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Preparation of启一methyl p-iodophenyl pentadecanoic

acid(BMIPP)and 125I—BMIPP
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Abstract A IIlet}lod with several stcps superior to litermm-c has been developed nr

the prcparation of卢一methyl p—iodophenyl pentadecanolc acid(BMIPP)．The syntllcsis

and pllysical properties of BMIPP are descnhed．It is characterized by IR，1 HNMR、
elementaI a11aIysi8 arld MS

1
25I—BMIPP can be prepared hy thrcc met}lods：direct

labeli“g，solid—state tran8fcr l“beImg and C11(I)a8s沁ted Iabeli“g． c11(I)a8s诂ted
labeling i8 simple and not neccssarv to punfy before cIin记柚118c It caⅡful矗l th

rcquirenlellt8 for kit lahelin卫

K。ywords 卢一nletllyl p—iodophe“yl pcntadecanoic acid．Fatty acid，125I—BMIPP，Ra—

dio labeling yield(冗工y1

CLC numbers R817．9，0621．3+5、0623 61

1 INTRoDUCTIoN

It is known that the heart uses many kinds of substrates for its energy metabolism，

especi a：ny fatty acids，they account for more than 70％of myocardi出energy lf we use

photon e血tting nuclides to radiolabel fatty acids．we can assess myocardial metab01ism

Previous iIlvestigations have shown that radiolabeled fhtty acids，such as
l 1

C—paLrllitate

and 123I—IPPA，provide clinically usefhl images of the heart and have a sensitivity com—

parable to thalbum f0T the diagnosis of cornary aTterv diseases fCAD)11引 臼．methvl—

p-iodophenyl pentadecanoic acid(BMIPP)is a nlethyl—branched long—chain fatty acid’

which is an aIl“ogue of IPPA A methvl盯oup was introduced at the beta—caTbon to

ac虹eve prolonged retention of the tracer in mvocardium Now it is of widespread in—

terest for evaluatmg myocardial metabohsm with SPECT峨剖，and has been widelv used

to test the viability of Tnyocardjll士n abroad【5J． In thjs work，we developed a svnthetic

method superior to bterature㈡ We svnthesized BMIPP with dornestic materiaJs and

radiolabeled BMIPP with 125I by three methods． Among these three methods，CufI)

assisted labeling is simple and its radi01abeling vieldf冗三y)can be over 95％ It can be

madeinto a kitfbrm

2 MATERIALS AND METHoDS

2．1 Instruments

YANADIMOTO melting poiTIt instrument(uncorrected，made血Japan)，FT—IR

spectrometer(made in usA)，PE2400 elemental analyzer(made in usA)，Varian Model

sopported by Natural science Fbundation of Jia“gsu Provin c c(BK97185)
Manuscdpt received datc：1999一ll一0l
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AM一400 Proton Nuclear MagⅡetic Resonance spectrometer(made in usA)，Packard
cobr8 7一counter(made in usA)，

2．2 Reagents

11_bromoundecanoic acid，4，4一dimethyl．2．ethyI—oxazoIine，n_butyllit扯111T1，and thd—

lium trinu叮oacetate were pr印ared by 011rselves，thionyl cllloride，dimethyl form刹de，
LiAlH4，tri丑uoroacetic acid，benzene，anhydrous ahlrllinum chloride，‰ethyI sulfb噬lde，

so dil蛐cya面de，potassillm hydr。妇de，diethylene glycol，hydrazine hydrate(85％)，phos—
phorus，Vita工Ilin C，gentisic acid，copper su№te and iodine were from Shanghai CheI血ca】

Co And aU were of chernjc“and an出ytical grade
lz5I．NaI solution was from Chjna

IIlstjtute of At∞11ic Energy，Bejj血g

2．3 The preparation of BMIPP

The reaction for脚1ae of the preparation of BMIPP are as foUows

B棚oc洲等}◎l一㈨翘—一
砂呦ocN制静◎蚴，c删掣一
◎呲c印嚆警◎峭w心on jL，

(III)
(IV)

◎⋯c吲带缈w蒜西餐
⑥№峨茹％心等⑥卜㈨：胜唰-I《：)扣H2)，ZHc02c：H5等《3卜(c呦，：8Hc嘲。H——kL一

(vI) (VII)

◎一㈨：胜刚蝼一◎一：蒜峪懦
(VIII) (IX)
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◎⋯茹嘞c雠避◎巾恸显心c∞嵫瓮

◎⋯：3毫睇删
(BMlPP)

2．3．1 11一Bromo．1一pherlylundecan．1-one(I)

1b a thee-necl【ed bottle were added dry 11-bro玎10undecanoic acidf549，0 2m01)，

thionyl chloride(20 mL)aIld dimethyl f0I’mamIde(o．5 mL)，the IIllxed s01ution was stirre(1

and reauxed fbr 1h． The reslJlting brown solution was c001ed to 10。C，250n1L of dry

thjopheⅡe．奇ee benzene and anhydrous AluInin岫chloride were added in a smaU portion

Then the nlixture was contirmously re丑1lxed fbr 2 h，After coohng，pour it into 300 mL

H2 O Benzene lay盯was s印arated and the in。fga上lic layer was extracted by benzene

foT thee tiInes．Combi血ng the orgallic layer aIId evaporating，the residue was distiⅡed

under vacu砌to give 39 g(60％)of c010rless crystal(bp：220。c／2kPa，Inp：49～51。c，IR：
3030 cm_1(一cH)，1680 cm_1(c=O)，770，690 cm_1(一ph))
2．3．2 11．cyano一1一phenylundecan一1．one(II)

To a three—neclced bottle were added I(65 E，0．2moL)，200 I玎【IJ of dimethyl sulfb血de

and sodjum cya血def0．22m01)，the resulting solution w8s stiTTed at 90。C for 4 h． The

1nixture was cooled to room teInperature alld poured into 400埘山ofH20．After 6ltering，

the sobd was recrystallized by petroleum to百ve 49 g(90％)of wllite crystaJ II(mp：
56～570C，IR：1680 cm一1(C=0)，2245 cm一1(C三N))、

2．3．3 Methyl 12．phenyldodecanoate(III)

A ndxture ofII(569，o 2m01)，85％hydraz血hydrate(o．3m01)，PotassiIlrIl hydroxide

fl 0m011 and 250 rnL of djethylene 91ycol was renuxed for 2h The rrdxture was dist订1ed

untiⅡthe solutioⅡre8ched a temDerature of 210。C and then heated under renux fbr 4h

tm no gas was sent o正 The resulting solution was acidi丘ed by 12N HCl and white

precipitate was formed．After mterinE，the sohd was 111ixed with 250 rnL of methan01 and

10IIlL of con H2S04．The mi]【tllre was re丑uxed for another 4h and poured into 300mL

of H20 and extracted 3 times by Et20．Et20 was re珂【oved and the residue was distjlled

lulder vacuum to give 53 g(90％)of colorless 1iquid III(bp：196。c／2kPa，IR：1730 cm-1(‘
COOCH311．

2．3．4 12．phenyldodecan-1一ol(IV)

III(30 g，o．1 m01)was added dropwise to a stirred suspension 0f LmJH4(o lm01)in
200Ⅱ正ofanhydrous Bt20．The reslllting mixtIlre was renuxed for 4h aIld was carefuuy

poured into ice．water，acidi6edby HCl and extracted se唧al tiIIles with Et20．The com—

bined Et20 was dried over anhydrous Na2S04，aⅡd the solvent was removed The residue
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was recrystallized by petroleum to舀ve 24 g(90％)of white c‘yst“IV(mp：40～4l。c，
IR：3500 cm_1(-OH))

2．3．5 12．phenyldodecyl iodide(V)
A mixtⅡe of IV(26 29，o．1m01)，iodine(15．24 g，o．06m01)and ph。sphorus(3 2 g，

0．1 mon was heated a￡150～1600C for 40 ll The埘xtufe wa5 powed into如O mld

行ltered，the 61trate was extracted by Et2 O and was conceIltrated in vacum to a行brd

a brown residue， The residue was djss01ved in petrole哪and appbed to sihca colurrm

The c01uJ：Im was eluted with petrokum and the eluate was dTied over anhydrous N82S04

The solvent was removed in vacuum to afford V，and the crude V c卸be put into the

11ext reactioll without beiIIg purmed．

2．3．6 Ethyl 14．phenyl．d．methyltetradecanoate(VI)

n-butvllithium solution(100mL，1．2mol／L)was cooled to一60。C，then 2一ethyl—4，

4．dirrlethvl—2．oxazobne(51．8 g，0 14 rrl01 h 50加工of THF)was added dropwise to the

above solution．After the resllltmg Tnjxtllre was stirred at一60。C f0T 1h，the temperature

was r血sed to 35。C，and the cTude V in 50埘山THF was added，keep the reaction at

t王1is tem口eratⅢe for another 1 h． Then rise to room tempeTatllre． The ndxture was

Poured into H20，acid访ed to neutral and extracted 3 times by Et20．After Et20 was

removed，the residue was refluxed with 200 1nL of H20 and extracted by Et?O．The

combiTled Et20 was dried over anhy山ous N32S04，and the s01vent were removed．The

residue was distjUed in vacuum to afF0rd 309f85％)ofyelIow liqujd VI(bp：224。c／2kPa，
IR：1730 cm 1f—COOC2H5¨．

2．3，7 14．phenyl．d．methyl tetradecan一1．ol f．旷II)

VIf34．6臣，0 1 moLl in 50 mL of anhydrous Et20 was added dropwise to a stirred

suspension of LjAm4(49，o．1m01)m 200mL of姐hydrous Et20 as descTibed for IV

After the solvent was removed，The resjdue was distilled in vacuum to give 289(90％)of
colorless liqIlid vII(bp：2lO。C／2kPa，IR：3500 cm一1(一OH))
2．3．8 14．phenyl．d．methyl tetradecyl iodine(VIII)

A mixture of VII(30 4 g，o 1m01)，iodine(15 249，o．06m01)and phosphoTus【3．29，
0 1 m011 was heated at 150～160。C for 40h The rnixture was pouTed into H20 aTld

矗1tered as described for V．The solvent wa5 removed in vacllum to give VIII and the

crude VIU can be put into the next reaction without being purined

2．3．9 14．phenyl．血．methyl tetradecane nitrik(Ix)
A IIlixt叮e of the crude vIII(41 49，o．1m01)，200 rrlL of dimethyl sulfb】【ide and

so山m cvanide f0．22 m01)was stirred at 900C for 4h，and was c001ed to room tenl一

perature，poured into 400mL of H20，extracted 3 times by Et20，After the s01vern was

removed，the Tesldue was distmed in vacuum to affbrd 22 g(70％)of c010rless hquid Ix(bp：

206。C／2kPa，IR：2245 cm一1(-CN))．
2．3．10 p．methyl．15．phenyl pentadecanoic acid(BMPPA)

A T址xture ofIx(319，o．1m01)，200mL of ethylene glycol and KOH(o．5m01)was re’

丑uxed tm no NH3 was sent om The lIlixtuTe was c001ed to room temperature，poured lIlto

H20．and acidined by HCl to white solid was precipitated After矗1tering，the s。Ud was

recTysta工Ⅱzed by cH3cOcH3 to afford 30 g(90％)of white soⅡd BMPPA(mp：38～39。(：
IR：1700 cm一1(一COOHl，1500 cm一1(一ph)，Theo Anal：c，79 52％，H，lO 84％FbuIld：

c，79．07％，H，9 74％1HNMR fcDcb)，6(10一6)：o 96(d．3H，cHcH3)，1．27(s，22II，

cH2)，1．95(s，1H，cH)，2．25(d，2H，cHcH2c02)，2 58(t，2H，phcⅡ2)，7．27(s，5H，A1一H J；
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Ms，m／e：332(M+，8)，314(M+一H20，儿)，104(M+一113c(cH2)9cH(cH3)cH2cOOH，18)，
92(M+Hc(cH2)locH(cH3)cH2cOOH，34)，91(M+一(cH2)ucH(cH3)cH2cooH，loo)．
2．3．11口．IIlethyl-15．(p．iodophenyl)pentadecanoic acid(BMIPP)

BMPPA(10 E，O．03 m011 was renuxed in 50 mL methanol conta主Ili工lg 0．2mL con

H2S04 for 2h TheⅡ正xture was poured into H20，and extracted by Et20 The sol—

vent was removed aIld the s01id was recry5tallized by CH3COCH3 to give 9．0 g(87％)，IR
spectrum demonstrated that it was metliyl 15．phenyl．3．methvl pentadecaIloate Methvl

15．phenyl．3一methyl pentadecanoate(1．0 g，3工I!Il!011 and U1aⅡium trinuoroacetate(2 0 g)
in 20血L of tr珊uoroace“c acid were stin。cd under Ted hght at room temperature fbr

5 days． Potassium iodide(1 5 g)ill 10I丁ll wat?!was added，and the resulting rnjxture

was stirred for 15mjll．FoUo、Tred bv thc；：d出tion or oodiunl t上Lio趴LLfate f1 g)the r“x—

ture was stirred fbr another 15 r血n poured i】】to 100 mL water and mtered The crude

precipitate was recrystallized from cH3COcH3 to give 0 859(60％)of yeuow needle crys—

tal BMⅡ’PfmP：48～50。C，IR：1700 cm一1(一COOH)，1500 cln一1f—phl Theo Anal：C，

57．64％，H，7．64％Fblmd：C，56．92％，H，7 64％．1HNMR fCDCl3】，占(10 6)：0 96(d，

3H，CHCH3)，1 27(s，22H，CIl2)，1．95(s，1H，cH)．2 25(d，2H，cHcH2c02)，2．58(t，
2H，phcH2)，6 92(d，2H，Ar-H)，7．57(d，2H，Ar—II)：Ms，m／z：458(M+，12)，314(M+一T，
OH，30)，313(M十一I，H20，100)，217(M+I，HccH2cH(cH3)cH2cOOH，76)，131(M+I，
cH(cH2)7cⅡ(cH3)cⅡ2cOOH，32)，92(M+一I，cⅡ(cH2)10 cH(cH3)cH2cOOH，100)

2．4 The preparation of 125I—BMIPP

1¨5I-BMIPP can be prepared bv the fbUowing three methods：

2．4．1 Direct hbeling【6j

BMPPA(1．0mg)was dissolvc』in 1mI。thalh山I二trinuoroacetate aIld出lowed to

stand at r00m temperatWe fbr l h N3ⅪoI(18 5 MBql waE added to the insitu parath al—

lium coInplex and sealed to react for l h at 603C to vjeld
1
25I—BMn?P，and cxtracted by

chlorofom or hexane f3×1 mLj tu pur!iy

2．4．2 Solid．state transfer!abe!inz”j

BⅦPP(0 5mg)and砌moni眦sulf乱e(1 5lug)were diss01Vedi：l ethaIlol(0 5mL)
A±ter the additioIL ofNal25Ifl8．5MBq)，the solution was dricd under a steam of njtrogen

aIld auDwed to react fbr 2h at 170。C to fornl”5I—BMlPP．C001ed to room temDerature

and extracted by chlorofbnn or hexane to puri“

2．4．3 cu(I)assisted labelinEl8j

Pre】imjnary radiolabeling showed that显Ey or 1=5I．BMIPP could reach 95％，so we

made orthogonal desiP：Il to choose the optimal iodolabeling con出tion． On the base of

iIlitial 1abeling．five of the foUowinz six缸nl姗【ce factors were缸ed，and the sixth fac—

tor was varied from a certain range，then皿上y was determined，Ib a clean peIlicillin

Vial contailling 1 Omg BMIPP，Vitc(1～20mg)，gentisic acid(1～5mg)，copper suⅡhte

(20～100pg)，400肚of an 0xygen一土ree ethanol soluti。IL(conc耻tration from 20％～100％)
and Nal跖I(18．5 MBq)were added The vial was sealed and heated at dif＆rent cemper—

ature for difFerent times to vield u5I-0MIPP

2．5 Determina￡ion of radi。chenlical pur!ty(冗0P)a：Id冗Ey

2．5．1 Smca gel sheets with th。solve二+：。f 5％eth让。l卫l ether．矗f、，aJue for 125I—BMIPP
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and
1
251 were O．9一1．O aⅡd O．O，respectively．

2·5·2 smca gel plates(soaked ill HsA)with Lhe；olve吼of 2．5％methanol jn methylene
chloride 冗f value fbr 125I·BMll)P aJld 1251 were 0 6～O．7 and 0 0，respectively

3 RESUI口S AND DISCUSSIoN

3．1 we have made some硫provemeIlt in the preparaCion of B～ⅡPP based on the literaturel6

During the synthesis of V and VIII，we used sinlple io dine method instead of the reported

method，in wMch the source materialiodotrimetllylsilane is expensive and nmst be im．

pcfted． In thjs simple jodjne me￡hod，the yjeld of the key sequence has sjgni矗cant】y

iIIcreased The total yield is 43％from IV to BM甲PA niterature【6】：26％)，so the cost

of synthesis i5 greatly decreased A11 data of IR，1HNMR，MS and Inelting point of the

terInjna】product BA伊PA and BM工PP、vere in accordance wj恤those of ljterature吼
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3·2 Direct labeli“g of BMIPP usi：19 an o。gnnjc thaUil血intermediate had some advan—

tages such as 10w terrlperature，short89e of reaction time aⅡd hjgh labeling emciency
(M曲er than 90％)．But fronl the chernical pojBt of view，the compollnd 0f thamum is
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central to豇c．It can’t meet the real“tlabeling condition because it is necessary to puTify
before cunical use The RLy of soud—state transfe¨abellng of BMIPP was oILly 65％

and the尼GP was over 98％after purmcation．It can’t be made iIIto a kit form ejthe。

because of its low咒三y．

3．3 h order to overcome the central to】【icity 0f direct 1abeling and the harsh terms and

low yield of s01id—state transfer 1abeliⅡg，we use copper(I)as cat以yst and radiolabel

BMIPP【8】．A丑三y of 95％can be obtained(see Fig 1．to Fig．6．)．

，mJn

Fig．5冗工y of 125I—BMIPP at difrcrent

reaction time

1蠹
∞

；：
∞

∞

∞ ∞ ∞ 1∞ 1扣

Fig．6冗Ly of 125I-BMIPP at difFcreIlt

reactloIl temperaute

From Fjg．1 to F培6，the optim“1abeling condition was：VitC 10 mg，gentjsic acid

over 3 mg，copper sulfate over 60肛g，concentration of an oxygen—f}ee ethanol solution

over 70％，reaction time over 30 miIL and reaction temperature over 800C Cu(I)assisted

labehng is a simple new chernjstry appncabk on iodinated aryl compounds，based on the

nucleophilic exchange assisted bv Cu(I) Thjs method can f伽the reqllireInents for a

good kit prepaTation of iodine labeled radiophamaceuticals． Presently we haⅣe made

severaI kit prepara“ons and these kits prepared 1¨5I—B蚶PP haⅣe been used with success

in anim出studies．
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