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ABSTRACT In our previous studies, we developed a '8F-labeled TSPO-binding ligand, named ['®F]CB251, which has been
proved to be a promising TSPO-binding PET radiotracer for the detection and monitoring of TSPO expression
in pathological diseases. (Ki = 0.27 nM for TSPO, 1.96% ID/g of tumor uptake at 1h post-injection) Based
on these results, we utilized 6,8-dichloro-2-phenylimidazo[1,2-a]pyridineacetamide analogs, CB185 (1) as a
targeting moiety for the selective delivery of probes and anticancer molecules to TSPO-overexpressed tissues.
In this study, we designed CB185 derivatives contains different PEG chains (n = 1, 3 and 5) and fluorescence
dye (Cy5) to identify the necessary space between a TSPO-binding ligand and an anticancer agent. Three
CB185 derivatives (11a-c) which contains Cy5 and PEG chain, were synthesized and the effect of PEG additive
on their TSPO-binding affinities were evaluated using in vitro assays. The binding affinity for compounds 11a-c¢
was lower than that of PK11195 (Ki = 3.2 nM), but still characterized by nanomolar binding affinity for TSPO
(Ki = 46.5 nM for 11a, 51.0 nM for 11b, and 388.5 nM for 11c). These results showed that the conjugates are
characterized by a moderate binding affinity toward TSPO except for compound 11¢, which PEG chain consist
of five PEG monomers. Our finding might add useful information to decide the appropriate PET chain length for
developing new TSPO-targeting drug carriers.
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Figure 1. Structure of ['*F]CB251, [*™Tc]CB256, [*"Tc]CB257, CB185(1), and Cy5-labeled CB185(11a-c)
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Materials and Methods

1. d

A

oA

Al9FS sigma—Aldrich (St. Louis, MO, UA)
€} TCI (Tokyo, Japan) A& +Yste] Els] 1
A=A ok gk =71 BA| glo] ARg-siTh R E o)
Eol B4 AHg-E H-NMR-2 Varian 400 MR
(400 MHz, Agilent Technologies, Santa Clara,
CA, USA)E o]&3t3e
spectrometry (ESI-MS)+= Agilent 1100 LC—MSD

rln

], Electrospray mass

trap system (Agilent Technologies, Santa Clara,
CA, USAE AR&sith. s dAZRvE LY
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e Frt=<l CBI85  (2—(6,8—dichloro—2—(4-
hydroxyphenyl)imidazo[1l,2—alpyridine—3—yl)—
N,N—dipropylacetamide)+= ¥ i1% =52 2}315}9]
ofgfj o} -2 3 WS Sl K=t (17, 18)

2.1) 4—(4—Methoxyphenyl)—4—oxo—
N,N—dipropylbutanamide (3)

4—(4—Methoxyphenyl)—4—oxobutanoic acid (2,
5.0 g, 24,01 mmol)7} =0t ?l&= tetrahydrofuran
(50 mL)°] 1,I'—carbonyldiimidazole (CDI, 3.47
g, 26.42 mmol)E H7}sk
mL, 27.61 mmol), triethylamine (3.40 mL, 30.02

% dipropylamine (3.07

mmol)}& 717t H7kshelet. AFeolq 4A1ZHERE
3 749 20715 B vk 8012 AASID 5541

t} o] & ethyl acetate (EtOAc)2} 0.1N HCl =8
(B0 mL, v/v = 1:1)& A7lslal §71%LS &3}, &
g8 {7155 a7 F FAUEFLRE &5 AA
3l 3 flash column chromatography (40% EtOAc/
= ZAIsk w2 Ae] HA| el
(7.0 g, T1%)= 4ict, 'H NMR (400 MHz, CDCls)
§7.99 (d, J =8.0Hz, 2H), 6.92 (d, J = 9.2 Hz,
2H), 3.86 (s, 3H), 3.33—3.25 (m, 6H), 2.75 (t, J =
6.8 Hz, 2H), 1.72—1.48 (m, 4H), 0.94 (t, J = 7.4

S
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Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H); MS (ESI) m/z
292.2 (M—H")

2.2) 3—Bromo—4—(4—methoxyphenyl)—4—
oxo—N,N—dipropylbutanamide (4)

e 3 (092 g, 2.71 mmol)7} =914 =
chloroform (40 mL)®] chloroform (1 mL)o] 34 =
bromine (0,16 mL, 3.12 mmol)& &3] Ar}stc),
SFE2 A=olA 6 AlZE F<F iy £ chloroformt
N (30 mL, v/v = 1:1)
ok &9

2 a2 AAT &

sodium thiosulfate 23448
= A7t f715S 5%
o] Fp FAYEFL
chromatography (40% EtOAc/hexane)S ©]&3l &
2] AA|sto] T 0] gl FE(0.57 g, 56%) = ASGITE,
'H NMR (400 MHz, CDCL) § 8,04 (d, J = 9.2 Hz,
2H), 6.95 (d, J = 9.2 Hz, 2H), 5.69—5.65 (m, 1H),
3.57-3.50 (m, 1H), 3.32—3.14 (m, 4H), 3.06—-3.01
(m, 1H), 1.72-7.64 (m, 2H), 2.04 (s, 3H), 1.54—
1.47 (m, 2H), 0.98 (t, J = 7.6 Hz, 3H), 0.84 (t, J
= 7.6 Hz, 3H); MS (ESI) m/z 370.1 (M—H")
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SIS 4 (0.45 g, 1.21 mmol)7} %A Q&=
dimethylformamide (15 mL)°] 2-amino—3,5—
dichloropyridine (0.26 g, 1.57 mmol)< &H7}3tt},
EEL refluxE S0 7FEste] 447t Feb Wk &
ol ¥k BmE AASH FHAIX
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2 A9tk 'H NMR (400 MHz, CDCL) § 8.31 (d, J
=1.6 Hz, 1H), 7.59 (d, J = 8.8 Hz, 2H), 7.28 (d, J
= 2.0 Hz, 1H), 6.99 (d, J = 8.8 Hz, 2H), 4.06 (s,

92 J Radiopharm Mol Probes Vol. 5, No. 2, 2019

2H), 38.86 (s, 3H), 3.30—3.26 (m, 2H), 3.09-3.05
(m, 2H), 1.57-1.45 (m, 4H), 0.85 (t, J = 7.4 Hz,
3H), 0.71 (t, J = 7.4 Hz, 3H): MS (ESD m/z 434.1
(M—-H")

2.4) 2—(6,8—Dichloro—2—(4—hydroxyphenyl)
imidazo[1,2—a]pyridin—3—yl)—N,N—
dipropylacetamide (CB185, 1)

S 5 (0.20 g, 0.46 mmol)7t oA Qe
dichloromethane (10 mL)E ¥-&batho] ©§13 1M
=2 =o]x 9l= tribromoborane (1,38 mmol)S
0 £ ZAsiol A A Arlesict 1 Fol EFES
Ao A 1A17F 30& FTRITE FHEL
2 H7lete] 3085 wRkgltt Dichloromethanedt
sodium bicarbonate Z3}4=-8-H ( 0 mL, v/v = 1:1)
= H7tste] f71%& FE5hL, 2HE sS &%

[e]
o] R nERO R B2 Xﬂ A% & flash column

&t wRk 3

chromatography (40% EtOAc/hexane)E ©]-&3f &
2] AAste] @& meAe] 1A FE (0.18 g, 95%)
2 AAdk 'H NMR (400 MHz, DMSO—ds) § 9.67
(s, 1H), 8.57 (d, J = 1.6 Hz), 7.63 (d, J = 1.6 Hz,
1H), 7.43 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 8.4 Hz,
2H), 4.22 (s, 2H), 3.30—3.16 (m, 4H), 1,63—1.48
(m, 4H), 0.88—0.80 (m, 6H); MS (ESI) m/z 420.1
(M—H")

3. Y&EZ(Cy5)0| AEHE TSPO 2|ZtE &y

Polyethylene glycol (PEG)E ©]&3}o] TSPO—
binding #7t= CB185 ()&t FFEZQ CysE o
Ast9tt, PEGE diethylene glycol, tetraethylene
glycol, hexaethylene glycols Z+zh ARESIglom,
ofgf o] FHd WHZ F3ll 7s2kt & TSPO 27t=
CB185¢} Cy55 A% (conjugation)ste] % EP?JE
(Ila—c)S /3t



3.1) Functionalized PEG chain &44(8a—c)

Route A: 6a—b (6a: Diethylene glycol, 6b:
Tetraethyleneglycol) 0] &0 % Q) =tetrahydrofuran
(15 mL)° 4—methylbenzen—1—sulfonyl chloride
(0.5 equivalent)} 4 mLeo] Z&F4o) Hojx Q=
potassium hydroxide (0.6 equivalent)S ¥-Sbath
2 olgstol 0% 271 ol BrAGHAe, ERES 4
2o|A 12 AIZF F9F WHE 3 ethyl acetate?t S5+
480 mL, v/v = 1:D)E H7Iete] {715& F&3
o #£H f715E a7 Fo MU ERS R &5
AATH 3 flash column chromatography (EtOAc/
hexane)& ©|-&3 we] AA5to] A& (Ta—b)S B
o}, ozl Ta—b7} H0FA 3l dichloromethane (10
mL)°]| 1—bromopyrrolidine—2,5—dione (NBS, 2.0
equivalent)¥} triphenylphosphine (2.2 equivalent)
£ d3baths ©]&sto] 0= 2xstolA H7lskai
SFES Ad2oA 5A17F wHE 3 dichloromethane
I F74(10 mL, v/v = LDE 76t f7155

23 FelE 97158 A% B4 FAEFO

i

2 52 A7% & flash column chromatography
(EtOAc/hexane) o83l £2] FA|5te] A4 E(8a—
b)S At

Route B: 6¢ (hexaethylene glycol)o] oA <1
L tetrahydrofuran (15 mL)°] 4—-methylbenzen—
1—sulfonyl chloride (0.5 equivalent)?} 4 mL2]
ol =oA
equivalent)S dLbathS ©]8&3ste] 0= 27 3}
A A7k, e ARollA 12 Az B¢ o
Ul 3 ethyl acetate®} 5410 mL, v/v = 1:1)E
Hrrstel 7152 5. 2E 1S5S 2%
B AREFRO R
chromatography (EtOAc/hexane)& o]-&3l &2 %
Alste] EE(Te)S Aeh Dol Tert wobA Q=
acetone (10 mL)°f lithium bromide(4 equivalent)
A7beklet, EFEL refluxE 58l 7HEske] 34]

£ & i &iE A7

9] potassium hydroxide (0.6

=2 A|7%t & flash column
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g Ahetel 7158 FEUT £ 5
o 54 %&Lﬁ%ﬁ & AAT F 37 A4 9
of BEsto] the whge] vl AMgSTh AgEo|

l

e EglEo] oA 9= dichloromethane (10

L)oll 4—methylbenzen—1—sulfonyl chloride (1.0

=)

equivalent)?} trimethylamine (1.0 equivalent)<
ALhaths o|&3slo] 0% RZAFINA A7letech =

SIES Al2oA] 12 AlZF wHE & dichloromethane

Hrhstel f71%2

= A EES

¥ Z=24(10 mL, v/v = 1:1)
FEH EYE fU1S a9
2 28 AASH ¥ flash column chromatography
(EtOAc/hexane)& o] &3l &a] GA|5lo] YAE(8c)
= 9t

3.1.1) 2—(2—Hydroxyethoxyethy!
4—methylbenzenesulfonate (7a)

3IoHE 6a (5.0 g, 47.1 mmol) 2H-Eroute AS ©]
£3) W3- 3 flash column chromatography (40%
EtOAc/hexane)E ©|&3ll &2 HAsto] T4 &
N FHe(2.7 g, 22%)2 ATt 'H NMR (400 MHz,
CDCl,) § 7.80 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0
Hz, 2H), 4.20—4.18 (m, 2H), 3.70—3.66 (m, 4H),
3.54-3.52 (m, 2H), 2.44 (s, 3H); MS (ESI) m/z
261.1 (M—H")

3.1.2) 2—(2—(2—(2—Hydroxyethoxy)ethoxy)
ethoxy)ethyl 4—methylbenzenesulfonate (7b)

SIS 6b (5.0 g, 25.7 mmol) 25 Elroute AS ©]
23) ¥H3- 3, flash column chromatography (40%
EtOAc/hexane)E ©|-83to] FA2] g Fe(1.9 g,
921%)2 A9t 'H NMR (400 MHz, CDCL) § 7.80
(d, J=8.4Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 4.16
(t, J =4.8 Hz, 2H), 3.70-3.58 (m, 14H), 2.44 (s,
3H); MS (ESI) m/z 349.1 (M—H")
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3.1.3) 17—Hydroxy—3,6,9,12,15—pentaoxaheptadecy!
4—methylbenzenesulfonate (7¢)

3eHE 6¢ (5g, 17.7 mmol)2EEroute BE o|-&
3 W2 2 flash column chromatography (70%
EtOAc/hexane)& ©|-&38fo] Aol gl (1.7
g, 22%)& A9t 'H NMR (400 MHz, CDCL) &
7.80 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz,
2H), 4.18—4.14 (m, 2H), 3.80 (t, J = 6.4 Hz, 2H),
3.71-3.59 (m, 18H), 3.46 (t, J = 6.4 Hz, 2H), 2.44
(s, 3H): MS (ESI) m/z 437.2 (M—H")

3.1.4) 2—(2—Bromoethoxy)ethyl
4—methylbenzenesulfonate (8a)

3letE 7a (0.7 g, 2.8 mmol)ZFEroute AES 9]
&3] H2- 3 flash column chromatography (40%
EtOAc/hexane)E ©]-&3l 7412 &0 FHe(0.6 g,
69%)% A3tt. 'H NMR (400 MHz, CDCl,) 8 7.81
(d, J =8.4 Hz, 2H), 7.35(d, J = 8.0 Hz, 2H), 4.18
(t, J = 4.8 Hz, 2H), 3.75-3.70 (m, 4H), 3.38 (t, J
= 6.0 Hz, 2H), 2.45 (s, 3H); MS (ESI) m/z 323.0
(M-H")

3.1.5) 2—(2—(2—(2—Bromoethoxy)ethoxy)
ethoxy)ethyl 4—methylbenzenesulfonate (8b)

3HE 7b (0.5 g, 1.5 mmol)ZH-Eroute AS 9]
&3] W8 %, flash column chromatography (40%
EtOAc/hexane)E ©|-&3al FA12] g (0.4 g,
74%)2 ATt 'H NMR (400 MHz, CDCL) & 7.80
(d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.8 Hz, 2H),
416 (t, J = 4.8 Hz, 2H), 3.80 (d, J = 6.4 Hz, 2H),
3.70—-3.60 (m, 10H), 3.46 (t, J = 6.0 Hz, 2H),
2.45 (s, 3H); MS (ESI) m/z 413.0 (M—H")

3.1.6) 17-Bromo—3,6,9,12,15—pentaoxaheptadecy!
4—methylbenzenesulfonate (8c)

3eHE 7c (0.8 g, 1.7 mmol)ZEEEroute BE 9]
43l ¥ &, flash column chromatography (70%
EtOAc/hexane)& ©l-&df 74 & (0.6 g,
71%)% Aict. 'H NMR (400 MHz, CDCL) § 7.78
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(d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H),
417-4.14 (m, 2H), 3.80 (t, J = 6.4 Hz, 2H),
3.70-3.58 (m, 18H), 3.47 (t, J = 6.4 Hz, 2H),
2.45 (s, 3H); MS (ESI) m/z 501.1 (M—H")

32) TSPO z2[Zt=et FH=E (Cy5) H PEG chaing
Z&H(11a—c)

3}3H= 1 (CB185)0] =9FA Ql& tetrahydrofuran
(10 mL)ol 3HEE 8a—c®t sodium hydride (1.5
equivalent)& 7}ttt EFES A=olA 24
AlZF EoF wHF = dichloromethaney ZF4>(10
mL, v/v = LD)E H7iste] §715& #5380 &
g {7152 2% 7 HUEECR 55 Al
A%t & flash column chromatography (EtOAc/
hexane)& o|&slo] BAAES #e AT & 55
AlA BER o3 Hhgoll AR, el =obA QL
dimethylformamide (10 mL)°l| sodium azide
equivalent)g& H7}sto] AF2olA 24A17F B 1
et FH7E Fol WEuE AAT = 5
A7tk o] & dichloromethaned} Z&4=(10 mL,
v/v = 1IDE A7kt f71%5 FE5aL, 299
715 %Y ¥ AU ERSR B AAT ¥
flash column chromatography (EtOAc/hexane)
£ ol &al & FAst YH=%a-c)= AUt &
o]2 FHEE 9a—c’l o e tetrahydrofuran
mL)e]|l triphenylphosphine (1.1 equivalent)
A7bstant, =gE2 A2olA 48 ATt 59t o

5
e

Moo

Zodle &

% dichloromethaned} sodium bicarbonate 3
Ske8-H (5 mL, v/v = 1:1)& Z7keto {7185 +
et £ f15E %Y 7 AU ERS
2 &2 AAS = flash column chromatography
(methanol/dichloromethane (1% TEA))S o]-&3f &
2] AAIste] MAEE(10a—c)S At LA gt
=5 10a—c’} 594 Q&= dimethylformamide (0.3
mL)of] 33ZE2 ¢l Cy5—NHS ester (0.9 equivalent)
2} diisopropylethylamine (10.0 equivlanet)= 2 o]
At 2t A A7FsHAT, EFES Aol A 24
AlZE 9 Rk 3 A SIS Fel v Sl E A

7%t 3 flash column chromatography (methanol/



dichloromethane)E& ©|-&3f

(1la—c)S A}t

=] AAst AdES

3.2.1) 2—(2—(4—(2—(2—Azidoethoxy)ethoxy)
phenyl)—6,8—dichloroimidazo[1,2—a]lpyridin—
3—yl)—N,N—dipropylacetamide (9a)

919] 3.2)9] A WHE ol8gs| ¥ &, flash
column chromatography (40% EtOAc/hexane)ES
o]-g3l @2 w=eho] 8ol FEj(50.9 mg, 43%) 2 A
¢itt. 'TH NMR (400 MHz, CDCls) 6 8.30 (d, J = 2.0
Hz, 1H), 7.56 (d, J = 8.8 Hz, 2H), 7.28 (d, J = 1.6
Hz, 1H), 7.02 (d, J = 8.8 Hz, 2H), 4.21-4.18 (m,
2H), 4.06 (s, 2H), 3.91-3.89 (m, 2H), 3.78-3.76
(m, 2H), 3.45-3.42 (m, 2H), 3.30—3.27 (m, 2H),
3.10—3.06 (m, 2H), 1.56—1.44 (m, 4H), 0.85 (t, J
=7.2Hz, 3H), 0.72 (t, J = 7.2 Hz, 3H); MS (ESI)
m/z 532.2 (M—H")

3.2.2) 2—(2—(4—(2—(2—(2—(2—Azidoethoxy)ethoxy)
ethoxy)ethoxy)phenyl)—6,8—dichloroimidazo[1,2—a]

pyridin—3—yl)—-N,N—dipropylacetamide (9b)

©o] 3.9)¢] I WS o]fs] YR B flash
column chromatography (40% EtOAc/hexane)ES
o] g3l ¥ w=eho] gol FEj(49.3 mg, 33%)E A
¢itt. '"H NMR (400 MHz, CDCls) 6 8.30 (d, J = 2.0
Hz, 1H), 7.58 (d, J = 8.8 Hz, 2H), 7.28 (d, J = 1.6
Hz, 1H), 7.00 (d, J = 8.8 Hz, 2H), 4.19—4.17 (m,
2H), 4.06 (s, 2H), 3.90-3.88 (m, 2H), 3.75—-3.66
(m, 12H), 3.40—3.37 (m, 2H), 3.30—3.26 (m, 2H),
3.10—3.06 (m, 2H), 1.56—1.44 (m, 4H), 0.85 (t, J
= 7.4 Hz, 3H), 0.72 (t, J = 7.4 Hz, 3H): MS (ESI)
m/z 621,.2 (M—H")

3.2.3) 2—(2—(4—((17-Azido—3,6,9,12,15—
pentaoxaheptadecyl)oxy)phenyl)—6,8—
dichloroimidazo[1,2—a]pyridin—3—yl)—
N,N—dipropylacetamide (9c)

f19] 3.2)9 A WHE ol&s ¥HE ¥, flash
column chromatography (70% EtOAc/hexane)S
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o]-g3l E2 wegho] g FE(105.7 mg, 61%)= &
2Tk 'H NMR (400 MHz, CDCls) 6 8.29 (d, J = 2.0
Hz, 1H), 7.58 (d, J = 8.8 Hz, 2H), 7.28 (d, J = 1.6
Hz, 1H), 7.00 (d, J = 8.8 Hz, 2H), 4.18—4.16 (m,
2H), 4.06 (s, 2H), 3.89-3.87 (m, 2H), 3.74-3.73
(m, 2H), 3.71-3.64 (m, 20H), 3.30—3.26 (m, 2H),
3.10-3.06 (m, 2H), 1.56—1.44 (m, 4H), 0.85 (t, J
= 7.4 Hz, 3H), 0.72 (t, J = 7.4 Hz, 3H): MS (ESI)
m/z 709.3 (M—H")

3.2.4) 2—(2—(4—(2—(2—Aminoethoxy)ethoxy)
phenyl)—6,8—dichloroimidazo[1,2—a]lpyridin—
3—yl)-N,N—dipropylacetamide (10a)

3}%HE 9a (40mg, 75umol)ZH-E $19] 3.2)9] TA
-G 0] 85 W3- 5 flash column chromatography
(4% methanol/dichloromethane containing 1%
TEA)E o] &3] €& Lol gl Fef(26.7 mg,
T0%) 2 43Itk MS (ESI) m/z 507.2 (M—H*)

3.2.5) 2—(2—(4—(2—(2—(2—(2—Aminoethoxy)ethoxy)
ethoxy)ethoxy)phenyl)—6,8—dichloroimidazo[1,2—a]
pyridin—3—yl)—N,N—dipropylacetamide (10b)

S}ghE 9b (50mg, 80umol)ZH-E £12] 3.2)¢] &4
-G 0] 85l W3- 5 flash column chromatography
(5% methanol/dichloromethane containing 1%
TEA)E o] &3l €& =et o] 8o Fe(26 mg, 54%)
2 dich MS (ESD m/z 595.2 (M—H*)

3.2.6) 2—(2—(4—((17—Amino—3,6,9,12,15—
pentaoxaheptadecyl)oxy)phenyl)—6,8—
dichloroimidazo[1,2—a]pyridin—3—yl)—
N,N—dipropylacetamide (10c)

3= 9¢ (50mg, 70.4umol) 2H-E 912 3.2)9] 43
HH S 0] 83 WS- & flash column chromatography
(10% methanol/dichloromethane containing 1%
TEA)E o83l & =t o] 8-l Jej(12.5 mg, 26%)
2 At MS (ESI) m/z 683.3 (M—H")
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3.2.7) 1—(6—((2—(2—(4—(6,8—Dichloro—3—(2—
(dipropylamino)—2—oxoethyl)imidazo[1,2—al]
pyridin—2—yl)phenoxy)ethoxy)ethyl)amino)—
6—oxohexyl)—3,3—dimethyl—2—((1E,3E,5E)—5—
(1,3,3—trimethylindolin—2—ylidene)penta—1,3—
dien—1—yl)-3H—indol—1—ium chloride (11a)

3}%HE 10a (4.3mg, 8.4umol)ZH-El £]9] 3.2)
o 4 e olgd Hkg F, flash column
chromatography (4% methanol/dichloromethane)
£ o] g3l xIgk FEM] 1A FEi(6.4mg, 78%) = A
ok, MS (ESD m/z 971.4 (M)

3.2.8) 1—(1—(4—(6,8—Dichloro—3—(2—
(dipropylamino)—2—oxoethyl)imidazo[1,2—al]
pyridin—2—yl)phenoxy)—13—ox0—3,6,9—trioxa—12—
azaoctadecan—18-yl)—3,3—dimethyl—2—((1E,3E,5E)—
5—(1,3,3—trimethylindolin—2—ylidene)penta—1,3—
dien—1—yl)-3H—-indol—1—ium chloride (11b)

3HHE 10b (5.0 mg, 8.4 umol)ZHE 9|9 3.2)
o 4 e olgd Hkg ¥, flash column
chromatography (5% methanol/dichloromethane)
£ o] &3l gk FEMY 1A FEI(6.6 mg, T4%)E
ol MS (ESI) m/z 1059.5 (M*)

3.2.9) 1—(1—(4—(6,8—Dichloro—3—(2—
(dipropylamino)—2—oxoethyl)imidazo[1,2—al]
pyridin—2—yl)phenoxy)—19—ox0—3,6,9,12,15—
pentaoxa—18—azatetracosan—24—yl)—3, 3—dimethyl—
2—((1E,3E,5E)—5—(1,3,3—trimethylindolin—2—ylidene)
penta—1,3—dien—1—yl)—3H—indol—1—ium chloride (11c)

3eHE 10c (5.7mg, 8.4umo)EHFE ]9 3.2)
o 4 e olgd Hkg F, flash column
chromatography (10% methanol/dichloromethane)
£ ol&af xlgt FEMO] 1A FEj(7.3 mg, T6%)E A

ek MS (ESI) m/z 1147.6 (M")

4. TSPO ZefZlsie "ot
Ay 45 vigo R TSPO Afust=s B7lst
7] 918kl TSPOL] W& =7} =01 specific binding
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o] 7}s¢t rat C6 glioma cell& AEsto] AHS X
Bt g A= HAM'S F-12 medium©j Al
A 2]= Fetal Bovine Serum (FBS)2} 100 U/mL
9] penicillin, 100 ug/mL9] streptomycin Z12]3L 2
mM®] L—glutamine2 #7}8le] 37T, 5% CO, %
2 stoll A HjeFskltt. Membrane &2 3l 80%
confluency’} 2 wWj7}A] AlZZE vjoFst 3, medium
2 A|#3}aL Phosphate Buffer Saline (PBS) (pH =
7.2)% NEE DAY, G2 A= PBS| g
AlA Brinkman Polytron (setting 5 for 3 x 15 s)=
o gako] FABERALE o] F HEFLS 4 ol 30 &
ZF 37000 g= ¥ Z2et 5 AJSHE Ak F
HAelo 2712 10 mM PBS (pH = 7.2)2 A& A]
{1 Fo -80T A Hatsto] ARSI, TSPO 2%
A3t 7 AP oh5a o] g ¢let, 100 pg?
C6 membrane< 0.5 mL2 PBS (pH = 7.2)l d&t
AJZ1 3, 0.7 nM2] [PH|PK111959} 2F23} 11a—c (10
5-10""M) S FH71slke] 25CollA 90 B7F ¥-3-EHRIT),
Hh2o] 25 % & Whatman GF/C glass microfiber
filtersE &3l o sttt sid e+ 1 mLe| 27}
& PBS (pH = 7.2)% 3¢ A &sjE & 2gUst=&
B71skelet.

=
<
7

N

Results and discussion

TSPO9| Z3%sl= 6,8—dichloro—2—phenylimidazo
[1,2—alpyridineacetamide 7]5te] #]7t=¢l CBI185 ()=
FAdst7] flal A2 =Rl 2kehE 29 carboxylic acid
o coupling agent?l CDIE ©]&3} dipropylamine
I} amide coupling -5 3ttt TA4H 3= 3
2 HESGE & 2—amino—3,5—dichloropyridines
ol-gsto] ie]3} B3-S XaYsto] 6,8—dichloro—2-
phenylimiazo[l. 2—alpyridineacetamide T2 &
A3tk o]F boron tribromideE ©]&3te] tw|
g3t Yt TH 5 1092 HE FFEN
CB185(1)E &Hdstalrt.

H ¢ro] A Q] polyethylene glycol (PEG) chain
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Scheme 1. Synthesis of CB185. Reagents and conditions: (a) 1,1’-carbonyldiimidazole (CDI), dipropylamine, triethylamine (TEA), THF, r.t., 4 h; (b) Br, CHCls, r.t., 6 h;
(c) 2-amino-3,5-dichloropyridine, DMF, reflux, 4 h; (d) BBrs, CH.Cl,, Hz0, r.t., 2 h.
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Scheme 2. Functionalization of PEG and Conjugation CB185 with Fluorescence Dye (Cy5). Reagents and conditions: (e) 4-methylbenzen-1-sulfonyl chloride, TEA,
CH.Cl,, from 0 “C to r.t., 12 h; (f) 1-bromopyrrolidine-2,5-dione (NBS), triphenylphosphine, CH.Cl,, from 0 “C to r.t., 5 h; (g) LiBr, acetone, reflux, 3 h; (h) 8a-c, NaH,
THF, r.t.,, 24 h; (i) NaNs, DMF, r.t., 24 h; (j) triphenylphosphine, THF, r.t., 48 h; (k) Cy5-NHS ester, DIPEA, DMF, r.t., 24 h

Cl Cl

N N N
0; 0:; 0;

N -/ a
5o s

10a-c 1ac

o] Zojo] wt2 TSPO 27t=2] A%t Asle WslE 3
7V8l7) 9J8te], mle] Fu|3k A= o2 ol PEGS]
6a—cZ 7]%35ke] TSPO #7t=ol CBI85 (1)& <
W ABe 98 PEG wekvlo] 888 Cys
=dskgleh. AR 49l 3RS 6a—cE 7]E 3l
7] $18 4—methylbenzen—1—sulfonyl chlorides &
7] 28|A FFe E © F T A9 Sho|=EA|
715 Axdseitt, o] & AAENA F& 2t 719
SOI=S A7) NBSE o] 83 HESehs Ty U
(Route A)°o.2 3IHEE 8a—bE AUt I3E 6e
o] A5, f19 vhg= S8l A =5 29 A A
=2 °]3H HAE 4 HH(Route B2 ARSI &
) 4—methylbenzen—1—sulfonyl chloride& OS
'5‘]'01]/\1 FEO £ @ F T Y slo|=FA7
& = l5l 229 lithium bromideZ ©]
Lol T QRN g @ A2
A7 9ot FYskA dzdst sl wet
T+ 7158t PEG? 3HtEE 8a—cE 4
A AE-8}o] O-alkylation

RN
‘101'

2 ox by =
H:l ™
nc
]

-io{

olﬂi%ohorulm_m_
|z
o
o
_o#
2
L
o

NN
o & |d

LTS

< 53l A7) tHE 4el9] PEGE CBI85 (el A2
39t NHS—ester® A3l g4E2Q Cys=
N-alkylationg £3 PEG chain®] %% CB185 (1)
9} AASFIAF sodium azideZS AHE- 5}@ azidationdt

3 triphenylphosphineg ©|-&% 3¢ ¥H-8-° & PEG
chain®] & tho] ofl7| 2 | gte ShotE+ 103—0% b
Aokt mR|ere 2 33HES 10a—cet NHS—ester
2 A3 Cyb5E F7i7dsltoA] N-alkylation=
E5lo] JRAOB IFEE 11a—cD M8t 7t
WS TLCS Estol whe A4 A= BUEY 59
on], YHELS NMRI LC-MSZ 35Ee] 72 U

3:

H

2% 3FEE2 lla—c® TSPO°| th3t Adt 213te
B712 98 TSPO7} Tt s n] Eo|2 Aglo] 715
3 rat C6 glioma cellS A9sto] Hr71= 8Pt
ARBEAZE PHIPKI95S AFEstgon, 31ets
1la—c9] 2% 23} = F7} A3}= Figure 22} Table 1
of AT, FFEE 1la—c2] TSPOO| tigh A%t
Aste = 77F 46,5, 51.0, 12]a1L 3885 nM& A3

4
Z

21

s
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A-toll A Hargl [¥F]CB251 (0.27 nM)Z} 7] 4% 11co] 7% 3885 nM=z FA3}7 Azl Yo}
CB185 (1, 1.31 nM)ol| vl A7t xIsk=7} oF 358 7 Ae AE & 5 QU ol A& vig o= TSPO
2% AS = = U} o)A At TSPO 34 HIARA 2]7F=21 CB1857F PEG chain®] Zo] o2 213
=A47ke] PK11195 (3.2 nM)9} PBR28 (6.1 nM)®Th  AgAshes} wajehe o & 97, Arjgoz o
of guff o] W& A FeteE HAN, TSPOE # %l PEG chain®] 9|3+ W& TSPO AAof thgt 2
Ao g stA FAELS 2 = e BHEA= 3 2ste7E dojA= AFYS 1T 4= At o
ZF 53 A= (nanomolar binding)& z2He 7k L TSPO H2 OFEATH] Tl o2 Ausls
71}, 53] 17 E+= 3719 PEG chaing 38t AN A A Aets AAE 2k ¢ = A 2
£ IFEE Na-b2 4§ oF 50 nM A AT ol ATY & Ao, F5 A5t GAA At
Ste7h "ozl el E A= A& & 5 AR A S oF AU wiEo] FFS E ¢ YU TR KA
Aoz 7 5709 PEG chaing Z3sl= 3hh= A g dart ek

100 PK11195

'g 11a
11b

§ 50+

© 11c

=

v

T o4+—F

=S 12 -10 8 -6 -4

Log(Dose)
=50

Figure 2. Competition binding affinity curves of the three tested compounds and a reference compound PK11195 in rat C6 glioma cells.

Table 1. Affinity value (Ki/nM) of reported TSPO-binding compounds and 11a-c

Compound Ki value (nM) for TSPO
PK11195 3.2
PBR28 6.12
CB251 0.272
CB185 (1) 1.31°
11a 46.5
11b 51.0
11c 388.5

aCorresponding values for PBR28 and CB251 are also reported in reference 9; °Corresponding value for CB185 (1)
is also reported for comparing with other ligands in reference 18.
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Conclusion
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