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The Synthesis of the Stable IVDU Derivative for Imaging HSV-1 TK
Expression
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Purpose: 5-iododeoxyuridine analogues have been exclusively developed for the potential antiviral and antitumor
therapeutic agents. In this study, we synthesized carbocyclic radioiododeoxyuridineanalogue (ddIVDU) and
carbocyclic intermediate as efficient carbocyclic radiopharmaceuticals. Materials and Methods: The synthesis is
LAH reduction, hetero Diels-Alder reaction as key reactions including Pd(0)-catalyzed coupling reaction together
with organotin. MCA-RH7777 (MCA) and MCA-tk (HSV1-tk positive) cells were treated with various concentration of
carbocyclic ddIVDU, and GCV. Cytotoxicity was measured by the MTS methods. For in vitro uptake study, MCA
and MCA-tk cells were incubated with TuCi of [ml]carbocyclic ddiVDU. Accumulated radioactivity was measured
after various incubation times. Results: The synthesis of ddIVDU and precursor for radioiodination were achieved
from cyclopentadiene in good overall yield, respectively. The radiciododemetallation for radiolabeling gave more than
80% vield with > 95% radiochemical purity. GCV was more toxic than carbocyclic ddIVDU in MCA-tk cells.
Accumulation of [ml]carbocyclic ddiVDU was higher in MCA-tk cells than MCA cells. Conclusion: Biological data
reveal that ddIVDU is stable in vitro, less toxic than ganciclovir (GCV), and selective in HSV1-tk expressed cells. Thus,
this new carbocyclic nucleoside, referred to in this paper as carbocyclic 2',3-didehydro-2'3-dideoxy-5- iodovinyluridine
(carbocyclic ddIVDU), is a potential imaging probe for HSV1-tk. (Nucl Med Mol Imaging 2009:43(5):478-486)

Key Words: Tumor imaging, ddIVDU, carbocyclic nucleosides, PdO)-coupling reaction.
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Figure 1. This shows anomeric effect of normal nucieosides in vivo study.

carbecyclic dd1VDU

Figure 2. These show the structure of VDU and carbocyclic
ddivDuU.
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Bhgo| A Aol HFEES TF Fog $5le] 'H 2
B¥C NMR spectra’= Bruker 300 spectrometer (300 MHz)
E AFE-3g oM, IR spectrar Bio-Rad FTS 6000 FT-IR
S AFE-3}9ith  Analytical thin layer chromatography
(TLC)E E. Merck silica gel 60 F254 0.2mm precoated
plate’} AFEHYCH, W | H2 UV E 80 {22
235t BFsAY, EL 2% phosphomolybdic  acid
solution® 2 BEHE st YA 7HEste #Esih
Radio-TLCE Bioscan AC-3000 scanner {Washington
DC)E oj&sle] &As19on, high performance liquid
chromatography (HPLC)+ uBondapak C18 column (7.8
x 300mm, Water)& ©]83led 33ttt Flash column
chromatography = 92718 AM-shod Stille] wWhde)® w
2} Merck silica gel 60 (230-400 mesh)S ©)&-3lo] =303}
Ak wheo)] AL83 Aok Aldrich, Merck, Junsei, G4t

AEE AAglo] AR AU, 735 meEtE gz Wy
o1V o)aed Aol AME-EHSITh Tetrahydrofuran (THF)
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a, Pd{PPh3),Cly, BusSnCH=CHSiMes, CH;CN, 60 °C; 12h
Scheme 1. This shows synthesis route of cis-3-N-Benzoyl-1-(4'-

(methoxy-carbonyloxymethyl)-cyclo pentent-2°-enyl)-5-2 -frimethylsityl)
vinyluracil, 2.
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Scheme 2, This shows preparation processes of precursor(4) and
reference material(5) for carbocyclic ddivDU.
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ik

2. Carbocyclic 2’,3’-didehydro-2’,3’-dideoxy-5-

iodovinyluridine g4

X e A4S 8 B dFeME 33 9o
Zyz} A sled Pd(0)-catalyzed coupling®l] €8] AdAl7)
= e Agdgoen, ArEde) AL 3 F F
A (D& ov] & Axzle] By =5 s L=
Hell mek $AEATHSeh, 1.7 SEE 18 o) gtk
ddIVDU9 & 9% A7ER 2 7|2E2E §A8Y
tHSch, 2).

480

1) cis-3-N-Benzoyl-1-14'~(methoxycarbonyloxymethyl)~
cyclopentent-2'-enyll-5-iodouracil (1)2] &4

e o)’ s $AL Faste] 4 A F
g2 3E 1S ¥9H(Sch 3). mp 211-213 C: IR (KBr
pellet) 1741, 1691, 1656, 1600, 1274, 1254 em’; 'H NMR
(CDCls): 6 7.95-7.92 (m, 2H), 7.84 (s, 1H), 7.70-7.65 (mn,
1H), 754-749 (m, 1H), 6.21-618 (m, 1H), 5.79-576 (m,
1H), 5.72-5.70 (m, 1H), 4.66-4.60 (m, 1H), 4.39-4.14 (m,
2H), 385 (s, 3H), 315-3.14 (m, 1H), 2.89-2.78 (m, 1H),
159-1.53 (m, 1H): C NMR (CDCl): & 167.94, 159.00,
155.68, 149.75, 145.64, 139.46, 135.18, 131.13, 130.67, 130.54,
12993, 129.19, 68.96, 61.93, 55.00, 44.35, 33.48; HRMS:
caled for CioHiZIN:Os [(M * Na)*, FAB] 519.0029 found
519.0026.

2) cis-3-N-Benzoyi—1-[4'~(methoxycarbonyloxymethyl)-
cyclopentent-2—enyl]-5-(2"-trimethylsilyl)vinyluracil (2)2l
I

(E)-BusSnCH=CHSiMe; (1.18g, 3.02 mmol) & (PhsP)2
PdIDCL (011 g 015 mmol)3 &7 30 mlLe F4
acetonitriles} €7 #Hedth 3EE 1 (0.75 g 1.51 mmol)
2 AHA7ISE & o}2 2 ol 60T 2ol 12417F 59 &
gkttt whe- fAE 79t do) S E AAT F, silica
gel column chromatography (ethyl acetate: hexane =
2:5, v/v)oll & Eelste] 98 =39 Alg 9 3%t
52 (R = 025 052 g, 74 %) & |3t} IR (KBr pellet)
1743, 1695, 1665, 1294, 1262 cm: 'H NMR (CDCls): &
797-794 (m, 2H), 7.69-764 (m, 1H), 7.54-7.49 (m, 3H),
673 and 658 (2H, IH each, Jtrans = 180 Hz,
CH=CHSiMes3), 6.19-6.17 (m, 1H), 581-5.76 (m, 2H),
440-4.35 (m, 1H), 422-417 (m, 1H), 381 (s, 3H),
317-314 (m, 1H), 2.86-2.81 (m, 1H), 1.62-1.55 (m, 1H),
012 (s, 9H): ®C NMR (CDCly): 6 167.25, 159.69, 154.05,
14745, 136.88, 136.04, 133.24, 131,98, 130.19, 129.90, 128.67,
12742, 111.66, 75.52, 67.50, 59.73, 53.28, 42.58, 31.78, 0.08.

3) ¢is—3-N-Benzoyl-1-[4'~(methoxycarbonyloxymethyl)-
cyclopentent-2'—enyil-5-(2"-iodovinyl)uracil (3)2 &Hd
S 2 (0,20 g, 0.426 mmol) E 5 mL2) ¥4 acetoni-
trilex} A g 3 0Tskl ICl (069 g, 0.426 mmol) =
EE3HE 3 mLe) ¥ acetonitriled H7}ele] A-2oiA 30
7 AWrstdeh whg- &8-S 2t aell &l E A AT &

silica gel column chromatography (ethyl acetate:hexane
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cis-3-N-Benzoyl- 1-[4'-{methoxy
carbonvloxyimethyl-cyelopent-2'-
enyl}-5-iodowracil(1)

a. Toluene, 1t, 24h

b. Lithivm alvminium hydiide (LAH), THE, 0 °C

c. 1) NalO,, diethyl ethet/H, 00, 1i) ethylene glycol, NaBH 4

d. Methyl chlorofonnate, dimethylaminopyridine (DMAP), pyridine-CHCl
e. 1) 3-N-benzoyl-S-iodonracil. it} PAOAC),, (-PrO);P. »-BuLi, DMSO-THF

Scheme 3. This shows preparation processes of cis-3-N-Benzoyl-1-
(4'<(methoxycarbonyloxymethyl)-cyclopentent-2*-enyl)-S-iodouracil (1)
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Scheme 4. This shows preparation processes of cis-1-(4'-
(Hydroxymethyl)-cyclopentent-2'-enyl)-5<2"- ("“Niodovinyhuracil

= 1:2, v/l &3] E2jste] A4 A el s8HE 3
(Re = 0.28: 016 g, 73%)< 2tk 'H NMR (CDCl): 6
7.94-791 (m, 2H), 7.63-7.60 (m, 1H), 7.57-7.47 (m, 3H).
726 and 7.07 (2H, 1H each, Jtrans = 1461 Hz, CH=
CHD), 6.14-6.11 (m, 1H), 5.81-5.75 (m, 2H), 4.45-440 (m,
1H), 4.18-413 (m, 1H), 390 (s, 3H), 3.15-313 (m, 1H),
2.87-2.82 (m, 1H), 1.64-1.60 (m, 1H): C NMR (CDCls):
§ 16866, 160.75, 15556, 148.86, 13943, 139.09, 135.76.
13519, 131.42, 13046, 129.24, 113.00, 80.84, 76.60, 69.04.
61.14, 55.40, 44.30, 32.84.

4) cis—1-14'~(Hydroxymethyl)-cyclopentent-2'-enyl]-5-(2"-
trimethylsilylvinyluracil (4)2l gHad
SIS 2 (05 g 1.067 mmol)& potassium carbonate

| Al oM™ HSYI-K (Herpes Simplex Virus Type-1 Thymidine Kinase) QA& VDU STR|Q B4

(0972 g, 7.032 mmol)3& A 20 mLe (HyO:CHCly:
CH:OH = 1:2:3, v/v/v) S8 37 st 4L
ol A 2447k ¥k F 0.1 N NaOH £9& o] &3lef pH =
7-8% Fahstavh Tt sl EE SME AAS T, silica
gel column chromatography (CHsOH:CH:.Cl, = 1:30 —
1:20, v/v)ell 23 22jste] el Al defe] stgE 4
(Re = 0.30: 0.24 g, 72%)E A} 'H NMR (DMSO): §
1135 (s, 1H), 7.75 (s, 1H), 6.54-6.53 (m, 2H), 6.10-6.08
(m. 1H), 571-5.69 (m, 1H), 559-557 (m, 1H), 480 (%,
1H), 353-340 (m, 2H), 2.83-2.79 (m, 1H), 2.52-2.46 (m,
1H), 1.44-1.39 (m, 1H), 0.07 (s, 9H): “C NMR (DMSO):
§ 16279, 15054, 14032, 14022, 136.05, 130.15, 127.95,
111.67, 63.66, 61.16, 47.70, 33.27.

5) cis—1-[4'~(Hydroxymethyl)-cyclopentent-2"-enyll-5-(2"-
iodovinyl)uracil (5)2| &4

3FE 3 (01 g 0191 mmol)E potassium carbonate
(0132 g 0957 mmol)3 A 10 mLe (Hx0:CH:Cls:
CHsOH = 1:2:3, v/v/v) EF-8q 3 7 sl A&
of| A 24417 IHF, 01 N NaOH #9418 ©]-83lo} pH =
7-8% F3eqith Y atell BE &WlE A A F silica
gel column chromatography (CHsOH:CH:Cl, = 1:30 —
1:20, v/v)ell oJa Z#3ted FMe 74 & 5 (R =
0.24: 0.054 g, 79%)& AT} 'H NMR (DMSO): § 1148
(s, 1H), 772 (s, 1H), 713-711 (m, 2H), 6.10-6.08 (m,
1H), 5.68-5.66 (m, 1H), 549-547 (m, 1H), 4.76-4.73 (m,
1H), 3.47-3.38 (m, 2H), 2.80-2.77 (m, 1H), 2.51-2.48 (m,
1H), 1.38-1.34 (m, 1H): “C NMR (DMSO): & 162.34,
150.29, 14148, 140.22, 13750, 129.86, 111.66, 78.15, 63.95,
61.36, 47.80, 33.54.

3. WAHL LT HAAA
cis—1-[4'-(Hydroxymethyl)-cyclopentent-2'-enyll-5-(2"{
odovinyljuracil®l &4 (Sch 4)
oF 4.0 mg9] trimethylsilyl A7AI9l 335 42 50 mL

9] methanoldll #sted &3] L AAFAT. KIRAMS

MC-50 cyclotrondll ¢J8] AA4E Na'™I 1.0 mCig 0.1 mL

of A+A A3 A FHs £ 1.0 N HCl £9& o]&3}
BhS Qolo) pH = 4008 HASAFAT 30% HO,

& 005 mLE H7ste] AolA 1087 wHsl & %

3t NaHSOz&H o2 W3S FHsIHO™, radio-TLC

(acetonitrile:water = 19:1, Ry = 0.65) & o] &3} wF-2¢]

TAS sk &S WAMIA S (Bioscan tk,

125|]i
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Figure 3. Two graphs show the in vitro cytotoxicity of carbocyclic ddIVDU and GCV in MCA-RH7777 (MCA) and MCA-tk
(HSV1-tk positive) cells. Cytotoxicity of carbocyclic ddiVDU and GCV in MCA (A) and MCA-tk cells (B) were examined
by the MTS assay. These cyfotoxicity data were matched up to ganciclovir (GCV).

Table 1. ICs of Carbocyclic ddiVDU and GCY in MCA and MCA-tk Cells

Nucleoside Analogues Concentration (M)

Cell Lines

GCVv Carbocyclic ddivDU
MCA® 7.0x10° 6.97x10°
MCA-tk® 1.17x107 5.14x10°

9GCV; standard onologue of cytotoxicity of HSVI1-tk gene
expresswn cells, ®MCA; MCA-RH7777 rat hepatoma cell line,
IMCA-t; thymidine kinase transduced MCA-RH7777 cell line

Flow-count PMT detector)®} HPLC (Gilson 321 pump,
Gastorr BG-14 in-line degasser, UV/VIS-151 detector;
295nm) o] uBondapak C18 column (7.8x300mm, Water)<
AHEEte] FAE T HPLC $vlzdE ez 2
7]oll & aceotonitrile/water/TFA=18:72:0.12 1.0 mL/min
o F407 ZHFYLH, 158 A Fol 20 B7HA] 57
20} acetonitriles 80%7HA Z7MA1ATH

4. BE3HA HIt

1) oA MEZF Y M ot

MCA$} MCA-tk MEZFE 20% horse serum3} 5%
fetal bovine serum(FBS)e] Z3HE Dulbecco’'s Modified
Eagle Mediumell A 37C 5% CO, ZZA s} v Fstint Al
£ Yol o2 AR lselectable marker 24 neo A2
7} A H oIl 7) Wl Eoll HSVI-tk #-3A7) o] Je Al £t
A H 02 wijoke] 753 ESE G418E 800 ng/mL FEE
A7bete] wiksldnh Al Al flask vlge] BoglE A
£ woju7] slA D-PBSE A3t 7HgA g S
o] Wl & Ixtrypsin-EDTA 3 mLE 7}t 37CH=E wj
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Figure 4. HPLC chromatograms of ("2)ddIVDU (A, radioactivity
detection) and cold ddiVDU (B, UV absorbance detection). A
The radiolabeling yield and retention time of (125)ddIVDU were
89.4% and 12.9 minutes, respectively. B, The retention fime of
cold ddivVDU standard was 13.0 minutes. The retention times of
two chromatograms were identical so that we can confirm the
successful radiolabeling reaction,

k7ol 1~5 B WA F AELEFS 7] 93] 10 mLe]
Aazajoko g 23kA1A 1,500 rpmell 3 F ¥4 sl
AEZE w890 318 Axs1 mL94 AN I S
A BHe FAE F Il AEE NS A3 trypan
blueZ E43ted neubauer chamberoﬂfﬂ A=t

2) carbocyclic ddiVOUS| MCA2E MCA-tk M ZollM S4 =
Alé-l

£ A Zol| )& carbocyclic ddIVDUS] M B4 & &

3 °}7 ] $13ked MCASH MCA-tk MEE 96-well platesol
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Figure 5. (A) Cell uptake of ("®carbocyclic ddiVDU by MCA-RH7777 gMCA) and MCA-tk (HSV1-tk positive) cells
shows the results of selective uptake and refention. Cell uptake of (®l)carbocyclic ddIiVDU measured affer 30,
60, 120, 240, 480 min incubation. Cellular uptake of (Phcarbocyclic ddVDU was confinuously increased
according fo the length of incubation time in both MCA and MCA-TK cells. %AD; percentage of added dose
(B) The table shows ratio of ("l)carbocyclic ddIVDU uptake in MCA-k and MCA cels.

MEZF7F 2424 24107 cells/ml7}h B2 233 the 001 1
M, 01 M, 1 uM, 10 1M, 100 pM, 1 mM, 10 mM E=e
GCV ¢} carbocyclic dAIVDUE #7F8F the 37C 5% CO»
Bl F71ell A 57 v Fakiny wlF ol MTS(Promega,
USA, 317 ug/ml) & 20 ¥ ztz} A7eta 37 CAA 2417
vl kAT T} vl ol 96 well plate reader(GENios, Tecan
Co, USA)E AHEste] F3% 492 nmoll A 11 24 e 2
Z74stAth 33 ke 248ty ke et

3) [®llcarbocydlic ddIVDUS! MCASF MCA-tk M Zo|A A
2 AH
7kt M EF MCASF HSVI-tk §-4212 0]9J3 MCA-
tkoll A [®Tcarbocyclic dAIVDU €] X177} w2 yptake
Hlwetdth Culture flask ¥lFHe] 80% ATE @&
2 AEZ7F = R-E o) wolo] 6 well plated] 7t
AEZFE welld 1x10° cell(n=3)¢] HxE Bsl3 7z}
of wiAl AdellAl 24 AIZF mkE & 2b well B 1 uCie)
[*Iecarbocyclic ddIVDUS #7117 308, 605, 1208,
240%, 480 St FUIE oSS ¥ HiR S Z-ste] A A
St D-PBSE AM&e & Ztzte] AEE trypsin-EDTA
400 uL2 At Hojlo] NEE et H23 o
2 7} AEe uptake® WAFSS ATILLEIE o] 45ty
ASste Hrystet AlE W uptake EHH 33 o)A
A9AHE FFo2 stel A7 WAbse] wEa(
AD: percentage of added dose)Z e}

!

3

N

2 o

1. ["*11ddIVDUS] #ALEA @ AA

A4E<Q [PI1ddIVDUS ®EE Az 1298e]T)
WAl st A 23 ¢ RE 247} 80% ol 181 95% o
Ao o139l th(Fig. 4).

2. MCAS} MCA-tk A E A carbocyclic ddIVDU

o] AxEA 43

96-well plateso]l ®F3 MCAS MCA-tk A EZd|
HSV-TK #ufe]ld A X577 7[FEARZ AM-EHY
21+ ganciclovir(GCV) 2} & A7 A o)A carbocy -
clic dIVDUE % g} Aiste] MTS 48 A3
MEEA (ICx) 23 MCAIA GCVE A% 70x10° M
o] 7, carbocyclic dAIVDUE 6.97x10° M ©12lth, MCA-
tkell A= GCVY 79 117107 M ©]2lT., carbocyclic
ddIVDU¥ 5.14x10° M ©]%leh. Carbocyclic ddIVDUS] Al
T=EQAE ZAFHES HH, MCAS MCA-tk AZoA
HSVI-tk 37 @@ o] ol wd} A X EAge] AfolE Hol
A @RS, GOV Ao} vudte] Hot e AxE4S 1
S eHFig. 3, Table 1).

3. MCAS} MCA-tk M¥dA [Ilcarbocyclic
ddIVDU9] A& 43
MCA$F MCA-tk AIZNA ) [PT]carbocyclic ddIVDU
o HAEE Azl B B Solete e B
k. MCA M)A uptakes= 308, 605, 1205, 240%, 480

483



Eun jung Kim, et al. The Synthesis of the Stable VDU Derivative for Imaging HSV-1 TK Expression

oA 24z} 0.06% AD, 0.05% AD, 0.05% AD, 0.06% AD,
0.27% ADZ 4MZA7MA] AR sA FAHTH} 8AIA F
23] =7t o, MCA-tk AMEe] A$E 308, 60&.
120+, 240+, 480%lA Zzb 017% AD, 019% AD,
0.22% AD, 0.30% AD, 058% AD=ZE SAZW7IA] A& &
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