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[ Abstract] Objective To prepare ( (2-(2-chlorophenyl)-3-(4-( ( 2-"F-fluoroethyl ) oxy ) phenyl ) -
5,6,7,8-tetrahydrooxepino[ 3,2-¢ ] pyrazol-8-yl ) amino ) methanoic acid methyl ester ('*F-JR-1001) and eval-
uate its binding affinity to the cannabinoid type 1 receptor (CB1R). Methods '“F-JR-1001 was synthe-
sized using an integrated automated synthesis module, and its radiochemical yield (RCY) and molar activity
were determined. Cell-specific uptake, lipid-water partition coefficient (log P) , competitive binding assays,
and in vitro stability tests were performed. Rimonabant-fed rat models ( blocking group) with pre-occupied
CBIR were established. Radioautography and microPET/CT imaging were conducted on both the blocking
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group and normal Sprague-Dawley (SD) rats to evaluate the brain uptake of "*F-JR-1001 and its blood-brain
barrier (BBB) penetration capability. Results The RCY of the synthetic *F-JR-1001 after decay correc-
tion was (32.5£9.2)% (n=10), with the molar activity of (194.6+67.3) GBqg/pmol. Cell experiments
demonstrated that "*F-JR-1001 exhibited specificity for CBIR, with log P of 3.40+0.11 (n=3) and half-
maximal inhibitory concentration of 0.975 nmol/L. Within 3 h at 37 °C, the radiochemical purity of ®F-JR-1001
in physiological saline and blood remained above 92% , with no significant radioactive by-product peaks ob-
served. Radioautography showed that the whole brain uptake of ®F-JR-1001 in the blocking group was 65.6%
of that in normal SD rats. MicroPET/CT imaging showed that the mean whole brain uptake of "*F-JR-1001 in
the blocking group was 0.470 6, which was lower than that in normal SD rats (1.056 1). Additionally, con-
tinuous scanming for 60 min demonstrated that "®F-JR-1001 exhibited good BBB penetration capability. Conclu-
sion The synthesized "®*F-JR-1001 meets the requirements of production and application, and is proved the

potential as a CB1R-targeted tracer in the in viiro experiments, microPET/CT imaging and radioautography.
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KR ZE 1 BISZ K (cannabinoid type 1 receptor,
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AR R R BT SO e AN B
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JUEHLE CBIR B9 PET 484, i N-((18,28)-
2-(3-UHAREE) -3-(4-(2-"F-F L L) A0 ) -1-H
SN I ) -2- HI -2 ((5-FP BRI IE-2- 2 ) 3 ) N TBERL
[ N-( (1S,2S)-2-(3-cyanophenyl ) -3-(4-( 2-"* F-fluoroe-
thoxy ) phenyl ) -1-methylpropyl ) -2-methyl-2-( ( 5-meth-
ylpyridin-2-yl ) oxy ) propanamide, "F-MK-9470 "%
(3R, 5R)-5-(3-" F-3 A& %) -3-(((1IR)-1-K H &
BE) F L) -1-(4-( =5 W 3k ) R AR Ak g e -2
[ (3R,5R)-5-(3-"F-fluorophenyl ) -3-( ( (1R -1-phe-
nylethyl ) amino ) -1-( 4-( trifluoromethyl ) phenyl ) pyrro-
lidin-2-one, "F-FPATPP ]! (3R, 5R)-5-(3-("®F-
S ) ) 3-( ((R)-1-9 23 ) 23 -1-(4-
( =HR 3 ) 2R ) Mg dE-2-M [ (3R, 5R)-5-(3-( *F-
fluoromethoxy ) phenyl ) -3-( ( (R ) -1-phenylethyl ) amino ) -
1-( 4-( trifluoromethyl ) phenyl ) pyrrolidin-2-one, "F-
FMPEP-d, ] """ 45 | ELAT WICHE (R 25 R g 3 v A6 af - A
FRBEZEE J1 XS 5 I RIS SR Al A 4 L, B
ATSERATAE 5y Jd i A58 TR A

AWFFEXT CBIR A 45 43T AT D REME 2L
i, R4 A SRR BCE G R BT ((2-(2-3 AL ) -
3-(4-((2-"F-JRLHE) S5k ) HHk)-5,6,7, 8-PU S
ARIRPENE T [ 3, 2-c ] MHkmE-8-Jk ) 2 Ak ) HH e R FH TR

[ ((2-(2-chlorophenyl ) -3-(4-( (2-"F-fluoroethyl ) oxy )
phenyl)-5, 6,7, 8-tetrahydrooxepino [ 3, 2-¢ | pyrazol-8-
yl) amino ) methanoic acid methyl ester, "*F-JR-1001],
IEE SIS AN F-JR-1001 1E 4 519132 Wi 410 AR i
BIAREF TS T

M5 TE

— SEE AR

LS Bh . BEPE SD REL 21 H 6 Jalils 1A BT &
(220£10) g, W FHUM EE22BE, 3P L5075 T Ukl
SYXK (#f7) 2022-0027 , 75 J6 45 4 o J5 MR PR35 o 1 7%
Y SR WL S S W AR A (TR A 25 D 2%
HEAE ((EFRHH A 5. ZJU20230491 , ZJU20241155)

2.5 AR BRG] FAAR 4-FEORRIR-2- ((4-
(2-(2-F A ) -8- (WA AR i ) &= 5)-5,6,7, 8-
ARSI PHETF[3,2-c ] Mk ME-3-3L ) 3L ) S I ) £ 3
fig [ 4-methylbenzenesulfonate-2-( ( 4-( 2-( 2-chlorophe-
nyl ) -8-( (. methoxy-carbonyl ) amino )-5, 6, 7, 8-tetra-
hydrooxepino|[ 3,2-c ] pyrazol-3-yl ) phenyl ) oxy ) ethyl es-
ters, TsO-JR-1001 ] A SLIG % i & ; oK O N LB
PRI iR A FREK = AR —H 3L A ( dimethyl
sulfoxide, DMSO) 5%t .58 & I (polyethylene gly-
col, PEG) 300, Tween80 ( 3 [F Sigma-Aldrich 23 7] ) ; 1IF
el (A S RA AR BAR AT BR A T ) 5 2 i
( FHEEAAE YR BRA 7] ) 5 Rimonabant (1] A6
FAYIRHE A RAF) PBS[ Sl ( L) oA
FRZS ) ], o E A B UP 8 ( Chinese Hamster Ovary,
CHO) Ziitd \EX-A1753-1v242 [FokiFll EX-A0463-1v105
JEORE R A 5 [ ML RS SR 580 1L ( American Type
Culture Collection, ATCC) 4l fifi % .
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3.5 %, CYPRIS HM-12 B &N #% ( H A<
FEAR AU Tl AR IKFAE P230 2F i 4
BORAH 3% (high performance liquid chromatography ,
HPLC) A ( KIEARFI R BT AR A BR A A ) 5 il 7Y
F 314 BLAY OnePlatform® V3.1s (HUIH 35 3 RHEA IR
3] s WIZARD2 +y HHEU (£ PerkinElmer A7) ;
Super-Argus microPET/CT 1% ( P8 ¥E 4 PEFE Rl B2 I7 1%
HABRATH)

SRR

1. "F-JR-1001 (il & 5l & B4
UL 1, 230 28 & AT B T8 0 S F-KF, i AHT 4
TsO-JR-1001, FE# M &4 T, 110 C I 5 min, X
MR )G B HIE 40 °C, HPLC 4ifk, 33T C18
AR X F-JR-1001 HEAT WY, 20 PR iR A=
PRER KR 0P v €18 A, 15 EI F-JR-1001 % ¥, JF
FHICTAUE RS I 08 % 2 AR SO, A HPLC
D2 Al I ABRAE P F-JR-1001 #E47 [7] — 1
YUk, WA V() VIR F 8L 0.05% =&
BRIKIA ) = 65:35, ik : 1 ml/min, #2¢ FpA A RALAN
258092025 Ji AR e X F-JR-1001 3 WA T
RS pH A SR BRI T XN R R S |

2AKANAN SRS . A EX-A1753-Lv242 J5 ks Al
EX-A0463-Lv105 43555 4 CHO 20 fa45 21 &5 R 18 1
CBIR(hCBIR)-CHO #ififd %3R3k CB2R (hCB2R)-
CHO 4iifift, 764533 A9 hCBI1R-CHO 4 3% 35 3 Fm A
CB1R ##158] Rimonabant ,#5%/|%:14 Rimonabant 22
J5 B hCBIR-CHO 4l R4 Kilbourn 25" Y J7 %
AT EANES A SR RS IR, RS Singh 2517 175 12
PEATSE gl A S0, 20 MR ER R = (40 i P B L
H/RHIRTOIN R ) x100% ,

3RS E M, BT ml K BRI VR AE A% T bk
B DT HCT ml Az FRERKAE R X REZH ) KRR ML
ABF-JR-1001 ZEEAWE (37 MBq) J51E 37 °C FH#EK
A 0.15.30.60 .90 180 min, £E 4% I} ] 5 HC 1.5 ml

18F-KF, K

222

MeCN, 110 °C, 5 min

FEAT BB O (B4 2.5 ¢m, 13000 r/min, 5 min,
25 °C) AR F3EW, M3E A 0.2 ml ZAEUTTE
TP B T, R RS DRI BT R, 0.22 wm
(A HLIENE L 38 5 , (8 HPLC I 5E it al, Af 2
KA ELE DL - HRAE,

45K BE AR log P IINAE . #% 20 pl F-JR-
1001 LA 50 pl DMSO H7, 5 1E 2% (490 pl) & PBS
(490 pl)IRA, W E 5 min 5, ZIRAVERAE 37 CHE
PRAFCE 1, U H 25 °C T B0 (B502F 42 2.5 em,
13000 r/min, 10 min) , B f5 43 HIFE P AH G 30 wl
(3x10 wl) , A v SHESORE IS 8, T K 43
Bt 250 log P=log[ (A HLAHITE-AIEITE0) / (KA
AR |, P,

S H WA, BHE EAY Rimonabant 5K 0.3 ml
(15 mg/ml) 38 5 1 0 7 SR 5 R, A i o i
22 M #E 14 d, H H, Rimonabant % ¥ Bl 15 mg
Rimonabant ¥ f# 7£ 100 wl DMSO . 400 pl PEG300,
50 pl Tween80.450 wl A= BHER K BC B A9 1 ml &5,
ZE A R A1 Rimonabant ( B )8 CBIR #5H17)) 1Y
M%7 AR M2 53 CBIR K USRI Xt FR
FFMEFE Rimonabant | 22 0 B2 i #4) 2 5 $% CB1R K R
FOEH SD KA 3 HlA € B &, 591
$t (B4 1.5% ,2~4 ml/min O,) BREES , ARAE K
FUA T DL 37 kBa/g HY I JE (29 0.5 ml) 28 R i bk
S F-JR-1001 , K B S5 % 1E % 1% 3l 30 min,
60 min P, BCHL BF L BB BRI A
WL B EOEHCE 30 min f5 I, S
FG v TSI i S B O e A% v A
[ EAT REVAG IE . TRV ERE e i DX %) 45 BCR B 1k
K,

6. MicroPET/CT 4%, BUE SD KB 57
Rimonabant #2488 CBIR JFRAEARY (FHIMTZH) 25 3 H,
S RIS IR TS M I e 2 MK S B ER KR B
[ 37 kBq/g "F-JR-1001(0.5 ml) , SEHK AT A %

NH

Ts0-JR-1001

Bl ((2-(2-5HHE) 3-(4-((2-BF-9 2 58) A L) H 3 ) -5,6,7,8-1

”‘F\/\O

8F-JR-1001

SR ZRIRBE I [ 3,2-c ] ML mR-8-k ) 2B ) Y Be R i (" F-JR-

1001) B A JRGEL . TsO-TR-1001 A 4-H BEFAE R -2- ( (4-(2-(2-FAFE3E ) -8-( (L 3k ) &(38)-5,6,7, 8-V A A IR A8 IE [ 3, 2-c ] ik

Mg-3-5E ) FREE ) SUAE ) HEMR, Koy, WA SER B, MeCN 4 LI
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TR IE R 1% 3] 20 min , FERFEER UG (R4 1.5% ,2 ~
4 ml/min O,) FREE N 47 microPET 4> B % 25 1 4
10 min, CT FAKIEJ5{HH PMOD = # &4, IFF
FHARAPE AT 42 B TR X0 X, TR A Xk 1 1
B, R HEA TR 43 X, TR SD K BRI BH T 28
N DX (ki AR /NG - Y v ke 3y - v i e K A 45 ) 1%
HUH,

S BAUEIX S i X [ PET 5 A% 577 45 B S5 v 40
] CBIR, MU 3 H SD KB435l 48 2 e ke 4k o & 1
51 mg/ kg B Rimonabant f5 30 min FE S F-
JR-1001, SR J5 XF1EH SD K M £ Rimonabant Ak
FHAY SD K EAS 3 HAT 60 min FELEHHE . B4R
PR i R 7 =X BRI IR RIRT AT IR .

7.5 A0 P R H GraphPad Prism 8.0 {4
SIHTEE . MR A IERS M E R TORERH x5 R
7N s AR S R R G B R 2 A R HR R
FPRRTT 225007, W LL R /N B 22 57 0 4G
55, P<0.05 HZESA G LUK .

# R

1. "F-JR-1001 Ayl 5B sEd . (1) =P
JEE IR E M (194.6+67.3) GBq/ wmol , FEAZ M IE 5 Y
WAL PR R (32.549.2) % (n=10) , J= R4 Fa
o, ZEAR T 99% , Sl # B[] 2 60 min, (2)
TSR TG 0 8 I 37 VAR  pHL (. 6.7, ik sk T
99% , LIEFR L TEFR B TO PR AN B R I S
¥ o (3) R — M 5k iE B A5 21 4 77 R bR i i o)
#"F-JR-1001 ,

ARSI S5, 60 min B, 4 2H 40 i 19" F-JR-
1001 FEHUR 2 546 Geit2#3 SL(F=190.30,P<0.001) ,
HE— PR L, CHO 41 A [ (3.91+0.33)% ] .hCB2R-
CHO #iffi[ (3.18+0.06) % ] .44 Rimonabant ZbH 5
) hCBIR-CHO 4fi g [ (3.27+0.20) % | %§"* F-JR-1001
A BT I T hCBIR-CHO ZH [ (6.58+0.10)% ;¢
{#:13.39,53.51.26.29, ¥ P<0.001 ], hCB1R-CHO
M2 3T Rimonabant MBS MR R HEERE S
hCB2R-CHO 4HJfIAHIE , 54 PE45 & SE 0 45 R F
IR E S 0.975 nmol/L,

3ARSMEE M L ARIK /B R AL, 37 CHE 3 h
J&, "F-JR-1001 7£A4: #ER K ik fb 4475 > 98 % , 1 7
KRR, ot gl 4s 2 KT 92% , H kA 1
B A PR R = Py 0 F-TR-1001 14 B 7K 43 Tid R 5
log P 4 3.40+0.11(n=3),

47905 A B (K 2) U F-JR-1001 BRTEAT HA %

RN, TR0 B ISR LU — R, S5
CBIR 7E SD KRB SHHLMH—2 " 34K
B 2E R LG22 B L (F=2.37,P=0.124) ,
HHIEHR SD KR FRIUE M (75.34+10.51) 107,
MEFE Rimonabant 22 J5 B B A4 £ 7 4l CBIR KR4
BEEUE S (49.43£8.84) x 10* . (66.55+6.39) X
10*(n=3), M J% Rimonabant , 22 4 B i #4) 2 |5 4%
CBIR KR4 ki B8 B 53 31 A TE 8 SD K BRI 65.6%
88.3%,

2 3 g,
| o

(A} (B} ®
2 IEH SD KEL(A) XMEFF Rimonabant (B) 2245 B (C)
MR SRR 1 BZ AR (CBIR) KBRS ((2-(2-F7K %) -
3-(4-((2-BF-JRE ) L) HHE)-5,6,7, 8-PU U A4 3F e A
IE[3,2-c ] Mk me-8-3E ) & 5k ) F e % F R ('® F-JR-1001) J5
30 min PO A B EIG . EBUTUT R L L F b1 g b2
TR LT 200 F 3 M (R, BB ) BT IE
SD K BB (0 45 oAt 2 21 B R

5. MicroPET/CT 1%, 1IE# SD KR4 & B4&
(B 3) S5 Hm e e/ Mg B e AR5 = i B,
rh/ N ) B BT fig J2 K R P F-JR-1001 A #K
FEARYE TERF 0 VB MR H SR —E L, XS
CBIR 7£ SD K BB 3k 40 A AH— 2 5 i e Ji A
B A D R, S A B A

EH SD KU F-JR-1001 5 BA% (K 4A) 7, N
AT 2 BT SRR BR A | V E Je 30  Sh i 7 )
ZEXTPF-JR-1001 B = (SUV>1.10) , T Fefii
ek, b SR —E BRI (SUV = 1) , T i 18
0 5 DX AT i S A B BORE G BEATG , R E R
SD KB4 ik 5 B {F 1.056 1, BEL T 20 4 i 5% B
PIE R 0.470 6, BEWT4H (& 4B ) U B R4

BELIKT2H A9 % 4R ROTs 11 SUV KT IEH# SD K i
SUV, Ho A /I8 - I3 v e 3 - i 5 7K A8 ]
R K B R0 | Y9 AE 469% LA 5 T 7E B JIE L SOIR 1A
FEEE S5 38 SUV T RE NI A 64%, Dh4x
Jii R FEETHAA SUV L {H (SUV ratio, SUVR) , 1E#
SD K RN BH W4 A 25 Bk 117 1] Bz Jo R pAy ) i 240 it
Fe B4R SUVR ¥ L HAK X SUVR &,
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&5 e &
B3 EW SD KEIES ((2-(2-8 L) 3-(4-((2-BF-8 2
B) EHL) HEHL)-5,6,7, 8-PU AU SH I IR PEIEIE[ 3, 2-c ] ML mk-8-
B EHE) BRI (S F-JR-1001) J5 20 min ¥ microPET/CT
WARIE T OLEE ARG R A, N B R S
R

6. 1L 15 B B 2335 e 1 ik . WS IE# SD K B
i DX 3 A e A 2 S E]BE A microPET/CT f@il&
B4 (K 5A,5B) K3, SUV &b T 0~1.7 B, 0~
20 min B [E] B YL EE 3058 73 AR 50 SR AR R i IX g
SR TE/ MK FBAL 20 ~ 60 min B[] B A, il DX 58554
PR A i 44 =7 T S At DX s g 6 Bt i B d .
B SUV ERIE] 1~ 1.7( & 5B) , ¥ BT Al UL i B Ny /9
G2 2 B A v 1) S ABORI B B (SUV > 1), TEHEAS
Afla] B L, JLT- 3 R I el M 5 B 414

0~20 min

1.10m

0.95

2]

AAAE A 1 AR H B, 1 Rimonabant 51 4b # (1)
SD A B, 4= i X (49" F-JR-1001 $5 B A g F B (&
5C) , &I F-JR-1001 FERG DX Ff S PE AT ] CBIR,
it e

PUAMARAE AH S () CBIR #E 5S4 M #FSE 7 18], AR
SR Rl G 2 A 2h & T 48 T8 CBIR Y
PET AR F-JR-1001 , HAE A B ER 7K 1K BRI Vi
FPBCA LS B B S A R S R i X SR -
JR-1001 FIPRSMNE e PEAE, 78 % BLE I AN 5 B
TR A3 A, S DB LA A4 PN A S M A, At L S
56 % 75 *F-JR-1001 7£ hCBI1R-CHO 4 o bk H A £ Bt
RS CBIR, o4 MRS & 3L 5038 B F-JR-1001
X CBIR W45 & HA & 38 F ) R e Bk

S B R A R A, P F-JR-1001 7E 4P R N
CBIR & SE M1l J5 ¥4 B, R EA R L 41 3
TR RE SR I RRAE AR D B W SR 5
FEAGEETTE MR oy 2L A 5 v (R AR AR 1k | O e
FBL G B, XL 2 Al R K B, 3R
Rimonabant 22 B4 £ 5 4l CB1R R A% Ao £ B
B35 M TEH SD K Bl 65.6% .88.3% , Rimonabant
T CBIR 23 B 25 SR A A Js T ) 11%) 910 o1 255 SR 4
AN S P Al 0] 189 AS ) I 7 A B O 2 1) 45 5%
HEBR T DRI BEAS [ 94 00 1) 700 177 3 o 0 BB DX AN [) 5
M, HC microPET/CT A% AL 43 #71 M2 5% Rimonabant

B4 1E% SD KF(4A) ME5E Rimonabant #EE FHEARRE 1 BAZ 1A (CBIR) K U TS (BHIBI4L ;4B ) FE41 8 F-JR-1001 J& 20 min /Y micro-
PET/CT i A% &, mTULBHIWT A S BAE B 5 1% SD KFL(5A,5B) \Rimonabant fiALFEY SD KL (5C) HH"*F-JR-1001 /5 0~
60 min B IX microPET/CT Bl & %, T U Fiti 25 ek (B] A5 Ak, R mh i 45 BB e B 155 5 17 48 Rimonabant AR # (1) SD A R 0 1E 7 R FRUA

AR
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Fad i CBIR KEULIEH SD KR, 455 R *F-JR-
1001 7 SD K EUIK X () 7 A 1% L 5 CBIR 7E X fif
ZRGFAEI 2, #W T F-JR-1001 X}
CBIR By B 26 FN 7 A B, i &0 it 3 Ak
T 45 B2 0T SUVR 5 i sl i/ 2 PR ok LR 155 8% A
AT PR R A ) 5 i = 3 A E R BE
2N TS SR 2R IR BT SR

ARWFFEAR ST T BF-JR-1001 7E SD K KUK X Y
FEEBUE B, B A 55 & microPET/CT 45 5 3¢ W8
BT ELA B0 ot - i B B Y 2R R D, 5 IR AR 2 Y
BEZK 73 He 2R 0 8dE — 30, CBIR Bl /D), #4576 1l
X B IE > R E AR 5T P % BUMARAE A 9 1k
WAl E2 HHBE CBIR W AR AE AR AT A1, FRIK
HERA T ®F-JR-1001 B U4 1Y CBIR #E [ #4572
PRI R B 7, TR - 9 2 358 e 7 1R 245 1%
SR HE A S B AR, %
B F-TR-1001 HA 7 it AR e o A
I A D S R 4, TR F-MK-
9470 "*F-FPATPP " F-FMPEP-d, /Y PET &%/ &
I A B F-JR-1001 &7 B S F-JR-1001 Ji %6
G ANE T BRI 3 FIEREHIE, e bEiem .

g b AR S T H AL CBIR B9 PET 2
183, TFIRAARPEM T2, 45 1 R PEREDE T2 AR
Bt B SLER A LA B A ) S 5 Ak B AR
], Jo S i 3 3k K AR IR A BRI
RIZMR A (E#JR 2 whe
TEERBAR Tl WFFESCi 6 SRS FIRRAE ST
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