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, ' Duringthisgrantpeded1 Jan 1988-31 Dec 1990, we havesuccessfullydevelopeda numberof new
approachesto fluorine-18labeledCOtT_XNJnds,preparedseveralnewmcliotrlu:ersfor bothanimal studies
and eventualclinicaltdais, andexpioredtheutilityof a hl{_l-oMaityindustdairobotin radiopi'.Lrma_l
applications."rh4)progressdudng the lastgrantperkx:lis sumn_jdzoObriefly in the followingSb'Ctions.
Publicationsarisingfromthis researchare listedbelowandcan befound in Appendix I.

t, Summary of accomplishments.

Project I. New Methodsof [IgF]Fluodnatlon.

(I) Pmduct_n of [llBF]fluoddeion. Whenthis grantperlodbegan, hlghsPedflc actlvity[tsF]flU°ride
ionwas not availableal thisirstttution. We haveconstructedand fullytested a smallvolume(1 ml), high
pressurewater targetIgr the routineWo(Ix:_n of [18F]fluorideIonusingthe 180(p,n)lSF nuclear
reactionon enrichedwater. This targethas provenexceptionallysuccesstuI,andcan beusedto prepare
largequamttiasof radionucide(700 mCi)is shorttimes(20 rain). This tarot designis used|nourroutine
producbontarget,useddailyfor preparationof [18Flfluodde ionfor bothresearchinthisgrantas well as
routine pn0du(:l_nof [18F]FDGand[18FJGBR12909 tor clnical studies. To maximizereliabilityand slow
for periodiccleaning (withoutconcommitantdowntimef_r activationproductsto decay)we haveactually
constructedtwo identicaltargetswhk:ham rotatedona pedodicbasis. Thetarget is rnomfully descdbe_
in publication17.

(2) New precursorsfor nucleophilicaromatic[18F]fluodnation.We havepreparedandfullyexamined
a sedesof aryltdmethylammonIumtJtfluoromethanesuIton_esas easy to prepare,stable,and highly
reactiveprecursorstorthe synthesisof [18F]arylfluorides.The useof the cationicprecursorsallowsboth
the use of lower reactionternperalumsand the simpleisolationof nuetral,[18F].labeled products(easW
separatedfrom chargedprecursor).We alsoexaminedaryldirnethyisuIloniumtrifluoromethanesultonates
as precursors,but these provedunsuitableforhighyieldsynthesisof aryl [18FJfluorides.

This methodoffluorinationproved importantinthe deveiopr:-,entof [18F]GBR131lg and
[18F]GBR 12909, newradiopharmaceuticalswe haveusedInanimaland humanstudiesof thedopamine
reuptakesystem. Furthermore,the synthesisandappli_n of thesecationicprecumshas been
adopted and duplicatedby at least two otherresearchgroupsworldwide.

This work is reportedin publications2 and 16.

(3) Synthesisof [18F]fluorobenzylbromide.We haveexamined the synthesisof 4-
[18FFJfluorobenzylbromideas a precursorfor radiophamlaceuticalsyntheses. The benzylgroupsis an
importantfunctionalgroupin a numberof drugs,inckdng dexetimide(muscartnicantagonist).We have
examinedthree routesto fluorobenzylbromide. Route(a) utilizedthe nitrileprecursor,whichwas then
reducedto the correspondingaldehyde andbrominated. Route(b) again utilizedthe nitdleprecursor,but
inthiscase the nitdlewas reducedalithewayto the hydrocarbon,whichwas then brominated. Finally,
route (c) utilized the aldehyde as the precursor,whichwas inthe secondstepbrominated;thiswas the
shortestroute to the desiredproduct. NI ofthese synthestiorouteshaveworked in lowyieldon boththe
carder andcarder-frees_les.

(4) Ring-openingreactions. The openingof cyclicethersusing dimethyiboronbromidehas been
reported to yield the correspondingbromoalcohols,by the nucleophilicattackof bromide ionon the
oxygen-Lewisacidcomplex.We have examinedthe POSSibilityof interceptionofthe indpientactivated
ether by [1BF]fluorideion, to yieldthe ¢orresponing[tgFjfluoroaCohol. Althoughthe reagentwas
successfulin the ring-openingof cyctohexeneaxle.to the co_nest,.nclitr_sl_'o.mo.hYd_n,inwre:aCt_ons
where [18F]fluoddewas addedwe could Irvitdetectthe preserloem zm_L rjlclu, u.yu-,: .....

continuing our efforts in thisnovel approachtofluodnalionof alkanes.

5. [lSF]FIuodnationof thiophene dngs. We have extended the nucleophilicaromaticsubstitution
reactionswith [1si=]fluorideion to includepreparationof fluorothiophenes.The reactionof [1BF]fluoride
withthree thiophene-2-carboxaldehydeswas examined., Substitutionof the 5.bromo compoundgave
reasonable yields, butthe 4-bromodenvaliveprovedunreactive,and the nitro substitutedthiophene
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gavesmall amountsof the [18F]fluorothiophenebut mostlydecompositionproducts. These resultsare
consistentwith the literatureon nucleophilicsubstitutioninthiophenerings. This workis reportedin
paper5. ' '

6. Preparationof [18F]tdfluorornethyI groups. A newand potentiallypowerlulmethodforthe

synthesisof no-carder-added[18F]trifluoromethylpsr_)upshas been devised,incollaborationwithscientistsfrom Parke-DavtsCo,, Reactionof rica[ F]fluoddeionwithbromodtfluoromethylgroupsyields
the [18_luoromethyi groupsingood radiochemicalyield. This reactiondoes not re(Nim high
temperaturesor lewis acidcatalysts.This ispote_ally a methodfor labelinga wide varietyof
pharmaceuticalswhichcomtaintrifluoromethylsubstituents.Thisworkis reportedin paper 9.

7. Synthesisof [18F]fkx)roethers. In an unusualreaction,we have examinedthe isotopic
substilulionof 1,1-difluoro-2,2-dichloroethy;ethers by [l°F]fluorlde ionto yield the correspondingcarder-
added,fluorine-18 labeledethers. This reactionis an isotopicsubstitution;reactionin the ringwas ruled
outby su(xmsslulsynthesisofthe benzeneanalog,andthe Wo(kct obtainedwas identicalby ali
chromatographicmethodswithauthenticstarting mstedai. This substitutionby nucleophilesis
precedentedinthe literatureof pedluoroalkyiethers. Thisworkis reported in papers 10 and 29

8. New approachtofluorocatechols.Aspart of ourinterestsin thesynthesisof fluorine-18labeled
catecholamines,such as dopamine,DOPA,and norepinephrine,we haveexamined a new synthetic
routeto no carder addedfluorocatechols.This approachutiizas a substitutedo-salicaylaldehydeas the
syntheticprecusrsor,which isfirstsubstitutedwith [18F]fluonde ionandthen oxidizedto the catechol. By
thisroutewe haveprepared NCA[18F]fluorocatechol"Thiswork is reportedinpaper 28.

9. [1SF]Fluorinationof pyridazines.We havealso examinedthe reactionof [ICF][fluorideionwith
chloropyridazine,nitrogenheterocycleswhich maybe substitutesfor benzene ringsincertaindrugs. We
havesuccessfullyprepared several[18F]fluoropyridazines bythisapproach,includingone whichdoes not
have activationbya electron-withdrawinggroup. Thisworkis reportedinpublication30.

10. New radiotracerdevelopment. This researchgrant hassupportedin part the developmentof four
specifictypesof radiotracers,dopamine reuptakeinhibitors,calciumchannelblockers,GABA reuptake
inhibitors,and norepinephrinereuptakeblockers.

a. Dopamine reuptakeblockers.We havepm_pared,fullycharacterized,and extensively
examined in aninrnalmodelsthe new radioligands[18F]GBR13119 and[18F]GBR12909. These are
selective,high affini_,yligan0s forthe dopamine muptakesite. These radiotracerscould be successfully
utilizedto image the DAuptakesites in animals,and[18F]GBR12909 wasluther developedand brought
into clinicaltrials. In attemptstoimprovethekineticbehaviourofthiscompound,a limitedQSAR studywas
done, showingthat some alterations(substitutionof a thiophenering)am allowedbut otherchanges
(shorteningof _,lkylchain)are not. The resultsinthisarea are inpublications
1,2,3,4,5,7,8,1 2,13,15,19,20,22,23,25,and 26.

b. Norepinephrine reuptakeblockers. We havepreparedandexaminedinmice a specifichigh
affinityligandfor the nore_nephrine reuptakesite,[11C]nisoxetine' Althoughthis radiotracershowed
regionalspecificityandpharmacologicalspecificityexpectedof a NE reuptakeinhibitor,thiscompound
showshighnon-specificbindingwhichmay limititsusefulnessinvivousing PET. Thisdata is reported in
publications 6,14 and 15.

c. GABA reuptakeinhibitors.In a collaborationwithParke-Daviscompanywe haveprepared
several GABA reuptakecompounds as potentialmappingagents tor thissite. These compoundsutilized
the chemical synthesismethodsdevelopedfor the GBR classof compounds. Animalwork with these new
compoundsis underway. The chemical resultsaredescribedinpublications9,24and27.

d. Calciumchannelblockers. With an interestinthedialkylplperazlneclassof calciumchannel
blockers,due to thiersimilarityin structureto the dopamine reuptakeinhibitors,we haveprepared
fluorine-18labeledcinnarizineand flunarizine. Initialanimalsstudiesdidnot show regionalbindingto the
DA uptakesite.This work is reportedin publicatione 11 and21.
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Project 2. Applcations of RoboticsinFtadiophamtaceu_.,alSynthesis.
I
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Ourinitial_ were to incorporateroboticsintothe synthesisof PET radiotracen;.However,continued
s4x:cel,dulchemicalwork (fundedthroughDOEgrant DE-FG02-87ER60561,D.E. Kuhl,P.I. ) has
elminatedthe needfor a robotin mostof oursyntheses.We have thereforeevaluateda robotinthree
otherapplications.

(1) Materialhanding. We haveutilizedthe PUMA robotforthe insertionandseatng of productvials
intothe "rabbits"used in ourpneumaticdetvery system. Thiswas a highdose,manualoperationwhich
defeatedthe goalsof reductionof radiationdose to personnel. The robotprovedquiteadept at this
operation. This need was elminated, however,by redesignof the rabbitsandthe pneurna_i¢tube
sendingstation.

(2) Metabolte analysis.A routine,repetHN_task in PET studiesis theanalysisof bloodsamplesfor
radlotmeermetaboltes. This is anexcellentapplicationspolntfor robotics.To thisend, we hawe
standardlaboratoryequipment(sydngee,centrifuges,vortexmixers)to opertateIntandem withthe PUMA
robot. The robotis thus capableof performingmetaboiteanalysesusingstandardSEP-PAKtechnology
forimparations.

Inthisworkwe haveshowedthe feasibilityof a roboticapproachtothistask. ltwasclearthat a
simpler,less expensiverobot(1.e.,fewer degreesof treedominthe robotarm)wouldfunctionjustas weil.

(3) Preparationof Copper-62generators. Our mostr_cent applcationof the robotis in the
preparationof generatorsfor copper-62. The chemistrybehindthe productionof the parent nuclide,zinc-
62, and assemblyof a resincolumnusedfor thegeneratorhave been reproducedfromthe literature(our
cyc_ron, at 30 MeV, can preparezinc-62madly). We haveassembleda compactrobotcage (Figure1)
whichfitsinsidea standard-sizedchemicalhood. The robotoperatesintheInvertedposition,as this
providesthe greatest envekopeofworkingspace. Specializedhandsforthisrobothave been
constructedinourfacility. The robotsystemis currenAlyundergoingevaluationas a safe,automated
methodfor the productionof copper-62tor PET studiesin ourinstitution.

Project3. Reviewof fluorine-18chemistry.

This grant hasalso supportedthework bythe ProjectLeaderMichaelR. Kilbouminthe research torand
wdlJngof a (x)nc)rehensivereviewof fluorine-18radiopharmaceuticalchemistry,which is in press(tobe
publishedbyNationalAcademyofSciences).Thisis publication31.
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Manuscripts

1. K]lboum MR, Haka MS: Synthesis of [18F]GBR 13119, a presynaptic dopamine uptake
antagonist. ApplRadiat Isot 1988; 39:279-282.

2. Haka MS, K]lboumMR, Watldns GL: Aryl tdmethylammonlumtrifluoromethane-sulfonatesas
precursors to aryl [18F]fluorides: improvedsynthesisof [18F]GBR 13119. J LabelledCmlXI
Radiopharm1989; 27: 823-833.

3. Kit)oum MR, Haka MS, MulhollandGK, Sherman PS, Pirani T. Regional brain distdbuUonof

[18F]GBR 13119, a dopamine uptake inhibitor,inCD-1 andC57Bll6 mice. EurJ Pharm.1989;
166:331-334.

4. KIIboum MR, Carey JE, Koeppe RA, Heka MS, Hutchins GD, Sherman PS, Kuhl DE:
BiodlstributJon,dosimetry,metabolism and monkey PET studiesof [18F]GBR 13119. Imaging
the dopamine uptake system in vivo. NuclMedBiol 1989; 16:569-576.

5. Kilboum MR. Thiophenes as phenyl bk:Ptsssteres: Application in radlophaanaceutical
design I. Dopamine uptake antagonists. Nucl. Med.Biol.1989; 16:681-686.

6. Haka MS, Killx)um MR. Synthesis and regional brain distributionof [11C]nisoxetine, a
norepinephrineuptake inhibitor. Nucl MealBiol.1989:16;771-774.

7. Kilboum MR. In vivo bindingof [18F]GBR 13119 to the brain dopamine uptake system. Life
Sciences 1988; 42:1347-1353.

8. Haka MS and KilboumMR; Synthesis of [18F]GBR 12909, a dopamine muptake inhibitor.J
LabeledComlxis Radiopharm,in press

9. KilboumMR, Pavia MR, and Gregor VE; Synthesisoffluorine-18labelledGABA uptake inhibitors.
ApplRadiat Isot,in press

10. KilboumMR and SubramanianR. Synthesisof fluodne-18labeled1,1 .difluoro-2,2,-dichloroethyl
aryl ethers by 18F-for-19Fexchange.J LabeledCompdsRadiopharm

11. KilboumMR: Synthesisof [18F]flunartzine.Nucl. Med. Biol, submitted
12. Kilboum MR, MulhollandGK, Sherman PS, and PisaniT: In vivo recoveryof dopamine uptake

sitesafterMPTP treatmentof C57BIJ6 mice. Biogenic Amines,submitted

Abstracts

13. KilboumMR, Haka MS, Ciliax GH, Kuhl DE: Synthesisand regionalbrainuptakeof [F-18]GBR
13119, a dopamine uptake blocker. J NuclMed 1988; 29:767.

14. Kilboum MR, Jewett DM: Syntheses of carbon-li labeled nisoxetine and fluoxetine,
monoaminereuptakeinhibitors. J NuclMed 1988; 29.'932.

15. Kilboum MR, Haka MS, Mulholland GK, Jewett DM, Kuhl DE: Synthesis of radiolabeled
inhibitorsof presynaptic monoamine uptake systems: [18F]GBR 13119 (OA), [11C]nisoxetine
(NE) and [11C]fluoxetine (5-HT). J LabeledCmpdsradiopharm1989; 26:412-414.

16. Haka MS, KilboumMR, Watldns GL: Aryl tdmethylammoniumtrifluoromethane-sulfonatesas

precursorsto aryl [18F]fluoddes.J LabeledCmpdsRadiopharm 1989; 26:17-19.
17. MulhoilandGK, HichwaRD, Kib:)um MR, Moskwa J: A reliablepressurizedwater targetfor F'18

productionas high beam currents. J LabeledCmpdsRadiopharm1989; 26:192-193.
18. Mulholland GK, Mangner TJ, Jewetl DM, Kllboum MR: Polymer-supported nucleophilic

radiolabeling reactionswith [1BF]fluorideand [11C]c-yanideion or quaternary ammonium resins.
J Labeled CmpdsRadiopharm 1989; 26:378-380.

19. K]lboum MR, Haka MS, Ciliax BJ, Penney JB,, Young AB: In vivo autoradiographyo!

[18F]GBR 13119 binding in rat brain. Society for Neurosclence, 18rh Annual Meeting,
Toronto, 1988, Abstract 376.11.

20. KIIboumMR, Haka MS, KoeppeRA, Clliax BJ, Penney JB, Kuhl DE: Developmentof [18F]GBR
13119 for PET studies of the dopamine reuptake system. J. Cerebral Blood Flow and
Metabolism. 1989; 9:$15.

21. Kilboum MR: Syr_hesis of [F-18]fluorocinnarizine, a calcium channel blocker.J. Nuclear
Medicine 1989; 30:753.
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22. Mulholland GK, Kilboum MR, Sherman PS, PtsaniTL: In vivo changes in strtatal bindingof
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of [F-18]GBR 12909, a dopamine uptake Inhibitor. Society of Nuclear Medicine 3?rh Annual
Meeting,Washington,D.C., June 1990.

24. KilboumMR, Pavia MS, GregorV. Synthesisof fluorine-18labeled inhibitorsof GABA reuptake.
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D.C., June 1990.
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18 labeled fluorocatechols.EighthInteranationalSymposiumon RadiopharmaceuticalchemistrY,
PrincetonN.J., June 1990

29. KllboumMR and SubramantanR, Synthesisof fluorine-18 labeled 1,1.difluoro-2,2-dichloroethyl
ary ethers by isotopic exchange. Eighth Interanational Symposiumon Radiopharmaceutical
chemistry,PrincetonN.J., June 1990

30. Mourad A and Kilboum MR, [1SF]Fluorination of heterocyclic dngs: syntheses of
[18F]fluoropyddazines by nucleophiltc substitution. Eighth Interanational Symposium on
Radiopharmaceuticalchemistry,PrincetonN.J., June 1990

Books
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irl. Postdoctoral scholars trained 1988-1990 , ,

Althoughtills DOE grant has not providedtundstor the trainingof postdoctoral¢heffdsts.the grant has
been usedto supportthe laboratoryworkof a numberof postdoctoraltellows. The to,owing listof
indivldurllswere involvedinthisworkdudngthe grantperiod.

Dr. G. LeonardWatldns
Directorof PET Chernislry
Universityof iowa

Dr. litctlai S. Haka
Research Invesl'gator
Divisionof Nuclear Medicine
Unlvemityof Michigan
Ann Arbor,MI

Dr. PulakChakraborty
Research Fellow
Divisionof Nuclear Medicine
Univemltyof Michigan
Ann Arbor,MI

Dr. Alaa Mourad
Research Fellow
Divisionof NuclearMedicine
Universityof Michigan
Ann Arbor,MI

Dr. RaghuSubrarnanian
Midwest Research Institute
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