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Synthesis and evaluation of metal purine-type complexes

for lung cancer imaging

Kyeung Jun Kang', In Ok Ko', Ji-Ae Park', and Jung Young Kim'~

' Division of Applied RI, Korea Institute of Radiological and Medical Sciences, Seoul, Korea

ABSTRACT Purine type compounds has been recently reported to cause the death for lung cancer cell, related to
microtubules-targeting agents (MTAs). Therefore it can be used to develop as theranostic radiopharmceuticals
in nuclear medicine or gadolinium-based MRI imaging agents by chelate chemistry. In the study, we tried to
chemically bind a DOTA chelate on the end of purine compound and obtained a specific conjugate of DOTA-
purine for metal coordination. In particular, radiometal like Cu-64, for the development of MRI imaging agents,
can be utilized to choice good candidates before the synthesis of gadolinium complexes. By the screening of
radioisotope technique, Gd-DOTA-purine type complex was successfully prepared and showed MRI imaging

for lung cancer cell into the mouse model.
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Figure 1. The typically chemical structure of microtubule targeting agents (MATSs).
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Materials and Methods

1. Purine—type compound?| g U HX|
1.1) = 3, (2-methyl 3—3—(2—amino—1,2—dicyanovinyl)
ureido)benzoate

Ar(g) 3}l 4] diaminomaleonitrile (1) (400 mg, 3.70
mmol) ¥} 3—(Methoxycarbonyl)phenyl isocyanate (2)
(695 mg, 1.06 mmol) & Wg-7]o]] ¥l <= acetonitrile
10 mL & 743l Z=2ollA 20417 &9k a5 Z4¢tsto]
LW A AsIY T Cold EtOH &} diethyl ether & A}
83l washing 3+ = filter 3}9] 883 mg (white solid,
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84%)& AUt

H NMR (400 MHz, DMSO—-d6) & = 9.12 (s, 1 H),
816 (t, 1H, J=18Hz), 7.67 (dd, 1 H, J =12, 8.0
Hz), 7.63 (s, 1 H), 7.57 (d, 1 H, J = 7.6 Hz), 7.42 (t,
1H,J=8.0Hz), 7.30 (s, 2 H), 3.85 (s, 3 H);"C NMR
(100 MHz, DMSO—ds) & = 166.2, 152.4, 140.0, 130.1,
129.2, 127.7, 123.1, 122.8, 119.0, 117.5, 114.2, 89.8,
52.2(2): m/z caled for CisHiN:;O5 [M+H]* 286.3

1.2) 3IE= 4, methyl 3—(6—carbamoyl—2—(4—
methoxyphenyl}-8—oxo—7H—purin—9(8H)—yl)benzoate
3BHE 3 (583 mg, 2.04 mmol)°]l methanol (22

mlL) 2 Y3, triethylamine (313 pL, 2.24 mmol)¥}

p—anisaldehyde (273 uL, 2.24 mmol) & A2 7}5}

31, AR-oflA] 18A1F Fet agkakltt, 7 F DMSO (10

mL) & 9L, 90 C oflA] 1 ARt FQF 1wk - AF-20flA]

ARlth, Ethers ARE-ske] AdE A gketa2 A7

1 filter 3} 420 mg (vellowish solid, 49%) & AIc}.

'H NMR (400 MHz, DMSO—ds) & = 8,51 (s, 1 H),

8.43 (t, 1 H, J =18 Hz), 841 (d, 2 H, J = 6.8 Hyz),

8.10-8.03 (m, 2 H), 7.97 (s, 1 H), 7.77 (t, 1 H, J =

7.8 Hz), 7.01 (d, 2 H, J = 6.8 Hz), 3.92 (s, 3 H),

3.82 (s, 3 H); “C NMR (100 MHz, DMSO—ds) & =

165.7, 165.6, 161.0, 154.6, 152.7, 152.6, 133.4, 133.1,

130.5, 130.3, 129.5, 129.4, 129.2, 128.1, 126.6, 119 4,

113.8, 55.3(2), 52.5(2); m/z calcd for CyHy:NsOs [M—

HJ 418.5

1.3) Stef= 5, 3—(6—carbamoyl-2—(4—methoxyphenyl)—
8—oxo—7H—purin—9(8H)—yl)benzoic acid
33 4 (500 mg, 1.19 mmol)el| pyridine (50 mL)
 NaOH (1.0 M, 5 mL)Z 7}l Ad-&olA 20 A7t 52t
wRksklet, ftstol & AlA % methanols 7}l
residueE =o|1l HCL 1.0 M) =882 7}5)] pH 1.0=
gtk A solide YRS AAl & 45dE 2

oJUil, etherZ A& Z filter 3F¢] 370 mg (orange



solid, 77%)<& AT},

'H NMR (400 MHz, DMSO—d6) & = 13.24 (s, 1
H), 11.76 (s, 1 H), 8.50 (s, 1 H), 8.41 (d, 2 H, J =
6.8 Hz), 8.38 (t, 1 H, J=2,0 Hz), 8.03(dd, 2 H, J =
2.0, 8.0Hz), 7.97 (s, 1 H), 7.74 (t, 1 H, J = 8.0 Hz),
7.00 (d, 2 H, J = 6.8 Hz), 3.81 (s, 3 H); “C NMR
(100 MHz, DMSO—d,) & = 166.7, 165.7, 161.0, 154.7,
133.2, 133.1, 131.6, 130.3, 129.4, 129.3,
129.2, 128.4, 126.9, 119.4, 113.8, 55.3: m/z caled

152.7(2),

fOI' CQQH15N505 [M_H]7 4044

1.4) 3Fet= 6, tert—butyl 2—(3—(6—carbamoyl—
2—(4—methoxyphenyl)—8—oxo—7H—purin—

9(8H)—yl)benzoyl)hydrazine carboxylate
Ar(g) oA st

£ Wk8-7]o] Y, B4 DMF (20 mL) &

5 (430 mg, 1.06 mmol), tert—
Butyl carbazate (182 mg, 1.38 mmol), TBTU (511
mg, 1.59 mmol) 12]32 HOBt (215 mg, 1.59 mmol)

GENGE
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gel column chromatography (7% MeOH/CH,Cl,)<
2345}0] 317 mg (yellow solid, 58%)2 AU},

'H NMR (400 MHz, DMSO—dgs) & = 11,77 (s, 1 H),
10.36 (s, 1 H), 9.00 (s, 1 H), 8.50 (s, 1 H), 8.41 (d,
2 H,J=292Hz), 829 (s, 1 H), 7.97-7.95 (m, 3
H), 7.73 (t, 1 H, J =78 Hz), 7.00 (d, 2 H, J = 8.8
Hz), 3.81 (s, 3 H), 1.45 (s, 9 H); *C NMR (100 MHz,
DMSO—ds) & = 1657, 165.4, 161.0, 1555, 154.8,
162.7, 162.6, 133.4, 133.2, 133.1, 129.4, 129.3,
129.2, 126.3, 125.5, 119.3, 113.7, 79.3, 55.3, 55.2,
28.1; m/z caled for CosHasN,Os [M—H]™ 519.0

1.5) 2F&t2 7, DOTA-Annexed oxopuring

3}3H= 6 (50 mg, 0.096 mmol) ol 20% TFA/CH.Cl,
(5 mL) & Y1, 2 A|7F B¢k Ao A wHtsliT 7
sto] guilE e8] AA = Ar(g) stollA] DOTA NHS
ester (73.3 mg, 0,096 mmol), ¥4 DMF (3 mL), ¥4
DIEA (168 uL, 0.962 mmol) & 7}3l] A-204 4 A|7F

o}, 4= DIEA (554 ul, 3.18 mmol)& ¥ il Ah-2ofA =ot wHlkstdct  Prep—HPLC (YMC—pack ODS—A
17 ARt &)t ik 2 Zretsto] gullE AlA . CHoCL C18 column (20 x 250 mm, 5 um), 0.1% TFA in
2} NH,CE 718 residueE &o)il §712& =&310} water/MeCN, 25 ~ 70% MeCN linear gradient for
NaHCO; ZE3}5=8He 713 §-7|&2 RojFal, brine 30 min, flow rate 1 mL/min, Rt =12.5 min) & 43
S 7Fsf shH o Aot mobxl 57152 NaySO, pad 3to] 35 mg (white solid, 45%) & At

£ FIAA drying & A stollA 57 &, silica— 'H NMR (400 MHz, DMSO—ds) & = 11.79 (s, 1

1N NaOH
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Scheme. Synthesis of metal purine-type complex
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H), 10.72 (s, 1 H), 8,51 (s, 1 H), 8,40 (d, 2 H, J =
8.8 Hz), 8.26 (s, 1 H), 8.04=7.92 (m, 3 H), 7.75
(t, 1 H, J =80 Hz), 699 (d, 2 H, J = 8.8 Hz),
3.89-3.67 (m, 11 H), 3.36-2.96 (m, 16 H); *C
NMR (100 MHz, DMSO—ds) & = 170.6, 165.7, 164.9,
161,0, 154.8, 152.7(2), 133.2, 133.1, 133.0, 129.8,
129.4, 129.3(2), 126.7, 125.7, 119.3, 118.6, 115.6,
113.8, 55.3(2), 53.5, 49.8; m/z caled for CssHusN;Oxy
[M+H]* 806.9

2. %Cu purine—type complex2| &4 X oM Al
2.1) “Cug 0|28t EX|

ALl ZR2EE (50 MeV, ScanditronixAl, 19854, 3t
%%X}EﬂgiL%)Ei—‘?-Eﬂ “Ni(p,n)*Cu HRH-2 538
o] dojAl= “CudHS Bolet EX]‘?}%% sto] 7t

& (100C) sFA A (N, gas)E =0l olA ARAR
ok SE T (1.0 mg)<
5.5, 1 mL)ell %<1 o, 100 & Fsto] Hd2H “Cu
Hpo] ol d7tsto] 80T A 5 &t W5k Th, AL
BA7F B 3, "o FAH glol[Cu—64]DOTA-
annexed oxopurine (8)2] WASIE A =& erolr 7]
3} radio—TLC (Thin Layer Chromatography)& A
okgiet, o o5 (mobile phase)
(0.1 M)E AH&-sH3T,

- =

sodium acetate (1.0 M, pH

citrate 3

2.2) [Cu—64]DOTA—annexed oxopurine (8)2] & Li

100 uCi/100 ulo] gef
Al €4, PBSE 7t
7ColA BigFsEATE

A egae B4

o
fru
lo
1%
ot

m o
=)
o
[>
m%
r Ir

w

ZF 500 plot FHOR Aol &
1, 3, 24 A7t radio—TLC
il=g

il
m%

2.3) [Cu—64]DOTA—annexed oxopurine (8)2] logP =X
PBS (500 ul)2} octanol (500 ul) & 412 -gHoj 3}

& 8 (300 uCi )& H7Fet & 5852 voltexing 715

64 J Radiopharm Mol Probes Vol. 5, No. 1, 2019

o gsto] Atzch, LAelZIE olgele] 12,500 rpm

= PBS9} octanol Zol|A] ZF
7} 200 ulE FHstol WA 7mheE (WIZARD
1480, Perkin—Elmer, Massachusetts, USA)Z =4
Sk,

3. Gd purine—type complex (9)2| £ U |7}
3.1) Gd-DOTA—annexed oxopurine (9

3F5HE 7 (94 mg, 0,117 mmol) ©f| tris—borate EDTA
buffer (pH 8.3, 3 mL) & 93, Gd(NO3);* 5H,0)
(60.7 mg, 0.140 mmol)< 32} 74 (1 mL)o] 5o ¢
2 3 50ToA 4 AZE Fet wRtkskelh, A2ofA A3l
HF-S-8-009- (18 column 3to] &¢HE 9 70 mg (white
solid, 63%)& ATt #F eFehE2 HPLC (X-bridge
C—18 column (4.6 x 250 mm, 5 um), 0.1% TFA in
Water/MeCN, 20 ~ 60% MeCN linear gradient for
20 min, flow rate 1 mL/min, R, = 9.35 min) & &<l
kAt m/z caled for CssHiGdAN Oy [M+H]" 9611

) &4

3.2) Gd-DOTA—annexed oxopurine (9)2] 0|2t (relaxivity)

x~
— o

SHHE 99] T1 o] A7k
9B|A], o= 98 0.75, 0.125, 0.25, 0.5, 1 mM %
=9 WHS ARG, oA A48 3 T MRI

P

% T2 o|HAIE B

(Magnetom Trio A Tim, Simens, Germany)ol|A =74
3t} T1 o] YA 248 Y34 inversion recovery
HAAAAE 0|39 50 ~ 1750 msec WAl 35
1ol = inversion time (TDS AR&3}ith T20]¢k
A7ZF 5A4& YA CPMG (Carr—Purcell-Meiboon—
Gill) BAAPAE 0|83l 10 ~ 1900 msec H ol
A1347)¢] T+ echo time (TE)E AHRE-SFSITE o]$h&
rl 7 r2= mM G oJAIZEY] gz ALEE ST YA
N AREE AL Q= 2 G AN o] A7 Wl Sk] 9fsf
A LUAZN (OmniscanTM (gadodiamide))@} =eb
(DotaremTM (gadoterate meglumine))2] o| A7 =
e ow SAsHi



4, M= Hi2F U M|Zuptake &
4.1) M= HHQF

Abr H) oF A3 Q1H460, H1299, A5499F A4t H
A3EQ] IMRIOS Z+zt 10% AEjoldd, 1% HUAle/
AE#Evlo|Alo] H7lE Ham's F-12K 8], RPMI
1640 viz|of T shlch. AlEZ= 5% CO,, 377}

FAEE SR WA Bakshact.

4.2) [Cu—64] DOTA—annexed oxopurine (8)2] MIZ uptake
=X

Ab ) oF AlZ3 91H460, H1299, A5499F AA} =
Al32Q] IMR90 6 well E&o]E0] 1 X 106714 Z4a1,
5% COy, 37T7t A== vl 71004 24417t &< vl &
shaict, #2834 viA 2 SkkE 85 4 uCi/mle] WA
L7t He g FH|gE S o] & ZF Al Eofl6 uCid gol 791
th 1, 4, 24A17F5SE s E7]ol A wiF 5=, ZF AlxE o]
S AEZFE wojho] YAREAHT (%ID)S AV HE
B (WIZARD 1480, Perkin—Elmer, Massachusetts,
USA) 2 23313t}

5. Gd-DOTA-annexed oxopurine (9)2] MRIEIS
5.1) o 2 2= x| =t

99| Balb/c Nude (nu/nu) up$-A 2EZ d9f
H4601\1]:£T 2x10° cells/25u12} matrigel (25ul)S 4
o] 271G FAP|E AE3sto] 5EZE ARSI 357 %
o] e kit

5.2) I & OFRA0M Gd—DOTA—annexed oxopurine
(9)2 MRI

MRGA} &8 9JAFR- 3 T MRI (Magnetom Trio A
Tim, Simens, Germany) oA A|3¥35}ct. F3HE 9
(0.1 mmol/kg)E HY el npe-20] me]dulof] AL
skal, FAR Aip & 2AHA] T17F 244 55kl
Aol Al ARESHAL Sl =FAIE =9 H| w517
flete] FUAMS skl TIH2 942 I=sk3ith
MR A|#EAE of23} 2t} repetition time (TR) 9,91
ms, echo time (TE) 3.76 ms, number of averaging
o, flip angle 10, slice thickness 1 mm, matrix size
288 x 288, field—of—view (FOV) 59 X 59 mm?,
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scan time 2 min 49 s. H¢ £¢9] A5 E contrast—
to—noise ratio (CNR; [Signal] .ser—[Signall sesore) &=
UERH AL

Results

Cu—64-2 o] &3 WAV A AFo]
TLCE sk 33H& 8
olgolglom, HEol A glo]

A lstr| flslA] mhe-2 A, Al €4, PBS
H G-l dA =S 411 247 ekl |

10
ol
;
ﬂ
¥

2
S|

7153t radio-TLCO A= 3kt 89 7] Ata}sh
5 gAsteon, ol SRel FAsE 1) &
Z44 A ESIU4 Cu-647F Ll o] E DOTA
sphow pelEx) oha oPgell §1H

Ttk (Figure 2). =3+ 313} 89| &2
"} A= (Octanol-water partition coefficient, log P)+=
-1.099] 284 2R T B A 9lT),

SIS 9 9] TIo]A 17 (r])& 6.8 + 0.2 mM™ls™'9]
I, T201 A7 (12)2 9.0 + 0.1 mM™'s™ (25 C, 64
MHz) 2 vepyit}, o] k& Aol A== 29
ol YA (rl1; 5.2 + 0.1, r2; 6.1 + 0.2), =EH (rl;
50+ 0.1, r2: 5.9 =+ 0.1)o] w3} 2F 1,5¢
o, ol AFHA N ° & 29 T4
Z 7 Atk (Table 1).

#H o A2 QIH460, H1299, A5499F AAF # AHlZ
Z= IMROOO] thst slstE 8 9 e Figure 31 &
o] Uit} o] A2 akgHE 80] 7k A4t Alazof| H]s) =
o Alazol sl =& AFHES HoiF3lar, 53] H460
Hof Aol w& AFES L}E}‘”ﬁ} ARk
Toll A= H460 HSF AlEZFE in vivo MR/ fz_‘ °ﬂ
ARE-SFRATE.

B

g 2

KX
=

Jg Ma % U N R
do Hr it H1
HI ﬂ

- Ar

B ol

IS 2o

Table 1. Relaxivities of Omniscan, Dotarem and 9 (25°C, 64 MHz)

ri (mM-'s) r, (mM-'s)
Omniscan 52+0.1 6.1+0.2
Dotarem 52+0.1 59+0.1
9 6.8+0.2 9.0+0.1
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Figure 3. In vitro cellular uptake study of 8 using A549, IMR90, H1299 and H460
cells (n =3, mean + SD).
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A} (green arrow)olA & 4= 911,
ol ujAd = 120 & 44
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37 A7F JEE L (Figure
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120 min

(b) 16 © 13
S 124
12 -
o
4 5 144
g 81 2
= 1
g
41 2 09
0 v < s 0.8 T v . ’
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Time [min] Time [min]

Figure 4. Coronal T1-weighted MR images of H460 xenograft mice (a) before and after injection of 9 (0.1 mmol/kg). Orange arrows indicate lung tumor lesions, green
and yellow arrows indicate bladder and gallbladder, respectively. CNR profiles of tumor (b) and tumor to liver ratio (C) as a function of time. CNR was measured in
T1-weighted images.

ol diet FEE F3ek. olwf AR A7) 71 ot T AL, TL 2 /dolA 607 o1F T4 o 2t vle

=100 ug H=E ARS3IA O, §U FFLRE S5 E o] of 1.28 Ut GALR S22 HA A2E FUT
oAA AW ofEe] #FEE AdE 3 - o, 19 E A0t FF 2 MRI 49 4 ds3h7] 98l
B A7) shehA AdE VMR 1 elekEl] i & 7|& 7FEelE 71N MRI 2GAE3e] vl dFo]
e =9 7HEElwd 2 e sk ASete AdE oA Aolrt, A ThERE Hee o e
70 mg< FESIA = ?'&75117} e ot FAE LR ARS ¢ e T

ez oz 7HsalE 7|4 2R =
0.1 mmol/kge] AH&-=|w, ﬂ}" 2 whelg o 2~3 mg 9491%
HE7t FAFE ofoF MRI 94 53 = 9lot (8). ¥t
A&

rl—r
;
i
(%
juied)
2
>
ox
2i
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