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HoA X =2 ZNE, K FRSAIHDERI R O 2 (B U TR AR O B 2 BUS 5
BEMTH %, KA X—D Y ZDHFTEH, FHIHNA X =D Y 7E, ZOREIRREDE
S & LT MRAE DB 72 & DB ST & | B RYREE /2 ¥ OREIRIRE % C/A <
FAZINTVWS L2HA A=Y ¥ I CRFPEDREDEZ TN L 272 2 E DN (HY)
ERHT 2R EZHWS, B 13062 IRIN L TRIR—EIHRRE D & ik — BEIHIRAE 12 fif
BN F2, BT RLF =2 L CHE—REREBICREZRICRET 2HTH D,
Z ORFRHREZ. RSN 20 FOHEROR S PMEEOMIE N EH 4 RRHEICE T
TZ{t T % (Figurel), REMNLHEEFETH % Rhodamine < BODIPY (&, HIEDOFHAE
WA R THARTICE (0 D@L WIN U/ AL F = 2R L CHEe LTS
% (Figure 2a-b), *° ZORH» &, N6 DERIIILEREYFN 7T vt X 2R %
TeODEELY =N LTHAESINTE 2 fIRIE AT Ll F e dL— MfRER
AL CHHMBREN (LT 2R VS 2 & T, MM OEE (L2 BT =, EHEEEE
(ROS; reactive oxygen species) ¥ KL CTHHAEENZN T 2EEEZH NS Z T, MM
JADBALA b L RAZAMETE 2, 8 £/, PR L HOMBERZHE LA X — 2V 7AIZ,
invivolZB I 2 FHHFAN OFHE L LA STV S, "1 E 51T, HORERZFIA L8
ARXR—=T U 7E ZDREECHES 25 IREDOZBRMi T DR AR OBZEITB N T
IR FAES TV, filZ12, fluorescein (XIMMHHAMICEN 2 72D, FERFMHERBE,
I tE PN, MIREHIREAZENE /2 & DIRR B OZM D7 D O MEEEA & L THA S
TWd, iz, BAKRE ORETNNEIRINCERE T 2 8bmIRE, M @Rk %z R
LoD, WAL E IEMICPRET 2720004 Fe LTHEHINA TN, 214
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€, =1.11x10° M'cm™, ¢, = 0.70 €, =954x10*M'cm’, ¢, = 0.70

Figure 2. RERRVREBROIMZEMEE > HEF VWIS EIOH DL D Z2RT,

—H Ty KA X =T U 7B B EAROME, S AR % 858 5 2 BIcREL X e
T F BRE T Wi, MEARICERET 2RNCY 7 FAMENRKELEET S 2
¥ T»H5 (Figure3a-b), 07 Z OHGIE, FHCEEBHEMM L ¥ 0BV OB 5% R
W23 %, HlZIE, AIHRYED 500 nm DY, 1 mm O EEREEE T 27200 T, BELIC &
DEREDIRI SN E TR T T 2, T/, NEZBE VR LD HBNOEEDKEL, AT
78 I E AU S WIEFRAED 800 nm DWETH - T, 1 mm D7 Z @i
Toe. BENK 40%FTIERTT 2, BRIOED £/, BHHA X —I U TBIT2HEER
HETH D, ZLDEMRTF FHT 7 7 VPV R T7 XF Vi3 ALOFEEER LRI
HEWIN L CTHNEFT 2720, HHA X =DV I TIEINEDDTHHT HNB Ay
77 R TFAeRh, BRI OEES 7P ot sREIC 2 5 (Figure 3¢),
DT, ERDID 5% I T 2BE DHIEA X =2 ¥ FTIEIERGETICAIE T 595
ZOBSIIIHRETH D, ZhzTuikRT 57D D 2BMin KD 5 Tn 2,
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ARELD 2= 2 + L, (c) 808 nm TOFEICH T 3~ 7 2T (B), P R) BLU
DIEAERE () OBEREALRARY b,

ZDEOREREDO FREEBr HE(LT 2F1EL LT EEE (PA; photoacoustic) 4
A=YV IPEHINT NG, BOPA 4 X—I Y 7E, DFPHERINT 3L 25
NEENRE VWSHREZHHA LA A= Y THETDH 5, BEENR L IZ, o rrF—%



UM U 7= ORI L. £ OEUC X - TRZOBAE ([l L) B 2R
T BEENIRETLIHHRTDH 2, BERITEEIRVD, BELHREDYE L IR LT 2 M7
25 3HILLEEL . Fo. RO BERIC X 2O EELZ TRV, ZDh, Bk
PA 7 e UTHHIE LIBT3 % 2 & T, ARESICHEET 2REODF 2 LT %,
BRI D 5-7 cm DIEZICBIT S PA A X =Y U ZPREIh TV, 02

JEEEARE 19 Il FICR R SN0, YOI EROBMEIM e L TI3FEEE TS
53, ERAKHFRD OO 2 AW T W, 2221 Hidic A b, L —F —Hiffioi
BN AESR T 5 & AREBR & O — R TRAE LI E B 2 ffii T =
5X218D, AEZOLYRX TV W RERKND X VR EREWEETA X —
DT TED XD otz PERHCANEZ B Yk, TOBRWIRIEIZIE U TR 3 RIY
AT MNVERT o, O MEERBEO~ v €Y Z7ICENTH D MROBIEES
DIMEFE DR L ICHW SN T X/ (Figure 4), 0% ¥z, #0064 X =2 v 7 L [Alkk
W2, DA R RAINICEE ST 29I R DN F e MEENRE RTATOREMBE L
AR =Y vy ZHIZRAVIUE, RSB ERA AT 2 2 e T & 5, 282

(@) . NI
FEFIiAETET/OEY

TAFIAEITOLEY

Absorption coefficient

B
o
3]

559 575 586 5'_1_“\: @JHJT?, %Z %%H)T’(

Wavelength (nm)

Figure 4. NEZ0E YD PA A X —I ¥ 7 267

ANTEEZHWS PA 4 X =YY 7 TlE, AV 2 BROIEFERORENZRTHRHED
ZbD, HERTRERER EICKRELSFET 5, UTIEERIHEL 2 FERORANRZR
TR TH5 (Equation 1), »

, e BEREOSTOELRERE ¢, MLEROEELS
PA wave = £.C gEwa C,: BEREBOSFORE ¢ L—YHROKE .
glyg Cp o EMES O EER ($ﬁLB§ﬁ§;—“{K\D 0)7'(:;*)[«5\'——)
V. BB TORE (1540 ms) O AT ORMHEROETRE

Equation 1. AFEKDOFEEK



BRT PA A X =Y v 7 %175 HE, RNCE TN 2 FALERO AR IRRCEELE,
WP TOBEHE Vo727 X—RIKNIE—EDEE & 5, — T, BEIHERINT 25HK
EIRTEUISERECC, Bk 3oL — v U ORI 2 EEShEE 0 B FICRIZ, v s
FICE > TELL, PA ¥ T FLOREMRIHERLH 2 5, HIEG AR Figure 1 1R
TR (IT), IRBIEAD (1), JEREAZE (V) YT 2 BRERTH D, ZOBEETIX
IAF—EHTIERL B LTHRIET %, ZOBDELHBOBFREZRE . U, HEIK
BHEL 2720, BESNEREOE FIERPEWERITE D PA ¥ ZF L ERT, HEA X—
YW S5 Rhodamine 5 BODIPY 72 & O EZRIFIEZ WU T 250 DIE (Aaps of
rhodamine B=5.0x10*M1cm?)? & DBZ WA, HAZRE T 2 \EEHREDE| &G K = L
(pr=0.70) 3, HEEEFHBREDEIGINZI VI B, PAA X —I Y I AETH 5, >4 2
NoOHFNERLFERIC, MESLY Y AEEAHILT 2700 R LTHWSMAT
ElA YRy T7=v 7Y —r (ICGP 3 ENENMIREE RS (Figure 5), — T,
ICG ¥ BODIPY % Rhodamine & R THNEFICERIME V2D (¢ = 0.14)°, HEHERSIE
FEOETINEDE <. BODIPY % Rhodamine ¥ FEARTHRW PA & 7' FL%ERT, iz,
ICG DI RN AE AR T DIEFEBIEDT BT RIS 5 % 72, Figure 2 1271
T KO, RN OBELRPIRIN DB SR T =, DA X =2V 7T %, Zh
S5OH DS, ICGERMALZ PA A X =Y Y 73 ZHEEINTED., MELY Y XED
Ak S E A Tw 3, 2%

N NN

/7

038 SO;Na

NF N

Cyanine dyes, (Indocyanine Green (ICG))
€. = 2.23 x 10° M'ecm™, ¢, = 0.14

Figure 5. Indocyanine Green (ICG) OfbZE#EE HEFIEIX EtOH HD b D %2R T,

LU, ICGIEPAA X =DV 7DD taR L TENFEZTRTH, WL DhDFE
BHH 5, F3 . ICCIINLEMEMMEL | K L 7e 7 FH 5 DT 3 LF —BENz ko T4
C—EBHRBRRICL > THEINPLT L A A= Y TOBRITEBBE LR TV, 39 iz,
ICG W7z PA 4 X =2 ¥ ZHITIE, #H., WEGMLL EETMOEBEREOZZRH LT
BT 3720, MAICHE LTz ICG RIERFRVICIEFEBIC O L ICG 250> 7L



W& D, JREHRALD Target to background ratio (TBR) 2MEF L. ma > b 7 X Mg A X
— IV DR 72 %5 (Figure 6a),

Z ZCEFE TR WAL OB LR FICEAR RIVICIEE LT PA AT PADE
b3 2 EREDBEFEIEAIITONTWS (Figure6b), 20 & 5 ktazzx AU, wES
BB L7 BFED PA 27 F N e IFRBWNRAMICE 2Ny 7 759 R 7 F %
BF 52 e MNTE, REGMLZER»Oma Y b7 R MIBIETE %, TRNETICHE X
NTVBEERDFITIINE LT PA X7 FADZ(NT 5 H3R13 BODIPY &8 2 H08 D
MHE L Cu?° NO ZHMHTZ 2@RDVHFEINT VS, 07 72, ICC DER T HWfH
ZLHBME TN TV B, e DOERIFBUKEDE < REMAICEZRS Lz g
PA S VI NDPBIETELR NI R, HEENDREIPHEL Lo TV, ¥

(@) (b)
[ [
e’ e o e o, 0 © /\)
- @
0 &% @ &% &iE) O: xR (EE)

Figure 6. PA BRINREPMICEB L B> Z7FVEOERK  (a) WEIM T
TFIAME LI W, (b) REENI TS 7 FANENT 2 BROERERFED S 7 F LA
DX

ARHFFETIX, PA & 7 F A DFENLEDE D ICC DB E b L IT, Bc RERNKISIZIE
BELTEREHMZEaY I RX MBS TE % PA RO T HIEL 7z (Figure 7), £
1ETIX, ICG DERRIC, IR T RICHIFRICHEER 52 24 DBEREAZEA
LicAbEYZdEt - G L., 6% - PARMEZ T L7 (Figure71), 7. &ML 7 ICG
FHEARDY pH 72 & DAEREREE AR 120 LT PA RpEDS (LS 5 ATREE 2 RRX, &2
bR MR PAARX—=T Y NI TR 21T 2 720 ICG 13K U X F ST BRMEE 2 8 A
T35 THEEMDM LT 2 Z e AME I Tn b2, R THHET 3 ICG iFEA
WHRIMEZEA L, ZEMIINT 25t $1T7o 7 (Figure 71I),

B2 BT, MRARERDFITNE LT PA ¥ 7 FAhE(LT 5 PA R ORI %
ATHEIC Y 272912, B L7z ICG FHEARDIRIN AR Y MV L & B R EZE(L 2 T L.
BRI VE N PA AR OBFED T DEREHEE 2R L 7,



B3ETIE, FARLE ICG FEMAEFWT, DDAD PA £ X =YY ZTOREE{T- 72,
HHRA DT ZBT 2FTIE, BROBEICHRT 2H5R-CREGHKRD > 7 FILVRED
KT Z2IHS 2720, FERBRIAIKIANED 2L REZ2EA L-aEEHRET L, EfkA X —
VY IANOICHEME L7 (Figure 71I),

9, TH 1 semcpmeszseen
Ly I KEEEER LS ¢ ARoORREE (|-
I, KRR L BT b OEMEE
ICG - J)
0,8 SO:Na -05S SOsNa

Figure 7. ICG ZHZE L 2 BRFEILEMHERORE
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H1E HEZ (PA; photoacoustic) £ X—Y > 2
D7D pH JEEMEEZEDOHEEEMHEED
G|

PA A X=Y 70, 2PN LT o3 ET 2 PA I el 5 2 & ClifE
RIERRBOBMNICER TH 2 EZ 5N T WS, LA L, KD PA £ X—2 ¥ 7HENZ,
MARCDAHLIBELLDNY I 750 Y R T FI K BT, WEGMORED -
DITHEIR Y b7 A MPERN 2D NERFEZRE TIXEMICBR T2 e 8L, 2
NDZMONEE % T 2 A[REMED B %, ©

JREFBOL, FHCDS ARIIESIAL K BB AR » L L € pH 238 & 2 Z e AHshTw
%o MHIZIE S OWM/NRETIE, BELARINEE., FciERrortEic kb, EAfoE
WM ED D pHPMET L TED., [BEORM, &/, B X OIGERTNE L OBE s
ENTWVWDB, 2 FE, BIESLIIIEME X A7 D & ORBEYIC X D pH KT L
T\, ¥4pH OZIE, MREREESLDMERBICB VW THEERFEH 2R LTED,
fpzE Ao R MR BT, MIRENAL D pH ORI DRI D150 5B BV B
HLTW5, “DLIMERICBWT S, DIHFERICIE RN RERERNES pH DK FE5[ &
L., DFMfEOBEGICHFS T 5, o7

ZFITH1IETIE, EREROREMMNES Y b7 2 MCHE T3 2 #HIEL. pH
WIE U T PA ARY P AHEIT 2BEOFEETR o7z, TO K5 REBREIHIUL, HE
D pH G LT PA ¥ ZFANET 2720, WA & EHTA AT 2 Z e B TE,
FAYNTRANBA RV IDARRICR D EEZ ONDL, BED PA ¥ 7 FILDORE X
Equation 1 &R L7z & 5iC. HERINT 250% 0. BORAET 2RI CTENT %,
£ - T, pH DZEITIG U T IS DRI, Tbb IR EARTICENZE(LT 260
FEFETZIUR DASRKRIERNI 2 & OBREENIO pH ITIHE LT PA ¥ 7 F A2 S
2R LTHHATE2EZ2 605,

VPRI IZNEERFEOBRII T b I k> TEROWNRENE( T 2 720, Hifg
W pH ORRI7Z EIZHNA X =2V I THHEINTE L, ¥4 2 2T, ICGC DEIRIT. ¥R
FYVZNHEEHRLE LA D7 I ) HEEALLFERERET - L (Figure 8), Z
B O pH BB ARHEZ IR RETML OE a2 >~ b7 R M RBIEICER: PABBEOD
¥z HiEL 72,
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w18 pHIOEWHPAORZHAKE T 27007 I/ E2E
L7z 7 = R DICERE O FRET

77 BERBRLI-AROEK

73 REEEBRLZAELI-10 L TORF— LI X > TEMK LTz (Schemel), 467X
Bk & Hc, 1 Hbenz[elindolium ##E{A 12 ¥ imine #5814k 14 #55 L 7= (Scheme 1a),
#4951 12, 14 % sodium acetate (AcONa) f£{£ . methanol (MeOH) H TGS ¥
T15 25 L7 bEY 3 DRIEKMATH 3 17 13 ¥R Z ¥ » % dichloromethane (CH,Cl,)
Zini e L THW, benzyl bromide IZRKMKRIGEE 5 Z & TER L7 (Scheme 1b), Z
@ 1512, triethylamine (NEt;) 7£(E F. N, N-dimethylformamide (DMF) HHC&7 X2
ERIGEETY 7 =% 1-10 21872 (Scheme 1c¢),

(a) O
S

1,3-propanesultone, o-DCB

O K 160°C, 2 h, y.95%
11 AcONa, MeOH ol
70 C,15h z /

o 1.DMF, POCIL,, DCM, 100°C, 2 h

ij 2. Aniline, HCI, EtOH, rt, 2 h CL /«é/\ O 15:y. 27% so Na
N = ”
13 14
® gj

[Nj BnBr, CH,CI, [Nj
_ =

rt, 1.5 h, y.64% u
17

Cl corresponding amines, O R O

- NG NEt,, DMF N NN
‘ 20°C J) ‘ kL
SO3Na 038 SO;Na

r : | 5—NH, SN

ol

AL =
R 1:y.18% 2:y.30% 3:y.43% 4:y.45% 5:y.31% 6:y.51%
,.wlm - o NaO.__O
kaNa (j
HN N7 NH NH
L e e e

7:y.59% 8:y.60% 9:y.16%  10:y.35%

Scheme 1. 1-10 DERAF—2  (a) FIbKIA 15 DA, (b) 3 DHIERIK 17 DE, (¢) 1-
10 D& K
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7 I EPBEBRLLABROBINARS M VHIE

73 HEBEE L 1-10 ORINRARZ M pH ISR U TELE T 20503 2 720,
BEBTKIRE 1 M 725 X5 BBICTAR L, MM SRR BT 2 IR RS
MV ZRIE LT (Figure 9), /KIGHH T DIECERHE 2 BETS 5 72 9012 A8 I phosphate
buffer (PB)iZ dimethyl sulfoxide (DMSO) %% 30%1i27% 5 & S EMEE72d D (PB with
30% DMSO) % f\wiz, ¥ 7 = RIB/KIBIRH CHUKEME B Pl BEAEAIC X D H-
aggregate X° J-aggregate & PEIIN 5 BEEAKZIEM L. Z DEREEDPTINZA RS V(L E
BT DD b, 022 2T, AEOHBIRONEREE MG T 5 72D, BEMRE TR
LEWweEZ 515 DMSO QAL AL U5 THHARELHE Lz, 205813
¥ LT trifluoroacetic acid (TFA) %. &y LT NEt; Z W T, pH x5 2 IR R
7 M VZELZ NI (Figure 10),

L4 77X NEEFED 1-4 OIINARZ P i, Wihd pH O TG U THRIY
MARAHY 700 nm 225 800 nm 312> 7 b L, BOEEDEER L7z (Figure 9a-d), Z DX
R7 MVOZEIE 1,4-F 7 7V FAEDNIERIRTH 2 4 THEEIN D, IT7H 7
N VEEDAAREEIITIN AR AR LR wWeZE X b d (Figure9d), 1,5->
THTZNFNEZEED 5 6 1% pH O K DIRAITRINARZ FPUBRREEMIZS 7 b
L7zd3, TDARYZ MAZBDOKREXZ 14O 77 LI AEEEHED 1-4 L d/hEL,
TOo07 I HEOEHO AR PVEDOKRESIICHELE R LI BNRBEIN
(Figure9e-f), — /T, 7 ¥ 7 NAFAFEHEFZ72 0 7-10 DRIXARY +LiE, 73 /&
DEEICE ST WITNOEFRATD pH IS U ARY MAVELH R S d -7 (Figure
9g-j)o 13 9-10 TlX. pH XL > THIDPICWHED K & XHEKL - 725, pH OHERUC
85 BFERI R IRINA R 7 s VZEAKIZBS ST, o, TIURKR R OZ & B S g
Slle®, TOARY MAOEWNITE b AL/ TE R ik B b D TIER L HIERS
ETHHEEZAOND, VT7HFT NI NEZED 1-6 Tld, DMSO Zia#ty L THWZE
BTH, RO (pH OET) 1 &k o TREEMPINM AL > 7 + L7z (Figure 10),
DT T ILFILEEFFD 1-6 1X PB with 30% DMSO % L < 1 DMSO %Aty UCTfEH L
7HEETHBEPEI NI ART MVED—H L T\, KBBRHPTD AR SV
WSEREROEBTIEZ L, pHOZEMICLZ2bDTH S Z e BRBI NI,
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(@) (b) —pH30  (C)
0.12 012 | —pH35
—pH 4.0
] ° pH5.0
< 0,08 o —pH55 Q
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2 5 5 _r 2 6 —m75 5 7 —pHO5
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0.12 A 7;35 0.12 oHEO 0.12 | —eH70
—pH45 o ——PpH7.0 a0 0 —pH120
IS —pHBO g oH —pH8.0 o (j
c 008 4 ~n~ —pH70 2 0.08 4 NH —pH9.0 € 0.08 1 “w
8 L —pio0 8 - —pHi20 8 -
5 8 2 9 5 10
3 —pH120 G 2
£ 004 4 2 004 < 004 4
0 A oA 04
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Figure 9. 1-10 % PBwith 30% DMSO (2 ¥4> L 72 #8H D% pH TORINZRZ bV (a)
1,(1)2,(c)3,(d)4, (e) 5, ()6, (g) 7, (h) 8, () 9, (j) 10 ® pH 3-12 12 B 2WIXA<RZ T
Vo BIRDOKREEIX I UM 2722 X 5B ZHFABE L, TINARY MLZRIE L7z,
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Figure 10. 1-10 % DMSO IZ¥&H L 7=BR D& pH TORINZARZ Fv (a) 1, (b) 2, ()
3,(d) 4, (e) 5, ()6, (g) 7, ()8, (1) 9, (j) 10 DEEMED & HEMLMICBIF 2N AR T
NV, BEDOKEEIZ 1 uM,. TFA OFKIERE X 130 mM. NEt; OB 370 mM 1272 % X
SR EFT L, TINARZ R ZRIE Lz,

7IVEPBBRUIZBROBNEARS PLHIE

it X Nzt Rix, WEZ AL F—Z2B e U TR L2 siliRREOZER I > 7 *
A= a ryEFROMBEICZE (REEM) L. 2%, BIEREOZEMEGE D & BEEIRREIC
BB T 2 BE THOLPE (NERRH) 23 % (Figurel), iR PA FPEIZEA D FEAL)
R (EEGHBEORFINER) T 2729 (Equation 1), REFEASLAREREAREZ D
PTVERIZY PA Y7 FLOREMRIEL LD EZON5, REFEMN TR 25
F BN L7 DT 3L F = He LTI T 2D T3V F—EITHY T 5720, Ik
AR & AR DZEZRT A= A2 7 bPRKEVEE, REFEMCL > T
T 2B DEENPKELS LD, Fio, HLLHAET 2@ETDH 2 NG (RS EE)
DEIGIFHENETFINEMENEIYEL LD, 7/ EREBRLZ1-10D PAEBELX LT
ReME %2 MET S 2729, PB with 30% DMSO 721X DMSO IZ R EREKEE 1 uM 2125
£ O 1AR U D & HIESRIC BT 2 R AR Y PLEHIE L (Figure 11-12), DMSO
PRI Y UTHOWZHEICIE, B2 LT trifluoroacetic acid (TFA) % HWT pH Icx§ %
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HIERARY PNVEC T ANT, ol F ORI - HER R ML OFERD & R AL
£ (AbSmay), BEMAEE (EMmw), A b—2 2> 7 & (AN, BABIFRE (), BOLE
FIE (o) ZEH L., Rick /- (Tablel),

L4 77 AFAEERED 1-4 OEHART FLVOMKMEIZ, TINARZ b L [Fkk
W pH IZJE U TE L L7 (Figurella-d), L2 L. WULARZ bovid, e H1ETHRA
T 57 nm ORINECKIKED > 7 PR SNz LT, HERRT PLTIE, BEr
HHTHRATS 11 nm OHEEMAKEED Y 7 b ULrBIEINLr o7, 1,477 LF
NERFED 1-4 ZFPHEETRERR =T RS 7 FERLTZT2D, PA & 7 FILOFER)
BHENZ EREE NIz, £/ T X EERD 7-10 13K EDSFE WS DO, L
AR 1-6 LRFTHH, REBRA TR T bRz, ST TAFNERE
2 1-6 ® DMSO FHTOEHNETINR (7-13%) X, ICG ® DMSO HThHEEE FINK
(13%) YEHEZ/ZFRLUTTHD, 1-6 13 PA ¥ 7 FILORENRIEN S Z L HRE
Xz,
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Figure 12. 1-10 ® DMSO 2BE L LB EDOHHEX~RZ v (a) 1, (b) 2, (¢) 3, (d) 4,
()5, ()6, (2) 7, (h) 8, (1) 9, (j) 10 DEEM: F 7213 MELMICBIF 2 HHRARY b L, RRY
oLl 750 nm O EE W THIE Lz, BROKEEIX 1 uM, TFA O/EEIX 130
mM, NEt; DAL 370 mM 12725 & S AREFAE L, BINARZ bLEHEL 2,
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Table 1. 1 -10 D&M - i pH I BT 2 LR M

Compound Absmax(nm)2  Emmax (nm)2 AN (nm)a € (M'cm)a QP pKa2

1 (neutral) 745 831 86 5.0 x 104 0.09
1 (acidic) 802 838 36 7.9 x 104 0.07 6.9
2 (neutral) 741 845 104 8.2 x 104 0.12
2 (acidic) 818 852 34 1.3 x 105 0.07 5.5
3 (neutral) 737 845 108 7.8 x 104 0.08
3 (acidic) 801 854 53 8.4 x 104 0.07 4.7
4 (neutral) 702 833 131 4.4%x 104 0.18
4 (acidic) 797 844 47 6.4x 10* 0.13 6.6
5 (neutral) 664 804 140 5.1 x 104 0.16
5 (acidic) 670 805 135 5.1 x 104 0.15 7.2
6 (neutral) 730 837 107 6.0 x 104 0.12
6 (acidic) 753 840 87 6.7 x 10* 0.10 7.3
7 (neutral) 642 806 164 5.7 x 104 0.22
8 (neutral) 694 836 142 4.1 x 104 0.13
9 (neutral) 629 787 158 3.2 x 104 0.32

10 (neutral) 661 805 144 3.6 x 104 0.18

WU - AR R T S L OFERD & IR A R (ADSmay), BEMIAEE (EMma), A b—
Z2Y 7 b (AN, BRI (), HMARTUICE (p) ZHH Lz, BHEEX LT a) PB
with 30% DMSO, b) DMSO and DMSO with 1% TFA & i\ /-, BEOKEEIZ 1 uM.,
TFA ORBEEIZ 130 mM 12725 X S B2 T L, INARY M L2 RIE LTz,

7 I EPBEBLILABRORINARS M LVORHEDORE

73 HEBRERL2BED pH 2RI L2 ART MABEDARAGENTH 255, R
ZEALITO pH IEERICHIAEABITLIBRr 50> 7 F ik, BiFEosZ7Fre L
THRxN2, 73V HEPERLORDRRY MVEDTAENTH D, AED pH % 1)
TR A DKIRT & 2 051 T 728, DMSO O & HREMESM ORI AR Y +
WVE(LE, By LT TFA, #EE Y LT NEt ZAWTHE L7z,

STHEFLELEE B 4,6 D DMSO BRI Z 2 kL% R U=, TFA (30 uL,
FIBE 130 mM) 23U THRINARZ SV ZHE Lz 25, BIRA2 R EAIZ >
7 + L7z (Figure 13), X512, ZOBHRICHEREIE D NEt; (30 uL, #&EE 370 mM) %
MU THORINARY PVZREES 2 & IR 2SFEIREMIZ > 7 + LT TFA ivIIHTO
WILAR S P —BLTee £oT. 7 F7LF KD pH UG U RMINA R 2 FLZL
WEAHIITH D, HEBD pH 2 ) 7R A4 KRS 3 2 L dSRB S Nz,
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Trifluoroacetic acid Triethylamine

1uM &% (30 pL, #&32EE 130 mM) (30 L, #&=EE 370 mM)
in DMSO | |
(3 mb) T »

TRSERIZE ACRIE RSCRIZE
@) (b)

0.06 - 0061 >y~
© N~ —— DMSO only
S 004 g oo4 - — DMSO + TFA
©
g 8 6 — (DMSO + TFA) + NEt,
%] (o)
£ 002 3002
< o 2o

0 : . \ 0 : : ‘
400 600 800 1000 400 600 800 1000
Wavelength (nm) Wavelength (nm)

Figure 13. ¥ 7 ¥ 7 LI N EZFHEOBRDIRKIRARY M NVELDOAHHEORE 4 7
136 BT 1 UM 1272 % & 512 DMSO 274> L TFA ¥ NEt; % BRI L TR Z < 2
ML RIE LTz,

7 I EBEPBEBLUI-BED pKa OB

pH ZEE LN A R 7 b AVZ LD R iz 1-6 OIUIRARIZ BT 2 B EEDZE bn
LpKaZBEH LY ZA, 14V 7F 7 AFAREEED 11369, 2135.5, 31347, 41
6.6 THH, WIFhOMmESHFMED SEEED pH Z(LITIE U TRIRARZ M ADBELT 52
LoREnz (Figurel4a-d), 4 MICEFRGIEETDHHZRY INVENBIL 2313 1,2,
4 LU CRAICERW pKa R L7, ZHERYILVEICE o T4 07 I 7 ED&E

FEEMET L, 7B b MR I DI BRoXdTHEEEZLND, Ty TORR
D5, pH O TIC X B2MINARY bVEADS 46D T 3 /7 OB FIRBIHKET 5 Z &
TE N (Figure 14c), 1,5-7F 7 NFAEZFDO5 D phald 7.2, 6 D pAald 7.3
THH, LAITHT7AVFANEZFEOORID S EV pRa 2R L, ZHUd 1,478
TIUFNEDAMMDT I 7 HELHRT 15-V7 7 AIAED SO T 2 7 HDIF S DAL
HEEN DR Ta b AL REPLENM LR T WDl EZ 505 (Figure
14e-f),
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Figure 14. 7 ¥ 7 VX VEZF T 520BRD pKka OB W pH T ORI AK DR
f£% pH OfEiIcxf LT r v + L, Kaleida Graph (Synergy) % HWTHEH L7z,

PEXD, 7 T7AFAEE DD 1-6 ODRINARY bUE pH KIEUTEL, 7
Y7 N F VR0 7-10 OPIRARZ PUE pH WG U TEL LR W Z EAREN
Too TNHDFERD S pHITH CTMINARY FAZAITIZ AN E7E S DT 3 7 Bah
HET DI DT EINT, Fho. BRIEETE LW DMSO 1T & R DIRINA R 2 T
WED R NI Z e h b, ZORINARY PAZELITEREDTEHRIC L 2 HDTIFR L,
ARCEFISMDOT7 I 7 EDOTa b MU 2D DTH B Z L IR E Nz, TUARY b
LVOZAIZ A GLD T I 7 BOHBHEN LD KREWIFFRIRO Y 7 7 L F LERRD 4-6 T
bERIN 2D, 4D T I EDPEEINTOERED L, 2,3 MOKERRTZEH
Lz SEENLEMHEERATH 2 e EZ 605, — /AT, IERROY 7H 7 L2 Hx
DERTHoTH ANDT I VENRIRXAF VHITAE T a0 74 X —->avit b
KThHIX, R EEWICHEER T2 28 TRARZ MVELER Z SATREN: S & %,
AR CNVEACDHKEE E N UIMEEEHTH D O 7 7T AVENEIRTH 2 B4
W BHIE, 400 1R T I v ERFOBRLRY. X DRARBROBETHARETH 27290,
SBRIFIEBRBR S 7 7N FNVELRFOBRORER Y 7+ X —¥ a Y DFHHES. NCI
(Non-Covalent Interactions) plot® iZ X 2HAAEH DB 2175, 1,4-O7H 7L F L
E2FD 1-4 @ pH WG U MINA RS P AZE(GIE, 1,5-F 7 H T A FLEZFFD5 6 D
WX AR P AVZALE D B REL, AR PAVZELOREZIZ 4 L EF 5 o7 I /5
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DUBPFET L e PRBEINTz, 1,4V 7F 7 AXNEE D 1-4 OFEESES, £/
73 H% D 7-10 13, BEESHEE T H A IREEANCTFET LA =27 A2 7 MR ED
o7z Fio. 1-6 IHMEVHEBETINERE R L7720, PA ¥ 7 F L OFAERNESE WA REM
DIRENTz,
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2T T I REBMBRLI-Y 7 = AED PAREORBE
7IEPBEBRLEZARD PA ARY FLORIE

7IEPERLIARIRNERA NI RS T FRBEOVEHIEETIERERL, PAY Y
FILDFEENRIENATREMED R E Nz, 2R S DEFED PA FitE 2N % 72912, PBwith
50% DMSO 2 4, 6, 7 ZH&IEE 10 uM 2725 X DA L T PA A7 ML EHEIE L7z, X
T2, PA 2_27 FAHIEOHE 2R (Figure 15), * £3. AEDARE R4 N H 5
AT T Uy BEEDEE L0 & 5 Kl T2 SRt X B 7 RE T, I8+ /B
POVANEREG UTeo FEAE LT PA > 77 L% EEOBER HIc X > THRIBL, vV —
X =R =12 X o THIE LN D T 3L F —THIE L 7 IEZ 21250 [0 PA &
ZFNERE L, MEFIERIS Z 2 TS 7 FLEE RS2,

£ 4,6, 7 DM - P pH ICBIF 2 PA A2 bLEHELZE 2 A, WIhotzk
HIPINARY PG U7z PA ARZ MV R L7z (Figure16), F1ic. 7 W 70 F LA
ZFD 4 D PA ARY R VIR RINAR Y F oL e AR pH IR U TR EDM RIRANTK
ELTT ML BOCESEAR L7270, pHIEED PABE L L THHATE 2 2 & 2Rk
X7z (Figure 16a),
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=
. Wavelength-variable |, __ 2
< U OPO laser 1| g
Optical fiber a
I's
A 4 I 8
Power meter F - = ->- -¥3
o
Acoustic -
sensor : PA signals
\ —————— - == -ﬁ Digital oscilloscope \
Water 2R 500-1000 nm/ each 5 nm
2 FHREN TRILF—: 100 + 50 pJ/pulse
o W BDRUBERE: 10 Hz
[— Sample JYLRIE: 6-8 ns

— solution

Figure 15. PA 27 ML RITEZE D setup
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Figure 16. 4, 6, 7 ® PB with 50% DMSO 2B H & L 72385 OBMY - #HTD PA AR72
PVEIRINARY bADHE  (a)4,(b)6,(c)7 D pH3.5 BXU7.012BF % PA ARZ
ML EIINZRZ F oL, BEOKIEE 1310 uM THIE L7z,

7IEEPBBL-BED PA RN - BERED R

1§07z PA ¥ 7 F N e RO NFREDBRE TS 5729, PA ¥ 7 F L EROEEIC
KL TTmy b U, oo S EBEHREE H i L7 (Figure 17a), PA > 7' L L KR
. WIThoBEZRDOHEBEFRES 0.96 ML ETH D, Equationl 237R3 K 512 PA & 7 F L
WSEEICIEWCHBE S 2 Z e D RENTe — AT, B/ 7 7 H RO 7@V PA > 7 F L
DIRAEMBRR LI, OT7FTAFNVELS D4 61X pHICES T, ZRENFED PA
ST FNDFERE R LIz, Equation 1 2>5BFE T L D PA ¥ 7 F L OFENRDE N
GIEEESHERE OB FICRPHEL TVE e EZ ON S, BoN7: PA ¥ 7 F L OMKHER %
BROFHETFINERICHL TRy b L ZA, £/ 7I V&R 7 2R 7Y
TILFNEERD 4,6 ODMEBEFRKIZ-0.97 THH, PA 7 I MIHIEFICRICH L TE
WCHIBE U7z (Figure17b), —/4 T, &/ 7 I/ EEFHO 7 ZEVHAEERTINEEZFESDH D
D, BEHWVPA ST FILDORENEERL, PA > 7 FIVTHNETIERICHE Lz - 7,
KT AFHNT PA S 7 FNVOMAREZ EEREDORA b= X7 ML TRy P Lt
A, PAYTFNOMAMEE A b—2 227 b ORNICHBIER S ke h o 7o, EIRSTHEE
VIARENFER] S ARSI, THR2C 27 & R TIN U 7o 0 F oS B EIR AR IR 2 BR O #k & 74 itafE
WHET 2720, 4,6,7 O PA 7 FMIHNEFIERPRPRA =27 227 ML T—E
LB R oo/ EZ N5, pH7.0 BT S 413X =2 A7 F23RKEWN
b DDHNETIENE N =D, PA ¥ 7 FLOREERRIMOEOEYL L TEL hdo
TmeEZ6N5,
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I DIRR & PA & 7 F A DFREZNROBRZIHHN S 72012, BHE L PA > 7 I L%

Ty bLE A WTHOBETS, BOLEDLF UHE XK ERAORE DT L
721E5 M, KD EWPA & I LVORERRER LT (Figure 18a-e), fillifd & 117 BRI,
WER T AL F —Z B e LTI LR SR DRZER T > 7 4 X = a v 2 FOofE
W2 (IRENEA) L. 2 Dk, KR O ZEMIE D & BERARICER 3 2 @2 THOLP
B (NErER) 23 % (Figurel), FIRETHIEE L2358 DIZ5 25, X D@D R LF
—KEED &, IREERNC X 2R U TIEEIREBORER I Y 7 4 X —> a VRO
WICELT 572, ZOBMPA S 7 FILOMAICHES L EZ 505 (Figure 18f),
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BB (a,b)4, (c,d)6, () 7P pH3.5 £7213 7.0 12 I 3 UK 513 2 FIEEE
 PA YT FVRERBED oy b, () IREFEANICE 2 PA 7 FVDREDRA T 5
Lo BFROKIEEIL 10 uM THIE L 72,
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52 HOMERD S, Equationl 257R3 X212, 7 IV EEZBERLARORINARY +
Ly PA ARZ MOV L7, — AT, £/ 7 3/ EEFHO 7 ZHEALETICERE WS D
D, A= AT bPKENVZDD PA & T FIVOFENERNE D 5 Fzo —ANTIE, H
HEFICEMERNEREDIZ S DY PA ¥ 7 FILDOFRENENE N Z L 2HRE ATV 503 %,
HABFEEPA =227 b OHBEPA LR WERSREINTE D, iEikEE
2 & FE % B EFIRIEANER L a3 & OROFAEDERH I T\ 5, S HERD PA Rk
BN LR EZRT9TH 20, PA S 7 FLOREICITE & X2 EEGHEEIE
BINCHET 2 EZ o, X DHERINCEED PA ¥ 7 FLORERNFE L TR 5 71K1E
KEITH D, EROEIEIRED TP IE R 22 7% ¥ DM EIESHBAE DB b filT 5 246
BRHZrEZ LN,

L4 77X AR 413 pH ZLITB T T, PA AR PADBKRELS AL L7
B, PAAX=Y Y ZICHWS R LTHHTH 2[RI RSNz,
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ERao)

pH IZIEE LT PA ARY PADE(LT 26RO T EIE L. 1,42 7 7 FILEL

1,5-O7F7FNE £ 73 ) HEY 7 oV ERICEBR L ZFER 1-10 AR L 2,
BRLIBHEOFT, IT7FT7ILFAEEHOER (1-6) OWINARY FLid pH IZIGL
TEN L2 LAY T 7 AFAEERFD 1-4 ORINRARZ bLD pH G U 7221 ki,
1,5-F 77 FNEERD 5 6 ORINART MLZELEI D HREL, ART MLVELD
REZWFANERIISMUDOT I BEOMNENZET 2 Z e RNz, 13 4,6,7 D PA
> 7 FNOFEERFHIZ Equation 1 127RT K 5 IHOEELHEE T INERICHET 3 2 A2
Rof, £, IREEAIC X 2B DORENZ VW EZ SN B EINEROETHIREL=IES5 2
BV PA & 7 FARET B eSSz, —H. —MiVR PABRLIZERD,. 7D XS
WKEWHHAEBRTFINEEZFROL DD, PA 7 FILVOREMENEVEHEDH D, PA ¥ 7F
VDFEAITIZA b =2 A2 T P ET ZIRERAL MO MIESHBRICHKFET S 2 L
DR X N Tz, & D EMER PA > 7L OFRAENFROMEIAICIE, THEZER SR D RIEIRAE
B B IREHEAL & Bk A R ERGHER O BIRE L EZ bhb, D7 T FLER
FOED PA A7 MLE, BINARZ PLE Bk pH IJSCTREL AL L2729,
IS DERIGREGMD pH ITHELT PA ZARZ MAMBE(LT 2EL LTHATE
B ATREME VR X Tz
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H2E JREISNLOREA RBRBRFICNE L TPA Y
TFIUDENTEA X =2 THIDOBFEIC
[0 7= R E

PA A X =Y 73, IMRBINCHEZBE T 54 XA =Y v 7 e LT, BRIGHDA]
REMEDEH SN TH D, K pH MR L RAGMLOBRIZISE LT PA > 7 FIANZE
b5 260FEZHVE T, WA EZEIY b T RA MIHEEST 2 Z 8RR 5, 7
91 E TR L pH IEMEERIX, K pH IZB U TIRINE X O PA 227 MARZE(LT
7o, BUIRETDH 2 0A R ORABULICERTH 2t EZ 505, —7. pH LU OB
K FAknF & ORISHEZFIH U 7RZEEA OBIENE. X D IRHIRREERA O Bi5iin
BT DIREWC DR B AR D 2, Bl 21X, HEFPHA L E TIE leucine
aminopeptidase (LAP) 7% & ORFE DEERTEMNEN LR T 5, © ZD XS BRERIIIGEL T
PA 2R PANEALT 2 EFRE, REEAE SEREICRETE 220 TR L WETAMLD
BEROIEMICHE B LR O T = 2 ATREMDS D 5, F 72, BILETTRISICBE S 3 515
MR (ROS) 1. AEERNTOREINERRIE T 0t RICBWTEHELRKEZ R LTB
. Ml & OMBIEBEI TER L TAER I NPTV, PROS ICJHE LT PA AR
7 PHET B EFERIF, RIETMICHAREZRETE 27200 T IRERMTORE
MROTEEZBER T2 2 b TE2EZLN, ERRED X 577 5 B BRI ¥
DIRBETHORENTEZAREN D H D, ZOXHIRERELS, 73/ HEBRL2EBRD
pH ZMHITIE U T RINA R Y MVEALD X 1 = 2 5% G LT, & D ZRRRET N OBIEE
RERIZ BT 2 REOHAIHARRER A X —2 > JRIDBFHEZ HIE L /.
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FI1HE pH IOBEMHAEROWINANT v AVELD X =X
INOY

BRBAFEFRERE? 1,4-O7F 7L FABMICEOBREORET L EK

T L2 1,4 7 7V FAEZRD 1-4 OINARY MU pH IZIEUTRESZE(L
=Ty B/ T I EERD 7-10 OPINZARZ buiE pH S C TR L 2h o7
(Figure19a), ZD#ERD S, pHITIG U2 ARY MVZE(IZ 1,49 7 7 FLED 4 {1
D7I/HEOTa s MEE L TEZ 2 e EZA N, 7I /&0 Ta L TT v
T LRI D e, BTREIESEINT 2720, 2 OBETFWS HEDQHEIMATRINZ <2 F L
ZALICHEL TV RAREED D 2 v EZ bz, £ 2T, 20 4 D7 3 ) Hetkx RE
TR BIEICEH L7 taRm B G - B L. FOROSNFNRE L BEFEELMTT 5 2
YT WIRARY MAVED X H =X 1% MG LT (Figure 19b), ZEZRFT% 4 MLk
2 LT 570, ETWEIE (BXIEMEE 49) BRRZFEFTH L KERF. BEIRT
RO 18,19 Gt L, F/o. BTFREGIMETH 27 I P77 Vv E=Y 2 %2HED 20-22
REET L7,

0.12 -
R'_ HNT

008 4 .l .l
7

Absorbance

o
o
o »
L L
0)
Q l :

400 600 800 1000 400

0 800 1000
Wavelength (nm) Wavelength (nm)
O e
. 4—=N . c o N N N
L B R R A
: 2 7 : 18 19 20 21 22

Figure19. BR 3 FFROEBEBREZL 4 MICROBBEORET () O 7P 7S EEFFD
22 IO TNFARLFIINT OF pHICBIT2TINARY dv, (b) 2, 7 R 5R
TREHEZ 4 (12HD 18-22 DILEMEE
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2 5 R EHE Y 4 IR OBERIIUTOAF -2k > TEMR L (Scheme 2),
22 ORI TS % 26 1X. N-methylpiperazine % tbutoxycarbonyl (Boc) F TR L 7=
BRICAF AL L TEHE 47 = 2 2512 L7, 25 @ Boc %% TFA THifRE L T 26
%137- (Scheme?2a), 7 m BENBEHL /2 1512, NEGTFE M. DMF 2882 LTHW,
B7 I UERIGIET 18-22 #1572 (Scheme 2b),

(a)

| N2
Boc,0, THF N CH.|, THF N TFA, CH,CI, N7
(ysmone_ (g _sune (), mowm
Boc Boc H
23 24 25 26

corresponding amines,
NEt,, DMF

80°C
‘038 15 SO3Na

)
4— O
o Q0
ke ke -

18:y.42%  19:y.30%  20:y.31%  21:y.20%  22:y.16%
Scheme 2. 18-22 DEWAF— 2 (a) 22 OHIERIK 26 DAL, (b) FIERA 15 205D 18-

22 DERMAF — L

B3 [FFrBEHREY 4 LIt oBROPINARSY MVHIE

4 (LICKE A4 TR OB Z A U7 18-22 ONERHER AN S 120, 18-22 R i&JEE
1 uM k7% % X5 PB with 30% DMSO % 7z1% DMSO IZiAf# L. & pH 2B 2 RINE
X UOHAARY PV RMIE L7 (Figure 20-22), AIEICIE. /KA T ORI % iE T
F % 72912 PBwith 30% DMSO % i\ oo F7z. > 7 = Y 3RIIKIATR T HUK MM B 1E
F=er-riH BEAERIC & D H-aggregate % J-aggregate ¥ FEIZNL 2 BEEEAZTERM L. & DS
EDINA R Y MAVEACER T DD b, 022 2T, BEREERLEVWEEZ 5N
% DMSO DA ZIAH L LIS CHNERME 2 MA Lz, ZOHEIR. e LT TFA, &
Fr LTNEZHWT, pH IS T 2RINA R Y M V2 Nz,

A ICRZIRF 2 Eo 18 ORI AL 720 nm 5T B & 7zh3, 20-22 OWRINHEIALE
815 nm fhiric A 547z (Figure 20), 4 e 7 2 /&% FO2 b £ b 18-22 1FVWih
b pH IZIE U 72RIN AR T M VBB IRE 7270 o T2, 855 22 DRI 18-21  HH#E LT
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INE L RIERHICRFRIRGEIC & o TR Lie, ZHERNZEFKRGIMETH 2 4 7
VEZY LEOMIER RO 22 ICX o THEOHRERNBET REL 2D, IBRPICFET 5
IKBREA & Ve EHIRIKEE S 5 Z & T, BRI L -AIREMED#E 2 55 (Figure
20e), 3% 18-22 i pH TS UMINARY PAVEZRE T, 2 DIINA RS FLVZAL
WIE L, 4-O 7T T7AVFANEDAGDO T 2V EPEETH 5 Z e Ry (Figure 22),
83 19 ® DMSO ¥AWRIC TFA N L 75 &3O E DA 03 B & iz 3, M r LT TFA
DD DI HCl 2RI L 725813 HCL 2 M2 2 WHEDRINARY s e —H L7720
TFA ZEHIM L 72358 D AR M OVEIEEEYE pH 1203 2I0E T3 <. TFA E KIS %
ZrTEENDRLH L EZ NS (Figure 21b), £ 18, 20-22 1% DMSO % VAl
ELTHWESETORKOIRINZARY ML 2R L7220, KB ORI AT tvix
BEARDLDTIIRVWEEZ SN S, —7, 191%, AL LT PB with 30% DMSO % M
WeE & DMSO Z W E TR 2MINAR Y MLz /R L7z (Figure 20b, 21b),

I (b) 0.12 4
" —pH35 —pH35
1 c’ —pH7.0 o. —pH7.0
) —pH120 ° ) —pH120
1 1 B N © 0.08 N
L = L
! ' 18 £ 19
| 1 §
1 1 1 < 0.04 -
1 1
1 ; . ‘ I ; ‘ \ 0 ; ; ‘
1 400 600 800 1000 400 600 800 1000 400 600 800 1000
Wavelength (nm) Wavelength (nm) Wavelength (nm)
E = = = = m m = = = = o o
©) o012 @ 012 (€ o012
—pH35 —pH35 —pH35
Oy —pH7.0 o0=8=0 —_pHT70 —pH70
N —pH120 N —pH120 7 —pH120
Q [0} @
8008 - [N] 8 0.08 N] 8 0.08 [N]
§ L g AL ‘,S L
3 20 3 21 2 22
g o004 g 004 2 o004
o ‘ ‘ . o : . ‘ 0 M\ .
400 600 800 1000 400 600 800 1000 400 600 800 1000
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 20. 18-22 ® PB with 30% DMSO ¥ & L THW3HE D% pH TORI AR
Z tv (a) 18, (b) 19, (c) 20, (d) 21, (€) 22 ® pH 3-12 I BIF BN AR b L, BFED
BT 1 uM THIE L 7=,
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. I (@) — bMso (b) —DMSO
0.12 - ——DMS0 0.12 1 H 0.12
1 ,L — DMSO+NEts | P ——DMSO+NEts o —DMSO+NEts
) —DMSO+TFA ) ——DMSO+TFA ® ~DMSO+TFA
1 N 1, N DMSO+HCI
§ oos - | 5008 -
s 2 8 18
1 2 1 ©
§ 8
1 2004 I <004 -
1 1
1 0 . ; ‘ I o
I 400 600 800 1000 I 400 600 800 1000 400 600 800 1000
Wavelength (nm) Wavelength (nm) Wavelenath (nm\
h = = o m m = o = m = ol
(© oMo ©) ()
0121 — DMSO+NE 0121 | —buso 012
g DMSO+ 3 0=3=0 ——DMSO+NEts o Ny —DMSO
x — +TFA N N
[ j [ j —DMSO+TFA [ ] —DMSO+NEts
[0} [} [0}
3 — DMSO+TFA
0.08 1 N 2 008 { N o N
5 A 3 . < 0081 e
Qo
s 20 s 21 5 22
Q Q B
< 0.04 { < 004 1 < 004
0 ‘ . ‘ 0 : , ‘ o\
400 600 800 1000 400 600 800 1000 400 600 800 1000
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 21. 18-22 ® DMSO %% ¥ L CTHW 580D U  1IEEMLETOIRIX
ZRZ MV (a) 18, (b) 19, (c) 20, (d) 21, () 22 DA & HEEMELRM I BT 2 TR A~
7 Mv, BEROKEEIX T UM THIE L=,

B 3[R FRBEREY 4 IR OBRDOEAEARS FLHAIE

FI2 5 R EE T 4 (02FFD 18-22 DR % & D FHICEET S % 72, PB with
30% DMSO F7z1% DMSO IS EREZKIEE 1 uM 222 X 5EM L., BRIED & PRy
BT BZHNRRY FARRIE LT (Figure 22-23), $7-. 85N - HHEZ<RZ b
WV DFERD BRI R (AbSmay), HIEHIAKKE (EMpay), A b—=2 X7 b (AN, E
IUVIRSERREL (), AR TR (p) ZHM L. RICFE LT (Table 2),

B3R 18-22 1B 2R KR 2R U223, 8EMARRIEVINOBEES 840 nm
fhEic R oshie (Figure22), 2513 2 ORIIRKKES X CHEMARE L UL Th
D . R HEZ M $ 2RO B FIREBIIET VWS & EZ 515, 18-22 1% PBwith 30%
DMSO %7213 DMSO ZiE# e L THWAHEDW TN THIRMOEEOBE S Nz, KT,
19 & PBwith 30% DMSO % 7213 DMSO Z gty L THWHEATZN LN EZ 2 IR
RZ PVERLZED, WTNDOHETHFAROEIEARY ML Z/R L7z (Figure22b, 23b),
> 7 = U BRIIKBEWRFP T H-aggregate L MIN 2 BREZTE S 2 Z e 03 503, H-
aggregate TR RINCENDOHEEI R 5N 5, 02— BROPOEREIZEHEOFHER

BT, BRI L o TR EBRLIPINARY PV ERTERSFMET 5, 7519 13X
WITNDBEHTHIOVEEDBRE I N2, 19 OIEHIC X 2N ARZ P LDOZERIE,
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HH DR DRI 72 H-aggregate 12 X %5 DTIE7% <. DMSO ¥ 7K (PB) @
WErbD RN B,

Fluorescence intensity (a.u.)
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Figure 22. 18-22 @ PBwith 30% DMSO 28 & L THWBE (pH7.0) DHIEAR
Z bv o (a) 18, (b) 19, (c) 20, (d) 21, () 22 @ pH 7.0 ITBIF UL ARZ ML, AR b
JUE 750 nm D E FWCHIE Lz, BROKIBEIX 1 uM THIE L.
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P o= e e o e o e o e o= o= -
100000 1 @ ()
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3 | 3 H, 3
I s 1N — 1 : c _ 3 o.
80000 [ j DMSO < 80000 [ ] bMSO < 80000 { [ j —DMSO
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Figure 23. 18-22 ® DMSO %2y L THVWABEOHHIEARTZ bL (a) 18, (b) 19,
(c) 20, (d) 21, (e) 22 DHIH: AT h L, 750 nm DFIEEEE AW THIE Lz, BREOKE
chi 1 HM VG\‘Z/E\IJ,/:LE Lf:o

Table 2. 18-22 O ¢Z2R

Compound Absmax(nm)2  Emmax (nm)?2 AN (nm)?2 € (M-'cm)2 dP
18 722 839 117 4.8 x 104 0.11
19 770 841 71 7.8 x10% 0.09
20 817 844 27 6.5 x 104 0.09
21 815 849 34 5.9 x 104 0.10
22 817 843 26 1.8 x 104 0.07

By LT a) PB with 50% DMSO. b) DMSO and DMSO with 1% TFA % Hu 7z,

BRFEFREBREL 4 IR OBRDORINARY P LD

Kz, 2, 18-22 DIFMRDOWINAR Y bz, WORB DB N ZE R L TS 2729,
IR OWIRA D R & 4% 700 nm 35 OBREETHE L. 815 nm DOMENILE %
bt U7z (Figure 24), 2 13 pH IZIG U THINAR Y S ADZECT 25, 2507w + 1k
LTWaEeEZLNLAEE (pH 7.0 ® PB with 30% DMSO % L < 1 DMSO D A) 1280
THE L 72,
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TINREART VBV LD &S RETWEIWERE 4 (112H0 20-22 1% pH 7.0 © PB
with 30% DMSO %= \W\W/=5E5Td,. DMSO ZHW/EETH. 815 nm 1K & W
KERLUIZe —7, MOEFIS MR EZE 700 2, 18, 19 Tl 815 nm ORI A3/
XL, RN A R S 4, 815 nm DN 4 (I WE TG 1127
OBRIFERKENT LARB XNz, 2,18, 19 @ 815 nm OMHMIEE DA & X ZEL2
HEOREVHTFE 4 I OBERIFEKED -7z (19 (0)>2 (N)>18 (C)).

Nt/
a N.
(@ @
2 2 g 2 e
@ —18 o 0=$=0
2 —19 5 Nk
_815_ 20 51.5- N []
5 —21 o [ j N
1] Q N .
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5 —21 g 14
Q —22 3
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o | 2
= S
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Figure 24. 18-22 ORINZARZ ML OHE (a) 2 zhotazR% PB with 30% DMSO
12, (b) DMSO 12780 L72IAT DRI AR 7 ML D EeE, TN AR T M OVIZEED 700
nm {30 OWIAR A TR L TR Lz, (AROKEEIE 1 uM THIE L 72,

PTHFET7ANFNBECEADBRECER L -BRORKERBEL BRETE
& DfEMT

4-XFNERT I ZNHEBFED2DAND T I ) He A RIFETCBEHIICERL /- 18-
22 DWINARY PILDEWERETT 5720, FORDRLEME % density functional
theory (DFT) EHETH#N., D FANOBARBRZHEH Lz (Figure 25-26), 77 T4 A4 X3
KEWD, NEBICIIREMOMEEEAZERTE % LC-oPBE Z Wz, @ %7, MIgH
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DANAT B ENVEZEX FUHER T 0 CAVEICEE L TH 0L - SORMRICHE L 2w
EORE IR TWS 20, FIEREOEMDZDICX FLIE L UTEE L2, “Figure 25-
26 128135 2,18-221xzh 2 2,18-22 DHIFHD 2Lk 7 a YL "R X FOLRICER L
FbORRT, 20N FRUOBTEELNE CEIEhA, iU sp’ 7 Y E=T A
AFFYDBOEFRIIMEC I o THFRUNETF AR R oD EEZLND
(Figure 26), st EMERZHNT L. RV P =UHIED 1 70 N oA FES (Charge (N)) &,
ERYIZNVEEY RY XF VHE DR S C-NEEDHERE (R(C-N)) 2B LIz 2 A,
Charge (N)OKZ X & R (C-N)IZIZEOHER A M, 1 OERFETFDOEFXH C-N #f
B0 _EHEDERICEHFS T 2 AlgEE R &z (Figure 27a-b), Charge (N)O K & &
¢ R(C-N)IZ&EFRD 815nm 21T 2 HMIPOEE ¥ HHBES A S50, 815 nm O
EPKENEREIZY, Charge N)DKE L R(C-N)23ED -7 (Figure27c-d), i C

NFEEEDOEW 212 22’0 bondorder £ 1.0 TH b, Zh b DEaFRIZ C-N SR O HLE
atErisRn R E Nz (Figure 27a),

1.45

() yibus| puog

1.30

Figure 25. DFT #t®IC X o TR® 7= 2, 18- 22 OREZEME
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Figure 26. DFT 312 X o TR® = 2, 1822 DBBERT V> v vy 7 (a) BHEOMH

B, (b) C-NREHMOFERT Vv Lvy 7
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(@) (b) o2

Charge (N)  Compound R(C-N)/A Charge(N) Bond order ° el
4— X 045 019’
2 1.3370 ~0.4416 15 - 20"
; [ 18’ 1.3366 -0.4395 15 > ° 021’
é/R(C'N) 19 13626 ~0.4950 15 ® oss | ° .22
g 0.
ZINF 20’ 1.3764 ~0.5249 15 =
21’ 1.4180 -0.6023 1.0 © e
22’ 1.4312 ~0.6001 1.0 065 . . ,
1.32 1.36 1.40 144
R(C-N) [Ang]
(© (d)
200 - 2.00 -
@ ® ot )
S &
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e o — 18
= e19 2 IS 019
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Figure 27.2,18-22 @ 815nm OMENKEIE L. DFT #HTRDH X 2, 18-22°dD Charge
(N, RC-N)OFry b (2)2,18-220 C-N fEAE. 110 N O & EHE &K,
(b)) 1D N DEER & C-N#HEEE, (c)815nm OHMIEE L 1o N D& ESM, (d) 815
nm OMXAE & C-N & RO,

pH 0 EHERDOPINARY M AVELDEER

WX AR Z v DFT stEOMER2 S, O 7 73 ED pH G URINAR S T
WAL R EE Uiz, 4 MICE TS IHEREEZ R0 18 R X D fEFETIX Charge (N)2V/NX
< REC-N)»EWZ s, 10N OEFN C-NGEHICEREGEZERT 5L
TRAEREDAE U, FEED 700 nm (HEICRIRR 2R L e #HEE S 5 (Figure 28a).
—77 T, 21 D 4 UTRWE TG R 2 FOfmZFETlE. Charge (N)23KZ <. R (C-
Ny EW o, 1 MOERFFOETFIIC & 2 LZELEMIHI XN TRIKEED 800 nm

RN Z R L7 e E 2 54015 (Figure 28b),
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BFRS IR

18: Aabs = 700 nm 21: Aabs = 800 nm

Figure 28. 4 (L O BEREEDE FR5 IS CRIRARY W VELDEE (a) BTG
MHEER7LVWERE (b) MWETFRGIEREZFOBRDOBINARY ML DEE

Fio, ANNCT I EEFED 2 3 e TR 2N AR b LER L, pH DK
WS U CHRINRBEA 23 700 nm 22 5 800 nm 2> 7 b L7 (Figure 9), WIXZR~RZ L
DEAH 4 M OBIEDBEFWEMEOZEIC L 2b DT 5. 21 FHEpH T4 D7 2
JEDB B P AELTWw R EEZ LN, 1 MOERFEFTOEBEBFIC L2 REREZED
L. 700 nm TicRI A Z R LTz e E X 654015 (Figure 29a), —75. BEMETIE 4 LD
TIENTE AT S I e TEFRGMESERL, 1 LOERFEFOE TN X 55555
HAGZIHIL T, 800 nm FHTICIRINBAZ R LI E X 655 (Figure29b), DL XD,
ITHTNFNERFFOORD pH ZITIS CTMINA R S AZ U 46D 7 X 7 HD
7a b MO B TR ERENENT 27D TH 2 Z e 2RI Nz,

2: Aabs =~ 700 nm 2 (+H*): Aabs = 800 nm

Figure 29. 7 ¥ 7 L FNEZROARDKINARY FAVEMDAH =X LDER ¥
THTNFNEEFEFOORD (a) B pH & (b) B pH ICBT 2RINARZ FILDEWN
DEL

B 1HOMER» S, 2, 18-22 DIINRARY bUF 4 fDJFEF - B SEIC K-> TERD,
7 I RERLT VBT LAED KD IRV EFRE R D 20-22 13 815 nm IS K =74
SRR %R U7z, 815 nm DOABREEEEIZR Y X F U HICkiE T 2 N 0 &FER (Charge
(N)) LRV YA RY XF VHEDOR S C-NHEEOMEAERE (R (C-N) xHHEEL,
815 nm DMEMWIHLE K & VWaRIFY |, Charge (N) 29KE <. R(C-N) 2’ RWVWZ ¥ 2R
Sz, TNLHORP S, TR EDOZEMIIRY XF U HICBHET 2 N OB T
C-N HEMIc “EMEDEMICHF S L. R pMEhs et E2 060, 1-
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ERTYZIVED 4 (ITEA L BHEOBEFRG MG U T, N OFE NI & 223
BOHFEGENZENT 2 e DT ENT, oy B 1 BTER LY 7THF 7 A X VEEED
BRBFEARIC, KpH T14P 77 AFAED 4O 7 2 V&N Ta b Ab/Bi7a bt
52 2 e TREREIHEE N TV S Z L HRBE I,
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H2HT TV NLERERLLEY T = EROICERED
RRES

INFETOMEDN S, BERY = VEZ2ROORD, 4 M OBEHREDBE TS IMEIZIS T T,
PN 2R Y M HZAT 3 2 e RSN (Figure 30a), % 2T, ZOWINARY L
DX A= 1%, pH ZALLIA D X D [RE 72 BRI T % 7o DICHET Lz, BEROD
HIZIFRE Y K6 T2 22 T, HEOBREOBE TS EPENT 2 b DBFEEL, RTF
X —LRIFHVEFREEETH L7 I FEEZIKGHEL T, MWEFHREHETHZ 7 3
J #i2F % (Figure 30b), V72 R7F X —LOHIZIZ, RVPUVICERLET I FEICK
BT 2bDUELEET B, B &, FudF—YRETEERDY 7 a— LiFE KL
LT, BEFFRERANNF VFEKIZT S (Figure 30c), > 2D XS RHERICEZ TV
—VEDOBEBEDOZIIISE L T WINARY PR T 2 2HIEL, 1-¥RIY=
WED ATk & 72 7 ) — VBB FED 27-31 G L7z,

(a) o)
HNJ\R NH,
Peptidase _ @
(C) OH (o]
OH (o]
038 SO3Na Tyrosinase
AR DEBHEE (X) DEFWS TG Cre -
AN AR~ VAL,
N
50 o &
N N N N N
2 9 @ 9 g
27 28 29 30 31

Figure 30. 7V —VEZ BB L BRORE (a) 4 MOEHRIIEULIRINART bL
ZAt (b) peptidase IC &k 27 I F2 57 I U ADEHL () tyrosinase I &k % 7 a— L
BRIP D ANt F ) RN DZER (d) ATV - E R 1-BRT Y=V ED 4 112
BA LR O(LEEE
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7Y=L EEZBERLI-ABROEHK

TV = EEERL 27-31 I TDORAF—212 K> TER L7 (Scheme 3), L&Y
27 v 30 o i B & T »H % MN-(4-aminophenyl)piperazine (33) & N-(4-
cyanophenyl)piperazine (35) (&% 2 #EfiE T & Buchwald-Hartwig 27 1 2% v 71
¥ CHM L7 (Scheme 3a-b), 7 mui%EHD 1512, NEGFE . DMF 28y L
THW, &7 3 v EKIGEET27-31 25 L7 (Scheme 3c),

N
@  no, NH, (b) o

N
(; C 16, BINAP, Pd,(dba), ©
H,, Pd/C, THF

N - N NaO-t-Bu, toluene‘ N
[ j rt,6 h,y.71% - [ j 80°C, 2 h, y.22% o [ j
H u Br u
32 33 34 35

corresponding amines,

NEt,, DMF
80°C o
NH, OH
6 6 ¢
® ® ®
X ki X
27:y.43% 28: y14% 29: y.14% 30:y.1% 31:y.16%

Scheme 3.27-31 DEWMAF— 4 (a) 27 DHIERA 33, (b) 30 DHERIA 35, (c) 27-31 DI

SER= 7Y

7V —NVEEPBERLZEBROFINARY P VHIE

I-ERII=ZNED 4 kA 127 V) —VE R B A Uiz 27-31 ZHIRED 1 uM 72 5%
KD VBIICIED L, £ DIER D pH ICBT 2R R Y bV RHEIE L7z (Figure 31-32),
KIS T ONERE 2 RET S 2 72012, 78813 phosphate buffer (PB)iZ dimethyl
sulfoxide (DMSO) 23 50%127 % X 5 EMX €72 D (PB with 50% DMSO) % Fw 7z,
7 =y ERIFKBRF CHKEEEEH -t ABE/EHIC K D H-aggregate % J-
aggregate & FEEN 2 BRI LR L. Z DEERDPIIN AR VBRI T Z e 23D
%, Z T, BEKEERLEZVWEEZ 515 DMSO O AZAIL e U725 T b2
BRE L7, 052 2 OBAIE. By LC TFA, iy LT NEt 2 FIWT pH 1233 2 Y
AR PV FNTZ,
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3R 27-29 OWINAE K 730 nm HIic B & 407225, 30, 31 OWRIEALX 815 nm {J3F
R 5N (Figure 31), 5 27,29-31 & PBwith 50%DMSO HIZEWTH, DMSO H
BV THBEREEMICIG U RINARY PV L2 RES, 7 b oAbl
bz X2 e 2R X7z (Figure 3la, 31c-e, 32a, 32c-e), 3 28 1 DMSO %
B LTHOWRGEE pH IS U IR AR Y VL Z RS 780 o 7253, PBwith 50%
DMSO %ZiEy L THWAHE, pH 12.0 T 800 nm {HEDWAEIME T L7 (Figure
31b), ZA4UE, 7=/ —WHIKEELB T e AL LTI 2/ I — b4 TR D ., 461D
7 X BOBEBFHREEOBRIC K > TREREMEES NI D L E X 5,03 27, 30,
31 1%, PBwith50% DMSO % L < 1& DMSO 2988y L THWZISE T, RO R <
7 MVERLIID, KOEEGZHEPLTH, BEOEENIILALIR NI EPTRBIH
7zo =77, 28,29 X DMSO A1 ¥ PB with 50% DMSO THE7#% 3KINZ 2 h %R LTz,

0.16 NH, 0.16 -
—pH 35
—pH7.0
o 012 —pH 120 0)0.12
Q o
C N c
£o0e] g
5 008 N g 0.08
é b 2
<
0.04 \y\ 0.04
0 : 0
60

(b)

OH

Q0

C

N
J
.

_\ﬂ N
0

—pH 3.5 —pH35
—pH7.0 —pH7.0
—pH12.0 ) 0.12 —pH12.0

o

fow| ()

§ 0.08 N

Q -

<

600

800

1000

600 800 1000

400 0 800 1000 400 400
Wavelength (nm) Wavelength (nm) Wavelength (nm)
(@) (e)
0.16 4 i —pH35 0.16 NO, —pH35
—pH7.0 —pH7.0
| —pH 120 —pH 120
3 0.12 g 0.12
S N S N
£ 008 1 [ j £ o008 [ j
N N
g L g L
0044 30 0.04 31
0 : . \ 0 : ‘
400 600 800 1000 400 600 800 1000
Wavelength (nm) Wavelength (nm)

Figure 31. 27-31 % PB with 50% DMSO iZi#&% L7 I D% pH TORILA R b L
(a) 27, (b) 28, (c) 29, (d) 30, (¢) 31 O pH 3.5-12 1B BMILRARY kL, BEOKILE
Z1 U.M Tzﬁ”ibf:o
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®
&
—
C
S
°
2}

—DMSO

0.12 1 NH, ——DMSO 0.12 4 OH —DMSO 0.12 4
. ——DMSO+NEts —DMSO+NEts —DMSO+NEts
——DMSO+TFA @ ——DMSO+TFA © ——DMSO+TFA
Q o o
S 0.08 N £ 0.08 - ! 8 0.08 !
: () g 3
0 [
5 5 CJ] g ®
2 N 2 N s N
Looa| 2o04{ - Boos| L
27 28 29
0 . . s 0 i : w 0 ; ; ‘
400 600 800 1000 400 600 800 1000 400 600 800 1000
Wavelength (nm) Wavelength (nm) Wavelength (nm)
(d) (e
N —DMSO —DMSO
0.12 4 il NO
—DMSO+NEts 0.12 4 2 —DMSO+NEts
—DMSO+TFA —DNSO+TFA
3 3]
€ 0.08 =
3 N Q
5 CJ g
3 1)
8 N Q
< 004 e <
30
0 ; — 0 ‘ w
400 600 800 1000
400 600 800 1000 Wavelength (nm)

Wavelength (nm)
Figure 32. 27-31 % DMSO 1282 L 7=18M D& pH TORINZ~RZ bV (a) 27, (b) 28,
(c) 29, (d) 30, (e) 31 DERMED SIFHEMELRIICBIF 2N ZARY b L, BROKIEREIZ 1 uM
VG;E\IJ/%E l/ 71:30

7YV NLVEEZBEBLI-BROBNARY P AHE

7TV —VEREIRL 72 27-31 ORI R XD FEICEET T 2 2 ©. PB with 50%
DMSO %721% DMSO IZ B R HEEE 1 uM & 2 2 X SR L. BRVED &SRB
BHARARY MVERIE L7 (Figure 33-34), 7z, B oMM « HIAERRT b LOFE
D5 AbSmax, EMmax, AN, &, prZHH L, RITF £ 7z (Table 3),

B3R 27-31 32N ZNEL 2 PIHARIR R 2R L7203, B RIEWTAOERD
830-840 nm firic A 57z (Figure 33-34), a3 29-31 1%, PB with 50% DMSO 5 &
U DMSO 2By LTHOWAEWTHOHA TS, MOWEHEIBE I iz, 35 27,28 D ¢
13 DMSO %VAfE Y L THWEEIE 224 0.01,0.02 £ fO(LEY L TR
o7z, 3R 27,28 O 7V —VEIIEFGMEEIC X o T Highest Occupied Molecular
Orbital (HOMO) O A LF =B ERLTWReEZO6NE, D, 27,28 k> 7=
YRR X N BRITTER & b —2 D Singly Occupied Molecular Orbital (SOMO) @ 5
5, Rz prF -l SOMO 127V —/LED 5 Photoinduced Electron Transfer (PeT)
DEZ, HELLEEZbN D, 073 28,29 1%, PBwith50% DMSO % L < i DMSO
R LTHWEHE T, ZhENRELRZTINARY SV ER LS, WINDBHETD
[FERE D22 M L&KLz (Figure 33b-c, 34b-c), A3 28 ® ¢prldflip iz & EXR
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TNSIWVEERLUEDS, D7V — L BEE2FOBRETITEERICHK T 2 X5 BRI - 3¢
REREEINTWRWZ 226, TINARY FLZ{0iE DMSO 7K (PB) DiFEHRD 7=
k32D EZHN5, 0708

(@) (b) ©
50000 - 50000 - 50000 -
3 —pH7.0 = —PH70 3 —pH7.0
©
E 40000 - NH, = 40000 OH Z 40000
2 B
£ 30000 8 30000 & 30000
= c <
g N - N g N
§ 20000 - [ j g 20000 [ j £ 20000 1 [ ]
o N I N 3 N
g - 2 L 2 1
4 = 4
s 10000 27 § 10000 28 S 10000 20
L i o
0 ! ' 0 : ! 0 ' :
750 850 950 750 850 950 750 850 950
Wavelength (nm) Wavelength (nm) Wavelength (nm)
(d) (e)
50000 - 50000 -
ol —pH7.0 - —pH7.0
3 N 2
@© ©
= 40000 - It = 40000 - NO,
2 2
(%2} (%]
c =
& 30000 4 © 30000
£ =
@ N @ N
2 20000 4 [ j € 20000 - [ j
Q Q
& N 3 N
2 e 2 i
§ 10000 30 § 10000 4 31
[ [
0 - - 0 - .
750 850 950 750 850 950
Wavelength (nm) Wavelength (nm)

Figure 33. 27-31 % PB with 50% DMSO 274 L= OMHEZRZ v (a) 27, (D)
28, (c) 29, (d) 30, () 31 ® pH 7.0 ICBIF 2 HHRARY M by ZRZ b LIE 750 nm DL
HTHE L7z, BEOKEREIX 1 uM THIE L 7.
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Figure 34. 27-31 % DMSO IX¥H L8R DMHRRZ F v (a) 27, (b) 28, (c) 29, (d)
30, (e) 31 % DMSO 121D L 72TARDHIE AR Y b by RRZ F LI 750 nm OFIEKT
HIE L7z BARDOKEEIX 1 uM THIE L7z,

Compound Absmax (nm)?2

27
28
29
30
31

727
732
736
813
816

Table 3. 27-31 O E M

828
830
831
837
837

Emmax (nm)32

A\ (nm)2 € (M'cm™)a

101
98
95
24
21

5.9 x 104
6.6 x 104
6.0 x 104
7.2 x104
1.4 x 105

P
0.01
0.02
0.12
0.11
0.10

By LT a) PB with 50% DMSO. b) DMSO and DMSO with 1% TFA % Hw 7z,

7V —NVEPBERLZBRORINARSY FLOLHE

R, 27-31 ORI ART b vk, TR OB NEZR L CTHEKT 5720, HiREMD
WA DS 6415 700 nm AT OWEECTHIML L. 815 nm DRI % g L 7=
(Figure 35), 432 28 1 pH IZJE U THINA R PADE(T 253, 28 Db KuF &M
7a b AL TVE EEZ HNZIAEE (pH 7.0 @ PB with 50% DMSO % L < & DMSO O

%) BRAWEIGEDARY M LR LT,
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TV —VEICEFHENETH L7 I 7 ED LI Frd VENEIL - 27, 28 13,
PB with 50% DMSO (pH 7.0)% L < & DMSO %2t L THWWIThDBHETH, 815
nm OMRAEL NS ot —T7, 7V —NAFEICEFRFMERETHE =P U LHED LL
= o EAEI L 30, 31 13, WIMOBEEEHWSEETH, 815 nm OO
DPNE L TV = VEDOBETFRGIMEDZEADRINA RS VI EBE L5 Z 5 2 LR E
7z,

z
_/

—
&
A
o
)
z z
/

OH

-

e
E
o e
8 ®
: :
o N
5 § o ()
3 8 (J
Q S 1.0 N N b
= 2 () X
o © N
A ] L
£ £ 05 4
= ©
[} €
=z 5}
z
T T 0.0 - T T T T
400 600 800 1000 27 28 29 30 31
Wavelength (nm) Compound
H NO,
N
(b) , oo
= 29 OH [ ] N
—27 B N, @ L
[0} 0
L S M e
B —29 % 1.5 1 N
[ N
9] —30 3 [ j [ j
8 &
g —31 g,
° <]
[} D
N 8
@
el
g 05 go05 -
z £
S
0 . . ) Z 0+ .
400 600 800 1000 31
Wavelength (nm) Compound

Figure 35. 27-31 ORIXZARZ LD H#EE (a) PB with 50% DMSO Zia#ty L THW
56, (b) DMSO %Ay U THWZEE D 27-31 O AR T LD HEE

7V —NErBERL-BROREZEEE L BEREFEE OB

3 27-31 OWINAR Y S DR 5 [FRZ N5 720, FOEORLEMEZ DFT &t
BTHN. TFOHREMEZEE L (Figure 36-37), 7% 4 XKk E Wiz, JLEIEK
WIREMOMBEERA2#ZETE % LC-wPBE Z Wz, ® %7, fllfHo 2Lk 7 a e
X FES T a EOVENCZE R LT HIOE - BRI E LWz, FHERRI D REHED
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FobIc A FAE Y LTEHE L7, “Figure 36-37 12513 3 27-31id 2 h 2 27-31 off
BHOZANART B EAHER X F VI L T b D RS, FHEMR2 S, 1-BRT Y =L E
D 1D N OEFER (Charge (N) &, 1-ERIP=LFE L RY XF VHE DR C-N i
HBofEER (R(C-N) Z7mvy L7zt 25, Charge(N)& R(C-N)IZiZEOHEBED RS
1. Figure 27 O5& LAk, C-N fEEO _EH-EDOEMHEE S 3 2 ATREEIVRIZ S L
7z (Figure 38a-b), 815 nm (251 2 HXIIEE DK 2130, 31 DFAEE A 30, 3113 Charge
N)BKEL, R(C-N)DBEWZ 25 (Figure 38c-d). 815 nm (281} 2 HHMINLE DY
KiZ., Figure28 12/ R L7z K D12, BFREMEDE W TV —LEIMEE L2221tk > TR
AHEIIH SN/ /cDTH B EZHNS, —/ T, Charge (N)23-0.53 K hRKZ<. R
(C-N)28 1.375 & h BRWVWHEETABUC 815 nm OMAENISEEEML TE H ., Figure27 ®
BE L IR 2 EME R LTz, C-NEEGREDEW 31 @ bondorder 13 1.0 TH D, C-N #4
B O BAEE DR - 7 (Figure 38a), ML E XD, Charge (N)5° R (C-N)IZx13 2 Wk
BOZDATIZRZ DD, 1-¥RGI=AHD 4 ICEALET Y —LEDE TR
GIEEEZ ST, WINARZ P LEHIEITE 2 Z 2 AR E iz,

() yibus) puog

1.30

Figure 36. DFT #1&IiC X D BEH L 7% 27-31 DREEME
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1=N"_R(C-N)
\/\ECJ/\/

\‘\

2r 28’ 29 30’ 31’

ab.eyd annebaN

Small

Figure 37. DFT#HEIC X D BEH L2 27-31DEBRT VO v~y 7S (a) BEDHE
2R, b) C-NEETNOBEERT Yy L~vy 7
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(@)

T

050 - o2

Charge (N)  Compound R(C-N)/A Charge(N) Bond order ° o28'
4=X 27 13735  -0.5225 15 Tos | s
1_E € RieN 28’ 1.3735 -0.5225 1.5 % e3r
o 29’ 1.3748 -0.5257 1.5 2 560 °
W\/ 30’ 1.3789 -0.5341 1.5 5
31’ 1.4100 -0.5930 1.0 05

1.36 1.40 1.44

R(C-N) [Ang]
©)] @
2.00 ~
o 200 1 PY ° L
s} Q Y
[ c
§ 150 - *27 S8 150 | 027
5 _ 028 S = 028
2 E °29 3 E 029
© 030 © J 030
5 © 100 1 o oo B 0 100 ° X
9 o ° N @ L4
g 0.50 A ® g 050 A
S 2
0.00 T T ) 0.00 T )
-0.65 -0.60 -0.55 -0.50 1.35 1.40 1.45
Charge (N) [e] R(C-N) [Ang]

Figure 38. 27-31 @ 815 nm DOMENMEINE L DFT #HE TR 7= 27-31’d Charge (N).
R(C-N)OFay b (2)27-31'0 C-NEEE. 1110 N OBERKOKEEIE, (b) 141
DN OEERE C-NEEE, (c) 815 nm DHEMIHE L 170 N O&ES, (d) 815nm D
IR ¥ C-N & RO,

B2EIORERDP S, BRI I ZNHED 4 (I27 ) — VR B T 27-31 ORI RS
FUE, 7V = VBB U TE LTz, 7V — AFITHRWE TG [HEENERL L /-
BFRIZE. 815 nm DHEMIEEIAZ . Charge (N) 29KZ <. R (C-N) 23Eh o7z,
ZDZehs, 2,18-22 FEMkIC, BFWEIMEED N OB & 2 R ELEZHIET 2
Z e DR Nz, — 75T Charge (N) 25-0.53 KD K& <, R(C-N)A'1.375 K h Euwf
FTRABIC 815 nm DAENTSEEDIEM L7z, 35 27-31 ORERMIE IS FHRRIEEIE
¥ % Z ¥ T, benzindolium #AIZMENTE D (Figure36)., ZOHEEHICL->TT Y
—NVEOBTEENZ(L L. Charge (N) % R (C-NIZHZE L -AlgEErEZ 55, ML
&b, 2,18-22 ¥ Charge (N) . R (C-N)OZ{LDOLHFIFEL 20, 1-ERT Y =IJLED 4
U7 ) = NEREALBRTH, BRELZEZ 2 TRINARY ML EHIFITE 5
Z e E NI,
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FIE TV AEREREWEL ORI ENT - MEET

BF 27-31 DFERDP S, I-ERIVZNED 4 (027 U —LEHEEALLBRIZ, 7Y
—VED 4 fOBEEOBEFWE IMEDENMIC L > T, BINARY MDBET 2 Z %2R
L7z (Figure 35-36), Z DWRINARZ FIVEALD X 1 =X 1% VT, 23 AMAETIENED
FRLUTWAEREROKIGIC & T PA ARY MADELT 2BROFFE Big L. Al
AR A2 ¥ FEED D AZEFEBL L T\ % leucine aminopeptidase (LAP) 1IZ&H
U720 LAP IZAAMIAEO1EGE, 2, SBICE#E T 28ETH D, LAP OIEEDSE VA A
MAEE, R, R LTV ePWMEINTWS BLAP ZRTF RO N Kiion A > >~
WEZZF L. A > UDERT 27 I FEEZIIKDES 2, LAP 37 =V>0D7 3/
FHICHEA LA > Y dFEFL. KRS 2 Z e g S TE D, LAP OiEMEE M
T35 PAEBEL LT36 ZRET Lz, PHEFEI6 A UPEE L7 =) FEEEZE L
TED., LAP I X BNMKDEEZT T, 73 REXNT IV HIhkafEain s Z e T
YUBROBFEEN LA L, MNART MAHRE(LTEEZ 505 (Figure 39), F7:.
36 LT Bz, Bl 7 I FEZ D 37 dakit Lz,

@% S
-0 O
% 7

Figure39. 7V —/VEDRFHIZT I F2ROBROKET

7IREEZETV-—NLNEDORIAMIEBRL ZBROERK

632 36 1%, 27 12 CH,Cl, T Fmoc-L-leucine Z & L. piperidine 77 F. DMF H
T Fmoc % fiiff# L C18/- (Scheme4a), t135 371327 % DMF T A0 2fia 35 2
¢ T3/ (Scheme4b), F£7-. 36 DEIMHEE DR RICIEZIRET T 5729, 40 % 33 225
Fmoc f##. Fmoc-L-leucine Offi&. Fmoc FifRiED KIGEFETERK L 7> (Scheme 4c),

53



[e]

“ 3 o e
g [:j H:‘ITJO(I:J:IE/ISUSEECI [ ] DMF, piperidine g [:] 8
N / Z N 1, overmght 7 / 1, 5 min NTNF / AN
'oas/H 27 KLs 'OSSJ) 36 KLso;,,Na

0
NH2 HNJK

: ' Q0 O
/ [ j/ :CO DMhFt V ) [Nj/ - O
N ‘ overnigl J)N ‘ NKL

© Fmoc-OSu, HATU O Fmoc-L-leucine
! DIEA, CH,CI, |/\N o . HATU, DIEA, CHCl,
[N] rt, overnight /©/ rt, overnight o
H
33
(\N o O NH
9 O/ . DMF, piperidine ° r\(\)
O O. N\)J\ t1h HEN\:)LH/EJ
\( 39 Y 40

Scheme 4. 36, 37,40 DR A F—24  (a) 36, (b) 37, (c) 40 DEHLA F— L4

Leucine 2##& L =580 OBER & O IS DRET

%3, Leucine 25E& L7-MEEE T 2 40 BER L KIGT 20887, (L&Y 40 2
V1 UM 12723 £ 5 PBS I0iEh L. 20 LAP 2B 1 ug/mL 1272 XS5z,
INZ R DL RRFINCHIE U7z (L&Y 40 12 LAP JRINAT. 260 nm (WIS A % 7R L 72
D, LAP 2R3 2 LRI AR T MLHZE(L L, 60 min #2121 245 nm (WA DS > 7
kL7 (Figure 40a), —f%IZ 4-nitroaniline @ & 5 1B L5 ME & B 75 [1EHEDF T

HERICEIR L 7ALEVNITIB KA RIERMANC S 7 b5 2, P8 L&Y 40 13 LAP 12 &
S THIKDREN D & 1-EXRY Y =JLEE 7 2V B0 ODMWEFLGHEEN B L 72
MEIEIZ72 D | 4-nitroaniline DGE L IZM ORI &k - T, WA FIRE/IZ> 7 F L
Tz EZ b, LAP Iz 60 min I8 2 IR R T s L% 33 DIRINARZ bre Lkt
Lz 24, IMKFEER—E L2220 5, 40 13 LAP I X o Tk 3R = 41, 33 12
2ol Z e R E 7z (Figure 40b),
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7IFERTIVEZTY—NERFAMICHOBROPINARY P LD HE

R 47377 2= VEERD 27 OINARY Mve, N-7Sv-4-7 3 ) 7 2 =)L 5
ZH5D 36, 37 DIINARY ML e IR U7z, 1AL LT, KBHFPTORINARY L%
METS % 72912 PBwith 30% DMSO %, BEESHEL TWRWI L 2T 5 72912 DMSO
AWz,

32 36,37 1327 £ £z D, 800 nm IZHINMK 2~ L7z (Figure4l), ZAUI M7 L
4-7 3 7 2 ZNVEOT NV EDOBTFRGIMEIC L o TRERE IR SN0 EZ S
Nb, £z, 36,37 1% PB with 30% DMSO % L < iZ DMSO 2Aft ¢ L THW =W\ Tho
HBETH, FAEORINZRZ MLERL, 800 nm IR AZ R L2 Z 206, TIAZ R
7 MVOEWIEREDEEICE DD TIE RV A RB X/ (Figure 42), 13237 12
LAP 2NN L 72 MEHE 37 OBUKIED 72 HI12(TH Z e BT ERD - T2, RIS T 2 FE
RROMBIINRIACT I/ ERFOORL BERDZUNARY ML ER LD, RTF
H—BhyD7 I FRIEELTARY P ZELXE2EEL UTHETZ 3 AlREMD
RENTz,

—LAP (-)

(@) (b)
14 —40
° —40+LAP (after 60 min)
© 08 A —33
@
[} _8
% § 0.6 -
_8 ©
I} ° ]
< ©
£ 02
[e]
=z
‘ A A : 0
220 310 400 220 310 400

Wavelength (nm)

Wavelength (nm)
Figure 40. 33, 40 % PBS ¥ L7218 D LAP ZE T 3ERFE T I BT 2 RIRA R +
)V (a) LAP BMHIRTE & CHINRICE T 5 40 DRI A2 b, (b) 33,40 & LAP i 60
min I8} % 40 DIWULARY b b, 33, 40 DFEEELE 1-5 uM T, LAP OREEIIN 1
ug/mL THIE L. (b) 22 OB A TR L7,
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Figure 41. 27 ¥ 36, 37 % PB with 30% DMSO 285> L 72 D% pH TORIXA R >
MV (a) 27 ¥ 36, (b) 27 £ 37 ® pH 7.0 iIZBF 2WINART b, BEOKIBEEIX 1 uM
THIZE L. 700 nm 531 OWINAR K CTRIFSE L 72,
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Figure 42. 27 ¥ 36, 37 % DMSO Z¥& 2 L7 B D& pH TORINARZ bL (a) 27 &
36, (b) 27 ¥ 37 ® DMSO HITOWIN R R Y b L, B1EOKEREIE 1 uM THIE L. 700 nm
513 DUWRIAR A TS L 7z

DFT#HIC X 3 7V — &2 FHOBROPERED THI

Figure 38c-d OfER» &, k4727 1) — L HEROEFED Charge (N) £, R(C-N)% 5t
BIR AROWINARY PO TRIVAIRETH 5 L E R T, £ T AR FrHRL
RIGS 5 Z e snTng 7 ) — e do 41-49 2ikit L. DFT §H5RICE 5T
Charge (N)%° R (C-N) %2 #~X7z, F7-. Figure43 1281} % 32’-36" 13 241 32-36 O
FHD 2R TR IR X FNFICEWL L 2D DERT, 4-(7 2=V 7 Y) 7 2 =V E R
41 1% azoreductase ¥ KIGLT4-7 3/ 7 2 = VHEFO 32 ICHREEZ BN, 47D
A F ) UREEIX, AT a -k tyrosinase DRIGEBRITH D, WTNDOBERL DA
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MRS EFHIL L TV D 2 2 ARG X T WV 5,825 F 70 Fifbok3: (HoS) & —{k=E3E (NO)
BAERANTY ZF AT e UTHEIET 2 Z e DHILMTWED 47 F 7 2 =LA R #D
42 13 HoS ERISLT 473/ 7 2 = VEZFFD 3212780, 34-Y7 3 7=V A%
D43 1ENO EKIELTSANYY MY 7Y UAEERED 4412725 e EZ BN5, 84K
WTHET S ROS TH 2 0,7, Ho0,, HCIO ¥ RFERMICKIET 2 BREEDHE STV 3,
02 N TINFABRXR Y ZNKRFIEEFRFD 451X Oy e IGEL T, B¥FaF— bRV LK
RO 46 1T HO, b RIGLT33ICRDZBEEZDBN, 4-(7 2=t /)7 2= VEEFD
48 1Z HCIO E G L T4 (7 2=tk L =)L) 7 2 L ERFH O 4910k 3 e EZ 5N 5,
DFTEEICE D, T DBERORLEMEZHFHN. 10 N OAER (Charge (N)) &
CN#EAER (R (C-N) ZIHEL., 41-49 XD & 5 RWINARY bLERTHTHIL T2,

£ 41-49 137 ) —LEDOMEEIC X o ThE4 72 Charge (N) & R(C-N)%/R L7z (Figure
43), FTHANL X VEHEERTDH 2 47 1. 815 nm WK EZ LUK ZHD 36 LD b
Charge (N)2PAKZ <, R (C-N)DEWZH, 47 1% 800 nm {F3TI2 K = R IRIMK % 5D Z
EWITFREND, £/ HCIO ¥ KIET 3 Z e EIRTWE 4-(T 2=t /)7 2=
NFEE RO 48, azoreductase DERik T 2 4 (7 2= A7) 7 2 LB R D 4113, N
PHRIERDHEELERIITH % 49, 27’ L HL# LT Charge (N). R (C-N)DOZ{b2 K= <
ROS S & ORJETHIL - PA AR MADKREL (LT 5203FR L LTHAHTZ 2AHEME
DIRENTz,
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%0 T4 ., Q3
N 0.0
Ny NH, NH-N o CFy B o] Sé O
2

OZ\*Z_Q
-

NJW' N N N N N N N N N
() Q0 Q)
L L L L L A e AL L
4 42 43 44 45 46 47 48 49
NH, OH I NO,
i = <Nj <N> EN; N N
SO O 00
L L L L AL
32 33 34 35 36
Compound R (C-N)/A  Charge(N)  Compound R(C-N)/A  Charge (N) -0.43 .
4 -0.5680 1.3963 27 1.3735 05225 @
42 -0.4941 1.3626 28’ 1.3735 -05225 Z
43 -0.4494 1.3387 29’ 1.3748 -0.5257 o -053 ®e
ju.
44 -0.5244 1.3736 30’ 1.3789 -0.5341 e .
45 -0.5054 1.3667 31’ 1.4100 0590 © LS
46 -0.4450 1.3382 -0.63 1 i T
133 137 141
47 -0.6018 1.4177 R(C-N) [Ang]
e 05218 1.8783 41 42 43 44 <45 46 47
49 -0.5822 1.4024 48 49 27" 028 29 30" e37

Figure 43. B4 27V —LVE% 1-URII=NEIEA LBROFHEIC X 2 TINAR
7 P VELDTHI

B 3EITIE BUNARY PABDR A=A 0%, 1-ERT I ZJVED 41127 ) — L&
FEHRLZORISHT A2 2HIEL. LAP IWBELT PA ¥ 27 FANENTET7 Y —
WEDBF AT J2MET e DFT GHEIC K 2 7V — L EZFOBROIINZA R Y M LVE(L
DFR%EIT > 72, Leucine 235G L7z 40 1% LAP OFINC & - T, WINZAR T b ILHHEIE
MNCZE L. 60 min #1213 33 ORINMARES —H L7z Z eh 5, 40 13 LAP 12X o T
MK ZFEE A, 33187807 Z e R E NIz, Ty TD 40 LFIBRIC V-7 2 L-4-7 3
7 x ZVHEZ RO 36 X0 37 @ 815 nm DMINIESEEIR, 4-7 I/ 7 = =B ERDO 27 LIt
WL TREPoTld, TINVEOHEZGIEIT 5 Z & T, PA AR PAHZELT 2032
R TZ AR R I Nz, /2. DFT GHEOBEERE» S, 7V — LV EOBEHIC X -
T. Charge (N) % R(C-N) 223 % Z & R XNz, HCIO & KIET % Z & 3 X
NTW2S 4-(7 2=t L /)7 2= )LE%RFD 48 X, azoreducatase 235 % 4-(7 =
STV S EE SO 41 13, EHENRISOHEERYTH S 49, 27 ¢ i LT
Charge (N). R (C-N)DZA{LHBKE D 572728, ROS PEEZR & ORIGTHRKIN « PA A7+
DK ELSET 2R UTHHATE 3RS RSz,
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ERao)

TV TNFNEZROBRD pH IS CBINARY PIVECD X 7 =X L%2H S H
W25 57D, 1,4 7T AFNVED 4 ITHRA B E 2RO 7 = R EZHRET L. 77
TR EFEE LA L, 4 (kR A IR ERE 2RO 2, 18-22 DU A R F v
ZUFE L A, BOED 815nm OHEMIOLEITENZNRZ D 4 MIZE TG M
TH37IRRHEAWRT VE= 2EEA LI 20-22 TlE 815 nm IZK X 72 WRINAA A R
BNz, T, FBED Charge (N) 2, BRY I ZJLHEH Y RY XF VEE D C-NEE

DfticaE (R (C-N)) % DFT FHEICK DKo, LI 2 A, 4 MBS IR+
D, 815nm DMK HEI KX WEFEIZY Charge N)AIAKZ L, R(CN)DBED» -7, Z
o DFERD &, WINRARZ bUE 4 M OBEEFEOE TS MG T TEL L, 4 f1IZEW

BFWG IR 22700 18 R ¥ O EmRIT 1 MOERFEFOE XA C-N fiaHD ~EH
BOBICEHS L, REREZEZ 32 2T, MiEED 700 nm (BRI K 2 RS &
ZA6NB, —HT. 4 ISR OVETREIMEEE RO 21 R OBERTE, 1 NOERFEFOD
BT INC & 2 RAFEPMHI X AT 800 nm IR ERLzEEZ 65, FHERIC,
1L4-P7HF 7 FNEEFD 2 R OBERTIE pH ZITBE LR 4 o7 e b Lozl
TEFEGIENZEN L, BINART PADPZE LI EZ NS, T, 46027V — L5
DEHELZ ¥RV ERFOBRICBVTIE, 7 —LEOE TR MEOEMIC X
S THINARY bAPET 5 Z e RENIze TOARY MVEIZT I FEEZFOE
FTHHROLN D RTFR—ERET I FET7 I VICEHT 2HRICKIGL T PA AR
7 PDZAT B EEDFETZ D AR RS N,
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HI3E pH B 7 =VBIEDHPA PA L X—=
> IANDIGH

51 B TR L7 pH OB AR pHIZIE U TIRINE & O PA 2R 7 MADBE(LT 2,
—77C. B BERISE BTN OERI R BB E Rz 0o AT ICERSR S L
FAuL, EEOREBEBIE T2 Z L IZ®EETH D, Fl 21X DA DKEDIHE L WD A
HAED A D RIAFFICIIFATE RV, 22 THE3IETIE. pHBESEGEREHWT, #ik
WG 352 THDADOBENEER PA 4 X =2 v JHIOMFEZ HIE L7,

IgG itk ¥ ORFE OFURITMIEED 2 >V 7B L, =V F¥ A b= 22Xk »>
THIREAICEL D A ., FIRRMERREO Y VY — ZICIDIAEN S, B2 D7, pHIZIEL
TR - PA 27 MADET 20F%, BAMIEO X VR BEEN L T 25U S
Ltk BEE R, BAMEOMIRRED & > 7 BIiEE%R. BERERRD Y VY —
LIZHDIAEN S (Figure44), £ LT, SRMEICIGE L TEL LT PA > 7 F L2l §
UL DAMBIDZEIRI D OE I Y b TR A X =Y Y IHAREIC TR % & 2 7z, FRIC,
BEFE L7z pH IS OZRIZE pH /B U T 700 nm (HETORIICH 1T % PA & 277 F L3R
AU, 800 nm A TOREEICET 3 PA > 7 FADEINT 20BERTHD, FELEEETD
AMEO L BEH T IUR, BEOEBEE KT, BESAO pH ZHEAREICKR % &
EZbN b, 05

VT TNAFNERRD 2,312, TURICHEZE272DD ANV RF I HEHZEANLT 50,
51 Z&GH L7z (Figure4ba), 7z, I 7F 7 FNUEEFEZT pHIDEEL LW EEZ S
% 52 H&EF L. 50, 51 ¥ t#g L 7z(Figure 45b),
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Z
J) Aabs =~ 800 nm H\

BT EDIE

Figure 44. pH 26 LT PA ARZ MABET 2R E2HABICHEE X B TiA-B6F
BHERIZ L 2DBAMBEA X - FDaryE St

R_ N N R _
L=0) Q) A=
ke - e
50 51 52
14- 797 I+ V& E/TE/E
(PH ISEEHY ) (PH ISE ML)

Figure 45. AVARFVEZBALBRORET (a) pHIGEMELN D2 2 EZ 515 50,
51, (b) pH &ML RV EEZ 5N 3 52 DR
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% 181 PUA-pH WEHERESEIC X 208AMIE PA A

A= 7

ANKFSEZEALBRDOEK

HNRFIHEBPEA LTz 50-52 1 ZLLTFTDRF — 21> TEMR L7 (Scheme 5), a3
51 OHIERATH % 53 13 CH.CL ZiAEMK & L CTH W, piperazine (16) % 2-(4-
bromomethylphenyl)acetic acid 2R EHTE7% (Scheme 5a), 7 m ok ZHio
15 12 NEt; 777 . DMF 2 L CTHW, &7 2 U ERIGEHT 50-52 25 L 7=
(Scheme 5b),

@ COOH

2-(4-bromomethylphenyl)acetic acid (©)
CH,CI,

(J e ()

corresponding amines,
NEt,, DMF

80°C

‘038 15 SO3Na

§_
i—z

50:y.18% 51:y.19% 52: y.50%

Scheme 5. 50-52 DEHAF— 24 (a) 51 OHIERIK 53, (b) HARFFHEEA L 50-
52 DERMA F — L

ANEXFEZEBALBROBINARS bLVHIE

AR F D ERBA L7z 50-52 DIRINARZ bLhs pH IS U TEE T % 02 e T
570, FEBLKEE 1 UM 2725 XS BEBICER L. pH 3-12 1281 2RINART b
VERIE LTz (Figure 46-47), IS IE, IKIBTEH T OINFRE 85T S 5 72912 PBwith
30% DMSO %, EENHFEL TWRWI 2 2FANS 72912 DMSO % f\wiz, DMSO @&
ERE Y LTHWAEBAE, Biy LT TFA, A Y LT NEG ZHWz,
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LA-I7H 7 FEZFED 50, 51 OPINART b, Wit pH DR TG T T
AR K23 700 nm 22 & 800 nm fiTic> 7 » L, WHEDHEA L7z (Figure 46a-b), —
FHT. LA THFTIFVEZFEI 20 52 QIR AR Y +ovid pH 2SS U7 IRINA
R MV E RS o 7z (Figure 46c), 50,51 1&, DMSO A e L THWHET
b, pH OETIC & > TRERBNCRINAE RS> 7 b Liz/eo, KIBERHTDZARY pLE
LIFEREROERTIZ R, RO T o b MEREBOZEICL 2D DTH 5 Z L HIRBE

N7z (Figure 47),

(a) 0.12

Absorbance
o
o
(&}

—pH 35
pH 5.0
I —pH55
—pH 6.0
—pH 7.0

Figure 46. 50-52 @ PB with 30% DMSO k¥ ¥ LTHW=

600 800 1000
Wavelength (nm)

(b)©o.12

Absorbance

600 800 1000

Wavelength (nm)

(C) 0.12 1

—pH35
0.1 4 o ——pH7.0
ona —pH12.0
4 0.08
c
3 N
20064
2 52
< 0.04
0.02
0 ; : ‘
400 600 800 1000
Wavelength (nm)
E& D% pH TORINZ~<

7 +v (a)50, (b) 51, () 52 @ pH 3-12 IZBF 2WINARZ L, BEOKEEIX 1 uM

VC\LE\IJ/’%E l/ 7:: o
(@) 006 - — ovso
Oy_ONa —DMSO+NEts

| —DMSO+TFA
1

400

Figure 47. 50-52 ® DMSO 28 L7z %& pH TORINARY + L

600 800 1000
Wavelength (nm)

(b) 006 1

Absorbance
=3
o
=

o
o
o

—DMSO
—DMSO+NEts
—DMSO+TFA

A

0
400

600 800 1000
Wavelength (nm)

(c) 006 1 —DMSO
—DMSO+NEts
o —DMSO+TFA
8 0.04 (q\ ONa
=
©
S
N
g L
< 0.02 52
0 : - )
400 600 800 1000
Wavelength (nm)
(a) 50, (b)

51, (c) 52 DEEM: £ 721 3IFAMESRMFIT BT 2WNZARY d v, BREOKERIZ 1 uM THIE

L7
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ANKEFIEZBALZBROBEHMEARY FLHIE

BE D PA R, B HA T 282 TH 2 NEllnl: (EESHERE) OBIEUImA
BRE EAMAKEROEERRTA N2 A7 NIEET S, ZZT.50-52 DA —27 R
7 M0 EHIE L, ICG & g L 72, PBwith 30% DMSO % 721% DMSO i 50-52 % #&
BRE 1uM k2 XOBML. YD S FHFMETBI 2HHEART PVERIE L
(Figure 48-49), DMSO % &y L CHWZHEIIE, B LT TFA 2 AW T pH a3t s
BHSERRY MVELETANTz, T2, B O - HEHERART FILDFERD & AbSmax
EMmac AN & OrZEMH L, pKa & & HITRITFE 2 D7z (Table 4),

VR FHEBELL /2 50, 51 DHHRZARTZ MLVOMAMEX, TUXZRZ b L e [ERIC
pH XS U TE(L L7 (Figure48), L2>L. 50,51 ORI ZARZ dovid, Btk e HIETHR
/NTH 84 nm DIIHAKIRED Y 7 SR 6NTzDITH LT, HHEART PLTld, Mk
CHETHRATD 13nm OEHHAMAFERED S 7 F LRI oz, 35 50-52 1+
MM, MR L D B RERA NI A 7 MEIRLIZ, F72, 50-52 ® DMSO HC
DHEFEFIE (8-13%) X, ICG ® DMSO HTOHHKETFINE (13%)* rFAFEzi:z
NLTTHD., PA S 7 FILOFENENIENS Z L ITRB I N7,

—_
O
=

40000 40000 40000

s
> 30000 30000 30000
ko

£ 20000 20000 20000
@

10000 10000 10000

Fluorescence intensity (a.u.)
Fluorescence intensity (a.u.)

Fluorescence inten:

u 0+
750 850 950 750

Wavelength (nm)

850 950 750 8! 0 750 850 950
Wavelength (nm) Wavelength (nm) Wavelength (nm)

40000
30000
20000

10000

Fluorescence intensity (a.u.)

0
950 750

850 850 950
Wavelength (nm) Wavelength (nm)

Figure 48. 50-52 @ PB with 30% DMSO 28 & L THWABEDHHEXRT ML (a)
50, (b) 51, (c) 52 @ pH 3.5 £721% 7.0 ICBT 2 HIEART bb, FIEEHKIE 750 F721% 800
nm, BEOKEREIZ1 uM THIE L 7=,
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Figure 49. 50-52 ® DMSO 2#BHE L L THWHEDHNAEZXRT bv  (a) 50, (b) 51,
(C) 52 DHHRARY L, FIEYEIE 700 nm, FEZEOKIEET 1 uM THIE L7z,

Compound Absmax (hm)2
50 (neutral) 720
50 (acidic) 806
51 (neutral) 718
51 (acidic) 802
52 (neutral) 683

Table 4. 50-52 DR - FHITB T 2 2R HE

Emmax (nm)2 AA (nm)2
828 108
841 35
830 112
841 39
749 112

e (M-'cm™)2
6.8 x 104
1.1 x 105
3.4 x 104
5.0 x 104
5.2 x 104

P pKa?
0.12 -
0.08 5.7
0.12 -
0.08 4.9
0.13 -

By LT a) PB with 50% DMSO. b) DMSO and DMSO with 1% TFA % Hw 7z,

ANKZXIEEZZBALLBRD pKa DL

3£ 50,51 @ 800 nm (FEDWAEDE(H S pRa ZEM LI 25, 501%5.7,51 1
49THH, zheih 2, 3 LFFD pha Z~ L7 (Figure 50), VY Y —L® pH & 4.5-
48 TH5DT, 50, 51 3AHEAKO—fRAYZMIISN pH 7.4 £V ¥V Y — 4D pH DORETIRINA
R MADBENT D eEZOND, 7

o

=}
=}
=3}

Absorbance (806 nm)

o

=)

>
T

o

=]

=
T

o

Q

[N]
T

Absorbance (806 nm)
o o
8 8

=4
<

o

Figure 50. 50, 51 @ pKa O H# PB with 30% DMSO %A & L7=35E D 806 nm DK
JE % pH OfEIxf LT e v » L, Kaleida Graph (Synergy) THH L7z,
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ANREEZEA L ZBROLEE OB

PA A X =Y v 7 Tld, PA BENBHED FRBFEBRL RIS L THRL, ¥ 7 I
SRR T2 2 e ML 25, £/ HE LBFE2 54T % ROSICL-oTHEE
DORL, S FABREINMET T 5, BZ T, AARFIREEEA L 50-52 OIS
e, JERRSTIRF e M % WiEt L 7= (Figure 51-52), %3°. PB with 30% DMSO 2 ICG %
KEE 1 UM 7225 X57EML,. 690 £7213 785 nm O L —F —HEMEE LT, pH 3.5 &
K 7.012BF 2UNARY bV ERERNCEEE L7 (Figure 51a-c), ¥£7z, ICG ®
690 %7213 785 nm ORNE L R L1272 % & 5. 50-52 % PB with 30% DMSO (Zi&fE L.
L—H—HZIE LT, pH 3.5 MU 7.0 2B 2INAR Y ML OZALERIFIICBIZE L
7= (Figure 51d-i), t83£ 521X ICG @ 785 nm ¥ DWHEDEN K E W0, BEZEHV
X735 K5 pH3.5TH 690nm D L —HF —HTHET LTz, 85N 7MERD & BEhiRE
Fl&E, WOLEAEMT 2 £ TORM CRREER) 2BH L7z 25, 50-52 3\ hotk
b ICG A&, F3 k) RVWHEREZ R~ L7 (Figure51m), £z 50,51 @ pH 3.5 12
B 2 HREFRNIX ICG D 3-3.5f5TH D ICG & h bEWHALZEWZF> Z L BRE Nz,
Ziu, 50, 51 ORI I UEMIS T B b oAbE ., BREMRICE > TRY XF VHOE
FEEMET L. ROS £ DRIGHEIMET Lic/zd/iZeEZ 6N 5,

ZUZ, PB with 30% DMSO (2 ICG & 50-52 Z#&EE 1 uM ¥ /2% X SRR L., BEFT T
THRINARY VDA ZARRFANCEIZE U7 (Figure 52), pH IZJ5% L72\ 52 13 pH 3.5
WBWT ICG & b bHOEE DD DK E D o Ten3, ZDMOFEMATIX 50-52 1% ICG &Ik
HEDOBMEDSFRFE2F L D/AE L, ICG & h dREENENZ ¥ HVRE Xz,
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(a) ICG (pH 3.5, 690 nm) (b) ICG (pH 3.5, 785 nm) (c) ICG (pH 7.0, 690 nm)
0.12 —0 min 0.12 4 —0 min 0.12 —0 min
—5 min —5 min —5 min
0.1 1 —10 min —10 min 0.1 —10min
® ] —15min © —15 min © 15 min
2 008 20mn g —20min £ 008 20 min
g 0.06 25 min ?, 25 min g 0.06 25 min
2 30 min 2 30mn 2 30 min
< 0.04 4 40 min < 40min << 004 40 min
50 min 50 min 50 min
002 60 min 60 min 002 60 min
0+— = 4 — ob/— >~
400 600 800 1000 400 600 800 1000 400 600 800 1000
Wavelength (nm) Wavelength (nm) Wavelength (nm)
(d) 50 (pH 3.5, 785 nm) (e) 50 (pH 7.0, 690 nm) (f) 51 (pH 3.5, 785 nm) (9) 51 (pH 7.0, 690 nm)
0.14 —0 min 0.04 —Omin 0.12 —O0min 0.04 —0 min
0.12 —5 min —5min Oy -ONa —5 min 0O ONa —5 min
0._ONa 10 min 0._ONa 10 min 0.1 —10 min —10 min
N B el
© 0.08 N / ——20 min I} N 20 min © N X < N X
< () 25mn 5 002 () 2%5mn S 006 () 25min 8o @ 25 min
8 006 l 30 min K .T_ 30 min 8 JN._ 30 min 8 _NL 30 min
< 0.04 40 min < 40 min <004 40 m?n < 40 m?n
50 min y 50 min 50 min / 50 min
0.02 60 min 7 50 min 0.02 60 min & 60 min
" < P | ==
==~ 0 +% — o=~ L o=
400 600 800 1000 400 600 800 1000 400 600 800 1000 400 600 800 1000
Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm)
(h) 52 (pH 3.5, 690 nm) (i) 52 (pH 7.0, 690 nm)
0.04 —0 min 0.04 —0 min
—5 min —5 min
—10min Q —10min
@ —15 min ° ONa 15 min
< ——20 min e 20 min
2002 25 min -g 002{ 25 min
§ 30 min 2 30 min
< / 40 min < A 40 min
;' \ 50 min 50 min
\ { 60 min 60 min
o & S o+ -y
400 600 800 1000 400 600 800 1000
Wavelength (nm) Wavelength (nm)
() pH 3.5, 785 nm (k) pH 3.5, 690 nm () pH 7.0, 690 nm
0.12 ‘ ° 50 0.04 ’, 0.04 { °50
® 51
o1 L s e5q 52 s
: s i ICG H
° ICG 1ca
© ° © 3 L]
8 0.08 . 5] e | I8
c [) < I C e
3 ° 8 2 “ge
£ 006 . 2 0.02 5 0.02 .
© o 3 s
%] . %] 8 °
Q Q o] S o
2004 < < M
0.02
0 L L , 0 0 . . )
0 20 40 60 0 20 40 60 0 20 40 60
Time (min) Time (min) Time (min)
(m) Compound pH3.5(785nm) pH3.5(690nm) pH 7.0 (690 nm)
50 48.7 min - 60.4 min
M/ RF N ML S . .
TAEDFHT 2 51 51.2 min - 441 min
ENQOLSTT . .
52 - 29.9 min 50.5 min
ICG 14.7 min 24.5 min 36.5 min

Figure 51. 50-52, ICG ® PB with 30% DMSO 2 ¥ LTV

EDOHEEMDHR

B HEET (10 mW/em?) 12k % (a-c) ICG, (d-e) 50, (f-g) 51, (h-i) 52 DU AR T +

%

NEAE,
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(@) ICG (pH 3.5)

0.12 —0min
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Figure 52. 50-52, ICG ® PB with 30% DMSO Z#B# Y L THWIBE DT T ZEM

DRET

FR[H T DREIRF AT 72 e EE 2L D EEEE

(a, b) ICG, (c, d) 50, (e, f) 51, (g, h) 52 DAY Z R 27 b IVEAL,

ANKEE2BALLBRD PA ARY M VHIRE

TINVRFDEEEA L7 50, 51 O PA A7 MLA pH IZJE U TELT 2 0513 5 72
»iZ, Figure15 @ setup . PBwith 50% DMSO %A L THWT, pH3.5 KU
7.0 D PA 22 N A% HE LT (Figure 53), a3 50, 51 @ PA 22 F EMRIL 22 2
kL FIRRIC pH IZJE U TE L L7 (Figure 53a-b), &7 ¥ 7L FAEEFF720 52 D
PA X7 +Uid pH TG U TE L L 72 b o 7z (Figure 53c),
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Figure 53. 50-52 QR - ¥ pH 1281} 3 PA ARZ PV EIRINARY bV BEDK
JEEDS 10 uM 1272 % & 5 PB with 50% DMSO 12¥A%> L7z pH 3.5 B X X 7.0 DA % HIE
L7z, (a)50, (b) 51, (c) 52 ® PA 227 kL2 IRINZRZ kL,

ANREFIEFZEALBED PA > 7 FVEE ¥ EERME O LB

Joi7 PA &7 BRDICERE DR Z RETS 2 7. PA & 7 FILGREE 2 RO
ETR LT my b L, aBEERD SRR Bl L7z e 2 A WhoEZEOHBE R
$ 098 U ETHD, PA > 7 FOVBREIFROCEICIEICHEI LT (Figure 54a), X2, 1§56
N7z PA AR PLOMKEZ SEROHENAEFIRIIH L TRy b LI ZA IT7H
TIVFNEERFD 4,6 LI1ZEZ D, PA AT MLOMKMEIXHEEEFINERIC L TEIH
B L7200 o 7z (Figure 54b), Xz, 507z PA ARZ MLOMAEEZ BBOED R b—2
27 MIHLTFay FLzE 25, PAZRY FILOMAMEIZA F—27 22 7 MIXL
TIEDOHENE LN TED ., REENIC X 2BORENDFGNKE NI L BRBE i
(Figure 54c¢), PA ¥ 7' FL@E L HED T a vy MIBWT, o EY PA > 27F
WREZ W L 728 2A, WINDOEED FHRE T L HEITKE W PA & 7 ) LB
%~ L7z (Figure55), e & /- taRiF, WEZ V¥ —%2 B U TR L7 & ik
ROLERAY 7+ A= a Y EFFOMEICEl (IREFEM) L. 20k, HEREBOLE
gD & B EKICER 3 2 @ THOLCR (WElEsl:) 23 % (Figure 1), FERE
TR L7258 DIE 52, &b @V 3oL ¥ ik 6 iREERNC X 2 Bk i L CalEE
KEOLER AV 7 4 X =Y a Y EFOMEICE(LT 2720, ZOED PA > 7 F L DK
WHES LceEZ o605 (Figure 55e),
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ANKREFIEZEA L BROMIEEEOMET

iz, 50-52 OffifaE %, propidium iodide (PI) FaTiHA~N, ICG b L 72, 135
50-52 3 L <X ICG %, HEDAMETH 5 HuCCT-1 ICZNZAVEERE 1 £721% 10 uM
T, 24 B4 > % 2 N— M2 PI R CHEREEIE % Lt L 7z, #&JEE 1 uM T 50-
52 ZIMU-AMRED PI THREINLEIGIE. BREZHBML TORWHIAE L Hi LU T HE
ETHb., ICGZHRMU ML b $ % 2 K- 72 (Figure 56), f&JEE 10 uM T 50-
52 ZIRAL 7 MM PI THREINZHIEIE. BREZIHRIML LD o 7flilgse ICG ZHL
M I3 AYED LT 10-30%TH D, 50-52 & ICG OMfLHIEIZFARETHL Z &
DR E Tz,

100
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40

Pl stained cells (%)

20

. mim =il

1uM 10 uM
Edye (-) m50 m51 m52 WICG

Figure 56. PI Y451 & 3 50-52 & ICG DORFIHEE D Hik

Pitk-pH i EHEBEREOER

DAMRED PA £ X =2 ¥ 7 %47 5 7212, 50-52 % I/ NMHAEATiH A SCEFRE S AR & C
MR L TWw 3 epidermal growth factor receptor (EGFR) I #& & § % ¥l ik
panitumumab IZfEE U7z, Piik-6FRE SR C1-C3 ZE# L7z (Scheme6), a3 50-52
DHNKRF T E%E NEG FE . DMF Z2EH e L THW,. N,N,N, Ntetramethyl- O-(V-
succinimidyl)uronium tetrafluoroborate (TSTU) % /il X % Z & TKIGM @ & W
succinimidyl ester 12 U7z, #Efitc. Na,HPOL1EFE T, KEJALE ¥ LT panitumumab &
RIGEE, BAEEIC X > THER L, C1-C3 2157z, KB ZRE L TR, £hZL D
ERETRIHESTE 20, TUROBIRES X ¥ 7 BB DFESIC X % EGFR #8#%
RROBETHEZONS D, PIE—D2RZH L THAELTWSERDOEHZRT dye to
antibody ratio (DAR) 12 10 AT £ 722 K5 FR L 7z, 20 IROGHIE & BCA assay T DAR
PEHLZE A, $C1=3, C2=8, C3=5ThH -7
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i 0 &
50-52 TSTU, NEt, panitumumab R( _ / P N
DMF, rt,1h Na,HPO, aq. J) H\
rt,3h
038 SO;Na
Y ) N\
N ii W\ 4
(> pj A
v -+

‘j o
S s s LV g

SO4Na

0 SO,Na 038 Cc2 SOsNa

Scheme 6. C1-C3 DS R ¥ — A

BHOEEMBEIC X 2 Pitk-pH 6B EEOMEANEENE DR

PiA-taFZE G C1-C3 23, DAMIRNCE DA E N 2 HETT 5729, C1-C3 ZALEE
5 ug/mL 127 % & 5 EGFR @#HEMITO HuCCT-1 % 7-1% EGFR FEHEIMAZO NIH-3T3
WU, 24 BFRE A > % 2 N— MRICBOEBEMEE CHIZE L7 (Figure 57), filk-taEZES
& C1-C3 % EGFR &¥ Mo HuCCT-1 IZH L =HA Tk, Wihofilk-EES
PRZ RN L 72 flifED & H HEDBIER I N, JUR-BRESHREZRIML TWARWHIRE L Hig L
T, HMIfEN DB HFRENERICE > 7= (Figure 57a), JifA-EEE{EC11XC2, C3 &
LS 2 L MBS O HOEEE DMK - 7205, 24U C1 @ DAR 28 C2, C3 &k b Wiz
Y&z 5N 5, EGFR JERBEMIED NIH-3T3 (2RI L 7= MIIE Tk, WIhofis-aEEs
RERMLUIZGETHEOEIZ L A BRSNS, MlNOHEE Tk BRES KL
I L TR WA LEE U CRFEECTH - 72 (Figure 57b), & » T, C1-C3 X\ 3ho
13 EGFR BRAVICHIFNICNIEL L, IV AAEN S Z e 2R X iz,
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(a) HUCCT-1 cells (EGFR positive) (b) NIH-3T3 cells (EGFR negative)
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Figure 57. BXEMFIC X 3 C1-C3 OMfEAEBMEDBRE C1-C3 iivhN 24 RO
(a) EGFR B 5HMIHI D HuCCT-1, (b) EGFR JEXBMIFI0D NIH-3T3 O FMEEHE %, ()
C1, (d) C2, (e) C3 HMED HUCCT-1 & Of NIH-3T3 12313 2 MU 0 HEa AT o g,
Error bars represent SD (n = 7-11 cells), Tukey-Kramer test (p* < 0.01),

Fitk-pH EMEAEIC X 30 AMED PA 4 X -V 27

RIZ, PUA-BEE AR C1-C3 ZEEES AMBICEII L, JEEEEME % FH VT PA A X
— IV T EToT, LITIC, PAA X =YY 7OME%Z/RT (Figure58), JUA-tA=E AR
RININUIEENAMIE T, XEERENIBELRWESIZT 4 v 2 THEKICHN S &

-

5 RIE L7z, C1-C3 ZHNIN L 7255808 A MRS 5/ #h<ov 2562 JRES LT, F84 L7z PA &
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7 F N KENDOBER L X o> TRIE L7, B617 PA > 7 F L2 IER, 7%
VAR Za—-FTHRHLTarya—XiT Lo T L7z, $7, BIREERE. 71 v
> a2 D Complementary Metal Oxide Semiconductor (CMOS) # X F12 & - TH#
L7z

ik aEZEE K C1-C3 2B 5 ug/mL T HuCCT-1 IZHII L, 24 R4 > F 2 X —
MMRIZ PA & 7 F AR BIE LTz, MIFENTO pHICINE L7z PA 2_27 MVELEBIERT 5
72, 675 ¥ 800nm D 2 DD ET PA 4 X —Y ¥ 7% {T o7z, F—HE T 800 nm
¥ 675nm TOIEEICBIT 2 PA > 7 F L2 llE L, 2otz EHSHuIfMiaN o pH z#l
ETEZrEZLNS, Lo L, K & M\ OEES, BEOBEOHEIZLDHE
—REFTD 2 DOFEERIC X 286t L7z PA & 7 FILVIEDRREETH - 72720, Thth
DFRITBIT BHIHEFTD PA > " FAREDAEBE LT,

PA 4 X =YV ZOFER. WINOFUE-BREEEHICBWT D, MNERE THIEN 5
PA > 7 AN N7z (Figure 59), pH &M EREZKE E 7 Cl, C2 Tl 800 nm
TR L7235 DIE5 25 675nm THIEE L7255 & D b, K DRV PA SV FANBER XA
7oo —/TC. pHIFLBFMBREZHEAE S C3 T, CL,C2 2I1xHE4D 675nm THiEEL
7eHEDIESH 800 nm THIE LZHE LD H. XDV PA > 7V FAdBIE I, X
12, HuCCT-1 L4t @ EGFR @ #BMiid » LT MDA-MB-231 {2 C1-C3 2#&JEFE 5 ug/mL
THMLUTPAA X—=Y ¥ 7 %[ToT22 25, HuCCT-1 DFER v FkkIC, C1,C2 ZERINL
7 HIRETIE 800 nm THNE L 7B E DIZ 5 23558\ PA & 7' F MBS S hiz23, C3 2N
L7z #ifd Tl 675 nm THEE L 72358 DIE 5 2358\ PA & 7' F A0 S vz (Figure 60),
Pk aEZE AR CL, C2 ITHEA LT WA 3 50, 51 1XERIEIC BT 800 nm (VT IR -
PA 227 MLDOWKMEA S 7 b3 % (Figure 48), & - C.C1, C2 1& A MRS NTE L4,
FIBMIRED ) VY — JZH DA E R, PA ZARZ MR L AR R E N,
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Figure 58. PA £ X =¥ ¥ 7' D7z D setup
(a) Excitation: 675 nm (b) Excitation: 800 nm
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Figure 59. C1-C3 2%l L7z HuCCT-1 #if8® PA 4 X —Y > 2" (a) 675 nm, (b) 800
nm DI & 5 C1-C3 7l 24 Fiftl#2 5 £ ¢F C1-C3 IEAIND HuCCT-1 @ PA A X —
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(a) Excitation: 675 nm (b) Excitation: 800 nm
Bright field Photoacoustic Merge Bright field Photoacoustic Merge

C1(+)

Max

C3(+) C2(+)

Control

Scale bar: 20 ym

Figure 60. C1-C3 % ¥l L 7= MDA-MB-231 fifg@® PA £ X —> > %" (a) 675 nm, (b)
800 nm DFIEEYEIC & 5 C1-C3 #fl 24 Fefii#4 8B K OF C1-C3 IEG D MDA-MB-231 @ PA
[

H1HIORRD? S, BDAD PAA X =YY TRITI 12D, HVKRFTHEHE DD pH ILE
PED 50, 51 ZHHFE L7z, 132 50, 51 1356 1 B THFE L7 1-4 L RRROUOER K E30E, P A
Rtz R L. £7. 50, 51 OIHEGSR:, SEIFRSTIFIC 31T 2 &EMIX ICG L L TER
TWize DBAMBIDA X =2 ¥ 7 %75 72912 50, 51 2k iEA Liik-aREAK
C1-C3 & AMAID EGFR EIRIIZEI D IAE N Z Z & R E Tz, C1-C3 12 X 2 BB A
MAITD PA A X =Y > 7 %ATolc 2A, FA—HEFTO PA & 7 FLIIEREETE LD 5
Jz7=73, C1-C3 Z i L7z EGFR &¥ I ® HuCCT-1, A431 X 800 nm THIE L 7z358& D
WES52, 675nm THIE L7ZHE LD 3\ PA & 7 FADEE XN, k- T, C1-C3 1%
VY Y — NZED A E L, G9HEIED pH IINE L PA AT VO L2 RIREMED R &
720
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F2H ERICBIIAPAA XA =Y 7DD DN RS
F N-pH JEEEEZER S IROMRET

TiR-BRZE AR C1-C2 IIHENAMBED Y VY — 2D A TR, VY Y — LD
M pHITBE LT PA ZAR7 MANZE(LT 5 2 e WREBE N, 22T, Cl ¥ C2 ZHV
THEHEDBIETZ 2083 570, Cl £7213 C2 100 ug . HuCCT-1 2K TRAEL 7=
HR A~ v RIEIRIRS LT 24 RRIRICEIEA X — 2 ¥ 7 21T o e Vilk- B R E G 1K C1-
C2 G LI~ VAP L DHENZEE L 22 85D o BRHROFOIIBEINT .
FIZHIRC G2 & ERAER O H DB iz (Figure 61), Cl, C2 25 L THHE
B DR BR I N o 1B K e LT, 50, 51 257KIAHH T panitumumab & 7 3 K
ez o FERE T, BUKEMEEERIC X 2IFEEREZ /M L THEImL Tn7ed]
REMENEZ oM, ZOHE. IV ARG LTS, BRPMFCHERES 272D, BEICE
MLV, ZOFKE LT, 50-52 OIKFHHTOERWERELNEIToN 5, 3k 50-52
& DMSO JREEDY 30% Kl D KIATRH TIEREEMRICHK T 2 EZ 5N LMINARY L
ZRLIZ e, KERTTHKEEBFRAZEZ LT WEEThreEZ NS
(Figure 62), fiifke 1R ziEa S8 5RHT, BZRDBUKMEMHEER 25 2 72 D16
BIHOREZ FIFUL, HEROORLTIERZRICEE S I DB TELLEZILNLD. &
BEOERBIEIZIARDOa Y 7+ X = a Y EbEE I L, TUKDEERICHET 2 E X
HENB, W02 ZCH 2 #iTld. FiEDb D Ic, ARBEICTAR L THEENZE L 72
WEEBZONS/NTFRTF P, AREZHEI BN F-BRESHREZERL. etz
1T- 7 (Figure 63a),

Control Brlght fleld 24 h Control Brlght f|eId
50
40
x107
30
20
n l LY l a4l
radiant efficiency (P + sec » cm? « st/ pW + cm?)

Figure 61. C1, C2 285 L 1= HHMBA Y RD¥HA X —I > F (a) Cl, (b) C2 % E&F R
5 LT 24 Bk IC~ 7 RO HEEIE, RiED B é‘ﬂ“(b\émi‘ébiﬁ?ﬂﬁ%’ﬁﬂﬁ‘#ﬁﬂlﬁ
SNGICHRT 2 EZ N5,
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Figure 62. 50-52 @ PB with 10-30% DMSO # Ay L THW=
A7 bV (a) 50, (b) 51, (c) 52 @ pH 7.0 IBT 2MINARZ b, BEOKEREIZ 10
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Figure 63. In vivo TD PA 4 X —3 ¥ 7 D728 D/ F-BRE SR DR

RGD-pH b EHBRESHROIER
INFFRTF Re LT RGD R7F FEMHW, RGD *7F Fld arginine, glycine,
aspartic acid THME N5 7 I/ BREY Z2FOR7F FTH D, MlEOEEICES L. ¥
EDODRAMIBTERIT % integrin avf3 2FEET 2 Z e PH LN TWS, PRGD R 'F
R DAL ARSI EE S 7B D RGD R 7'F RidilH @ RGD X 7'F K X D % integrin a
vB3 L ofEEMEDE . BAMICER T 2 HHAKIR. BEZH%T 570D PET 1 X
106105 F 7= ZAHDIIR RGD R 7 F R 1 fli0BIR~R 75
F& DB integrin avPp3 & OFAMNEDA LT 5 2 L ME SN T WS o) 100 50-52 12 2
fific> RGD 7' F R 2 #E & S 7z RGD-HRE AR C4-C6 ZFRIL. PA A X =Y ¥ 7 %AT
-7z (Scheme 7),

— IV ZHENCHH TR TV B,
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RGD-taZEE &1k C4-C6 13 LR F 2 E% NEt; fE(E F. DMSO # Aty LT TSTU #
RIS HTEME L. Z0% DMSO T 7 285 £ U2 2 liDERIR RGD 7 F R 23%E
& L7z E-[c(RGDfK)], & KIS EHTERK L 7=,

1. TSTU, DIEA, DMSO, rt, 1 h
50-52

2. E-[c(RGDfK)],, rt, overnight‘

(o}

c(RGDfK) 1}
c(RGDIK)

Scheme 7. C4-C6 DRI R ¥ — A

RGD-pH [GEMBRESEDRINZARZ FILAIE

c(RGDIK)

RGD- &1k C4-C6 DIRINARZ L2 pH G U TE(LE T 2 0015 5 729,
BEFRFIEE 1 UM £ 725 & 5 PB with 30% DMSO &M L. pH 3.5 & 7.0 KB 3

N AR 2 bV ZHIE L7z (Figure 9).

RGD-faF Ak C4, C5 1% 50, 51 ¥ [ARRIAX pH 1ZJE LT 800 nm T 1 IRINAR A 23 >
7 ML, BOEEDIEI L - (Figure 64a-b), —75. C6 13 52 ¥ [A#kIZ pH IZIG U 7z RN A
R MVEIFBE I kD o 72 (Figure 64c), 2D Z & h 5, 50,51 DA LRFHIC
R7F REHEZIETH, pHITIL U ZZBRINARY MILOZ(LIFHERF I NS Z L 2 RB X

72,
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Figure 64. C4-C6 % PB with 30% DMSO (2% L7 ORINA <2 F L (a) C4, (b)
C5, () C6 @ pH3.5 K% TF 7.0 1ICB BUINARY oL, (A DFEEEE 1 uM CHIE L 720

BOEBEMERIC X 5 RGD-pH b EHARE S A O ML RS

K, ERL 72 C4-C6 D3I AMIIUTHD AN 2 0 RETS 5720, FIRE 5 ug/mL T
integrin avB3 EFEBMIIDO USTMG IZIRI L., 24 R A > F 2 X — ME, BOUEMEE T
B L7z C4-C6 ZIRML 72T HOMAED S b EREHROFOEIHE SNz F20 $1
R-EREESEEZRIML TOAR O T LT Ml OB RED & 5 727, C4-
C6 D AMBIICE D A FE NS Z & AR X7z (Figure 65),

UB7MG cells (integrin avp3 positive) UB7MG cells (integrin avf3 positive)
Merge

Bright field Fluorescence Merge Bright field Fluorescence

-
| [ I

Scale bar: 20 pm Scale bar: 20 pm

UB7MG cells (integrin avB3 positive)

Bright field Fluorescence Merge

o
+
C(RGDIK 9 ) 3
N
o

Scale bar: 20 pm

Figure 65. MCEEMBEIC X 5 C4-C6 @ USTMG ~DEMEME DR C4-C6 2L T
4 B[ %3 & OF C4-C6 JEIRIND USTMG O H LI §
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RGD-pH GEHAEREEICEL S5 USTMGDPAA X =DV 7

Figure 58 IZ/R L7z setup ZHWT, C4-C6 IRMEZRDETED AMIRID PA A X =D > 7
1T o720 pH IWEMEEIFES L7z C4, C5ITMEAD Y VY — 2B AN 5A,
VYY) — ADEBEMRETHARED 700 nm 225 800 nm XY 7 F TR EZILND
(Figure 46), MIAIATO pH IJBE L7z PA ¥ 7' FAZ(LEBIE S 2729, 675nm & 800
nm O 2 DO RICE DEIREFTD PA 4 X =YV T R{Tolz b 25, MilEEREICE
WCHIBEAN 2 & PA > 7" F DRI X 7z (Figure 66), C4, C513V Y Y — 2@ pH )
LT 800 nm TORIEIZ X DWW PA > 7 F NV %EHT 5 EZ /=0, C4, C5 RN
L7=Mifik, I pH BB ORSFEES Lz C6 2R L2/ L MRS, W3 d 800 nm
TORREIZ L % PA & 7 FLE55<, 675 nm TOREEIC & D5V PA & 7 F LR8I X h
7zl C4,C513V VY — AANOWDABDB T TRNZ EBRE SNz, RGD R7F K
Rl DEHAREIEE S B7MET Tl RGD-BRE A integrin avB3 &L TY Y
V= DI IAENTR, VY Y — B L MlEANARESDMT 5 Z e mE ST
W5, 107108 = ORMEHIHOLEMERIC X 2BEDATH D, RGD-ARE AR DM MIA
FERIH X T WAV, C4,C5 ZIRI1 L 72MfE23, 675 nm DI & D iRV PA &7
FIUPBRERINIZeh 5, C4, C5ITMIE IO LRl D 5, U LD, VY Y
— L DK pH ZFIH L7228 AMBID PA £ X —2 ¥ 2Z12id, RGD-aEZEEKR X D itk
FEAEDIZIPET 5 Z LR iz,
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(a) Excitation: 675 nm (b) Excitation: 800 nm

Bright field Photoacoustic Merge Bright field Photoacoustic Merge

C6 (+) C5 (+)

Control

Scale bar: 20 ym

Figure 66. C4-C6 2% L 7= US7TMG D PA 4 X —Y > 2 (a) 675 nm, (b) 800 nm D
ST & B C4-C6 Uil 24 ifE% B X OF C4-C6 FEAIND USTMG D PA 4 X —T > 7

W2HEITIE, BEDOPAAX—Y Y7 2HiEL. ARBHETTARRELFETE % RGD R
7F ¥ &M RGD-tEH &1k C4-C6 ZFiFE L7z, 50-52 ZHiE L7z C4, C5 13 50, 51
ERBRIZ pH TG U THRING K T PA ZARZ S ADZE(L L. RGD R 7F FZ2HE L TH pH
JIEEMDHERF SN D Z e AVRE NIz, F/2. C4-C6 13 integrin avP3 ZFIRT % 23 AL
WHLCDIAE N, MfdND S PA & ZFApiEs iz, L L, 50, 51 Zfi& L7z C4, C5
GHEREAI DV Y Y — ZICE DA ENIIGE. VY Y — A OBBIEREICNE L TRARED
800nm IZ> 7 b B eEZHNTH, C4 C5 BRI 7208 AMAETIX, 675nm DIEH P
800 nm T L7=HE & D i PA & 7 FApBlEShiz/-0, C4, C5 O—FILY vV
Y — LN DB LT 2 PRSI N, 2o OFERD 5. RGD-AREEIRITY
VYV — D& pH ZHH L2 AMBED PA £ X =Y Y 73S W 2 2R E iz,
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H3HT AERICBITS PA 4 X—=Y Y 7DD DOFiR-EK
BEaRE SR O]

RGD-taZEE &K C4-C6 1IEEDS AMBNCE D IAE N, VY Y — AR IFTIEEL,
HREIC S 5720, pHIGEM PA 4 X =Y Y ZHNCITEE 2 W Z e 2RI iz, 2
ZTRIZ, RO FEREMNIKIAEERELEBA L, KBRFTHIR e RIET 52k
DARER R ZRET L. ZOVUAR-E/KIEHEERESHREZAWESED PA A XYV 7%
Hig L7 (Figure 67),

O, H . 0. H
;( ]i KM TR j ii AN

O3S SO3Na

Figure 67. In vivo TD PA 4 X —J ¥ 7 D7z D/KBHEDOA LEH - - aRE W29
R-aRE S ORE

=K pH IS EHERORET L BK

> 7 =V EROFHEIREBAAD ZVFREOE AL, BAREOHEBEROIEEREICIZEAY
B 523 1000 JKIARP TCOBRENZIR T2 Z e Tnd, W ZEZTA
FETliE, KB D M EEH - 723K X o TEKRD PA £ X —2 ¥ ZSA[RET & 2 h it
I 3728, 50-52 @ 1 H-benz[e]indole N IC/KIAMEERERTH 3 R L REZEA L= 54—
56 %Gt L7z (Figure 68), 54-56 ® 1H-benz[e]indole #A%E({A 58 1%, 11 % EHif& T2
VR, AU D LI L7z, acetonitrile (MeCN) AT 1,3-propanesultone & KJis
XHTEM LT (Scheme 8a), D%, 58 % 14 ¥ MeOH %A Y L THIGXHET, 7
nrir 059 AR L7 (Scheme8b), 59 iZ NEt; 7Z7E N, DMF 298y LT 7 3
VERIGEH, 54-56 #1%7- (Scheme 8c),
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Figure 68. /KigtE DA E2H - R DOHRE

@) KOs O

1) H,S0,, 180°C, 4 h O /

O 2) KOH, MeOH/i-PrOH, tt, overnight KO4S O 1,3-propanesultone, MeCN

O D y.30% O ) 100°C, 48 h
N N “0gS8
11 57 58

Na0,S
/@ AcONa, MeOH
N > Z
70°C, 1.5 h, y.10% J)
0,8 59 SOsNa

Corresponding amines,

NEt,, DMF
80°C
0Oy _ONa
Oy_ONa
(@]
j K©j/ ONa
4—N N
R _
ol T 1—[»Nj [Nj N
e e .
54: y.59% 55:y.33% 56: y.23%

Scheme 8. 54-56 DERAF — 24 (a) ALK VEEEFED 1Hbenz[elindolium ##i 58,
(b) Z7muafZ2HD059, ()7 I/ ExBEHILITED 54-56 DGR X — 4
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‘KB pH IEEHBRDOTINARY P AHIE

KistEDm E2H o 7z 54-56 DIRINARZ b uds pH TR U TZELT 2 02 RETs 5 7
B, FEEPKEE 1 UM 1725 X5 L,. pH 3-12 1B 2BINAR Y bLEHIE L
7z (Figure 69-71), JAIICIZ, KIBRH TONERMEZBRETT % 72912 PB with 30%
DMSO. PB with 1% DMSO. %7z, @EIHFEL TRV I 2N 572912 DMSO %
Wiz, 7y LT DMSO ZHW/2MET ik, B8 e LT TFA, 3 Y LT NEt & iz,

1,4-2 7Y 7 FLERFFD 54, 55 OIINARZ bk, Wihd pH OETIZEUT
AR A 23 700 nm 225 800 nm fiTic> 7 » L, WHEDHEAK L7z (Figure 69a-b), —
TTC T T NFNIERET750 56 OPUNARZ b uid pHIZWE LI ARZ b v
Z(LER& - 72 (Figure 69¢), 54,55 @ pH 1t U 72X 2= 27+ Z{kix DMSO j#
FEDMEW PB with 1% DMSO Zia Yy L CHW & T R ohiz (Figure 70), ¥ 7 =
VERERIBE K DIREEEIIE» T5E. ARIBEOEIG/ NS R 2 L BELLT
{723 EZ 6050, DMSO OEIEZES L% W55 Ts, DMSO %Al
LTHWZEE CFARROIIN AR MAVERR SN2 e 26, 54, 55 3@V KiAEE%
FH, BRIBHOF G NEWARFTHEE LRI EDRE S N7z, 54,55 1&. DMSO
ZIREY L CTHWEHATH, pH OETIC K > TRERANCIRINBAL S 7 b Liz7o,
IKIEEHTDRARY MAZAFTERERDETIZ R pH DEIC L 25D THZ Z b
T X hiz (Figure 71).

(@) (C)O . —pH35
° —pH 4.5
o 0.08 ona —pHTO
2 —pH9.0
9 @
e € 006 { v —pH 120
© o -
Kol %]
= Q 56
a <C 0.04
Q
<
0.02
o] T T | 0 +
400 600 800 1000 400 600 800 1000 400 600 800 1000
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 69. 54-56 ® PB with 30% DMSO 2B & L THW/=BE5 D% pH TORINZA R
7 +v (a) 54, (b) 55, (c) 56 @ pH 3-12 1B 2WINARZ L, BEOKEEIX 1 uM
VG‘LE\IJ/%E bf:o
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(b) 0.1 1 0Og_ONa —pH35

pH 5.0
—pH55
—pH60
—pH 6.5
—pH7.0
—pH9.0
—pH 12,0

400 600 800 1000 400 600 800 1000 400 6(50 8(I)o 1 oloo
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 70. 54-56 ® PB with 1% DMSO 2K & L THWBE D% pH TORINZAR
7 +v (a) 54, (b) 55, (c) 56 @ pH 3-12 1IZBF 2WINARZ L, BEOKEEIX 1 uM
‘/G;/E\U/’%Ebf:o

0.1
(@) o1 1 —DMSO —DMSO (© —DMSO
— DMSO+NEts — DMSO+NE |  DMSOANEL
0.08 Oy-one 4 —DMSO+TFA 008 o
— DMSO+TFA —DMSO+TFA
: : 8 ona
N 4
§oos | () 1 5006
Q
2 N 2 "
2 . 2 L
00.04 54 90.04 56
< <
0.02 0.02
0 ‘ . ‘ 0 . . ‘ o : . ,
400 600 800 1000 400 600 800 1000 400 600 800 1000
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 71. 54-56 @ DMSO ZBHE L L THW/HEDE pH TORIXZARZ bL (a)
54, (b) 55, (c) 56 D&MD & IFHMESMICTE T 2MUINA R bb, BREROKEREIX 1 UM T
?Euﬁbf:o

E/KBENE pH IEHEROH AT FAHIE

BE D PA R, L AT 282 TH 2 NEhlnl: (EESHEE) OFIETIHmA
B EAMAKERDEERT A N—2 227 MIEET 27:H, 54-56 % PB with 30%
DMSO %7213 DMSO I &R EAEE 1 uM 2 125 L SV L, B0 & RSB
BHHARY M VERIE LT (Figure 72-73), DMSO ZiMEy L CTHWHE I, Br
LT TFA ZHWT pH RS 2 B ARY DAL RNz, £ Bond - #6
ARY FIVDRERD B AbSmaxe EMmaxs AN, & Or 2B L, pAa & HICRICE D
(Table 5),
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54-56 OWINZRZ +aid, BN FHETH 100 nm OIRINMKKRE D> 7 PR s
DR LT, HHEARY FLTIE, B PHETHRATS 15 nm OHEMKRED > 7
N UDBIE IR D o7z, 54-56 IFHMSRETRERRA M= A7 beRLz®H, PA
¥ FIVDFENRDIE N L DIRB X Nz, 54-56 O DMSO HTOHHIETIER (8-
13%) &, ICG ® DMSO FTOHNEEFINE (13%) AFXITZNLLTTH D, 54-56
X PA ¥ 7 FVDFEENEPENS Z L RB I Nz,

(@) (b) ()
50000 50000 50000 -
= —PH35 3 —pH35 3 —pH35
) —pH7.0 ] 5 —
< 40000 | P < S 40000 pH7.0
= 2 2
@ a 2 o
8 30000 1 g G 30000
= € £ (q\(ma
o) @Q @
£ 20000 - § 2 20000 1 .
[ s 8 ki
8 a 173
£ 10000 - 5 £ 10000 56
Q [}
=} = E
™ w [
0 . . 0 . 0
750 850 950 750 850 950 750 850 950
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 72. 54-56 ® PB with 30% DMSO ZBH L L THWZBEDHAEART L (a)
54, (b) 55, (c) 56 ® pH 3.5 T} 7.0 IZBIF 2 HIHART by ZRZ P L 750 nm D)
BN THIE Lz, BROKIEEIX 1 uM THIE L7z,

(@) (b) (©)
—DMSO
= —DMSO ~
S 120000 | —DMSO 3120000 1 —DMSO+TFA 3 120000 —DMSO+TFA
S —DMSO+TFA NG =
= Oy ONa a,
% 0_ONa 2 g
Q
§ 80000 ; £ 80000 | g 80000
c N. ° N =
= I3} Q
s @ g . g
s - @ 40000 - - 8 40000
3 40000 - 54 o 55 2
@ ] 5
E £ 3
= o
0 T 0 T 0 . .
750 850 950 750 850 950 750 850 950
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 73. 54-56 ® DMSO *BHE L L THW/=HEDHNEZXRT bL  (a) 54, (b) 55,
(c) 56 DEEMED & FFPESRIFICBIF 2 HH AR b b, AR b U 750 nm D IEYE THIE
Lz, BEOKIEEIX 1 uM THIE L 7=,
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Table 5. 54-56 DM - FHLETIIBIT 2 2

Compound Absmax (nm)2  Emmax (nm)? AN (nm)2 e (M-'cm™)2 PP pKaz?

54 (neutral) 702 828 126 5.4 x 104 0.12 -
54 (acidic) 804 838 34 8.7 x 10¢ 0.08 5.7
55 (neutral) 701 827 126 7.3 x 104 0.13 -
55 (acidic) 797 842 45 1.0 x 105 0.08 5.0
56 (neutral) 665 822 157 7.4 x 104 0.11 -

a) IR ¥ LT PB with 30% DMSO % i\ 7z, b) 7&## ¥ LT DMSO and DMSO with 1%
TFA Z W7z,

BKBEYE pH IEHEBED pAa DB

% pHIZBT % 800 nm (i DD 2 54, 55 D pka #HEH L7z 25, 541%5.7,
5513 5.0 TH -7z (Figure 74), A NVAEZH /=750 ¥ 51 @ pRa ldzhzn 57 &
49720726, RANVKEDBAIZKS pha NDHEITIZL AL RSN o7,

o
o
¥

1 1
Oy _-ON:
1 1
N —~ —~
0.1
v () pKas7 ' Eow :
Yol
! L ! S § 0.08
1 50 1 5006 f Eg’
o
! Oy_ON: i & & 0.06
1 1 2 0.04 2
[o] [o]
@ @ 0.04
1 1 el o)
<002 <
1 [N] pKa4.9 1 ) 0.02
1 W 1 .
3 0
1 51 1 2 4 6 8 10 12 2 4 6 8 10 12

Figure 74. 54,55 @ pKa OB pAa l¥ PBwith 30% DMSO %278 ¢ L THWHED
800 nm FHEDWNE %R pH OfEIC LT u v k L, Kaleida Graph (Synergy) THHIL
720

BKBYE pH IEHEBER DL EE DR

3% 54-56 @, JEHAGTR, SCIFFRSRF O BROLEE 2 ME L7z (Figure 75-76), PB
with 30%DMSO A2 1 uM ICG @ 690 %721% 785 nm DWHE L R L1242 % X 5. 54-56
EIBIRL. L—P —HZRH LT, pH 3.5 T 7.0 1B 3RINART L OZE(LE
NCEIZE L7 (Figure 75a-f), 56 @ 785 nm OWIEEX ICG D Zh & ZXRKE W2,
BEAINNZ L2555 pH3.5TH 690nm O L —F—%H\iz, 1850 78EHR0 &3kl
HifR 2 51 =, WOCE DS 2 £ CoOR CRERRE) 28 L r 25, 54-56 @ pH 3.5
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N tr 7.0 128 2 FEEEIE ICG @ 1.4-4.0 f5TH D,
LR E 7z (Figure 75j),

EBL{7ZoTHED,

L. ROS ziC X 2L IGpiifl szt EZ 60 %,

ICG X hdEmWHEEEEZR>Z
F 7=, 54-56 ORI 50-52 ¢ HEE LT3 7-68 min
EBTEIMERETH 2 ZNVKRVEEOE A L > THIRRDE FEENET

Iz, PBwith 30% DMSO iZ 54-56 ZHIEE 1 uM & 725 K OB L. BERT T T O
2T VOB EIRRFICEIZ L7 (Figure 76a-f), 54-56 1% 60 7 #&5EZ T b E
HZEEF. ICG &b bmWLEMEZ R L7 (Figure 76i-j).

(@) 54 (pH 3.5, 785 nm) (b) 54 (pH 7.0, 690 nm) (c) 55 (pH 3.5, 785 nm) (d) 55 (pH 7.0, 690 nm)
0.12 4 —0 min 0.04 —0 min 0.12 - —O0 min 0.04 —O0 min
—5 min ——5 min —5 min oy —5 min
o1 o;,ONa — 10 min f’;/o’“’ ——10 min 014 —10 min ~——10 min
—15 min 15 min £ —15 min 15 min
8 008 N 3 N ) £ 008 | 3 N !
% [N] 20 min g [N] 20 min < [ ] 20 min % [N] 20 min
-,g 0.06 L 25 min -g 0.02 L 25 min 2 606 | 25 min -g 002 4 - 25 min
2 30min 30 min 2 30min @ 30 min
< 004 40 min < y 40 min 3 004 40min < 40 min
50 min /' 50 min = 50 min / 50 min
002 L 60 min // 60 min 002 1 J= 60 min y | 60 min
o ol—.—ﬁﬁ o+ oJ—v—v— -
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(e) 56 (pH 3.5, 690 nm) (f) 56 (pH 7.0, 690 nm)
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—5min —5 min
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g 002 30 min 2 002 30 min
Q Qo
< 40 min < 40 min
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0+ — Or—
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Wavelength (nm) Wavelength (nm)
(9) pH 3.5, 785 nm (h) pH 3.5, 690 nm (i) pH 7.0, 690 nm
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0 Compound pH 3.5 (785 nm) pH 3.5 (690 nm) pH 7.0 (690 nm)
S AL o 54 55.9 min - 65.9 min
THEHEHT B o o .
NIt .7 min - 52.3 min
& COR5H ) )
56 - 45.0 min 119 min
ICG 14.7 min 24.5 min 36.5 min

Figure 75. 54-56 % PB with 30% DMSO 1Z#&#4> L 7z
mW/cm?) 12X % (a, b) 54, (c, d) 55, (e, f) 56 DU Z~RZ +VZAL,

TEIRFA 72 IRIE FE 281 D ELH,

& DHEEMDKET

JERRST (10

(g-1) tBEMTO

(j) BEROWICE D4-FRIRFH
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(a) 54 (pH 3.5) (b) 54 (pH 7.0) (c) 55 (pH 3.5) (d) 55 (pH 7.0)
0.09 —0 min 0.09 —0min 0.09 ona —0min 0.09

. o, . 0O ONa —0 min
o ona —10min o ona —10min /\ —10min —10min
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8 006 4 ) o 8 0.06 4 | e
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Figure 76. 54-56 % PB with 30% DMSO 1255 L /=388 D ZEMORET B2~ Z b
JUZ 700 nm DFEE AREDKEE 1 uM OBERICIRE 3% Z ¥ THIE L 7=,

HKAYE pH IREHBRD PA AR PLVEIE

838 54, 55 @ PA A7 bLH pH TG U TS 2 h a1 3 2 72912, Figure 15 @
setup & FWT PA A7 bLERIE L7z, 54,55 @ PA AT FOUIFIRINARZ t Lk [AE]
BC pH B LTI L, 1,49 7H 7 A% AR BT/ 56 © PA 2<% ki3 pH 2
JIBUTENL o teicd, KIEMZA LS BBHRTDH S 54-56 THIINZRY FLIZ
JEU 72 PA ZR7 ML EEO Z v AVRE Nz (Figure 77),

BoN7z PA o 7 FAGRERIEEICH LT 7 v b L, bl o R EEH L
e A, WINOBEROMHEFRED 098 U ETH D PA & 7 F LR EIZNEEICEICH
B9 2 Z e AVRE N7z (Figure 78a), K2, 1§57z PA AT ML OMAEZ BEFRED
HHABTINERCH LTI ry b Lz 25, PA RARY MILVOMAMEIZHEE TINRITH L
TEICHBEE S, Ab—222 7 MR L TEEIRMEBE L, 50-52 [AREOERER L
(Figure 78b—c), HIiE L7z PA > 7 FLEBRE L HED 71y MZBWT, iEtoE L
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PA 7 FEERHE Ly 24, WTFNOEHEDFIEE TR L2551k E W PA &
JFNVRE R R LTz, IR S 7R IE WERT 2L F — 2B U TR L72hY S iR eE
DEEIRLAY 7+ X— a R OMEICE IREFER) L, 2ok, koL ERs
i & BEIRARICER 3 2 @R CHOLS B (NERERIR) 23 % (Figure 1), MIRET
I L7258 DIE 525, & b @D oLy —iREED & IREMEANC & 2 BVR it LTIk
REOLERAY T 4 A= a Ve ROMEICZET 270, ZOBD PA > 7 FILDOFKIC
FELI-eEZ 605 (Figure 79e),
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Figure 77. 54-56 Ot - i pH 1B} 5 PA XARZ PV EIRIRZARY bV BEDH
MR 10 UM ¥ 723 & 5 PB with 20% DMSO 12787 L7 (a) 54, (b) 55, (c) 56 ® PA Z-<
27 PV EIRIRARY v,
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Figure 78.54-56 @ PA ¥ 7 FVRENR L HERMEDOLLE (a) KEE10UM 425 X
5 PB with 20% DMSO IC&EBFREIAD LA D (a) PA > 7 F)VERE ¥ LR O HEg,
(b) PA ZR7Z bV OMKSE & HOECE FIERDLLEL, (c) PA AT MLOMAEE A b —72
A7 - DLE,
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(a) 54 at pH 3.5 (b) 54 at pH 7.0
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Figure 79. W&} DIR{E L PA > 7 FABED Sy +  (a, b) 54, (c, d) 55, (e, f) 56 D
pH3.5 £7213 7.0 DFWAHE Y PA > 7 FAEEDO v v b, (g) REFERICE 2 PA > 2
FNDREDEA T 7T b BZROKEIEELZ 10 uM THIE L 72,

B/KBENE pH IEBRREZ AW ik-BARESHRO/ER
KB Z A ESBOETH D 54-56 ZHVTIEED PA 4 X — 2 7%4T5 72912,

54-56 % EGFR IZf5E& 3 291K TH % panitumumab IS L7z, Jiik-aRE S C7-
C9 Z#1E# L 7= (Scheme 9), C7-C9 3 #/LKR¥ % NEt:; fF(E . DMF 5ty U CH
W, TSTU %2 MMZ % Z & TRIEMHEDE W succinimidyl ester 12 U7z, B4, Na,HPO, 77
ET. AKEHEE Y LTHW, panitumumab & KISX T, RAMEEIC X - THE# LT C7-
C9 2157, RIEKHZR S TR XD ZL0BRZHFHRIHEETE 200, FUAOHES
Fab #HAOHEEIC & 5 EGFR 88 EEDIR T E Z 651579, DARIZ 10 U T2 &
SVERIL Jz, 19DAR ZWRHHIE & BCA assay Z FHWTHIE Lz 2 A, # C7=1, C8=3,
C9=2 TH -7,
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Scheme 9. C7-C9 OEHI R ¥ — A

AR IC X Z2EKEBYE pH BEEERLAVEIH-BARESAROMEERME
DRRE
TUA-BREEHE CT-C9 23, DAMBNCELD A F 0% 20 2 HOCTEMBI CHET L7z, $3.

PiA- B RE SR C7T-C9 ZH&JEE 5 ug/mL <7 % £ 5 EGFR @FEMdo HuCCT-1 K *
EGFR JEFIRMIAED NIH-3T3 IR L, 24 B A > F 2 _— MRICHOCEMEE THER L
720 C7-C9 %L 7= EGFR SFEMI T, WTFhoPik-GRESERERNLZHET
b ERACROBOEHBIR SN, TUA-BRESEZRIL TRV g LT, #fEA
DWHARE A E 2 - 7= (Figure 80a), C7-C9 % AN L 7= EGFR JEFIMIFIO NIH-3T3 T
F. WITHMOTR-BREESRZRMNLBETHOENIZL ALBE ST, MiENOH
HEREITUA-BRESHZRM L TR WHERE & i U TREEE TS - 72 (Figure 80b),
Al EGFR mZEHMild e LT MEAREIEMINTSH 2 A431 ZHVWGETH, Pilk-tas
HEMR C7T-CO ZAKRE 5 ug/mL 722 K5IWIMUTRE 21T o7 25, 24 KA ¥
2R— MRIZ, NIH-3T3 OHE & D i@ WESEOSHIldN D S B S /- (Figure 81), M &
DFERD &, C7-CY IFWFThoFik-BREESHE S ECGFRERIICATEL L. AIAMIIEAIZ
WDIAENS Z & DRI N7,
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(a) HuUCCT-1 cells (EGFR positive) (b) NIH-3T3 cells (EGFR negative)
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Figure 80. BYEMFEIC X 3 C7-C9 ® HuCCT-1 ¥ NIH-3T3 "DEEEDHEE C7-
C9 ¥RiN 24 BEf% B L U C7-C9 JERMOD (a) EGFR &5 % EFE$ % HuCCT-1, (b)
EGFR % 58 L 72\ NIH-3T3 o # B SR {5,
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(a) A431 cells (EGFR positive) (b) NIH-3T3 cells (EGFR negative)
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Figure 81. B{MEEMEEIC X 3 C7-C9 D A431 ¥ NIH-3T3 NDEFEOLLE C7-C9 i
I 24 Bt X OF C7-C9 FEGRINID (a) EGFR E¥H % E5EH 3 % A431, (b) EGFR %%
B L 72 NIH-3T3 o # O SEM ST {5,

w/KBEYE pH WEAEZRHVWIR-BREEMAIC X 3 HuCCT-1 B v X
DEHARX—I T

Tith- 0BG AR C7T-CO DIEBICHEE T 2 Mt s 5729, C7-C9 100 ug % EGFR &
FEMED HuCCT-1 %[ FBAE L =33 A~ 7 ZICEIR%S L. 680, 700, 720, 740,
760, 780 nm D& N F NS & LT RRHNICHE 2 B U o Piik- B RE & 1K C7-
C9 % EGFR @#EMIAED HuCCT-1 2B L - A~ v 21 E LA, RERRGEIC
K DB 5 OHENFREDEA L, 24 FRIRICIZES H S5 WEESBHE Xz (Figure
82), 24 Wffblth, FIEKEZ L OlEE (A1) e N\v 277 I vy R (EY) O®NHE
7wy b Lk 25, pHIREWGHREMEE X E7: C7, C8 TRERKREMDFHHT XD
SRWVEHEDER 2 S BIE X /- (Figure 83a-b), C7,C8 25 L7z~ A Tld, Ny 7
Z0 Y RIZBWTHREFEEMT LD BNEEIEIR Iz h, 780 nm TORIEICBIT % #
JEE ¥ 700 nm TOREEICB T 3 BB OHEEE O (F780/F700) X Ny 7 75w v
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R (C7:2.0, C8:2.2) &b dEE (C7:2.3. C8:2.5) DIF>Ed -7 (Figure 83e),
pH IEISEMEEEEEE L C6 25 Lz~ Y 2T EED 5 MWENEBIR X 05,
F780/F700 ¥y 27 75w > ¥ (1.0), 5 (1.0) THICFAIUCETH %k, TOoDZ L
25, C7, C8IFBICERM L%, VY Y —205MMERFICIE LT 800 nm il
HEB XCHEDENT 2 Z e oRa iz, £ pHIGEMD C7, C8 %5 L 7-4H23A
~ 7 A pH FELEMED C6 2HREG LIENAR VALY BEE L Ny 7 7T Ty FigEB
I BREHSREL, BETEI Y P I AMIBHTE 2 Z eI,
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Figure 82. C7-C9 %2#5- L 7= HuCCT-1 B~ Y RIZBIF 2 HHA X —T 7 HIEA]
RE 72U K R D i (C7,C8: 780 nm. C9:680nm) 12 &k h i &7z (a)C7, (b)
C8, (c) C9 % EEARI% 5 L T 24 KfEi£ ® HuCCT-1 A~ v 2 D HE R,
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Figure 83. C7-C9 %2#5 L% HuCCT-1 B~ v X DBEREOLLE ittt (680,
700, 720, 740, 760, 780 nm) I & b XNz (a) C7, (b) C8, (c) C9 Z RS LT
24 Rt D~ v R, (d) PUE-BEESEELEG L TV RWe Y RDOEE (GY) v
727y R (EE) 2B 2 HEHE, (e) EO 780 nm TOFIICE T 2 BKEE & 700
nm TOIEIZ BT 5 HeRE D (F780/F700)

mAKEBEYE pH BEHEREAVWIHR-BEESARIC X % A431 BiEY T XD
MHARX=—DV T

Puk-aRE SR C7-C9 7' EGFR ERB O FMEENAMII TS 2 HuCCT-1 LIS CH|
HTZ 20853 270, [FA U < EGFR &REMIETH D, & ME R AMIITSH % A431
TR TRBA L JHH08A < R12 C7-C9 Z RS L. 680, 700, 720, 740, 760. 780 nm
DN % FNZAUNEEE LT, BRIV 2 BIR Lz, £ OFER, IFEFEEIC X D 55
5 OHMIREDIER L, 24 RERRICIEER D SIWEHED B X /- (Figure 84), 24
Mk, EREZ DS (65) eNXv o770y F (E5) O¥EEEZ ey b
L7zt 25, pHIEEMOHREEES X2 C7, C8 TIIEFEEM ORI T L b iEWEHIED
fEE D o EE S /- (Figure 85a-b), C7,C8 25 L7~V A Tld, Nv 7777 > R
BOWTHRERMAITX D BEOVEIEPBE I N2, 780 nm TORICB T 2 HOLRE »
700 nm TOREICE T 2 EEOEEGRE D (F780/F700) X, Ny 272759 > ) (CT:
1.5, C8:1.4) kb dEjE (C7:1.8. C8:1.9) DIFHiEb -7z (Figure85e), pH IEILE
MOEREZHE L2 C6 215 L~ v AT H, 5D HIRVEHIEHBIE X 7z 23, F780/F700

98



B3Ny 22779 8 (1.0) g (1.1) TIEKIEFCETH o7, X C7-C9 &5 LT
24 REfRRICHDEZ B L 712, SR 2 VIR L T ex vivo I2BT 2 L2 B% L7z, C7-
C9 #HE L~ 7R, WTADOBREICBWT S L AT TOABRNHEIEHE SN,
DR 2> HI1XIF & A EHIEPBE SN - 72 (Figure 86), &> T, C7-C9 1ZfEEHIC
ERINCER L. /2, IFcTcREans 2 e RNz, C7-C9 1X EGFR &5
DOt MEEMBAMIITH S HuCCT-1. EGFR &HHoO b MELEBAMIITH 2 A431 *
BHELZWTNOENPATY AOBBICHER L 729, EGFR ZRB T k4 R ARE
DIFFZA X —=Y Y 7 TED I eHRBINT,
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Figure 84. C7-C9 ##5 L7z A431 B~V RZBIF 38HA X—Y v JIERHER
WA A = iy (C7, C8: 780 nm. C9: 680 nm) 12 & b & h7- (a) C7, (b) C8,
(c) C9 ZE#IRILS LT 24 Rl @ A431 #HE~ » A D HEHEER,
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Figure85. C7-C9 215 L7- A431 BHl~ Y X DRERE DL ity (680, 700,
720, 740, 760, 780 nm) 12 X h M X7z (a) C7, (b) C8, (c) C9 * Hlifi 5 L T 24 %
B0~y 2, (d) HE-OAEESEEZERS L TVWERVS Y ZDEE (GE) ANy 275y
YR (B 2B 2ENEE, (e) FED 780 nm TOFIEICBIT 3 HEHEE ¥ 700 nm
TORRICHBT 2 BEE DL (F780/F700),
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Figure 86. C7-C9 2#5 L7z A431 BHE~ Y R D ex vivo B} 3 HIEREDLE
TE A BE 72 WA K = D il (C7,C8: 780 nm. C9: 680 nm) 12 k h Mt /= (a) C7,
(b) C8, (c) C9 Z#EARIZ S L T 24 RfREIRICH1T % ex vivo DHILIRE,

B 3HETIE EEDPA A XYV 7R BIE L. KA Z M X865 TH % 54-56 %
BEFE L7z, 54-56 13 50-52 ¥ [AREIC pH I/ LTINS X O PA 22 FADE(LL, %
7o BEEMERITICINE T % pKa BFO 2 L AR E Nz, 54-56 EPURICHAES L - PUk-t3R
BEM C7-C9 13 EGFR ZEIRIIZ DS AMRICE D A 47z, C7-C9 % #lRI% 5 L 7= EGFR
BB D HUCCT-1 U A431 22 TR L 72 A~ 7 23w ihd, EFEE®D 780 nm
THED SIRVEIEPBIE SN2, C7T-CO BEBAERL, VY Y — 240K pH G
BT ePRBRENT, 2. ZORERDLP S, C7-C9 13 EGFR 2RI T 28k 4 1203 AfE
DIFFZA X —=Y Y 7 TED I eHRBINT,
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ERao)

PH IZIE L T PA ART MADZELT 2R ZHOVT PA 4 X =YV 72T 12DIT,
Fiio7e pH IGBEMEERH LR L, 2o R EHASP RGD R7F RIS LHik
-EBREERK O RCGD-BREE R FH L, M8 TOA X -2 v 72 MEt Lz, pH
WIHE LT PA AT PADZALT 2 5 % panitumumab IZF5E& L7z C1, C2 1355
A EGFR Z#ERAVICATE(L L. 800 nm DJif#IET PA & 7 At iz 7z®. EGFR
FHMIRLEIRA 2 PA 4 X =YV ZH e LTHRES 5 Z 2 R X /-, RGD RTF R %
f&5A L7z C4, C5 T [ABICIEENAMAIT PA & 7 F LB S =23, K pH IKEE L
TPAYTFNENEIA SR o770, VY Y — LS ORI E R 212 b 9 Lz & H#E
"IN b,

PUA- R EEIR C1-C3 ZHEPAT VR E L THHA X =DV T2 ITolc ZHNE
b HHAIIBE SN o 72h, ZVAER X HICEAL LOKAEE @D IR E
A L7 C7-C9 ZHEDBAT Y RIHEE L THNA X =DV T R{Tolc b T A, &5 24 K
BICIEE 2> H R WFH LD BIE S iz, £72, pH IWBMEAR LA L7z C8,C9 Tld 800 nm
DFFEIET R S IRNEEEE A S B S, BEAER L. K pH BB LTS 7 s
ZALF ARV R S Tz, SHIE C1-C3 24 G LHDB ATV R ETD PA f X =
Y I7EITV, PAAX=Y Y 7Rl LTHIHT Z 258513 %,
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ot & B

H1ETIE pHITSE L TARY MABENT S PAA X—Y v 7R BIEL. ¥ 7=V
BRI VEZEALLARFELER L, R LBREROFT, 14-I7HF 7 FLE
EHOGEOTINE X O PA ZAR2 MU pH IS TAE S ZHL L T2t Zh s D
BRIERD AR ETROLNZIFETALO pH IZJEE LT PA ART MADBEDLSLHEAL L
THIHTZ 2RIREMED R E N,

%2 BT, RHLUEAEROBINARY Fds pH TS TEMT 2 X =X L% Rat
T 570, 1-BRY P ZVED 4 (k&4 IR B R EA LR HE L. AR E
TFIRAEZ R U720 BETORER. INA R P AZEIE 4 M OBEFEOBEFIT I L -5
THRZ2 W RBINT, Thbb, 4 NOBEHEOE TR MEITFHOEETIE 1-BRY
VENED 1INMDN OBEBFHNY 7 = AROHEER 2 WT 5 2 T, BRINMCK SRR
Bz 7+ L. 4 MO BEHEOBEFIG MEPBRNERTIE, 170 N OBFMC L EKE
HEHHHI N, I ADSEREACY 7 P L EZONE, 2OZep5, H1ET
B LT 1,42 7 7 FAEEFFOORTIE, pH OZMIKIIEE L TAMDO 7 I /) HDB T
g kbl 4 NOBTFESIENZET 2 Z 8 TRINARY MARZEL LIz EZ BN S,
F72, LRI VZNVED 40TV -V EZEA LARIIBWTS, ALK ZHIHT
X5l RTF X =L ROS 1T K 2HEENKIGT PA AT PADZEAT 55K
DRAFEICORA B HIAE R LT,

HI3ETIE, pH &MY 7 = VERZTURCHE LTB-GRESHRE2EH L. DA
MAED PA 4 X = ¥ 7 %AT o T AR L T BB E SR AMIEIRINCNTEL L.
BAMEREETH 2 Y Y Y — JIZWMDIAENT PA 7 FANE(NT 2 2 L RBIN,
7o EETOD PA A A=YV 7% HIEL TRWKAEEZ RIS OEEEEREERL, #H
DBARTATHEHHNA X =DV T RITo728 25, Bk 5% 24 R THEE D &5V HEEA
Bz, 72, pH TG LT 800 nm DRI AIIE AT 2 Jilk-BRESHREHRS L
7= ATIE, 800 nm I IZ B W TG HIRWEHIEDBR I N e b, FRLH
R-EFEEERDBRED A X =D Y JICHERTH 2 AlREMI VR I Nz, FEEICEFE L T pH
WWIRES 5 Z e W hiz/zd, 5%k C1-C3 2G5 LzHBA~Y Y X728 TOD PA A
R=I Y ZHITV, PA A X=Y Y Z7He LTHATE 20853 %,

PAA X =T > 7%, REREZBEICBR T2 e TELD, HAX—I Y TERD
BREEFIR ST 2HLWFIETH D, NEZ R 2k 2 ONEMEERAE Fu 7z KRR 111
RIFA X =T ¥ 7 W R T TIERISH SN TV S, & I IR ORESRS pH
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WIEELTPA RRY AR T A X =DV FHIEHEATZ2Z8 T, PAA XYV
THREZEIY M T A MIHIHTE ZAMREMD D %, AL TIE. 2D & 5 RIREEMLOIR
BIZIEE LT PA ARY MAPET 2 BEOMFELEIE L, S EIFREHHELZEA L
ICG FEARE BT Lz, BIFE L7z pH IZIEE LT PA 2R MADE(LT 2 BRI, EED
PA A X=V Y WCHLTH Y., BEIrOEBREREEOBRLEHTE AN D 5,
F7o. BAFE L7 pH IWBEMEARELES L hik-aREEHIE. HER2 2B 35 72
VX7 CD30 2B T2 7Ly~ 7y, thofEOIKREH WS Z LT,
TEIERY T XA TOBICHICHTZ ZR[REMED D 5, 18 —T5. pH IGEMHEBEFED X 7
ZALEME LIMER, 7= VIHE LT I /A b OREREEHIEHT 5222 TR
R7 MVEEFIETE 2 Z 2 2R L, BIRINE LT PA ART MADED 3R E &G
TE2DOHAERH L, ZOXH=ZnE, pH OAKE LT, RIFX—E= ROS &
COERDTFIINET 5 PA BROBBICEPZ L EZ LN, PAA X -V V7 ORBICE
kLS %,
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EERDED

General information

Reagents

Reagents and solvents were purchased from Tokyo Chemical Industry Co. Ltd.,
(Tokyo, Japan), FUJIFILM Wako Pure Chemicals Corporation (Osaka, Japan), Sigma-
Aldrich Co. LLC (St. Louis, MO, USA), Kanto Chemical Co., Inc. (Tokyo, Japan), or
Combi-Blocks Inc. (California, USA), and were used without further purification.

Reaction solvents were dried on 3A molecular sieves as needed.

MS analysis
Mass spectra (MS) were recorded on a JMS-T100LP (JEOL Ltd., Tokyo, Japan) or a Q
Exactive MS (Thermo Fisher Scientific, Waltham, MA, USA) using electrospray

ionization (ESI).

NMR analysis
'H NMR spectra were recorded on a JNM-ECX400P, JNM-ECS400, or JNM-ECZ400
(JEOL Ltd.) spectrometer operating at 400 MHz. All 6 values are reported in ppm

relative to tetramethylsilane or deuterated solvent signals.

HPLC analysis

HPLC analysis was performed using a reverse-phase column (Inertsil ODS-3 column
4.6 mm X 250 mm) (GL Sciences Inc., Tokyo, Japan), fitted on an LC-20AD pump
(Shimadzu Co., Kyoto, Japan), and an RF-20A or SPD-M20A detector (Shimadzu Co.).

Semi-preparative HPLC purification

Semi-preparative HPLC was performed with a reverse-phase column (Inertsil ODS-3
column 10 mm X 250 mm or InertSustain C18 column 10 mm X 250 mm, GL Sciences
Inc.), fitted on an LC-20AD pump (Shimadzu Co.), and an SPD-10A or SPD-20AV
detector (Shimadzu Co.). For purification, 0.1 M triethylamine acetate (TEAA) buffer,
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20 mM triethylamine (NEts) in water, or 0.1% trifluoracetic acid (TFA) in water were

used as eluent A, while MeCN/1% H,O was used as eluent B.

Medium pressure LC purification

Medium pressure LC was performed with a Universal ODS Premium column (30 pym,
5.0 X 19.0 mm, Yamazen Co., Osaka, Japan) and ODS packed Inject Column (Yamazen
Co., Osaka, Japan), fitted on an EPLCAI-580 system (Yamazen Co.). 0.1 M TEAA buffer

was used as mobile phase A, while MeCN was used as mobile phase B.

Optical analysis
UV-Vis spectra were obtained with a UV-Vis spectrophotometer (UV-1800, Shimadzu
Co.). Fluorescence spectra were obtained with a spectrofluorometer (FP-8600, JASCO

Co., Tokyo, Japan).

Cell cultures

HuCCT-1 cells were provided by Dr. Maenaka (Graduate school of pharmaceutical
sciences, Hokkaido University, Hokkaido, Japan), NIH-3T3 cells by Dr. Kobayashi
(National Institutes of Health, Maryland, USA), MDA-MB-231 cells by Dr. Kuge
(Central Institute of Isotope Science in Hokkaido University, Hokkaido, Japan), and
U87MG by American Type Culture Collection (ATCC). HuCCT-1 and NIH-3T3 cells
were cultured in the Roswell Park Memorial Institute (RPMI) -1640 medium (Merck
KGaA), while MDA-MB-231 and U87MG cells were grown in Dulbecco’s Modified Eagle
Medium (DMEM) (Merck KGaA) at 37°C in a humified incubator with 5% CO,. All
media were supplemented with 10% fetal bovine serum (Thermo Fisher Scientific

K.K.) and 1% penicillin-streptomycin (Nacalai Tesque Inc., Kyoto, Japan).
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Experimental procedure

PA measurements >
PA signals in phosphate buffer with DMSO were detected using a home-build set up,
as shown in Figure 15.1* An excitation pulse light (6-8 nsec) was generated using a
wavelength-tunable optical parametric oscillator (OPO) laser system (Versascan MBI-
FE, Spectra Physics or PrimoScan BMU-SE, Spectra Physics) excited by a Nd:YAG laser
(Quanta-Ray Pro-190-THDA-FE, Spectra Physics) with a repetition frequency of 10 Hz.
The excitation pulse light was shaped to have a 3 mm diameter beam, focused using
an 18.24 mm focal length lens, and introduced into a multimode optical fiber (M40102,
Thorlabs, Newton, NJ, USA) with a core diameter of 400 um and an NA of 0.48. To
correct potential output energy fluctuations, the pulse light was split using a beam
sampler, and the energy of the split light was measured using an energy meter (PE10-
C, Ophir Optics, Jerusalem, Israel). The output end of the multimode optical fiber was
fixed at the center of an ultrasonic sensor with a ring-shaped detection element
(inner diameter 1.4 mm, outer diameter 3.0 mm). The detection surface of the
ultrasonic sensor was submerged in a small water tank filled with degassed water.

The bottom surface of the small water tank was made of a glass cover that
transmitted both light and ultrasonic waves, and the distance between the detection
surface of the ultrasonic sensor and the glass cover was set to 10 mm. The excitation
pulse light from the multimode optical fiber was irradiated into the liquid column,
and the resulting ultrasound was observed using the ultrasonic sensor. The signal
was then amplified using an FET amplifier (SA220F5, NF Circuit Design Block,
Kanagawa) and recorded using a digital oscilloscope (M9210A, Agilent technology,
Santa Clara, CA).

Dyes were dissolved in a 50% phosphate buffer/50% DMSO solution at pH
3.5 or 7.0 and at a final concentration of 10 pM. The solution was then dropped onto
a glass slide, and the glass cover on the bottom surface of the small water tank was
brought into contact with the liquid surface of the solution, adjusting the gap between
the glass cover and the glass slide to 1 mm. Then, PA measurements were performed
at 5 nm intervals in the 500-1000 nm range for 4, 6, 7, and at 10 nm intervals in the
500-1000 nm range for 50-52 and 54-56. To investigate sample changes due to

photobleaching or aggregation, measurements were performed at 10 nm intervals in
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the 500-1000 nm range, followed by 10 nm intervals in the 505-995 nm range for 4, 6,
7, and at 20 nm intervals in the 500-1000 nm range, followed by 20 nm intervals in the
505-995 nm range for 50-52 and 54-56. At each excitation wavelength, 50 PA signal
measurements were conducted, and the intensity peak values of the averaged signals
were measured. These values were then normalized by the energy of the irradiated
excitation pulse light to determine the photoacoustic signal intensity at each

excitation wavelength.

Fluorescence imaging with cyanine dye-antibody conjugates in cultured

cancer cells

Fluorescence imaging in cultured cells was performed using a BX41 upright
fluorescence microscope (Olympus) equipped with a UPlanSApo 40x objective lens
(Olympus). Images were captured with an Exi Aqua monochrome camera (Q imaging)
and an acquisition software (Q Capture Pro, Q imaging). The microscope used a U-
DM-Cy7-3filter (Olympus, Excitation: 673-748 nm, Emission: 765-855 nm) and U-RFL-
T excitation light source (Olympus).

HuCCT-1 cells were seeded in a 35 mm dish containing a glass cover and
incubated at 37 °C with 5% CO,. After one day, antibody-dye conjugates were added
to the dish at a final concentration of 5 pg/mL and incubated for 24 h. The glass cover
was removed from the dish, washed with phenol red-free medium, and placed on a
slide with the cell side facing down. Subsequently, the slide was set up in a
fluorescence microscope, and the fluorescence was determined. Image processing

and analysis were performed using an Image J software version 1.52.

PA imaging with cyanine dye-antibody conjugates in cultured cancer

cells

PA imaging in cultured cells was performed using a home-build set up, as shown in
Figure 58. A wavelength-tunable nanosecond pulsed laser (NT342A-10-AW, EKSPLA,
pulse duration, 5 nsec; repetition rate, 10 Hz) was employed as the laser source. The
excitation pulse light was collimated to form a 1 cm diameter beam and then adjusted
for pulse energy using a wave plate (1/2A plate), polarizing plate, and ND filter. The

light was focused onto the dish using a LUMPLFLM 40x water-immersion objective
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lens (Olympus). The photoacoustic waves from the sample were detected by an
acoustic transducer (10K6.41 PF15, Japan Probe, focal length, 15 mm; center
frequency, 10 MHz) in the water bath. The PA signal was amplified through a low-
pass filter (BLP-21.4+, Mini-Circuits, bandwidth; DC-22MHz) and an amplifier (AU-
1647, MITEQ, bandwidth; 0.1 K-400 MHz, gain; 57 dB), and then recorded using a
digital oscilloscope (DS-5654A, IWATSU). To correct for potential variations in output
energy, pulse light energy was measured by placing a pyroelectric energy sensor
(919E-0.1-12-25K, Newport) at the position where the dish was placed. The acquired
photoacoustic signal was normalized by the measured excitation light pulse energy.
A laser diode was positioned where the reflected light from the ND filter passes, and
the photoacoustic signal was measured only when the pulse light intensity was
sufficient. Photoacoustic images were generated as two-dimensional images by
scanning the sample in a zigzag pattern using a stepping motor stage (TAMM100-50C
and HSC-103, OptoSigma) and projecting the peak envelope intensity values of each
acquired photoacoustic signals. Bright field images were observed using a CMOS
camera (DCC1645C, Thorlabs).

HuCCT-1, MDA-MB-231, or U87MG cells were seeded in 35 mm dishes and
incubated at 37 °C with 5% CO,. After one day, antibody-dye conjugates were added
to the dish at a final concentration of 5 ug/mL and incubated for 24 h. Subsequently,
the bottom surface of the cell dish was put in contact with a water bath set to 37 °C,
and PA imaging was performed at 675 and 800 nm. Image processing and analysis

were performed using an Image J software version 1.52.

Measurement and calculation of optical properties of the cyanine dyes
Absorption and fluorescence spectra of 1 or 10 uM (final) compounds were measured
in DMSO or 0.1 M phosphate buffer (pH 3.0-12.0). In DMSO, trifluoroacetic acid (TFA)
and triethylamine (NEts) were used for adjusting the pH. The fluorescence quantum
yield (¢r) was calculated according to the following formula.

2
_ Ast Ny Dx
- 2
Ay Ng” Dy

(% Qs

Where, x = sample, st = standard material, A = absorbance at an excitation
wavelength, n = refractive index, D = Area under the fluorescence spectra. ICG was

used as a standard material (¢ = 0.13 in DMSO). pAa values were calculated with a
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Kaleida Graph software (Synergy software) using the absorption peaks of the dyes at
acidic pH.

Investigation of reversibility of the absorption spectra at several pH

values

After the absorbance measurement of 1 uM cyanine dyes in DMSO, TFA (0.4 mmol)
was added to the DMSO solution, and the absorption spectra were measured again.
Then, NEt; (1.1 mmol) was added to the DMSO solution containing TFA and the

absorption spectra were measured again.

Stability investigation of dyes

Stability of 50-52 and 54-56 in the dark or under light exposure was investigated in
0.1 M phosphate buffer at pH 3.5 or 7.0 with 30% DMSO. For investigating stability in
the dark, each dye was dissolved to phosphate buffer with 30% DMSO at the final
concentration of 1 uM in a 3 mL cuvette. The solution was incubated in the dark and
the absorbance was measured at each 10 min. For investigating stability under light
exposure, each dye was dissolved into phosphate buffer with 30% DMSO as the
absorbance of each dye at 690 or 785 nm was same value each other. A cuvette
containing each solution was irradiated by a 690 or 785 nm laser (10 mW cm2) (MLL-
[11-690-800 mW or MLL-III-785-1 W; Changchun New Industries Optoelectronics
Tech, Co., Ltd.) and the absorbance was measured at each 5 min until 30 min, and

then, measured at each 10 min until 60 min.

Calculation of the most stable structures and electron density

Using the CONFLEX8 program in combination with the Gaussianl6é program for
B3LYP/3-21G* calculations, conformational searches were performed for each
cyanine dye. Among the obtained conformations, those with energies within 3
kcal/mol of the lowest energy were subjected to structural optimization calculations
using the Gaussianl6 program with LC-wPBE/cc-pVDZ. The most stable
conformational structure was identified through these calculations. Using such

structure, the charges of the N atoms adjacent to the polymethine chain were
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calculated employing natural population analysis.

Cytotoxicity test

To quantitatively evaluate the cytotoxicity of 50-52 and Indocyanine Green (ICG),
percentage of dead cells was assessed using Propidium Iodide (PI) staining. For PI
staining, HuCCT-1 cells were seeded in 35 mm dishes at a density of 2.0 x 10° cells per
well. After 24 h incubation at 37°C, 5% CO,, each dye was added to the culture
medium at the final concentration of 0, 1, or 10 uM, and incubated for 24 h at 37°C,
5% CO,. After supernatant containing floating cells was collected in a 5 mL Eppendorf
tube, cells were detached with 250 pL of 0.05% trypsin solution and collected by
additional PBS 200 pL X 2. The cell suspension was centrifuged, the supernatant was
removed, and the cells were resuspended in 1 mL of PBS. The cell suspension was
centrifuged, the supernatant was removed, and the cells were resuspended in 100 pL
of Binding buffer containing 40 ug/mL PI. The cell solution was stained in the dark
for 15 min at room temperature. The cells were then increased in volume by adding
400 uL of Binding buffer, passed through a 10 um filter to single cells, and measured
using a Gallios Flow Cytometer (Beckman-Coulter). Fluorescence of PI was measured
using 500-550 nm fluorescence filters. The acquired data were analyzed using Kaluza

Analysis 2.1 software (Beckman-Coulter).

Statistical Analysis

Statistical analysis was performed using JMP Pro 17.0.0 software (SAS Institute). For
multiple group tests, one way ANOVA (analysis of variance) followed by Tukey-
Kramer test was performed, and a P value of 0.05 or less was defined as a statistically

significant difference (n=3).

Preparation of tumor-bearing mice

Animal experiments were conducted in accordance with the regulations for animal
experimentation at Hokkaido University, a national university corporation. All
procedures were performed under anesthesia with isoflurane. U87MG or HuCCT-1

cells (2.0-5.0x10° cells/tumor) were transplanted subcutaneously into the right side
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of the back of Balb/c Slc-nu/nu mice (6-8 weeks old, female, Japan SLC) to create

tumor-bearing mice.

In vivo Fluorescence Imaging

In vivo fluorescence imaging of C1-C9 was performed under anesthesia with
isoflurane, using an IVIS Imaging System (Revvity) equipped with a filter set
(excitation filter: 680-780 nm, fluorescence filter: 845 nm). Image processing was

carried out using Living Image software.
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Synthetic procedure
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General synthetic procedure of cyanine dyes with various amino groups
15 (1 eq.), corresponding amine (3-14 eq.), and NEt; (0-123 eq.) were dissolved in
anhydrous DMF (0.03-0.20 mL/umol). The mixture was stirred at 80°C under an argon
atmosphere. After checking the reaction progress by HPLC, DMF was removed under
vacuum and the precipitate was purified by semi-preparative HPLC (A/B = 20 mM
NEt; in water/99% MeCN, 1% H,0). After removal of MeCN from the collected
fractions, the solution was passed through a cation exchange resin, and then freeze-

dried to afford the corresponding cyanine dyes.

Preparation of 1

15 (50.7 mg, 61.7 umol), piperazine (22.9 mg, 266 pmol), and NEt; (50.0 uL, 359 umol)
were dissolved in anhydrous DMF (2 mL). Then, the mixture was reacted and purified
according to the general procedure to afford 1 (9.50 mg, 18%) as an orange solid. 'H-
NMR (400 MHz, DMSO-d,): § 8.19 (d, 2H, /= 9.0 Hz), 7.98 (d, 4H, /= 9.0 Hz), 7.77 (d,
2H, J=12.0 Hz), 7.69 (d, 2H, J=9.0 Hz), 7.57 (t, 2H, J= 7.5 Hz), 7.40 (t, 2H, /= 7.5 Hz),
6.11 (d, 2H, /= 12.0 Hz), 4.29 (t, 4H, J= 7.0 Hz), 3.75-3.67 (m, 4H), 3.51-3.46 (m, 4H),
3.08-3.02 (m, 4H) , 2.05-1.97 (m, 4H) , 1.92 (s, 12H), 1.90-1.83 (m, 4H), 1.80-1.73 (m,
2H). HRMS (ESI"): calcd. for CssHssN4OeS: [M—Na]™ 847.3569, found: 847.3582 (+1.3
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mmu).

Preparation of 2

15 (60.2 mg, 73.3 umol), 1-methylpiperazine (100 mg, 1.00 mmol) were dissolved in
anhydrous DMF. Then, the mixture was reacted and purified according to the general
procedure to afford 2 (19.8 mg, 30%) as a red solid. 'H-NMR (400 MHz, DMSO-dj): §
8.24 (d, 2H, J=9.0 Hz), 8.02-7.97 (m, 4H), 7.82 (d, 2H, /= 14.0 Hz), 7.72 (d, 2H, J=9.0
Hz), 7.58 (t, 2H, J=7.6 Hz), 7.42 (t, 2H, J=7.6 Hz), 6.16 (d, 2H, /= 14.0 Hz), 4.32 (t, 4H,
J=7.2 Hz), 3.74-3.68 (m, 4H), 3.32-3.28 (m, 4H), 2.57 (t, 8H, J= 6.7 Hz), 2.41 (s, 3H),
2.05-1.97 (m, 4H), 1.93 (s, 12H), 1.79-1.72 (m, 2H). HRMS (ESI"): calcd. for
CaoHs7N406S, [M—Na]™ 861.3725, found: 861.3742 (+1.7 mmu).

Preparation of 3

15 (60.3 mg, 73.4 pumol), 17 (80.0 uL, 454 umol), and NEt; (40.0 pL, 287 pmol) were
dissolved in anhydrous DMF (5 mL). Then, the mixture was reacted and purified
according to the general procedure to afford 3 (25.0 mg, 43%) as a red solid. 'H-NMR
(400 MHz, CD;OD): § 8.19 (d, 2H, /= 8.5 Hz), 7.95 (d, 4H, /= 9.0 Hz), 7.88 (d, 2H, /=
13.5 Hz), 7.66-7.57 (m, 4H), 7.50-7.40 (m, 7H), 6.15 (d, 2H, /= 13.5 Hz), 4.33 (t, 4H, J=
7.6 Hz), 3.92 (s, 2H), 3.83-3.78 (m, 4H), 2.98 (t, 4H, /= 7.0 Hz), 2.90-2.85 (m, 4H) , 2.59
(t, 4H, /= 6.5 Hz), 2.31-2.21 (m, 4H) , 1.92 (s, 12H), 1.88-1.81 (m, 2H). HRMS (ESI'):
calcd. for CssHei1N4O6S, [M—Na] 937.4038, found: 937.4057 (+1.9 mmuy).

Preparation of 4

15 (52.8 mg, 64.3 umol), N,N,N-trimethylethylenediamine (23.4 pL, 180 pmol), and
NEt; (40.0 pL, 287 umol) were dissolved in anhydrous DMF (4 mL). Then, the mixture
was reacted and purified according to the general procedure to afford 4 (25.4 mg,
45%) as a purple solid. '"H-NMR (400 MHz, CD;0D): 6 8.17 (d, 2H, /=8.5 Hz), 7.96-7.91
(m, 4H), 7.86 (d, 2H, J=13.5 Hz), 7.59-7.53 (m, 4H), 7.39 (t, 2H, J=7.6 Hz), 6.12 (d, 2H,
J=13.5Hz), 4.32 (t, 4H, /= 7.0 Hz), 3.95 (t, 2H, J= 5.4 Hz), 3.51 (s, 3H), 2.99 (t, 4H, /=
7.2 Hz), 2.81-2.76 (m, 2H) , 2.60 (t, 4H, /= 10.0 Hz) , 2.33-2.22 (m, 10H), 1.97 (s, 12H),
1.90-1.84 (m, 2H). HRMS (ESI"): calcd. for CsHsN4OsS, [M—-Na]~ 863.3882, found:
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863.3893 (+1.1 mmu).

Preparation of 5

15 (50.0 mg, 60.9 umol), propanediamine (30.0 pL, 356 umol), and NEt; (40.0 pL, 287
umol) were dissolved in anhydrous DMF (5 mL). Then, the mixture was reacted and
purified according to the general procedure to afford 5 (16.3 mg, 31%) as a blue solid.
IH-NMR (400 MHz, CD;0D): § 8.15 (d, 2H, /= 9.9 Hz), 7.93-7.86 (m, 6H), 7.55-7.49 (m,
4H,), 7.35 (t, 2H, J= 7.6 Hz), 6.00-5.92 (br m, 2H), 4.31-4.24 (br m, 4H), 3.91 (t, 2H, /=
6.5 Hz), 2.98 (t, 4H, /= 8.1 Hz), 2.90 (t, 2H, /= 6.5 Hz), 2.63 (t, 4H, /= 6.3 Hz), 2.30-2.23
(m, 4H), 2.03-1.91 (m, 14H), 1.89-1.83 (m, 2H). HRMS (ESI*): calcd. for C4sHssN4NaOeS,
[M+Na]* 859.3534, found: 859.3543 (+0.9 mmu).

Preparation of 6

15 (51.6 mg, 61.2 pmol), N,N,N‘trimethylpropanediamine (26.4 pL, 180 pmol), and
NEt; (40.0 uL, 287 umol) were dissolved in anhydrous DMF (4 mL). Then, the mixture
was reacted and purified according to the general procedure to afford 6 (28.2 mg,
51%) as a purple solid. 'H-NMR (400 MHz, CDs;0D): 6 8.19 (d, 2H, /= 8.5 Hz), 7.98-7.91
(m, 4H), 7.78 (d, 2H, /= 13.0 Hz), 7.63-7.54 (m, 4H), 7.40 (t, 2H, J=7.6 Hz), 6.16 (d, 2H,
J=13.0 Hz), 4.34 (t, 4H, /= 6.7 Hz), 3.84 (t, 2H, J= 6.3 Hz), 3.50 (s, 3H), 2.99 (t, 4H, /=
7.0 Hz), 2.62 (t, 4H, J= 7.6 Hz) , 2.39 (t, 2H, J= 7.4 Hz), 2.33-2.23 (m, 10H) , 2.09-1.96
(m, 14H), 1.91-1.84 (m, 2H). HRMS (ESI"): calcd. for CsoHeN4OsS, [M—Na]~ 877.4049,
found: 877.4038 (-1.1 mmu).

Preparation of 7

15 (50.0 mg, 60.9 pmol), methylamine (10.3 puL, 232 umol), and NEt; (60.0 pL, 431 umol)
were dissolved in anhydrous DMF (2 mL). Then, the mixture was reacted and purified
according to the general procedure to afford 7 (29.3 mg, 59%) as a red solid. 'H-NMR
(400 MHz, CD;OD): § 8.13 (d, 2H, /= 8.5 Hz), 7.89 (d, 4H, /= 8.5 Hz), 7.79 (d, 2H, /=
13.5 Hz), 7.55-7.45 (m, 4H), 7.34 (t, 2H, /= 7.2 Hz), 5.92 (d, 2H, /= 13.5 Hz), 4.29-4.20
(m, 4H), 3.51 (s, 3H), 3.02-2.93 (m, 4H), 2.69-2.61 (m, 4H), 2.31-2.21 (m, 4H), 2.03-1.82
(m, 14H). HRMS (ESI"): calcd. for C4sHsoN306S, [M—Na]~792.3147, found: 792.3171 (+2.4
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mmu).

Preparation of 8

15 (53.8 mg, 65.5 umol), dimethylamine (20.0 uL, 297 ymol), and NEt; (60.0 uL, 431
umol) were dissolved in anhydrous DMF (3 mL). Then, the mixture was reacted and
purified according to the general procedure to afford 8 (32.4 mg, 60%). 'H-NMR (400
MHz, CD;OD): & 8.16 (d, 2H, /= 8.1 Hz), 7.91 (d, 4H, /= 7.6 Hz), 7.65 (d, 2H, /= 13.0
Hz), 7.57-7.50 (m, 4H), 7.37 (t, 2H, /= 7.4 Hz), 6.04 (d, 2H, J= 13.0 Hz), 4.32-4.24 (m,
4H), 3.59 (s, 6H), 2.98 (t, 4H, J=7.0 Hz), 2.60 (t, 4H, J= 5.6 Hz), 2.31-2.21 (m, 4H), 1.99—
1.82 (m, 14H). HRMS (ESI"): calcd. for C4sHz:N306S, [M—Na]~ 806.3303, found: 806.3315

(+1.2 mmu).

Preparation of 9

15 (50.0 mg, 60.9 umol), f-alanine (16.0 mg, 180 pmol), and NEt; (40.0 uL, 287 umol)
were dissolved in anhydrous DMF (7 mL). Then, the mixture was reacted and purified
according to the general procedure to afford 9 (8.50 mg, 16%) as a purple solid. 1H-
NMR (400 MHz, CD:OD): § 8.21 (d, 2H, /= 8.5 Hz), 7.95-7.87 (m, 6H), 7.56-7.49 (m,
4H), 7.35 (t, 2H, /= 7.2 Hz), 5.99 (d, 2H, /= 13.0 Hz), 4.26 (t, 4H, J= 7.6 Hz), 3.98 (t, 2H,
J=5.4Hz), 2.98 (t, 4H, J= 7.0 Hz), 2.65-2.57 (m, 6H), 2.30-2.22 (m, 4H), 1.9 (s, 12H),
1.91-1.84 (m, 2H). HRMS (ESI"): calcd. for C47Hs1N305S, [M—H-Na]™ 424.6564, found:
424.6569 (+0.5 mmu).

Preparation of 10

15 (50.0 mg, 60.9 umol), 6-aminohexanoic acid (23.8 mg, 181 umol), and NEt3 (40.0 uL,
287.0 umol) were dissolved in anhydrous DMF (5 mL). Then, the mixture was reacted
and purified according to the general procedure to afford 10 (19.5 mg, 35%) as a dark
red solid. '"H-NMR (400 MHz, CD;0D): § 8.17 (d, 2H, /= 8.5 Hz), 7.93-7.84 (m, 6H),
7.58-7.50 (m, 4H), 7.35 (t, 2H, J=7.6 Hz), 5.99 (d, 2H, /= 13.0 Hz), 4.26 (t, 4H, /= 10.0
Hz), 3.82 (t, 2H, /= 6.7 Hz), 2.98 (t, 4H, J= 7.0 Hz), 2.62 (t, 4H, J= 6.3 Hz) , 2.30-2.20
(m, 6H), 1.97 (s, 12H) , 1.91-1.84 (m, 4H), 1.77-1.70 (m, 2H), 1.56-1.49 (m, 2H). HRMS
(EST"): calcd. for CsoHssN30sS, [M—Na]™ 892.3671, found: 892.3688 (+1.7 mmu).
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Preparation of 12

11 was synthesized according to a reported procedure.” 1,1,2-Trimethyl-1H-
benzo[e]indole (2.00 g, 9.56 mmol) and 1,3-propanesultone (1.30 g, 10.6 mmol) were
dissolved in anhydrous o-dichlorobenzene (5 mL). The mixture was stirred at 160°C
for 2 h under an argon atmosphere. Upon reaction completion, the precipitate was
filtered, washed with cold n-hexane, and dried in vacuo to afford 12 (3.00 g, 95%) as
a gray solid. 'H-NMR (400 MHz, DMSO-d6): 6 8.35 (d, 1H, /= 8.5 Hz), 8.28 (d, 1H, /=
9.0 Hz), 8.24-8.18 (m, 2H), 7.77 (t, 1H, /= 7.3 Hz), 7.71 (t, 1H, /= 7.3 Hz), 4.76 (t, 2H, J
= 7.9 Hz), 2.92 (s, 3H), 2.65 (t, 2H, J = 6.5 Hz), 2.25-2.16 (m, 2H), 1.74 (s, 6H). LRMS
(EST*): calcd. for Ci1sH21NOsS [M+H]* 332, found: 332.

Preparation of 14

13 was synthesized according to a reported procedure.* Phosphoryl chloride (2.50
mL, 26.8 mmol) was added dropwise to anhydrous DMF (3.00 mL, 38.7 mmol) on an
ice bath. The mixture was stirred at room temperature for 1 h. Then, a 1:1 mixture of
cyclohexanone and dichloromethane (1.50 mL of each, cyclohexanone 14.5 mmol)
was added to the mixture. The mixture was stirred at 100°C for 2 h. After cooling to
room temperature, EtOH was added to the mixture, followed by the dropwise addition
of a mixture of aniline:EtOH (5 mL of each, aniline 54.9 mmol) on an ice bath. The
mixture was stirred at room temperature for 2 h. Upon reaction completion, the dark
red solution was poured into 1.5 M HCl aq. (200 mL). After 30 min, the precipitate was
collected by filtration, washed with cold z-hexane, and dried in vacuo to yield 14 (5.08
g) as a dark red solid, which was used in the next step without further purification.
LRMS (EST¥): calced. for CyH20CIN, [M+H]* 323, found: 323.
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Preparation of 15

12 (663 mg, 2.00 mmol), 14 (323 mg, 1.00 mmol), and AcONa (246 mg, 3.00 mmol) were
dissolved in anhydrous MeOH (12 mL). The mixture was stirred and refluxed for 1.5
h under an argon atmosphere. After checking the reaction progress by HPLC (A/B =
0.1 M TEAA buffer/99% MeCN, 1% H,0), the mixture was evaporated, and the
precipitate was purified by medium pressure LC (A/B=0.1 M TEAA buffer/99% MeCN,
1% H,0). After removal of MeCN from the collected fractions, the solution was passed
through a Sep-Pak C18 cartridge for removing TEAA and a cation exchange resin. The
solution was freeze-dried to afford 15 (223 mg, 27%) as a glossy orange solid. 'H-NMR
(400 MHz, CD;0D): & 8.56 (d, 2H, /= 14.4 Hz), 8.27 (d, 2H, /= 8.5 Hz), 8.05-7.96 (m,
4H), 7.73 (d, 2H, /= 8.5 Hz), 7.64 (t, 2H, /= 7.2 Hz), 7.48 (t, 2H, /= 7.2 Hz), 6.50 (d, 2H,
J=14.4Hz), 4.51 (t, 4H, /= 7.9 Hz), 3.01 (t, 4H, /= 6.7 Hz), 2.82 (t, 4H, J= 5.8 Hz), 2.37-
2.27 (m, 4H), 2.04 (s, 12H), 2.01-1.94 (m, 2H). HRMS (EST'): calcd. for CyyHisCIN,06S,
[M-Na]~ 797.2491, found: 797.2514 (+2.3 mmu).

e

H
N BnBr, CH,CI N
EH] o EH]

rt, 1.5 h, y.64%
16 17

Preparation of 17

16 (2.20 g, 25.5 mmol) was dissolved in CH,Cl, (15 mL). Benzyl bromide (1.18 mL, 9.90
mmol) was added dropwise to the mixture on an ice bath. The mixture was stirred at
room temperature for 1.5 h. Upon reaction completion, the mixture was evaporated
and purified by silica gel chromatography (CH,Cl,/MeOH, 90/10 to 0/100). After
removal of all the volatiles from the collected fractions, the residue was dried in
vacuo to afford 17 (1.11 g, 64%). '"H-NMR (400 MHz, CDCls): § 7.27-7.14 (m, 5H), 3.42
(s, 2H), 2.81 (t, 4H, /= 4.9 Hz), 2.38-2.30 (br m, 4H). LRMS (ESI*): calcd. for Ci1H1eN,
[M+H]* 177, found: 177.
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corresponding amines,
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General synthetic procedure of cyanine dyes with various amino groups
15 (1 eq.), corresponding amine (3-14 eq.), and NEt; (0-123 eq.) were dissolved in
anhydrous DMF (0.03-0.20 mL/umol). The mixture was stirred at 80°C under an argon
atmosphere. After checking the reaction progress by HPLC, DMF was removed under
vacuum and the precipitate was purified by semi-preparative HPLC (A/B = 20 mM
NEt; in water/99% MeCN, 1% H,0). After removal of MeCN from the collected
fractions, the solution was passed through a cation exchange resin, and then freeze-

dried to afford the corresponding cyanine dyes.

Preparation of 18

15 (62.0 mg, 60.9 umol), piperidine (18.7 uL, 189 umol), and NEt; (60.0 pL, 431 umol)
were dissolved in anhydrous DMF (7 mL). Then, the mixture was reacted and purified
according to the general procedure to afford 18 (22.2 mg, 42%) as a purplish red solid.
IH-NMR (400 MHz, CD:OD): & 8.18 (d, 2H, /= 8.1 Hz), 7.95-7.89 (m, 4H), 7.81 (d, 2H, J
= 13.5 Hz), 7.59-7.52 (m, 4H), 7.38 (t, 2H, J= 7.4 Hz), 6.09 (d, 2H, /= 13.5 Hz) , 4.34—
4.26 (m, 4H) , 3.92-3.83 (m, 4H), 2.98 (t, 4H, /= 7.0 Hz), 2.61 (t, 4H, /= 6.7 Hz), 2.31-
2.21 (m, 4H), 2.03-1.94 (m, 18H), 1.91-1.83 (m, 2H). HRMS (ESI"): calcd. for
CaoHs6N306S, [M—Na]™ 846.3616, found: 846.3640 (+2.4 mmu).

Preparation of 19

15 (62.3 mg, 71.1 umol) and morpholine (60.0 mg, 689 pmol) were dissolved in
anhydrous DMF. Then, the mixture was reacted and purified according to the general
procedure to afford 19 (18.4 mg, 30%) as a red solid. 'H-NMR (400 MHz, CD3;0D): §
8.22 (d, 2H, /= 8.5 Hz), 8.02-7.91 (m, 6H), 7.64-7.55 (m, 4H), 7.41 (t, 2H, /= 7.6 Hz),
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6.20 (d, 2H, 7= 13.5 Hz), 4.36 (t, 4H, J= 7.6 Hz), 4.07-4.01 (m, 4H), 3.81-3.76 (m, 4H),
2.99 (t, 4H, J= 7.0 Hz), 2.63 (t, 4H, J= 6.5 Hz), 2.33-2.23 (m, 4H), 2.02 (s, 12H), 1.91-
1.84 (m, 2H). HRMS (ESI"): calcd. for C4sHs4N307S, [M—Na]™ 848.3409, found: 848.3418

(+0.9 mmu).

Preparation of 20

15 (50.0 mg, 60.9 umol), 1-acetylpiperazine (21.5 pL, 180 pmol), and NEt; (40.0 uL, 287
umol) were dissolved in anhydrous DMF (5 mL). Then, the mixture was reacted and
purified according to the general procedure to afford 20 (17.3 mg, 31%) as a purplish
red solid. 'H-NMR (400 MHz, CD;0D): & 8.22 (d, 2H, /= 8.5 Hz), 8.02 (d, 2H, /= 13.5
Hz) , 7.99-7.92 (m, 4H), 7.64-7.56 (m, 4H), 7.42 (t, 2H, /= 7.6 Hz), 6.25 (d, 2H, J=13.5
Hz) , 4.39 (t, 4H, /= 7.9 Hz), 3.98-3.88 (m, 4H), 3.74-3.65 (m, 4H), 2.9 (t, 4H, /= 7.0
Hz) , 2.65 (t, 4H, /= 6.5 Hz), 2.33-2.24 (m, 7H), 2.01 (s, 12H), 1.92-1.85 (m, 2H). HRMS
(EST"): calcd. for CsoHs7N4O5S, [M—Na]~ 889.3674, found: 889.3706 (+3.2 mmu).

Preparation of 21

15 (50.0 mg, 60.9 pmol), 1-methylsulfonylpiperazine (29.6 mg, 200 umol), and NEts
(40.0 pL, 287 umol) were dissolved in anhydrous DMF (5 mL). Then, the mixture was
reacted and purified according to the general procedure to afford 21 (11.6 mg, 20%)
as a blue solid. '"H-NMR (400 MHz, CDsOD): 6 8.24 (d, 2H, /= 8.5 Hz), 8.08 (d, 2H, /=
13.0 Hz) , 8.00-7.93 (m, 4H), 7.65 (d, 2H, 8.5 Hz), 7.60 (t, 2H, J= 7.8 Hz), 7.43 (t, 2H, /=
7.8 Hz), 6.29 (d, 2H, J=13.5 Hz), 4.41 (t, 4H, /= 7.4 Hz), 3.76-3.70 (m, 4H), 3.61-3.56
(m, 4H1), 3.12 (s, 3H), 2.99 (t, 4H, /= 7.0 Hz), 2.66 (t, 4H, J= 6.3 Hz), 2.34-2.24 (m, 4H),
2.04 (s, 12H), 1.92-1.85 (m, 2H). HRMS (ESI"): calcd. for C4Hs7N4OsSs [M—Na]~ 925.3344,
found: 925.3366 (+2.2 mmu).

Preparation of 22

15 (50.0 mg, 60.9 pmol), 26 (43.6 mg, 180 pumol), and NEt; (40.0 uL, 287 pmol) were
dissolved in anhydrous DMF (5 mL). The mixture was stirred at 80°C for 1.5 h under
an argon atmosphere. Then, further NEt; (1.00 mL, 7.20 mmol) was added to the

mixture. The mixture was reacted and purified according to the general procedure to

121



afford 22 (8.40 mg, 16%) as a gray solid. Since 22 underwent decomposition during
the NMR measurements, it was analyzed by LC-MS and its purity was confirmed by
HPLC. HRMS (EST*): calcd. for CsoHeoNsNaOeS, [M+Na]* 899.3847, found: 899.3875
(+0.1 mmu).

¢ Aabs = 254 nm * Aabs = 700 nm ¢ Aabs = 800 nm
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Preparation of 25

1-Methylpiperazine (0.40 mL, 3.60 mmol) and Boc.O (0.96 g, 4.40 mmol) were
dissolved in tetrahydrofuran (THF) (5 mL). The mixture was stirred at room
temperature for 3 h. The formation of 24 was monitored by ESI-MS (m/z 201). Then,
iodomethane (0.20 mL, 3.20 mmol) was added to the reaction mixture. The mixture
was stirred at room temperature for further 3 h. Upon reaction completion, the
mixture was filtered, the solid was washed with cold Et,O and then dried in vacuo to
afford 25 (857 mg, 67%) as a white solid. 'H-NMR (400 MHz, CDCls): § 3.83 (t, 4H, /=
4.7 Hz), 3.78-3.72 (m, 4H), 3.66 (s, 6H), 1.47 (s, 9H). HRMS (EST*): calcd. for C11H:N,0,
[M-1]* 215.1754, found: 215.1754 (+0.0 mmu).

Preparation of 26

25 (61.6 mg, 180 umol) was dissolved in TFA/CH,Cl, (1:1, 3.5 mL each). The mixture
was stirred at room temperature for 1 h. Upon reaction completion, the mixture was
evaporated and then dried in vacuo to afford 26 as a brown liquid, which was used in
the next step without further purification. 'H-NMR (400 MHz, CDs0D): § 3.74-3.78 (m
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4H), 3.65-3.70 (m, 4H), 3.34 (s, 9H).

corresponding amines,

N NEt,, DMF
)) 80°C o
“05S 15 SOzNa
NH, OH
jw = KN; <N> (P ! 0
® ® ® ® ®
1L X 1 2 X
27:v.43% 28: y14% 29:y.14% 30: y.1% 31:y.16%

General synthetic procedure of cyanine dyes bearing aryl groups

15 (1 eq.), corresponding amine (3.0-3.1 eq.), and NEt; (4.7-7.1 eq.) were dissolved in
anhydrous DMF (0.11-0.16 mL/umol). The mixture was stirred at 80°C under an argon
atmosphere. After checking the reaction progress by HPLC, DMF was removed under
vacuum and the precipitate was purified by semi-preparative HPLC (A/B = 20 mM
NEt; in water/99% MeCN, 1% H,0). After removal of MeCN from the collected
fractions, the solution was passed through a cation exchange resin, and then freeze-

dried to afford the corresponding cyanine dyes.

Preparation of 27

15 (50.0 mg, 60.9 pmol), 33 (31.9 mg, 180 pumol), and NEt; (60.0 uL, 431 pmol) were
dissolved in anhydrous DMF (7 mL). Then, the mixture was reacted and purified
according to the general procedure to afford 27 (25.0 mg, 43%) as a purplish red solid.
IH-NMR (400 MHz, CD:0OD): & 8.15 (d, 2H, /= 8.5 Hz), 8.00 (d, 2H, /= 13.5 Hz), 7.97-
7.90 (m, 4H), 7.62-7.53 (m, 4H), 7.40 (t, 2H, /= 7.2 Hz), 7.01 (d, 2H, /= 9.0 Hz), 6.83 (d,
2H, J=8.5Hz), 6.20 (d, 2H, /= 13.5 Hz), 4.36 (t, 4H, /= 7.6 Hz), 3.92 (s, 4H), 3.41 (s. 4H),
2.99 (t, 4H, J=7.0 Hz), 2.64 (t, 4H, J= 6.5 Hz), 2.32-2.23 (m, 4H), 1.9 (s, 12H), 1.92-1.85
(m, 2H). HRMS (EST"): calcd. for CssHeoN506S, [M-Na] 938.3991, found: 939.4012. (+2.1

mmu)
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Preparation of 28

15 (50.0 mg, 60.9 umol), 1-(4-hydroxyphenyl)piperazine (32.0 mg, 180.0 pmol), and
NEt; (60.0 uL, 431 pmol) were dissolved in anhydrous DMF (7 mL). Then, the mixture
was reacted and purified according to the general procedure to afford 28 (8.30 mg,
149). 'H-NMR (400 MHz, CD;OD): & 8.16 (d, 2H, /= 9.0 Hz), 8.02 (d, 2H, /= 13.5 Hz),
7.97-7.91 (m, 4H), 7.62-7.54 (m, 4H), 7.40 (t, 2H, /= 8.1 Hz), 7.04 (d, 2H, /=9.0 Hz), 6.84
(d, 2H, /=9.0 Hz), 6.21 (d, 2H, /= 13.9 Hz), 4.36 (t, 4H, J=10.0 Hz), 3.93-3.88 (m, 4H),
3.47-3.42 (m, 4H), 2.99 (t, 4H, /= 7.0 Hz), 2.65 (t, 4H, J= 6.5 Hz), 2.31-2.25 (m, 4H), 1.99
(s, 12H), 1.91-1.86 (m, 3H). HRMS (ESI): calcd. for Cs:HsoN4O-S, [M-Na] 939.3831,
found: 939.3854. (+2.3 mmu).

Preparation of 29

15 (50.0 mg, 60.9 umol), 1-phenylpiperazine (28.4 uL, 180 umol), and NEt; (40.0 pL,
287 umol) were dissolved in anhydrous DMF (10 mL). Then, the mixture was reacted
and purified according to the general procedure to afford 29 (8.00 mg, 14%) as a red
solid. 'H-NMR (400 MHz, CD-0D): & 8.14 (d, 2H, /= 9.0 Hz), 8.05 (d, 2H, /= 13.9 Hz),
7.97-7.90 (m, 4H), 7.60 (d, 2H, J=9.0 Hz), 7.55 (t, 2H, J=7.9 Hz), 7.43-7.34 (m, 4H), 7.15
(d, 2H, /=8.1 Hz), 6.98 (t, 1H, /= 7.2 Hz), 6.22 (d, 2H, /= 13.9 Hz), 4.37 (t, 4H, /= 7.4
Hz), 3.92-3.86 (m, 4H), 3.64-3.58 (m, 4H), 2.99 (t, 4H, /= 7.0 Hz), 2.65 (t, 4H, /= 6.5 Hz),
2.32-2.24 (m, 4H), 1.97 (s, 12H), 1.93-1.86 (m, 2H). HRMS (ESI): calcd. for Cs:HsoN4OsSs
[M-Na] 923.3882, found: 923.3891. (+0.9 mmu)

Preparation of 30

15 (62.0 mg, 60.9 umol), 35 (18.7 pL, 189 umol), and NEt; (60.0 pL, 431 pmol) were
dissolved in anhydrous DMF (7 mL). Then, the mixture was reacted and purified
according to the general procedure to afford 30 (0.50 mg, 1%). 'H-NMR (400 MHz,
CDs0D): & 8.15-8.08 (m, 4H), 7.98-7.92 (m, 4H), 7.71 (d, 2H, /= 9.0 Hz), 7.65-7.59 (m,
4H), 7.42 (t, 2H, J=7.2 Hz), 7.24 (d, 2H, J=9.0 Hz), 6.27 (d, 2H, /= 13.9 Hz), 4.39 (t, 4H,
J=7.9 Hz), 3.90-3.85 (m, 4H), 3.79-3.74 (m, 4H), 2.98 (t, 4H, J= 6.7 Hz), 2.67 (t, 4H, J=
6.3 Hz), 2.32-2.24 (m, 4H), 1.92 (s, 12H), 1.30-1.27 (m, 2H). HRMS (ESI"): calcd. for
CssHssNsO6S2 [M-Na]  948.3834, found: 948.3861. (+2.7 mmu)
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Preparation of 31

15 (50.0 mg, 60.9 pmol), 1-(4-nitrophenyl)piperazine (37.3 mg, 180 umol), and NEts
(60.0 pL, 431 pmol) were dissolved in anhydrous DMF (7 mL). Then, the mixture was
reacted and purified according to the general procedure to afford 31 (16.2 mg, 16%)
as a green solid. '"H-NMR (400 MHz, CD;0D): 68.31 (d, 2H, /=9.0 Hz), 8.15 (d, 2H, /=
13.5 Hz), 8.02 (d, 2H, /= 8.5 Hz), 7.98-7.91 (m, 4H), 7.63 (d, 2H, /= 8.5 Hz), 7.56 (t, 2H,
J=7.4Hz),7.41 (t, 2H, J=6.7 Hz), 7.23 (d, 2H, J=9.0 Hz), 6.28 (d, 2H, /= 13.9 Hz), 4.40
(t, 4H, /= 7.4 Hz), 4.03-3.97 (m, 4H), 3.77-3.71 (m, 4H), 2.98 (t, 4H, /= 6.7 Hz), 2.67 (t,
4H, J = 5.2 Hz), 2.32-2.24 (m, 4H), 1.94-1.87 (m, 14H). HRMS (ESI~): calcd. for
Cs4HssN5s0sS, [M-Na]- 968.3732, found: 968.3735 (+0.3 mmu).

NO, NH,

H,, Pd/C, THF

N . N
[ ] r,6h,y.71% [Nj
H

N
H

32 33

Preparation of 33

32 (170 mg, 0.82 mmol) was dissolved in anhydrous THF (8 mL). Pd/C (50.0 mg, 0.12
mmol) was then added, followed by the filling of the flask with hydrogen gas. The
mixture was stirred at room temperature for 6 h. After the reaction, the solution was
filtered under reduced pressure using THF, and the filtrate was checked by HPLC
(ODS silica column, H,0, 0.1% TFA/99% MeCN, 1% H,0, gradient from 80/20 to 100/0
MeCN). The solvent was removed under reduced pressure without further
purification to obtain 33 as a solid (103 mg, 71%). ‘H-NMR (400 MHz, CD;0D): § 6.73
(d, 2H, /=8.5Hz), 6.61 (d, 2H, /=9.0 Hz), 2.86 (s, 8H) LRMS (ESI"): calcd. for CioH16N3
[M+H]* 178, found: 178.
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Preparation of 35

piperazine (16) (1.15 g, 13.4 mmol), 4-bromobenzonitrile (34) (0.80 g, 4.40 mmol) and
NaO-#Bu (0.60 g, 6.20 mmol) was added in anhydrous toluene (20 mL). Then,
(dibenzylideneacetone)dipalladium (9.15 mg, 0.01 mmol) and rac-BINAP (18.7 mg,
0.03 mmol) were added, and the mixture was replaced with argon. The mixture was
stirred at 80 °C for 2 h. After the reaction, the solution was left to cool to room
temperature, filtered under reduced pressure, and washed with Et,O. The solvent of
the filtrate was removed under reduced pressure. The obtained product was purified
using semi-preparative HPLC (ODS silica column, H,0, 0.1% TFA/99% MeCN, 1% H,0).
The fraction containing the desired product was evaporated and freeze-dried to
obtain 35 (180 mg, 22%). 'H-NMR (400 MHz, CD:OD): 67.58 (d, 2H, /= 9.0 Hz), 7.09 (d,
2H, /= 9.0 Hz), 3.57 (t, 4H, /= 5.4 Hz), 3.34-3.28 (m, 5H). LRMS (ESI*): calcd. for
C11H1aN; [M+H]* 188, found: 188.
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Preparation of 36

27 (2.5 mg, 2.60 pmol), Fmoc-L-leucine (0.88 mg, 2.50 pmol), HATU (0.99 mg, 2.60
umol), and diisopropylethylamine (DIEA) (0.87 uL, 5.00 pmol) were added to DMF (2
mL) under argon. The reaction mixture was stirred at room temperature overnight.
The reaction progress was monitored by HPLC (ODS silica column, 0.1 M TEAA
buffer/99% MeCN, 1% H,0). Upon completion, the solvent was removed under

126



reduced pressure to obtain 38. HRMS (ESI): calcd. for C;5Hs1NsOsS, [M-Na]-1273.5520,
found: 1273.5512 (-0.8 mmu).

To the obtained precipitate, piperidine/DMF (1/1, each 1 mL) were added,
and the solution was stirred at room temperature for 5 min. The solvent was
evaporated under vacuum and the residue was purified with HPLC (ODS silica
column, 0.1 M TEAA buffer/99% MeCN, 1% H,0). The collected fraction was then
evaporated until only water remained, and the aqueous solution was passed through
a Sep-Pak cartridge using water and MeOH. The obtained solution was evaporated
until only water remained. After the solution was passed through a sodium ion
exchange resin, the product was freeze-dried to obtain 36 (0.30 mg, 11%) as a blue
solid. "H-NMR (400 MHz, CDs0D): §8.15 (d, 2H, /= 5.0 Hz), 8.03 (d, 2H, /= 13.0 Hz),
7.94 (t, 4H, J = 8.3 Hz), 7.63-7.53 (m, 6H), 7.43-7.36 (m, 2H), 7.14 (d, 2H, /= 10.3 Hz),
6.21 (d, 2H, /= 13.0 Hz), 4.62-4.60 (m, 1H), 4.40-4.34 (m, 4H), 3.95-3.90 (m, 4H), 3.59-
3.54 (m. 4H), 3.01-2.97 (m, 4H), 2.68-2.64 (m, 4H), 2.31-2.25 (m, 4H), 2.03-1.88 (m,
14H), 1.61-1.54 (m, 2H), 1.05-0.90 (m, 7H). HRMS (ESI"): calcd. for CeoH71NO;S, [M—
Na]-1051.4831, found: 1051.4848 (+1.7 mmu).

NH,

Ac,0, DMF

Preparation of 37

27 (2.50 mg, 2.60 umol) and Ac,0 (0.51 mg, 5.00 pumol) were added in DMF 2 mL under
argon. The reaction mixture was stirred at room temperature overnight. The reaction
progress was monitored by HPLC (ODS silica column, 0.1 M TEAA buffer/99% MeCN,
1% H,0). Upon completion, the solvent was evaporated under vacuum and the
residue was purified with HPLC (ODS silica column, 0.1 M TEAA buffer/99% MeCN,
1% H,0). The collected fraction was then evaporated until only water remained, and
the aqueous solution was passed through a Sep-Pak cartridge using water and MeOH.
The obtained solution was evaporated until only water remained. After the solution

was passed through a sodium ion exchange resin, the product was freeze-dried to
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obtain 37 (0.50 mg, 19%) as a blue-green solid. 'H-NMR (400 MHz, CDs0OD): §8.14 (d,
2H, /=9.0 Hz), 8.04 (d, 2H, /= 14.5 Hz), 7.94 (t, 4H, /= 8.0 Hz), 7.63-7.53 (m, 6H), 7.40
(t, 2H, /= 8.0 Hz), 7.12 (d, 2H, /= 9.0 Hz), 6.22 (d, 2H, J= 14.5 Hz), 4.37 (t, 4H, /= 7.0
Hz), 3.92-3.87 (m, 4H), 3.60-3.56 (m. 4H), 2.99 (t, 4H, /=7.0 Hz), 2.65 (t, 4H, /= 7.0 Hz),
2.32-2.25 (m, 4H), 2.14 (s, 3H), 1.98 (s, 12H), 1.92-1.90 (m, 2H). HRMS (ESI'): calcd. for
Cs6HeoNs07S, [M-Na]~980.4096, found: 980.4123 (+2.7 mmu).

NHp
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Preparation of 38

33 (300 mg, 1.69 mmol), Fmoc-OSu (570 mg, 1.69 mmol) was dissolved in THF 10 mL
and then DIEA (522 uL, 3.00 mmol) was added to the solution. The mixture was stirred
for 1 h at 0°C. The reaction progress was confirmed with HPLC. Upon completion,
THF was removed under reduced pressure and the residue was dissolved in EtOAc (10
mL) and wash with water (40 mL), 2% aq. NaHSO, (2x20 mL), water (2x20 mL), brine
(20 mL). The organic phase was dried by Na,SO. and the solvent was evaporated to
obtain 38 (253 mg, 37%) as an ocher solid. 'H-NMR (400 MHz, CDCls): §7.77 (d, 2H, J
= 7.8 Hz), 7.59 (d, 2H, J= 7.8 Hz), 7.41 (t, 2H, /= 7.3 Hz), 7.32 (t, 2H, /= 7.3 Hz), 6.81 (d,
2H, /= 6.1 Hz), 6.67 (d, 2H, /= 6.1 Hz), 4.46 (d, 2H, /= 6.6 Hz), 4.27 (t, 1H, /= 6.6 Hz),
3.65-3.57 (br m, 4H), 3.00-2.92 (br m, 4H). LRMS (ESI*): calcd. for CosHasN50, [M+H]*
400, found: 400.

Preparation of 39

38 (100 mg, 250 umol), Fmoc-L-leucine (88.4 mg, 250 umol), HATU (95.1 mg, 250 yumol),
and DIEA (87.1 uL, 500 umol) were added in CH,Cl, (3 mL). The mixture was stirred rt
overnight. After reaction progress was confirmed by TLC, the residue was washed

with CH»Cl; and H»O. The organic phase was dried over Na,SO4 and then concentrated.
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The residue was purified with column chromatography (silica 2.5 g, CH,Cl,/ AcOEt =
4:1). The obtained fraction was concentrated to afford 39 (154 mg, 84%) as a white
solid. '"H-NMR (400 MHz, CDCls): §7.77 (dd, 4H, /= 7.5, 3.0 Hz), 7.58 (dd, 4H, /= 7.5,
3.0 Hz), 7.44-7.38 (m, 6H), 7.32 (td, 4H, /=7.5, 3.0 Hz), 6.88 (d, 2H, /=9.1 Hz), 4.48 (d,
4H, J= 6.4 Hz), 3.65-3.56 (br m, 4H), 3.09-3.01 (br m, 4H), 1.80-1.66 (m, 2H). LRMS
(EST*): calcd. for C46HaeN4Os [M+H]* 735, found: 735.

Preparation of 40

39 (150 mg, 0.204 mmol) was added to DMF/piperidine (1/1, 2 mL). The solution was
stirred at room temperature overnight for 1 h. The reaction progress was monitored
by HPLC. Upon completion, the solvent was evaporated and the preicipitate was
purified with HPLC. The collected fraction was concentrated to obtain 40 (55.2 mg,
95%) as a yellow liquid. *"H-NMR (400 MHz, CDs;0D): 67.52 (d, 2H, /=9.1 Hz), 7.02 (d,
2H, /=9.1 Hz), 3.97 (t, 1H, /= 5.0 Hz), 3.38-3.35 (m, 8H), 1.71-1.68 (m, 3H), 1.05-1.01
(m, 6H). LRMS (EST*): calcd. for Ci¢H2sN4O [M+H]* 291, found: 291.

corresponding amines,
NEt,, DMF

80°C

SO;Na

i_
2

50:y.18%  51:y.19%  52:y.50%

General synthetic procedure of cyanine dyes bearing diazaalkyl and

carboxy groups

15 (1 eq.), corresponding amines (3-14 eq.), and NEt; (0-123 eq.) were dissolved in
anhydrous DMF (0.03-0.20 mL/umol). The mixture was stirred at 80°C under an argon
atmosphere. After checking the reaction progress by HPLC, DMF was removed under
vacuum and the precipitate was purified by semi-preparative HPLC (A/B = 20 mM
NEt; in water/99% MeCN, 1% H,0). After removal of MeCN from the collected
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fractions, the solution was passed through a cation exchange resin, and then freeze-

dried to afford the corresponding cyanine dyes.

Preparation of 50

15 (50.0 mg, 60.9 umol), 3-(piperazin-1-yl)propanoic acid (28.9 mg, 182 umol), and
NEt; (50.7 uL, 364 umol) were dissolved in anhydrous DMF (4 mL). Then, the mixture
was reacted and purified according to the general procedure to afford 50 (10.5 mg,
18%) as a purplish red solid. 'H-NMR (400 MHz, CDs;OD): § 8.22 (d, 2H, /= 8.5 Hz),
7.97-7.89 (m, 6H), 7.62-7.56 (m, 4H), 7.40 (t, 2H, /= 7.0 Hz), 6.16 (d, 2H, J= 13.5 Hz),
4.34 (t, 4H, /= 7.6 Hz), 3.84 (t, 4H, /= 3.8 Hz), 3.02-2.88 (m, 10H), 2.62 (t, 4H, /= 6.5
Hz), 2.54 (t, 4H, J=7.6 Hz) , 2.32-2.23 (m, 4H) , 2.02 (s, 12H), 1.90-1.84 (m, 2H). HRMS
(ESI+): caled. for Cs1HssN4NazOsS, [M+Na]*987.3384, found: 987.3367 (=1.7 mmu).

Preparation of 51

15 (54.2 mg, 66.0 pmol), 53 (49.2 mg, 210 pmol), and NEt; (50.0 uL, 359 pmol) were
dissolved in anhydrous DMF (3 mL). Then, the mixture was reacted and purified
according to the general procedure to afford 37 (12.5 mg, 19%) as a red solid. 'H-NMR
(400 MHz, CDs0D): § 8.21 (d, 2H, /= 9.0 Hz), 7.97-7.92 (m, 4H), 7.88 (d, 2H, /= 13.5
Hz), 7.64 (t, 2H, J= 7.2 Hz), 7.59 (d, 2H, J= 9.0 Hz), 7.44-7.38 (m, 6H), 6.15 (d, 2H, /=
13.5 Hz), 4.33 (t, 4H, /= 7.6 Hz), 3.86-3.80 (m, 6H), 3.50 (s, 2H), 2.99 (t, 4H, /= 7.0 Hz),
2.90-2.83 (m, 4H), 2.60 (t, 4H, J= 6.5 Hz), 2.31-2.22 (m, 4H), 1.97 (s, 12H), 1.90-1.82 (m,
2H). HRMS (ESI"): calcd. for Cs;HesN4OsS: [M—Na]™ 995.4093, found: 995.4109 (+1.6

mmu).

Preparation of 52

15 (50.0 mg, 60.9 umol), 4-piperidineacetic acid (25.8 mg, 180 pumol), and NEt; (60.0
uL, 431 pmol) were dissolved in anhydrous DMF (7 mL). Then, the mixture was
reacted and purified according to the general procedure to afford 52 (28.4 mg, 50%)
as a purplish blue solid. 'H-NMR (400 MHz, CDsOD): & 8.22 (d, 2H, /= 8.5 Hz), 7.95-
7.89 (m, 4H), 7.84 (d, 2H, /= 13.5 Hz), 7.60-7.54 (m, 4H), 7.38 (t, 2H, /= 7.4 Hz), 6.11
(d, 2H, 7=13.0 Hz), 4.31 (t, 4H, J= 7.4 Hz), 4.07-3.99 (m, 2H), 3.71 (t, 2H, /= 10.0 Hz),
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2.99 (t, 4H, /= 7.0 Hz), 2.61 (t, 4H, /= 6.5 Hz) , 2.38-2.21 (m, 6H) , 2.14-2.07 (m, 2H),
2.00 (s, 12H), 1.91-1.82 (m, 2H), 1.73-1.60 (m, 2H). HRMS (ESI): calcd. for
Cs1HssN30sS, [M—Na]™ 904.3671, found: 904.3681 (+1.0 mmu).

COOH

2-(4-bromomethylphenyl)acetic acid
CH,CI, N

H
N
[Hj rt, 4 h, 64% = [j

N
H

16 53

Preparation of 53

16 (1.80 g, 21.0 mmol) was dissolved in CH.Cl, (15 mL). 4-(Bromomethyl)-
benzeneacetic acid (1.60 g, 7.00 mmol) was added dropwise to the mixture on an ice
bath. The mixture was stirred for 4 h at room temperature. Upon reaction completion,
the mixture was adjusted to neutral pH by addition of TFA to allow an easy dissolution
of the product in aqueous solvents. Then, the mixture was purified by semi-
preparative HPLC (A/B = H,0, 0.1% TFA/MeCN, 99% MeCN, 1% H,0). After removal
of all the volatiles from the collected fractions, the product was dried in vacuo to
afford 53 (171 mg, 10%) as a white solid. 'H-NMR (400 MHz, CDs;0D): § 7.46-7.33 (m,
4H), 4.12 (s, 2H), 3.65 (s, 2H), 3.42 (t, 4H, /= 5.2 Hz), 3.25-3.15 (m, 4H). HRMS (EST*):
calcd. for Ci13H1oN,0, [M+H]* 235.1441, found: 235.1440 (+0.1 mmu).

131



TSTU, NEt amtumumab
50-52 o P O
DMF,r,1h  Na, HPO aq ‘
SO3Na
i
(o] N\ii
H

W W W
o O o

SO Na SO Na SO Na

General procedure for the preparation of cyanine dye-antibody
conjugates
Each cyanine dye (1 eq), NN,N, N-tetramethyl-O-(N-succinimidyl)uronium
tetrafluoroborate (TSTU) (2.0-2.1 eq), and NEt; (3.0-4.5 eq) were dissolved in
anhydrous DMF (1.0-1.4 mL/umol). The mixture was stirred at room temperature for
1 h. The reaction progress was monitored by HPLC (A/B=0.1 M triethylamine acetate
(TEAA) buffer/99% MeCN, 1% H,0). Subsequently, TFA was added to the mixture to
neutralize the pH. Then, DMF was removed under vacuum and the precipitate was
dried under vacuum. The crude product was used in the next step without further
purification.

The crude product was dissolved in DMSO (30 pL) to prepare a 5.8-10.5 mM
DMSO solution. The DMSO solution (purity: 67%, 2.63 uL, 10.15 nmol) and 32.7
mg/mL panitumumab in PBS (9.17 pL, 2.03 nmol) were added to 0.1 M Na,HPO. aq.
containing 5% DMSO toa total volume of 300 pL. The mixture was left at room
temperature for 3 h. Upon reaction completion, the mixture was purified by using an
Amicon Ultra-4 30 kDa (Merck KGaA) filter. The protein concentration of the product
was measured with a microplate reader (infinite M200, TECAN) using a BCA protein
assay kit (Thermo Fisher Scientific K.K.) and dye concentration was calculated by
absorbance measurements using a UV-Vis spectrophotometer (UV-1800, Shimazu Co.).
The ratios of antibody to dye were found to be 1:3-8, which included dyes binding to

antibodies or dyes connected via non-covalent binding due to their hydrophobicity.
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Preparation of C1

50 (1.93 mg, 2 umol), TSTU (1.20 mg, 3.99 umol), and NEt; (1.00 pL, 8.90 pmol) were
dissolved in anhydrous DMF (2 mL). The mixture was then reacted and purified
according to the general procedure. The conjugation reaction was performed using a
5.8 mM DMSO solution (purity: 67%, 2.63 uL, 10.15 nmol). DAR of C1 was about 3.

Preparation of C2
51 (2.04 mg, 2.00 pumol), TSTU (1.20 mg, 3.99 umol), and NEt; (1.00 pL, 8.90 umol) were
dissolved in anhydrous DMF (2 mL). The mixture was then reacted and purified

according to the general procedure. The conjugation reaction was performed using a
10.5 mM DMSO solution (purity: 36%, 2.67 uL, 10.09 nmol). DAR of C2 was about 8.

Preparation of C3

52 (1.78 mg, 2.15 pmol), TSTU (1.36 mg, 4.52 umol), and NEt; (0.89 uL, 6.39 umol) were
dissolved in anhydrous DMF (3 mL). The mixture was then reacted and purified
according to the general procedure. The conjugation reaction was performed using a
6.4 mM DMSO solution (purity: 60%, 2.64 uL, 10.2 nmol). DAR of C3 was about 5.
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o. NH NH OH
1. TSTU, DIEA, DMSO, 11, 1 h - 4 A/\j[ o i Lo
2. E-[c(RGDfK)],, rt, overnight -
50-52 [oREDIOL i N o

[¢]

General synthetic procedure of RGD-dye conjugates

50-52 (1 eq) and TSTU (1 eq) were added to anhydrous DMSO (461 pL/pumol).
Subsequently, DIEA (2 eq) was added, and the mixture was stirred at room
temperature for 1 h. The reaction progress was monitored by HPLC (A/B=0.1 M TEAA
buffer/99% MeCN, 1% H,0). Upon completion, E-[c(RGDfK)], (0.5 eq.) was added to
the reaction solution, and the mixture was left to react overnight at room temperature.
The reaction mixture was diluted with water/acetonitrile and purified by HPLC (A/B
= 0.1 M TEAA buffer/99% MeCN, 1% H,0). After removal of MeCN from the collected
fractions, the solution was passed through a cation exchange resin, and then freeze-
dried to afford the corresponding RGD-dye conjugates. The product was analyzed by
HRMS and its purity was confirmed by HPLC.
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Preparation of C4

50 (0.74 mg, 0.76 pmol) and TSTU (0.23 mg, 0.76 pmol), and DIEA (0.27 pL, 1.52 umol)
were added to anhydrous DMSO (350 pL). Upon completion, E-[c(RGDfK)], (0.50 mg,
0.38 umol) was added to the reaction solution. The mixture was reacted and purified
according to the general procedure to afford C4 as a blue solid (1.00 mg, 58%). HRMS

(ESI+): caled. for CiiopHiss N2sNasO23S, [M+2H]?** 1143.9965, found: 1143.9965. (+0.0
mmu).
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Preparation of C5

51 (0.85 mg, 0.76 pmol) and TSTU (0.23 mg, 0.76 pmol), and DIEA (0.27 uL, 1.52 umol)
were added to anhydrous DMSO (350 puL). Upon completion, E-[c(RGDfK)], (0.50 mg,
0.38 umol) was added to the reaction solution. The mixture was reacted and purified
according to the general procedure to afford C5 as a blue solid (1.20 mg, 67%). HRMS
(EST*): caled. for Ci16H14sN23Na3023S, [M+2H]?*1182.0121, found: 1182.0171. (+5.0 mmu).
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Preparation of C6

52 (0.78 mg, 0.76 pmol) and TSTU (0.23 mg, 0.76 pmol), and DIEA (0.27 pL, 1.52 umol)
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were added to anhydrous DMSO (350 puL). Upon completion, E-[c(RGDfK)], (0.50 mg,
0.38 umol) was added to the reaction solution. The mixture was reacted and purified
according to the general procedure to afford C6 as a blue solid (0.51 mg, 60%). HRMS
(EST"): calced. for Ci10H141N2023S, [M-3Na]?-733.9999, found: 734.0018. (+1.9 mmu).
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Corresponding amines,
NEt,, DMF

80°C

54:y.59% 55:y.33% 56:y.23%

General synthetic procedure of cyanine dyes for biological imaging

59 (1 eq.), corresponding amines (3-5 eq.), and NEt; (6-10 eq.) were dissolved in
anhydrous DMF (0.13-0.47 mL/umol). The mixture was stirred at 80°C under an argon
atmosphere. After checking the reaction progress by HPLC, DMF was removed under
vacuum and the precipitate was purified by semi-preparative HPLC (A/B=0.1 M TEAA
buffer/99% MeCN, 1% H,0). After removal of MeCN from the collected fractions, the
solution was passed through a cation exchange resin, and then freeze-dried to afford

the corresponding cyanine dyes.

Preparation of 54
59 (20.0 mg, 19.5 pmol), 3-(piperazin-1-yl)propanoic acid (9.25 mg, 58.5 umol), and
NEt; (16.3 uL, 117 umol) were dissolved in anhydrous DMF (4 mL). Then, the mixture

was reacted and purified according to the general procedure to afford 54 (13.5 mg,
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59%) as a blue-green solid. 'H-NMR (400 MHz, CD;OD): 68.38 (s, 2H), 8.29 (d, 4H, /=
9.0 Hz), 8.03 (d, 2H, /= 9.0 Hz), 7.98 (dd, 2H, /= 9.0, 1.8 Hz), 7.85 (d, 2H, /= 13.5 Hz),
7.64 (d, 2H, J=9.0 Hz), 6.16 (d, 2H, /= 13.0 Hz), 4.33 (t, 4H, /= 7.4 Hz), 3.96-3.88 (m,
4H), 3.03-2.86 (m, 10H), 2.62 (t, 4H, J= 6.5 Hz), 2.53 (t, 2H, J= 7.6 Hz), 2.32-2.22 (m,
4H), 2.01 (s, 12H), 1.92-1.83 (m, 2H). HRMS (ESI+): calcd. for CsiHssN4NasO14Ss[M+Na]*
1191.2159, found: 1191.2147. (-1.2 mmu).

Preparation of 55

59 (8.69 mg, 8.47 umol), 39 (4.02 mg, 25.4 pmol), and NEt; (7.04 pL, 50.8 pmol) were
dissolved in anhydrous DMF (4 mL). Then, the mixture was reacted and purified
according to the general procedure to afford 55 (3.50 mg, 33%) as a purplish red solid.
IH-NMR (400 MHz, CD:OD): §8.39 (s, 2H), 8.29 (d, 2H, /= 9.0 Hz), 8.06-7.97 (m, 4H),
7.83(d, 2H, /= 13.6 Hz), 7.64 (d, 2H, J=9.0 Hz), 7.41-7.34 (m, 4H), 6.15 (d, 2H, /= 13.6
Hz), 4.33 (t, 4H, /= 7.5 Hz), 3.96-3.90 (m, 4H), 3.77 (s, 2H), 3.49 (s, 2H), 3.00 (t, 4H, /=
6.8 Hz), 2.90-2.83 (m, 4H), 2.62 (t, 4H, J= 6.6 Hz), 2.30-2.21 (m, 4H), 2.00 (s, 12H), 1.90—
1.84 (m, 3H). HRMS (ESI"): calcd. for Cs;HesNsNa3014Ss{M-Na]- 1221.2687, found:
1221.2695. (+0.8 mmu).

Preparation of 56

59 (40.0 mg, 39.0 umol), 3-(piperazin-1-yl)propanoic acid (27.9 mg, 195 pmol), and
NEt; (54.1 uL, 390 umol) were dissolved in anhydrous DMF (5 mL). Then, the mixture
was reacted and purified according to the general procedure to afford 56 (2.10 mg,
4.7%) as a purplish red solid. '"H-NMR (400 MHz, CDs;0D): 68.37 (s, 2H), 8.29 (d, 2H, J
=9.0 Hz), 8.02 (d, 2H, /= 9.0 Hz), 7.95 (d, 2H, /=9.0 Hz), 7.78 (d, 2H, /= 11.5 Hz), 7.62
(d, 2H, /=9.0 Hz), 6.13 (d, 2H, /=11.5 Hz), 4.35-4.26 (br m, 4H), 4.20-4.10 (br m, 2H),
3.80-3.70 (br m, 2H), 2.99 (t, 4H, /= 6.8 Hz), 2.62 (t, 4H, /= 6.3 Hz), 2.50-2.45 (m, 2H),
2.30-2.21 (m, 4H), 2.17-2.09 (m, 2H), 2.04-1.83 (m, 16H), 1.80-1.70 (m, 2H). HRMS
(EST"): calced. for Cs1HseN3014S4{M-3Na]*- 1354.0887, found: 354.0894. (+0.7 mmu).
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KO,S !

1) H,S0,, 180°C, 4 h O y

O 2) KOH, MeOH/i-PrOH, rt, overnight KO3 O 1,3-propanesultone, MeCN
O ) y.30% O ) 100°C, 48 h f
N N 058

11 57 58

Preparation of 57

11 (4.00 g, 19.1 mmol) was added to concentrated sulfuric acid (16.0 mL, 284 mmol).
The solution was stirred at 180°C for 4 h. After the reaction, the solution was cooled
to 0°C and an excess of EtOAc was added. The resulting precipitate was filtered, and
the obtained solid was dissolved in MeOH//~PrOH (3/2, 80 mL) containing KOH (4.80
g, 85.8 mmol). This solution was stirred at room temperature overnight, and then the
solution was removed. The residue was suspended in isopropanol and hexane,
filtered, to obtain 57 (3.02 g, 48%) as a black-brown solid. '"H-NMR (400 MHz, CD;0D):
§8.44 (s, 1H), 8.19 (d, 1H, /= 8.5 Hz), 8.02-7.96 (m, 2H), 7.74 (d, 1H, /= 8.5 Hz), 2.41 (s,
3H), 1.57 (s, 6H). LRMS (ESI"): calcd. for CisH14NO;S [M—K]™ 288, found: 288.

Preparation of 58

57 (1.80 g, 5.50 mmol) and propane sultone (2.42 mL, 27.5 mmol) were dissolved in
MeCN. After purging with argon, the mixture was stirred under reflux for 48 h. The
reaction progress was monitored by HPLC (A/B = 0.1 M TEAA buffer/99% MeCN, 1%
H,0), and MeCN was removed under reduced pressure to obtain 58 as a dark brown
solid (2.05 g), which was then used for the next step without further purification.
LRMS (ESI): calcd. for CisH20NOgS, [M-K]~ 410, found: 410.

.o

“04S

58

_ ¢ /@ AcONa, MeOH

N Z>N >

/\©AH 70°C, 1.5 h, y.10%
14

Praparation of 59
58 (1.10 g, 2.44 mmol) was dissolved with 14 (394 mg, 1.22 mmol) and AcONa (328 mg,

4 mmol) in anhydrous MeOH (10 mL). After purging with argon, the mixture was
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stirred at 70°C for 1.5 hours. The reaction’s progress was monitored by HPLC. After
confirming completion, the MeOH was removed under reduced pressure. The
precipitated solid was purified by HPLC. Following the removal of acetonitrile from
the collected fractions, a desalting step was performed. The solution was then passed
through a sodium cation-exchange resin and freeze-dried to yield 59 (8.69 mg, 0.7%)
as a green solid. 'H-NMR (400 MHz, CDsOD): §8.58 (d, 2H, /= 14.4 Hz), 8.44 (s, 2H),
8.35(d, 2H, /=9.0 Hz), 8.12 (d, 2H, /=9.0 Hz), 8.03 (dd, 2H, /=8.8, 1.6 Hz), 7.79 (d, 2H,
J=9.0 Hz), 6.54 (d, 2H, /=13.9 Hz), 4.52 (t, 4H, J=7.6 Hz), 3.03 (t, 4H, /= 6.7 Hz), 2.82
(t, 4H, J = 5.8 Hz), 2.37-2.27 (m, 4H), 2.09-1.91 (m, 14H). HRMS (ESI'): calcd. for
C44H44N,01,CINaS,; [M—-2Na]?- 489.0687, found: 489.0702 (+1.5 mmu).

TSTU, NEt Panitumumab
54-56 ' 3, 00 5
DMF, rt, 1 h Na,HPO, aq

rt,3 h

General procedure for the preparation of antibody-water soluble dye
conjugates
Each cyanine dye (1 eq), TSTU (2.0-2.1 eq), and NEt; (3.0-4.5 eq) were dissolved in
anhydrous DMF (1.0-1.4 mL/umol). The mixture was stirred at room temperature for
1 h. The reaction progress was monitored by HPLC (A/B=0.1 M triethylamine acetate
(TEAA) buffer/99% MeCN, 1% H,0). Subsequently, TFA was added to the mixture to
neutralize the pH. Then, DMF was removed under vacuum and the precipitate was
dried under vacuum. The crude product was used in the next step without further
purification.

The crude product was dissolved in DMSO (100 uL). The DMSO solution
and 32.7 mg/mL panitumumab in PBS (2 mg, 60.8 uL, 13.5 nmol) were added to 0.1 M
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Na,HPO, aq. containing 5% DMSO to a total volume of 2 mL. The mixture was left at
room temperature for 3 h. Upon reaction completion, the mixture was purified by
using an Amicon Ultra-4 30 kDa (Merck KGaA) filter. The protein concentration of the
product was measured with a microplate reader (infinite M200, TECAN) using a BCA
protein assay kit (Thermo Fisher Scientific K.K.) and dye concentration was
calculated by absorbance measurements using a UV-Vis spectrophotometer (UV-1800,

Shimazu Co.).

Preparation of C7
54 (398 pg, 0.34 pmol), TSTU (150 pg, 0.5 umol), and NEt; (0.3 pL, 2 umol) were
dissolved in anhydrous DMF (0.5 mL). The mixture was then reacted and purified

according to the general procedure. DAR of C7 was about 1.

Preparation of C8
55 (51.0 ug, 40.5 nmol), TSTU (30.1 pg, 100 nmol), and NEt; (0.12 uL, 0.85 umol) were
dissolved in anhydrous DMF (0.2 mL). The mixture was then reacted and purified

according to the general procedure. DAR of C8 was about 3.

Preparation of C9
56 (117 pg, 0.10 umol), TSTU (61.0 pg, 0.21 pmol), and NEt; (0.12 pL, 0.85 pmol) were
dissolved in anhydrous DMF (0.2 mL). The mixture was then reacted and purified

according to the general procedure. DAR of C9 was about 2.
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