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Synthesis of

2一[18F]fluoro一3-[2(s)一2-azetidinylmethoxy]pyridine as a

radioligand fbr imaging nicotinic acetylcholine receptors
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Abstract Nicotinic ace‘ylch01ine receptors(nCh风)are inv01vcd iIl tllu varm_
pharmacological e仃ccts or di8ea8e 8tates．In order to 8tudy七he ceⅡtral nChRs by PET

or SPECT，some radi01igands havc becn investigated In七hi8 paper，the proce dIlrl’

for synthesis of 2-f18 F]auoro．3一[2(s)一2一azetidinylmethoxy]pyridinc(2一[18 F]一A一8538u)．n

potentia王PET ligaIld for iⅡvivo im89ing nicotin|c acetylcholine re。印tor was desfnhⅢ】

2·[”F]-A-85380 was prepared from the precursor，2-nitro_3-【(1一(tert_but01ycarhollyl)一

2一(s)一azetidinyl)methoxy]pyridine(生)，which was synthesizcd with comme r(i出(s)一2一

azetid-inecarboxylic acid as starti“g material．The whole procedure for radiosyntllcs沁

a工ld puri矗cation was executed in about 1 h and 45 55％of the added丑uorine一18 w”

f01lnd in the puri矗ed 2一f18F1一A一85380，with speci^c activity of 1 0 2 2×1011 Bq／pIll‘)l

Keywords NicotiIlic acetylcholhle rec印tor8，Precursor，Ihdioligan(1，18F．

Radiosynthcsis
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1 INTRoDUCTIoN

Manv stu山es haⅣe revealed that Nicotinjc acetykholiILe receptors(nChRs)are 1n-

v01ved in the v叮ious pharmac0109ical e行bcts or disease states，such as tobacco addictioIl，

seizure，analgesia，Alzheimer’s Disease and Park血son’s Disease Il_4】In order to study

the central nChRs in Uving subjects by PET or SPECT，some hgands were syntheslzed

and radi01abeUed with 18F，11C or other radioisotopes．Among those potentiaj hgands．

f11 C1．nicotine was the矗rst one used for imaging nChRs in ViVo，p while。PibadiIle，a

natuTal product isolated from South American frogs，once was the most pro删slng，duc

to its exceptionally lligh speciflcity and selectiVity f0T nChRs iII ViVo，and lLas beeIl la

beled with 18F 1eadiIlg to f18F1NFEP or[18F]N—methyl—NFEP 16J unfbrtunatel y1 toxlclty

concems for epibadjne aIld its analogs impede their mrther use in humarL beings“8 FoT
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this reason，the later stu djes co丑centrated。n the synthesis of bss toxjo印jbadme-based
tracer HoweVer，some analogs stiU demonstrated a substantia】portion of t11e parent

UgaIld’s to】【icity and this remained an impediment to the wjdespread use。f eplbadlilr

anal。gs itl h眦a：n studjes．

More recen“y'anoveI series of3-pyridyl etherwith subnanom01ar锄rLityforllChRs
were reported，【9—12】includjng A一85380，A．84543 and ABT．594(Fig 1) Of whlch，A

85380 was found to djsplay Mgh amnity toward nChRsl almost as str。ng as epibadl Tle

(the most poteⅡt nchIts liga丑d reported to date)，but substaIltiauy less toxicity than lL|。

As a reslllt，A一85380-based radioUgands were considered as proⅡlising PET or SPECT

tracers for imaging nChRs iII vivo，【13—15】Here we T印ort a mo di矗ed procedt上re Ioj tlle

synthesis of 2一[18F]fluoro-3-[2(s)一2·azetidinylmethoxy]pyridjne(2．[18F】-A．85380)，a
1
8F

hbeled all甜og of A一85380 jn lligh yield“a a nitro precl工rso‘

沁吣。铲℃。I∽
Ni∞Une X=CI，Epma旺dine ABT．594

X=13F．NFEP

X=H。A．85380

x=13F’2．【I匍．A．85380

Fig．1 Structures for some nCh融119ands

2 MATERIALS AND METHoDS

AU the regents were purch船ed from Al出ich，Fluka or Sigma Co and were usecl

without f证ther pllrmcation 1H NMR spectra were obtailled in CDCl3 on a Brukel

300 MHz NMR spectrometer aIId were r印orted in parts per rnjⅡion down舶Id froIll

tetrarnethylsilane．Mass spectra、张re recoTded with Finne臣an—Mat GC．MS 5lOO mass

spectrometer using ekctron impact ioIlization at 70 eV．TLC analyses were performed。11

precoated poly耵am sil G／uV254 plates(Macherey—Nagel co．，Germany) A sh。rt wave·

lenEth 1lltraviolet 1哪p and automatic TLC sc姗er fBerthold Automatic TLC Llne(Ⅵ

AIIalyzer)were used as UV and radioactivitv detectors

2．1 K18F／Kryptoflx222

H18F was pToduced by irradiation ofH；80 in a silver t甜get usiTIg pToton of 17 4 MeV

via 180(P1 n)18F nuclear reaction on a JAw cyclotron at Brookhaven Nation a1 Labora—

tory’Ib the aqueous H18F s01ution，potassium carbonate(4mg)and Krypto矗x222(23 nlg)

waS added The 111ixture was evaporated to dTyness at 120。C 11Ilder a slow stream of ni—
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trogen，a肋rding K18F／Kryptofk222 complex as a sobd

2．2(s)·1-(tert-butoxycarbonyl)-2-azetidinecarboxylic acid(至)

To aIl ice．cooled solution of(s)一2-azetld血ecarboxybc acid(量)(1 79，16 8nⅡ1l。1)

in l，4-dioxane：water(1：1，50 mL)was added di-tert—butyl dicarb。nate(Boc20，4 8 g，

21．96 r锄01)，fdⅡowed by 4一111ethyl一morphohne(2 2mL，19．5咖01) After stirred for

3h at 0。C and i'or another 16h with gradual warming to room teⅡlperature(RT)，the

reaction rnjxture was poured into a cold saturated s01ution of sodium bicarbonate f50 mL 1

and washed with ethyl acetate(3×40 rr正)．The aqueous solution was acidi矗ed with I{C1

solution(3m01／L)to pH=1 and extracted with ethyl acetate(3×40InLl The extract s

were dried(Mgs04)，and concentrated in vacuum t。a圩brd th。PToduct呈(3 36 g，98 8％)
as a semjs01id 1H·NMR(cDcl3)：占4．81—4 76(t，J=15 Hz，1H)，3．90一3．83(m．2H)，

2．62—2．38(1n，2H)，1 48(s，9H)．Ms(Dcl／NH4)：202(M+H+)，219(M+NHj)

2．3(s)-1-(tert-butoxycarboIlyl)一2-azetidinenletharlol(墨)

To a solution of(s)一1一(tert_butoxycarbonyl)一2_azetidinecarboxylic acid(呈)【o 936，

4．63mm01)in THF(15II】工)was added borane／THF complex(1 rmnol／L、24InL，

23．15 mm01)at 00 under止trogen．The mi】【t11re was allowed to Pzadually warm to RT and

was stirred for 44h，then 10％aqueous potassium hydrogen s11lfate solution(8mL)was

added graduaⅡy'孤d the volatile components were evaporated in vacuum．The remaming

slurry was extracted with ethyl acetate(3×30mL)The orgaILic phase was washed with

a satllrated solution of sodium hydrogen carbonate(3×20mL)，dried(Mgs04)，mtered
and concentrated in Vacum，yielding the product墨(o．869，98 9％)as a colorless oil

1H—NMR(cDcl3)：占4．49-4．40(ddd，J=9．o，9．o，3．o Hz，1H)，3 95—3．68(m，4H)，2．23—2．12

(m，1H)，1．99—1-87(m，1H)，1．46(s，9H)．Ms(Dcl／NH4)：188(M+H+)．

2．4 2-Nitro-3-【(1一(tert-butoxycarbonyl)·2-(s)-azetidinyl)methoxy]pyridine(垒)

A s01ution of tripher叮lphosphine(1 19 g，4 52 mm01)and diethyIazodicarboxylate

(DEAD，0 63ID_L，4．07 rnm01)in THF(15mLl was stirred for 15Ⅱ正n in an ice-bath tlnder

血trozen．Tb tlIis solution was砸ded(S1一l一(tert_butoxycarbonyl)一2．azetidmemethanol

(量)(0．859，4 52煳1)jn THF(5InL)，f。110wed by 3一hydroxy一2血t。0pyrjdjne(o 459，

3．2l唧01)in THF f5mL)．AfteT stirred for 22h with gradu出warmjIlg to Rrr，the reac。

tion nlixture was concentrated in vacuum to remove the s01vent． The Dink residue was

chromato斟aphed on a nash silica gel column with elution of ethyl acetate／hexane(1：2 to

2 1)to provide th8 product 4(o．82 g，83 o％)艄a yeⅡow soud．1 H-NMR(cDcl3) 68．oo

(d，J=6．oHz，1H)，7．50-7 60(ddd，J=9．o，9．o，6．oHz，2H)，4 53—4．45(m，2H)，4 26(dd，

J=10．6，2 8Hz，1H)，3．78(m，2H)，2．19(m，2H)，1．43(s，9H)Ms(Dcl／NH4)：310(M十

   



No．2 LIu Ni“g“nf．：synthesls of 2一【18 F]n110r0_3_[2(s)一2一azetidmylmctlloxy

H十)，327(M+NH})．

2．5(2-[18F]-A-85380)(旦)

A solution of coInpound生iIl DMsO(3I工]山)was added to dried K18F／Kryptoflx!?!

The肌xture was stirred at 120。e for 10mm，quenclled by adding water(3mL)aJl(1
extracted with CH2C12(2×2rn工)．The CH2c12 extracts were dried by passing thro“911 a

K2C03 column，proViding the BOC—pr。tected and 18F—substituted intermedi‘1te(曼)

Complete cleaⅣage of the protecting group was achieVed Via acid hydr01ysis wnh

CF3COOH(0．2mL)at 120。C for 10 mh The resultillg solution was neutrallzed wlth

concentrated K2c03(aq)(1009 of K2c03 m 300mL of H20，o 5 rnL)in water(2 4 TnT|)

The rnjxture was passed through a C-18 sep-Pak cartridge，which was subsequently

eluted with cH3CN(2×2mL)．After evaporation of the s01vent}the residue was pu_

rmed using a se工Ilipr印arative HPLc(wateTs p Bondapak c18 cohunn，7．8×300nun

CH3CN：H20：TFA=100：900：1．5；丑ow rate： 3 0如工l／rnjn；uV254nm，retentlon time：

9 2血n)，afrording 2一[18 F]_A_85380(鱼)with a工l overall radiochernjcal yield of 45—55％aIld

spec访c activity 1'0—2．2×1011Bq／pmol at EOB i工l a radiosynthesis time of about¨1．

The BOC—protected intermediate and no BOC．protected product could be detected

by radio TLc(silica，ethyl acetate：hexane=40：60；Rf(曼)=o．55 and Rf(2一[博F】一A一85380)

=0 01 Also，the radiochemical p11rity of 2一『18F1一A一85380 was assayed by radioTL(1

(s山ca，10mL ofthe HPLc solvent and 2 drops acetic acid，皿(2一[18F卜A一85380)二o 4 0J

3 RESUITS AND DISCUSSIoN

The key to ra(1iotracers fbr nChRs was syntheses of labehg precursors In thls

paper，we described a synthetic strategy for a labehng precursor(生)with 2一nitro舢

a leaving口oup aIId carried out its radiosynthesis to 2-f18 F]·A．85380 Nitro function

was chosen as the 1eaⅣing group due to its easy substitution by fluorjne and aVallable

separatioⅡof the pr。duct fram the reaction nlixture． The synthetic scheIne fbr the

precursor垒is described in Fig．2．

The syIlthesis of the labeli工lg precursor started from cornmerci“y a嘶lable(s)_2-

azetid·iIlecarboxylic acid(呈) Its aⅡdno function shotlld be protected before furthe r

steps In this唧eriment，it was pe—曲med using di—tert_butyl出carbonate in l 4

dioxane-water containing 4一methyl—morphohne，at 0。C f0T 3 h and at room temperan【re

for another h011rs，in a丑alInost quantitative yield(98．8％)．Theboc deriVatm(2)w㈨
clearly reduced by an excess of borane／THF complex at 0。c under nitrogen to g】Ve

(s)．1．(tert—buto。ycaTbonyl)·2-azetidineⅡ坨thanol(墨)in 98 9％yield，without the reacti。n

temperatllre as law as-78。C but in a hjgher yield as preViously reported proce小lre
l¨

The cnlcial ether-form血g step of(s)一1一(tert-but∞(ycarbonyl)‘2。azetidinerrLethan。l(曼j
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aIld cormerciauy aVanable 3-hydroxy一2nitropyridine was carried out under Mitsun。bu

couphng condition，using DEAD and triphenylphosphine in THF at room temperature，

gave the labehng preclIrsor(生)in good yield(83．o％)，Ⅱmch hj曲er than the reported

reslllt(40．o％)【15】

H

commerCja

l

Fig．2 The 8yIltllesis of the labeling prccur8ur

胁謦脚黜铲∞
2．[1。即．A．祜姗

Fig．3 The Tadiosynthe8i8 of 2．【18F】-A．85380

2-[18F]nuor。一3·[2(s)一2一a2etidinyhnethoxy]pyridine(2一[18F】-A一85380)was pT8pared jn

2 steps from the t—Boc protected Precursor(生)(Fig．3)．The fhst step is the nule。phllic

aromatic substitution of compound (4)with丑uorine-18，whjch was pe—10rmed by

Krypto矗盖222／K2C03 activated(18F]F—in DMso at 120。c for 10n正n The yields of

F—18 substitution varied丘om 50％一65％with respect to iIlitial『18F|F—radioactivity

Conlplete ckavage of the t-Bo。protecting group was achjeVed Via acid hydrolysls wlth

trinuoroacetic acid． Final HPLC puri矗cation a舶rded pure 2一『18F1一A．85380 in a svn-

thesis time of 55—60IIliIl with印eci矗c activity of(1．o一2．2)×1011Bq／pmol and an oVera¨

radjochemical yield of 45％一55％at the end of bonlb盯dment(EOB)，better than the re—

ported results with an overall radiochernical yield of 25％一33％(non-decay—corrected)ln

a synthesis time of 105—110min．【15J The product was found to be more than 97％ra

diocllemicaUy p11re． Also，this provides a shortened and simph矗ed procedure slIlce no

血termediate HPLC D11rmcation was needed．

In summary，we repon a modi矗ed and simpli矗ed procedure for the synthesls of

2-【。8F]auoro一3一【2(s)一2一azetidiIIylmethoxy】pyridine(2一【墙F】-A·85380)in high yield Vla a

   



No 2 LIu Ning“Bj：synthe8i8 of 2-[18F】丑uor伊3-[2(s)一2一azetidinylmetIloxy

ILitro precursor，whjcll was pr印ared from co眦ercial(S)一2-azetidhecarboxyhc acid as

starting material
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