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Abbriviation

gGlu-HMRG: y-glutamyl hydroxymethyl rhodamine green
GGT: y-glutamyltransferase

5-FU: Fluorouracil

APN: Aminopeptidase N

LAP: Leucine aminopeptidase

DPP-IV: Dipeptidylpeptidase-IV

FMA: Fluoromethylaniline

FMP: Fluoromethylphenol

GP: Glycine-Proline

EP: Glutamic acid-Proline

LC/MS: Liquid Chromatography/Mass spectrometry
FAP: Fibroblast activation protein

CCK-8: Cell Counting Kit-8

TBS: tert-butyldimethylsilyl

TBAF: Tetrabutylammonium Fluoride

HATU: 1-[Bis(dimethylamino)methyliumyl]-1H-1,2,3-triazolo[4,5-b]pyridine-3-oxide
hexafluorophosphate

DMF: Dimethylformamide

THF: Tetrahydrofuran

DIPEA: N,N-diisopropylethylamine

EtOAc: Ethyl acetate

AcOH: Acetic acid

DAST: (Diethylamino)sulfur Trifluoride

EthD-1: Ethidium homodimer

ROS: Reactive oxygen species

AIF: Apoptosis induced factor

FACS: Flowcytometry

FBS: Fetal bovine serum

FITC: Fluorescein isothiocyanate

DMT-MM: 4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium Chloride
DMSO: Dimethyl Sulfoxide

EWG: Electron Withdrawing Group

EDG: Electron Donating Group

DFT: Density functional theory
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{LAERRER D FI5 5 Y 40 FE03%E 5 72 1980 FLARE, 73 TAEYIY- O 287 ERICX Y,
BEGE - R - EENEE L Vo e AMIIE R RO T 2 BRE S ICBEET 3 EE LD T
(RNAF=—=h—) BREALPAL LD, 2D XD e AMBRERN 20 IfFRT 5 C
& THAMINGERIY 75 350 % R 30 AR O BHFE B B A T DL 5 X 5178 o 7= (Fig. 1-
1-2), 5°
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B BREHICEO BT v — T ORKNE

DX BEROP, UHEECRHIFEOMARICEENT 2 EAEH CTH 2HRICE
HL. 2ho otz HIH L 25 RSkEks X CREEDOHFA 21T > T % /-, BEERBLE
TURERR. ERERER. K RRESR. MMERESR . RUEUEER, AR, 7 v 2mh—¥0
THICHEI N, ZNZNREN ALE RIS R AT 2 2 EAHbNT WS 12, $/2, &
N O DIFRDOLRLERFEBIIR 2 2 BBICBIS L TE Y RIS TR FRE, B9,
R, EEHEOMB L ERICEDboTwE D, TNETEHL DMENFED A F~—51—
& LTHREG I T3 1315,

HWTFEETIE, D X5 mlERETEZ A L 22 B o SO F ik 2 /32 2 & T, 2

i

AR % SEIRA IC T AT RE 7 B2 7' e — 7 O BT 2 3ER L C & 72, il 213, YR ED
WER & ASFHFE L 72 gGlu-HMRG &9 113, ABNEE T, S THNTAY e BRBE2 KT
22 L CADEE L 2o Th Y, BATMITEAEIL TWw 3 <7 F MK E#ERED 1 1
THDy-INXINE T VARTFX—x% (GGT) 23 2 7 I WK RRIGIC XD |
L-7 02 3 VAL AEES 2 2 & TR uBAGE L, #]0 CTHEDEIE L 72 5 (Fig. 1-2-

1) 16o
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glutamic aao O ) C OH
-
HO
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Colorless & non-fluorescent Highly fluorescent
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Z D gGlu-HMRG 7% F.23 A FRARARICEAT 375 2 & T 5 AN B A 2 35 Z
EHARETH V. MRCHIZ COHEME ZHIH S 2 2 & T MKRRIA ETH - ThH

BRI BT R A A=Y v I TE ks R s i (Fig. 1-2-2) 17,
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BEH BREHICESL e ¥ 7y SRR A OBRFER

AT Cld. 2SAMIBRR R A BRI 2 kD 24 v F v 7L LTHWS T & THAE
RO A A=V I R[REL I b T L RN L7203, T X5 mEEREE 2 HERHO 24
vyF v e LTHwR e TENE, BAMIEZ SERNICEE T2 7a ¥ 7y 78l
BAFIHEIBIARETH 5 L £ 2 b5 (Fig. 1-3-1), Thabb, BERICATIZEHRIED DT
BERICRICH O CEER TR T X A TORGIABARETH Y, HHT v —T 5477
V—z2Hwixr7)—=v itk Buiidnziddlzzo s FHAHCTE 270, HEiE
EHAAAER L TR 2R TR D 0 FIEREE D & 5 e F o sl iz AR L 72 Y | kR A

RS AFRICXT U TR AR ZBIRcE 2 L Hickh b LHIffan 3,

Aminopeptidase

J

Non-toxic Highly Toxic

Fig.1-3-1| 7 /X7 F X - %iFN L L=7 v F 7 v 7B AR oS

INTCHEMGERAALZ 78 F 7y ZRBEABFE I TH B2, 2D REDRIFIED
ANKRELIRAT 77— 0 b 7oL P4502, MHADFRT 72 —+X 2EHORESE ZIEN
LT3 DTHY, FBRLAET I/ RTFLA—X LS s AMIBE RN 2BEELER L L
=70 ¥ oy 7 OBREITIERIC YR, SOJRKE LTid, BAMIRTITEL Tw 3RS
WEHEDMER BV T2 &2, BFEHAARIOBHiCIIMEO RIFGEE L 225 7 u V7
Yy I RABELOL W LR EREZ LN D, KRR BRI L LI Tw 200k
hrvrevicREIhsz7rtvey 7o (5-FU) o7va b7y 70RTHY, i
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9. BAMRO R EEERICEEST 2 70 F 7y ZBIRSAF OFFHEMEIC S /-
Y| BERCSHTNEFRIE 2R E 720 X5 ISEY) R BUEEY 28RS 2 D D 5 53, ST ED
B O I1C X VS X 7z SPIDER- BGall?” & wWHHNE T u—T b, ZAbraEs T3
Wizle7'a ¥ v FRIGUH LRI EHE OYft Z f3 T\ %, SPIDER- B Gal-1 1, 23 AAMMAEA
WKWEFEHLCwEB-AI77 o X—KeIGL, O-7) av FiEGERHALT7 v T =
vl 22 LT o-F /) v AF PR E YD Zodfitkic x o3 B o iR
RITNEF IV DF A= NEEDBREMINT 2 2 L CHNEHKTLEbIC, 27{bEnsb

il bR L xR e wH HEEZEFE VS (Fig. 2-1-1),
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3 TPt
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P AN
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o €] c.
Ho OH o
HOE#O/_O/ ’O N(\ i,, g OOO “,t',\/\
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(Protein, GSH etc...)

Fig. 2-1-1 | SPIDER- B Gal-1 7' v — 7 O dNHIHFEH L ¥ 7 v AF V7 I AP Y —IC
O CHHEMER A =X L
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FWE. SPIDER- B Gal-1 Z 3 Z & C HEK-lacZ ()Ml (B-#F 2 + v X — € EFEH
D) O A% Mgy ~ A DEMGRAETA A =P v /T3 LIZ LT3 (Fig. 2-1-
2A) Y, —J, K7 v —TEERECHERLZEA. BFTICE W T HEK-/acZ (+) o8
RIS T 2 2 L3O L o THY . UL o-F 7 v A F Ptk & Al P ki s
BRIGL7-Z LICRERT 28mMELEZLN, 2 v 2 EOKRIHESC 7V 2 5 4 v ililgE

ME T X NATREMEAE 2 bhs (Fig. 2-1-2B) 7,

13E © HEK-lacz(+)
. 200 o HEK
X 140 §
> 120 4 | S
pedeccy _.: A
= 100 - ¢ 3 ¢
(4] .
s 40 d
= 60 4
Q %
O 40 - %
- 20 - o
i 0 : . ;
0.1 1 10 100

Concentration (jLM)

Fig. 2-1-2 | (A) SPiDER- 8 Gal-1 # 7= 1 fiiflgst 4 £ — v~ 7 2 (B) SPiDER- B
Gal-1 5 &Rz B-HTF 27 b v X — ¥ EFHHIE &R 2 fifse (2h,n=13) ¥

ZORERIF. ¥/ v AF FEEFFRNICHT 2 2 & TERN A% FE T 5
AlREMEZ RE 35 bDCTH Y SPIDER Vv — 7D AT 5 Z L TRl L /=7 v F Z
v PRI ARIDEEI A HETH 5 L& AT,

HAKRITIZ, ZFAF R FARERZET 272/ —AH B 0T =Y viBEk % R
L e X e 5 2 8T, BAMIIETIUEL TW R (RTF X -8/ ) a2 X —¥5)
DIEHIC X VWD TF /) v AF FEERER L, 2AMIGERNIC B2 R T 2{bEW%E

AlBICE 2 L £ 27 (Fig. 2-1-3),
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Fig. 2-1-3| (A) 7Y avx—+¥% (B) <7 F X —¥iEHIC X o TOHAMAERE R IC
¥ URXF VBT 287270 &7y SR ARIEGHE

WH 7w B 7y 7 OREEYICH - b B B OLEFREANR . BERIGER IC 25 AN
2> 5 ZEILECCIRIEAIRET ® 2 720, BSAMIEN TEWEANRE 2 R TR WwiGE P hED
EHEMEEZEELCLE I WRERE X OND, — . KIFETELL T v F T v 720
Mg ¥ v A F FiEZE) s KEFHITH Y. MIEH TILEEE oINSk &E
PCOICRIGEL CHB SN L EZ LN D 720, BAMBLERN 28R s, 72,
B 1 D0 v ¥y BECHIfEZFHECE 2aRetErd v, BfFEZHv 256 L kL

THEBHiNA R IR LEZLLND,
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B Tu Sy SEMECEYMIOERE in vitro FRNFHE

A CEL L7 v F 7y FRRSARRGHEDSERE S 2 P EET 2720, W< D
2O 7a R Ty JMEHLEME AR L TEHEiT 5 2 & & L, BataYoER e LTH
W IEFRICIE, Bl 2 D2 A CIETEDTTERIRE I N TS T I/ T F X - T
HbBy-UNEINVETVRARTFLX—F (GGT) B BL NV AT FINARTF L= IV
(DPP-IV) 0L ') a3 X=X THDLL-HT77 P X—X¥D 3FAEERL 72, . Y%k
E T R 3MOBRIGHEEZMA L 2B AA A=Y v 7T a—7 161938 oRIFICHKYI L T

BY. IR HRBRESLIYE T AMICEWTHAERRN A A=Y v 7 Z2E KL T2

(Fig. 2-2-1).
Glycyl-proline
L-glutamic acid O B-galactose O
b N Cy S
(0] O 0 Ho PH
Hb ae LR, e S~
N @) NH> Y N, O @) N F3
o H H Q’_; H O NH> HO H H
gGlu-HMRG GP-HMRG HMRef-BGal
(for GGT) (for DPP-IV) (for B-galactosidase)

Fig. 2-2-1 | YWIRECHRE I NLMREEZMHL B4 XA =Y v Tn—7

¥, ¥V AF FE4E SPIDER 70— 70D kX 5 N TH 2 0E 137 L. PLatA
KIEHF s WO BB E 2. TTFRRVEVE 1 20BE/NEKEPHWCHRS T2 2 L

Too ANIC, &G LT F oy ZEfibtaY oGz L, RE XLV ARICOWTiHR 3

(Fig. 2-2-2),
Glycyl-proline
L-glutamic acid B-galactose
o HoN o H
Pos SENIRE SR
\N ~ 9]
N HO i
ooon [P L H . .
F
gGlu-FMA GP-FMA BGal-FMP
(for GGT) (for DPP-IV) (for B-galactosidase)

Fig.2-2-2 | &Gt L 727 m ¥ 7 v 727 U LEY OfEE
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¥9. GGT 7vu F 7 v 7 Efift&¥<d 5 gGlu-FMA O &K %73 (Scheme 2-1-1),
N-Boc-Glu-OBu (1) &/kEEE2 TBSH#ExI N7 =V v (2) Offiés. TBAF i X % TBS

HoBREEZRTRvIATLra—Ek (4) ITEW7=DbH, Deoxo-Fluor®ic X 3 /KR 7

v FEb, Bk 7 BREREONREEITS 2 LT, HD gGlu-FMA (6) %37,

HATU, Pr,NEt TBAF
’ o DMF H 0 THF
Boc OH * HzN/[P - BOC/NY\)LN/EP -
COO®Bu OTBS  Quant. cootu M OTBS  54% yield
1 2 3
Deoxo-Fluor® -
H Q CH,Cl H o 4M HCI/EtOAC cl 0
Boc™ N — > o N _— H3N+ \NKP
coo®u Ko 0% yield coosu K 58% yield cooH |H L
4 5 (HPLC purification) gGIu-FMA (6)

Scheme 2-2-1 | GGT 7' v F 7 v &t &) gGlu-FMA O 4K

Xic, DPP-IV 7' u ¥ 7 v 7t &Y< d 5 GP-FMA O &1 %/~ 3 (Scheme 2-2-2),

N-Boc-Glu-OBu (1) ofXb b icEM &K T 72 MN-Boc-Gly-Pro-OH (7) % & & T,

gGlu-FMA (6) & Rk &R T GP-FMA (11) #1232 2 L BT & 72,

on HATU, DIPEA @/\oms TBAF
OTBS
oa\_..\ DMF NH THF
\> + H,N — o - »
Boc\N/\n,N
H 51% yield Boc, N\> 96% yield
0 Ny
H O
7 2
8
@/\OH Deoxo-Fluor® @/\F @/\F
NH CH,Cl, NH 4M HCI/EtOAc NH
o, ———————> N, —> | ¢ o"\_...
Boa. N\> 36% vyield Boa. N\> 30% yield + N
N N H;N
H/\g/ H/\g/ (HPLC purification) 3 /\([)r
9 10 GP-FMA (11)

Scheme 2-2-2 | DPP-1V 7'u + 7 v 7 {Efi{t &4 GP-FMA O A5
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BBRIC, B-H7 27 v X—X¥7u Iy MMERLAEYTH 5 B Gal-FMP &K% /R

(Scheme 2-2-3), 7 FrECHR#EINTZa-TuEHN T2 F—2 (12) & 1 Bk
TBSfR# S N7z 7 =/ —n (13) ZHWTBERN LR a v fLzftve, -7 27 b
Fik (14) %#137-%%. TBS HoREL/kBEED 7 vy FLE2 7 v Ry FTIrH) & T7AF

o X Fk (15) ~Bn 7z, JRBICT v FAREDREEZIT S 2 & T, B D B Gal-FMP (16)

21572,
Cs,CO4
Ao OAC DMF A PAC OTBS
Q . o)
AcO + HO AcO O
AcO | oTRs  87%yield AcO
12 13 14
TBAFE CH,Cl
then Deoxo- Fluor® OAc NaOMe OH
en Deoxo-Fluor AcO F MeOH HO F
- Q O
> ACO%O S Ho%g,o
48% yield AcO 12% yield HO
(HPLC purification)
15 BGal-FMP (16)

Scheme 2-2-3 | B-#F 7 } v X=X 70 FF v 2wt g Gal-FMP o &K
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Ric, AL 3 o7 v ¥ 7y ZVMERMLEVBIEN OR O & 7 2 »BEET 5 7-
0. KHIEESE L OBEENIG AT\, LC/MS IS CTERM RN L 72, 7, filgbL 770
Faad P hiEid 2 GEfliZa 7 m b a v idERBROE A S, LIT. ARGRSCERE L T T
AR ) o
¥ 9. gGlu-FMA Dk %2R 3, LC/MS fi#tr DR, GGT #ic X b gGlu-FMA 13584
WCHBE SN 2-T I/ R UATAa— 34 e L Cifil & iz (Fig. 2-2-3), 2 i,
B L 72T HF 7 v AF PRIy 77 —HOKBKRBAI L o TRIGL 7D D & E
Zbi, THFF v AT Pk o LK% BEMIOR TR TH S5, £, GGT DHEHA
TH 5 GGsTop®DIFMIC &V BERIGAHE S v, gGlu-FMA 28 GGT 0B L x5 &

DEDD b Tz,

Protocol

| gGlu-FMA 100 pM with or without GGsTop® 100 uM in PBS (pH 7.4), 1% DMSO as a
co-solvent

' Add GGT 1 U/mL, 37°C for 12 h

| LC/MS analysis (eluent A: H,O containing 0.1% ammonium formate, eluent B: 80%
acetonitrile/H»0, 0.1% ammonium formate, A/B = 95/5—5/95 in 15 min)

+H,0

Q GGT (in buffer)
MY, k| e
H H 2
HO F H
gGlu-FMA MW 123.16
MW 254.26
2000000 - GGT () m/z 255 (M+H?*)
1000000 A L Flg. 2-2-3 | gGIU'FMA <‘_)_ GGT
23 0+ & OEEFRICYENT (B GGT
TR : N RN N
BE ooy | iz 124 ek VRINAT, B GGT Wi 12 R
+ |
G oo 1 L #. TFB: GGsTop®Jtts F)
7 o 0 b
o |
RS _
= 2000000 +GGsTop 3
1000000 41 100 uM k
0 +——"F——"T—"T"T4+———

01 2 3 456 7 8 9101112131415

Retention time (min)
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GP-FMA & [Afk. DPP-IV #ic kb 2-7 3 7Ry IaT7ra—upgEm L., FHEH

K579 ic X W EEEIGOSHE S 2 2 L 23R X 7z (Fig. 2-2-4),

Protocol

| GP-FMA 100 uM with or without K579 500 nM in PBS (pH 7.4), 2% DMSO as a co-
solvent

| Add DPP-1V 81 mU/mL, 37°C for 12 h

| LC/MS analysis (eluent A: H,O containing 0.1% ammonium formate, eluent B: 80%
acetonitrile/H>O, 0.1% ammonium formate, A/B = 95/5—5/95 in 15 min)

+H,0

DPP-IV I (in buffer)
L[]
H
GP- FMA MW 123.16
MW 279.32
m/z 280 (M+H*)
200000 - v
100000 | DPP-IV () k Fig. 2-2-4 | GP-FMA & DPP-
Y U S IV & ORFERICHIY (-8
g 200000 | m/z124 (M+HY) DPP-IV #SiNaG, #E: DPP-IV
= E | DPP-IV (+) P . e
@ ; 100000 - ﬂ {?TVJ[I 12 H%FEEJTﬁ\ TEQ K579 :/H\:
E®
g(\;‘i 0 f\\ T T i T T T T T T T T 1 ﬁ‘F)
s E ; !
S £ 200000 K579
100000 4 500 nM
0

— T T T T T T T T T T T
01 2 3 4 5 6 7 8 9 1011 1213 14 15

Retention time (min)

BGal-FMP Tit, B-#77 by XF—FHIMICED 2- FRFL RV I AT I— A2

AL, BHEARB-GAIC X Y BERICHHE T N2 & L T 7 (Fig. 2-2-5),

Protocol

| B Gal-FMP 100 pM with or without S-GA 1 mM in PBS (pH 7.4), 2% DMSO as a co-
solvent

| Add p -galactosidase 4 nM, 37°C for 12 h

| LC/MS analysis (eluent A: H,O containing 0.1% ammonium formate, eluent B: 80%
acetonitrile/H>O, 0.1% ammonium formate, A/B = 95/5—5/95 in 15 min)
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+H,0

Hw B-galactosidase (in buffer) U/ia
porwren | gyt

HO

H F H

BGal-FMP

MW 288.27

100000

50000

en 0
o
gy

EE 100000

w

@+ so0000
£ —

B 0
oX

s E 100000
& E

50000

0

MW 124.14

m/z 311 (M+Na*)
B-galactosidase (-) M

i |

B-galactosidase (+)
1 m/z 123 (M-HY) 4 |

T T T T T T T T T T T 1

+B-GA 1 mM

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15

Retention time (min)

24

Fig. 2-2-5 | B Gal-FMP & 8-#
50 R —% L ORER IR
W (EB: B-H527 o X—%
anEi, R B-A I PR
—CUIN 12 KRR, B B-
GA #:77T)



B L7z 3 o7 u Iy JMEALEYRER IR I N TF /2 v A F VR E R
T 5 DRI NI/, KT, BEREFRI/KFEBMAAE %2 7z in vitro e FH
ZITH T &b Lz, {LEWRE 24 K% OMIAEFER 2 — i kbt E 8k <cd 5 CCK-

87 vt AfICXVffot,

Protocol

| Seed cells at 1.0 X 10* cells/well in 96 well plates (n=3), incubate at 37°C in 5%CO; for 12
h

| Add prodrugs 1 to 50 uM (0.5% DMSO), incubate at 37°C in 5%CO; for 24 h

| Add WST-8 10 pL in each well, incubate at 37°C in 5%CO for 3 h

| Measure absorbance at 440 nm

¥4, GGT 7'u F 7 v 7zt A< H 3 gGlu-FMA DR %/~4, CCK-8 7 v & 4
DR, gGlu-FMA 5.1 X Y GGT & Fe BN o i A fE R 08 IR AR AR IT{X T L. GGT
AT OMAETFERIET LAV EBWHL LAY, Tu K7y ZJRFBAFE L
THeRET 5 2 e AR a iz (Fig. 2-2-6), F7-. BHEAI GGsTop®IC & » AfFE 3584 [A]

BL7=Z &2, gGlu-FMA 0353 GGT FENTH B Z L bHL Lo T,

B SHIN3 (High GGT) OH226 (Low GGT)

+ GGsTop
Q\,F 100 pM
120 -~
Ox NH 100 St o [l & 1 i
3 4
> 80 A
OH =
HoN S 60 -
8
s 4
gGlu-FMA 3 40
(for GGT) O 20 -

o
]

1 2.5 5 10 25 50 50
Concentration of gGlu-FMA (pM)

Fig. 2-2-6 | gGlu-FMA #5- 24 Rl © GGT @R8I F BN o fMlg A2t (n
=3)
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Xic, DPP-IV 7'm ¥ Z v 7 gt & <d 5 GP-FMA ofif%"3, GP-FMA %
gGlu-FMA [flBE, {LAYIESC X 0 DPP-TV 5 FBUINE o M1 A 17 3 03 B AR A7 R 1 i
L. DPP-IV{RFEHMAC & it L T X WV KIRE CHEMABREB L TH Y, 7'u ¥ 7 v FRIHH
AFIE L CHERET 5 T L 3L A & 7 o /- (Fig. 2-2-7), —/7C, DPP-IV {KFEHMITIC &
VT b KT e B TEFH E S R 2 Bl S T s v . DPP-1V BEAITH 2 K579 i X b
fa R BSEE L e 5722 & 25, GP-FMA oiE#ES % 13 DPP-IV BiEHE 2 A L
TMFRIC L ZEM L w7 m F 7y ZOEEKS5 2R ThCw s aEEERZE Z b0
720

B H226 (High DPP-IV) O H460 (Low DPP-1V)

120 -
100 - h B3

1 2.5 5 10 25 50 50
Concentration of GP-FMA (uM)

8
=

F + K579

500 nM

O 7 ~NH

i
o
1

GP-FMA
(for DPP-IV)

Cell viability (%)
[«)]
o

N
o
I

o
]

Fig. 2-2-7 | GP-FMA #5- 24 F§[#t% © DPP-1V &8 /X F B o Ml 7R 2 L
(n=3)

FEEE, DPP-IV IC 3% DFUD R T F X —EBFEET I ERMoNTEY, ZOKRFE
DHEE NI RTES % L X T % (Table 2-2-1) 3233, DPP-IV 2sHlliafE b i< RTES
52 LxE 25 &, GP-FMA Al z 7 L CHIlEN~A D, ZiH @ DPP-IV koD
RTF X - EGT 5 2 & T DPP-IVARFHMIRICN L Ch mtEE R Lz & PRT 25 C

ENRTE DL, 22T, GP-FMA OffiflafiE @t 2T 45 2 & THIlEHN © DPP-IV £~
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TFX—RERIGL R Y, AR EHTE 2D TlERVILFE R,

Table 2-2-1 | DPP-IV B, 71 ) L= 7' F X — ¥ OffSHE & JH1E 3

Enzyme Localization

DPP4 cell surface
DPP7 intracellular vesicles, secretion
DPP8 cytosol
DPP9 cytosol
FAP cell surface
Prolyl oligopeptidase intracellular organelle

WHFFEE ClE, HE 7 v — THFE O IC 5\ T Gly-Pro ¥ < 7F FLAMC H Glu-
Pro ¥ _X7F F28 DPP-IV o LB L 722 P L 2R LTH Y, 7z I vgfligEo Hh v
R ¥ U AFIC X o CTEEEMEIMET 32 & & 2175 L € Glu-Pro El5 & A L 7z EP-FMA

P72 CEEER - AL 72 (Scheme 2-2-4),

Oy OBu TBAF
OxO'Bu HATU, DIPEA AcOH
OTBS
DMF socy A A THF
[— —_—
BOC\ H

(0]

_ NH
44% yield o OTBS 93% yield
2 )J

18

Os0Bu O OBu
Deoxo-Fluor®
CH,Cly 4M HCI/EtOAc
Boc\ Boc\ » H; N

OH 55% yield 32% yield
(HPLC purification)

19 20 EP-FMA (21)

Scheme 2-2-4 | EP-FMA D &%
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AR L 72 EP-FMA % [AlfkD CCK-8 7 v & A ~fF L 72555, WifEE Y DPP-IV (KA
faic it 2 BtEMEIR T 2 2 L BB 22 & 7o 7= (Fig. 2-2-8), Z D#EHR» 5, Ml Lic
JfE3 %5 GGT < DPP-IV F0RSRZIEN L § 285610k, ARERIRY 7o F 7 v 7HIK
DAMFEBLEE M TR T F E L & F 2 b i, GP-FMA & EP-FMA CERPEICK % A%
EBEL7ZDIR, THFX ) VAF F2REIEIHOBHEEVvEVE 1 DLIEHEICay

RNV THoT-T-0LMEERTE S,

B H226 (High DPP-IV) O H460 (Low DPP-1V)

120 - + K579

500 nM
100 4 I E

8
iy

b
,.|_.

EY
o
1

Os OH
HZNgN'}
O NH
Neg
EP-FMA I I '
(for DPP-1V) 1 ]

1 2.5 5 10 25 50 50
Concentration of EP-FMA (uM)

Cell viability (%)
(=)}
o

N
o
I

o

Fig. 2-2-8 | EP-FMA %45 24 Wit DPP-IV =788 /(R FEBIAIIE o Ml e A 17 R &1L
(n=3)

RRIC, B-AF2 o X—€7u R oy VERLAEMTH % B Gal-FMP DR %2R,
CCK-8 7 v+t 4 DR, BGal-FMP 138-47 7 } & X —¥EFH s X CEFRFMIE L b
CHIRAEFERE 2L SRR E L & o572 (Fig.2-2-9), ZOJFEKE LT, BGal-
FMP offifafEE@t: 2 +aclida CMilEIcmET 2 -77 27 v X—2 e EFIRIG
T&hhozZ b GGT ° DPP-1IV 2 L7 0 F 7y 7L 3tHans ¥/ v 2

FIEPRELRZZEBFEZILND,
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B HEK-lacZ+ (High B-Gal) T HEK293T (Low B-Gal)

120 -
= h
= 100 - + Bl

o
o
1

Ho OH F
O
HO 0
H
pGal-FMP
(for p-galactosidase)

Cell viability (%
N
o O

N
o
1

o
I

1 2.5 5 10 25 50
Concentration of BGal-FMP (uM)

Fig. 2-2-9 | B Gal-FMP %5 24 Wifslie D p -7 7 7 + & & — 2@ F 8 /XTI D i
fAEAFRZAL (n=23)

i1 B Gal-FMP D HIfEfEE @ i< M@ A 354, GGT % DPP-IV 2y & L= 71
Fov 7 Rk B-H77 v X=X RIGRICT Y F 7 v A F Pk z £ T2 X5
BALEMEZ AR TENITHREY ORPZRTIICHRDILELOLND, IO EREKT
% 72912i%, Fig. 2-2-10 ICRT L HICH T 7 b =R 7t 2F A7 =) Vi %
H =R — b CHES LAY E AR T IE X\ EF 2, Scheme 2-2-5 ISR T ARG

P> THEKREIT > 7,

Ho OH F B-galactosidase
O H HN
Ho&/o N > j\iﬁ
HO u\([)]’o \

galactose, CO,

azaquinone methide

Fig.2-2-10 | B-# 77 b X —RICX o TTH*x/ v A F Ptk z KT 2L
DTFHAL v
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T, T/ AT e F AR CIREINT I A T 7 b —AFEEER (23) LT =)
VIEER (2) P RRT Vv EHEFETCRAET 2L ThH— A= MK (24) ~LE
%, FEfEAE VT TBS % fpEd sz crra—nfk (25) & L7z, 2O, TBAF T
TBS HDFrEZEITI &, ERLETAIFY PRI =" A= DAL KR= IR T AR
WL, 2L CLES ZERHL2 o7z, DASTICX 2 7 v F(L%2fTo72t%. T+

FAEDOREZRITS T & T, HWD BGal-FMA (27) %157,

triphosgene

ACONH, 2,6-lutidine
Ao OAC E AcO OAC NH, CH,Cl,
o) S Q + oTBS —— >
ACO&/OAC 66% vield AcO ©/\ ]
OAC Oy OAC H rt to 50°C
(@a:b=224:1) 79% yield
22 23 2
AcO OAc AcOH AcO OAc DAST

. THF/H,0 o THF
AcO 0 —> A0 o N o —
OAC C?)r é

§ OTBS
OAc gf rt to 45°C 0°C
69% yield 49% yield
24 25
Aco OAc NaOMe OH OH

e} MeOH ')
ACO&,O H F— HO&,O H F
N
OAc é 0°C OH ngé
39% yield

26 BGal-FMA (27)

Scheme 2-2-5 | B Gal-FMA @ &%
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AL 72 B Gal-FMA % [FARED CCK-8 7 vt 4 It L7zk55E, SGal-FMA 3 8-77 7
by X — B O B CREKFN e EE R T 2 LA e Y MW ICRETE
T3V av X —¥EFENL LELATOER LT 0N Jy 7y A7 LHKRET 2 Vg
MR E N7z (Fig. 2-2-1D)  BfE, ¥/ VAF FRE(F /) VAF Fvs.7HF* /) v AFF)
LD DBARIEIC O WTIAL 2 L 7r o TZa\w 3, MIREANRILTE & O )G Rz 2

AR T icE 2 o, SRFEMICBRE L TS PETH 5,

B HEK-lacZ+ (High B-Gal) OO HEK293T (Low B-Gal)

120 -
< . —
HO o% g 100 P - .
HO 5 '_tau 60 -
2 |
BGal-FMA = ¥
(for B-galactosidase) VU 20 ~
0 I T T T T T 1

1 2.5 5 10 25 50
Concentration of BGal-FMA (uM)

Fig. 2-2-11 | B Gal-FMA #¢5. 24 Ffffit2 D B -7 7 7 b o X — ¥ m P B /AR FEH AL O #l
faEfr Rt (n=3)
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B HEER BT 3 ENOFERY:

Hifficld., ZLELAEZ70 NIy VY AT LICHSWCHE L7 v F Iy 2EGLEY
DR EFEBL T M2 BRI ERRETH D 2 LR Lz, — /7. & FOBAM
CIBREEAIL T3 8 AMM L BERIERBLL TR IEFEMEMREL TH Y.,
BRICHZZ 22 & 2D X 5 R T Tb B AMIED 22 BIRMIcECE 2{LAWTH
LZEBEFELVEEZLND, Z 2T, BB OBET BRI 23 % R L7 GGT it
7u K7y 7 TH5 gGlu-FMA %#3E&R L. GGT &#H/EABMEo ;B ALET o
H a5 2k & Lz,

HAKIIciZ, CellTracker™ TP oY1 Tk iz 2 MoMifdZiEA& L. gGlu-FMA &
FEMIRE g a3 EthD-1 %25 L CHERBEMEIC L 2 24 L7 T AA A=V VY IR 1To
72& A, GGT m#BMIEcHd 2 SHIN3 #ifld (v FIIEHEHK) D A5 L T EthD-1
TREINIHETFIHERTE L (Fig.2-3-1 EB) . 2o, ERflo4 A —Y v 7tk -
T CellTracker™ D H#H AR L T BT 28 2, Bl o Mkse IS X 2 et b &
REINTZ72D, 24 FEZORFHEFICE WO IREE T o7z, 2 OFER. HIHEFICENTD
SHIN3 e 23 BRI 55 % 521 T 2B 238U & 1, H226 MIAEIXIZIE intact ZiRAE
THEFELTVwE XY IcRZ T bnT (Fig.2-3-1 TE) . U EX v, BEEEEEDO R 2 2
R 2sBERE L TV B HRAECTH > Th . gGlu-FMA 1323 A M 2 BINA ICfE 2 C & 23Tl R
THY, 7u 7y 7R ALKIE LCEREREAE T 2L TH L LG

L7,

Protocol
| Seed SHIN3 cells (stained with CellTracker™ Blue) and H226 cells (stained with
CellTracker™ Green) on a same 35 mm glass-bottom dish by 1.5 X 10° cells/dish, incubate at
37°C in 5%CO; for 12 h
| Change medium (RPMI1640, 10% FBS, no phenol red) containing gGlu-FMA 25 pM,
EthD-11 pM
| Timelapse fluorescence imaging with SP5 for 24 h
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SHINS3 cells (High GGT)

EthD-1 (Dead cell stain)

Fig. 2-3-1 | HIE#B LM T ic BT 3 ¢Glu-FMA OEIRIERHE () 24 L5 724 A
=Y v 7 (FB) 24 Btk o BITREFIC 35\ % #0CH R

¥z Ao 7Tu barcra—H A A M) —IC XN BITo 72 & T A, HIlEEMS
fAcHRTb SHIN3 HilED A ANEIRMICHIML T2 2 L 2R TE ., SEMidoE &
CCK-8 7 v & 4 DffH L & 22 - 7= (Fig. 2-3-2)

ZORERIX, M ED GGT IC X o THER L 27 ¥ ¥ 7 v A F Foftithss, BRKIE%
LB AV AL TOFEGEELTWEZ EERBETE2LDTHE, £72, THF
J v AT PR EEE L 2l ~ELET 2R1ICS BICHFIET K0T L IKE L TR
(fRez) 372 L PRI A, BRMICHEESRA T CbmWERMEL2 R 2 LA TE DT

T tfERIND,
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Protocol

| Seed SHIN3 cells (stained with CellTracker™ Green) and H226 cells (not stained) on a
same well in 6 well plates by 1.5 X 105 cells/well, incubate at 37°C in 5%CO; for 12 h

| Change medium (RPMI1640, 10% FBS, P/S) containing gGlu-FMA 25 pM, EthD-1 1 uM

| Trypsinize and flowcytometry analysis

gGlu-FMA (25 pM)
+
Control gGlu-FMA (25 pM) GGsTop (100 pM)

1
7.57

1
347

Q1
268

Live

a3
52.94

. Q3 S
53.44 - ) 40.73 (4785 - .. -

H226 SHIN3

m SHIN3 (High GGT) B H226 (Low GGT)
100 -

Cell viability (%)
(95 ]
o

o
|

Control gGlu-FMA gGlu-FMA +
GGsTop

Fig. 2-3-2| 7w —% A b A } Y —ic X 3 HFEEEMT C 0 gGlu-FMA D 3505l (E
B) Fyb7my b (FE) Fy b7 my bRl SR
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BN THFX v AT PRk LRy L oBFRE

Hificlt. gGlu-FMA 23585 tE Fic s\ Cd GGT & BN 2 58I 1o (5 2= vl pg
THDHI xR LIz =T THF v AF PR ED X5 IT/FH L T 2 D22 13
bhbhoTunhwnizy, I L OBMREICO TR ED 2 L & Lz, Hidk L 7z
Lo, 7¥Fx v AF VGRS HEZEE T 22 FoFme A L Twb RETI
L AR B L B SREGRE, BRI AMIIENIC 1~10mM & v ) mWIRE TE T
UG THNICKREEORWTF A A EEET 5 702 F 4 v (GSH) & @R otk z
KT sLEZLND,

% 2T, gGlu-FMA % H v, {L&PH 512 X - THIAEA GSH IREE 23 ) L T 2 HHRGE
3 b5l L, BRWICIE, GGT mFeH/RFAEHMALIC 2 2 4 25 pM @ gGlu-FMA
G LC 24 R OMIE 7 A e —ricEE NS GSHIREZER L& 2 A, GGT &
FIME T DA gGlu-FMA %51 X > C GSHgE A2 v b e — L HEEL T8 43D 1 72
EECRT T3 2 eBHLHE o7z (Fig.2-4-1) , £7-, B2 A 254 (GSSG)
DT 14 EFEOHINTH Y., BLIick > T GSH 285V L =iRcidavn s e b, &
L7727 %% v A5 FPE2ERE GSH E KIGLTWa bt EZ b5,

DLEX Y. MRS CER L 7273 F 2 v A F F RIS % &8 L <Hlig o GSH
ERIGLT W3 T EAREBE N, 25 pM @ gGlu-FMA %512 X Y 75 pM L <1 ® GSH
BB LT ehb, THX v AT FRERBEEERISEIEZ L #ilacshEric

HEINLTWw D LRI N,

Protocol

| Seed SHINS3 cells and SKOV3 cells in 6 well plates at 2.0 X 10° cells/well, incubate at 37°C
in 5%CO; for 12 h

| Change medium (RPMI1640, 10% FBS, P/S) containing gGlu-FMA 25 pM, incubate at
37°C in 5%CO; for 24 h

| Wash with PBS X2, add CelLytic M 500 pL in each well
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| Centrifuge at 15000 rpm for 15 min
| Measure protein concentration of supernatant, prepare 0.2 mg/mL lysate
| Measure GSH/GSSG concentration in lysate by using GSSG/GSH Quantification Kit

SHINS3 lysate (High GGT)
2 q EGSH EGSSG

Normalized concentration

gGlu-FMA gGlu-FMA  GGsTop DMSO

-+
GGsTop

SKOV3 lysate (Low GGT)
1.5 - B GSH BEGSSG

Normalized concentration

gGlu-FMA gGIlu-FMA  GGsTop DMSO
+
GGsTop

Fig. 2-4-1 | gGlu-FMA (25 pM) %5 24 B5[84%ic 31F 2 SHIN3 #ilfi 3 X O SKOV3
Ml A e—bh&EEND 272 T4 B (el o212 DMSO #54 o fif ci
fLtLTw3)
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T ZFEToMANIC &Y. gGlu-FMA (3N DO GSH IRE 2 K& (K P X2 2FH2H %
e aRHLTW22, GSH 3ASRIIRILWE & LB & THlENDL Fy 7 257
VAEMRoTEY . GSH 28T 2 L il oifEmERE (ROS) 288mL, I tav ¥
Y7 TIEF P 7r—Lcofitle 7 K b= Z5FERT (AIF) 2 S, #RNICT R

P REH|ER T L HBHSL TV S (Fig. 2-4-2)%,

F%S L Extracellular
Fas e
DISC | [Fadd -.-.__.e.s.';.yfc.aﬁon ROS Intracellular
Procaspase-8 o H,0,

Mitochondrial events
% ROS/NO

% mtGSH/GSS6

<+ Damaged mtDNA

Mitochondrion
Cyt ¢
MPT

' i

Caspase-8 -

TRid savussisasnannce Bax/Bcl2
Apaf-1| cyt ¢ A
Procaspase-9 | ROpIasomE
Effector caspases
(e.g. caspase-3) Caspase-9

APOPTOSIS

Fig.2-4-2 | I+ av FYTICHF 2R L AL T K —2 2DBEGFNE

Z ZC.gGlu-FMA K GIC X D FEBICT R b= AR EC LI »ERT L & & LTz,
BARPICIZ, 25 uM @ gGlu-FMA % SHIN3 ffifd (GGT mFEHk) 1ok b L, 24 Kl ic
Annexin V-FITC (7 & F — v 2 ffild % Yft) 35 X O EthD-1 (% 7 v — > 2 ffifid s X 0%
TR =AM E Y ) 12X 2YE ATV, FACS B ICTHIT 21T 72, % OFER,
gGlu-FMA 5.1 X b 24 K#2I1IC134 40%0MifaA 7 R b= ZA~BfTLTEH . 47
o — o ZBEOMIKERI2IE & A LRI E Wiz o7 (Fig. 2-4-3),

Pl lEokitk v, GGT EtEic X > TERLZ7 ¥ * 7 v 2 F iR MllEN o GSH

37



ARz L. GSH 234k78 9 5 2 & THlENDO L F v 2 287 v 255K E At Kb
RINZT R b =2 2035 R Z I N[ R R S 7z, —J5C. Al GSH BUShic b
ISR E g 2 v 3 7 E OFEMIRELE L AR Z L T 2 ATREME S & 0 . FERHFEB A

A= R LI L TRSEFEMICHREEL T FPETH B,

Protocol
| Seed SHIN3 cells (1.5 % 10° cells/well) in 6 well plates, incubate at 37°C in 5%CO, for 12

h
| Replace medium (RPMI1640, 10% FBS, P/S) containing 25 uM gGlu-FMA, incubate at

37°C in 5%CO; for 24 h
| Trypsinize, add staining solution containing 1 uL. Annexin V-FITC and 1 upM EthD-1,

incubate at 37°C for 15 min

| Flowcytometry analysis

gGlu-FMA
+
gGlu-FMA GGsTop control
Q1 Q2 Q1 Q2 Q1 Q2
10°4255 17.17] 10°4202 0.09 1094342 5 0.16
- 10*4 104 10*
1
9 10:‘l 103' 103_
e
(NN 102j 102 102
10'4a3 L5 Q4 10" Qs 10 Q4
_QE.OIS : o i qra.g_q 3 — ‘D,OG Y0.15
10 102 100 1wt 10 10t 10° w0t 10°
Annexin-V-FITC
X 1004 __
S 80 1
£ 60 A Live
S 40 - Early apoptosis
9 5 Late apoptosis
% 0 T T ,_\I_I 1
v control gGlu-FMA gGlu-FMA
+
GGsTop

Fig. 2-4-3 | SHIN3 iz ic gGlu-FMA % 5L T 24 B[t o 7 & b — > 2 @7 (-
B) FybrZuvy bk (B) Fyb7oy bpaoB8HLAETEF— v 2o
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Mg NE

KRETIE, YBFFEE CHFE X #17- SPIDER- B Gall Offi& & R % S5 1c, 23 AN =
(7 BRI PRI X D MBI IC ¥ 2 v A F FEEZ T 2 © & st % 358§ 2 7z
7a N7y FRFIRALRRGHEEERL, T I/ X7FX—¥Thb GGT * DPP-1V,
7YV avEF—XTHEL-HT 7 X—ERENE L3O T F Ty 7AYo
BIELC I L 72, C DR ERES R0 GG 0E 2 R S R WEETh o T b EREH
B ¥, v AT P ORGSR X o TlifficErmlgech 2 2 e b a b, NHED
EWTO Iy SV RTLTHD T EBRRBI NI,

¥ 7. GGT ziEfy e L7z 7' m ¥ 7 v et a¥< b % gGlu-FMA 1. GGT %8/
FEMAE S B L C w3 B R ICE W Td GGT EREMIIICRIRNICEEL2 52 5 C
EDHEETH B L ABHL AL o7z, X 5T, gGlu-FMA 213 GGT ERHAMIE oM
GSHEEZ#HE pM 04— X — TP S 2 2FARH 2 Z L BHL L RY, TR —v
ZREIC THIIE AR L T B 2 e b, GGTEIC X o CTERL 27 H* ) v A F Fip
M2 HIREN GSH #iii8 X 2% 2 &L THIlEN D L F v 2 237 v ZH K& ik, fERT

Wb 5 2 I N B 2 RB I NT,
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B=E

in vivo C{E I A[RE 7%

EERK 7 F 7 v FEIfs AR OglE
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F—Hi gGlu-FMA FEMAED G & in vitro FR) M

HEETIE. GGT SABMIE D 4 % Ehn - iRE cEEE R gGlu-FMA % R L <
W3, — T, gGlu-FMA O#ifiR TD ECs i 25 pM FEETH . nM 4 — X —D ECs
iz B3 2HAFEOT A & S 2 & Z OIS 355 < . in vivo TOFH%ZE 2 5
EE L EMEEoR EAEEN G, 2 2T, gGlu-FMA OFER{Lic X > Toh b %2iE
BEszeE Lz,

BTz ke, GGT WEHEIC X WERLAEZTHF 7 v A F PN o
GSH EZIRINCKIGL TV B T EIRRINTE Y, ZoMIAERERIEAT e F T v 7D
HFNFHNCEERBRCTH L BEXOLND, (o T THFFX/ v AF Ptk E IR
REIFMNICHEESEE T 2T L2 0192 LHERI L 72, BRRYICIE, ¥/ v AF FREIZETFX
Boftfch s % oo, ETWGIEEEZ XYL VBRICGEAT 2 2 & CHICRIGHED S F
b MR GSH % oMl ki%fl & K L3 < 72 % &% x 7= (Fig. 3-1-1), FFE, Weinert
HIZ¥ /v AF FICETRGMNEREZEAT 2 2 & TKLTF A — A FEORH E DRSS

EdsEwnrdiEze L Tnd ¥,

glutathione (GSH)
NH, 4 O
HOMNﬁNf\B,OH
H
H

NH NH

azaquinone methide

Low Relative reactivity High

Fig. 3-1-1 | #E I NZEHT ¥ F /7 v X F Pk & fIl kit & o RSt
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DE%#EEFE 2, gGlu-FMA OR V¥ VER 4GS 5\ i3 5 MIcEFRGIMEREREFLE T3

M2 OEHEL A G L 2FEER 2 IcREGt L, AT 528 e Lk (Fig 3-1-2),

9Glu-4R-FMA

---------------------------------------

e 2 “ .
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Fig. 3-1-2 | #7172 1CE&5EF L 72 gGlu-FMA F53E {4 o i

TN HEFHEMRIZ, Scheme 3-1-1 IZ/RT XS KO LT 4 v 7T uy 22 nFs

L. gGlu-FMA & [FIfkD &Rk (Scheme 2-2-1) THIKT 22L& LTz,
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TBSCl
imidazole
H,N CH,Cl, H,N
H o e TBS
0°C
o
’8 97% yield 29
B 10% Pd/C
NaBH 1,4-cyclohexadiene
O,N O 4 O,N '
2 MeOH 2 MeOH
H H
e -
MWave 140 °C, 10 min
O Me O Me 55% over 2 steps
30 31
TBSCI
H.N imidazole H.N
: CH,Cl, :
H TBS
—_—
0°C
(0] Me quant O Me
32 33
C ‘ TB?CI
LiAIH, imidazole
NH2 o THF CH2C|2 NH2
/@JLOH —_— /@m /@f‘mss
0°Cto45°C 0°C
70% yield quant. 36
D 10% Pd/C
NaBH, 1,4-cyclohexadiene
MeOH MeOH
\N/©)L - . 7(@/\0 -
54% yield uWave 130 °C, 1 h
57% yield
TBSCI
imidazole
CH,Cl,
Y@n 7(©/\O
0°C
91% yield
E TBSCI
imidazole
CH,Cl,
@’\"H — @AO

quant.
Scheme 3-1-1| v'AF 4 v 77w yv 7 045 (A~E)
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BETOMER, 5 fic A FAEEH T2 H DLUME gGlu-FMA & FIfkD &R IC CHBY

Y155 Z & 23AlEETH - 72 (Scheme 3-1-2),

Condition A:
HATU, DIPEA, DMF R4
0°Ctort. RS
H,N DMT-MM, DMF
+ : O NH
Bocy OBu R
H J R R* = Me: 91% (A)
5 by
1 R4 = COOMe: (A) Boo w0 Bu
R* = Me (29) RS = COOMe: 61% (A) H O
R* = COOMe (33) RS = NO,: 60% (B) R* = Me (43)
R> = COOMe (40) R* = COOMe (44)
R> = NO, (42) R®> = COOMe (45)
R> = NO, (46)
R4
5
TBAF AcOH R DAST, CH,Cl,
THF OH 0°C
> Os NH >
R* = Me: quant. R* = Me: 27%
R* = COOMe: 6% (2steps) Boc w0 Bu R* = COOMe: 67%
RS = COOMe: 73% H O RS = COOMe: 39%
R> = NO,: 86% R4 = Me (47) R> = NO,: 24%

R% = COOMe (48)
R> = COOMe (49)

R> = NO, (50)
R4 R4
RS RS
r 4 M HCI/EtOACc E
Ox-NH > Og NH
R* = Me: 31%
Boouw\OBu R4 = COOMe: 64% H,N7 O
H 0O RS = COOMe: 60% ¢
5 _ . [
R* = Me (51) R = N0z 35% R* = Me (55)

R% = COOMe (52)
R> = COOMe (53)
R> = NO, (54)

R* = COOMe (56)
R> = COOMe (57)
R> = NO, (58)

Scheme 3-1-2 | gGlu-4R-FMA(R = Me, COOMe) ¥ & UF gGlu-5R-FMA (R = Me,

COOMe, NO,) D &k
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SPLICAFAREET2DDETIAA 0 XAFARIEGBALETH Y, 7 3/ Blifi#E
DEICHRIIE 217 5 Lo B2 BN 2 2 e A CE b o7, £ T T, N
Alloc-Glu-OAllyl (59) ZHFEREE LCH, RO ABRIKICE>T 7t m X F 1
fhk~tiEv7zDbH, PA(PPhy)s & 7 2 = 7 v B2 h P& T Coliff#E 8 2175

Z & THMD gGlu-5Me-FMA %1% Z & 28 C& 7z (Scheme 3-1-3),

HATU
DIPEA OTBS
DMF
NH,
OTBS »
/©/\ AIIoc OAIIyI 0°C
tort AIIoc OAIIyI
50% yield
36 59
TBAF, AcOH
THF DAST, CHZCIZ
_
71% yield 0°C
AIIoc\ OAIIyI 319% yield Auoc OAIIyI
Pd(PPh3),
PhSiH; c
OxsNH
—_—
29% yield

gGlu-5Me-FMA (63)

Scheme 3-1-3 | gGlu-5Me-FMA @ £
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RiT, HHCL 72 gGlu-FMA §5E(A 2 GGT oFE & 7 3 iR T 6720, KR L ©
EE G 21T\, LC/MS I X o TR 21T o 72, % DFEE. WO FEER D R I
BIRHEBEENTERYTH D 2-T I ) _RYIATIAaT— Rk~ EfX NG 2 L2305 2

&7 o7 (Fig. 3-1-3),

Protocol

| gGlu-FMA deriv. 100 pM in PBS (pH 7.4), 1% DMSO as a co-solvent

| Add GGT 1 U/mL

| LC/MS analysis (at 37°C) every 15 min (eluent A: H,O containing 0.1% ammonium
formate, eluent B: 80% acetonitrile/H-0O, 0.1% ammonium formate, A/B = 95/5—5/95 in 15

min)
R GGT R® (i T Zf? )
R IN burter
0 R4
—_— —eee
HN A~
H H
HO™ ~O F
gGlu-FMA gGlu-4Me-FMA gGlu-4COOMe-FMA
o SM
o SM o SM
2 20000000 S 2 40000000 o Product 2 10000000 o Product
% 10000000 @ % 20000000 % g 5000000
z Q b =
= = : 6;90
E 0 oooomoaam 4508858000} E g 0
0 200 400 0 200 400
Time (min) Time (min) Time (min)
gGlu-5Me-FMA gGlu-5COO0OMe-FMA gGlu-5NO2-FMA
o SM ©SM o SM
‘? 2000000 o Product ‘? 20000000 o Product é‘ 10000000 o Product
§ 1000000 § 10000000 f':i 5000000
£ 5] £ £
ﬁ ﬁ -I‘....... ﬁ
£ 07 ' £ 0 E '
0 200 400 0 200 400
Time (min) Time (min)

Fig. 3-1-3 | LC/MS € X % gGlu-FMA #FEk L GGT & o ISP
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fevC. 5D gGlu-FMA #FEA % v, AiE R CCK-8 7 v & A 1 X % in vitro FE%)
i 21T o 720 AT I, 4 MEHEREMA (gGlu-4R-FMA) DfERICOWTRT,
FFAMICEFRSMETCHEA P F O ANRARELREA L ZHEKTIE, THFF/
v AF ko sOGHEA A B LIRS E X0 RIS L2375 5 2 & oRaiiaiE
DI 5 & PRI N, BIFFICR L TR RIS T 2R & ko7 (Fig. 3-1-4),
—H. AP A FHEEEA L AR, SHINS fIAgicxt 32 gGlu-FMA o 3 AHRa S
(ECso =25 pM) % L0132 2 L 23HHL 22 L 7 b, ECsofliids L2 3 uM TH o7z, Tz,
Z D 4Me fK1Z GGT {KFBMALCTH 2 SKOV3 IS IZMKA L LCHEMEEZRI RN T &8

o270, gGlu-FMA &l s IR 2 HERs L 72 £ ERaliaidtizm L3¢ s 2 &

WD L 7z,
SHINS3 cells (High GGT)
R m 4Me BH [ 4COOMe
g + GGsTop
F 120 - 100 uM
£ 100 |
Os NH 5128_
5 60 -
w22 N il
o Yoo . . : . BE .
9Glu-4R-FMA 1 25 5 10 25 50 50

Concentration (uM)

SKOV3 cells (Low GGT)
m4Me OH 0 4CO0OMe

120 -
100 -
80
60
40
20

Cell viability (%)

1 2.5 5 10 25 50
Concentration (pM)

Fig. 3-1-4 | gGlu-4R-FMA #5- 24 Bff1# O Ml A% (n=3)
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RKic, 5 hEHEAEA (gGlu-5R-FMA) DGR ER T, 4 (LB haAaik & Fik. SMies
Hom ErifFE Nz rdke A P AR VEEEA L ZFER T TR
DIERICHRT DR L o7 (Fig. 3-1-5). 72, 5 fZlc A FAEEREA L 72558k D
SHINS flific it LT & 0 58 22 &% MiaiEtE (ICs) ~3uM) %7 L. EN -k v % HE

FLTWwaZ LRI Nn-,

SHIN3 cells (High GGT)

5 @ 5Me OH 0O 5CO0Me E5NO-

120 -
100 -
80 -+
60 -
40
20 -+
gGlu-5R-FMA 0 . . . . . . !
1 2.5 5 10 25 50 50

Concentration (uM)
SKOV3 cells (Low GGT)

H,N" O

Cell viability (%

B 5Me OoH O 5CO0Me E5NO:

120 ~
100 ~ g

» O
[~ ==}
L1

Cell viability (%)

8}
o
]

o

1 2.5 5 10 25 50

Concentration (UM)

Fig. 3-1-5 | gGlu-5R-FMA #¢5. 24 B o MifiaE 7R (n=3)
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HIC, BRI X s 28 L 72 g¢Glu-5Me-FMA % T, 5 5358 i
IRz X5 RS R COIREM 21T o 7o, HFIRGIERK L 24 K%k OREEICE T 2
HOLHG 2 S LR L 72 & 2 A, gGlu-FMA & [k SHIN3 G SER 112 T8 5 BT

DB X AL, gGlu-5Me-FMA & @R 2 H 35 2 L pn /- (Fig. 3-1-6),

Protocol

| Seed SHIN3 cells (stained with CellTracker™ Blue) and H226 cells (stained with
CellTracker™ Green) on a same 35 mm glass bottom dish with grid by 1.5 X 10° cells/well,
incubate at 37°C in 5%CO; for 12 h

| Change medium (RPMI1640, 10% FBS, no phenol red) containing gGlu-FMA 25 pM,
EthD-1 1 pM, incubate at 37°C in 5%CO; for 30 min

| Fluorescence imaging with SP5 (0 h), incubate at 37°C in 5%CO- for 24h

| Fluorescence imaging with SP5 (24 h)

gGlu-5Me-FMA
+

gGlu-5Me-FMA GGsTop Control

SHINS3 cells (High GGT)

EthD-1 (Deéd cell stain)

Fig. 3-1-6 | 5584 T ic 13 5 gGlu-5Me-FMA ;&R MM (B SEFIRINE
HoHtmig (TE) HEHRM 24 Kl # o SR
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ZZEcomEhics T, gGlu-FMA Oy ¥ VEREM~D X F A FEE AT X - TER
Mxk o TRMIEEE2 M EF 2 2 2 RMLTW3, — /T, 7THF /7 v 2 F P
RO JOGYER F1C X 2 Bl o E AR S = b e e X b o AR = Vi o
B L 72 gGlu-FMA 558K I3 N b ST 2 /R L 2 v, BETWEIMEEOE AL
WENRTH B Z EARBINT VS,

ZZT, IO DBEHHENRICOWTHFEED 2720, T TIXEIESE 4 Hicl 74
FANZ A2 F A4 VIBEOEREZITS 2 & & Lz, BRMICIZ. gGlu-FMA, BAIS M2
U7z gGlu-4Me-FMA, FHIACTE 239855 L 72 gGlu-5NO,-FMA @ 3 fEo L&) %%

L. HAlE 24 KfEte oMild GSH 2 &8 L 7=,

o} ;H
H,N H

gGlu-FMA

SHIN3 lysate (High GGT)
EGSH BEGSSG

—
(9]
]

-

o
wn

Me

Normalized concentration

o

H 4Me 5NO, DMSO

@\/F
05 NH
’;H SKOV3 lysate (Low GGT)
H,N

1.5 BGSH mGSSG
gGlu-4Me-FMA

O,N
O
Oy NH

H,N H

Normalized concentration

gGlu-5NO,-FMA

H 4Me 5NO, DMSO

Fig. 3-1-7 | gGlu-FMA #FE A& 512 X 2 MIlaN 70 2 74 VB 028 (25 pM, 24 h)
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Z DFER.CCK-8 7 v [ 1B THR %2R L T 7z gGlu-FMA & X U gGlu-4Me-FMA
TERIERIVEZTF A VBEOEKTAR LN T, EMERI Ad o7z gGlu-5NO,-
FMA#5 T 7V 2 F 4 VIRERIZE A EEMHL T LB L 2 572 (Fig. 3-
1-7),

COfERIE, GGTIHHIC X o TAEL = b rEERT ¥ ¥/ v 2 F F ik ian 7
NEFF VAN ORERE L KIGL THK L AR 2 "B T 2 b0 Th b, BRRICiE, =

Fodkl o 2 BTWAIERESBIRL 727X v A F FHREIZIER CERIGETH B
7o, INLBHRENICBITT S ENICHIfNRIC KB ICE TN K FERIGLTLE -

eI ns (Fig. 3-1-8),

EWG = NO,, COOMe
EWG

0
H,N N
0.
HO F H™H

EWG

NH,
glutathione (GSH)

Fig. 3-1-8 | € X 41 % T 1 W5 [ PE AL RS EIR D EBH R A 1 = X L
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Ioic, EEHEEAICX > CTPRLAEZLI BT FF ) v A F Fhfiiiko KGO #03E
U2 00MGEET 2720, THF /7 v A F Pk e ST 2 0% —#&ick & GSH
D2MEREL, THFF/ v AF FHfiifke b ki & o KISt % DFT §HHEIC K o C
HEb 32L& L7, BARMICIE, Fig.3-1-9 1R L 16D X 5o, #ERELL 727
¥V AFROKMINES 2037 FF 7 v AFF-2 2 vFF+—n (GSH ofb v i)
fEmiE» KD 2V IF T &2 v FA— A ERHEE TR F ¥ Vv 2TH 2L TERBIREZ
UG L. B offidmiifl, IRCFHR AT S 2 & TR B RIG ML = v ¥

—%HEH L7z, M. 5HE 134T Gaussian 09 ® B3LYP/6-311+g(2d,p) ic TFr > 72,

H | H
2 —~
IlNﬁ\-’f H “ "
479166 3 -880.78 &
T 479168 4 / D 830781 A 00%
g / 2 / @
£ 47917 é? Lt -8g0782 / ® "
T T / @
< 479172 § e H T 807833 /o o
- ,
- o3 /. &
g 479174 i f 3, g -880784 §
< 479176 < 880785 ®
S -a79.178 et 5 -880.786 o @"j’\
B LT I A — -880.787 F—r———T——————1——
14 19 24 29 34 2 2.5 3
Scan coordinate Scan coordinate

Fig. 3-1-9 | 7% %/ v AF Fici$ 2 /KB LV X v FF—AfMhicE T 2B IREE
BEROHEN

B L EFHERICIGT 2 EEZE L 2THF X v A F PEHICN L C—#E o E42 1T
W, BHINAEB (L= AL F —% Table3-1-11cF & D, WM, TXVFAH—L & DN
RIS B TOHEBIRERRE X e o72d D (5NO, 5COOMe, 4COOMe) 13iEMEL

INF—% 0 & LTREHLTNS,
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DFT EOHEE, THF /) v AF P TRV F+— A OMHURIBEIC B 1T 5 ML+
NF—FBEHBRLOEIICHED S TIEFICNE K, WO T ¥ X/ v A F Pk b il
PI~BAT L 7281013 GSH &2 Iic IG5 S e B3 PRI Nz, — /T, THFF /I VAT
N EKDIMATER IC 31 2 G 2 v ¥ — 3 EREOEEIC X > TIEL 2 X A b A,
BTEERTFF ) VAT FOHBHRNIKEKIGLO5L 2% 2 LIRS iz,

Pl kot b, GGT ifthic X » THllsL AR L 727 %%/ v A F Nk 2siiiam
AT BN T L RIET 2 &\ 5 BEAEE CH 2 RS RIB S h, £ F AL Hko
BT X o TRABEED A E L2k, 79 F 7 v AF FohfiRs X v oKkoa7 & Ak
EHLO6L Y, XIS A2 FF v DRISHIERALELZZ LIk 2 b 0L

Hx N7z,

Table 3-2-1 | DFT GHHIC & 2 7 * 7 v A F F iAo SO

H add NH3 H add NH;
LS N 5 AEadd AEelim X E) - i~  AFadd AEelim
t T H (kJ/mol) (kJimol) T U {(kJ/mol) (kJ/mol)
elim. elim. RZ

R2 R2 R2

R'=NO,, R? = H "907 215 R'=NO,R’=H
R'=H, R2=COOMe 15.1 14.6 R'=H, R2=COOMe
R' = COOMe, R?=H 184 146 R'=COOMe,R’=H
R'=H,R2=H 26.0 8.8 R'=H,R?2=H
R'=H, R?= Me 329 77 R'=H,R*=Me
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Bf EERBEET A~ X &AW in vivo EEFHE

Hiffi AR L 72 gGlu-FMA 8RO TR S MO BMIIEEZ R L. Homu bz
EMEEE LTz gGlu-dMe-FMA % FvC in vivo TOIGH. BARRYIC 12 EREE 7 v
I 2 IR AT 2 2 Lk LT,

FEIEGRTE & 13, FICE B A KB AL INED A DR FE D ises 0 BE % 22 & ik - T ke
NS L CE 2 b DR L, JEHICEERESRE W C &5 5 EERRE2 2 & NN T
A7 —=VIIH 2\ E IV OZWio K 240, F, BREMICERES FoTLE S 70T,
HEARMNTIZFINARETH 28560% . BIETIES-1, AT I7Fv AV ) Thy, &%
YRR & O 7 B (BERR L S-1+2 R 7 7 F V) B D 3753k
Bk L Iro T3 4, T, 20X G UYHIEC I ERER 2 H 3 2 6o R4
Blx D75 <. K23 A B 03 A O REIRAEIER Cld w3 d 5 FAEFED 10%% TR 2 &
WIHER TN TV D 28, 20 XS ICEBIRRERF O8N LA & S n s LRIEA &
FTRTUfFEWY) 2 2 btk o TIEMmEXY . & TENIC R NUEBRMER~EITT 2L vwolz
TSR T R 72 ICHAR) 2 BRI T T e,

— 77 AT, BRI L C RRC oL AREA & BB OIEEN IcERR G T 5
EOFRMDRENBDTE Y, S-1+527 U 2 % v VREEIR - BPENBERBE D X 9 ik
HEERE L L CRRATDS T D T ZAHE S TR1ES % M, BEIRRRRE 1O L CHEREN R 5% 3 5 7
HD—21C, &G L KL CTRFFEEVRANRE 2RO Z L A A[RETH 5 5 © 232381
b, Hiffi CHAFE L 7z gGlu-4Me-FMA @ X 5 iCKBEE O @ LA T i3, 25 %5 TH v
JRFTRE 2 ERT 2 2 L 3L 2o, JBENRG 2T BR 1D 2L ELLND, 22T,
MR E 7 <=7 ZICH LT gGlu-4Me-FMA % 853 2 2 & THIBEME SR

bhp»MEEs s &L L,
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JEERREE F A~ 7 213, GGT mFEkE LTbo2 ASA9flfla*ons 7 25—+
TEH PR (A549-luc M) % X — F~ 7 2ADOERENICHES T2 2 & TIFRIL 72, v
7 = 7 —XREMIEE w28l & LT IVIS 28 % v % 2 & T luciferin-luciferase X
JBIC X 2 EMHN e~ ADEND OBIT 2 2 ENFRETH Y, ~ T REF 2 ) 774
2T 3 R EHENOEEZ EETE 22 b, SROMEEFEE 7 ICRAL 72,

ARBET Tk, gGlu-4Me-FMA DU ic, JEIRRERE o BEMERRE L LChHwL N2
cisplatin (CDDP) ' o33h % & CRFflid 2 2 & & L, BEIC X 2 TR IC OB L T
PEFABEDFRIST B 2 & & L7z, ~ 7 A3 1 # 6 VLT saline #., CDDP #f. gGlu-4Me-FMA
#.. gGlu-4Me-FMA+CDDP B o 4 FE2ER L, Fig. 3-2-1 10T X 5 Bf%KFER 7 v a2 —
IATHE - CEFN % BN G L7z, £ 72, ARG YIH, 7 HH,. 14 HHIC IVIS 251 X
LRHAA=V VI ERITO, 14 HEICE~ Y A 2RI IE7-20b, HREAZIY HL <
gGlu-HMRG Z Wiz A A = v 7 X Y IR O A 2 iR L 72, M. gGlu-4Me-
FMA o5 F—2 (2mg/kgip.) (&, HATICH S0 72 2R 217 > CREBI o H
BEICIMA 52 F—RXTH 22 & %L T2 (datanot shown), F7-. CDDP icBiL
TV DD OBER T8 % FICBe 5 P — XA E L7223, 5 HEH &S 3 2 & WEE e fhEH

WAYBRONTT20, 2 HUBEREKE L WO BE L 572,

e e o Me
N e~ o
o 3 H c’ WH,
A549-luc cells ‘ HO F Cisplatin (CDDP)
(High GGT) gGlu-4Me-FMA
N Day 0 Day 7 Day 14
~
Intraperitoneal injection . t AAAAA  AAAAA
(2.0x106¢ cells/mouse) -
_ Cell AAAAA
Injection AAAAA — gGlu-4Me-FMA (2 mg/kg i.p.)

—— CDDP (2 mg/kg i.p.)
Fig. 3-2-1 | JEE&REE 7 v~ v 2% H 72 in vivo ZERNEHI D it
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¥ 3L, saline DGR AR T, KA A= v ZHERIT 6 PERRERNZR 3EERL T
% A3, saline B CIAEMEN O FNEEH 28 5 & LI L T B 03MilRE & v 7z (Fig.
3-2-2A, B), k. 14 HH E CIHIEOHETIC X 2BHERAFELZMIIR O NT, KL Ik

L CTwo7 (Fig. 3-2-2C),

Protocol (luminescence imaging)

1 A549-luc xenografts were anesthetized with isoflurane.
| D-luciferin (3.3 mg/200 pL saline/mouse) was administered i.p.

| luminescence was measured with IVIS lumina Il .

, Saline (n = 6)
(x109 Saline (n = 6)
A +« 13
w 35 . & T c
g 30 : gol2 ,T]I 1
= o5 =D 11 ty!
x 2.5 © 3 . % I 4+, + by
=20 | E = 1 I I i
z 15 ;= b= 5T 0.9
210 Z 808
- 0.5 = o N 0.7
Day0 Day7 Day14 01234567 8091011121314
Day

Fig. 3-2-2 | saline 58 (n=6) OFEE (A) VIS luminall iC X 3 FHA A =2 v 7
DRFHIER (B) BN OFEmEHR (C) (KEZ(LHERE (FHORE CEE#EL L T
»%)
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F 7. gGlu-HMRG %IV 78064 2 — v 7 1617 Gl e R X s & 5 A IE
W RE DISFEINE |- O % MR X 4L, A549-luc M % IEIVE P I 8T8 L 72 ~ 7 R A I i = 5

e LTHERET 5 2 L Mo b7z (Fig. 3-2-3),

Protocol (fluorescence imaging of mesentery)

| A549-luc xenografts were euthanized 14 days after initial treatment.
| Mesentery was resected.
| Treat gGlu-HMRG 10 pM (500 pL), incubate at r.t. for 10 min

| Fluorescence imaging with Maestro™ In-Vivo Imaging System

Mesentery
(Unmix images)

Fig. 3-2-3 | gGlu-HMRG (10 pM) i€ X 2 B[EEOHAA A —2 v 7R (Ex. 450-
480 nm, Em. 510-600 nm)

Xic, CDDP 58 ofR %R 3, HikL 7z X 51 CDDP o @ FAEL Bicii | 1
HHEO 5 HREHEGIC X ) HEARRERD SR O N0 2 E» b 13k L o TL
% o7z (Fig.3-2-4C), A A= v 7 OfER» | JEENO R ML <553
VUSRI RONZD DD, PAZERIEIBROMBEIRIRE AN EBHL I LR >
7= (Fig.3-2-4A,B), %7z, #0A4 A =2 v 7 X - T BRK Eic% < DISERERE 2 R

LCw 372 E N (Fig. 3-2-4D),

57



o

CDDP (n = 6)
(x108) CDDP (n = 6)
= 13

» 6.0 + T T T <
B. 50 ) ’ T g 9 1.2 t + +
x40 o—FT—F 52 S
=) ' | E 1 + T { ' +
=30 ¢ £ 3 1 =5 09 IIE: 2L
£201 4 ZzR o8 coo
= 1.0 0.7 H

Day 0 Day 7 Day 14 ] 01234567 891011121314

Day

O

Mesentery
(Unmix images)

Fig. 3-2-4 | CDDP #:54f (n=6) O#EE (A) VIS luminall I X 2FHA X =V v 7
DRFEHEER (B) BEYEN ORI (O KREALHER WIHORE oL <

»2%) (D) gGlu-HMRG (10 pM) I X 3 BRI D #E A4 A — 2 v ZHifg (Ex. 450-
480 nm, Em. 510-600 nm)

ftv T, gGlu-4Me-FMA # 5 OFER 2R3, FNA X -2 v 7ORE» 6. EHIKE
Bkh 7 H HEf S CIEPEN O RIS 3T 1D L C\» 3 e R S . Hk4 2=
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Y7L X o THGRE Lo EEREE S A RIS L Twiz 2 e 25, gGlu-4Me-FMA HiAl
TOHUIEE SR b sz (Fig. 3-2-5A,B,D), F 7. Fig.3-2-5C 13 X 5 1C. ARFEH
LEAKG 2T CHHRERDBE LT, RN Z2EORVWERI L EZ bNb 720, B

R GRZ FT 2B TENEETRICHMI LI LOAETHILEZOLND,

B
gGlu-4Me-FMA (n = 6) gGlu-4Me-FMA (n = 6)
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Mesentery
(Unmix images)
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Fig. 3-2-5 | gGlu-4Me-FMA #% 5.8 (n=6) D% (A) IVIS luminall ic X % F¢ 4

A= v 7 OREHBER (B) EHENOFRICMEHE (C) REZ(LHEYE (WIHDIKET

L L CH 3) (D) gGlu-HMRG (10 pM) < X 2 G #E A4 A — 2 v Z iR
(Ex. 450-480 nm, Em. 510-600 nm)

mt%1c. gGlu-4Me-FMA+CDDP fif it D #5 R %R 3, Fig. 3-2-6C 1Z/n3 & 5 I fFFHF
ICHWTH CDDP 0 #FMEIC X W IKEMAD RO niz7-0, 1B D 5 HEEH %5 DR 1%
REL > TLE 57228 2 FlDGIC X 0 7 HHF S CHEREN O FIEBRIE 13 € 1 IS w L
RUVFECTETT 2L LY, ZOBREKRES TG THIAMEL LRI L LT
722> 7= (Fig.3-2-6A,B), & 512, gGlu-HMRG TD 4 XA —¥ v 72 5T b RO IR
AR I3 3 R & D FER S T, BEIEEP D A549-luc MIFEASSERICTEIR L 72 @ & HEHI X 1
% (Fig. 3-2-6D), Z® X 5 ic gGlu-4Me-FMA+CDDP i FIfET i & 7= FUlEE A58 11,
gGlu-4Me-FMA i< CDDP Hi#| & Wi L CH O A 1c58 )17 0 Th b | 2 FlofEHIC X
Do OHFEMELEC L FRINS,

HTE. COMHFNRD A H =X LDV TIEHHL 2L > Twizwnyd 0 CDDP 1d GST
WA D72 FF viaaEZ T IR~ HEH 2 90 b IERINTH B T L
5. gGlu-4Me-FMA 735] % #2 2 4 GSH 48 1C X - T CDDP &2 235 o b =D Tl
Rt FRLTW5, fliicd . CODP 3O 51 X v GGT iEtE % &0 3 285 Qig 1

R (ROS) ZEAT L2 2LV IHIWMEDH L b, SR ARG LHE TS 2,
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gGlu-4Me-FMA+CDDP (n = 6) gGlu-4Me-FMA+CDDP (n = 6)
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Mesentery
(Unmix images)

Fig. 3-2-6 | gGlu-4Me-FMA+CDDP fifH#f (n=6) O#ER (A) IVIS luminall ic X %
BHA A= v 7 oREHEGER (B) BENORCEERR (C) REL{AHEE WHD
RECHEENLCHS) (D) gGlu-HMRG (10 uM) i< X 3RO ®HEA 2 —2 v

7% (Ex. 450-480 nm, Em. 510-600 nm)
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BRARIC, FHAN I GREO IR 27”3 (Fig. 3-2-7) ., ANEIEHEE £ 7 1 T3, saline
BGRED X 5 2 JAMTEE TN 28 AN AR EBIE A IC BN 3~ 2 < & AR T 2
25, AWFZECHAFE L 72 ¢Glu-4Me-FMA % i\ % & %3 X O° CDDP & o fffHIc X - T8
JPEN DI Db 2 A RICHIHIS 2 Z L ASRRETH 5 T L b5, AFBETORIRIT, B
FIGHEIC X o THAMBGERNICY ) v A F FREZHT 2 L WO ik 4 70 Ta ¥
TV IHETARTAL Vo ERDRTOHMNTH ZAREEEZRET 2bDTHY, 7
VR F A v L S B RN e WERT 2 R0 2 & 2 D AN RIC b BARE 23 KR 72

h, SHBARTe NIy Vv AT LOERLZFRENATGFIND,

@ Saline B CDDP
A gGlu-4Me-FMA @ gGlu-4Me-FMA+CDDP

(x109)
)

—
ek

o
Cal

Total flux (p/s)
=

Fig. 3-2-7 | #IEFHIKGHE (n=06) DFEICHREHENS
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EPU M

RECIZ, in vitro THEN =MLY 2 7R L 72 gGlu-FMA @ invivo TOIGHZ BI5 L.
FHEMCICH Y A, I N THF ) v 2 F PPk 0 B FRERFES ICEE CH
2EVIRFICHDE, Nv¥ vEBRICHEA OEIRE Y EAT 2 BIECFERLETo 2
TA, AFAEEBAT E OB THMIGEED S uM @ ECsofEiE T 32 2 &2 AL
7zo DFT GHEICX D THF ) v A F VEORICTEZRE L 28HR, A FAtkr & oE 1t
HWEPBL 12T FF ) v AF FRKDGTFERIGLOLL R, IAxF4 v EDRIG
WA IS EAT 2 2 & CRAMIIETE D AR L 72 L HEM S 7z,

¥ 72, FEELTHE SNz gGlu-dMe-FMA % EIERE 7 VIcCRHiliL 7z & 2 5, 2
mg/kg DIEFEPNEHE S X Y EEN OIS 2 B R ICHAD I 2 Z e SO 2L Y |
gGlu-4Me-FMA 2 IERERERE IO L TR AEEA & 2 0152 2L 2R L7z, & 6T, 18R
I L LCHWHNT WS CDDP L offf %175 2 & T WPl s s o L
L LAY, KFRTELLZF ) Vv AF FEOBEZFIL $2 70 K J v 2Rl

BAFIDPEHZEE L LTOAERTH 2 aTREMED R S e,
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F—Hi S

RHFZE Tl BRI b B & 0 3 BERTEE O R 2 £ D £ I AAIBIFE~ L H
fIED LI RAEET 7o —F~DREHZ RiE A, BEREEC X > ThAMEZ &
BRI ERER 70 8 7 v ZTIFH AR O GHEML 2 HiE L 72,

82 ECl, BERIGLF )V AF R IR M) —icEO CHIENEEE e — 7 Th
% SPiDER- B Gal-1 oligfismtticEH L, SAMBOBRERCI Yo Tx ) v X F ¥
MaAR L CHENERET 287270 R 7y VBB ARORGHEEERE L2, 7 R
T IV AT LADOMGEE LTRSS AMBETERRL Cwi s eMEI LTS 3 o
BEFRICHT 270 K7y Z7ORBLICEY AR, WTFhoBE2ER e LA TY
BER %2 @ L v 2 Ml 2 IR G E R L e % R 3 2 L A uRECH o 72,
ZOBENC XY, BEROREPMNEE L L fIRED &b 5 Th o THBRW M E2 RS
CEDRHLPERY, ERLET BTy 7y AT AR AR L ClIG R AE
NAEDOE b DTH S Z EARBE N, 72, GGT 2N L Lz 7 v F 7 v 7 OfFkH
ftaPe LTEKL 72 gGlu-FMA (3, HEEEEFTICE W TH GGT itk g &

EEEIRIICEET 2 2 LB WRETH B 2 L B3b )., CHIRIEEMTH 2T HFF ) v 2
7 N e E G AL AT B O L B L 2 MAIC AT S S I L ook T &
FOGLTHINDG LTI L) mWi@ERERETCcE L EZLLND, THIT,
gGlu-FMA 1ZMIfEN D 70 % 574 ViR % % 5L LIt K& (P <2 2 FHA AT 2
ZEBMLERY, THEF ) v AF FHESEEERKIEEE S L 2PN TR N I

GSH & fiHhifEZ B3 % & & CHIZICIRVIRIL A F L A5 2 b7 T L ARk S Lz,

% 3 E T, invivo CHEMATBEREERK 70 F 7 v ZRIFIAAFIOBFE Z Hig L. ECso

AT pM FREE & gy 55 AR IIEE T 2 L CTv 7z gGlu-FMA O FEEFLICHY A

65



7o gGlu-FMA D~ v v ERERALICHE 2 o BRI 2 8 A U 72 55808 & A ak L 38%h % FFHl L
TR, A FNIEEE AT B O B CRAMFIETEIL ECso i T pMFZEE & CHITES 5 2 L 28
BIO A&7 0 | BERFERECENEBREZE L, in vivo THRETTE 2 L)L DR
RGP %2 B 3 28R 2GS 32 2 EARRETH o7z, — /T, = b n HFEOE WA
REAT B EHNFEIE T 2 bWL L0, MIEP GSH B E &SRB DFT 5
o, THF 2 v AF Pk o GtEr ST & 5 L EFE DK T & BRI RIE L TiE
FINTLE D AMREMEARE I N, 2D X 9 ICHH 2B RBE A CBMa st
% Z L IFIERICHIRES . SHEME S L X ) v AT FiEoBEES Tl cE 2 X 5
CARNET R N7y 7S ORFEREISATREL 72 0 . @B R & ai ) e Boliia it 2 6 3 %
LED DRI HFE T E ZAMREED D 2, & bIcARE TR, FEMKLICL > TRVWHE L
gGlu-4Me-FMA % v, JEEIER € 7 v~ 7 RS 5 invivo 3ShiHIi %217 - 72, % D&G
R, gGlu-4Me-FMA (3§17 < b HEICHEEN O 2 i) & 2, BEEEREREOFEREECH
% CDDP % L[a 2 JilEB R 2R3 2 L3S 2 & 7o 72, E7-. CDDP Bl T3 #kic
XU BEE AR ERD 23 B 5 72— 75 C. gGlu-4Me-FMA [3# H#% 5 L T b RE IZZ{L ¢ 3,
REBICE W TH PR A EC T L ARB I N, & 51T, gGlu-4Me-FMA 13 CDDP & fif
32zl ckvmhablEERERTLBHO 2L Y, BIEN D% T2 ICFEI
XH B ENHEETH o7, gGlu-4Me-FMA |ZEIfFSE L Dfffi3 e LT b HYEThB T &
DRI NI, ThiEF /) v AF PHEOERN RN 2L 372 70 87 v 7icdE
THAREMED D V. SBRMEELIENE L7270 R 7y 2Ty 20 X5 i X 23
MR BIRFE N B,

Pl Ed X 5z, gGlu-4Me-FMA 723 invivo T % HUEESN R AR L7 2 L IC X b, BEEENT:
X o COHAMBLERNICF 7 v AF VEEZERT 2L 0 H72h7Ta NIy /v 2T 4

DEMEPE SR I N, SBROBERICKE CHMT 25T s 2 el an s,
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B SBRORE

OfitkisAiigEsE 7o F 5 v /% (ADEPT) ~0IGH

KI5 Cb~ 72 & 5 AEEREE AR L2 70 F 7 v A AR OB ICE T, 2
IR DARTT 0 KTy ZOEMAATON S Z L IZIEFICEE RN TH Y, Bk iR
D RE DR I BT b IS WEERIEE 2 R T8I d. BHEFHO Y 27 8@ % %
CLICHELRINE LR, 2OX I BEROM, v N7 v Z7OREREZED %
T7ur—F0 1 ok LChifkigmilEESRE 7 v F 7 v 79k (ADEPT: Antibody-directed
enzyme prodrug therapy) 234154 C\» %, ADEPT 13, 2SAMIME2sE By icpEE+ % e b
BEMEZF F b rey (hCG) CREMEEMIUR (CEA) FofitFicn 3 2 filkicEEORER
OEG L RRVIRE AR E 70 ¥ 7y SREANCER G35 2 & TR O 2t AAIRRE R
CEEREEZ MG L, ZoBBRICHIET 270 V7 v 725925 2 & TRAGMIO A
TOWEMALEG &R 32 L 3[RERFILETH % 3, ADEPT O K% Zeflrie L CHiFLE)
ICHRET SRR L R VBERZ TR 2B ToN, -7 X<—ERPY b VT T
IS —REHEOMA RO ARG TN T WD %5, 72 §{ CEA Pk A RF o~
7F & —% (CPG2) DHitkEEHEEAkE 70 FF v 2 ThH % CMDA & %13 BIP Dl A
# b3 Phase [ B COBEMEI R ENTIED 057, KR TERLF/ v A F FHUH
MOFa NIy Sy AT LAEMAGDLDEL L TCHWEEEEZET S 70 F 7y 7 HEH

AR AR % 3 WTREMA B 2 (Fig. 4-2-1),
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Nonmammalian enzyme

(e.g. B-lactamase, CPG2)
/ ‘H

Cancer specific antigen Prodrug - F
(e.g. hCG, CEA) / PN

‘ N

H

F
—_— >

Antlbody
_—

Cancer cell

Fig.4-2-1| ¥/ v AF VB 7a ¥ 7 v 7' 27 .0 ADEPT ~DItH

@b AL DBERTEME (T D < FHTHY e BRI EBEEAR © BFE

Wk D I/ T 2 FYRE T, BPADOTEP R 7 — VI X o TR & 3 0
HDd LN T WA, S TEYFNTEOMEEIC: > TREICBE T 2 8 {10 & A E O ffH
BT 2 LT, FLBAABRETH2PAMBOEETFSPEAEDO 7 7 7 A Li3P LT OR
BoTCWbIZeBOLLY, TOXI REBOBTBARICNT 2 &2t cwELH52 5L
DO L5728, ZOXIBERPLIAETEBABEICAZANC 2 v o8 =F VBl
HELZHOCELTREZIT Y. TOEE S L ICRBERER ZEIRT 5 & v o 22 ANHLE
BHREHI LTS

AL ClE, BERIGTEATTE L T 2 2 AMINE 2 # IR ICEE R R 7 V7 v 71
DA ORGHER ML T2 ICHILTEY, 5B 1 BTRRL#HNT O —-TF74 77
— & O S AT OB RIG TR RN 18 LlAab b s 2 LT, EitofBILER L 1%
4 BT B N A E A ER A A B 3 2 S L AT & 2 L& 2 72, BRIz, £EE
DB AR IS L ORI L 7T e -7 74 77 V- HWA ) —= v 7%
792 LT AL CRREMICHE LA Z2RT 7o -7 28R L, 2 b ofFlIicHEow»
7e7a ¥ 7y FRIFIBNARI RIS 5 2 T, BRIGEICE DA — X — X 4 iR E
B+zeE2bn2% (Fig 4-2-2),
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[ BRI DB RIE Y
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BERE SRS 0—7 BREM IS L e st
5475 Y—2ALE 7AF5y s Rt
Ao —=v Y AFEIDRFE =

[ ] 4
Peptide Z

Peptide Y

— :
X ﬁnﬁa/

Fig. 4-2-2 | 25 A B DREFEIETEIC KD < i 7= AL ER O i
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Material and methods

Materials

All chemical reagents and dry solvents for synthesis were purchased from commercial
suppliers (Tokyo Chemical Industries Inc., FUJIFILM Wako Pure Chemical Inc., Kanto
Chemical Inc., Watanabe Chemical Industries Inc., Merck Inc.), and were used without further
purification. Human recombinant dipeptidylpeptidase-IV (D3446) and (B-galactosidase from
Escherichia coli (48275) was supplied by Merck Inc.. y-glutamyltranspeptidase from bovine

kidney (46557003) was supplied by Oriental Yeast Co. Ltd.

Instruments

The reaction progress was monitored on a TLC Silica gel 60 F254 (Merck Inc.) and
ACQUITY UPLC/MS system (Waters Inc.). '"H NMR and 3C NMR spectra were recorded on
a JEOL JNM-ECZ400 (400 MHz for '"H NMR and 151 MHz for '*C NMR); o values are in ppm
relative to tetramethylsilane (TMS). Mass spectra (MS) were measured with a JEOL JMS-
T100LCAccuTOF (ESI). HPLC purification and analyses were performed on an HPLC
system composed of reverse-phase columns (GL Sciences Inc., Inertsil® ODS-3 10mm X
250 mm for purification and Inertsil® ODS-3 4.6 mm X 250 mm for analysis), with a pump
(PU-2080, JASCO Inc.) and a detector (MD-2015, JASCO Inc.). LC/MS analysis was
performed on a reverse-phase column (Poroshell 120 EC-C18 2.1mm X 150 mm, Agilent
Technologies Inc.), fitted on Agilent Technologies 1200 series / 6130 Quadrupole (LC/MS)
system. Quantification of absorbance was conducted with plate reader, EnVision 2103

Multilabel Reader (Perkin Elmer Inc.).
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Enzyme assay

In screw-cap vial for LC/MS analysis (Agilent Technologies Inc.), phosphate-buffered saline
(pH 7.4) containing prodrugs (100 uM) with or without inhibitors (100 uM GGsTop® for GGT,
500 nM K579, for DPP-1V, 1 mM B-GA for B-galactosidase) and DMSO as a cosolvent (less
than 2%) was prepared. Enzyme (1U/mL for GGT, 81 mU/mL for DPP-IV, 4 nM for (-
galactosidase) was added, then incubated at 37°C for 12 hours. LC/MS analysis (SIM) was
conducted using under following conditions (eluent A: H2O containing 0.1% ammonium
formate, eluent B: 80% acetonitrile/H20, 0.1% ammonium formate, A/B = 95/5—5/95 in 15

min).

Cell Lines and Culture Conditions

SHIN3 cells, H226 cells, H460 cells, SKOV3 cells were cultured in RPMI1640 (gibco,
Thermo Fisher Scientific Inc.) supplemented with 10% fetal bovine serum (gibco, Thermo
Fisher Scientific Inc.) and 1% penicillin/streptomycin. HEK-lacZ(+) cells, HEK293T cells and
A549-luc cells were cultured in Dulbecco's Modified Eagle's Medium (gibco, Thermo Fisher
Scientific Inc.) supplemented with 10% fetal bovine serum (gibco, Thermo Fisher Scientific
Inc.), 1% penicillin/streptomycin and 10 ug/mL blasticidin S (FUJIFILM Wako Pure Chemical

Inc., only for HEK-lacZ(+) cells). All cells were cultured at 37°C in 5%/95% CO2/Air incubator.

Cell viability assay

Cells (1.0x10* cells/well/200 uL) were seeded in a 96-well microplate (Thermo Fisher
Scientific Inc.). After 12 hours, prodrugs were treated with over a range of concentrations (0
[control] or 1, 2.5, 5, 10, 25, 50 uM). At 24 hours after prodrug treatment, 10 pyL of water-

soluble tetrazolium salt WST-8 solution (Cell Counting Kit-8, Dojindo Inc.) was added to each
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well, and the microplate was incubated at 37°C in 5%CO: for 2-3 hours. The absorbance of
WST-8 formazan (Amax: 450 nm) was determined with EnVision™ 2103 Multilabel Plate
Reader (Perkin Elmer Inc.). Cell viability was expressed as a percentage of that of the control
(untreated) cells. For each concentration of prodrugs, mean values of the mean absorbance

rates from three wells were calculated.

Cell ablation under co-cultured conditions

Fluorescence imaging

SHINS3 cells labeled with a 10 uM CellTracker™ Blue CMAC Dye (Thermo Fisher Scientific
Inc.) and H226 cells labeled with a 10 uM CellTracker™ Green CMFDA Dye (Thermo Fisher
Scientific Inc.) were prepared using the manufacturer’s protocol. Both cells (1.5x10% cells
each) were seeded on a same 35 mm glass-bottom dish, then incubated at 37°C in 5%CO-
for 12 hours. Culture media was removed, then fresh media (10% fetal bovine serum, no
phenol red, no penicillin/streptomycin) containing prodrugs (25 uM) and EthD-1 (1 uM) was
added. Fluorescence images were acquired at every 1 hours (Fig. 2-3-1) or at 24 hours after
prodrug treatment (Fig. 3-1-6) using a confocal microscopy SP5 (CellTracker™ Blue: Ex. 405
nm, Em. 450-467 nm, CellTracker™ Green: Ex. 488 nm, Em 510-530 nm, EthD-1: Ex. 525
nm, Em. 600-630 nm).

Flow cytometry analysis

SHIN3 cells labeled with a 10 uM CellTracker™ Green CMFDA Dye (Thermo Fisher
Scientific Inc.) was prepared using the manufacturer’s protocol. SHIN3 cells and no stained
H226 cells (1.5x10° cells each) were seeded in a 6-well microplate, then incubated at 37°C
in 5%CO0O; for 12 hours. Culture media was removed, then fresh media (10% fetal bovine

serum, 1% penicillin/streptomycin) containing prodrugs (25 pM) and EthD-1 (1 M) was
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added. At 24 hours after incubation at 37°C in 5%CO., culture media was removed and cells
were washed with phosphate-buffered saline (pH 7.4). Cells were harvested with 0.25%
Trypsin/EDTA and fluorescence intensities of CellTracker™ Green CMFDA Dye (FITC filter:
515-545 nm) and EthD-1 (APC filter: 650-670 nm) were monitored by a flow cytometer (BD

LSR Il, BD Biosciences Inc.).

Quantification of intracellular GSH/GSSG level

SHIN3 cells and SKOV3 cells (2.0x10° cells/well) were seeded on 6-well plates. After 12
hours, culture medium was replaced with fresh medium (no phenol red, no
Penicillin/Streptomycin) containing prodrugs (25 uM). After 24 hours, culture medium was
removed and cells were washed with phosphate-buffered saline (pH 7.4) twice. Then CellLytic
M (500 pL) was added to each well. Lysed samples were collected and transferred to 1.5 mL
plastic tube and centrifuged 15000 rpmx15 min at 4°C. The supernatant was collected as a
cell lysate. Protein concentration was measured by BCA method and 0.2 mg/mL lysate
samples were prepared. GSH/GSSG concentration in lysates was measured with

GSSG/GSH Quantification Kit (Dojindo Inc.) using the manufacturer’s protocol.

Apoptosis detection assay

SHIN3 cells (2.0x10° cells/well) were seeded on 6-well plates and incubated at 37°C in
5%CQO; for 12 hours. After 12 hours, culture medium was replaced with fresh medium (10%
fetal bovine serum, 1% penicillin/streptomycin) containing prodrugs (25 uM) and incubated
at 37°C in 5%CO- for 24 hours. After 24 hours, culture medium was removed and cells were
washed with phosphate-buffered saline (pH 7.4) and harvested with 0.25% Trypsin/EDTA.

Cells were resuspended with 1X Annexin V Binding Buffer (BioVision Inc.) containing 1 pL
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Annexin V-FITC (BioVision Inc.) and 1 uM EthD-1 and incubated at 37°C for 15 min in the
dark. Fluorescence intensities of Annexin V-FITC (FITC filter: 515-545 nm) and EthD-1 (APC

filter: 650-670 nm) were monitored by a flow cytometer (BD LSR Il, BD Biosciences Inc.).

DFT calculation

All DFT calculations [Structure optimization, Potential Energy Surface (PES) scan, Intrinsic
Reaction Coordinate (IRC)] was carried out by Gaussian’09 software package using
B3LYP/6-311+g(2d,p). Activation energies (AE) of the reaction between azaquinone methide

species and water (or ethanethiol) were calculated from the results of IRC calculation.

Evaluation of in vivo efficacy

Preparation of peritoneal dissemination xenografts and drug administration

All procedures were approved by the Animal Care and Use Committee of the University of
Tokyo. 6-wk-old female BALBc/cAJcl-nu/nu mice were purchased from CLEA Japan Inc..
Mice were randomly grouped (n = 6, 4 groups). Mice were euthanized with isoflurane, A549-
luc cell suspension (1.0x10° cells/200 uL/mouse) were injected i.p. At 6 days after cell
injection, drug administration was started by following schedule {Saline ([200 uL/day i.p. for
5 days]x2), gGlu-4Me-FMA ([2 mg/kg/day i.p. for 5 days]x2), cDDP (2 mg/kg/day i.p. for 5
days), gGlu-4Me-FMA+cDDP (gGlu-4Me-FMA: 2 mg/kg/day i.p. for 5 days, CDDP: 2
mg/kg/day i.p. for 5 days) } .

in vivo bioluminescence imaging

A549-luc xenografts were anesthetized with isoflurane. D-luciferin potassium salt (3.3
mg/200 pL saline/mouse) was administered i.p.. Bioluminescence images was acquired

every 3 min using IVIS lumina II (Caliper Life Sciences Inc).Image processing was performed
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using Living Image R3.0 software. ROl was formed to cover the whole peritoneal cavity.

ex vivo fluorescence imaging

A549-luc xenografts were euthanized 14 days after initial treatment, and mesentery was
resected. 10 uM gGlu-HMRG in phosphate-buffered saline (pH 7.4) containing 0.1% DMSO
as a co-solvent was applied onto the mesentery. After 10 min incubation, fluorescence
images were acquired with Maestro™ In-Vivo Imaging System (PerkinElmer Inc.) equipped

with an excitation filter set at 450-480 nm and a 515 nm long-pass emission filter.
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gGlu-FMA D&% (Scheme 2-2-1)

HATU, Pr,NEt

’ 0 DMF H Q
Boc’N OH * H)N — Boc’N N
COO®Bu OTBS  quant. coosu K rpe
1 2 3

Synthesis of tert-butyl N?-(tert-butoxycarbonyl)-N°-(2-(((tert-butyldimethylsilyl)
oxy)methyl)phenyl)-L-glutaminate (3)
(S)-5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-oxopentanoic acid (1.26 g, 4.17 mmol)
was dissolved in Dry DMF (15 mL), cooled at 0 °C under Ar atmosphere. HATU (2.42 g, 6.25
mmol) and DIPEA (2.16 mL, 12.5 mmol) was added to the mixture, which was stirred at 0 °C
for 5 min. Then, 2-(((tert-butyldimethylsilyl)oxy)methyl)aniline (1.19 g, 5.00 mmol) in Dry DMF
(5 mL) was added to the mixture, warmed at room temperature and continuously stirred for
12 h. At the end of the reaction, the reaction mixture was treated with H.O and extracted with
EtOAc twice. The organic phase was washed with water, saturated aqueous NaHCO3 and
brine, dried (Na2SO4) and concentrated in vacuo. The residue was purified by silica gel
column chromatography (34 g silica gel, 10% to 30% EtOAc/hexane) to afford the title
compound (2.18 g, quant.) as a yellow oil. 'H NMR (CDCls, 400 MHz): 6 8.88 (brs, 1H, -
CONH-), 8.15 (d, 1H, J = 8.2 Hz), 7.29 (dd, 1H, J = 8.2 Hz, J= 7.3 Hz), 7.10 (d, 1H, J = 6.9
Hz), 7.13 (dd, 1H, J = 7.3 Hz, J= 6.9 Hz), 5.20 (brd, 1H, -OCONH-, J = 7.8 Hz), 4.75 (d, 1H,
HBN, Jgem = 13 Hz), 4.71 (d, 1H, HBN’, Jgem = 13 Hz), 4.27-4.15 (m, 1H), 2.52-2.34 (m, 2H),
2.32-2.20 (m, 1H), 2.07-1.95 (m, 1H), 1.46 (s, 9H, COO(CHs)s), 1.42 (s, 9H, NHCOO(CHs)s),

0.90 (s, 9H, Si(CHa)s), 0.07 (s, 6H, Si(CHs)2); LRMS 523.73 (M+H")
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Boc” H —»  Boc” H
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COO®Bu OTBS  54% yield COOBu OH
3 4

Synthesis of tert-butyl N?-(tert-butoxycarbonyl)-N°*-(2-(hydroxymethyl)phenyl)-L-
glutaminate (4)

tert-butyl N?-(tert-butoxycarbonyl)-N°-(2-(((tert-butyldimethylsilyl)oxy)methyl)phenyl)-L-
glutaminate (2.18 g, 4.17 mmol) was dissolved in Dry THF (10 mL), then
tetrabutylammonium fluoride (ca. 1mol/L in THF, 10 mL, 10 mmol) was added to the mixture,
which was stirred at room temperature under Ar atmosphere for 2 h. At the end of the
reaction, the reaction mixture was concentrated in vacuo. The residue was purified by silica
gel column chromatography (34 g silica gel, 20% to 80% EtOAc/haxane) to afford the title
compound (943 mg, 54%) as a white solid. 'H NMR (CD2Cl,, 400 MHz): & 8.69 (brs, 1H, -
CONH-), 7.91 (d, 1H, J = 7.3 Hz), 7.29 (dd, 1H, J = 7.8 Hz, J= 7.3 Hz), 7.23 (d, 1H, J = 7.3
Hz), 7.09 (dd, 1H, J = 7.8 Hz, J = 6.3 Hz), 4.66 (M, 2H, HBN), 4.22-4.11 (m, 1H), 2.80 (brs,
1H, -CH2OH), 2.51-2.35 (m, 2H), 2.29-2.16 (m, 1H), 1.97-1.85 (m, 1H), 1.44 (s, 9H,

COO(CHa)s), 1.40 (s, 9H, NHCOO(CHs)s); LRMS 409.53 (M+H")

Deoxo-Fluor®

’ 0 CH,Cl, ’ 0
Boc N — Boc’Nj/\)LN
cooBu 1 Ko 700 yield coou
4 5

Synthesis of tert-butyl N-(tert-butoxycarbonyl)-N°-(2-(fluoromethyl)phenyl)-L-

glutaminate (5)
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tert-butyl  N?-(tert-butoxycarbonyl)-N5-(2-(hydroxymethyl)phenyl)-L-glutaminate (215
mg, 0.527 mmol) was dissolved in Dry CH2Cl2 (10 mL), cooled at 0 °C under Ar atmosphere.
Deoxo-Flour® (514 pL, 2.64 mmol) was added to the mixture, which was stirred at room
temperature for 12 h. At the end of the reaction, the reaction mixture was treated with
saturated aqueous NaHCO3 and extracted with EtOAc twice. The organic phase was washed
with saturated aqueous NaHCO3 and brine, dried (Na2S0O4) and concentrated in vacuo. The
residue was purified by silica gel column chromatography (34 g silica gel, 20% to 30%
EtOAc/hexane) to afford the title compound (151.8 mg, 0.370%) as a yellow oil. "H NMR
(CD2Cl, 400 MHz): 5 8.04 (brs, 1H, -CONH-), 7.84 (d, 1H, J =8.2 Hz), 7.37 (dd, 1H, J =8.2
Hz, J= 7.3 Hz), 7.33 (d, 1H, J = 6.9 Hz), 7.17 (dd, 1H, J = 7.3 Hz, J= 6.9 Hz), 5.43 (d, 2H,
HBN, J,.. . = 48 Hz, Jgem = 11 Hz), 4.22-4.11 (m, 1H), 2.80 (brs, 1H, -CH.0OH), 2.51-2.35 (m,

2H), 2.29-2.16 (m, 1H), 1.97-1.85 (m, 1H), 1.44 (s, 9H, COO(CHs)s), 1.40 (s, 9H,

NHCOO(CHs)s); LRMS 411.52 (M+H")

] o 4M HCI/EtOAC c 0
Boc’N N S H3N+ SN
coou H F 58% yield coon " F
‘ (HPLC purification) gGlu-FMA (6)

Synthesis of tert-butyl N-(tert-butoxycarbonyl)-N°-(2-(fluoromethyl)phenyl)-L-
glutaminate: gGlu-FMA (6)

tert-butyl N?-(tert-butoxycarbonyl)-N°-(2-(fluoromethyl)phenyl)-L-glutaminate (70.3 mg,
0.171 mmol) was dissolved in EtOAc (2 mL), then 4M HCI/EtOAc (2 mL) was added to the
mixture, which was stirred at room temperature for 12 h. At the end of the reaction, the

reaction mixture was concentrated in vacuo. The residue was purified by reverse phase
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HPLC (0.1% AcOH, 0% to 100% MeCN/H20) to afford the title compound (28.9 mg, 58%) as
a white solid. "H NMR (CD,Cl,, 400 MHz): 5 7.49 (d, 1H, J = 7.8 Hz), 7.43 (dd, 1H, J = 7.8

Hz), 7.36 (dd, 1H, J = 7.8 Hz), 7.29 (d, 1H, J = 7.8 Hz), 5.35 (d, 2H, HBn, J = 48 Hz),

HBn-F
3.80-3.77 (M, 1H), 2.67-2.56 (M, 2H), 2.20-2.15 (m, 2H); °C NMR (D,0, 100 MHz): 5 174.7,
173.8, 134.3, 132.0, 130.4, 130.0, 128.1, 127.5, 82.9, 81.3, 54.1, 31.6, 26.3; HRMS Calcd
for C ,H,.FN,0.: 255.11450 (M+H"); Found: 255.11370 (+ 0.80 mDa)

12" 17

GP-FMA ©4& % (Scheme 2-2-2)

oH HATU, DIPEA @\/\oms
OTBS DME

INH

_—

O L)
[0]€N Lo
N 51% yield Boc\N/\n,N\>
H
(0]

7 2
8

Synthesis of tert-butyl (S)-(2-(2-((2-(((tert-butyldimethylsilyl)oxy)methyl)phenyl)
carbamoyl)pyrrolidin-1-yl)-2-oxoethyl)carbamate (8)

tert-butyl (S)-(2-(2-((2-(((tert-butyldimethylsilyl)oxy)methyl)phenyl)carbamoyl)pyrrolidin-1-
yl)-2-oxoethyl)carbamate (86.4 mg, 0.176 mmol) was dissolved in Dry DMF (2 mL), cooled
at 0 °C under Ar atmosphere. HATU (206 mg, 0.532 mmol) and DIPEA (183 pL, 1.06 mmol)
was added to the mixture, which was stirred at 0 °C for 5 min. Then, 2-(((tert-
butyldimethylsilyl)oxy)methyl)aniline (101 mg, 0.425 mmol) in Dry DMF (1 mL) was added to
the mixture, warmed at room temperature and continuously stirred for 12 h. At the end of the
reaction, the reaction mixture was treated with H.O and extracted with EtOAc twice. The

organic phase was washed with water, saturated aqueous NaHCOs; and brine, dried
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(Na2S04) and concentrated in vacuo. The residue was purified by silica gel column

chromatography (34 g silica gel, 40% to 50% EtOAc/hexane) to afford the title compound
(88.1 mg, 51%) as a white solid. 'H NMR (CD,OD, 400 MHz): 6 7.44-7.41 (m, 2H), 7.28-7.18
(m, 2H), 4.75 (d, 1H, HBN, Jgem = 14 HZ), 4.70 (d, 1H, HBN’, Jgem = 14 Hz), 4.53 (dd, 1H, J =
8.5Hz, J=2.7 Hz), 3.95 (d, 1H, J = 17 Hz), 3.88 (d, 1H, J =17 H2), 3.71-3.56 (m, 2H),
2.17-1.91 (m, 3H), 1.41 (s, 9H, NHCOO(CHyz)3), 0.91 (s, 9H, Si(CHs)s), 0.09 (s, 6H, Si(CHa)2);
LRMS 492.69 (M+H")

@\/\oms TBAF @\/\w

THF

NH INH
—

O O
Boc. N\> 96% yield Boa N\>
Y Y

8 9

Synthesis of tert-butyl (S)-(2-(2-((2-(hydroxymethyl)phenyl)carbamoyl)pyrrolidin-
1-yl)-2-oxoethyl)carbamate (9)

(tert-butoxycarbonyl)glycyl-L-proline (96.5 mg, 0.354 mmol) was dissolved in Dry THF (5
mL), then tetrabutylammonium fluoride (ca. 1mol/L in THF, 879 pL, 0.879 mmol) was added
to the mixture, which was stirred at room temperature under Ar atmosphere for 1 h. At the
end of the reaction, the reaction mixture was concentrated in vacuo. The residue was purified

by silica gel column chromatography (14 g silica gel, 0% to 7% MeOH/CH>CI,) to afford the
titte compound (63.9 mg, 96%) as a colorless oil. 'H NMR (CD,0D, 400 MHz): 5 7.70 (d, 1H,

J=7.8Hz),7.30(, 1H,J =7.8 Hz), 7.25 (ddd, 1H, J=7.8 Hz, J = 7.8 Hz, J= 1.4 Hz), 7.13

(ddd, 1H,J=7.8 Hz, J = 7.8 Hz, J= 1.4 Hz), 4.61 (dd, 1H, HBnN, Jgem = 14 Hz, J = 4.1 Hz),
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4.57 (dd, 1H, HBn, Jgem = 14 Hz, J = 4.1 Hz), 4.55 (dd, 1H, J = 8.5 Hz, J= 3.7 Hz), 3.94 (s,
2H), 3.73-3.55 (m, 2H), 2.30-2.12 (m, 2H), 2.10-2.03 (m, 2H), 1.43 (s, 9H, NHCOO(CHa)s);

LRMS 378.42 (M+H")

@\/\OH Deoxo-Fluor® G\F
NH CH,Cl, h
_—

O o O o
Boa\, N\> 36% yield Boc., N\>
N NY
H 0 H o

9 10

Synthesis of tert-butyl (S)-(2-(2-((2-(fluoromethyl)phenyl)carbamoyl)pyrrolidin-1-
yl)-2-oxoethyl)carbamate (10)
tert-butyl (S)-(2-(2-((2-(hydroxymethyl)phenyl)carbamoyl)pyrrolidin-1-yl)-2-oxoethyl)

carbamate (63.9 mg, 0.169 mmol) was dissolved in Dry CH2Cl> (2 mL), cooled at 0 °C under
Ar atmosphere. Deoxo-Flour® (166 uL, 0.847 mmol) was added to the mixture, which was
stirred at room temperature for 1 h. At the end of the reaction, the reaction mixture was
treated with saturated aqueous NaHCO3 and extracted with EtOAc twice. The organic phase
was washed with water, saturated aqueous NaHCOs and brine, dried (NaxSO4) and
concentrated in vacuo. The residue was purified by silica gel column chromatography (34 g
silica gel, 50% to 70% EtOAc/hexane) to afford the title compound (22.9 mg, 36%) as a pale
yellow oil. 'H NMR (CDCl3, 400 MHz): 6 8.93 (brs, 1H, -CONH-), 7.95 (d, 1H, J = 7.8 Hz),
7.36 (dd, 1H, J = 7.8 Hz, J= 7.8 Hz), 7.29 (d, 1H, J = 7.3Hz), 7.13 (dd, 1H, J = 7.8 Hz, J =

7.3 Hz),5.41 (brs, 1H, -OCONH-), 5.39 (d, 2H, HBn, J =48 Hz),4.76 (d, 1H, J = 6.9 H2),

HBn-F

4.03 (dd, 1H, Jgem = 17 Hz, J = 5.0 Hz), 3.93 (dd, 1H, Jgem = 17 Hz, J = 4.6 Hz), 3.60-3.54 (m,

1H), 3.49-3.40 (m, 1H), 2.22-2.11 (m, 1H), 2.11-2.02 (m, 1H), 2.01-1.90 (m, 1H), 1.44 (s, 9H,
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NHCOO(CHa)s); LRMS 380.43 (M+H")

Qe Q>
4M HCI/EtOAC

NH NH

>

O Lo _Cl @) Lo
Box N\> 30% yield + N\>
i SR Y

HPLC purification)

10 GP-FMA (11)

Synthesis of (S)-N-(2-(fluoromethyl)phenyl)-1-glycylpyrrolidine-2-carboxamide:
GP-FMA (11)

tert-butyl (S)-(2-(2-((2-(fluoromethyl)phenyl)carbamoyl)pyrrolidin-1-yl)-2-oxoethyl)
carbamate (22.9 mg, 0.0604 mmol) was dissolved in EtOAc (1 mL), then 4M HCI/EtOAc (2
mL) was added to the mixture, which was stirred at room temperature for 12 h. At the end of
the reaction, the reaction mixture was concentrated in vacuo. The residue was purified by

reverse phase HPLC (0.1% AcOH, 0% to 100% MeCN/H20) to afford the title compound (5.7
mg, 30%) as a white solid. 'H NMR (CD,0D, 400 MHz): 8 7.46 (d, 1H, J = 7.3 Hz), 7.41-7.27

(m, 3H), 5.38 (ddd, 2H, HBn, J,, =48 Hz,J,, =34 Hz,J =11 Hz), 461 (dd, 1H, J =

HBn-F HBn'-F m

8.2 Hz,3.7 Hz), 3.88 (d, 2H, J , = 4.1 Hz), 3.68-3.52 (m, 2H), 2.39-2.28 (m, 1H), 2.17-1.97

(m, 3H); °C NMR (CD,0D, 100 MHz): 5 172.1, 164.8, 128.9, 128.1, 126.6, 125.9, 60.6, 46.4,

40.2, 29.5, 24.5; HRMS Calcd for C ,H,,FN,O,: 280.14610 (M+H"); Found: 280.14657 (+

0.47 mDa).
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B Gal-FMP D& (Scheme 2-2-3)

Cs,CO;
AcO OAc DMF Acol EOAC OTBS
—
AcO )
AcO OTBS 87% yleld

12 13

Synthesis of (2R,3S,4S,5R,6S)-2-(acetoxymethyl)-6-(2-(((tert-butyldimethylsilyl)
oxy)methyl)phenoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (14)

A mixture of 2-(((fert-butyldimethylsilyl)oxy)methyl)phenol (301 mg, 1.26 mmol) and
cecium carbonate (4.11 g, 12.6 mmol) in Dry DMF (7 mL) was stirred at 0 °C under Ar
atmosphere for 5 min. (2R,3S,4S,5R,6R)-2-(acetoxymethyl)-6-bromotetrahydro-2H-pyran-
3,4,5-triyl triacetate (4.51 g, 11.0 mmol) was added to the mixture, which was stirred at 0 °C
for 5 h. At the end of the reaction, the reaction mixture was treated with saturated aqueous
NH4Cl and extracted with EtOAc twice. The organic phase was washed with saturated
aqueous NaHCOs and brine, dried (NaxSO4) and concentrated in vacuo. The residue was

purified by silica gel column chromatography (34 g silica gel, 20% to 40% EtOAc/hexane) to
afford the title compound (626.8 mg, 87%) as a colorless oil. 'H NMR (CD,Clz, 400 MHz): &

7.50 (d, 1H, J = 8.0 Hz), 7.20 (dd, 1H, J = 8.0 Hz, J = 7.3 Hz), 7.08 (dd, 1H, J = 7.8 Hz, J =
7.3 Hz), 7.00 (d, 1H, J = 7.8 Hz), 5.47-5.43 (m, 2H), 5.13 (dd, 1H, J = 11 Hz, J = 3.7 Hz),
5.08 (d, 1H, J = 8.2 Hz), 4.75 (d, 1H, Jgem = 15 Hz), 4.62 (d, 1H, Jgem = 15 Hz), 4.22-4.09 (m,
3H), 2.16 (s, 3H, OCOCHs), 2.04 (s, 3H, OCOCHs), 2.03 (s, 3H, OCOCHs), 1.98 (s, 3H,

OCOCHs), 0.96 (s, 9H, Si(CHs)s), 0.12 (s, 6H, Si(CHs)2); LRMS 591.63 (M+Na")
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TBAF, CH,Cl,

AcO OA(\)C OTBS then Deoxo-Fluor® AcO OAOC F
AcO O > ACO O

ACO 48% yield ACO

14 15

Synthesis of (2R,3S,4S,5R,6S)-2-(acetoxymethyl)-6-(2-(fluoromethyl)phenoxy)
tetrahydro-2H-pyran-3,4,5-triyl triacetate (15)
(2R,3S,4S,5R,6S)-2-(acetoxymethyl)-6-(2-(((tert-butyldimethylsilyl)oxy)methyl)phenoxy)

tetrahydro-2H-pyran-3,4,5-triyl triacetate (76.7 mg, 0.135 mmol) was dissolved in Dry CH2Cl»
(5 mL), cooled at -78 °C under Ar atmosphere. Tetrabutylammonium Fluoride (ca. 1mol/L in
THF, 39 uL, 0.135 mmol) was added to the mixture, which was stirred at -78 °C for 1 h. Then,
Deoxo-Flour® (132 pL, 0.675 mmol) was added to the mixture, continuously stirred for 1 h.
At the end of the reaction, the reaction mixture was treated with saturated aqueous NaHCO3
and extracted with CH2Cl; twice. The organic phase was washed with water and brine, dried
(Na2SO4) and concentrated in vacuo. The residue was purified by silica gel column
chromatography (34 g silica gel, 20% to 40% EtOAc/hexane) to afford the title compound
(29.7 mg, 48%) as a pale yellow oil. 'H NMR (CDCl3, 400 MHz): 6 7.38 (d, 1H, J = 7.8H2),
7.32 (dd, 1H,J=7.8 Hz,J = 7.8 Hz), 7.10 (dd, 1H,J=8.2 Hz,J=7.8 Hz), 7.07 (d, 1H, J =
8.2 Hz), 5.54 (dd, 1H, J = 11 Hz, J = 7.8 Hz), 5.47 (dd, 1H, Jugn.r = 48 HZ, Jgem = 11 Hz), 5.46
(d, 1H, J = 2.7 Hz), 5.23 (dd, 1H, Jugnr = 48 Hz, Jgem = 11 HZz), 5.11 (dd, 1H, J = 11 Hz, J =
3.7 Hz), 5.03 (d, 1H, J = 7.8 Hz), 4.25 (dd, 1H, J = 11 Hz, J = 6.9 Hz), 4.15 (dd, 1H, J = 11
Hz, J = 6.0 Hz), 4.08 (dd, 1H, J = 6.9 Hz, J = 6.0 Hz), 2.18 (s, 3H, OCOCHs3), 2.06 (s, 3H,

OCOCHs), 2.06 (s, 3H, OCOCHs), 2.01 (s, 3H, OCOCH3); LRMS 479.59 (M+Na")
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(HPLC purification)
15 BGal-FMP (16)

Synthesis of (2S,3R,4S,5R,6R)-2-(2-(fluoromethyl)phenoxy)-6-(hydroxymethyl)
tetrahydro-2H-pyran-3,4,5-triol: BGal-FMP (16)
(2R,3S,4S,5R,6S)-2-(acetoxymethyl)-6-(2-(fluoromethyl)phenoxy)tetrahydro-2H-pyran-
3,4,5-triyl triacetate (29.7 mg, 0.0650 mmol) was dissolved in Dry MeOH (5 mL), cooled at 0
°C under Ar atmosphere. 28% NaOMe/MeOH (50 uL) was added to the mixture, which was
stirred at 0 °C for 12 h. At the end of the reaction, the reaction mixture was neutralized with
Amberlite IR120®, filterated and concentrated in vacuo. The residue was purified by reverse

phase HPLC (0% to 100% MeCN/H20) to afford the title compound (2.25 mg, 12%) as a
white solid. ‘H NMR (CD,0D, 400 MHz): 8 7.35 (d, 1H, J = 7.3 Hz), 7.29 (dd, 1H, J = 8.2 Hz,

7.3Hz), 7.21 (d, 1H, J = 8.2 Hz), 7.03 (dd, 1H, J = 7.3 Hz), 5.51 (d, 2H, HBn, J . _ = 48 Hz),

HBn-F
4.85 (d, 1H, J = 7.8 Hz), 3.88 (d, 1H, J = 3.7 Hz), 3.79 (dd, 1H, J = 9.6 Hz, 7.8 Hz), 3.78-3.70
(m, 2H), 3.65 (dd, 1H, J = 6.9 Hz, 5.0 Hz), 3.55 (dd, 1H, J = 9.6 Hz, 3.7 Hz); °C NMR

(CD,OD, 100 MHz): no data; HRMS Calcd for C FNaO,: 311.09069 (M+Na+); Found:

13Hl7

311.08976 (-0.93 mDa).

86



EP-FMA D& (Scheme 2-2-4)

OBu
Oy, -OBu HATU, DIPEA
OTBS DME
BOC\
Boc\ A
o
44% yield OTBS
18

Synthesis of tert-butyl 4-((tert-butoxycarbonyl)amino)-5-((S)-2-((2-(((tert-butyl
dimethylsilyl)oxy)methyl)phenyl)carbamoyl)pyrrolidin-1-yl)-5-oxopentanoate (18)
(5-(tert-butoxy)-2-((tert-butoxycarbonyl)amino)-5-oxopentanoyl)-L-proline (66.1 mg, 0.165
mmol) was dissolved in Dry DMF (1 mL), cooled at 0 °C under Ar atmosphere. HATU (95 mg,
0.248 mmol) and DIPEA (85 pL, 0.495 mmol) was added to the mixture, which was stirred at
0 °C for 5 min. Then, 2-(((tert-butyldimethylsilyl)oxy)methyl)aniline (47 mg, 0.198 mmol) in
Dry DMF (1 mL) was added to the mixture, warmed at room temperature and continuously
stirred for 12 h. At the end of the reaction, the reaction mixture was treated with H>.O and
extracted with EtOAc twice. The organic phase was washed with water, saturated aqueous
NaHCOs3 and brine, dried (Na2S0O4) and concentrated in vacuo. The residue was purified by
silica gel column chromatography (16 g silica gel, 10% to 30% EtOAc/hexane) to afford the
titte compound (65.2 mg, 64%) as a brown oil. 'H NMR (CDCls, 400 MHz): & 9.01 (s, 1H),
8.04 (d, J=7.8 Hz, 1H), 7.17 (d, J = 7.3 Hz, 1H), 7.03 (t, J = 7.3 Hz, 1H), 5.22 (d, J = 8.7 Hz,
1H), 4.82 (d, HBnN, Jgem = 13 Hz, 1H), 4.63 (d, HBN, Jgem = 13 Hz, 1H), 4.55 (dd, J = 8.7, 5.0
Hz, 2H), 3.77 (q, J = 6.3 Hz, 2H), 2.28-2.41 (m, 2H), 1.99-2.26 (m, 5H), 1.69-1.78 (m, 1H),

1.42 (s, 18H), 0.90 (s, 9H), 0.10 (s, 3H), 0.05 (s, 3H); LRMS 620.35 (M+H")
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Synthesis of tert-butyl 4-((tert-butoxycarbonyl)amino)-5-((S)-2-((2-(hydroxy
methyl)phenyl)carbamoyl)pyrrolidin-1-yl)-5-oxopentanoate (19)

tert-butyl 3-((tert-butoxycarbonyl)amino)-4-((S)-2-((2-(((tert-butyldimethylsilyl)oxy)
methyl)phenyl)carbamoyl)pyrrolidin-1-yl)-4-oxobutanoate (69.7 mg, 0.112 mmol) was
dissolved in Dry THF (1 mL), then tetrabutylammonium fluoride (ca. 1mol/L in THF, 337 pL,
0.337 mmol) and acetic acid (12.7 uL, 0.225 mmol) was added to the mixture, which was
stirred at room temperature under Ar atmosphere for 1 h. At the end of the reaction, the
reaction mixture was treated with H.O and extracted with EtOAc twice. The organic phase
was washed with water and brine, dried (Na2S04) and concentrated in vacuo. The residue
was purified by silica gel column chromatography (16 g silica gel, 60% to 80% EtOAc/hexane)
to afford the title compound (52.8 mg, 93%) as a colorless oil. 'H NMR (CDCls, 400 MHz): &
8.99 (s, 1H), 7.81 (d, J = 7.8 Hz, 1H), 7.24 (d, J = 7.8 Hz, 2H), 7.08 (t, J = 7.3 Hz, 1H), 5.57
(d, J = 7.8 Hz, 1H), 4.26-4.59 (m, 4H), 3.68-3.74 (m, 2H), 2.24-2.30 (m, 2H), 1.96-2.10 (m

4H), 1.63-1.72 (m, 1H), 1.38 (s, 9H), 1.38 (s, 9H); LRMS 504.18 (M-H)

Os_0OBu Os_0OBu
Deoxo-Fluor®
CH,CI
Boc\ 22 Boc\
OH 55% yield
19 20
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Synthesis of tert-butyl 4-((tert-butoxycarbonyl)amino)-5-((S)-2-((2-(fluoromethyl)
phenyl)carbamoyl)pyrrolidin-1-yl)-5-oxopentanoate (20)

tert-butyl 4-((tert-butoxycarbonyl)amino)-5-((S)-2-((2-(hydroxymethyl)phenyl)carbamoyl)
pyrrolidin-1-yl)-5-oxopentanoate (52.8 mg, 0.104 mmol) was dissolved in Dry CH>Cl> (1 mL),
then DAST (68.4 uL, 0.522 mmol) was added to the mixture, which was stirred at room
temperature for 10 min. At the end of the reaction, the reaction mixture was treated with
saturated aqueous NaHCOs and extracted with CH2Cl, twice. The organic phase was
washed with water, saturated aqueous NaHCO3 and brine, dried (Na>SO4) and concentrated
in vacuo. The residue was purified by silica gel column chromatography (16 g silica gel, 0%
to 7% MeOH/CH2ClI>) to afford the title compound (28.8 mg, 55%) as a colorless oil. "H NMR
(CDCls, 400 MHz): 6 8.99 (s, 1H), 7.81 (d, J = 7.8 Hz, 1H), 7.24 (d, J = 7.8 Hz, 2H), 7.08 {(,
J =73 Hz, 1H), 5.57 (d, J = 7.8 Hz, 1H), 5.39 (d, 2H, HBn, J, . _ = 48 Hz), 4.26-4.59 (m
2H), 3.68-3.74 (m, 2H), 2.24-2.30 (m, 2H), 1.96-2.10 (m, 4H), 1.63-1.72 (m, 1H), 1.38 (s, 9H),

1.38 (s, 9H); LRMS 508.27 (M+H")

O O®Bu

5 I 4M HCI/EtOAC /3;
OG
~ > H3N
O #~NH
F 32% yield
(HPLC purification)

20 EP-FMA (21)

Iz

Synthesis of 4-amino-5-((S)-2-((2-(fluoromethyl)phenyl)carbamoyl)pyrrolidin-1-yl)-
5-oxopentanoic acid: EP-FMA (21)

tert-butyl 4-((tert-butoxycarbonyl)amino)-5-((S)-2-((2-(fluoromethyl)phenyl)carbamoyl)
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pyrrolidin-1-yl)-5-oxopentanoate (14.4 mg, 0.0284 mmol) was dissolved in EtOAc (500 uL),
then 4M HCI/EtOAc (500 pL) was added to the mixture, which was stirred at room
temperature for 24 h. At the end of the reaction, the reaction mixture was concentrated in

vacuo. The residue was purified by reverse phase HPLC (0% to 100% MeCN/H-0) to afford
the title compound (3.5 mg, 32%) as a white solid. 'H NMR (CD,0D, 400 MHz): 5 7.26-7.50

(m, 4H), 5.25-5.49 (m, 2H), 4.61 (dd, J = 8.0, 5.3 Hz, 1H), 4.22 (dd, J = 8.2, 3.2 Hz, 1H), 3.70

(td, J = 6.5, 2.4 Hz, 2H), 2.50 (t, J = 6.6 Hz, 2H), 2.28-2.42 (m, 1H), 1.87-2.20 (m, 5H); °C

NMR (CD,OD, 100 MHz): 8 177.52, 171.69, 168.10, 128.91, 128.24, 128.15, 126.67, 126.42,

125.74, 81.94, 80.32, 60.78, 51.89, 31.88, 29.28, 26.11, 24.92; HRMS Calcd for

C,,H,oFN;O,: 352.16726 (M+H ); Found: 352.16609 (-1.17 mDa).

B Gal-FMA ® & B (Scheme 2-2-5)

triphosgene
2,6-lutidine AcO OAc

AcO OA; NH, CH,Cl, | § o

— = A H OTBS
AO + ©/\OTBS cO >y O?l’N

rt to 50°C o)

OAc OH
79% yield
23 2

24

Synthesis of (2R,3S,4S,5R,6S)-2-(acetoxymethyl)-6-(((2-(((tert-butyldimethylsilyl)
oxy)methyl)phenyl)carbamoyl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (24)
2-(((tert-butyldimethylsilyl)oxy)methyl)aniline (69.6 mg, 0.293 mmol) was dissolved in Dry
CH2Cl2 (2 mL). Triphosgene (29 mg, 0.0977 mmol) and 2,6-lutidine (103 pL, 0.879 mmol)
was added to the mixture, which was stirred at room temperature for 45 min. Then,
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(2R,3S,4S,5R)-2-(acetoxymethyl)-6-hydroxytetrahydro-2H-pyran-3,4,5-triyl triacetate (102.1
mg, 0.293 mmol, a:f = 224 : 1) was added to the mixture, warmed at 50°C and
continuously stirred for 1 h. At the end of the reaction, the reaction mixture was treated with
H20 and extracted with EtOAc twice. The organic phase was washed with water, saturated
aqueous NaHCOs3 and brine, dried (Na2S0O4) and concentrated in vacuo. The residue was
purified by silica gel column chromatography (14 g silica gel, 10% to 30% EtOAc/hexane) to
afford the title compound (43.7 mg, 79%) as a colorless oil. 'H NMR (CDCls, 400 MHz): &
8.59 (s, 1H), 8.02 (d, J = 7.3 Hz, 1H), 7.31 (t, J = 7.8 Hz, 1H), 7.08 (d, J = 6.4 Hz, 1H), 7.02
(t, J=7.3 Hz, 1H), 5.73 (d, J = 8.2 Hz, 1H), 5.43 (d, J = 3.2 Hz, 1H), 5.35 (dd, J = 10.3, 8.5
Hz, 1H), 5.10 (dd, J = 10.3, 3.4 Hz, 1H), 4.78 (d, J = 12.8 Hz, 1H), 4.66 (d, J = 12.8 Hz, 1H),
4.07-4.21 (m, 3H), 2.17 (s, 3H), 2.03 (s, 3H), 2.03 (s, 3H), 1.99 (s, 3H), 0.90 (s, 9H), 0.06 (s,

6H); LRMS 634.21 (M+Na")

o OAC AcOH Ao OAC
o THF/H,0 o
ACO&/O OB ——— Ao o N O
OAC g/’ é t to 45°C OAc gf é
69% yield

24

25

Synthesis of (2R,3S,4S,5R,6S)-2-(acetoxymethyl)-6-(((2-(hydroxymethyl)phenyl)
carbamoyl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (25)
(2R,3S,4S,5R,6S)-2-(acetoxymethyl)-6-(((2-(((tert-butyldimethylsilyl)oxy)methyl)phenyl)
carbamoyl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (43.7 mg, 0.0714 mmol) was
dissolved in Dry THF (500 pL). 80% AcOH agq. (1 mL) was added to the mixture, then warmed

at 45°C and stirred for 12 h. At the end of the reaction, the reaction mixture was treated with
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H20 and extracted with EtOAc twice. The organic phase was washed with water and brine,
dried (Na2S0O4) and concentrated in vacuo. The residue was purified by silica gel column
chromatography (14 g silica gel, 50% to 70% EtOAc/hexane) to afford the title compound
(24.4 mg, 69%) as a colorless oil. 'H NMR (CDCls, 400 MHz): 6 8.21 (s, 1H), 7.92 (d, /= 6.4
Hz, 1H), 7.33 (t, J = 7.8 Hz, 1H), 7.16 (d, J = 7.3 Hz, 1H), 7.06 (t, J = 7.3 Hz, 1H), 5.74 (d, J
= 8.2 Hz, 1H), 5.43 (d, J = 3.2 Hz, 1H), 5.36 (dd, J = 10.3, 8.5 Hz, 1H), 5.10 (dd, J = 10.5,
3.2 Hz, 1H), 4.70 (dd, J = 20.4, 12.6 Hz, 2H), 4.06-4.20 (m, 3H), 2.16 (s, 3H), 2.04 (s, 3H),

2.02 (s, 3H), 1.99 (s, 3H); LRMS 520.13 (M+Na")

AcO OAc DAST AcO OAC

L§ o THF o
AcO o H OH — > A0 o  H F
OAc )/’Né 0°C OAc »’Né
o . o
49% yield

25 26

Synthesis of (2R,3S,4S,5R,6S)-2-(acetoxymethyl)-6-(((2-(fluoromethyl)phenyl)
carbamoyl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (26)
(2R,3S,4S,5R,6S)-2-(acetoxymethyl)-6-(((2-(hydroxymethyl)phenyl)carbamoyl)oxy)

tetrahydro-2H-pyran-3,4,5-triyl triacetate (24.4mg, 0.0491 mmol) was dissolved in Dry THF
(500 pL). cooled at 0 °C under Ar atmosphere. DAST (32.2 uL, 0.246 mmol) was added to
the mixture, which was stirred at 0 °C for 45 min. At the end of the reaction, the reaction
mixture was treated with H.O and extracted with EtOAc twice. The organic phase was
washed with water and brine, dried (Na2SQ4) and concentrated in vacuo. The residue was

purified by silica gel column chromatography (14 g silica gel, 20% to 60% EtOAc/hexane) to

afford the title compound (11.9 mg, 49%) as a colorless oil. 'H NMR (CDCls, 400 MHz): &
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7.89 (d, J = 6.4 Hz, 1H), 7.39-7.43 (m, 1H), 7.27 (d, J = 7.3 Hz, 1H), 7.15 (t, J = 7.5 Hz, 2H),

5.75(d, J=8.7 Hz, 1H), 5.30-5.51 (m, 4H), 5.11 (dd, J=10.6, 3.1 Hz, 1H), 4.07-4.20 (m, 4H),

2.17 (s, 3H), 2.06 (s, 3H), 2.03 (s, 4H), 2.00 (s, 3H); LRMS 522.10 (M+Na")

AcO QAc
N
AcO o H

OAC ng

26

<

NaOMe OH OH

MeOH 0

— HO&,O H F
0°C OH ng

39% yield

BGal-FMA (27)

Synthesis of (2S,3R,4S,5R,6R)-3,4,5-trihydroxy-6-(hydroxymethytetrahydro-2H-

pyran-2-yl (2-(fluoromethyl)phenyl)carbamate: BGal-FMA (27)

(2R,3S,4S,5R,6S)-2-(acetoxymethyl)-6-(((2-(fluoromethyl)phenyl)carbamoyl)oxy)

tetrahydro-2H-pyran-3,4,5-triyl triacetate (11.9 mg, 0.0238 mmol) was dissolved in Dry MeOH

(500 pL), cooled at 0 °C under Ar atmosphere. 28% NaOMe/MeOH (4.8 uL, 0.0238 mmol)

was added to the mixture, which was stirred at 0 °C for 1 .5 h. At the end of the reaction, the

reaction mixture was neutralized with Amberlite IR120®, filterated and concentrated in vacuo.

The residue was purified by reverse phase HPLC (0% to 100% MeCN/H-0) to afford the title

compound (3.1 mg, 39%) as a white solid. 'H NMR (CD,OD, 400 MHz): 5 7.55 (d, J = 7.8

Hz, 1H), 7.43 (d, J = 7.8 Hz, 1H), 7.35-7.39 (m, 1H), 7.23 (t, J = 7.5 Hz, 1H), 5.38-5.50 (m,

3H), 5.42 (d, J = 8.2 Hz, 1H), 3.89 (d, J = 2.7 Hz, 1H), 3.70-3.78 (m, 3H), 3.64 (t, J = 5.9 Hz,

1H), 3.56 (dd, J = 9.8, 3.4 Hz, 1H); °C NMR (CD,OD, 100 MHz): & 154.0, 135.4, 129.1,

128.6,128.5,125.3,124.2, 96.3, 81.1 (d, YJc.r = 164 Hz), 76.1, 73.7, 70.0, 68.8, 61.0; HRMS

calcd for C14H18F1N1Na;O7 354.09650, obsd 354.093593 [M+Na]* (-2.91 mDa)

93



gGlu-FMA FHEARDAER I (Scheme 3-1-2)

R4

ney
OsOH OTBS
OTBS
O~ NH
+ H,N — —
Boc.y OBu
H O R4 Boc., OBu
Rs N

R4 R4 R4
Rs Rs Rs

OH F F

OsNH OsNH O~ NH

_— _—
cl
t t +

BOC“N OBu Boc~N O'Bu HaN OH

@®Rs=Me,Rs=H

Synthesis of tert-butyl N2-(tert-butoxycarbonyl)-N°-(2-(((tert-butyldimethylsilyl)
oxy)methyl)-4-methylphenyl)-L-glutaminate (43)
(S)-5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-oxopentanoic

acid (811 mg, 2.67 mmol) was dissolved in Dry DMF (20 mL), cooled

OTBS
Ox-NH at 0 °C under Ar atmosphere. HATU (952 mg, 4.01 mmol) and DIPEA
t (1.74 mL, 8.02 mmol) was added to the mixture, which was stirred at
Boc~N O'Bu
H O 0 °C for 5 min. Then, 2-(((tert-butyldimethylsilyl)oxy)methyl)-4-

methylaniline (807 mg, 3.21 mmol) was added to the mixture, warmed at room temperature

and continuously stirred for 12 h. At the end of the reaction, the reaction mixture was treated
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with H2O and extracted with EtOAc twice. The organic phase was washed with water and
brine, dried (Na2S0O4) and concentrated in vacuo. The residue was purified by silica gel
column chromatography (34 g silica gel, 10% to 20% EtOAc/hexane) to afford the title
compound (1.31 g, 91%) as a colorless oil. 'H NMR (CDCl3, 400 MHz): 6 8.78 (brs, 1H, -
CONH-), 8.00 (d, 1H, J = 7.8 Hz), 7.09 (d, 1H, J = 7.8 Hz), 6.91 (s, 1H), 5.21 (brd, 1H, -
OCONH-, J = 7.8 Hz), 4.70 (d, 1H, HBn, Jgem = 13 Hz), 4.67 (d, 1H, HBN’, Jgem = 13 Hz),
4.28-4.14 (m, 1H), 2.52-2.33 (m, 2H), 2.32-2.18 (m, 1H), 2.29 (s, 3H, ArCHs), 2.06-1.92 (m,
1H), 1.46 (s, 9H, COO(CHs)3), 1.42 (s, 9H, NHCOO(CHs)s3), 0.90 (s, 9H, Si(CHz)3), 0.08 (s,

6H, Si(CHs)2): LRMS 537.70 (M+H")

Synthesis of tert-butyl N?-(tert-butoxycarbonyl)-N5-(2-(hydroxymethyl)-4-methyl
phenyl)-L-glutaminate (47)
tert-butylN?-(tert-butoxycarbonyl)-N5-(2-(((tert-butyldimethylsilyl)oxy)

OH methyl)-4-methylphenyl)-L-glutaminate (1.31 g, 2.43 mmol) was
O3 NH dissolved in Dry THF (14 mL), then tetrabutylammonium fluoride (ca.
Boc~N OBu 1mol/L in THF, 7.3 mL, 7.3 mmol) and AcOH (329 L, 4.87 mmol) was
"o added to the mixture, which was stirred at room temperature under Ar
atmosphere for 1 h. At the end of the reaction, the reaction mixture was treated with saturated
aqueous NH4Cl and extracted with EtOAc twice. The organic phase was washed with water
and brine, dried (Na>SO4) and concentrated in vacuo. The residue was purified by silica gel
column chromatography (34 g silica gel, 40% to 60% EtOAc/hexane) to afford the title
compound (1.03 g, quant.) as a colorless oil. 'H NMR (CDCls, 400 MHz): & 8.75 (brs, 1H, -

CONH-), 7.68 (d, 1H, J = 7.8 Hz), 7.07 (d, 1H, J = 7.8 Hz), 7.01 (s, 1H), 5.36 (brd, 1H, -

OCONH-, J = 8.2 Hz), 4.60 (d, 1H, HBN, Jgem = 13 Hz), 4.54 (d, 1H, HBn’, Jgem = 13 Hz),
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4.22-4.10 (m, 1H), 2.48-2.32 (m, 2H), 2.32-2.06 (m, 1H), 2.27 (s, 3H, ArCHs), 2.20-1.82 (m,

1H), 1.44 (s, 9H, COO(CHs)s), 1.40 (s, 9H, NHCOO(CHs)s); LRMS 423.64 (M+H")

Synthesis of tert-butyl N?-(tert-butoxycarbonyl)-N°-(2-(fluoromethyl)-4-methyl
phenyl)-L-glutaminate (51)
tert-butyl N?-(tert-butoxycarbonyl)-N°-(2-(hydroxymethyl)-4-methyl

F phenyl)-L-glutaminate (476 mg, 1.13 mmol) was dissolved in Dry
Oy CH2ClI2 (10 mL), cooled at 0 °C under Ar atmosphere. DAST (738 L, 5.63
BOCNN O'Bu mmol) was added to the mixture, which was stirred for 1 h. At the end of
° the reaction, the reaction mixture was treated with saturated aqueous
NaHCOs3 and extracted with CH2Cl, twice. The organic phase was washed with saturated
aqueous NaHCOs and brine, dried (Na2SO4) and concentrated in vacuo. The residue was
purified by silica gel column chromatography (34 g silica gel, 20% to 30% EtOAc/hexane)

and by gel permeation chromatography (CHCI3) to afford the title compound (129 mg, 27%)

as a colorless oil. ‘H NMR (CDCls, 400 MHz): © 8.14 (brs, 1H, -CONH-), 7.68 (d, 1H, J =8.2

Hz), 7.17 (d, 1H, J = 8.2 Hz), 7.12 (s, 1H), 5.38 (d, 2H, HBn, J .. _ = 48 Hz, Jgem = 11 Hz),

HBN-F
5.30 (brd, 1H, -OCONH-, J = 6.0 Hz), 4.32-4.16 (m, 1H), 2.56-2.36 (m, 2H), 2.36-2.20 (m,
1H), 2.31 (s, 3H, ArCHs), 2.20-1.84 (m, 1H), 1.45 (s, 9H, COO(CHs)s), 1.43 (s, 9H,

NHCOO(CHs)s); LRMS 425.63 (M+H")
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Synthesis of N°-(2-(fluoromethyl)-4-methylphenyl)-L-glutamine: gGlu-4Me-FMA

(55)
tert-butyl N?-(tert-butoxycarbonyl)-N°-(2-(fluoromethyl)-4-methyl
F  phenyl)-L-glutaminate (38.5 mg, 0.0907 mmol) was dissolved in 4M
O A HCI/EtOAc (1 mL), which was stirred at room temperature for 12 h. At the end
H,N OH  of the reaction, the reaction mixture was concentrated in vacuo. The residue

O
was purified by reverse phase HPLC (0% to 100% MeCN/H20) to afford the

titte compound (7.5 mg, 31%) as a white solid. 'H NMR (CD,Cl,, 400 MHz): & 7.26 (s, 1H),

7.23(d, 1H, J = 7.8 Hz), 7.17 (d, 1H, J = 7.8 Hz), 5.32 (d, 2H, HBn, J... _ = 48 Hz), 3.62 (t,

HBn-F
1H, J = 6.0 Hz), 2.63 (t, 2H, J = 7.3 Hz), 2.33 (s, 3H, ArCHs), 2.22-2.10 (m, 2H); °C NMR

(CDs0OD, 100 MHz): 6 174.2,173.6, 137.7, 133.6, 132.8, 130.8, 130.2, 127.2, 82.5 (d, CH2F,
Jor = 163 Hz), 55.4, 33.2, 27.8, 21.0; HRMS Calcd for C13H18FN203: 269.13015 (M+H+);

Found: 269.13277 (+2.63 mDa).

R4 =COOMe, Rs=H

Synthesis of methyl (S)-4-(5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-
oxopentanamido)-3-(hydroxymethyl)benzoate (48)

O OMe (S)-5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-oxopentanoic acid

oH (347 mg, 1.14 mmol) was dissolved in Dry DMF (10 mL), cooled at 0 °C

O~_NH under Ar atmosphere. HATU (408 mg, 1.72 mmol) and DIPEA (743 pL,

3.43 mmol) was added to the mixture, which was stirred at 0 °C for 5 min.

Boc. #~\-OBu
H O Then, methyl 4-amino-3-(((tert-butyldimethylsilyl)oxy)methyl)
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benzoate (405 mg, 1.37 mmol) was added to the mixture, warmed at room temperature and
continuously stirred for 12 h. Additional HATU (408 mg, 1.72 mmol), DIPEA (743 L, 3.43
mmol) and (S)-5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-oxopentanoic acid (347 mg,
1.14 mmol) was added, then stirred at 50 °C for more 12 h. At the end of the reaction, the
reaction mixture was treated with H2O and extracted with EtOAc twice. The organic phase
was washed with water and brine, dried (Na2S04) and concentrated in vacuo. The residue
was roughly purified by silica gel column chromatography (34 g silica gel, 10% to 20%
EtOAc/hexane) to afford the title compound (197 mg) as a crude mixture. A mixture of methyl
(S)-4-(5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-oxopentanamido)-3-
(hydroxymethyl)benzoate (197 mg) was dissolved in Dry THF (5 mL), then
tetrabutylammonium fluoride (ca. 1mol/L in THF, 1 mL, 1.00 mmol) and AcOH (46 uL, 0.678
mmol) was added to the mixture, which was stirred at room temperature under Ar atmosphere
for 1 h. At the end of the reaction, the reaction mixture was treated with saturated aqueous
NH4Cl and extracted with EtOAc twice. The organic phase was washed with water and brine,
dried (Na2S0O4) and concentrated in vacuo. The residue was purified by silica gel column
chromatography (14 g silica gel, 40% to 60% EtOAc/hexane) to afford the title compound
(39.9 mg, 6% over 2 steps) as a colorless oil. 'H NMR (CDCls, 400 MHz): 6 9.16 (brs, 1H, -
CONH-), 8.24 (d, 1H, J = 8.2 Hz), 7.97 (d, 1H, J = 8.2 Hz), 7.85 (s, 1H), 5.31 (brd, 1H, -
OCONH-, J = 7.3 Hz), 4.84-4.64 (m, 2H, HBn), 4.27-4.15 (m, 1H), 3.88 (s, 3H, ArCOOCHj),
3.26-3.18 (m, 1H, CH2OH), 2.36-2.22 (m, 1H), 2.03-1.88 (m, 1H), 1.45 (s, 9H, COO(CHs3)3),

1.41 (s, 9H, NHCOO(CHz)s); LRMS 467.48 (M+H")

Synthesis of methyl (S)-4-(5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-

oxopentanamido)-3-(fluoromethyl)benzoate (52)
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O~_OMe methyl (S)-4-(5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-

oxopentanamido)-3-(hydroxymethyl)benzoate (38.6 mg, 0.0824 mmol)

Os~_NH was dissolved in Dry CH2Cl2 (2 mL), cooled at 0 °C under Ar atmosphere.
DAST (54 pL, 0.412 mmol) was added to the mixture, which was stirred

Boc.#~\-O'Bu
H 0O for 1 h. At the end of the reaction, the reaction mixture was treated with

saturated aqueous NaHCO3; and extracted with CH2Cl, twice. The organic phase was
washed with brine, dried (Na2S04) and concentrated in vacuo. The residue was purified by
silica gel column chromatography (14 g silica gel, 20% to 60% EtOAc/hexane) to afford the
titte compound (25.9 mg, 67%) as a colorless oil. 'H NMR (CDCls, 400 MHz): & 8.48 (brs,
1H, -CONH-), 8.23 (d, 1H, J = 8.2 Hz), 8.07 (d, 1H, J = 8.2 Hz), 7.99 (s, 1H), 5.70-5.38 (m,
2H, HBn), 5.30 (brs, 1H, -OCONH-), 4.28-4.18 (m, 1H), 3.91 (s, 3H, ArCOOCHs), 2.62-2.42
(m, 2H), 2.40-2.26 (m, 1H), 2.20-1.82 (m, 1H), 1.46 (s, 9H, COO(CHs)s), 1.44 (s, 9H,

NHCOO(CHs)s); LRMS 469.40 (M+H")

Synthesis of N°-(2-(fluoromethyl)-4-(methoxycarbonyl)phenyl)-L-glutamine: gGlu-
4COOMe-FMA (56)

O~_OMe methyl (S)-4-(5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-

oxopentanamido)-3-(fluoromethyl)benzoate (29.5 mg, 0.0553 mmol) was

O~_NH dissolved in 4M HCI/EtOAc (2 mL), which was stirred at room temperature

for 12 h. At the end of the reaction, the reaction mixture was concentrated in

OH

H,N
2 o) vacuo. The residue was purified by reverse phase HPLC (0% to 100%

MeCN/H20) to afford the title compound (11 mg, 64%) as a white solid. 'H NMR (CD,OD,

400 MHz): 5 8.09 (s, 1H), 7.99 (d, 1H, J = 8.7 Hz), 7.66 (d, 1H, J = 8.7 Hz), 5.44 (d, 2H, HBn,

J.one = 48 H2), 4.06 (t, 1H, J = 6.4 Hz), 3.89 (s, 3H, ArCOOCHs), 2.76 (t, 2H, J = 6.9 H2),
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2.25 (tt, 2H, J = 6.9 Hz, 6.4 Hz); °C NMR (CD,OD, 100 MHz): 5 173.1, 171.4, 167.7, 140.7,
131.9, 131.4, 131.0, 128.7, 126.0, 82.2 (d, CHF, J_ . = 164 Hz), 53.4, 52.7, 32.7, 26.8;

HRMS Calcd for C14H17FN2NaOs: 335.10192 (M+Na+); Found: 335.10105 (-0.87 mDa).

®R4=H, Rs = COOMe

Synthesis of methyl (S)-3-(5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-

oxopentanamido)-4-(((tert-butyldimethylsilyl)oxy)methyl)benzoate (45)

0 (S)-5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-oxopentanoic
MeO . . :

OTBS acid (170 mg, 0.560 mmol) was dissolved in Dry DMF (6 mL),

O NH cooled at 0 °C under Ar atmosphere. HATU (200 mg, 0.840 mmol)

Boc~N O'BU and DIPEA (364 uL, 1.68 mmol) was added to the mixture, which

H O was stirred at 0 °C for 5 min. Then, methyl 3-amino-4-(((tert-

butyldimethylsilyl) oxy)methyl)benzoate (198 mg, 0.672 mmol) was added to the mixture,
warmed at room temperature and continuously stirred for 12 h. At the end of the reaction, the
reaction mixture was treated with H.O and extracted with EtOAc twice. The organic phase
was washed with water, saturated aqueous NaHCOs and brine, dried (NaxSO4) and
concentrated in vacuo. The residue was purified by silica gel column chromatography (34 g
silica gel, 20% to 40% EtOAc/hexane) to afford the title compound (199 mg, 61%) as a
colorless oil. '"H NMR (CDCls, 400 MHz): 6 8.93 (brs, 1H, -CONH-), 8.77 (s, 1H), 7.73 (d, 1H,
J=7.8Hz), 7.20 (d, 1H, J = 7.8 Hz), 5.20 (brd, 1H, -OCONH-, J = 7.8 Hz), 4.78 (d, 1H, HBn,
Jgem = 13 HZz), 4.74 (d, 1H, HBn’, Jgem = 13 Hz), 4.26-4.16 (m, 1H), 3.88 (s, 3H, ArCOOCH?3),
2.53-2.34 (m, 2H), 2.34-2.20 (m, 1H), 2.06-1.90 (m, 1H), 1.45 (s, 9H, COO(CH3)3), 1.41 (s,

9H, NHCOO(CHz)s), 0.90 (s, 9H, Si(CHa)s), 0.08 (s, 6H, Si(CHs)2); LRMS 581.56 (M+H")
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Synthesis of methyl (S)-3-(5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-

oxopentanamido)-4-(hydroxymethyl)benzoate (49)

0 methyl  (S)-3-(5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-
MeO OH oxopentanamido)-4-(((tert-butyldimethylsilyl)oxy)methyl)benzoate
Ox-NH (199 mg, 0.343mmol) was dissolved in Dry THF (10 mL), then
Boc~N OBy tetrabutylammonium fluoride (ca. 1mol/L in THF, 1.03 mL, 1.03 mmol)

H O and AcOH (42 uL, 0.687 mmol) was added to the mixture, which was

stirred at room temperature under Ar atmosphere for 2 h. At the end of the reaction, the
reaction mixture was treated with saturated aqueous NH4Cl and extracted with EtOAc twice.
The organic phase was washed with brine, dried (Na2SO4) and concentrated in vacuo. The
residue was purified by silica gel column chromatography (34 g silica gel, 40% to 60%
EtOAc/hexane) to afford the title compound (116 mg, 73%) as a colorless oil. 'HNMR (CDCls,
400 MHz): 5 8.96 (brs, 1H, -CONH-), 8.55 (d, 1H, J = 8.2 Hz), 7.75 (d, 1H, J = 7.8 Hz), 7.29
(d, 1H, J =7.8 Hz), 5.34 (brd, 1H, -OCONH-, J = 7.8 Hz), 4.74 (dd, 1H, HBn, Jgem = 13 Hz, J
= 6.0 Hz), 4.67 (dd, 1H, HBn’, Jgem = 13 Hz, J = 5.5 Hz), 4.26-4.12 (m, 1H), 3.88 (s, 3H,
ArCOOCHs3), 3.51 (dd, 1H, CH2OH, J = 6.0 Hz, J = 5.5 Hz), 2.54-2.38 (m, 2H), 2.34-2.20 (m,
1H), 2.01-1.84 (m, 1H), 1.45 (s, 9H, COO(CHa)3), 1.41 (s, 9H, NHCOO(CHza)3); LRMS 467.49

(M+H")
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Synthesis of methyl (S)-3-(5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-

oxopentanamido)-4-(fluoromethyl)benzoate (53)

e} methyl (S)-3-(5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-
MeO F oxopentanamido)-4-(hydroxymethyl)benzoate (110 mg, 0.236
Ox-NH mmol) was dissolved in Dry CH,Clz (10 mL), then Fluolead® (119 mg,
¢ 0.472 mmol) was added to the mixture, which was stirred at room

Boc~N O'Bu
H O temperature under Ar atmosphere for 1.5 h. At the end of the reaction,

the reaction mixture was treated with saturated aqueous NaHCO3 and extracted with CH2Cl,
twice. The organic phase was washed with water and brine, dried (Na>SOa) and concentrated
in vacuo. The residue was purified by silica gel column chromatography (34 g silica gel, 20%
to 40% EtOAc/hexane) to afford the title compound (43.6 mg, 39%) as a colorless oil. 'H
NMR (CDCls, 400 MHz): & 8.47 (brs, 1H, -CONH-), 8.45 (s, 1H), 7.85 (d, 1H, J = 8.2 Hz),

7.43 (d, 1H, J = 8.2 Hz), 5.48 (d, 2H, HBn, J...__ = 48 Hz, Jgem = 12 Hz), 5.33 (brd, 1H, -

HBN-F
OCONH-, J = 7.8 Hz), 4.28-4.17 (m, 1H), 3.90 (s, 3H, ArCOOCH3), 2.57-2.40 (m, 2H), 2.35-
2.22 (m, 1H), 1.97 -1.82 (m, 1H), 1.45 (s, 9H, COO(CHa)s), 1.43 (s, 9H, NHCOO(CHya)s);

LRMS 469.43 (M+H")

Synthesis of N°-(2-(fluoromethyl)-5-(methoxycarbonyl)phenyl)-L-glutamine: gGlu-

5COOMe-FMA (57)

0 methyl (S)-3-(5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-
MeO . oxopentanamido)-4-(fluoromethyl)benzoate (43.6 mg, 0.0931 mmol)
OsNH was dissolved in EtOAc (5 mL), then 4M HCI/EtOAc (10 mL) was added
to the mixture, which was stirred at room temperature for 12 h. At the
H,N" N O
2
O end of the reaction, the reaction mixture was concentrated in vacuo.
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The residue was purified by reverse phase HPLC (20% to 100% MeCN/H20) to afford the
titte compound (19.4 mg, 60%) as a white solid. 'H NMR (CD,OD, 400 MHz): & 8.04 (s, 1H,

Hc), 7.91 (d, 1H, J = 7.8 Hz), 7.56 (d, 1H, J = 7.8 Hz), 5.44 (d, 2H, HBn, J_.__ = 48 Hz), 4.07

HBn-F
(t, 1H, J=6.4 Hz), 2.75 (t, 2H, J = 7.3 Hz), 2.26 (tt, 2H, J = 7.3 Hz, 6.4 Hz); ""C NMR (CD,0OD,
100 MHz): & 172.0, 170.2, 166.3, 136.5, 134.6, 130.7, 127.8, 126.9, 126.6, 80.7 (d, CH.F,

Jop = 165 Hz), 52.1, 51.5, 31.1, 25.6; HRMS Calcd for C1aH1sFN2Os: 313.11997 (M+H");

Found: 313.11879 (-1.18 mDa).

@R4=H, Rs =NO;

Synthesis of tert-butyl N2-(tert-butoxycarbonyl)-N°-(2-(((tert-butyldimethylsilyl)

oxy)methyl)-5-nitrophenyl)-L-glutaminate (46)

O,N (S)-5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-oxopentanoic
OTBS . . :
acid (100 mg, 0.330 mmol) was dissolved in Dry DMF (2 mL). DMT-
OsNH
MM (137 mg, 0.494 mmol) and 2-(((tert-butyldimethylsilyl)oxy)methyl)
t
BOC‘H O'Bu -5-nitroaniline (112 mg, 0.396 mmol) were added to the mixture, which
O

was stirred at room temperature under Ar atmosphere for 12 hours.
At the end of the reaction, the reaction mixture was treated with H.O and extracted with
EtOAc twice. The organic phase was washed with water and brine, dried (Na>SQO4) and
concentrated in vacuo. The residue was purified by silica gel column chromatography (34 g
silica gel, 20% to 40% EtOAc/hexane) to afford the title compound (110 mg, 60%) as a yellow

oil. "H NMR (CDCls, 400 MHz): & 9.05-9.10 (m, 2H), 7.86-7.89 (m, 1H), 7.25-7.30 (m, 1H),
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5.22 (s, 1H), 4.75-4.85 (m, 2H), 4.10-4.20 (m, 1H), 2.45-2.54 (m, 2H), 2.26-2.29 (m, 1H),

1.98-2.00 (m, 1H), 1.46 (s, 9H), 1.42 (s, 9H), 0.90 (s, 9H), 0.09 (s, 6H); LRMS 568.23 (M+H")

Synthesis of tert-butyl N?-(tert-butoxycarbonyl)-N°-(2-(hydroxymethyl)-5-nitro

phenyl)-L-glutaminate (50)

O,N tert-butyl N?-(tert-butoxycarbonyl)-N°-(2-(((tert-butyldimethylsilyl)
\Q\/ oxy)methyl)-5-nitrophenyl)-L-glutaminate (110 mg, 0.194mmol) was

OsNH
dissolved in Dry THF (2 mL), then tetrabutylammonium fluoride (ca.

BOC“H O'Bu 1mol/L in THF, 581 pL, 0.581 mmol) and AcOH (14 uL, 0.387 mmol) was
° added to the mixture, which was stirred at room temperature under Ar
atmosphere for 1 hours. At the end of the reaction, the reaction mixture was treated with
saturated aqueous NH4Cl and extracted with EtOAc twice. The organic phase was washed
with brine, dried (Na>S0O4) and concentrated in vacuo. The residue was purified by silica gel
column chromatography (14 g silica gel, 3% to 10% MeOH/CH2Cl,) to afford the title
compound (76 mg, 86%) as a yellow oil. 'H NMR (CDCls, 400 MHz): 6 9.27 (s, 1H), 8.93 (s,
1H), 7.90 (d, J = 8.2 Hz, 1H), 7.37 (d, J = 7.8 Hz, 1H), 5.39 (d, J = 7.8 Hz, 1H), 4.81 (d, J =

13.3 Hz, 1H), 4.75 (d, J = 12.8 Hz, 1H), 4.07-4.18 (m, 1H), 2.49-2.56 (m, 2H), 2.27-2.34 (m,

1H), 1.91-1.96 (m, 1H), 1.46 (s, 9H), 1.42 (s, 9H); LRMS 454.53 (M+H")
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Synthesis of tert-butyl N-(tert-butoxycarbonyl)-N5-(2-(fluoromethyl)-5-nitro

phenyl)-L-glutaminate (54)

O,N tert-butyl N?-(tert-butoxycarbonyl)-N°-(2-(hydroxymethyl)-5-nitro
phenyl)-L-glutaminate (76 mg, 0.168 mmol) was dissolved in Dry

OsNH
CH2CI2 (1 mL), cooled at 0 °C under Ar atmosphere. DAST (88 pL, 0.672

Boc.y OBu

N mmol) was added to the mixture, which was stirred for 2 h. At the end of
O

the reaction, the reaction mixture was treated with saturated aqueous
NaHCOs and extracted with CH2Cl, twice. The organic phase was washed with H2O and
brine, dried (Na>xSO4) and concentrated in vacuo. The residue was purified by silica gel
column chromatography (14 g silica gel, 10% to 30% EtOAc/hexane) to afford the title
compound (18 mg, 24%) as a yellow oil. 'H NMR (CDCls, 400 MHz): & 8.83-8.88 (m, 2H),
8.03 (d, J = 8.2 Hz, 1H), 7.54 (d, J = 7.8 Hz, 1H), 5.38-5.67 (m, 3H), 4.21-4.21 (m, 1H), 2.50-
2.60 (m, 2H), 2.30-2.38 (M, 1H), 1.81-1.87 (m, 1H), 1.47 (s, 9H), 1.46 (s, 9H); LRMS 469.43

(M+H")

Synthesis of N°-(2-(fluoromethyl)-5-nitrophenyl)-L-glutamine: gGlu-5NO,-FMA (58)

O,N methyl (S)-3-(5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-5-

F oxopentanamido)-4-(fluoromethyl)benzoate (43.6 mg, 0.0931 mmol)

el was dissolved in EtOAc (5 mL), then 4M HCI/EtOAc (10 mL) was added to

H,N OH " the mixture, which was stirred at room temperature for 12 h. At the end of
O

the reaction, the reaction mixture was concentrated in vacuo. The residue

was purified by reverse phase HPLC (20% to 100% MeCN/H20) to afford the title compound
(19.4 mg, 60%) as a white solid. 'H NMR (CD,OD, 400 MHz): 6 8.41 (s, 1H), 8.12(d, J = 8.2

Hz, 1H), 7.70 (d, J = 8.2 Hz, 1H), 5.50 (d, J = 46.9 Hz, 2H), 4.05-4.09 (m, 1H), 2.76-2.79 (m,
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2H), 2.22-2.32 (m, 2H); °C NMR (CD,0D, 100 MHz): & 171.97, 170.16, 148.10, 137.56,
137.40, 135.53, 128.48, 128.38, 120.23, 119.87, 81.17 (d, CHAF, J. . = 167 Hz), 52.07,

31.18, 25.42; HRMS Calcd for C12H13FN3Os: 298.08392 (M-H'); Found: 298.08026 (-3.67

mDa).

gGlu-FMA FHE AR DAER I (Scheme 3-1-3)

OsOH OTBS
OTBS

O NH
+ H,N — > —_—
Alloc. A OAllyl
H Alloc. OAllyl

N
H O

\©\/OH \©\/F \©\/F
OgNH OgNH O NH
- > —_—
Allocj:j\'(OAllyl AllocE\KOAIIyI H:\Tj\NOH
H o) H O O

Synthesis of allyl N?-((allyloxy)carbonyl)-N°-(2-(((tert-butyldimethylsilyl)oxy)
methyl)-5-methylphenyl)-L-glutaminate (60)

(S)-5-(allyloxy)-4-(((allyloxy)carbonyl)amino)-5-oxopentanoic  acid

OTBS
O _NH (63.0 mg, 0.232 mmol) was dissolved in Dry DMF (5 mL), cooled at
0 °C under Ar atmosphere. HATU (83.0 mg, 0.348 mmol) and DIPEA
AIIoc~N OAllyl
H & (151 pL, 0.697 mmol) was added to the mixture, which was stirred at
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0 °C for 5 min. Then, 2-(((tert-butyldimethylsilyl)oxy)methyl)-5-methylaniline (70 mg, 0.279
mmol) was added to the mixture, warmed at room temperature and continuously stirred for
12 h. At the end of the reaction, the reaction mixture was treated with saturated aqueous
NaHCOs and extracted with EtOAc twice. The organic phase was washed with water and
brine, dried (Na2S04) and concentrated in vacuo. The residue was purified by silica gel
column chromatography (34 g silica gel, 20% to 30% EtOAc/hexane) to afford the title
compound (59.0 mg, 50%) as a colorless oil. 'H NMR (CDCls, 400 MHz): & 8.80 (brs, 1H, -
CONH-), 7.93 (s, 1H), 6.89 (d, 1H, J = 7.6 Hz), 6.76 (d, 1H, J = 7.6 Hz), 5.90-5.70 (m, 2H),
5.56 (brd, 1H, -OCONH-, J = 8.0 Hz), 5.28-5.10 (m, 4H), 4.62 (s, 2H, HBn), 4.58-4.40 (m,
4H), 4.40-4.30 (m, 1H), 2.51-2.30 (m, 2H), 2.36-2.21 (M, 1H), 2.26 (s, 3H, ArCHs), 2.13-1.95

(m, 1H), 0.83 (s, 9H, Si(CHs)s), 0.00 (s, 6H, Si(CHs)2); LRMS 505.72 (M+H")

Synthesis of allyl N2-((allyloxy)carbonyl)-N5-(2-(hydroxymethyl)-5-methylphenyl)-
L-glutaminate (61)

allyl N2-((allyloxy)carbonyl)-N5-(2-(((tert-butyldimethylsilyl)oxy)

OH
O-_NH methyl)-5-methylphenyl)-L-glutaminate (59.0 mg, 0.117 mmol) was
dissolved in Dry THF (3 mL), then tetrabutylammonium fluoride (ca.

AIIoc~N OAllyl
H 1mol/L in THF, 351 pL, 0.351 mmol) and AcOH (16 uL, 0.234 mmol) was

added to the mixture, which was stirred at room temperature under Ar atmosphere for 12 h.
At the end of the reaction, the reaction mixture was treated with saturated aqueous NH4CI
and extracted with EtOAc twice. The organic phase was washed with brine, dried (Na2SQO4)
and concentrated in vacuo. The residue was purified by silica gel column chromatography

(14 g silica gel, 40% to 60% EtOAc/hexane) to afford the title compound (32.6 mg, 71%) as

a colorless oil. '"H NMR (CDCl3, 400 MHz): & 8.68 (brs, 1H, -CONH-), 7.80 (s, 1H), 7.06 (d,
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1H, J = 7.8 Hz), 6.88 (d, 1H, J = 7.8 Hz), 5.96-5.80 (m, 2H), 5.66 (brd, 1H, -OCONH-, J = 7.8
Hz), 5.36-5.14 (m, 4H), 4.71-4.35 (m, 8H), 2.87 (brs, 1H, CH20H), 2.55-2.41 (m, 2H), 2.39-

2.27 (m, 1H), 2.32 (s, 3H, ArCHs), 2.14-1.97 (m, 1H); LRMS 391.53 (M+H")

Synthesis of allyl N?-((allyloxy)carbonyl)-N5-(2-(fluoromethyl)-5-methylphenyl)-L-
glutaminate (62)

allyl N2-((allyloxy)carbony!)-N°-(2-(hydroxymethyl)-5-methylphenyl)

F
O _NH -L-glutaminate (32.6 mg, 0.0835 mmol) was dissolved in Dry CH2Cl» (2
mL), cooled at 0 °C under Ar atmosphere. DAST (55 pL, 0.417 mmol)
AIIoc~N OAllyl
H O was added to the mixture, which was stirred for 3 h. At the end of the

reaction, the reaction mixture was treated with saturated aqueous NaHCO3 and extracted
with CH2Cl, twice. The organic phase was washed with brine, dried (Na>SO4) and
concentrated in vacuo. The residue was purified by silica gel column chromatography (14 g
silica gel, 20% to 40% EtOAc/hexane) to afford the title compound (10.3 mg, 31%) as a pale
yellow solid. 'H NMR (CDCls, 400 MHz): 6 7.77 (s, 1H), 7.17 (d, 1H, J = 7.3 Hz), 6.96 (d, 1H,
J =7.3Hz), 5.97-5.82 (m, 2H), 5.57 (brd, 1H, -OCONH-, J = 6.9 Hz), 5.40 (d, 2H, HBn, J . _
¢ =48 Hz, Jgem = 11 HZ), 5.36-5.17 (m, 4H), 4.65 (d, 2H, J = 5.5 HZ), 4.59-4.42 (m, 3H), 2.59-

2.42 (m, 2H), 2.45-2.27 (m, 1H), 2.36 (s, 3H, ArCHzs), 2.15-2.00 (m, 1H); LRMS 393. 45

(M+H")
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Synthesis of N°-(2-(fluoromethyl)-5-methylphenyl)-L-glutamine (63)

allyl N?-((allyloxy)carbonyl)-N°-(2-(fluoromethyl)-5-methylphenyl)-L-

F
O NH glutaminate (10.3 mg, 0.0262 mmol) and phenylsilane (33 pL, 0.262 mmol)
was dissolved in Dry CH2Cl> (1 mL), then Pd(PPhs)s (7.6 mg, 25 mol%) was
H,N OH ' added to the mixture, which was stirred at room temperature under Ar
O

atmosphere for 1 h. At the end of the reaction, the reaction mixture was

concentrated in vacuo. The residue was purified by reverse phase HPLC (20% to 100%
MeCN/H20) to afford the title compound (3.1 mg, 44%) as a white solid."H NMR (CD,0D,
400 MHz): 87.31 (d, 1H,J=7.8 Hz), 7.22 (s, 1H), 7.09 (d, 1H, J = 7.8 Hz), 5.32 (d, 2H, HBn,

Ji - = 48 Hz), 3.65 (t, 1H, J = 6.0 Hz), 2.71-2.59 (m, 2H), 2.32 (s, 3H, ArCHs), 2.23-2.10

HBn-F
(m, 2H); “C NMR (CD,OD, 100 MHz): 8 172.0, 170.1, 139.4, 134.8, 130.0, 128.7, 127.0,
126.4,81.1(d, CHzF, J. . =163 Hz), 52.3, 31.2, 25.7, 19.8; HRMS Calcd for C13H17FN2NaOs:

267.11450 (M+Na’); Found: 267.11153 (-2.97 mDa).
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