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Abstract The hgaⅡd of N一(3·且uoIoⅣ叩y1)-2口一c耵bdmethoxy一3卢-(“iodophenyl)
Ⅱortropane(FP一肛CIT)and mesylat。precursor were synthe8ized by hydrolysis of co_

caille，folldwed by dehydration，estermcation，Grign趾d reaction，N—deme七llylatioll

iodination，N—alkylation with 3-bromopropaⅡol and mcthylsulfonylation．Finall孔18F—

FP一肛cIT帆s prepared by nucle叩hilic丑uorinatioⅡof the mcsylate with K18F／K2 2 2
(K。ypto矗x)．The labeling yield df 18F—FP-肛cIT is 25％～30％．The tot以radiochemi—
cal yield ofthi8 compound，calculated from the end of boH如ardmen七(EOB)with decay

correction，k 10％～12％wlth a synthes妇thne of 100～110m．m．The radlochemical pll_

rity of 18F—FP一肛CIT i8 greater如an 90％，and thi8 co。npound in aqueous solution is

“so 8tabk for more th姐4 hours at room temper札ure．It is stabk enough for cliniccIl

study．

Keywords Cocaine deriva。tives，Ⅱ叩aⅡe derivat沁cs，Dop砌ine nan8porter，FP一∥一
CIT，Imaging agent
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1 INTRoDUCTIoN

shde photon erni8sion computed tornography(sPEcT)and positron eIllission to—

mo即aphy(PET)provide sensitive and powerfm Ineans f曲detecting spec讯c molecul缸

targets iIl brajn In nellron abnormalityl moleclllar targets for SPECT or PET brain

ima百ng agents may be used t。reveal the status of asso ciated netlrons，The dopa缸ne

(DA)tr越lsporter(DAT)is a protein complex locahzed a|nlost exdusiVely presynapti—
caUy at the dop蛐盯舀c nerve terminal． Increasing eVidence suggests that the DAT
is aⅡiⅡlportant m盯ker f0‘physiological and patholo舀cal cha丑ges in DA neurons．In

living brain or in postmortem tissue，DA nellrons are severely depleted jn patients with

P甜kinson’s disease，aIld probes targeted to the DAT caⅡvisuahze the depletion．

severaluse“ligands，sucll as 11c—cIT(2卢．carbometh旺y．3卢．(4’一iodophenyl)tropane)㈦
11c．cFT(2卢一carbomethoxy．3卢．(4’．丑uorophenyI)tropane)埘，18F．FP．卢．cIT(N．(3-fluoropropyI)
2卢．carbomethoxy．3卢一(4’一iodophenyl】nortropane)M】，and so on fbr PET imaging，a11d
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106 NUCLEAR SCIENCE AND TECⅡNIQUES V01．12

123I—p-CIT(2卢一carbomethoxy．3p一(4’．iodophenyl)tropane)【⋯，1。3I—FP．卢．cIT[6|，l 23I—IPT

(N一(3一iodoplopen一2一y1)一2芦-c耵boⅡ地thoxy-3芦-(4’-chlorophenyl)noTtropane)n and so on
for SPECT imaging，have di8played hi曲bindiⅡg啦dty and exceⅡent imaging charac—
teristics fbr DAT．

■

IIlthjs、阳rk，the synthesis 0fmesylate precllrsor andpreparation of(F-18】FP一卢一cIT
by nucleophilic丑uorinatioⅡof the mesylate are reported． ●

2 MATHERIAL AND METHODS

2．1 Synthetic scheme

COcaine Anhy如ecgonine bet}C盯3
Meth yI Es协r2

琏3一愆。』修《
nor-be协．CPT．． nOr-be拓pCIT5 N-phy咖∞叫pmp帅-2 B

·∞rbome啪∞铲3 B-(4’-
iodophenyI)nor”opane 6

CH，S0，07‘。，＼N ”F7’、7“、N

一萨$。一拉$
N一(3一me圳oxypmPyI)-2 B
一∞rbome仇oxy-3 B一(4乙
iodophenylJnompane 7

Fig．1 Synthetic Scherne of 18F．FP，肛CIT

●

Mesylate precursor was synthesized from cocaine，aILd 18F-FP一卢一CIT was prepared

by邶cleophilic丑uorination 0f the mesylate． ^

【18F】一was produced by a RDs 11l cyclotron．A re、rerse—phase serIli—preparative coI—

umn(watersDeltaPakc一1815111icrospherical，120 aIlgstro瑚pore size，庐7．8咖×300衄)
was eT‘lployed for th8 p11rmcati0Ⅱof the product，usiIIg methanol／water／triethyla工Iline

‘

(75／25／o．2)as eluent．AnalyticaI HPLc was performed u8hg c18 reverse phase colu砌
(5 IrIicro spherjcal，似．6I砌×150mm)． _

2．2 Experiment．al procedure8

(R)．(．)．AnhydroecgoniIIe Imthyl ester(2)The procedllre of Meltzer e￡dd8 J
1

w船蹦lowed and 2(85％)啊a3 obt出Led鹅an m：bp 113～114。c(o．35kPa)．

●
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2卢一carboInet】hoxy一3卢一Phenyltropane(3，卢一cPT) The procedures of clarke
e￡n∥J and CarroⅡe￡口41叫were foⅡowed with IIlinor modmcations．A mjxture of Dhenvl、

ma弘esium broⅡlide(100mm01)in anhydrous ether(300mL)w豁cooled to一40。C An、

hyiIroecgordneIIlethyl ester(3．629 20nⅡr101)in anhydrous ether(30mL)was added drop，
wise．The reaction埘x￡ure was stirred at一40。G for 90m血，then cookd to一780C TFA

《100Inm01)iIL ether(20ID_L)was added，and the reactionⅡlixture a庇er beiIlg stiⅡed fbr

5 rnin at一78。C was ajlowed to waTm to一5。C．Then water(120 91 was added The re．

actioⅡH1i】【tllre was stirred for 5 I血，acidmd to pH 1．0 with concentrated HCl，and the
ether layer was djscarded．The aqueous layer was basified to pH 10～11 w“h NH40H，

and extracted with ether(3×150m工)．The combiIled ether 1ayer was dried over Na，S04，
mtered and concentrated to dryness．The residue was p11rmed by chomato碍raphy fhex—

a丑e／ether／锄ethyla血ne，70／30／l，V／V)．2．1 g(4l％)of3 was obtaizled，recrystalⅡzatlon
in hexane，gave a colorless crystamn8 product of 3，mp 58～61。c，【a1瞀一49．6。(1％in
GH30H)，h】分一8．2。(o．5％in cHcl3)，(Ref[9j：Ⅱlp 62～64，5。，[dJ分一5．3。(1％in cHcl3 J)
IR(KBr)：1748(c=o)，2845(ocH3)，2798(NcH3)，1499 1602(Ar)，1173(c—o)，748
703(c6H5)cm_。．MS(m／e)：259(M+，46％)，228(M+．OcH3，5％)，200(M+一coocH3，
11％)，182(M+一c6H5，5％)，82(c5H8N，100％)．

2卢一carbometlloxy一3卢-phenylnortropane(4，nor一卢一cPT) 卢一cPT(3，3．o g，
11．6蛐01)and n—d110roethyl d110roformate fACE．C1)f5毗，46．3mm01)were heated at
800C for 1 h．Excess ACE—C1 was then removed under reduced pressllre，and methanol

f50fI止)was added to the resjdue．The商xtllreⅣas then re丑uxed fbf 30埘n and the玎
concentrated to dryness The obtained residue was djssolved血CH2C12(75 mLl，washed
with satllrated NaⅡC03 s01ution，dried over sodium s11tfate，mtered，and concentrated

Pllrmcation 0f the cmde demethyIated product by fIash chornatoFaphy(Et20／Et3N

90／lo)gave 1．6 g，(56％)of 4 as a white-solid，瑚Lp 87．5～88．5。c，陋】笤=一124．1。(o．I％
in cH30H)，(Ref．[9】【a】分=一1lo．oo(1％in H20))．m(KBr)：1706(c=o)，2874(OcH3)，
1500 1602(Ar)，1175(c—O)，776 701(·c6H5)cm～．Ms(m／e)：245(M+，37％)，214(M+一
OCH3，8％)，186(M+一cOOcⅡ3，10％)，83(c5H9N，100％)．

2卢-carboInethoxy-3卢-(4’-iodophenyl)nortropane(5，nor-卢-cIT)．A n正xture

ofnor·卢一cPT(4，I 59，6．1姗oI)and 12(1．6 g，6．3ⅡⅡn01)b 25mL of掣acia】acetjc acjd
was stirred and treated dr∞wise with a nlixture of 2．5 InL concentrated ILitric acid and

2 5 InL cdncentrated suhric acid．The reaction n血ture was heated to 550C．and stirred
for 2 h，then c001ed to room teⅡrp盯ature and po砒ed onto ice(60譬1 and矗1tered The pH
of the矗ltrate was adjusted to 9．5 by the addition of concentrated a】肿oIIium hydroxide
at O～50C．The resultiIL蓝predpitate was removed by filtration and dissolved m CH2C12

f250mL)．The矗ltrateⅥr鼬extracted with two 50mL portion of CH2C】2．The extmcts

and solution of precipitate were coⅡlbined，washed with br血e(50 mL)and dried over

maEI塘sium su比砒e． After the removal of the solvent，the residue was recrystalbzed in

petroleum ether f60～90。C)，1．19(71％)of the丘ee base 5 as a straw yellow solid was

obt撕ned，mp：118～120。c．【a]弩=一88．3。(o．25％in cHcl3)，(Ref．【11]：[a】分=一67 4。

(1％in cHcl3))．IR(KBr)：1719(c=o)，3310(NH)，2876(ocH3)，1170(c-o)，825(-(七H4-

)锄一1．1HNMR(cDcb)(400 MHz)：1．57～1．82(4H，m，cH2cH2)，1．95～2．20(1H，m，
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cH)，2．38(1H，t，J=12．20，cH)，2．50～2．79(2H，m，cH)，3．18(1H，m，cH)，3．40(3H
s，OcH3)，3，73(2H，m，NH，cH)，6．94(2H，d，J=8．43，ArH)，7．59(2Ⅱ，d，J=8．42

ArH)ppm．Ms(m／e)：371(M+，56％)，340(M+一ocH3，8％)，312(M十一GoocH3，lo％)
83(c5HgN，100％)Anal．calcd for c15H18N102：c，48．52 H，4．85．N，3．77．Fbund：c
47．66．H．4 73．N．3．56．

N·(3一hydroxylpropyl)·2卢一carbornethoxy-3卢-(4’-iodophenyl)nortropane(6)
The procedure of Neumeyer酣n正¨1 was f0Uowed and 6(73％)was obtained as a color—

less liqllid．IR(矗lm)：1744(c=O)，3380(OH)，2950 2852(OcH3)，1173(c-O)，818(一c6H4一)
锄～．Ms(m／e)：429(M+，60％)，398(M+一OcH3，20％)，384(M+一H0cH2cH2，45％)，
370(M+-HOcH2cⅡ2cⅡ2，20％)，83(c5H9N，100％)．

N-(3一Ⅱlesyloxypropyl)-2卢·carbornethoxy-3卢-(4’一iodopherIyl)nortropane(7)
The procedllre of Neumeyer“口41zJ was fbⅡdwed肌d 7 n0％1 was obtained as white

semisolid at room te珈【perature．IR(KBr)：1704(c=O)，2953(OcH3)，1349(s02)，784(一

c6H4一)cm～．Ms(m／e)：507(M十，37％)，476(M+-OcH3，4％)，448(M+一cOocH3，
12％)，428(M+-cH3s02，8％)，412(M+一cH3s03，12％)，398(M+·cH3s03cH2，5％)，
384(M+·cH3s03cH2cH2，38％)，124(cH3s03GH2cH3，100％)．

N-(3-fluoropropyl)-2卢-carbonlethoxy-3卢·(4乙iodophenyl)nortropane(FP·
卢-cIT)．A solution of nor．卢一CIT(5)(250皿嘱，0．67加mo】)，1．bromo．3．丑uoropropane

(300mg，2．13lIlm01)，and triethylaⅡdne(O 5n1L1 in t01uene f20n讧J)was re丑uxed under

dry njtrogen atmosph盯e for 4 h，cookd，and mtered．The 3eparated residue was washed

twice with toIuene(2瑚山)；the comb血ed矗Itrate姐d w勰h血gs were concentrated under re—

duced pressIlre．The residue was purified by丑ash cllromatography 0n silica gel and eluted

with hexane／ether／triethylaⅡdne(10／7／o．1 V／V)to give 225．6Ⅱ塔(78％)0fFP一卢一cIT as
a w址te soⅡd：mp 78～800c；k]哿=一36．60(o．1％iIl cH30H)uV(cH3cN)Amax=230nm，
E=1 77×104．IR(KBr)：1736(c=O)，2980(F-cH2)，2955 2834(OcH3)，1196(c—o)，817(一

c6H4一)cm～．1HNMR(cDcl3)(400MHz)：1．58～1．93(5H，m，cH，cH2)，1．96～2 18

(2H，m，cH2)，2．30～2．50(2H，m，cH2)，2 54(1H，t d，Jl=2．56，J2=6．23，cH)，2 89

(1H，t，J=4．03，COcH)，2．96(1H，ddd，J1=5．49，J2=12．08，Ar-cⅡ)，3．42(1H，m，GH)，

3．49(3H，s，OcH3)，3．70(1H，m，cH)，4．52(2H，t d，JHH=5．86，JFH=47．23，FcH2)，

7．03(2H，d，J=8．42，ArH)，7．58(2H，d，J=8 05，ArH)ppm． Ms(m／e)：431(M+，
88％)，400(M十一OcH3，12％)，384(M十一FcH2cH2，42％)，372(M+-cOOcH3，27％)，128
(c7H11FN，100％)，83(c5H9N，92％)．Anal．calcd．f打c18H23NFl02：c，50．12．H，5 34．

N，3．25．Ibund：C，50．03．H，5．77．N，2．96． -

18F-N-(3-丑uoropropyl)-2卢-carboIllethoxy-3卢-(4’一iodophenyl)nortropane(1，
MF—FP一声-CIT) 1 mL of stock so】utjon containjng 56mCj¨F一丑uo—de，10mg K一222

(Krypto矗x)，3 mg potassil珊carbonatet 0．05 mL water and 0．95 IrlIJ acetanitr丑e was eVap-
orated to dryness with nitrogen stream wh主le heating at 1100C．2I刀山of aceto工litrile was

added and eyaporation was cDnducted to remove the residual water azeotropically Me一 ’

sylate precursor(3．5mg，6．9pm01)of FP一卢一cIT iIl MecN(1 mL)was then added，and
the reslllting mixture was heated at 100。for 10min Tl坨瑚jxtllre was cookd iII a water

bath brieny(in the meantime，the labeung yield was deteI血ed)，then passed through
a short Sep．Pal【colu如ln of siuca gel(about 25 mm)试a 5 mL nlicraviaI．The reaction

÷
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tube was ri工lsed with 1 InL of ethvl acetate and the so工uti吼added to the coIuⅡm． The

1iqllid was pushed throuEh the c0111]mn with ajr and then the colu砌was eluted with
an additional l InL of Et0Ac． The eluate was evaporated with a streanl of Ilitrogen

wlLik bein卫warmed at 600C．The residue was dissolved iII a mini枷m solution of HPLC
eluent(rnethanol／water／triethylam血e 75／25／0．2)甜ld loaded onto a reverse-phase serlli—

prep甜ative colu枷fwaters DeIta Pak C．18 15 rnicro sphe“c al，120 angstroms por8
size，7．8×300mm)，A now rate of 3“／min was used and 18F—FP一口-CIT was eluted af-
ter 16．8miⅡ．Tlle FP一序一cIT was detected by ultraviolet(uV)detector(254nm)at the

same HPLC condjtion．In the meaIItime，the radiochernjcal pllrity of 18F—FP一卢一CIT was

deterⅡdned by radioactivity detector

2．3 DetermirIation of radiochemical pur“y

High perfbrmaⅡce uqllid chromatography(ⅡPLc)was used to eValuate the radio—

cherIlicaI purity of 18F—FP·卢-CIT．W乱ers 515 HPLC system，w＆ters 486 Tunab工e Ab—

sorbance Detector and watersTM 600 controⅡer 7．RAM矾／Us syst哪(usA)were used
in combiIIation with a RP—c18 colllⅡln(≯4．6Im×150 nlIn)，us血g methanol／water／tTiethy
1aIIline(75／25／o．2)龉mobile ph硒e，with a now rate。f 2．oInl／min at room temperature

2．4 Determin8tion of in vitro sta_bnity

18F—FP．口．CIT was a110wed to stand at 25。for 4 h011rs，in、池i出radio出eIllical purity

w躺deter血ned at re911l缸intervals．

3 RESUⅡ‘S AND DISCUSSIoNS

3．1 Chemistry

CPT was obtained拈a rnjxtllre of a，卢一epimer，卢-epimer beiⅡg the main pToduct

atlow teⅡlperatuIe，Two routes for the prep缸ation 0f nor-卢一cIT were tried：(1)the N—

dernethylation(56％)of卢一cPT aIld then iodjnation(71％)，and(2)the iodination(74％)

of卢．cPT aIld then N-demethylation(24％)．It is obvious that the method r叩orted 1n

thjs paper provides 8 900d yield of the final product that
caII be p11rmed easily and

satisfactorily

If the ramo出e玎1ical p11rity 0f 18F．FP-卢一CIT was over 90％after passing though a

short S印一Pak cohl咖of silica gel，the labekd compound could be used as such without
any缸ther pur撮cation．FP．p-CIT over 99％of purity w艄also prepared f曲corLfirma亡jon
of the 18F．FP一口-CIT．
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O 5 10 15 20 笛

f，mm

Fig．2 HPLC Chromatog。印11y of

18F．FP胡一cIT(detected by radio越tivity)
and FP一伊CIT(detected by UV)f0。

preparation

3．3 Stability

Vol_12

3·2 Preparation and Radiochenlical 。

pur“y

The HPLC reteIItiDn time(￡R 1 of 18F—

FP．疗．CIT and州F—were 16 8nⅡn and

2．4IIlin，respectively．The labeliIlg yield
of 18F．FP．口．CIT was 25％～32％．and the

total radiochernical vield calculated from

end of bo工r】bardment(EOB)with decav

correction，was 10％～12％with a svnthe．

sis tinle ofl00～110min．The垴ofFP一口一

cIT，detected by a uV detector(254 m)，
was also 16．8min(Fig．2)．The radiocllem-

ical purity of 18F—FP一口一CIT in analyzed

ⅡPLC was盯eater than 90％with垴of 8．4

and 0 5111in for 18F．FP．口一CIT and 18F一．

respectively．

The radiocllendcal pIlrity of 18F—FP．卢．CIT in aqueous solution had n。obvious

change after standing for 4h at room tenlperature．It is stable enough for clinic蛆study
IIl conclusion，the auorinated PET ligaIId was prep盯ed with relatiVely hjgh yield

and stabmty．The iInaging properties in vivo wiH be r印orted elsewhere．

●
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