °C; 'H NMR (400 MHz, CDCl3) 8 7.80 (s) and 7.39-7.25 (m,
total 3H), 7.04-6.86 (m, 2H), 5.77-5.56 (m, 1H), 5.39-5.17 (m, 3H), 4.05-3.89 (m, 1H), 3.86 (s, 3H),

79



3.78-3.50 (m, 2H), 3.37 (br s, 1H), 3.00-2.83 (m, 1H), 2.81-2.49 (m, 4H), 2.48-2.37 (m) and 2.20
(dd, J =15 and 5.6 Hz, total 1H), 1.78-1.57 (m, 2H), 1.43 (s, 18H); *C NMR (100 MHz, CDCl;) &
174.7,169.6, 157.7, 156.2, 130.4, 130.2, 123.3, 120.5, 110.6, 79.3, 79.0, 62.3, 59.0, 57.8, 55.5, 45.3,
44.0, 38.9, 37.1, 35.2, 28.4 (3 carbons), 28.3 (3 carbons); HRMS (ES+) calcd for C,sH43N4Og
[M+H]" 539.3081, found 539.3079.

(S)-3-Methoxybenzyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methyl
hydrazinyl}acetate (24Kk)

B°°‘r;1H o | 0
Boc\N/\/'\)I\N,N\)J\O/\@/OMe
H H

21b (79.7 mg, 0.157 mmol), m- A FF X D)L T L —)L (26.0 mg, 0.188 mmol) % V>,
24a LEREDFIEIZ X W AR LT (HEGEIK, 41.0 mg, 76.2 pmol, 2 T2 49%). [a]p” = -33.8
(¢ =0.94, CHCl;); m.p. 79.3-80.5 °C; "H NMR (400 MHz, CDCl;) & 7.76 (s) and 7.36-7.25 (m, total
2H), 6.98-6.86 (m, 3H), 5.76-5.56 (m, 1H), 5.40-5.19 (m, 1H), 5.15 (s, 2H), 4.04-3.94 (m, 1H), 3.82
(s, 3H), 3.79-3.49 (m, 2H), 3.37 (br s, 1H), 3.02-2.88 (m, 1H), 2.87-2.48 (m, 4H), 2.47-2.38 (m) and
2.25 (dd, J = 15 and 5.7 Hz, total 1H), 1.76-1.56 (m, 2H), 1.43 (s, 18H); *C NMR (100 MHz,
CDCls) § 174.7, 169.5, 159.8, 156.2 (2 carbons), 136.5, 129.8, 120.6, 114.1, 114.0, 79.3, 79.0, 66.6,
57.7,55.3, 45.4, 44.1, 38.9, 37.2, 34.9, 28.5 (3 carbons), 28.4 (3 carbons); HRMS (ES+) calcd for
Ca6H4sN,Og [M+H]" 539.3081, found 539.3072.

(S)-4-Methoxybenzyl 2-{2-[3,5-bis(tert-butoxycarbonylamino)pentanoyl]-1-methyl
hydrazinyl}acetate (241)

BOC‘I;IH o | o

Boc\H/\/\)KH,N\)LO/\@
OMe

21b (106 mg, 0.209 mmol), p- A FF X L7 /L a—/v (34.7 mg, 0.251 mmol) % HW>,
24a LAEEDFIEIC X W AR LT (BGEIE, 49.9 mg, 92.7 pmol, 2 T2 44%). [a]p” = -29.6
(c = 0.15, CHCl3); m.p. 89.6-90.2 °C; 'H NMR (400 MHz, CDCl3)  7.81 (s) and 7.38-7.23 (m, total
3H), 6.90 (d, J = 7.2 Hz, 2H), 5.74-5.57 (m, 1H), 5.41-5.23 (m, 1H), 5.11 (s, 2H), 4.06-3.85 (m, 1H),
3.81 (s, 3H), 3.78-3.46 (m, 2H), 3.37 (br s, 1H), 3.00-2.86 (m, 1H), 2.85-2.45 (m, 4H), 2.44-2.37
(m) and 2.22 (dd, J = 15 and 5.7 Hz, total 1H), 1.76-1.56 (m, 2H), 1.43 (s, 18H); *C NMR (100
MHz, CDCl3) 8 174.7, 169.6, 159.9, 156.1, 130.4 (2 carbons), 127.1, 114.0 (2 carbons), 79.2, 78.9,
66.6, 57.7, 55.3, 45.4, 44.0, 38.9, 37.1, 34.7, 28.44 (3 carbons), 28.35 (3 carbons); HRMS (ES+)

caled for CosHyoN4OgNa [M+Na]™ 561.2900, found 561.2889.
(S)-2-Bromobenzyl 2-(2-(3,5-diaminopentanoyl)-1-methylhydrazinyl)acetate - 2TFA (22a)
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NH, O

| (0] Br
HzN/\/\)J\H/N\)J\O/\ﬁj

24a (52.0 mg, 88.5 umol) [ ZKEGHEE T, 4 M R/ A X9 2mL) Mz, |IEIZTI1 K

R U7, BOSTEIR & BT £1%, 15 D778 % KIS L, HPLC (gradient: milli-Q
water (TFA 0.1%) : CH;CN (TFA 0.1%) = 75 : 25 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 55 : 45 over 40 min, flow late 5 mL/min, UV: 222 nm) THH4 2 Z & THAE K Z 15
72 (26.9 mg, 43.9 pmol, 50%).
[a]p? = +4.86 (¢ = 0.10, H,0); m.p. 84.7-85.8 °C; 'H NMR (400 MHz, D,0) 6 7.73 (d, J = 8.0 Hz,
1H), 7.57-7.43 (m, 2H), 7.40-7.37 (m, 1H), 5.33 (s, 2H), 3.82-3.69 (m, 3H), 3.16 (t, J = 7.3 Hz, 2H),
2.71 (s, 3H), 2.70-2.55 (m, 2H), 2.22-2.01 (m, 2H); *C NMR (100 MHz, D,0) 8 170.6, 168.8, 134.2,
133.0, 130.9, 130.7, 128.0, 123.3, 66.9, 58.3, 46.1, 44.3, 35.7, 34.6, 29.8; HRMS (ES+) calcd for
C15H,N,O;Br[M+H]" 387.1032, found 387.1033.

(S)-3-Bromobenzyl 2-(2-(3,5-diaminopentanoyl)-1-methylhydrazinyl)acetate - 2TFA (22b)

NH, O | O

H2N/\/\)J\H,N\)Lo/\©/3r

24b (44.9 mg, 76.4 pmol) %= M\, 22a & [FAERD FIEIZ X U A5 L, HPLC (gradient: milli-Q

water (TFA 0.1%) : CH;CN (TFA 0.1%) = 75 : 25 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 55 : 45 over 40 min, flow late 5 mL/min, UV: 222 nm) CTH# L7 (A E@EK, 10.7 mg,
17.3 pmol, 23%).
[a]p? = +8.08 (¢ = 0.77, H,0); m.p. 102.4-103.0 °C; '"H NMR (400 MHz, D,0) § 7.70-7.57 (m, 2H),
7.44-7.32 (m, 3H), 5.20 (s, 2H), 3.79-3.64 (m, 3H), 3.10 (t, J = 7.5 Hz, 2H), 2.67 (s, 3H), 2.62-2.45
(m, 2H), 2.18-1.98 (m, 2H); *C NMR (100 MHz, D,0) § 170.6, 168.8, 137.7, 131.5, 130.9, 130.5,
127.0, 121.9, 66.2, 58.4, 46.0, 44.3, 35.6, 34.5, 29.8; HRMS (ES+) calcd for C;5sH4N,O;Br[M+H]"
387.1032, found 387.1030.

(S)-4-Bromobenzyl 2-(2-(3,5-diaminopentanoyl)-1-methylhydrazinyl)acetate - 2TFA (22c¢)
NH, O

| (0]
HZN/\/\)I\N,N\)J\O/\@
H
Br

24c¢ (37.2 mg, 63.3 umol) & A\, 22a & [FEED FFIEIZ LV &5k L, HPLC (gradient: milli-Q
water (TFA 0.1%) : CH;CN (TFA 0.1%) = 75 : 25 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 55 : 45 over 40 min, flow late 5 mL/min, UV: 222 nm) CTH# L7 (A @EK, 18.4 mg,
29.9 umol, 47%).
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[a]n® = +6.67 (¢ = 0.50, H,0); m.p. 88.5-89.4 °C; 'H NMR (400 MHz, D,0) 8 7.59 (d, J = 8.4 Hz,
2H), 7.33 (d, J = 8.2 Hz, 2H), 5.16 (s, 2H), 3.74-3.62 (m, 3H), 3.09 (t, J = 8.3 Hz, 2H), 2.65 (s, 3H),
2.60-2.45 (m, 2H), 2.20-1.98 (m, 2H); °C NMR (100 MHz, D,0) & 173.5, 171.7, 134.6 (2 carbons),
133.1 (2 carbons), 124.9, 69.3, 61.4, 48.9, 47.2, 38.6, 37.5, 32.7; HRMS (ES+) caled for
C15H2:N40;Br [M+H]" 387.1032, found 387.1024.

(S)-2-Chlorobenzyl 2-(2-(3,5-diaminopentanoyl)-1-methylhydrazinyl)acetate - 2TFA (22d)

NH, O

| o} Cl
HZN/\/\)kH,N\)J\o/\ﬁj

24d (37.2 mg, 68.5 umol) Z M\, 22a & [FAERDFIEIZ LV A5 L, HPLC (gradient: milli-Q
water (TFA 0.1%) : CH;CN (TFA 0.1%) = 75 : 25 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 55 : 45 over 40 min, flow late 5 mL/min, UV: 222 nm) CTH# L7 (A @EK, 35.1 mg,
61.6 umol, 89.9%).

[alp? = +4.99 (¢ = 1.00, H,0); m.p. 78.5-79.5 °C; '"H NMR (400 MHz, D,0) & 7.51-7.46 and
7.41-7.34 (m, total 4H), 5.30 (s, 2H), 3.69 (s) and 3.68-3.65 (m, total 3H), 3.09 (t, J=22.3, 18.9 Hz,
2H), 1.64 (s, 3H), 2.60-2.48 (m, 2H), 2.11-1.99 (m, 2H); *C NMR (100 MHz, D,0) & 170.5, 168.8,
133.5, 132.5, 130.8, 130.4, 129.7, 127.3, 64.7, 58.3, 46.0, 44.2, 35.6, 34.5, 29.7 HRMS (ES+) caled
for CsH,4N,O3 [M+H]" 387.1032, found 387.1024.

(8)-3-Chlorobenzyl 2-(2-(3,5-diaminopentanoyl)-1-methylhydrazinyl)acetate

‘2TFA(22e)

NH, O

N | 9
: N cl

24e (24.39 mg, 45.0 umol) & A\, 22a L FAIEED FIEIZ L W &Rk L, HPLC (gradient: milli-Q
water (TFA 0.1%) : CH;CN (TFA 0.1%) = 75 : 25 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 55 : 45 over 40 min, flow late 5 mL/min, UV: 222 nm) CTH# L7 (H@EK, 14.0 mg,
24.5 pmol, 54%).

[alp? = +5.27 (¢ = 1.00, H,0); m.p. 69.9-70.8 °C; 'H NMR (400 MHz, D,0) & 7.45-7.33 (m, 4H),
5.18 (s, 2H), 3.69 (s) and 3.66 (br s total 3H), 3.08 (t, J = 21.5, 19.1 Hz, 2H), 2.65 (s, 3H), 2.53 (t, J
=12.8, 17.7 Hz. 2H), 2.07-2.01 (m, 2H); "C NMR (100 MHz, D,0) 8 170.6, 168.8, 137.4, 133.8,
130.2, 128.5, 128.0, 126.5, 66.2, 58.4, 46.0, 44.3, 35.6, 34.5, 29.7; HRMS (ES+) calcd for
C15sH4N,O3Br [M+H]" 387.1032, found 387.1030.

(8)-4-Chlorobenzyl 2-(2-(3,5-diaminopentanoyl)-1-methylhydrazinyl)acetate - 2TFA
(221)
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NH, O | O

HZN/\/\)kN'NJJ\O

24f (22.6 mg, 41.7 umol) Z V>, 22a L [RERD HFIEIZ L Y &5k L, HPLC (gradient: milli-Q

water (TFA 0.1%) : CH;CN (TFA 0.1%) = 75 : 25 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 55 : 45 over 40 min, flow late 5 mL/min, UV: 222 nm) CTH# L7 (A E@EK, 13.1 mg,
29.9 umol, 23%).
[alp? = +2.52 (¢ = 0.50, H,0); m.p. 72.1-73.2 °C; 'H NMR (400 MHz, D,0) § 7.41 (q, J = 21.5,
20.5 Hz, 4H), 5.17 (s, 2H), 3.67 (s) and 3.65-3.63 (m, total 3H), 3.08 (t, J = 21.7, 19.5 Hz, 2H), 2.63
(s, 3H), 2.57-2.46 (m, 3H), 2.10-1.97 (m, 2H); C NMR (100 MHz, D,0) & 170.6, 168.8, 134.0,
133.8, 129.9 (2 carbons), 128.7 (2 carbons), 66.4, 58.4, 46.0, 44.2, 35.6, 34.5, 29.7; HRMS (ES+)
caled for C;sH4N4O3 [M+H]" 387.1032, found 387.1024.

(S)-2-Nitrobenzyl 2-(2-(3,5-diaminopentanoyl)-1-methylhydrazinyl)acetate - 2TFA (22¢g)

NH, O

| 0 NO,
H2N/\/\)J\H/N\)J\o/\©

24g (28.3 mg, 51.1 umol) % V>, 22a & [REED HiEIZ L D ARk L, HPLC (gradient: milli-Q

water (TFA 0.1%) : CH;CN (TFA 0.1%) = 75 : 25 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 55 : 45 over 40 min, flow late 5 mL/min, UV: 222 nm) TH# L7z (A @K, 21.8 mg,
37.5 umol, 74%).
[a]p? = +6.10 (¢ = 0.50, H,0); m.p. 79.9-80.4 °C; 'H NMR (400 MHz, D,0) & 8.15 (d, J = 7.3 Hz,
1H), 7.75 (t, J = 7.5 Hz, 1H), 7.69-7.58 (m, 2H), 5.52 (s, 2H), 3.79-3.68 (m, 3H), 3.11 (t,J = 7.7 Hz,
2H), 2.65 (s, 3H), 2.62 (m, 2H), 2.13-1.99 (m, 2H); °*C NMR (100 MHz, D,0) § 173.3, 171.9, 150.3,
137.4, 133.3 (2 carbons), 132.6, 128.2, 67.0, 61.2, 49.0, 47.2, 38.6, 37.6, 32.7; HRMS (ES+) calcd
for C;sH24NsOs [M+H]" 354.1777, found 354.1782.

(S)-3-Nitrobenzyl 2-(2-(3,5-diaminopentanoyl)-1-methylhydrazinyl)acetate - 2TFA (22h)

NH, O

O
|
HoN /\/\)I\”’N\)J\O/\Q/NOZ

24h (36.9 mg, 66.6 umol) #H\>, 22a LFEIEEDFILEIZE WAL, L, HPLC (gradient:
milli-Q water (TFA 0.1%) : CH3CN (TFA 0.1%) = 75 : 25 to milli-Q water (TFA 0.1%) : CH;CN
(TFA 0.1%) = 55 : 45 over 40 min, flow late 5 mL/min, UV: 222 nm) CHH L 7= (A @E K, 38.9
mg, 56%).
[a]p? = +6.49 (¢ = 0.50, H,0); m.p. 76.0-76.7 °C; '"H NMR (400 MHz, D,0) § 8.25 (s, 1H), 8.21 (d,
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J=28.3Hz, 1H), 7.80 (d, J = 7.7 Hz, 1H), 7.62 (t, J = 8.0 Hz, 1H), 5.30 (s, 2H), 3.79-3.63 (m, 3H),
3.11 (t, J= 7.3 Hz, 2H), 2.66 (s, 3H), 2.60 (dd, J = 17 and 5.3 Hz) and 2.53 (dd, J= 17 and 7.5 Hz,
total 2H), 2.18-1.97 (m, 2H); *C NMR (100 MHz, D,0) 8 173.5, 171.8, 150.8, 140.1, 137.6, 132.8,
126.3, 125.7, 68.7, 61.3, 49.0, 47.2, 38.6, 37.6, 32.8; HRMS (ES+) caled for C;5sH,NsOs [M+H]"
354.1777, found 354.1773.

(S)-4-Nitrobenzyl 2-(2-(3,5-diaminopentanoyl)-1-methylhydrazinyl)acetate - 2TFA (22i)

NH, O | O

HoN /\/\)J\N'N\)J\O/\Q\
H
NO

24i (22.1 mg, 39.9 umol) % A\, 22a & [AAED HIEIZ X W &Rk L, HPLC (gradient: milli-Q

water (TFA 0.1%) : CH;CN (TFA 0.1%) = 75 : 25 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 55 : 45 over 40 min, flow late 5 mL/min, UV: 222 nm) CTH# L7 (A E@EK, 15.7 mg,
68%).
[alp® = +3.72 (¢ = 0.50, H,0); m.p. 52.6-53.0 °C; 'H NMR (400 MHz, D,0) & 8.24 (d, J = 8.7 Hz,
2H), 7.60 (d, J = 8.7 Hz, 2H), 5.30 (s, 2H), 3.80-3.61 (m, 3H), 3.09 (t, J = 7.3 Hz, 2H), 2.65 (s, 3H),
2.59 (dd, J = 16 and 5.3 Hz) and 2.52 (dd, J = 17 and 7.4 Hz, total 2H), 2.15-1.98 (m, 2H); "°C
NMR (100 MHz, D,0) 8 173.4, 171.9, 150.3, 145.9, 131.5, 126.8, 126.7, 68.7, 61.2, 48.9, 47.2, 38.6,
37.8, 32.8; HRMS (ES+) calcd for C;sH,yNsOs[M+H]" 354.1777, found 354.1771.

2

(S)-2-Methoxybenzyl 2-(2-(3,5-diaminopentanoyl)-1-methylhydrazinyl)acetate - 2TFA (22j)

NH, O

| O OMe
H,N /\/\)J\H/N\/U\o/\ﬁj

24j (30.4 mg, 56.5 umol) =M\, 22a & [FIERD HFIEIZ LY ARk L, HPLC (gradient: milli-Q

water (TFA 0.1%) : CH;CN (TFA 0.1%) = 75 : 25 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 55 : 45 over 40 min, flow late 5 mL/min, UV: 222 nm) CTH# L7 (H@EK, 20.8 mg,
36.8 umol, 65%).
[alp? = +2.35 (¢ = 1.00, H,0); m.p. 66.5-66.8 °C; '"H NMR (400 MHz, D,0) & 7.46-7.35 (m, 2H),
7.10 (d, J = 8.3 Hz, 1H), 7.03 (t, J = 6.9 Hz, 1H), 5.22 (s, 2H), 3.85 (s, 3H), 3.70-3.60 (m, 3H), 3.08
(t, J=17.2 Hz, 2H), 2.63 (s, 3H), 2.59-2.46 (m, 2H), 2.18-1.97 (m, 2H); °*C NMR (100 MHz, D,0) &
173.6, 171.8, 160.4, 133.7, 133.5, 126.0, 123.8, 114.6, 65.8, 61.2, 58.6, 48.9, 47.0, 38.6, 37.6, 32.7;
HRMS (ES+) calcd for C6H,,N,O,[M+H]" 339.2032, found 339.2025.

(S)-3-Methoxybenzyl 2-(2-(3,5-diaminopentanoyl)-1-methylhydrazinyl)acetate - 2TFA (22k)
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NH, O

0O
|
N M
HoN w”’ \)J\O/\©/O ©

24k (22.1 mg, 41.1 umol) Z M\, 22a & [AAED FiEIZ X W &1k L, HPLC (gradient: milli-Q

water (TFA 0.1%) : CH;CN (TFA 0.1%) = 75 : 25 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 55 : 45 over 40 min, flow late 5 mL/min, UV: 222 nm) CTH# L7 (HE@EK, 15.0 mg,
26.5 umol, 64%).
[a]p? = +8.44 (c = 0.43, H,0); m.p. 58.1-58.6 °C; 'H NMR (400 MHz, D,0) 7.38 (t,J=19.3, 19.2,
1H), 7.05-6.99 (m, 3H), 5.18 (s, 2H), 3.83 (s, 3H), 3.68 (s) and 3.67-3.65 (m, total 3H), 3.08 (t, J =
18.2, 18.5, 2H), 2.64 (s, 3H), 2.58-2.46 (m, 2H), 2.08-1.99 (m, 2H); °C NMR (100 MHz, D,0) §
170.6, 168.8, 159.0, 137.0, 130.1, 120.9, 114.2, 113.8, 66.9, 58.4, 55.4, 46.0, 44.2, 35.6, 34.6, 29.8;
HRMS (ES+) calcd for C6H,,N,04 [M+H]" 339.2032, found 339.2021.

(S)-4-Methoxybenzyl 2-(2-(3,5-diaminopentanoyl)-1-methylhydrazinyl)acetate - 2TFA (221)

NH, O | O

e O/ﬁ
H
OMe

241 (30.8 mg, 57.2 umol) % H\>, 22a & [RERDFIEIZ LV A6 L, HPLC (gradient: milli-Q

water (TFA 0.1%) : CH;CN (TFA 0.1%) = 75 : 25 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 55 : 45 over 40 min, flow late 5 mL/min, UV: 222 nm) CTH# L7 (A @EK, 18.2 mg,
32.1 pmol, 56%).
[a]p? = +0.25 (¢ = 0.50, H,0); m.p. 71.0-72.1 °C; 'H NMR (400 MHz, D,0) & 7.50 (d, J = 8.7 Hz,
2H), 7.02 (d, J = 8.7 Hz, 2H), 5.15 (s, 2H), 2.84 (s, 3H), 3.73-3.61 (m, 3H), 3.09 (t, J = 7.5 Hz, 2H),
2.64 (s, 3H), 2.55-2.49 (m, 2H), 2.15-1.94 (m, 2H); >C NMR (100 MHz, D,0)  170.7, 168.8, 159.1,
130.4, 130.3, 127.8, 114.2 (2 carbons), 66.9, 58.4, 55.4, 46.0, 44.2, 35.6, 34.5, 29.7; HRMS (ES+)
caled for C1¢Hy7N4O,4 [M+H]" 339.2032, found 339.2036.

(75,10R)-Benzyl 7-[3-(benzylcarbonylamino)propyl]-10-isobutyl-3,14,14-trimethyl-
5,9,12-trioxo-13-0xa-3,4,8,11-tetraazapentadecan-1-oate (31a)

H
“Boc
H O NH O | (0]
CbZ/N\/\/\)]\H’N\)J\OBn

HREA 30 (79.7mg, 0.143mmol) (ZKMEIHEE T, 4M HElE/ A %% 2 mL) 2L, =
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I C1RERMR IR Uie, W2 e Bk, 5o ik 2 B4 25 2 & 2 RO IZHW
7.

¥ O DMF %% (2 mL) |Z Boc-D-Leu-OH-H,0O (71.3 mg, 0.286 mmol)3 & T}, HOBt-H,0
(43.8 mg, 0.286 mmol)& N %, KHGHLHE T, EtsN (39.6 pL, 0.286 mmol), EDC-HCI (54.8 mg,
0.286 mmol) Z RN L, FEIC TRAERE L7z, 10% 7 = U BRKIRIRIC SOSEIK 2 0 %, W
e L CHi L7c. A8 4 fafnikieKFET MU U LOKERKR, K, SFEEK T,
Na,SO, CTHME L7=. Aildtk, RHEZBIEREL, Goni=EErz > Va5V~ 77
T4— (ZuakRih  AZ =)L =60:1) THETSHZ L CTHEARIK 31a 21572 (90.8
mg, 0.136 mmol, 2 TF& 95%).; [a]p” =—-8.53 (¢ = 1.31, CHCl;); m.p. 98.4-99.6 °C; '"H NMR (400
MHz, CDCl3) 8 8.17 (s) and 7.09 (br s, total 1H), 7.45-7.22 (m, 10H), 7.18 (d, J = 8.7 Hz, 1H),
5.26-5.97 (m, 6H), 4.32-4.12 (m, 1H), 4.12-3.96 (m, 1H), 3.93-3.47 (m, 2H), 3.19 (br s, 2H),
2.98-2.47 (m, 4H), 2.39-2.18 (m, 1H), 1.80-1.50 (m, 7H), 1.42 (s, 9H), 1.00-0.86 (m, 6H); *C NMR
(100 MHz, CDCl3) § 174.6, 172.5, 170.7, 156.5 (2 carbons), 136.7, 135.0, 128.69 (2 carbons),
128.66 (2 carbons), 128.45 (2 carbons), 128.37 (2 carbons), 128.04, 127.98, 80.1, 66.8, 66.5, 57.8,
53.8,46.4,44.6, 41.2, 40.6, 39.1, 31.8, 28.3 (3 carbons), 26.4, 24.8 (2 carbons), 22.1; HRMS (ES+)
caled for C35Hs;NsOgNa [M+Na]* 692.3635, found 692.3638.

Benzyl 2-{2-[(5)-6-(benzyloxycarbonylamino)-3-((S)-2-hydroxy-4-methylpentanamido)
hexanoyl]-1-methylhydrazinyl}acetate (31b)

\OH
H o NH O | O
CbZ/N\/\/\)kN’N\)J\OBn

31b (L 30 (55.5 mg, 99.8 umol) ¥ LT (S)-2-hyrdoxy-4-pentanoic acid (26.4 mg, 0.200
mmol)Z >, 31a L RIEED HFIEIZ LV Ak LT, (HARER, 42.5 mg, 74.5 umol, 2 Tf&
75%).; [a]p” = —21.2 (¢ = 0.34, CHCl;); m.p. 82.5-84.6 °C; 'H NMR (400 MHz, CDCl;) & 7.84 (s)
and 7.42-7.27 (m, total 11H), 7.25-7.10 (m, 1H), 5.34-4.80 (m, 5H), 4.37-4.18 (m, 1H), 4.08 (d, J =
9.0 Hz, 1H), 3.84-3.46 (m, 2H), 3.30-3.14 (m, 2H), 2.85-2.59 (m, 4H), 2.42-2.18 (m, 1H), 1.98-1.70
(m, 1H), 1.69-1.40 (m, 6H), 0.95 (d, J = 6.5 Hz, 6H); C NMR (100 MHz, CDCl;) § 174.7, 170.8,
169.1, 156.57, 156.53, 136.6, 135.1, 128.8 (4 carbons), 128.55 (2 carbons), 128.53 (2 carbons),
128.1 (2 carbons), 70.7, 66.8, 66.7, 57.7, 46.3, 45.7, 44.2, 40.6, 31.7, 26.6, 24.6, 23.5, 21.4; HRMS
(ES+) caled for C30H4,N4O,Na [M+Na]" 593.2951, found 593.2949.

(7S,10R)-Benzyl 10-benzyl-7-[3-(benzylcarbonylamino)propyl]-
3,14,14-trimethyl-5,9,12-trioxo-13-o0xa-3,4,8,11-tetraazapentadecan-1-oate (31c)
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H
N

“Boc
H O l:\lH (0] | (0]
CbZ/N\/\/\)kH’N\)J\OBn

30 (82.9 mg, 0.149 mmol) 35 X T® Boc-Phe-OH (79.1mg, 0.298 mmol) % F\>, 31a & [RAEED
FiEZ X0 AR L2, (AAEE, 92.5 mg, 0.132 mmol, 2 T2 88%).; [alp> = -9.40 (¢ = 1.17,
CHCls); m.p. 126.7-128.1 °C; '"H NMR (400 MHz, CDCls) & 7.69 (s) and 7.42-7.16 (m, total 16H),
6.96 (br d, 1H), 5.25-5.00 (m, 6H), 4.40-4.24 (m, 1H), 4.23-3.99 (m, 1H), 3.78-3.46 (m, 2H),
3.26-3.10 (m, 2H), 3.02 (d, J = 6.1 Hz, 2H), 2.89-2.63 (m) and 2.40-2.21 (m, total 4H), 2.18-1.98 (m,
1H), 1.64-1.42 (m, 4H), 1.38 (s, 9H); °*C NMR (100 MHz, CDCl;) § 174.4, 170.6, 168.9, 156.51,
156.48, 155.4, 136.8 (2 carbons), 129.37 (2 carbons), 128.69 (2 carbons), 128.61, 128.57, 128.51 (2
carbons), 128.46 (2 carbons), 128.42 (2 carbons), 128.04, 128.01, 126.8, 80.0, 66.7, 66.5, 57.6, 56.0,
46.4, 45.4, 44.1, 40.6, 38.5, 31.4, 28.2 (3 carbons), 26.4; HRMS (ES+) calcd for Cs;sHsoNsOg
[M+H]" 704.3659, found 704.3652.

(7S,10R)-Benzyl 7-[3-(benzylcarbonylamino)propyl]-10-(4-hydroxybenzyl)-3,14,14-

trimethyl-5,9,12-trioxo-13-0xa-3,4,8,11-tetraazapentadecan-1-oate (31d)
OH

y OO ON o)
Cbz/N\/\/\)J\H'NJJ\OBn

30 (61.2 mg, 0.110 mmol) 3 £ ¥ Boc-Tyr-OH (56.1mg, 0.258 mmol) % F\>, 31a & [AlEE
DHFHEITE AR L. (AR, 39.3 mg, 54.6 pmol, 2 TFE 50%).; [alp” =—11.1 (¢ = 0.49,
CHCl;); m.p. 130.9-132.2 °C; 'H NMR (400 MHz, CDCL3) & 7.74 (s) and 7.39-7.28 (m, total 11H),
6.99 (t, J=7.3 Hz, 2H), 6.96-6.75 (m, 1H), 6.74-6.64 (m, 2H), 5.26-5.01 (m, 6H), 4.37-3.98 (m, 2H),
3.78-3.43 (m, 2H), 3.10-3.09 (m, 2H), 3.08-2.97 (m, 1H), 2.92-2.77 (m, 1H), 2.76-2.49 (m) and
2.36-2.28 (m, total 4H), 2.18-2.00 (m, 1H), 1.84 (br s, 1H), 1.60-1.36 (m, 13H); *C NMR (100
MHz, CDCl5) 6 174.5, 170.7, 169.2, 156.7, 155.4, 136.7, 135.2, 130.5, 128.76 (2 carbons), 128.74
(2 carbons), 128.53 (4 carbons), 128.47 (2 carbons), 128.1 (2 carbons), 115.8 (2 carbons), 80.2, 66.8,
66.7, 59.0, 57.7, 46.5, 44.1, 40.7, 38.5, 37.8, 35.6, 30.9, 28.3 (3 carbons), 26.5; HRMS (ES+) calcd
for C33HsoNsOo [M+H]" 720.3609, found 720.3595.

(75,10R)-Benzyl 7-[3-(benzylcarbonylamino)propyl]-10-isopropyl-3,14,14-
trimethyl-5,9,12-trioxo-13-0xa-3,4,8,11-tetraazapentadecan-1-oate (31e)
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N
~"“Boc
b OOTNH O O
N\/\/\)J\ N
Cbz” H JJ\OBn

30 (71.7 mg, 0.129 mmol) 3 £ O Boc-Val-OH (56.1 mg, 0.258 mmol)Z F\>, 31a & [RIEED
FiEIZ X0 AR LTz, (AAaEE, 77.8 mg, 0.119 mmol, 2 T 92%).; [a]p> = -9.25 (¢ = 0.58,
CHCL3); m.p. 167.1-168.3 °C; 'H NMR (400 MHz, CDCl;) & 7.81 (s) and 7.42-7.27 (m, total 11H),
7.04-6.93 (m, 1H), 5.28-4.88 (m, 6H), 4.39-4.10 (m, 1H), 3.87 (br s, 1H), 3.79-3.45 (m, 2H), 3.19
(brs, 2H), 2.98-2.42 (m, 4H), 2.38-2.18 (m, 1H), 2.17-2.00 (m, 1H), 1.72-1.50 (m, 4H), 1.42 (s, 9H),
1.00-0.83 (m, 6H); *C NMR (100 MHz, CDCl;) § 174.6, 170.6, 169.1, 156.5, 155.9, 136.7, 135.1,
128.7 (4 carbons), 128.5 (2 carbons), 128.4 (2 carbons), 128.0 (2 carbons), 79.8, 66.7, 66.6, 60.2,
59.0, 46.5, 44.1, 40.7, 38.5, 31.1, 30.9, 28.3 (3 carbons), 26.5, 19.36, 19.31; HRMS (ES+) calcd for
C34H49N5OgNa [M+Na]" 678.3479, found 678.3481.

(S)-Benzyl 7-[3-(benzyloxycarbonylamino)propyl]-3,14,14-trimethyl-5,9,12-trioxo-
13-0xa-3,4,8,11-tetraazapentadecan-1-oate (31f)

l|3oc
HN

H O;\NH o | o
N\/\/-\)]\ -
Cbz” N N\)J\OBn

30 (52. 0 mg, 93.5 umol) 3 X T Boc-Gly-OH (32.8 mg, 0.187 mmol)% H >, 31a & [RAIEED
FiEIZ X0 AR LT, (EAEAR, 51.7 mg, 84.3 pmol, 2 T2 90%).; [a]p® = —6.21 (¢ = 0.67,
CHCl;); m.p. 65.3-66.6 °C; '"H NMR (400 MHz, CDCls) & 7.90 (s) and 7.42-7.28 (m, total 11H),
7.17-7.04 (m, 1H), 5.38-5.22 (m, 1H), 5.21-5.00 (m, 5H), 4.35-4.12 (m, 1H), 3.82-3.36 (m, 4H),
3.27-3.12 (m, 2H), 2.98-2.47 (m, 4H), 2.40-2.17 (m, 1H), 1.60-1.49 (m, 4H), 1.43 (s, 9H); °C NMR
(100 MHz, CDCl5) 8 174.7, 170.6, 169.0, 156.57, 156.53, 136.7, 135.1, 128.73 (2 carbons), 128.72
(2 carbons), 128.5 (4 carbons), 128.05 (2 carbons), 80.1, 66.8, 66.6, 57.7, 46.6, 45.8, 44.2, 40.6, 38.8,
31.7, 28.3 (3 carbons), 26.6; HRMS (ES+) calcd for C3;HuNsOg [M+H]" 614.3190, found 614.3175.

2-{2-[(S)-6-Amino-3-((R)-2-amino-4-methylpentanamido)hexanoyl]-1-methylhydrazinyl}acetic
acid-2TFA (25a)

NH,

0" "NH O o)
HzN\/\/\)J\”«N\)J\OH

31a (43.1 mg, 64.4 pmol) D A ¥ / —/LIEWK (2mL) 12, 10% Pd/C (4.3 mg) =z, KHEFK
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PASRE, 1 BRI EE L7, ORI EE T A4 Al LA A2 BIEE £ Lz, 507k
R 25 2 LR S ROBUSITHWZ KSR T, 4 M /A F9 > 2 mL) #0%, =
RIZT 1 R L7z, OSSR Z BEYE £1%, 15070 5RE 4 KIZHE M L, HPLC
(gradient: H,O (TFA 0.1%) : CH;CN (TFA 0.1%) = 90 : 10 to H,O (TFA 0.1%) : CH;CN (TFA
0.1%) = 85 : 15 over 40 min, Flow late 5 mL/min, UV: 222 nm) THfld4 2% = & CTHAE K 25a
2187~ (17.2 mg, 30.0 pmol, 2 TH& 47%).; [a]p> = —23.2 (¢ = 0.73, H,0); m.p. 178.6-179.6 °C;
'H NMR (400 MHz, D,0) & 4.34-4.18 (m, 1H), 3.98 (t, J = 7.6 Hz, 1H), 3.67 (s, 2H), 3.08-2.99 (m,
2H), 2.73 (s, 3H), 2.52 (dd, J = 15 and 5.5 Hz, 1H), 2.41 (dd, J = 15 and 8.3 Hz, 1H), 1.87-1.57 (m,
7H), 1.08-0.92 (m, 6H); "C NMR (100 MHz, D,0) § 173.1, 170.5, 170.0, 58.7, 52.0, 47.0, 44.3,
40.0, 39.0, 38.8, 30.5, 23.9, 23.6, 21.8, 20.9; HRMS (ES+) calcd for C,sH3,NsO, [M+H]" 346.2454,
found 346.2459.

2-{2-[(:5)-6-Amino-3-((S)-2-hydroxy-4-methylpentanamido)hexanoyl]-1-methylhydrazinyl}acet
ic acid-TFA (25b)

\OH

0" "NH O 0]
HzN\/\/\)J\”/N\)J\OH

31b (33.5 mg, 64.4 pmol) D A ¥ / — /LI (2mL) 12, 10% Pd/C 3.4 mg) ZNx, KFEX
ST, 3 FEfRIE L7, SORNRIREE T A4 F Al U IRBE 258 L L. 5 DR
R 25 2 LR S ROBUSITHWZ KSR T, 4 M /A x4 2 mL) #0%, =
RIZT 1 R L7z, ROSTEIR A2 BIEE £1%, 15070 5RE %2 KICHEM L, HPLC
(gradient: H,O (TFA 0.1%) : CH;CN (TFA 0.1%) = 90 : 10 to H,O (TFA 0.1%) : CH;CN (TFA
0.1%) = 85 : 15 over 40 min, Flow late 5 mL/min, UV: 222 nm) THH I 5 = & THM[E K 25b
2187 (17.5 mg, 38.0 pmol, 65%).; [a]p> = —25.8 (¢ = 0.74, H,0); m.p. 112.9-113.7 °C; 'H NMR
(400 MHz, D,0) 8 4.20 (br s) and 4.14 (t, J = 6.8 Hz, total 2H), 3.50 (s, 2H), 307-2.92 (m, 2H), 2.63
(s, 3H), 2.44 (dd, J = 14 and 5.2 Hz, 1H), 2.35 (dd, J = 14 and 8.6 Hz, 1H), 1.82-1.56 (m, 5H), 1.51
(t, J= 6.8 Hz, 2H), 0.97-0.87 (m, 6H); *C NMR (100 MHz, D,0) & 180.1, 177.8, 173.6, 73.0, 62.3,
49.3,46.9, 46.0,42.2,41.9, 33.7, 26.9, 26.5, 25.6, 25.4; HRMS (ES+) calcd for C;sH3 N4,O5 [M+H]"
347.2294, found 347.2292.

2-{2-[(:5)-6-Amino-3-((S)-2-amino-3-phenylpropanamido)hexanoyl]-1-methylhydrazinyl}acetic
acid-2TFA (25¢)

&9



~NH,

O NH O | (0]
HZN\/\/\)]\H’N\)J\OH

31c (43.7 mg, 62.1 pmol)& F\>, 25a L [RARDIFIEIZ L W Ak L7z, (EARER, 11.2 mg,
18.4 pmol, 2 TFE 30%).; [a]p” = 17.5 (¢ = 0.43, H,0); m.p. 149.3-150.8 °C; "H NMR (400 MHz,
D,0) § 7.47-7.37 (m, 3H), 7.32-7.25 (m, 2H), 4.24-4.09 (m, 2H), 3.57 (s, 2H), 3.23-3.09 (m, 2H),
2.98 (t, J = 7.0 Hz, 2H), 2.66 (s, 3H), 2.24-2.11 (m, 2H), 1.76-1.38 (m, 4H); °*C NMR (100 MHz,
D,0) 8 173.7, 170.2, 168.5, 133.7, 129.4 (2 carbons), 129.2 (2 carbons), 128.1, 58.8, 54.4, 46.6,
44.1, 38.9, 38.5, 37.1, 30.2, 23.3; HRMS (ES+) calcd for CisH3NsO, [M+H]" 380.2298, found
380.2290.

2-{2-[(:5)-6-Amino-3-((S)-2-amino-3-(4-hydroxyphenyl)propanamido)hexanoyl]-1-methylhydra
zinyl}acetic acid-2TFA (25d)

OH
NH»
O l:\lH (0] | (0]
HZN\/\/\)kH’N\)J\OH

31d (27.8 mg, 38.6 umol)Z >, 25a L RERD HFIEIZ LV B L7, (EAREIK 8.25 mg,
13.2 pmol, 2 TFE 34%); [a]p® = 6.34 (¢ = 0.29, H,0); m.p. 167.7-168.5 °C; '"H NMR (400 MHz,
D,0) 8 7.17 (d, J = 8.3 Hz, 2H), 6.90 (d, J = 8.4 Hz, 2H), 4.18-4.08 (m, 2H), 3.55 (s, 2H), 3.09 (d, J
= 7.5 Hz, 2H), 2.98 (t, J = 7.5 Hz, 2H), 2.65 (s, 3H), 2.25-2.10 (m, 2H), 1.73-1.38 (m, 4H); °C
NMR (100 MHz, D,0) 6 174.0, 170.2, 168.6, 155.2, 130.8 (2 carbons), 125.5, 115.9 (2 carbons),
59.0, 54.5, 46.6, 44.0, 38.9, 38.4, 36.3, 30.1, 23.3; HRMS (ES+) calcd for CisH3NsOs [M+H]"

396.2247, found 396.2258.

2-{2-[(S)-6-Amino-3-((S)-2-amino-3-methylbutanamido)hexanoyl]-1-methylhydrazinyl}acetic
acid-2TFA (25e)

O°NH O | O
HN\/\/-\)]\ -N
2 N \)J\OH

31e (40.4 mg, 61.6 pmol)%& F\>, 25a L [RARDIFIEIZ LV Ak L7z, (AR, 11.2 mg,
20.0 pmol, 2 T 33%); [a]p® = 11.7 (¢ = 0.42, H,0); m.p. 197.7-198.6 °C; '"H NMR (400 MHz,
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D,0) § 4.36-4.23 (m, 1H), 3.78 (d, J = 5.3 Hz, 1H), 3.69-3.57 (m, 2H), 3.02 (t, J = 6.9 Hz, 2H), 2.68
(s, 3H), 2.50 (dd, J = 15 and 5.1 Hz, 1H), 2.38 (dd, J = 15 and 8.8 Hz, 1H), 2.23-2.12 (m, 1H),
1.80-1.54 (m, 4H), 1.01 (t, J = 6.7 Hz, 6H); *C NMR (100 MHz, D,0) & 173.1, 170.3, 168.6, 58.6,
58.4, 46.6, 44.0, 39.0, 38.6, 30.7, 29.9, 23.4, 17.6, 16.8; HRMS (ES+) caled for C1;H3NsO, [M+H]"
332.2298, found 332.2286.

(5)-2-(2-(6-Amino-3-(2-aminoacetamido)hexanoyl)-1-methylhydrazinyl)acetic acid-2TFA (25f)

O;\NH o | o
H N\/\/:\)J\ -
2 N N\)]\OH

HoN

31f (30.8 mg, 50.2 umol)Z M\, 25a & [FERD HIEIZ LV Ak L7z, (EAREIR, 12.3 mg,
23.8 umol, 2 T2 47%); [a]p> =-9.30 (¢ = 0.42, H,0); m.p. 148.0-149.9 °C; 'H NMR (400 MHz,
D,0) 6 4.28-4.19 (m, 1H), 3.89-3.75 (m, 2H), 3.68 (s, 2H), 3.01 (t, J = 6.0 Hz, 2H), 2.71 (s, 3H),
2.47 (dd, J = 14 and 5.3 Hz, 1H), 2.34 (dd, J = 14 and 9.0 Hz, 1H), 1.80-1.49 (m, 4H); “C NMR
(100 MHz, D,0) § 172.5, 170.5, 166.4, 58.4, 46.9, 44.3, 40.4, 38.98, 38.96, 30.6, 23.4; HRMS
(ES+) calcd for C;1H,N50, [M+H]" 290.1828, found 290.1829.

(7S,10S)-Benzyl
7-13-(tert-butoxycarbonylamino)propyl]-10-isobutyl-3,14,14-trimethyl-5,9,12-trioxo
-13-0xa-3,4,8,11-tetraazapentadecan-1-oate (34a)

H
B

33 (155 mg, 0.231 mmol) D A ¥ J —/)LiEiE (2 mL) |2, 10% Pd/C (10.6 mg) =%, /K&
KRR T, 35 ORI Lz, JISHEKEE T A A U2 T L Lz, 5577k
TR 2 2 L2 < ROKISIZHW 2, KB, DMF (2 mL) & 8EF EtN (64.0 uL,
0.462 mmol) 3 L % Boc,O (100.8 mg, 0.462 mmol)% Il 2. 7= D BRI T 2.5 R L7z,
IM HCl ¥R % BOSERICN 2, Bl F /LTIt U7, A 2 S fn &K Tz,
Na,SO, THLME L7-. Ak, RHEZWIEREL, SO -EEIIER T 2 LR ROK
S Wz, KRR T, DMF (2 mL) &, N,N-dimethyl-4-aminopyridine (DMAP, 2.59 mg,
23.1 pmol) , N,N'-dicyclohexylcarbodiimide (DCC, 52.4 mg, 0.231 mmol)3 & T}, benzyl alcohol
(28.8 pL, 0.277 mmol) # Mz FIRIZT 3.5 FERFEIE L7z, WA EE EL7-0b, Kiks
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CHCL; IZCleim %, /K, Bufn&IK CUeidt%, NaySO, THLME L=, Ailfk, FHRZBITER £
L, BonkEikas v Vhrnrsa~ 777 40— (Zaakibh  AX /) —/L =100:1)
TR+ % Z &L THME R 34a 2457~ (99.4 mg, 0.156 mmol, 3 TF2 68%).; [a]p>=-22.3 (¢ =
1.27, CHCls); m.p. 134.7— 135.3 °C; "H NMR (400 MHz, CDCl5) & 7.90 (s, 1H), 7.43-7.29 (m, 5H),
7.09 (br s, 1H), 5.27-5.13 (m, 2H), 5.13-4.94 (m) and 4.77 (br s, total 2H), 4.31-4.10 (m, 1H),
4.10-3.94 (m, 1H), 3.77-3.46 (m, 2H), 3.24-3.06 (m, 2H), 2.97-2.44 (m, 4H), 2.37-2.22 (m, 1H),
1.88-1.24 (m, 25H), 1.00-0.86 (m, 6H); 13C NMR (100 MHz, CDCI3) § 172.4, 170.5, 169.0, 156.1,
155.7, 135.1, 128.7 (2 carbons), 128.5 (2 carbons), 128.0, 79.9, 79.1, 66.7, 58.9, 57.8, 53.5, 45.8,
44.1, 41.5, 40.2, 31.0, 28.4 (3 carbons), 28.3 (3 carbons), 26.7, 24.8, 23.0, 21.9; HRMS (ES+) calcd
for C3,Hs3NsOgNa [M+Nal+ 658.3792, found 658.3795.

(75,108)-2-Bromobenzyl
7-(3-((tert-butoxycarbonyl)amino)propyl)-10-isobutyl-3,14,14-trimethyl-5,9,12-trioxo-13-oxa-3,
4,8,11-tetraazapentadecan-1-oate (34b)

s
~""*Boc
b O N O o Br
Boc/NM)I\HJNJ]\O/\ij

33 (106 mg, 0.158 mmol) D A ¥ J — )Lk (2 mL) 2, 10% Pd/C (10.6 mg) =1z, /K&
KRR T, 35 ORI Lz, JISHEKE 2T A4 A L2 T L Lz, 5577k
ISR 2 2 L2 < ROKISIZHW 2, KGRI, DMF (2 mL) & 8EF EtN (43.8 uL,
0.316 mmol) 3 L OF Boc,O (69.0 mg, 0.316 mmol)% Il 2. 7= D H AR IZ T 2.5 R L7z,
IM HCl ¥ % BOSVIRICIN %, FElg— TV Tt U7z, AHE % ffn &K Coeie 4,
Na,SO, T L7=. Ak, RHREZBEREL, HoNEEITERNT 2 2 L2 <kDOK
M Wz, KRR T, DMF (2 mL) &8, N,N-dimethyl-4-aminopyridine (DMAP, 1.93 mg,
15.8 umol) , N,N'-dicyclohexylcarbodiimide (DCC, 35.9 mg, 0.174 mmol)¥ £ T, o-bromobenzyl
alcohol (35.5 mg, 0.190 mmol) Z 1z T2 T 3.5 B L=, W2t L L0 b,
Pt % CHCL (& T, /K, fafn@K CUEie#, NaSO, TR L=, Aildth, FHKZ
FEREEL, SonizEEz2 V5NV r/a~ T 7 40— (Zuakhibh o AX ) —) =
100 : 1) THRIG % Z & THAEER 34b 24572 (60.8 mg, 85.2 pmol, 3 TH2 54%).; [a]p” = —
18.8 (¢ = 1.51, CHClL;); m.p. 124.0-124.9 °C; 'H NMR (400 MHz, CDCl;) 8 7.82 (s, 1H), 7.59 (d, J
= 7.9 Hz, 1H), 7.45-7.29 (m, 3H), 7.23 (t, J = 6.3 Hz, 1H), 7.05 (brs, 1H), 5.35-5.20 (m, 2H),
5.03-4.90 (m, 1H), 4.80-4.63 (m, 1H), 4.35-4.12 (m, 1H), 4.12-3.96 (m, 1H), 3.81-3.51 (m, 2H),
3.26-3.03 (m, 2H), 2.97-2.43 (m, 4H), 2.39-2.20 (m, 1H), 1.78-1.50 (m, 6H), 1.43 (s, 18H), 0.93 (s,
6H); °*C NMR (100 MHz, CDCl3) § 172.4, 170.3, 169.0, 156.1, 155.7, 134.5, 133.0, 130.4, 128.5,
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127.7, 123.6, 79.9, 79.1, 66.2, 58.8, 57.7, 53.4, 45.7, 44.1, 41.4, 40.2, 31.5, 28.4 (6 carbons), 26.7,
24.8,23.0,21.9; HRMS (ES+) caled for C3,Hs;NsOgNaBr [M™+ Na]* 736.2897, found 736.2919.

(78,108)-3-Chlorobenzyl
7-13-(tert-butoxycarbonylamino)propyl]-10-isobutyl-3,14,14-trimethyl-5,9,12-trioxo
-13-0xa-3,4,8,11-tetraazapentadecan-1-oate (34c)

33 (168 mg, 0.251 mmol), 33 & O¥ m-chlorobenzylalcohol (35.5 pL, 0.301 mmol)% FH\>, 34a &
[FRED 1S L 0 AR LT-. (B AEE, 72.5 mg, 0.108 mmol, 3 T 43%).; [o]p” =-20.0 (¢ =
0.96, CHCl3); m.p. 97.5-97.9 °C; 'H NMR (400 MHz, CDCl3) & 7.89 (s, 1H), 7.40-7.20 (m, 3H),
7.08 (br s, 1H), 5.24-4.97 (m, 2H), 4.77 (br s, 1H), 4.34-4.09 (m, 1H), 4.09-3.91 (m, 1H), 3.80-3.38
(m, 3H), 3.25-3.04 (m, 2H), 2.98-2.42 (m, 4H), 2.42-2.16 (m, 1H), 2.14-1.32 (m, 26H), 1.02-0.86 (m,
6H); °C NMR (100 MHz, CDCI3) § 172.5, 171.1, 169.1, 156.1, 155.7, 137.1, 134.5, 130.0, 128.7,
128.5, 126.4, 79.8, 79.0, 65.7, 58.8, 57.7, 53.5, 45.8, 44.2, 41 .4, 40.0, 31.0, 28.4 (3 carbons), 28.3 (3
carbons), 26.7, 24.8, 23.0, 21.9; HRMS (ES+) caled for C3,Hs3N5OsCl [M+H]™ 670.3583, found
670.3585.

(75,108)-2-Nitrobenzyl
7-13-(tert-butoxycarbonylamino)propyl]-10-isobutyl-3,14,14-trimethyl-5,9,12-trioxo
-13-0xa-3,4,8,11-tetraazapentadecan-1-oate (34d)

§
“*"“Boc

y O7nH O O NO,
BOC/NWLH,N\)&OA@

33 (171 mg, 0.255 mmol), 35 & T o-nitrobenzylalcohol (46.9 mg, 0.306 mmol) % F\>,34a &
[FRED 1R L 0 AR LT-. (A AR, 143 mg, 0.209 mmol, 3 TFE 82%).; [o]p> =—16.8 (¢ =
3.14, CHCls); m.p. 114.8-116.2 °C; "H NMR (400 MHz, CDCls) 6 8.16-8.08 (m, 1H), 7.99 (s, 1H),
7.74-7.49 (m, 2H), 7.37-7.31 (m, 1H), 7.14 (br s, 1H), 5.62-5.52 (m, 2H), 5.16-5.03 (m) and
4.89-4.79 (m, total 2H), 4.32-4.12 (m, 1H), 4.12-3.92 (m, 1H), 3.88-3.51 (m, 2H), 3.24-3.03 (m, 2H),
2.97-2.38 (m, 4H), 2.38-2.26 (m, 1H), 1.87-1.32 (m, 25H), 1.02-0.88 (m, 6H); *C NMR (100 MHz,
CDCI3) § 172.5, 170.0, 169.2, 156.1, 155.7, 147.6, 133.9, 131.2, 129.2, 128.4, 125.1, 79.8, 79.0,

63.3, 58.8, 57.7, 53.4, 45.5, 44.1, 41.4, 39.9, 31.1, 28.4 (3 carbons), 28.3 (3 carbons), 26.7, 24.7,
22.9,21.9; HRMS (ES+) caled for C3,Hs:NgO oNa [M+Na]™ 703.3643, found 703.3642.
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(75,108)-3-Methoxybenzyl
7-13-(tert-butoxycarbonylamino)propyl]-10-isobutyl-3,14,14-trimethyl-5,9,12-trioxo
-13-0xa-3,4,8,11-tetraazapentadecan-1-oate (34e)

N \]\E c

H 0" 'NH © ‘
N :

Boc” \/\/\)J\ H N \)J\o/\©/OMe

33 (170 mg, 0.254 mmol), ¥ & T¥ m-methoxybenzylalcohol (42.1 mg, 0.305 mmol) % A\, 34a
ERBEDFIEIC L VAR L. (AAEA, 84.3 mg, 0.127 mmol, 3 LTI 50%).; [a]p® = —18.3
(c = 1.40, CHCL3); m.p. 96.4-97.1 °C; 'H NMR (400 MHz, CDCls) & 7.88 (s, 1H), 7.40-7.28 (m,
2H), 7.08 (br s, 1H), 6.96-6.84 (m, 1H), 5.26-4.92 (m, 3H), 4.85-4.65 (m, 1H), 4.34-4.10 (m, 1H),
4.10-3.97 (m, 1H), 3.86-3.40 (m, 5H), 3.26-3.00 (m, 2H), 3.00-2.38 (m, 4H), 2.38-2.12 (m, 1H),
1.84-1.38 (m, 26H), 1.02-0.85 (m, 6H); 13C NMR (100 MHz, CDCl;) é 172.4, 170.5, 169.0, 159.8,
156.1, 155.7, 136.6, 129.8, 128.5, 120.5, 114.0, 79.8, 79.1, 66.6, 58.8, 57.8, 55.3, 53.5, 46.7, 44.1,
41.4, 40.2, 31.1, 28.4 (3 carbons), 28.3 (3 carbons), 26.7, 24.8, 23.0, 21.9; HRMS (ES+) calcd for
C33HssNsO9Na [M+Na]" 688.3897, found 688.3898.

5. Synthesis of derivatives 13a-e Benzyl
2-(2-((:S)-6-amino-3-((S)-2-amino-4-methylpentanamido)hexanoyl)-1-methylhydraz
inyl)acetate 2TFA (32a)

O

r;lH O [ (0]

HzN\/\/’\)LHN\)LO/\@

34a (55.7 mg, 87.6 umol) Z KM T, 4 M /O AXH > 2mL) 2%, EiRIZTI
WREMRIR U7, SOSIRIR 2 TR £, 15 0725 % KIZE AR L, HPLC (gradient: H20
(TFA 0.1%) : CH;CN (TFA 0.1%) = 80 : 20 to H,O (TFA 0.1%) : CH;CN (TFA 0.1%) = 56 : 44
over 12 min, Flow late 5 mL/min, UV: 222 nm) TH5H9 2% = & CHEAREK 32a #1572 (13.5
mg, 20.3 pmol, 2 T2 65%).; [a]p> = 2.48 (c = 0.39, H,0); m.p. 90.3-91.3 °C; 'H NMR (400 MHz,
D,0 (NH; and NH (total 6H) were exchanged with D,0)) & 7.53-7.38 (m, 5H), 5.23 (s, 2H),
4.26-4.15 (m, 1H), 3.94 (t, J = 6.0 Hz, 1H), 3.73-3.59 (m, 2H), 3.03-2.91 (m, 2H), 2.64 (s, 3H), 2.31
(dd, J=5.2 and 15 Hz, 1H), 2.21 (dd, J = 8.7 and 15 Hz, 1H), 1.76-1.46 (m, 7H), 1.00-0.88 (m, 6H);
13C NMR (100 MHz, D20) & 173.7, 173.1, 172.8, 138.2, 131.8 (2 carbons), 131.6, 131.4 (2

94



carbons), 70.1, 61.5, 54.8, 49.6, 47.2, 43.1, 41.8, 41.6, 33.5, 26.7, 26.3, 24.7, 23.6; HRMS (ES+)
caled for CoH3NsO, [M+H]" 436.2924, found 436.2916.

2-Bromobenzyl
2-(2-((:S)-6-amino-3-((S)-2-amino-4-methylpentanamido)hexanoyl)-1-methylhydrazinyl)acetate
-2TFA (32b, TCP-199)

~NH,
07 NH e Br
HZN\/\/\)J\H/N\)kO/\ﬁj

34b (40.6 mg, 56.9 pmol)Z >, 34a & FIEEDFIEIC LV Gk L7, (HEER, 21.7 mg,
29.3 pmol, 2 LTF2 51%).; [a]p> = 2.70 (¢ = 0.22, H,0); m.p. 101.7-102.2 °C; "H NMR (400 MHz,
D,0) & 8.35 (d, J = 9.0 Hz, 1H), 7.69 (d, J = 7.9 Hz, 1H), 7.55-7.47 (m, 1H), 7.43 (t,J = 7.4 Hz, 1H),
7.33 (t, J = 7.5 Hz, 1H), 5.30 (s, 2H), 4.30-4.24 (m, 1H), 4.02-3.85 (m, 1H), 3.80-3.60 (m, 2H),
3.07-2.90 (m, 2H), 2.64 (s, 3H), 2.34 (dd, J = 15 and 5.2 Hz, 1H), 2.23 (dd, J = 15 and 8.7 Hz, 1H),
1.80-1.44 (m, 7H), 1.03-0.84 (m, 6H); °C NMR (100 MHz, D,0) & 173.6, 173.0, 172.8, 137.2,
135.9, 133.9, 133.6, 131.0, 126.3, 69.9, 61.4, 54.8, 49.6, 47.3, 43.2, 41.9, 41.7, 33.6, 26.8, 26.4, 24.8,
23.7; HRMS (ES+) caled for C»,H37NsO4Br [M'+ H]" 514.2029, found 514.2032.

3-Chlorobenzyl
2-(2-((:S)-6-amino-3-((S)-2-amino-4-methylpentanamido)hexanoyl)-1-methylhydraz
inyl)acetate (32¢)

~NH;

NH O

07 N e

34c (38.1 mg, 56.8 pmol)& F\>, 34a & [FAED HFIEIC L W Gk L7z, (WiBMEWE, 12.5 mg,
17.9 pmol, 2 TF2 31%); [o]p” = 3.07 (¢ = 0.37, H,0); '"H NMR (400 MHz, D,O (NH, and NH
(total 6H) were exchanged with D,0)) & 7.48-7.31 (m, 4H), 5.20 (s, 2H), 4.23-4.16 (m, 1H),
3.98-3.85 (m, 1H), 3.73-3.60 (m, 2H), 3.03-2.90 (m, 2H), 2.63 (s, 3H), 2.30 (dd, J = 5.2 and 15 Hz,
1H), 2.21 (dd, J = 8.7 and 15 Hz, 1H), 1.75-1.42 (m, 7H), 1.01-0.85 (m, 6H); 13C NMR (100 MHz,
D20) & 173.6, 173.1, 172.8, 140.4, 136.8, 133.2, 131.5, 131.0, 129.6, 69.2, 61.6, 54.8, 49.6, 47.3,
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43.2, 41.9, 41.7, 33.6, 26.8, 26.4, 24.8, 23.7; HRMS (ES+) calcd for C,,H3;Ns04Cl [M+H]+
470.2534, found 470.2529.

2-Nitrobenzyl
2-(2-((:S)-6-amino-3-((S)-2-amino-4-methylpentanamido)hexanoyl)-1-methylhydraz
inyl)acetate (32d)

\NH,
0O”°NH O | © NO,
HzN\/\/\)J\HfN\)J\o“(j

34d (41.9 mg, 61.5 umol)Z >, 34a L RIERDO FILIC LV Ak L7, (BEAEK, 24.1 mg,
34.0 umol , 2 TH2 55%); [alp> = 3.11 (¢ = 0.74, H,0); m.p. 85.6-86.5 °C; '"H NMR (400 MHz,
D,0 (NH2 and NH (total 6H) were exchanged with D,0)) 6 8.17 (d, /=8.2 Hz, 1H), 7.78 (t, J= 7.7
Hz, 1H), 7.69-7.57 (m, 2H), 5.55 (s, 2H), 4.32-4.15 (m, 1H), 3.99-3.86 (m, 1H), 3.79-3.63 (m, 2H),
3.05-2.91 (m, 2H), 2.65 (s, 3H), 2.40 (dd, J= 5.1 and 15 Hz, 1H), 2.67 (dd, J = 8.7 and 15 Hz, 1H),
1.77-1.45 (m, 7H), 0.99-0.81 (m, 6H); °C NMR (100 MHz, D,0) § 173.5, 173.2, 172.9, 150.3,
137.5, 133.5, 133.2, 132.7, 128.2, 117.9, 67.0, 61.3, 54.9, 49.7, 47.3, 43.2, 41.9, 33.6, 26.8, 26.4,
24.8,23.7; HRMS (ES") calcd for C,,H37;N¢Og [M+H]" 481.2775, found 481.2771.

3-Methoxybenzyl
2-(2-((:S)-6-amino-3-((S)-2-amino-4-methylpentanamido)hexanoyl)-1-methylhydraz
inyl)acetate:2TFA (32e)

O

NH O

) 9
HoN \/\/\)kH,N\)J\o/\@OMe

34e (41.0 mg, 61.6 pmol)Z A\, 34a L [AAED HFIEIC L W Gk L=, (EARER, 10.7 mg,
15.5 umol, 2 T2 25%);
13e was prepared in the same manner as described for compound 13a using 12e. 13e (10.7 mg, 15.5
umol, 2 T-F2 25%) was obtained as a colorless solid; [a]p? = 2.98 (¢ = 0.31, H,0); m.p. 81.8—
82.4 °C; '"H NMR (400 MHz, D,0) & 7.39 (t, J = 7.8 Hz, 1H), 7.10-6.99 (m, 3H), 5.20 (s, 2H),
4.26-4.16 (m, 1H), 3.97-3.87 (m, 1H), 3.85 (s, 3H), 3.74-3.60 (m, 2H), 3.04-2.90 (m, 2H), 2.64 (s,
3H), 2.31 (dd, J = 5.1 and 15 Hz, 1H), 2.21 (dd, J = 8.8 and 15 Hz, 1H), 1.80-1.42 (m, 7H),
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1.03-0.82 (m, 6H); *C NMR (100 MHz, D,0) & 173.7, 173.1, 172.8, 162.0, 140.0, 133.1, 124.0,
117.2, 116.8, 69.8, 61.5, 58.3, 54.8, 49.6, 47.2, 43.2, 41.9, 41.6, 33.6, 26.8, 26.4, 24.7, 23.7; HRMS
(ES+) caled for CasHyoNsOs [M+H]+ 466.3029, found 466.3024.
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BALIES A

CHm s 2% ]
M o B2 1X 10% 7 > R R M iE (FBS, Nichirei, #171012, lot: 8G0297) % & i
D-MEM,high glucose, (Wako) % H\>, COS-7 #ilfE % 37 °C, 5 % CO, DR FAL FIZ TH#&
L7,

Lin vitro V) — R AL —{EPEFFA 5 ]

LIt . 2507 % Reporter Lysis Buffer, 5 x, Assay 2 x buffer, 1M Na,CO; 35 J O &ARERL
WZHWAD A& X — RiL, B-Galactosidase Enzyme Assay System with Reporter Lysis Buffer

(Promega) IZHENTWNDHLHDTHD,

COS-7 #ifid % 96 well plat bottomed plate (Costar) (Z 8000 cells/well THEFE L, 12-15 h §55%
L 72, Reporter gene (B-# 77 h ¥ —BEIETFENLT T =T —BRIETFLEEIEL, £0
B HICREIE D Y (TGA) ZffiAL7==2 2 F5 2 1) 2 pg. OPTI-MEM®™ I (Reduced
Serum Medium 1 X, Invitrogen) 100 pL 35 & U8 FuGENE" HDTransfection Reagent (Roche) 4 L
DHFIZ T U7 EiR % 4 pL/well iIII L, 37°C 12T 10-12h 5588 L 7=, KA BRE L,
200 uM (2R U= EL A iR 2 200 uL 0 L7, E72, Bz 200 ul IIML7=H 0
oy hr—)L & Uiz, 46-48h 1544, well H OB HIAFRE L, PBS T2 BIFEE L7z, fitl
T, 5x Reporter Lysis Buffer, % milliQ (Z TA7B L 72 1 x Reporter Lysis Buffer 2 100 uL 3>
W, 15 M=IETEHE Lz, well ZLICNEWEZREIRL, £28% Nunc ¥~/ 727 <
V7 L— b (VJE, Thermo Fisher SCIENTIFIC) (ZF L&z, i/ LoriE (1800 [Elds, 15 43
M) #17-o72, ZTOF7AE—hF 85uL ZNunc R— A>T 7L — K96 U /LT L
— bk (EEEZ U 7. Thermo Fisher SCIENTIFIC) (28 Lz 72,

LIn vitro TERIRE 2 27X 7 B A plCR IS PR R A R

LIk, #RieT 5 Cell lysate, Mixture-1, Mixture-2, Mixture-3, 35 J U8 T7 RNA polymerase
!< Human Cell-Free Protein Expression System (TaKaRa) (Z3H £ TWHRAIETH D,

Human Cell-Free Protein Expression System (TaKaRa) D 7' & ; = — L{ZHEVY, Cell lysate (8.1
uL) . Mixture-1 (5.4 pL), Mixture-2 (0.9 uL) ZoK EIZTREfEL, 1 mL =y~ RLT7F
2 —TNET D, 3L R L7, =|IRIZT 10 2 f#fE L7z, Miture-3 (1.8 uL)
W%, 20mM ICFTHRL L TH HHERE 1.8 uL, IR L. 03 ug/luL @77 A K% 0.9 uL
W9 %, H#%IZ T7 RNA Polymerase 1%, RN Z iR fT 5, £ D% 32 CT 3
Rl A o F 2 _X—bh Lic, A F a— & SUST = —7WIZ 1 x Reporter Lysis Buffer
Z 178 uL WL &8 % 200 uL & 3%, 241 % Cell lysate & L T pB-galactosidase, luciferase
HEAEEH LT,

98



[B-T 7 7 b & —EIEMEFEAM]

Nunc 2— A>T 477 Lb—F 96 V=)7L —F (CEJEZ U 7, Thermo Fisher
SCIENTIFIC) % V>, 1well 72V 1 x Reporter Lysis Buffer Z 30 uL #sI0#%, B L72 7 A
—F 20 uL ZHWML 50 pL & L7z, F7280C, MEBBRIERICKNERAZ X — K%
B-Galactosidase Enzyme Assay System with Reporter Lysis Buffer (Promega) ®~7'® k=2 —/L{C
PEWV, 0, 1, 2, 3, 4, 5, 10mU &R IITENENRIMLT, 245 well IZ Assay
2 x buffer % 50 uL FOWRM L., KIIZT 25 A > F 24—k LI, 1M NayCO; % 150 uL
FTOWML., EHICWt/Et~A 7 v L— ) —%— (TECAN SAFIRE) % MW\ THN
JEE (420 nm, reference 0 nm) ZJIE L7z, AX & — ROWSHEENSHBREREZER L. 2
DRREBIHEN, WREEZ mU IZHRE 35 2 & TIEMEMEE L7,

vy 7 =7 —B iG]

Corning #1# 96 7 = /LR T A F 7L — bk (costar®3912) (ZEIL L7-F A & — k% 50 uL
FOWML, HEA 4 o P —0® 2 100 pL @, EIRIZT 15 91 v F =
NR—h L7, 15 5%, NV b= ROy Nl X)L h— )L KV ) A—H— <A1
Jo—< v N7T A LB96V U T, FEIEGRE 2 JE L7z,

[V — FAL—{EMAEOH H]
F9. MELE-ATF7 7 b X —BIEREBLOVY 7 =7 —BIEMHEE R TRD 7,

J— FAL—{EM  (Readthrough activity) =
N T 2T —BIEWEB-T T 7 N X —EIEE

{bEMD Y — KA V—{EMHEIX, V— RAL—{EMHEZ a2 ha— L a2 L U iEit
TrLT=,

[ 2T T —B Ky fRFEER]
pH 7.4 ® 0.1M U > BRFEMENE 2 FIV T 20 mM #%EK 16e 2= v X KL 7 F 2 —TNTiHl
BT, ZHE 50 uL Wy, 450 pL O U U EEREETR A2 D 2 & T 2 mM OFIR 500 uL &
ER L7 2D 9 B 50 pLiZ= A7 7 —BmRMEEDO =2 e —/L & L FED 450 uL 12 9 pL
(40 units of enzyme per mL) DIEAFHEHE k=27 7 —+E (porcine liver esterase ; EC 3.1.1.1;
E-2884) ZIRIM L, FEMiBfI L7z, EHIZ 50 uL §¥ox v Xy KAV T F o2 —T12507E
L. 37 CHEIRMIZTA v F 2— K L7z, 047, 3045, 1 W, 2 BERG, 3 BFf. 4 BRI 2
T TN EEIL L, 7272 51T centrifugal filter (0.22nm filter unit, Ultrafree® MC, Millipore)
ERHWTHER Lz, £0%-78CIZTRFEZITV., WAERAAE% A% HPLC (HITACHI
Chromaster) (2 To#T L7z,
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[V — R A —i&VEREAN A S5 Eh i) ]

U— K2 —EFHHERT 27 VU R—2 =7 T A REREBR LIEZLVA—4 —#ic 1%
KB LUZREAD UV A ZH W2, ZOTFT 2TV R—F—7F 23 N, lacZB X RluciE (s
FOMIZ, Tav=rXWHIA M7 4 —OFT LV THLIMIXY TV ADY A T 4 V&
B Y U23HROTRE L 3 FUOEBEFALIZbDZ VW, £/, Akmdx~ 7 A
DOHEEIE T FOFEINITAATH 205, A TIITGAZ Wiz, ~ U AL, IR - %
HIE U726 T CREBICETE S, KBXUOEMICERICE 272, A~ 7 2% AW EZRIT
TRT, KREKRFEWmEES S GrrE s @ 24-6) OEKRBZG TEf LT,

[READ~ YV AZH\\2% Invivo V— RAL—T vtA]

in vivo V— RAL—{EMEIL, LD N T AV 2=y VJREADY VA Z W7 27 /11
R—H —BIETRBERE AT L7z, {tE%32b (Img) ZAFEEAK (0.2mL, KO
pH%NaHCO 3 T8.0IZFHE) TR L., 7/~ H v (Img. Meiji seika;Fdshg ™A 2 2)
Wik ZzBtEa bao— L LT, READ~Y YV A (n=4, 5, (KEK20g) ONEHHEEIC7H
s Lz, 2> hr— & LT, BRHE/KTULE LIZREAD~ 7 X (n=3, 5l KEKI20g)
HFEROFMF TR L7z, EK TR, v UAZWMEO T —T LV TCREEIET-OL,
et 7 A KERER . BEIEA KO 7 A o8I LT, kA Y I TRl < 25
HEF Ky 7R (Physcotron; MICROTEC CO., LTD, Japan) | Reporter lysis buffer (Promega, Madison,
WI, USA) Z#HWTHREY A X LTz, MilkARET T — M & RERREAE L%, wEY -
Ex17,710 x g T1057f#E LA L7212 ITIEE L. %k TBeta-Glods X U'Bright-Glo/L 7 =
7—E7 v&A% (Promega) ZHWTHH L7z, VI A—%— (Luminescencer-JNRII
AB-2300; Atto, Japan) ZHW\T, B-H 77 b X —BIEHB IOV 7 = 7 —BIEMEZHIE
L7z U= RAL—JEMIT, B-H T2 by X —BIEHICRT 20y 7 = 7 —BIEMEO gk
ELTHRI L,

In vivo SRR

B0~ A (n=4) OEEHMEEIZ32b (10mg /H/20gKE) OH[EIE FHEH%. 13-4LEB10
~UAOEKELE1-THB X4 ICHIE LT, s E LT, AR KLEBIOY 7 A (n=3)
DOEREHRIE LT,

[t b %22 8 M R

32bD A kv 7 R ARG REAKIZAH R L, 20mMIEIR AR L7z, 37CTT LA U F 2 X— |
L7zb MinSE (49.5u L, 4% 7 = =7 bV v A EHPEEEA, Aldrich, USAZ&Tp) 12,
20mMD32bIEIE 0.5 n LUSHI L, 200 u M, 50 u LOVEIRZAERL L7 B, 37°C Ciliy) 72 FEf
A FaX—FLl, A1 UrFaX—Ta 4%, 200uLOTE =M VEZRIIL, LA
NT w7 A LTz, 4CT14,000[]/5r T bl L2k, BiEaE 07 4 v % — (02um7 o
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VA —=2 =+ b, NANOSEP®, PALL) TJEif L. EHIZ-78C CTHfE 7=, Bifigts. 32b
BLOFORBIEY %25 Tol8ik # RP-HPLCE X V& S fREEE ESOMWEIC L » THHF LT,

LIn vitro #aGET v &A1 ]

HDF (bt b ERZ#R#ESEMA) . 8L UC0S-7 (77U H I RYFAEME Mz, 10% Y
VIRFITE (=F LA HE, BHA) ZRINLIZZ ARy akikf — 7 ZE v, 5%C0,
EETLINBREFR T oE Lz, £z, 96 c~A 27 a7 L— NI, 17 =/ 470100
p Ly 3XI0MEIERE L, IIEIRFE200u ME 72D K D IR W~ A ¥ U iBERE L UG48 % HN
L72%%. 37°CIZ TASHFRIMLEE L7, A X 2 _X— 3 Uk, WST-173E% % 10uLiRIn L, 37°C
TR A v F aX— b L7, W~A 27 m 7L — KU —%— (Thermo Scientific) % H\»
TR (420 nm, reference 0 nm) ZJHIE L 7=,
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HEFRERE 2 IV 5 928k

[R5 ]
Table 1. YPD 55t
Name Concentration =~ Manufacture Description
Yeast Extract 1 % Nacalai Tesque (Cat# 15838-45)
Polypeptone 2 % Wako (Cat# 394-00115)
Glucose 2 % Nacalai Tesque (Cat# 16806-25)
Table 2. YPDA E;iit
Name Concentration Manufacture Description
Yeast Extract 1 % Nacalai Tesque (Cat# 15838-45)
Polypeptone 2 % Wako (Cat# 394-00115)
Glucose 2 % Nacalai Tesque (Cat# 16806-25)
Adenine suflate 0.04g /L MP biochemicals, Inc (Cat# 16806-25)

Table 3. YPDA + 0.0005 % adenine 5

Name Concentration Manufacture Description

Yeast Extract 1% Nacalai Tesque (Cat# 15838-45)
Polypeptone 2% Wako (Cat# 394-00115)

Glucose 2% Nacalai Tesque (Cat# 16806-25)
Adenine suflate 0.0005 % MP biochemicals, Inc (Cat# 16806-25)
Table 4. X-drop out amino acid mix

Name Concentration Manufacture Description
L-Alanine 2 g Wako (Cat# 010-01042)
Adenine 2 g Wako (Cat# 013-00812)
L-Arginine 2 g Wako (Cat# 017-04612)
L-Asparagine 2 g Wako (Cat# 019-04812)
L-Aspartic acid 2 g Wako (Cat# 013-04832)
L-Cysteine 2 g Nacalai Tesque (Cat# 10309-12)
L-Glutamine 2 g Wako (Cat# 074-00522)
L-Glutamic acid 2 g Wako (Cat# 16911-35)
Glycin 2 g Wako (Cat# 073-00732)
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L-Histidine 2 g Wako (Cat# 084-00682)
myo-Inositol 2 g Wako (Cat# 092-00282)
L-Isoleucine 2 g Wako (Cat# 121-00862)
L-Leucine 2 g Wako (Cat# 124-00852)
L-Lysine 2 g Wako (Cat# 124-01452)
L-Methionine 2 g Wako (Cat# 133-01602)
p-Aminobenzonic acid 2 g Wako (Cat# 015-02332)
L-Phenylalanine 2 g Wako (Cat# 161-01302)
L-Proline 2 g Wako (Cat# 161-04602)
L-Serine 2 g Wako (Cat# 199-00402)
L-Threonine 2 g Wako (Cat# 204-01322)
L-Tryptophan 2 g Nacalai Tesque (Cat# 35607-32)
L-Tyrosine 2 g Wako (Cat# 202-03562)
Uracil 2g
L-Valine 2g
Table 5. SC-URA 1% i
Name Concentration Manufacture Description
Yeast nitrogen base without amino acid 0.67 % BD Bioscience

Cat# 2015-11-30)
Uracil drop out amino acid mix (& 2.2) 0.2 %
Glucose 2 % Nacalai Tesque

(Cat# 16806-25)
*17 7 )L % R\ 72 X-drop out amino acid mix (Table 4)
Table 6. SC-ADE + 0.0045% adenine 5
Name Concentration Manufacture Description
Yeast nitrogen base without amino acid 0.67 % BD Bioscience

Cat# 2015-11-30)
Uracil drop out amino acid mix (& 2.2) 0.2 %
Glucose 2 % Nacalai Tesque

(Cat# 16806-25)
Adenine sulfate 0.0045 % MP Biochemicals, Inc

(Cat# 6509-19-9)

*7 7 = % R\ 72 X-drop out amino acid mix (Table 4)
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Table 7. SC-HIS 15 i

Name

Concentration

Manufacture Description

Yeast nitrogen base without amino acid

Histidine drop out amino acid mix (5% 2.2)

Glucose

0.67 % BD Bioscience
Cat# 2015-11-30)
0.2 %
2 % Nacalai Tesque
(Cat# 16806-25)

*k b 2 F 2 & RN 2 X-drop out amino acid mix (Table 4)

Table 8. 5-FOA EZ#t

Name

Concentration

Manufacture Description

Yeast nitrogen base without amino acid

Uracil drop out amino acid mix

Glucose

Uracil

5-Fluoroorotic acid (5-FOA)

0.67 % BD Bioscience

Cat# 2015-11-30)
0.2 %
2 % Nacalai Tesque
(Cat#16806-25)

0.01 % Wako (Cat# 212-00062)

0.1 % Wako (Cat# 060-04923)

*17 7 3 )L % R\ 72 X-drop out amino acid mix (Table 4)

Table 9. LiSorb buffer

Name Concentration Manufacture Description
Lithium Acetate (LiOAc) 100 mM  Wako (Cat# 120-01535)
Tris-HCI (pH 8.0) 10 mM Nacalai Tesque (Cat# 35434-34)
EDTA 1 mM Nacalai Tesque (Cat# 15105-35)
D-Sorbitol I M Merck (Cat# L580 65059)
Table 10. LiPEG buffer

Name Concentration Manufacture Description
LiOAc 100 mM  Wako (Cat# 120-01535)
Tris-HCI (pH 8.0) 10 mM Nacalai Tesque (Cat# 35434-34)
EDTA 1 mM Nacalai Tesque (Cat# 15105-35)
Polyethylene Glycol 40 % (w/v) Sigma (Cat# P3640-500G)

(MW~3500 (PEG3350))
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Table 11. Zymolyase buffer

Name

Concentration Manufacture Description

Zymolyase-20T

D-Sorbitol
Na,HPO,
NaH,PO,

0.5 % (w/v) SEIKAGAKU BIOSCIENCE CORPORATION (Cat#
120491)
I M Wako (Cat# 198-03755)
12.8 mM Wako (Cat# 196-02835)
5.6 mM Wako (Cat# 192-02815)

(I ==K TT A K]

Table12. 77 A ~v—

Name

Description

ScADE2 pRS BamHI F

tagaactagtggatccCTGAAAATTCTCCTGCCAA

ScADE2_pRS_Xhol R

cgggcccceectcgagTATATTTGGGAACTACAAA

ADE2 TGA F CTAGCTTGAAAATGTGATGTGCTAACGATTGAG

ADE2 TGA R GCACATCACATTTTCAAGCTAGTTTTTCGATATC

ADE2 TAG F CTAGCTTAGAAATGTGATGTGCTAACGATTGAG

ADE2 TAG R GCACATCACATTTCTAAGCTAGTTTTTCGATATC

SI.UBRI CCCTAATCTTTACAGGTCACACAAATTACATAGAACATTCCA
ATATG cgtacgctgecaggtegac

$2.UBRI ATACAAATATGTCAACTATAAAACATAGTAGAGGGCTTGAAT
CTA atcgatgaattcgagctcg

S1.UBP3 CCATCATCCAGGTACCGCTTTCCTTTCCATCATCATTAAAAAA
AATG cgtacgcetgecaggtegac

$2-UBP3 TATTATTTTTTATGTATTTTGTCTATAATACCACCCCCCGTCT
TA atcgatgaattcgagctcg

SI-RADG CAAAGATTATTTTTAGGCAGACAGAGACTAAAAGATAAAGCG
TCATG cgtacgctgecaggtegac

$)-RADG ATATCGGCTCGGCATTCATCATTAAGATTCTTTTGATTTTTCT
CA atcgatgaattcgagctcg

SL.PTRD TTTTTTTTTCTTCTTTTGAATTAGATCACTAATAAACTCTTATA
ATG cgtacgctgecaggtegac

$-PTRD AAAAAAAAAAAAAAAAAAAAGACAGTAAGTTAATTAAACGCA

CTA atcgatgaattcgagcteg
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CCTACTTTTATGCTAACAACCTTCGAGAATAGTTACATTCGAA
GATG cgtacgctgecaggtegac

S1-CUP9

GATATAATTATATGAATATTTAAGTAATGCATTGATAAGTGAT
CA atcgatgaattcgagcteg

S2-CUP9

Table 13. 774K

Name Description

pFA6a-His3MX6-pGAL1-GST Cassette vector for His3MX6 marker”
pFA6a-CgURA3 Cassette vector for CgURA3 marker®
pRS306 Yeast integrative vector with a URA3 marker

[ RT AT FHERITKTT DY — R AL — i 28 Bk oD HLEE ]

YKH-002 ¥k % ek & L 1.3 x 10 HDEEREZ 300uM @ Leucyl-3-epi-deoxynegamycin - (9) .
B I ONTCP-112 (11b). 0.004% SDS % & /72 SC-ADE + 0.0045 % adenine F5 2 F & | 295K
ZHNT K o Tl L Lo R 2 BUG LTe. 15 O V7o ik 2[R U EE O 85 Hi 1 CF B i 4 st
Lictk, BOOEEWENT L — M THEMEZ RS Z L2l L, U — P2 —mik
TR E LT,

(7 ) —rr o A]
FORRFER T AR Vs R0 ARG AWFFE BICHRMT 2 L T2 720 e, f#HTI2 13 Genome
Analyzer 11 (Illumina, San Diego,CA)Z i F L 7=,

(& As -l cassette D ERL]

His3MX6 7t >~ F 77 A 2 N pFA6a-His3MX6-pGAL1-GST X%, CgURA3 &t v F7F
A I R pFA6a-CgURA3 7 7' L— K~ & L, S1/S2 7T A ~—Z% T Cassette PCR %17
7272, PCRE#5E1X KOD Dash(TOYOBO) % 7=, PCR O#fpkiX Table 14 |2, PCR 7' 1
7"F AiX Table 15 IZ7r L7,

Table 14. cassette PCR #H ik

Name Concentration or volume
Plasmide 10~1000 ng

50 uM Forward primer 2ul (2 uM)

50 uM Reverse primer 2ul (2 uM)

2 mM dNTPmix S5ul (200 uM)
KOD dash buffer Sul
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KOD dash polymerase 0.5 ul (0.025 U/ul)

MilliQ T 50 ul {Z fillup L C PCR Z{T>7=,

Table 15. cassette PCR 7' 75 A

Temperature | Time cycle
97°C 2 min

97°C 20 sec x9 cycles
54°C 30 sec

68°C 2 minl0 sec

97°C 20 sec x19 cycles
54°C 30 sec

68°C 2 min10 sec(+20 sec/cycle)

[UF U LT 2T — MEIZK D DNA B v oA

i RE 2 R AARSH 50 ml C 30°C, 170 rpm T— K52 U, xF OB G GRAZIRE ODgoo = 0.3 ~
0.4) DL % 5,000 rpm T 3 4yiz L LEIYYL L 72, MilliQ 50 ml C—[a], LiSorb buffer (Table 9)
10 ml CT—[El¥eid L 72 . LiSorb 300 pl (ZW&¥& L 7=, Lisorb buffer TR L 72 EEREZ 50 ul 4
471 L. LiPEG buffer (Table 10) % 300 ul, PCR FE#% 5 ul, carrier DNA & L T Salmon
sperm DNA (Invitrogen Cat# 15632011) % 5 pul ANZFEFR L. ZEIZ 20 70 FfE L7z,

DMSO % 35 ul il % 42°C T 15 38 =2 » 7 ABR %1772\, DNA #HlViAEH7=, £
Bk ETHAIL, 5,000 rpm T 3 i LRI Z [N L7z, B L 7 fifd 2 MilliQ 100 ul
TR L, BIETHUCRR V2, 30°C CBRREER%, AF L CElcan=—% 2 Lk
PUEHICEA L, 2a=—X A1 L7 F PCRICKV BB HAEZ DMREZIT-T,

[au=—% 1 L2 b PCRIC & D EIsF ki OMER]
BRI CAEE L7 BEREE 2 Zymolyase buffer (Table 11) (28 L, 37°C T 30 Z34LEE L
2bo%&ET 7L —hkELTPCR #1772 572, PCR Oflf%% Table 16, PCR 7' 1 7/ 7 A%
Table 17 (27K L 7=,

Table 16. = 2 =—X% 1 L7 k PCR #ljk

Name Concentration or volume
Template 1 ul

50 uM Forward primer 0.4ul (2 uM)

50 uM Reverse primer 04ul (2 uM)

107



2 mM dNTPmix 2 ul (200 uM)
KOD dash buffer 2 ul
KOD dash polymerase 0.2 ul (0.025 U/ul)

MilliQ T 20 ul {Z fillup LT PCR #1T~> 7=,

Table17. = u=—X% A 17 KPCR 702/ 7 A

Temperature Time cycle

94°C 4 min x 1 cycle
94°C 30 sec x 30 cycles
54°C 10 sec

68°C 30 sec

72°C 4 min x 1 cycle
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AWFFEITBR L, #ah TERIE R TS, THHEAIB Y £ L7 RRUER R SRR AR S b
B, K RIEAIRICHEA TGN LET,

K LMD D127, BYTHERITIRE L THEZH Y £ L7 AR R3S
=i MEER. B R FEIRICEEH VT LE T

AWFIEICER L, S, M IB L OB 4 BE OFR2LMIE 2 NZIZEE LR
SUEPLR AR AL P2 SRANSF  SCHERERD, 0 BOEREMN. &L REOKERFEAT, M Qo
SOLB B A TR T LE T,

AWFFEDOFE, FEhi, BEN O SAERITIN A, BEREZ W27 S UV A F a2 —hf
Joz THRE T SWE Lz, FURRZPAEMRERAVER EmSRER AR P RS HERL
RIS EVELE L BT ET,

AWFFENTIT D TR Z W W7o 72 & F L2 R R KPR G B ZER
R B—#d%, M BRI A CREHEL 9,

RH~A ¥ CTHPERERIR D 7 7 Mgt 2 El L CIHE £ L7z, BRFERY, B i
IR, MR APERICEEH OB 2R L £

AWFZEITER U BRI W T2 72 & F LT BB R R G L R R /M 8
MK, W B, AE RKIK, AL PRRE, 86k BrK Mk EZRRKD Bt
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£7,
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