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Synthesis of highly concentrat ed，carrier free

188Re—mercaptoacetyltriglycine
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Abstract Cllclation of 188Re如compoullds such a8 MAG3 wm nlrtlleT rc(111一一比l·

radiation dose to thc patien～in ca3e《bauoon nlptun恤T o、l对1 t11c’叩m cxcrt、“)n

fr。m the body．IIl order to I)r。pare highly coⅡceIltrated．carner frcc 188Re—MAG 3，S—

be11zoyl merc8ptoace‘y1”iglycine(s—Bz—MAG3)was syntlIcsize(1．1a1)c1【、(1 with“ll l沁

frec 188Re． The overall“eld of S—Bz-MAG3 is higher than th08e p11blisil眦I i11 thl-

】lteratllre D叩endcnce of the 1abeljng yield of 188Re-MAG3 upon c鲫cemMt-ol】s¨j

r砌、1cing agellt，pH，reaction恤ne，ctc was examined and optlilllIm coIlditions w川‘

con恤IIlcd The∞ncentratio”procedure wa8 snccee(hl with鼬p—P如C18 faltri(1”
沁曲t血L llighly collcentr乱ed 188R￡一MAG3．IIL tk c鹅c缸opthmm coILdiLions thn

I一)cIing yicId of 188R|一MAG3 was IImre thaIl 98％ R羽i。曲eIIlicaI¨1rity“188I∽

MAG3 was more￡h柚92％aner 24 h 01lr 8torage a￡foom ternpcmtIIrc、

K8yw。rds 188Rc_MAG3，Syn七hesis}Labeli“蜀Carrjcr free，RIT

CLC number 0615 4

l INTRoDUCTIoN

The radloisotope of 188Re，with a halfhfe of 17 h，may be an attractive 1sot。pe for

Ta山oimmunotherapy(RIT)．[1】188Re decays by卢emission with 1ligh ene。gies(maxi肌1111

2 1l MeV)and it“so erIlits a 7 ph。ton(155keV，15％)suitable for imaging．The仃rea汹t

irnportance is the availabiⅡty of carrier—free 188R昏perrhenate at ar叮time in the cIinicaI

se“ing by saⅡne elution of a 188w／188Re gen盯ator system nⅡtherm。re，tlle high—eIle。gy

芦-particles e商tted by 188Re have a l。nger awrage range(about 2．2mm in tissues) T}t2

chenncal Propeny of rheni啪is very ac“ve，正ke Tc，s。that jt can form many stab】e
comp】exes．

Rhenium cheIIlist。y is domin“ed by redox reactions，and perrhenate is a neg^

tively cll缸ged anion that is rapidly excreted fTom 1iving systerns，preventing the ultlIllat。

s”pponed p8r血】ly by Key Projcct of Know】edge IIl 2I。札tioIl prog?anl of the ckncsc A雌{hljy’，j
Scient cs(KJCXl一sw-081
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238 NUCLEAR SCIBNCE AND TECHNIQuES 、t【Jl 1 3

metaboⅡte from accumulatiIlg h non-target tissues Because 188Re is very prornjs．mg亿】

RIT，we developed a series of 188Re 1abeled radioph缸maceutic以s．[2—5]

Mercaptoacetyltri91yciIle(MAG3)is a compound that has been extensively Ll sⅢI

iIL lmcle缸Inedicine both as 9。mTc radiopharmaceutic以for kidney imagi“g and：“a

prostheti。group fbr labeling antibodies and biom01ecules with 9。“1Tc，186Re，188Rc、‘’：’J

Catheter baⅡoon矗ned wjth 188Re一1abeUed radio口ha玎naceu“cals fbr intracoroIlar、

radiation therapy to reduce restenosis provides technjcaⅡy a simple，safe and inexpc“

siVe method to deUVer a radiation丘eld that co虬fbrms to the vessel shape in the。p1．inlal

geometry．Chelation of 188Re to coⅡlpounds such as MAG3 wdl hther reduce the ra【ll；、．
tion dose to th。patient in case of baUoon rupture by the rapid excretion from thc bocly

lTighly concentrated 188Re．1abeⅡed radiopharmaceuticals may shorteTl irradiation tjnlP

for patients with prerequjsite concentratian of s01utions． S-Bz-MAG3 was syntlles讧e【1

and 188Re-MAG3 chelate was prepared in thjs study．

2 MATERIALS AND METHoD

2．1 Materials

188Re was obtahed from an山rIlina-based 188W／188Re Eenerator． Tlle sodlu Tfl

tungstate[188w]s01ution was provided by the Oak mdge National Laboratory(o；Lk

Ridge，TN uSA)．Elution of the generator with 0 9％NaCI provided solutions of carri州一

free 188Re as perrhenate．TheⅡuclide purity of 188Re was greater than 99％a11alyze(1 hy

7一spectroscopy with a high p11rity germanillIIl(HPGe)detector(GEM—15190，EG＆，(；

Ortec，Oak Ridge、TN usAl and the radiocheIIlical purity of Nal88Re04 was more

thaTl 95％by paper chromatography developed with 0．9％NaCl．【10】A soUd sc血tiuati oIl

counter with NaI(T1)crystal was used fbr radioactiVity IneasuTements．The IR spectlL、

were taken with a NIcOLET 360FT—IR spectrophotonIet盯(potassium bronⅡde) DJ

cyclohexylcarbo diiIIlide(Dcc，99％)，Glycyl91ycylglycine(98．5％)were from F1uka m1(1

N·hydroxysuccinjrnide(NⅡs)(98％)was from Acros．AⅡother clleIllicals were froIll

Shanghaj Chemical Co．and aⅡwere of guaranteed grade．TlLin layer c11romatogr“I)}1y

(TLc)was carried out 0n silica gel GF254，developiIIg agent：cⅡc13：cH30H：glacial acetic

acid=60：40：1．Xinhua No．1 paper was used for paper chmmatography

2．2 Synthesis of S．Bz_MAG3㈦12】

2．2．1 s_benzoylthiodycoⅡc acid(“1”)
8 8 g(o．22 rn01)of sodium hydr耐de and 9．2 g(o．1 m01)of thi091ycolic acid were

dissolved in a nlixtllre of 75 mL of t01uene and 75 mL of water and cooled in cⅥl ice

bath at about·5一ooc．14．059(o．1 rrl01)ofbenzoic acid clllorjde was added withjIl 30』n儿l
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while stirring，and stirring for another 30咖n at．5～0。C and additional 30“11 at room

temperatllre．The organic 1ayer was separated，waShed four times with water，and 1lH、

coInbined 8queous phases were acidi缸d to pH 1．5 by the addition of concentrate(1lly—

drochloric acid The precipitated product was矗1tered and dried．Recryst allization fr(¨1l

e￡hyl acetate gave 16 l g(83％)of product as colorless crystals with a meltillg point。r

99—101。c(Ref．【11]：102—103。c)

2．2 2 succinirnjdyl—s_benzoylthioglyc01ate(“2”)

9．89(o．05m01)ofs_benzoyhhioglycohc acid(“1”)and 5．759(o．05m01)ofN—hydrDx—

ysucci工lirnidewere dissolvedin 60mL。fabsolutetetrahydrofuranandthen cooledto-5。r

T11en 12．389(o．06m01)of dicydohexylc缸bodiiⅡdde，dissolVed in 20埘山of tetrahy(1I()-

furan，were added within 20血n wⅫe stirring．Subsequently the reaction rnjxtllre wtlh

stirred for 2 h at一5。C，亡hen at room temperatllre f．or 20 h．After the addition of 0 2 11吐nr

glaclal acetic acid and sti玎ing for an addltlonal hour，the product was矗1tered froTu t11r

N，N’-dicyclohexylurea and the resi“e was extracted twice with boiUng tetrally山。nu㈨

The coⅡlbiIIed丘1trates were ev印ofated to dryness and the c010rless residue was re盯、rl

t出1ized from ethyl acetate to obtaill 12．65 g(86．4％)of c。lorless needles with a mdtlTlg

point of 131—134。c(Ref[11]：135—137。c)；盛=1 o、

2．2．3 s．beIlzoyl mercaPtoace‘y1舀ycyklycyWycine(s—B2一MAG3，“3”)

1 42 g(7．5 mIn01)of glycylgIycyI百ycine was dissoIved in l nloI／L of NaOH(7 5 nlL)

solution Then this solution was added in 0ne portion to a waTm s01ution(60。(1)or

2．939 f10mm01)of“2”jn 25mL 0f acetonit蝴e．The Tmxtme was stirred I西4h at tllc

temperatllre，and then stirred at room temperature fbr 20 h The acid“y of the mixtⅢp

w船adjusted to pH 2 by addition of 1 mol／L of hydrochloric acid，and the re虬1niil笛

precipitate was丘ltered o正washed with water and recrystallized from isopTopanol ，J’】l(

sohd was dried in smca gel desiccator，resulted in 2．o g(73％)of“3”；嘞=o 45，lu p

103一195。c(dec)(Ref(6】：195一196。G)；m，cm一1(KBr)：3290(p—NH)，1708(p coo}r)，

1665(P—S—c=O)，1649(p—N—c=O)．

2．3 Synthesis and puri矗cation of 188Ik—MAG3 co唧ound

T0 a bu髓r solution of tartrate，4mg of SnCl2·2H20，4mg of酗corbic acid，1 mg or

S．Bz．MAG3 solution，and 0．5 II]lIJ of 188Re s01ution were added． The reaction n正xnlro

was allowed to react at boiling point of water fbr 1 h．The labehng yields and radiochelllf

icaI ptlrity of 188Re．MAG3 were detennjned by two-strip paper chromato铲aphy 011e

PC strip was developed with tetrahydrofllran：cllloroform：acetone=2：l：1 for detection of

188Re．MAG3 azld hydrolyzed rhe丑jum(1船Re02)i and the other Pc wnh no册a】s^ml。
for detecti。n 0f hydr01yzed rheni啪(188Re02)．【13j
188B．e．MAG3 s01ution was 0bta缸ed under the opti扛mm conditions． The reaction
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工Ili盖ture was 10aded onto Sep—Pak C18 Cartridge，which had been primed with 10 n1L of_

ethanol and 10InL of 1％acetic acid solution A fllrther 5mL of 1％acetic acid solutloIl

was eluted thTough the cartrid譬e，then the residu“solution was withdrawll bv越r The

cartrjd盛e was then e】uted with 1 II】山of ethanol／water s01ution，and the eluted s0111tinll

was c01lected in a出ass tube．After complete evaporation of the azeotropic ethan。lj wateI

sohtion．the residue was reconstituted with 1 mL of 0 9％saJine．

2．4 Stability of 188Re-MAG3 compound

After synthesis and puri矗cation，188Re—MAG3 was a】10wed to stand at ro。n1 tcnl

perature for 24 h and the radiochemjc以purity was checked at intervals of 0 h，3 h，《j l

and 24 h by two—strip paper chromato铲aphy

3 RESUITS AND DISCUSSION

3．1 Synthesis of S-B即MAG3

The benzoyl pr。tected precursor of mercaptoacetylglycyl91ycyl91ycine was synthP

sized following the synthetic route outUned in Scheme 1．The yield of“1”and“2”as weU

as the overall yield at一5 0。C are higher than those by Brandau．【1叫By using acetonit“lc

as s。lvent，the preparation of“3”avoided c。mpUcated extraction cours8

O

|l

∥＼⋯№吖

3

OH NaoH

83％
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2

scheme．1 Reaction scheme for the synthesis of S_ben∞y1Inercaptoacetylgly(：ylgly。y1glyri㈨(s—

Bz—MAG3)
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3．2 Synthesis of 188Re-MAG3 compound

3 2 1 EHbct of pH

The innuence of pH on the labeling yields was shown in Fig．1．Thc 1n丑uence was

fouIld to be negligibk．The labeUng yields were over 95％f0T
th8 pH froTrl 1 t()6、all(1

reached maxjmum at pH 5．

3 2．2 E矗bct of stannous chloride concentration

As a reducing agent，stannous chlorjde is Very iⅡlponant in labeling process The

dependence of t11e 1abeling yields of 188Re—MAG3 on the concentration of stann吼1s cIIln

ride was shown in Fk．2． When nle concentTation of stannous chloride was 1ess nmll

3 mg，tlle yield of 188Re-MAG3 is llIldeT 90％；and the labeUng yield reaclled 98％wlIe¨

¨1e concentration of staIlIlous chloride was 4 mg．

Fig．1 E怕ctⅡI)H uf rc∽‘ion mix乞llrc in恤e

188
Rt，一MAG3 synthcsis

Stannous chloride(m∞

Fig．2 E虢ct of tllc conceIltrati()n of stallIl”1l‘

chlori ck

3．2．3 Eff色ct of ascorbic acid concentration

Ascorbic acid can stabmze 10w—valence rhe血m．Fig 3 shows that the】abebng y纠fI
of 188Re．MAG3 is over 95％with ascorbic acid from l mg to 4 mg．4 mg ascorbic a cld was

selected

3 2 4 Effect of MAG3 concentration

The labebng yield。f 188Re．MAG。is over 95％with MAG3 from 0 2 mg to 1 2 nlg

(Fig．4) Obviously，MAG3 concentration does not a舵ct the 1abeling yield within thls

rango

3 2 5 EⅡbct of reaction tim8

The labeling yield increase as a function of reaction time at 100。C betw℃en 10
Io

50 rnin is shown in Fig．5 The maximum yield of over 95％was reached at about 50 nⅡ1l

and app盯ently constantbetween 50 and 70 rnjn．
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Fig．3 Enct of tlle conccn‘ration of AA

3 2 6 E艉ct ofv01蛐e 0f188Re added

vL)1．13

№G3fm讲
Fig·4 B开t：“of tllc cunccn‘r砒i(Ⅲof MAG3

The labeHng yield of 188Re—MAG3 depended on the volunle of 188Re added 11

d8。。。888d 88 a fhnction 0f volIlme of 188Re added(Fig．6)．when the v01ume。f 188Re()i
was increased to 4 IIlIJ，the 1abeung yield of 188Re．MAG3 was reduced to 93％．

R∞曲n帅fmin'
Fi5．5 E趾ct of tlle reaction tilne

水∞

叠

．墅
X

P

上60
3F
O 1 2 3 ●

Vdum80fⅢRe fm¨

Fig．B E如ct ot the volllllle of 188R【、

3 2．7 E艉ct of di艉rent transclIelation reagents

Under the叩t咖conditi。ns，citrate aIId duconate were llsed as traIIscllelati011
reagents，respectiVely．The reslllts show that the transchelatjon reagents don’t a舶ct tll。

labeli“g yield

3．3 Stability of 188Re-MAG3

The resllltg of stabinty ofl裙Re—MAG3 at pH 5 are shownin Tablel．RadiocheIIⅡc出
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Purity of 188Re—MAG3 was stiⅡm。re than 92％after 24 h storage at room temperature

T曲le l R^d如cllemical p11rity(％)of 188Rc—MAG3

In our studies，MAG3 and 188Re—MAG3 were synthesized via two procedllres iil_

cluding chelation of 188Re to transchelation reagent，Ugand exchange，and deprotectl011

。f the benzoyl group．The labeUng procedure was at hjgher pH with stannous c11lori(1e

as a reducing re89ent 188Re．MAG3 was puri矗ed and concentrated with Sep—Pak C1H

cartTidge to obt ain highJy concentrated，carrier free 188Re—Mercaptoacetyltriglycme．Tll E、

s印aration emciency of Sep-Pak C18 cartridge is more than 96％．188Re．MAG3 ex hil)lts

Zood stabmty．
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