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Synthesis and Evaluation of New Nuclides Ga-68 Labeled
D-Glucose for Potential PET Imaging Agent
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Abstract  Starting from D-glucosamine (DG), the precursor compound 2-(4-isothiocyanatobenzyl)-
1,4,7,10-tetraazacyclo-dodecane-1,4,7,10-tetraacetic acid-D-glucose (DG-DOTA) was synthesized for po-
tential radioactive imaging agents. Its structure was characterized by infrared, '"H NMR, LC-MS and
ESI-HRMS. ®Ga is a generator-produced nuclide and does not require cyclotron on site. By careful selection
of radiolabeling conditions, **Ga-DOTA-DG was synthesized in short time and high yield by microwave
synthesis system. Then, its binding affinity was tested by K-562, Hela and A431 tumor cell lines. The syn-
thesis and evaluation of “*Ga-labeled DOTA-DG, not only provides a useful assessment of the stage of can-
cer by imaging tumor metabolites compared with '*F-FDG, but also develops a PET imaging agent.
Keywords gallium-68; 2-amino-deoxy-D-glucose; microwave-assisted synthesis; PET imaging
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NCS-Bz-DOTA 4 H Macro-cyclies A 7], 2-%43&-2-
I S -D- i 2 B, N- I Bk (NMM) 46 359 6 - Sigma-
Aldrich (St. Louis, MO), AZil— kb ¥ H $A43 H.

AVATAAR 370 FT-IR B AMEEAY, KBr JEH,
% [ Thermo Nicolet 22 & 7™ fi; Micromass GCTTM S AH
otk RAT I TR TR I F A, 9 Bl Ui 20 )5 e 350 3R
4; Dionex P680 summit HPLC 43#T &4 (Z£[E Dionex
/3 7]). Hypersil BDS C-18 Jz [a] 5 41(5 pm, 250 mm X
4.6 mm), BAEMIEREIHI(A: 0.1% TFA H,0 B: 0.1%
TFA ZJi%): 0~10 min, 0~10% solvent B; 10~12 min,
10%~50% solvent B; 12~20 min, 50%~80% solvent B;
20~22 min, 80%~10% solvent B; i 1.0 mL/min, %
Ab 254 nm S I SROBCHR PR ARSI L RS P T 2 A
(Radio-TLC, Merck, Darmstadt, Germany){# /] GF254
JBEHR, P4 Bioscan AR-2000 R&E. UM EHIE 2
LA A E) y THERE(3-in, Nal (THFEBIERI2%)70 5E .

[%Ga]GaCl; H135 [E 4 Tso-Tex [m)f7 21287 2 7
o AEREAAER R “Ge-"Ga” [ & Kk A A,
LR B A A ©Ge WAW(PH HE 4~5, 4 8
mL), FERBLFE ) ALO; JEHTAEH, BL 0.1 mL/min
AR ROl ALO, K, WP 5Ese s, FHZ 200
mL 0.05 mol/L HCI et (% 1~2 mL/min), ¥
AN ®Ge UL R AL REAFAEMI AT, ®Ge 1
ALO; E WA 90%LL E. LUF, &% 60 min A]Jf]
0.1 mol/L HC1 #k¥t, 3% ®GaCl,.
1.2 #RiCHTK DOTA-DG M& K 5 RIE

DOTA-DG ¥4 s FEan &l 2 fFizr. B 1.0 mmol/L
2-FHE-2- A -D-HEBE NN 2 mL DMF/H,O %+
(VIV=9 © DB+ 2 AR AR, R, A
0.1 mmol/L NCS-DOTA, #k&E4ii+t 12 h. sl H s bx
W0k BORHA B, #5595 40 °C, 7E 50 WA 44 o
15 min Bin]. JEAERANR: B ZEIRER LW R, BLL
Bk — K, P4 HPLC 4i4bf5 (e AR E A, R
FH IR AR S H % 257 o il R AT 7 S IA, m/z=729.2082
for [M—H] ™ (C3H4sNeOy3S, FigiH 84 [M—H]™
729.2771), IR (KBr) v: 3050, 2953, 2864, 1508, 1164, 829
cm'; "H NMR (D,0, 300 MHz) §: 6.81 (d, J=4.5 Hz, 2H,
ArH), 6.42 (d, J=4.5 Hz, 2H, ArH), 5.54~5.56 (m, 1H,
1-H), 4.21 (m, 1H), 3.70~3.72 (m, 1H, 5-H), 3.62~3.64
(m, 1H, 4-H), 3.55 (d, J=2.0 Hz, 2H, 6-H), 3.31~3.33
(m, 1H, 3-H), 3.12~3.19 (m, 10H), 2.89 (d, J=2.0 Hz,
2H, 6-H), 2.2~2.4 (s, 4H, OH).
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Figure 2 Synthesis of precursor compound DOTA-DG
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Figure 3 Radio-labeling of ®*Ga-DOTA-DG

fE1d,2d,4dHH S pL W4T HPLC 4347,

B2 20 pL (50 pCi)ff) ®*Ga-DOTA-DG ¥ 7 I
PBS #110.01 mol/L NH,OAc %W+, & T 37 CTIAE,
7£ 5 min, 30 min, 1 h, 2 h, 4 h A1 8 h B 20 pL AT
HPLC 4 #T.
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JERG T 37 CHIHALZ) 5 min, A 1 mL HiRdE, B
WCHT, LA DRG0 M58 44T R, 2 a4 40 . F5
500 pL PBS MyefE—ANfL, ¥ PBS W B Fi i £ &
A7 0 P V7 AR Y (AR A T, T N R LU R 4
FAWEE. KA REESR y-counter TF, BRI, 4
DR SR AET
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min 5, 5% ®Ga-DOTA, HPLC 4} #7 a1 4b 775, Hf#
B IS 18] 2.92 min.

A8 3 RARACTTVELE 90 °C R 2V 20 min, £3FI)
HPLC 41l 4c fir, Hixfh&4 ®Ga-DOTA-DG
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Figure 4 HPLC analysis of Ga-68 and its derivatives
(@) 4iLJ5 11 ®GaCls %3 R=3.148 min; (b) NCS-DOTA B #4iC (1 ©GaCl; R=2.918 min; (¢) ¥ FFic¥%: 90 ‘CF ¥ 20 min ®*Ga-DOTA-DG, R.=7.616

min; (d) #IEINHWE 40 °CF %A 5 min, ®Ga-DOTA-DG, R,=7.609 min.



1070 (8

Eibd Vol. 70, 2012

1/4, brid 48 mE —f5. nTI, ot — MR
BT AL 22 6 T B, B R R R 20, ko
SRAFEKIR .
2.3 ®®Ga-DOTA-DG Hy% B4tk

TR 4 HPLC X & N 2 J5 BRIV T4 1, I
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Figure 5 Radio-HPLC analysis of ®*Ga-DOTA-DG

2.4 ®Ga-DOTA-DG HyFaE 1+

o MEF L 29 TR P I O RN R —,
520 b SRR ORI TR BRI N A G, JE I R
BRI SR SRR Jegkss) Nue Mt
FU, SR 2 TR B I R AR A A, AR R I R 2
(K A TERIGAT 3. — M OL R ©Ga W2 B iR
T NH4OAc ™, ZEATAHSCHRC. Hi &L & HI(NCS-

mAU

8.832
12.092
(=)
>
= 4446
.

DOTA)7E: NaOAc H RS PE 140 HEE, AT TBLAE
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NH4OAc ', 4 CH&AF N, fE 1d,2d,4 d iU 5l
WIEAT HPLC 237, o #r & Rl 6 s, Mgt
SEVE, I LA A HEHECT A4 F TR T AR e S

& 6 wI%n, BEE I RIHER, bridaiik®R=7.5
min)bifil 2 d 25, RIS . (HikF] 4 d i, 78
R=4.45 min &b, HIL—AI B 540

A, B 20 pL (50 pCihFRic 58 S ®Ga-
DOTA-DG ¥, 13+ nA 1 mL PBS #10.01 mol/L
NH,OAc W, & T 37 CHEHE, 45 min, 30 min, 1 h,
2h, 4 h BUH 20 uL $EAT HPLC 437, K WY S J8UH
PR

S S NN N =i G S ST 51 IR/ T R (1N
(DG-DOTAYWAY), R E A = ARIERPYANFREE, ]
REJEIE S E NHLOAC Wl P AT e M E B RN, &
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I EY)E VAN
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K 2 U B0 AR 3 T 4n M. A Dy — o 2B 2R AL,
"F-FDG # Wifini AT LA K g 40 i 55 61 26 W v ) % 4
JROFTHEE. FE LA Py, R Tk Ik R 2 B L R
DA (1) 56 38 XN AN M OB TBCH ke, T80 2 ()
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Figure 6 Stability analysis of precursor compound DOTA-DG
(a)1d;(b)2d;(c)4d
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Figure 7 Tumor cell uptake of ®Ga-DOTA-DG

(a) ®*Ga-DOTA-DG binding study with K562 tumor cell; (b) ®*Ga-DOTA-DG
binding study with tumor cell in 1 h
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