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Abstract s·(-)-N·[(1一ethyL2-pyrrolidinyl)me七hyl】一5．iodo-2，3．dimethoxybenzarnid L

(proposed geⅡeric namc，epidepride)is a very potent dopa工工1iⅡe D2 antagonist．It was

synthesized by矗vc 8t8ps from 3一I珊thoxy8alicyJic acid．[131qepidepride was obtained iIl
97 3％radiochemical yields from七he correspondi“g 5．(tributyltin)derivative using lly。
droge“peroxide as the oxidant．The aryltin precursor w船preparcd from non．1abelled

。pid。pride by palladium—catalyzed 8tannylation using bi8(七ri—n_bu‘yltin)in trietlly．
1arnjne．[131qopidepride wa8 stable under 4。c，and partition coemcient was 72．3 at pH
7．40 Th biodistribution study iⅡrats exihibited high locmization i11 the 8tnatum of

tlle brain wi七h the日triatum／cerebellum ratio reaching 237／l at 320 r血n postinjectioll
All tllese re8ults s“ggest that[”1I]。pidopride may bc used widely as a uscful doparnine
D2 rec印tor imaging ageⅡt for SPECT．

K8ywords P31I】8pid。pride，Dopamille D2 ant890ni8t，synthe8ize，AryItin precllrsor．
Biodistribution SPECT
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1 INTRoDUCTIoN

Nuclear mediciⅡe is rapidly establish血g itself粥弧iIrlportant tool in the l礼u2uo

study ofbrain nellrocheInjstry．hl particular，several radiohgands fbr the dop础e D2
，ecep￡Dr直a阳been deV出oped a11d these haye o舵red Valuable Ilew insjghts iIlto抽e fole

of dop剃ne in disorders of the locomotor f11nction，psychiatry and genetic山sease
Epidepride，s一(一)一N-[(1一ethyl一2-pyrroudinyl)rnethyl】-5一iod0—2，3·d血ethoxybenzaITlide

is a potential dopam血e D2 anta90nist． It has high am丑jty(Kd=24pmol／L)for the

D2 receptor and】dw lipopllilicjty(培l(w=2．05)，the strjatum／cerebellum ratjo can reach

234／1 in rats． [123I]aIld[11 c】epidepride have beeIL successively used in dopamine D2

receptor SPECT and PET imag血g，as good clinical tools in bra证rese缸ch． Partic一

11larly in extrastriatal ima酉ng，dia朗osis of pitllitary adeⅡ锄as and prediction of the
response of pitllitary adenomas to dop枷ne a孽onist therapy，【123I]epid印ride is better
than『12311IBZM【1“⋯．

h china，there is no report of epidepride and【123I]is not e醐y to be available．so

we worked to develop 1131I]epid印ride as dopaⅡ1ine D2 receptor sPEcT imaging agent
Recently we have synthesized印id印ride．Detailed syIlthesis姐d labeung of epidepride
are given i工l this paper．
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2 MATERIALS ’

2．1 Instrurnents
◆

A YANADIMOTO melt血g point instrument(made m Japan)，FT—IR spectrorneter

(made in usA)，PE2400 elemental analyzer(mde iIl usA)，Varian Model AM_400 Pro—
ton Nuckar MagILetic Res0Ⅱ弧ce spectrometer(made in usA)，Bio—Rad HPLc(made

’

in usA)，and Pakard cobra 7_counter(made iII usA)were used iIl the present work

2．2 Reagents

s-(_)_N-ethyl—2·(缸Ilinomethyl)pyrroudiIle was pr印ared in this group[引 3-methoxy—

sahcylic acid，Bu6sn2 and(Ph3P4)Pd were from Aldri出． Other reagents were from

ShaⅡghai Che耐cal Co．and aⅡwere of reagent Fade

3 METHoDS AND RESUUIIS

3．1 The preparation of epidepride and its aryItin precursor嶂～9J

The s”thesis is fouowed by the sequences 0f reaction outlined iIl Fig．1

Ⅷ舢．叫～㈣
单i由pr ide——j埋———+

ab

Fig．1 Preparation 8cheme of印idepride and its aryltin precursor

●

t

，

，

3．1．1 3-rnethoxysalicylic acid，H地thyl ester(1) The 3一methoxy—salicylic acid(15．039， k

89．4础11 w硒dissolved in methanol(250如山1，and a catalytic amount of 18 mol／L
H2S04flmLl was added．The Inixture was warmed to re丑ux and stirred fbr 58h．The

reaction was c00led and the solveIlt was evaDorated． The residue was djssolved in
’

cH2c12(200加山)and washed With satllrated Ndc03(100mL)，the aqueous layer was
bacl【．extracted with cH2c12(3×25 rnL)，姐d the cornbined organic la”rs were dried，矗l一 '

t盯ed．and concentrated to a brown solid．Distmation of the crude s01id 11llder reduced

pressllre a肺rded 1 as a whjte s0Ⅱd，nlp 56～58。a
．

3．1．2 Methyl 5-Iodo·3-眦th呱ysalicylate(2) compound 1(9．29，50．5咖oI)was
dissolved iII meth龇01．sodi眦iodjde(11．36 g，75．73姗01)and sodi恤hydroxide(2 02 g，

_I
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50 5Im011 were added，and the solution was cooled to 0。C．To thjs so王ution was added
aqueous sodium hypochlorite(142mL)dropwise． The pale yeuow slurry rnjxture was

stirred for 1 h at O～3。C and then treated with 10％aqueous sodium thjosumte The

mixture was a(如usted to pH 7 using HCl． Ether was added，and the layers were sepa—
rated The ether layer was washed with brine and dried over anhydrous sodium sulfate

After the ether was eVaporated，the crude orange solid was crystauized矗om ethyl ac—

etate／hexane(2／3)，produciIlg 2 as a white crystal，mp：108～110。c

3．1．3 Methyl 5一Iodo-2，3-diInethoxysalicylate(3) compound 2(1 13 g，3 66 H吼01)
was dissolved in dried acetone，and potassium c盯bonate(1．5 g，10．86 mm01)was added，

fouowed by nlethyl io山1le(2．8 g，19．68 rm01) The mi】【ture was renllxed with stirring foT
48 h．Acetone was evaPor“ed and the residue was djssolved in dichloromethaIIe，washed

several ti工nes with water，卸d dried over anhyilrous so山um sulfate． Dichloromethane

was evaporated under reduced pressure Th。pr。duct 3 was obtained as a white solid，

mp：50—52。C

3．1．4 5-Iodo一2，3-dirnethoxybenzoic acid(4) The ester 3(0 889，3．43nlm01)was dls—

solved in THF．and then 0．5Inol／L NaOH(100mL)was added，and the s01ution was

waⅡned wjth st打riIlg far 2h．The product 4 was jso】ated by fhst washiIlg the aqueous re—

action血xture with Et20，bacl【一extracting the Et20 lay盯with 1mol／L NaOH(100mL)，
acidifying the combined aqueous layers(ooc)to pH 2 with H3P04 and then extracting
the acidic aqueous phase w“h cllloroform(1×loomL，5×25mL)The 0rganjc portion
was dried and mtered，and the s01vent was evaporated to provide 4 as a white solid，

mp：124—127。C．

3．1．5 Epidepride(5) coTnpound 4(600 II唱，1 95 nⅡn01)was diss01Ved in cH2c12(10 mL)
and to this solution was added DMF(2 dr印s)and 0xalyl chlorjde(o．425mL，4．87唧01)
The mixtlIre was stirred at room temperature(1 h)，and the solvent was removed in vacuo

珊brding the corresponding acid d110ride as a yeuow residue(not characterized)． T11e

residue was dissolved in cH2c12(10 r11L)，and the s·(·)一N—ethyl-2一(aIninomethyl)pyrroⅡ一
dineill CH2C12f5mL)was added The reaction如j】“urewas aⅡowedto stirfor 1hf20。c)，

and the solvent was removed under re“ced pressure The crude product was redissolved

in cH2c12(20mL)and washed with 1 rnol／L NaOH(20mL)，and the phases were sepa—
rated．The organic portion was dried and mtered，and the solvent was removed jll vacuo to

a肺rd a yeuow oil．That was pllrmed by c01umn chomatography(siuca gel；1：9 Me0H—

cH2c12)to yield epid印ride as a yenaw on， 1R(cm一1)：3369，1658；1ⅡNMR(cDcl3)：

占(ppm)8．30(br，s，1H)；8．oo(d，1H)；7 25(d，1H，)；3．86(s，3H)；3．85(s，3H)；3．75-1．58(m，

ll，pyrrolidine-H)；1 11(t，3，N—Et)．Ms(m／z)：419(M+1)，98(100％)Theo Ana】：c 45．9％，
H 5．54％、N 6．7％：Found：C 45 6％，H 5．52％；N 6 5％

3．1．6 s一5-(tri．n．butyltin)-N-【(1一ethyl-2一pyrrolidirlyl)IIletllyq一2，3一dirnethoxy-

benzaⅡlide(6)7ro a solution of印idepride(o．429，1．o肌01)iIl dry Et3N(20mL)was
added solid(Ph3P)4Pd(o．069，o．05衄01)fbllowed by Bu6sn2(o．589，1．omm01) The
工11ixtllre was heated to re丑tⅨfor 3．5 h，After cooling，the solvent was removed by ev叩。一

ration and the residual oil w船subjected to chromatogr印hjc s印aration on silica gelin

}．o矿爿
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hexane-EtoAc(1：1)to give the product 6．IR(cm一1)：3378，2958—2799，1658

3．2 The preparation of【131I】epidepride【1

A(Iueous hydrogen pero盖ide(20 pL，3％V／V)was added to a rnjxture of 20 pL of

conlpound 6(1 Ing／rnL of EtOH)，20pL of 4mol／L Hcl，and 10 pL of 131I-sodium iodide

f37～74MBq，no c甜啊er added)血a se出ed们a1．The feactjon was allawed to proceed at

25。C f曲151面n，and then it was terI证nated by the addition of 20肛L saturated sodium

metabisu珩te s01ution．The reactionⅡdxtllre was neutrahzed via the addition of 20“L of

4 mol／L anmoIlitlm hvdro畦de．

Fig．2 0vcrlaid chromatograrn8：

A)Radioactl访‘y of 370 KBq 131I—epidepride，

(B)2pL of 2．39 mrnol epidepride，

(c)uV abs叫ption at 235 nm of

131I．epidepridc

3．4 The stability of【131I】epidepride

[”1I]epid印ride was diluted by saliILe

(inchl血Lg sonle stabmzer and ethan01)，
then stored at 40C．Radiochemical purity

was IneasuTed with paper出romato盯aphy

(silica gel paper，cH2c12／cH30H=9／1)
at 0，2h，4h，6h，24h，6d and 15d．The

restllt was given in ng．3．

3．3 Determination of radiochemi．

cal pllrity(置GP)and radiohbelling

yield(冗三y)

Thjn一1ayer chomatogr印hy(TLc)：sil_
ica gel P1ate，and silica gel paper，with de—

velop血g system of cH2c12／cH30H(9／1)

The．既values of(131I一]and[131I]epide—
pride were 0．0—0．1 and 0 3—0 5，respec—

ti、rely．且GP aIId置三y of【”1I】epideprid。
were over 95％．H培h performance bquid

chromatography (HPLc)：c-18 reverse—

phase column (咖4 rm×300 n1In) using
the eluent(ethan01／o．01 mol／L phosphate
b11娲r pH 6．3=7／3)at a丑dw rate of

1 0 mL／mjll．The reslllt was described in

Fi92

3．5 Determination of part“ion coemc-ent

Fig．3 Stability of 131I．印idepride sohlti(川

To a血xtllre of phosphate bu艉r(39，o．1mol／L，pH7．4)and n_octaIlol(39)was
added[131I]epidepride(冠eP>95％，approximately 5×105 counts／min)，Vortexed each ．

for 3×1m血，centrifllged fbr 5min at叩proximately 1500rpm．1bok out 1mL of bu抒ler
7

solutioⅡand l InIj of n．octan01 solution，weighed姐d counted．The partition coe伍cient

一．．．—兰

二

醪

u勺辩。
≥t，|Ⅲc9∞～2#苗o
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‘
was 72．3 and kPe=l_86

●

．I

●

▲

3．6 Biodistribution in rats

Groups of fotIr 200～2509 m以e HarlaIl—Sprague—Dawley rats were埘ected wjth
20 pCi of 131I labekd epidepride via tajl veiIl The aninlals、张re kiⅡed at 5，20，40，80，

160，320血n砒er iIljection The organs of interest Were rapidly rernoved，weig血ed and
the radioactiVity was counted with a Pak缸d Cobra 7一colInter The percentage dose／g of

the sample was calculated．The target to nontarEet ratio血brajn fstriatllm cdntains high

density of D2 dop aⅡline rec印tors，wlIile cerebeUum is esseIItiaⅡy devoid of D2 dop删ne
rec印tors)was deterIIlined by regional dissection． The upt a：ke ratio of eacII re目on was

obt ained by dividing the percentage dose／g 0f eacll region by that of the cerebellum

The results were listed in Table 1． Moderate brailL uptake(0 42％dose／gr啪at
5IIlin)was observed．At later time points，a large portion of the radioactivity was washed
out from brajn(o．21％dose／gr锄at 20 min postinjection)．The 1iver uptake reIIIajned hjgh
for the丘rst 40血and r印idly washed out 80 111in postinjection

1hbIe 1 Biodistribution 0f 131I一。pid8pride in rats after intravenou8Ⅻection

Peak striatal uptake was seen at 20 rnin，at that tinle uptake of epidepride wa8

0 92％佗of striat啪．Striatal 1lpt al【e of印idepride v缸ied oIlly 9．86％from 40 to 320 rnjn
f0Ⅱdwing injection，at that time a pedk striatm：cerebeI【m ratio of 237／1 was seen．
The striatum／cerebeⅡum(ST／CBl ratio of 131I一印idepride dramatically increased with

thne(Tabk 1)，whjle this type of profound iIlcre船e in targe亡to nontarget ratio Vs tjme

was not observed for the other two regions，lIippoc卸叩us aIId cortex．
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4 DISCUSSIoN

NuCLEAR SCIENCE AND TECHNIQuES VrJll2

Epidepride and its aryltin preclⅡsor were synthesized with good yield．The purity

of the product obtailled was cll缸acterized． Compared with Hoberg“oal0J种d Yue

e￡d2【6]methods for epidep“de，this method is simpkr and the reaction condition is

moderate IIl the course to pr印are c锄叩01lIId 2，crystalli2ation was used to replace the

cllromatoFaphy(siⅡca geI)，for it could shorten the time and increase the yield．

[1 31I]epidepride was easily prepared in the presence of hydrogen perox主de at room

temperatllre．The丑eP and冗工y were over 95％deterIIlined by TLC and HPLC mer

o]【idized 10 mill 15 min was selected船th8 optimal time．In HPLC，the retention time

of『13111epidepride was involved in pH of the solution．In acidic condition，the retention

tinle was shorten(<5IIlin)；in basic condition，the reten“on time was lengthen(>5nlill)

Paper chromatography(silic8 gel paper，cH2c12／cH30H=9／1)is siInple and fast，so it

can be used widely to measure the purity of f131I]epidepride in cUnic

At room teIrlperature，aner diluting by sal血e，[131I】epidepride c0111d be stable

in 4 h At 24 h，the丑GP was omy 82％and sonle yeUow precipitate collld be seen

(131q印jdeprjde Was stable under 4。c for 15 d postpreparatjon(Fjg．3)after some stabjⅡzer
and ethanol added． The bio出stribution studies in rats suggested that in regions with

nonspeci6c association，i e regions low in dopaIIline receptors，the agent was washed out

rapidly，whereas the striat啪(ridh血d叩删ne receptors)8hdwed prolonged retention
The study on ez访"o autoradiography of the compolmd(data not shown)aJso con矗rmed

亡he selective fe舒onal distrjbutjon wjth址gh s埘atal】ocaljzatjon re丑ec血g D2 dopa埘nc
receDtor distribution

5 CoNCLUSIoN

The synthesis and labeling ofepidepTide盯e siⅡlple，fast and may proVide hjgh purity

product This work wm be valuable for widely doIrlestic cⅡnic use of[131I]8pidepride as

a dopan正ne D2 receptor for SPECT imaging agent in the f11tllre．
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