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Synthesis and biological evaluation of tricarbonyl technetium
labeled 2-(4-chloro)phenyl-imidazo[1,2-a]pyridine analog (*™Tc-
CB257) as a TSPO-binding ligand
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ABSTRACT In our previous study, tricarbonyl ®*"Tc-labeled TSPO-binding ligand, named *"Tc-CB256, having positively
charge (+1) was investigated but did not show promising results in in vivo environment despite of a nanomolar
binding affinity for TSPO. Because the overall positively charge of ®*mTc-CB256 would likely interrupt its target
protein uptake, we herein designed the neutral tricarbonyl-*"Tc labeled TSPO-binding ligand (*"Tc-CB257,
1). ®¥"Tc-CB257 was prepared by the facile incorporation of the [*™Tc(CO)s]* into a N-(hydroxycarbonylmethyl)-
2-picoly moiety in CB257. The radiochemical yield of *™Tc-CB257 after HPLC purification was 54.1 + 2.4%
(decay corrected, n = 3). The authentic Re-CB257 (2) was synthesized by using (NEt:)2[Re(CO)3Brs] in 69.0%
yield. The binding affinity of 2 for TSPO was measured in leukocyte and showed approximately 280 times
higher than that observed for the positively charged (+1) ligand, Re-CB256 (Ki= 0.57 + 0.06 nM versus 159.3
+ 8.7 nM, respectively). Our results indicated that 1 can be considered potentially as a new SPECT radiotracer
for TSPO-rich cancer and provides the foundation for further in vivo evaluation related with abnormal TSPO-
overexpression environments.
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Introduction oHA =] Qo] A ek Al2o] A, AFE, &
gl2o|=9] I 5o BEeHE B a3t TS '

SFA7EAY wAHotA| Z (microglial cell)= 417412 St n|EFEeore] ofubo] EAshs o g THAel 18
243k, A Aol Z1ofsh, dzstolmy, sl kDa 71o]A| T4 (translocator protein, TSPO)2| ‘H&Z
AHE 5o ohekel By AA Ag WA B HE 7he Es] 23K vlAokuA| E (activated microglial)
29 W Y 5 Aol A mAobA|Z o] 23t ° oA F= ke QIvk(1,2), ERE, 2T HHEE =] 9
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19849, TSPO 7+ $Jgt oF-A}
Emission Tomography, PET)-& A ZAAIZ C-11(5F
7

(5). 3HAEE, ["CIPK11195% & w7,
2] o A S-S (signal to noise ratio)e] EA|1H O
2 Qlste] de] ARgat7] o= sHAZE ATH6,7). 1 At A
1 30011d7F TSPO /d2ks f13t =& WAMIF=2A AL 7N
diejo 9o tjEA o2 ["C]DAALI06, ["C]PBR28, [*F]
Fluoromethyl-PBR28, [“F]CB251, [*F]FPBR28 52| 3}
o] HalE|irh8-12).

AN #A7kA] BaE TSPOE #7 sk PAdFH
A= i PETS WAMI 5 I HAE o] 8-38191.0H(13,14).
s lE 29 (Single photon emission computed
tomography, SPECT)§ ®AMISFAA} 7tk A= A4
Eilalt}, tjEH 02 SPECT At o] 851= WA 59

YRl #rTed AP|ZREE B 2 RofjAld glo] '2AY7]

25E A 8=t ARgo] 7HsR o] slew], Az X
GBS SHAME B¢l 6A17H] At vy & 7h
A1 gk, E3H TRkt Te-99m HA] W Foll A Eajzt

o

EHY7S o83 A WS & 3eHA A oA
242 Aol 2 918 B4}, AEIA 54 Wl Hri o
Zk31 9QJt}(15,16). E3F PETE TSPO Algho]okEali
Tc—99m= FA| H TSPO #7 ZAgke|ekZ o +7]4
FofA TBEe] &3fle A& WA EHI€4 Re
Re—1862.& 2|gto] 7H55}0], TSPO Wlo] Eo]
THY S Ay (55 Al AP 5= e
Alse 4= Qlek, of2|3h v A& e R 2 dA4ES

AT Aol A Eo]d o2 TSPOY| Aglst wigo] A3t
Q1= di—(2—picolyl)amine”]E 7} imidazopyridine
7|5 TSPO 32| WA+ A 2HCB256) 5 2Lt HizE glek
(17-19). ¥"Tc—CB256:& +1719] FAE1E 71 St
in vitro A ¥4 nM 0] A= E Hol2th19).
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vivo ¥/ S5 A9 A, Ad-go2 2of7]of foulgt 2

I 2R S ofell & Aol A

2R A7) 918 BHOR MBS B e BAYFAA,
9w Pe—CB257S 11¢kstsith(Figure 1). Rhenium—185/187
FE technetium—99m FA|HHA]L 9nTe—CB2561}F A3k
Eg7taRd7|E ANSEgl e, 0|9 91} TSPOY| Tt

AR =S B} 9 vt @

3t

#mTe.CB256 mTc.CB257

Figure 1. Structure of " Tc- or Re-CB256 and *™Tc- or Re-CB257

Materials

1. 3] 2 Aok

HE AJ¢kS Sigma-—Aldrich (St. Louis, MO, USA)
¢+ TCI (Tokyo, Japan) AlEE F¢lsto] 53] PAH
Al e 7 F7F BA §lol ARgSIAITE SkEe] EA4lol
AREE] 'TH-NMR- Varian 400 MR (400 MHz, Agilent
Technologies, Santa Clara, CA, USA)S o]&35}3omH,
Electrospray mass spectrometry (ESI-MS)= Agilent
6130 Series (Agilent Technologies, Santa Clara, CA,
USAE  AMgsilch s dAla=nE e 9] (High
Performance Liquid Chromatography, HPLC)+ semi—
preparative column (Waters, Xterra RP18, 10 um, 10 x
250 mm)= 0] 835}, UV A&7 (254 nm) ¥ gamma-—
ray 4=7](Biocan)7} A2 = Agilent 1220 infinity A]2~
&2 ARESHSITh A7) 8= HPLCE -8v(J. T. Baker,
U.S.A)E ARSI o HPLC #2 A membrane L
(Whatman, 0.20 um, GE Healthcare, U.S.A)E ©]&3]
o] A % ARgskgich HPLC &2 Al AMEE g 2742
60% CH;CN—-H,O (including 0.1% trifluoroacetic acid)



oY, f42 3 ml/min =2 A5 Na®TcO=
PMo/*"Tc -827](Samyoung Unitech Co., Ltd., Korea)
ZHE 853810 fac—[""Te(CO)(H0)sl'E T3
A selon], HEAMIE9lea Reol &9 7EE
[NEt,o[ReBrs(CO)s}& ARg-sto] defzl Hh
2A0llA Adetaleh21,22). & AtA| SR C
= o|&kg]o} University of Bari “Aldo Moro™®] Nunzio

Denora W2 E Al go} AR-5T)

i()z
o
N rlo B

es]
[N
(St
1SN

2. A A)(CB257, 3) &4

CB254 (60 mg, 0.12 mmol)7} 54 = tetrahydrofuran
6 mL)ol N—(2—carboxylmethyl)— N—(©2—pyridinylmethyl)—
1,1-dimethylethylester—glycine, potassium carbonate (26
mg, 0.12 mmol), K:CO; (16 mg, 0.12 mmol)& 7}5F3iTt,
SHES AF2olA 18AIZT F)t Rk 3 dichloromethane
I FFSEB0 mL, v/v = L)E skl 1715 FE31

Act, BalE $7]%S sodium sulfate anhydrous® 4%

o] £& AlA 3 £ flash column chromatography (10%
EtOAc/hexane)& ©1-§, 2], At foixl s
(50 mg, 0.08 mmol)E trifluoroacetic acid:CHyCly (2 mL
/v =1/2)00 =T}, SRS AdollA] 4417t F3F wyt
T A% 24 st BuiE AlAsIH 2EEES flash
column chromatography (40% EtOAc/hexane)= 2|3}
o, T gof (10 mg, 71%) & AUct 'H-NMR
(400 MHz, CDCls) 6 10.6 (s, 1H), 8.49 (d, J = 8.0 Hz,
1H) 8.17 (d, J = 8.0 Hz, 1H), 8.01 (d, /= 8.0 Hz, 1H),
7.89 (d, J= 8.0 Hz, 1H), 7.69 (d, J = 8.0 Hz, 2H), 7.46
d, J=8.0 Hz, 2H), 7.30 (t, J= 4.0 Hz, 1H), 7.09—-7.08
(m, 1H), 6.80 (t, /= 6.0 Hz, 1H), 4.09 (s, 4H), 3.63 (s,
2H), 3.42 (s, 2H), 3.29 (t, J= 8.0 Hz, 2H), 3.13 (¢, J=
8.0 Hz, 2H), 1.56—1.46 (m, 4H), 0.86—0.73 (m, 6H); MS
(ESI) m/z caled. for [CyHssCINO, + H]*: 591.2; found:
591.4 (100%).

3. Re-CB257 (2) 314

CB257 (3, 3 mg, 5 pmol)}& H[EhE 1 mLejl 52l
(Net)o[ReBrs(CO)s] (5.7 mg, 7.5 umol)S H7kstoct,
FHES 80 “CollA] 1 AIZE Eok mwalk Sof| 79k sjof|A] g

& AAR § prep-HPLCE o]k 22| HAISHATHT:

5
e
°

=
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= 16.2%, 3 mg, 69 %). 'H-NMR (400 MHz, CDCls) &
8.82 (d, J = 8.0 Hz, 1H), 8,17 (d, J = 8.0 Hz, 1H), 8.01
(d, J =8.0 Hz, 1H), 7.91 (t, J = 8,0 Hz, 1H), 7.56 (d, J
= 8.0 Hz, 1H), 7.51-7.41 (m, 4H), 6,91 (t, J = 8.0 Hz,
1H), 5.35 (d, J = 8.0 Hz, 1H), 4.65—4.53 (m, 3H), 4.06
(s, 2H), 3.95-3.91 (m, 2H), 3.31 (t, J = 8.0 Hz, 2H),
3.15 (t, J = 8.0 Hz, 2H), 1.56—1.49 (m, 4H), 0.88—0.77
(m, 6H); MS (ESI) m/z caled, for [CsHsCINGO;¥Re [*:
861.1; found 861.2 (100%);for [CsHsCINsO#Re 1*859.1;
found 859.2 (39%).

4.%nTe-CB257 (1) $HAd

By o] web dAE [PTe(H,0)5(CO)sl" (0.25
mL, ~370 MBq)(21,22) &Kol meh-&(0.25 mL)ol| =o
%1 3ghE 3 (1 mg, 1.6 ymol)}& H7skele}, £3=5 80
“CollA] 204 7F ¥Rkl A0 2 A8l & 15 mLe] SH¢

2 3431t 34 oS C18 light Sep—Pak 7HEE]
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prepative—HPLC A
28E o] goto] BASgHES R, AAISHATHT, = 15.8
). 2ojx gAe ohi] FH4(15 mL)E 3A3E & C18
Light Sep—Pak 7FEZ|Z|o| &2}, 5 mL E& 4loj& 3,
90% EtOH/H,O (2 mL)Z &=slgon, AEAYg4s o
4 10% EtOH/saline ©]st= 93 ARg-53ict 25 Hajd
9mTe—CB257S 7154 Re—CB257 (2) HPLCO] FAl
T = oF 1 Alol & il §EEHS Rl & B4
0 Q= qlon, Wafalela] 52 54,1 + 2.4%
(n = 3), WA = )99%0] ik,

>
N
N
lo
©

5.TSPO AgtxIste H 7}

Abere] Aol st WE = 50 mLe slatast
& N (heparinized blood) S ZHE] FZL B vjof7| & A
3o mF-sto]d F=ull(Ficoll-Hypaque gradient)

olgelel Y R WAL 52 BN £

3 FABKH, 4 °CollA] 1587F 20,000
g= YA Bl dojd MELE 2.4 mLe] &EHo

Ageksto] =70 Col A HESH, DY FrE HH=R
E(Bradford) #ATH-E ARESto] Alibsioint, A9l 23t
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W00 uLe] A&AE 2HE 100 pLo] WAMI 7= (PH]
PK11195, Specific activity: 83.4 Ci/mmol), in 1 x PBS)2}
AR AlEL 2 slghE 2 (0.124-10,000 nM) 2 0,07 nM2]
WA RIZFE(PHIPK11195) 50 uLE 3ok W 3
1 mLE A-2of4] 3047 §E&-513lt}, Cell havester& A&
stod 23] |23 & APAks S e B 2 SR &
A= (K) g& AtsH7] $18) PRISM £ZEQo)E AL
Gotpon, BlAE A4S st 53

[¢) =

Results and discussion

TSPOO| Atsl= /42 #mTe—3#4] CB 3gheE F=AE
F/dst7] fl8l, 71=9] CB2562] #“nTe EA] Z£Af| A 3t 7 2]
2—picolyl 75 N-methly acid”| 2 HRF o 2K ET|7[2 1
d Te—99me] = Al A7) Asks qloich, A4 CB257
(3)2 3dsl7] 98l CB2450) N—(2—carboxylmethyl)—N—
(2—pyridinylmethyl)—1,1-dimethylethylester—glycine,
potassium carbonateE #7}8til N-alkylations 5310
ATt Technetium¥ Rhenium 4= 22 £ 35
82 154 o] Atslo] “e-CBIST (D3 vl wsh)
Azt 71& E-ZA Re—CB257 (2)2 FAIsct ALA|
Ql CB25T& =9l mghE 8ol [Neto[ReBrs(CO):1E
7kt % 8004 7tdsthH Al HES- e J=E HPLCE
HUEE olgsto] Felsiylet, 7eE4 29 ke
HPLCOlA] CB257 (Ty = 4.5 min)©] 5)27} Afe}d w7
gYston, oiEFAIE 16. 22004 69%9] +&= &
sttt 2FH o R dojr 2= NMR¥} LC-MS& F25

2} 9mTeO, 9} CO 7HAE o8, fac—[*"Te(H,0):(CO)] " &
Y7t - CB2570] Hg-Eof HolQle Bdllof H7iskqint,
EgHole 8004 2027t 7HEE & A FAAARHE
I E olgste] w2, AAEAH. & AT °F 90
£ 2aEglon] WPARRKEHA a2 541 + 2.4% (n = 3,
decay—corrected), WAFBISH] Gle= 99% o)l 3Tt 7]
= 4= e 29} 12 BAE A THA A RntE T
slol $4] 7 F BATOA HE B HBS %)
stalem, 23} 19 M5 ARk Z42F 8,277} 7,592
|25 9tk(Figure 2, HPLC conditions: column (Xterra
RPI18, 5 um, 4.6 x 250 mm), 254 nm, 60% CH;CN/0,1%
TFA, flow rate: 1 mL/min).

TSPOY|| thgt Ag=Iste= Al @34 TSPO7F =4
FEEo] Qle AR Rl Mid@s 5ot SA5H
tf. AAEAR [PHPKI95E AMSsI9.om, Re-CB257
(2)9] A5l w= Table 19 foFstt, Haks A o
2 Re—CB257¢] TSPOO|| tfigt Agg}e+= 0.57 £ 0.06
nM& PK11195 (1,38 + 0.13 nM) Rt} oF 28] =& A%t
Asheg WolFglon, +19] P 7H Re—CB256°]

z‘;
x

(A .55

w (B ]

| 3404
I?‘"N

2 4 6 8 10 12 a4

Figure 2. Coinjection HPLC profile of *"Tc-CB257 (1) and Re-CB257 (2). (A)

golatie), 9nTeo] FX] ¥ 1 FpotEe oejAl v of u} gamma-ray spectrum. (B) UV spectrum (254 nm).
| =~
Nz
2 oc\m

N

‘-’J‘LNH
o 31\ o

CB254 3, CB257

fgjf,

Scheme 1. Synthesis of CB257 (3), ®Tc- (1) and Re-CB257 (2). Reagents and conditions: a) (i) A“(2-carboxylmethyl)-A-(2-pyridinylmethyl)-1,1-dimethylethylester-glycine,
KoCOs, THF, r.t, 16 h, (ii) TFA:CH.Cl, r.t, 4 h; b) (Net:)[ReBrs(COs)], MeOH, 80 °C, 1 h for 2 and [*"T¢(CO)s(H0)s]*, MeOH:saline (v/v = 1/1), 80 °C, 20 min for 1.
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Table 1. Affinity (K/nM) of 2 for TSPO by using the separated leukocytes in
human blood?.

Compound Ki (nM) for TSPO
PK11195 1.38 +0.13
Re-CB256 159.3 £ 11.32

Re-CB257 (2) 0.57 +0.06

¥ Reference 19. Corresponding values for PK11195 and Re-CB256 are also
reported for comparison.

Hlaf of 280u19] ¥ AAeH=E Ko, ol di-
(2—picolyl)amine 7} R CB2560] PK11195 Hc} W
2 A= HoE Zd e o Aato|tk(19). Re—
CB2569] 7%, di—(2—picolyl)amine® 213l A7]= A
Zroli(steric hindrance) W&ol A3} w7 Hojx= A
OF 253 ¢ Qlrh & A9 Anke AY At diE
W= A0 & di—(2—picolyl)amine —TLZE 0174] Zoff
A xR Rt Aut, AYRIstert S3E Ao oS
EH, BlEo] Re—CB256: 48k 7HAL A= :rL olaL
Re—CB257& A35l7} 9l L2 2A] Asle| ulg} TSPOS] 2
xIeHeo] FoFe £ ¢ ke Ae Hojer, 2 or
7129 o vfol QubA I A9} o] Hstol what A3}
ke gAY o] JgS Frhe Aot A5k 2}
2k g & QUHk, o= 55 TSPO WAM A4 7 = 2
23} YA T PAMI YA 7R AM = ARE YAt
g E]ojof sh= 83t Q4 Fof FTFA| AlFo]

5
7} 2

Conclusion

Lol A= HelE DEldt Te—99m FEA] TSPO WA
AHEmTe—CB257, )5 %2 Uit 48 9 Sxg
ot EgjzhEd glwol EAE CB257S 7|1& %
1= 712 Re—CB256 Rt} oF 2808) =2 TSPO 2

9] o PK11195¢} SAFeE Azlste &
otk o|#3t in vitro ATF= 7]E CB2562] XS 2
I CB2570] TSPO 2] HPAMA] ; 22 A W) 053t

o 2w, TSPO Tt} el Agkm glofA] SPECT 9

A7} 7=t
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