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- 1 - DESCRI PTI ON PROCESS FOR PRODUCTI ON OF
RADI CACTI VE FLUORI NE- LABELED ORGANI C COVPOUND 5
TECHNI CAL FI ELD [0001] The present invention rel ates
to a process for production-of a radioactive
fluorine-1abel ed organic 10 conpound. More
particularly, the invention relates to a process for
producti on of a radioactiygesdpt®fise-| abel ed organic
conpound useful in detecting tunors by positron
em ssi on tonography. 15 BACKGROUND ART [0002]

Nucl ear medi ci ne exam nation represented by positron
em ssi on t onogr aplBRAdES®i FeH tERODWIEIONE MR 0 as PET)
and single photon em ssion conputed tonography

(her ei nRARTOAQII Vi f B UGRINE- IABESRECTORGANT (2 fFGMHOTUND
in diagnosing a variety of diseases including heart
di sease and cancer. These techni ques involve
adm ni stering an agent |abeled wth a specific

r AR OIS tAIpd (& ei nafter referred to as

afggfqarnaceutlcal) to a patient, foll owed by

'ng 25 y rays enitted directly or indirectly
fron1tq§ gent Nucl ear ne exam nation is
F

char act FEePN fﬁanFﬁonhﬁg ﬁBFSoﬁPyahpﬁﬂcess for

Sﬁﬁql sens tIVI t I sease 2 . but al.so

a a(ﬁ/a age E# pr%lc?)ivdl act:%(fn gfrlrréjtrlglr? os'Lr?kﬁ‘}gd otganic
compound. More particularly, the invention relates to a
process for production of a radiocactive fluorine-labeled

organic compound useful in detecting tumors by positron

emission tomography.

BACKGROUND ART
[0002]

Nuclear medicine examination represented by positron
emission tomography (hereinafter referred to as PET) and
single photon emission computed tomography (hereinafter
referred to as SPECT), is effective in diagnosing a
variety of diseases including heart disease and cancer.
These techniques involve administering an agent labeled
with a specific radioisotope (hereinafter referred to as
radiopharmaceutical) to a patient, followed by detecting
yY-rays emitted directly or indirectly from the agent.
Nuclear medicine examination is characteristic in that it

has not only high specificity and sensitivity to diseases,



functionality of |esions, conpared to other

exam nation techniques. [0003] 5 For exanple,

[ 18F] 2- f | uor o- 2- deoxy- D- gl ucose (hereinafter referred
to as " [18F] -FDG') , one of 2radi opharmaceutical s
used for PET exam nation, tends to be concentrated in
areas where glucose netabolismis enhanced, thereby

. . . ficall ' :
B A Frt s R i o b e A RS R
Meelired fheorexand Pad § Ol d Sorper fy &Y td A Samination
di stribution of an adm ni stered radi opharmaceuti cal,
ancedtatanedd ai ned therefrom vary dependi ng on nature
of 15 the radi opharmaceutical. Thus, different
r agd agdiar maceuti cal s have been devel oped for different
di seases, and sone of themare put into clinical use.

5 There fave eespleevdl Bt £ furrears ey kg lowsosaunor
di agnosti c agents, bl oodstream di agnostic agents and
20 hexadpadit arapis iy zagbrits .ag 000BYT -FRGt ecevlte yefir s, a
series of radioactive haleclaigen- | abel ed am no acid

Cmq“}ﬂﬂ%iﬁ@l[qf}ﬁ FAmMEPEL examination, tends to

l.uor ocycl gbut anecar boxylic acid (hereinafter referred
Py e[“ltéfré]te@Aééba‘ﬁ%\Fe hede @pRsd ek ahatdism 1S

f
t

RIS Yol U hIEY, PR A,
Nl erf:gm{oor%b eﬂ%"%’l“aﬂ %_yljuc%ré% %Pe‘ta[b]o%':i]s qt%cein%anced.

consi dere
[0004]

10

Nuclear medicine examination is performed by tracing
a distribution of an administered radiopharmaceutical,
and data obtained therefrom vary depending on nature of

15 the radiopharmaceutical. Thus, different
radiopharmaceuticals have been developed for different
diseases, and some of them are put into clinical use.
There have been developed, for example, various tumor
diagnostic agents, bloodstream diagnostic agents and

20 receptor mapping agents.

[0005]

In recent years, a series of radioactive halogen-
labeled amino acid compounds including [*®F]1-amino-3-
fluorocyclobutanecarboxylic acid (hereinafter referred to

25 as ['®F]FACBC) have been designed as novel

radiopharmaceuticals, and their clinical application is

under examination (Patent Document 1, and non-Patent
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effective as a diagnostic agent for highly
proliferative tunors, because it has a property of
bei ng taken up specifically by am no acid
transporter. 5 [0006] As processes for produci ng (18F]
FACBC, there are disclosed processes which include:
providing 1-(N-(t- butoxycarbonyl)amno) - 3 - |

((#Ld t )5 Sul fraayl | ;

cyé:#o%n{h% an%[? %:%(# bzo)x'_yl i[c‘%,]cl?Ad _estlesr B H A eed[ itﬁD g_ble_o
PréECidSOfve SIDSE 1 J1dELNE dddid Aty QD Al RASIAd QP i ve
3 of the precursor wth radioactive fluori'ng, and

Calundy, ¥ibda@dd Matddm rBaddans o ddimeaiidd hgd
group and the Boc group by subjecting the resulting

C SRl ddl 18y fief miofo aasidd Wdikgdrtady aci dic

condition (Patent Docunent 1, 15 and non- Pat ent

Dounerits 1 and 2). [0007] For the production of

[18F] - FDG a synthetic process wherein deprotection

step i &sperboessgsi fox pooddcphgsd *RIFAIRT| ddmte are

whi ch enabl es a shortened synthetic time, a 20 reduced

nuéHFetl affed aparssesanduighy dawdaarumy@visiing 1- (N- (t-

conmponents i n the manufacturing apparatus (Patent

DRURFHCaz oM @t I uATelt (BEL £ hydy el fonyl) oxy] -

Lai d-gﬁen No. _ 2000Q-500442. 25 Patent Docurlent 12:

J&p" At A5 RE1Y BStsgegss 2 Lapeling
n- Pat ent  Doc nt ][,T Jonat h né.gta%nath et al., ...

" RSOV ey M e [ AR O Rprdy Bpsition 3
of the precursor with radioactive fluorine, and carrying
out elimination reactions of the esterified group and the
Boc group by subjecting the resulting compound in a form
of a solution to an acidic condition (Patent Document 1,
and non-Patent Documents 1 and 2).

[0007]

For the production of ['®F]-FDG, a synthetic process
wherein deprotection step is performed in a solid phase
is disclosed, which enables a shortened synthetic time, a
reduced number of reagents, and a reduced number of
components in the manufacturing apparatus (Patent
Document 2).

Patent Document 1: Japanese Patent Laid-Open No.
2000-500442.

Patent Document 2: Japanese Patent Laid-Open No. 11-

508923.
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preparation of |abeling precursor and aut omated

radi osynthesis.", Applied Radiation and |sotopes, 5
(Net herl ands), 2003, 58, p. 657-666. Non-Patent
Docunment 2: Tinothy M Shoup-e4 al., "Synthesis and
Eval uati on of [ 18F] 1- Ami no- 3-

fl uorocycl obut ane-1-carboxylic Acid to |Image Brain

T & e e ey e b ctva L -
{ or o A R P A PAEBG AR P6G8RCS
aGhH &Yk Pf S USE | Dbl Sl cfF R Lnd Qursdhdeh

McConat hy et al., Applied Radiation and | sotopes,

20833 1 SBymtthe $5 - 66 Bpp WH £ RLRHOLorD & i 9By &,
being sufficiently high fromthe standpoint o

i ndNest e vl apdOdUCEd o, sSkhatp i ss30-669/, in order to
industrially 20 produce [18F]FACBC, it is desirable

t 0 use NompPadectti ocumente2s @imoahgi M.ogholhgt ecanl .,
stably provide a higher vyield. [0009] The production
of " §Yr8ReRAGB@NhiBual Uaiclardesf al '2B) T a@imbfid udt i nat i on
step in which radioactive fluorine is added to a

| doSI%RF Yl Rse - I b agedsite Adlit 419 dimagied Brain
ngrotecyjon st%ﬁ%in whi ch the internediate conpound -
5 TYRYdirced The thyinngdi &1 dBiGheay dMeddcdms s 1999, 40, p.
d terjfied and deprotected. The present inventors
cgﬁ%hg%%% a study

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0008]

The processes for producing ['8F] FACBC thus far
disclosed have achieved production yields of from 12 to
24% (J. McConathy et al., Applied Radiation and Isotopes,
2003, 58, p. 657-666), which cannot be regarded as being
sufficiently high from the standpoint of industrial
production. That is to say, in order to industrially
produce ['®*F]FACBC, it is desirable to use a production
process or condition that can stably provide a higher
yield.

[0009]

The production of ['®F]FACBC mainly includes a
radiofluorination step in which radiocactive fluorine is
added to a labeling precursor; and a deesterification and

deprotection step in which the intermediate compound
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on the radiofluorination step in order to inprove the
production yield, and established a techni que whereby
the 5 yield of the fluorination step can be inproved
up to 73.79% which had beens24. 16% according to
conventional processes. Consequently, the inventors
made it possible to inprove the production yield of

e S b 8o RacRiosd Y nnt B BhsPenror eersaEATee
thaly the.reslidng aAuegys LIBFEACRCS0l UEhARcred a study

contaln arge anoun non- radl oacti ve

| BRURNE 9% 41899 ubRE nFRTBA At} 1 FX3ARESS £ c08REHLII the
bel ow). The anmpbunt of inpurities in pharmaceuticals

”E&bdﬂ%ti%@p&ﬁéigq bada e&RhiAliRheaval tebhniukOWBEreby the
Thus, if inpurities are present at the certain |evel

oyikilgheif ahkeflubeinatpbet seepotahhder ¢aptoord tipeto

impurities nust be renoved in the subsequent step.
Howeveors, thechdiiati beeaf 22 .Gkt hexopdinki cat iconveheponal

for reducing inpurities causes prolongation of the

t brecegseequi Fedse¢guenhey proldecinvenseoepsnaddseyuepssible

to the radioactive fluorine |abeling, Because the

h&Pf 1Mprevef theagiredeetdent vigiineti 4739 ByuHG ups to 54.8

about 110 mnutes, it is not preferable to prolong

t Be4t Bie (NeguilPéd fHAWETRY, 52 cftailed Itedy aepwhiedted by

fluori.ne | abeling from.the 25 _vi ewpoi %,of i ndustria
pFBAuCEVSREGE S, AHEaLervEnat! BB AESFAbLdaBBRBEnds.

- 18 00401, Hs sprresent Jawent] 9 s Beenmade i,

vi'ew'o e a ove-describéd circu ances, and has
akﬁﬁ@o&QtEQQVEﬂﬁuﬁities (see the Comparative Examples
described below). The amount of impurities in
pharmaceuticals must be suppressed to a certain level or
lower. Thus, if impurities are present at the certain
level or higher after the completion of the reaction, the
impurities must be removed in the subsequent step.
However, the addition of a further purification step for
reducing impurities causes prolongation of the time
required for the production steps subsequent to the
radiocactive fluorine labeling. Because the half-life of
radioactive fluorine is as short as about 110 minutes, it
is not preferable to prolong the time required for the
steps after the radiocactive fluorine labeling from the

viewpoint of industrial production of radioactive

fluorine-labeled compounds.
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process for production of [18F] FACBC, which can
reduce 5 the production anobunt of non-radi oactive
impurities. MEANS FOR SOLVI NG THE PROBLEMS [0011] As
a result of investigations, the 4+ nventors have 10
found that the anmount of inpurities in a target
product can be easily and effectively reduced by

dT ng the deesterification step of the ester
group, that is, a carboxyl-protecting group in a

reverS@h%hgﬁ%s%%E'qnﬁ%%i%o %5%”@@e%ﬂ&&$%u§nh@& w of the

acconpl i shéd the present invention e sol | - phase

defecdd Uy iBE N Qd hagmGve | o Inas ResR e WeAride a

for the purpose of mainly reducing the production

tigdesae, £ S0 prAlgY on bpartesprRaseNt whitl- cAPeredoce
11-508923). The i nventors have found that the use of

t Iehes @rathpitaism deproitecdf eroraidtid e vee ingiarid 122G .
new ef fect of reducing the amount of inpurities
present in a target product, and have applied this
finding. [0012] In accordance with the present

i MEMNYS PR SR VNG THIF RRQBIEMS process for production
of a radioactive 25 fluorine-|abel ed organi c conmpound,
corfi®lidi ng 7 - [0013] a deesterification step of

r et ai ni_ng, rever se- phase c¢olum, a c¢onpound

repres@ﬁtédr8§u9ﬁeoﬁoFP8ﬁF5@995FﬁﬂFa tPT)lnvgnF96§4Pa2e

found that the amount of impurities in a target product
can be easily and effectively reduced by performing the
deesterification step of the ester group, that is, a
carboxyl-protecting group in a reverse-phase solid-phase
column, and thus have accomplished the present invention.
The solid-phase deprotection method has conventionally
been employed for the purpose of mainly reducing the
production time (see, for example, Japanese Patent Laid-
Open No. 11-508923). The inventors have found that the
use of the solid-phase deprotection method can achieve a
new effect of reducing the amount of impurities present
in a target product, and have applied this finding.
[0012]

In accordance with the present invention, there is
provided a process for production of a radioactive

fluorine-labeled organic compound, comprising
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"BF NR 2R, (1) wherein Rl is a linear or branched
Cl-C10 alkyl chain or an aromatic substituent; and R2
is a protecting group; [0015] 10 charging the col um
with an alkaline solution te 7deesterify the above
conmpound, and subsequently discharging the al kaline
solution fromthe colum to obtain a conpound
rg@@qﬁgnted by the following fornula (2) 15 [0016]

N F CO2X (2) wherein X is sodiumor potassiumn

aRd J@2 sitera rfRakeeh REepdPURethQBiAl, 28 @8ndederse-phase
deprotection step of deprotecting thé am no-

pleotle@hl, NG ¢omppudld Hepreaepeeadpgbtaknedinbwing $ormula
deesterification step to obtain a conpound represented

by1)t:he following formula (3): [0018] NH2 18F <><COCH
(3) 5 [0019]
[0014]

NR?
2R’ (1)

wherein R' is a linear or branched C;-Ci, alkyl chain or
an aromatic substituent; and R® is a protecting group;
[0015]

charging the column with an alkaline solution to
deesterify the above compound, and subsequently
discharging the alkaline solution from the column to
obtain a compound represented by the following formula
(2):

[0016]

NR?
CO.X

wherein X is sodium or potassium; and R® is a protecting

(2)

group;
[0017]

and a deprotection step of deprotecting the amino-

protecting group of the compound obtained in the




In the fornmul as shown above, Rl is a linear or
branched C -C o al kyl chain or an aronmatic
substituent, and is preferably a substituent sel ected
fromnmethyl, ethyl, t-butyl, sand phenyl groups. 10
[0020] In the formulas shown above, R2 is a protecting
group, and is not particularly limted as long as it
C et .t ' t t ' '
st tedntod T W HHAE & Mol ff Sdotesentea by
prﬁ@%&l@%vﬁ&%&'g&%ﬁ%{ e(ggt)gd fromthe group consisting
of various carbamate substituents, various am de
sufasfiidjuents, various imde substituents, and various
am ne substituents can be used. Preferably, a
protecting group selected fromthe group consisting
of |inear sy byMiched C2-C7 al kyl oxycar bonyl 20
il | i near or branched C3-C7

al kenyl o} rbQnyl substituents; Cr7-Cl2

benzyl oxycar bo Bubstituents that may have a

nodi fyi ng group; C2-C7 al k B i t hi ooxycar bonyl

substituents; linear or branched Cl-C6 al kyl am de

substituents; linear or branched C2-C6 al kenyl am de -
5> o [00%9dt it uents; C6-Cll benzami de substituents that

may haye n¥dif ing roup; C4-Cl0_cyclic jmde
substigﬁeﬁgg; @Sméii gPBWﬁt?EOVﬁ?nB stbst i tiRER%S Phat
h ti t; . _li b hed C1-
TREGHRNEGE SRS U nekrnBR! o8 oEBREREn s ppene
I l.an j "y -1 . am
o e By S A TN it e s B Lo

Ugedy1WDRC bR GACT BRY pHRnBlOLEELLR] Oroup  sel ected
fromt-butoxyCarbonyl “grodp, “al |l yl oxycar bonyl

10 [0020]

In the formulas shown above, R® is a protecting
group, and is not particularly limited as long as it can
prevent the reaction between the radiocactive fluorine and
the amino group. Specifically, a protecting group

15 selected from the group consisting of various carbamate
substituents, various amide substituents, various imide
substituents, and various amine substituents can be used.
Preferably, a protecting group selected from the group
consisting of linear or branched C,-C; alkyloxycarbonyl

20 substituents; linear or branched C;-C; alkenyloxycarbonyl
substituents; C;-C;» benzyloxycarbonyl substituents that
may have a modifying group; C,-C; alkyldithiooxycarbonyl

substituents; linear or branched C;-C¢ alkylamide

substituents; linear or branched C,-Cs alkenylamide
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group, phthalimde group, and N benzylideneam ne 10
substituent can be used; and nost preferably, t-

but oxycar bonyl group or phthalimnm de group can be used.
[0021] In the formulas shown above, X is a cation
contained in the alkali used in the deesterification
step, and is 15 selected according to the type of the

al%ﬂétlf@é&lteg(a@ % \%etrhzaﬁr?ddeurgtm% %q’xs po}{a& may have

um~ an t assi‘Uim ydrox assl

[@Z’l%]dlf.l di%}ﬁﬁ%t &1Ll cabjan tl%&dé’aéd%&féri—t@s Cs-Caz

20 “pac ose fuhct’iona groups are

hw&ﬁ&&k& q&&@%@&&@@%&n e IR Akt ituent ;

al kyl groups can be used as the revérse-phase col um.

Priefrefablor usethdied c LY es SRy PAasRe COMNEN: thélhts; linear
packi ng having a structure in which a C2-C18 aIkyI

Chat ibrandtddched, vabkehyl&miné Os@b 201 Supos | . ad Ce-Cia

speci fic exanple of the reverse-phase colum includes

o reerivawli gl reC tsadbesthyil tsidntls grtaupsags Hahvee o uectiifgnialg group

group. - 10 - [0023] The retention of the conpound of

t aratiy a1sesk -nuMare( preifarahédyr edepsetphidagcekann can

be perforned by various nethods. Specifically, a

NERHEF tesh Femudedutexy caribamyd gmquorald:fyltqaféfcarbonyl

co ound of the above formul a (@%. obt ai ned by the
%H'umtr%%%ﬁdﬁ &3 qUP - duainé?t BF3Y L IGeNEAmiRgd t he

| t| g‘r? I utl on is S\D@?S’ed p&%@%ﬂfa&’r}yﬁa; “be

u%ﬁ&oxycarbonyl group or phthalimide group can be used.
[0021]

In the formulas shown above, X is a cation contained
in the alkali used in the deesterification step, and is
selected according to the type of the alkali. For
example, with sodium hydroxide, X is sodium, and with
potassium hydroxide, X is potassium.

[0022]

In the deesterification step, various columns with
packing whose functional groups are hydrophobic groups
such as phenyl, cyclohexyl and alkyl groups can be used
as the reverse-phase column. Preferably used is a
reverse-phase column with packing having a structure in
which a C;-C;s alkyl chain is attached via silicon to a
support. A specific example of the reverse-phase column
includes one having octadecylsilyl groups as the

functional group.
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in an anount sufficient to i mobilize the conpound of
the 10 above fornmula (1) on the reverse-phase col um.
[0024] As the al kaline solution, various ones nmay be
used, but a sodi um hydroxideigolution is preferably
used. The anmpunt of the al kaline solution to be used
is preferably 15 equal to or greater than the filling
caﬁﬁﬁg]y of the solid-phase colum. The concentration
€ ‘al kaline solutionis not limted as |long as

the al%%!'g%%%n%%o %Er%%%C%g e %%lug%ob@ ?Brmula

anount sufficient to orm eest erification;

nugtty b, ttﬁ'@%e\}n%‘é{é/%has@ J&ﬁb%u?ecaﬁ ﬂéﬂg)eaa%d by

thereof is too necessa to use a

| arpefowd T h s aC'Sﬁe'c'iftlt:lgl1§Ub§eﬁllé%ﬁbddéﬁhobéchb@a in
step. In the deesterification “step, the reverse-phase

COINiMh iss skElpit fdf o aid aidpdeid & afhd idveetfairmiula (1)
t he compound of the above 25 fornula (1) while being
C hdrtgeichedd tHy tittee atddhld fiimorsiolattiican.stHye itd ki liutedhiwdith
the reverse-phase colum is kept being charged with
t watakalante td wdsor iiginstolutibn par tdemsdeay Iphrough the
limted as long as it is sufficient to erformthe
deEtesrsefiRdms o e alamst i oWatFGOQQF tipedityeiankapynbe used
solution is discharged fromthe col umm, the conpound
réﬁ‘r@é’eﬁtméﬂm&y S IHERE 6 rhm"@b(lzl)lzq $he sompoyed of the
ether with the al kaline sol ution. e tine
S Sy (tlﬁeror‘péﬁ’ﬁe&et"r‘?rr&&glph@r%? &&Lh’ﬁ’ﬁ‘ aft er
thr%ogl‘ﬁchar ge of the alkaline solution, so as to
As the alkaline solution, various ones may be used,
but a sodium hydroxide solution is preferably used. The
amount of the alkaline solution to be used is preferably
equal to or greater than the filling capacity of the
solid-phase column. The concentration of the alkaline
solution is not limited as long as the alkali can be
introcduced into the column in an amount sufficient to
perform deesterification; care must be taken, however,
because if the amount thereof is too much, it will be
necessary to use a larger amount of acid in the
subsequent deprotection step. In the deesterification
step, the reverse-phase column is kept for a certain
period of time retaining the compound of the above
formula (1) while being charged with the alkaline

solution. The time in which the reverse-phase column is

kept being charged with the alkaline solution is not
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wash out any residual conpound (2) . This wash-out 10
operation can further inprove the yield of the
compound (2). [0026] The deprotection step can be
carried out by use of known nethods, for exanple, a
nmet hod described in a 15 literature "J. MConat hy et
al ., Applied Radi ati on and Isotopes 2003, 58, p.
657- 666" ; ecjfi

A ALY R S LR T e R A i
ag?e{)foézéﬁ deesieriiication sten s heen compl eted.

e ra i of 1 Uorination &t ep can be carried
EO&quse of a known nethod or a conbi nation of a
known nethod with a condition that we have

est abl ygjed th%o%c‘l'léadﬁfi‘ﬂe' %ol%t 1%%”9%Uf&qs%%@%%%%”tf%mb)ﬁhe
the follow ng fornula : - 12 - [0028]

><«ddfrd) tHdEpairh %pﬂ@gén@cgajy ecr@labwe Eﬂcﬁrmula (2)
added to the m xture 5 containing a phase transfer
catsaldisgchi tded odetitterand t DAIRS HIkAlONRS KA A drD. At
prepare a reaction solution, and a reaction condition
sudte asineatwaigemvimdie bt i fruritier pasgsd idd-dught fihe column
reaction sol ution.

after the discharge of the alkaline solution, so as to

wash out any residual compound (2). This wash-out
operation can further improve the yield of the compound
(2) .

[0026]

The deprotection step can be carried out by use of
known methods, for example, a method described in a
literature “J. McConathy et al., Applied Radiation and
Isotopes, 2003, 58, p. 657-666"; and specifically, a
method in which an acidic condition is imparted to the
reaction solution after the deesterification step has
been completed.

[0027]

The radiofluorination step can be carried out by use
of a known method or a combination of a known method with
a condition that we have established. Specifically, a

compound represented by the following formula (4):




10

15

20

[0030] 10 In the formula (4), RL and R2 are as

defi ned above; R3 is a nenber selected fromthe group
consisting of linear or branched Cl-Cl0 hal oal kyl

sul fonic acid substituents- hpnear or branched Cl1-Cl10
al kyl sulfonic acid substituents; fluorosulfonic acid
substituents; and 15 aromatic sulfonic acid
sufst'tuents. A substituent selected from
ne‘H%%@sulfonic aci d, toluenesul fonic acid,

ni trobenzenesul foni ¢ aci d, benzenesul fonic acid,
trifluoronethanesul fonic acid, fluorosul fonic acid,

and perfl sy oal NRPsul foni ¢ acid can be preferably
usq@o 0 4 In the radiofl uorination step, various
I nert orgaqize ol vents may be used, but an

anphi philic orgdﬁDd‘solvent(4§hould be used.

Specifically, a solvent selected from the group

consi sting of tetrahydrofuran, 1,4-dioxane, - 13

acgtowyg, di net hyl f ormam de, di net hyl sul f oxi de, and

acetonitrile can be used, with acetonitrile being

partd aul damertproefoerall eolfemtammentadafed e ither mixture

organic solvent to be used is preferably aq'usped SO

t ket ifd abahasg presawisor cadedersttr atditdn TH iors and

reaction solution under the radiofluorination _

r EREASE UTs Iemsmes] AS G0 RRePare @ giegéitigs solution, and

significantly inprove the yield in the . ,

r &EAUHTh RGH QR SUGH. FF0BSA ingh Wi g trring is

caondi.t.i o %Ic%&‘be used as the L%gction condition for

t R A DU &S 1§Fb591F59 Exampl e, a
[0030]

In the formula (4), R' and R® are as defined above;
R’ is a member selected from the group consisting of
linear or branched C;-C;, haloalkyl sulfonic acid
substituents; linear or branched C;-C;o alkyl sulfonic
acid substituents; fluorosulfonic acid substituents; and
aromatic sulfonic acid substituents. A substituent
selected from methanesulfonic acid, toluenesulfonic acid,
nitrobenzenesulfonic acid, benzenesulfonic acid,
trifluocromethanesulfonic acid, fluorosulfonic acid, and
perfluorocalkylsulfonic acid can be preferably used.
[0031]
In the radiofluorination step, various inert organic

solvents may be used, but an amphiphilic organic solvent

should be used. Specifically, a solvent selected from

the group consisting of tetrahydrofuran, 1,4-dioxane,
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condition in which the reaction solution is heated
while stirring can be used. The heating tenperature
in this case nust not be higher than the evaporation
tenperature 15 of the inert _organi c sol vent added to
the reaction solution; for exanple, when acetonitrile
is used as the inert organic solvent, the heating

tenperature_can be _from 70 to 90C. 20 EFFECTS OF THE

| VRN OO T T B AR | B eeet iRy a0

present invention i.s capable of reduci.ng t-he . anount

O HOTAth BRI DT 1 1B b AU Tt Yt g

pr. t f  radi (ve 25.flugrine-l.ab d.ani no :
B Bt BB P RpR AR BE, g T 4B prpanic
A AL RIRCESS HOM Ul | {yIdie Alicdb1f Al AAGldd &0 that. ch
fluorine- Iegcgekf ed‘l%rgi nlo Cl corrpl uﬁagis. - é14. OBESTE1 l\/thlée

FAR KARMY N2 L k- sHHE d AMENH /Y 1 drD 03¢t Hée it it solution
the process for production of a radioactive

f luraad i ecHealyed Bith IR 3Y0i rastd ibra G ot iitgh tiGs t41e mpl/L or more,
invention is described in detail. [0035] In the nost

prief eyrded: endh adii greint i, cetritel yrioguetveort heprydedss iof tiee
present invention includes the steps of (1) reacting

a Haabiet fi Ingppimeduirsoregdthica .mi xt ure 10 cont ai ning a

phase transfer catal yst, 18F ions, and potassiumions

t old0¥2dl the |abeling precursor with radioactive

fluorine, thereby producing a_ radioactive .
Various conditions can be used as the reaction

condition for the radiofluorination_step; for example, a
condition in which the reaction solution is heated while
stirring can be used. The heating temperature in this
case must not be higher than the evaporation temperature
of the inert organic solvent added to the reaction
solution; for example, when acetonitrile is used as the

inert organic solvent, the heating temperature can be

from 70 to 90°C.

EFFECTS OF THE INVENTION
[0033]

The production process of the present invention is
capable of reducing the amount of non-radioactive
impurities produced in the production of radioactive
fluorine-labeled amino acid compounds such as ['°F]FACBC,
and is also useful as a process for purifying such

radioactive fluorine-labeled amino acid compounds.
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fluorine-1abel ed precursor ester (a radiofluorination
step); (2) deesterifying the radioactive
fluorine-label ed 15 precursor ester in a solid-phase
colum (a deesterification-step); and (3)
deprotecting the am no- protecting group of the
conpound obtained in the deesterification step (a

d ' ' ' fluorine
cgﬂéﬁé%ﬁgkgﬁﬁ%%%§9ugkﬁﬂgaﬁyrﬁ@?ﬁ%@%ﬂﬁgﬁkﬁﬁanple, a

me in which H2180 enriched water is used as a
target "and exposed to proton bonmbardnent. In this

i nstan radi ti f ri [ [ : 180

enri cho arer aeed e BiPaess, h PR

enfd St L e 1IGRIV A b d 18 QRGHY & dildIYddM-ditg to the
al l owed to pass through an ani on-exchange col unm so

t hatverithieor adi REdMi®d uaf iqeadisl .adsor bed and
collected on the - 15 colunm, thereby being separated
fri@moadie H2180 enriched water. Thereafter, a

pot assi um carbonate solution is allowed to pass

t hr oughAnt kéecmbstmptre felrured ehbodimentactheeptbdorthen
and the eluate is supplenmented with 5 a phase transfer
c@rfigests @fd the ergsendt davientdiomdeslugiesolihgi ptgps of
m xture containing the phase transfer catal yst as

well) FeardAndis lame 3ot SHaFLseTs Witdo g7 mixtyge

amount_.of, potassi um carbonate to he used;here as 1
p&oé’stﬁjlﬂﬁ’fgoﬁ Fre BV M I YS gr Far ¥ haft' T he
SUDLERIAT P, Gl G Hat o 1 GeE RO kBTG T oG With

e&%%%ﬂd@%fygnfﬂﬁdyane, thereby producing a radiocactive
fluorine-labeled precursor ester (a radiofluorination
step); (2) deesterifying the radiocactive fluorine-labeled
precursor ester in a solid-phase column (a
deesterification step); and (3) deprotecting the amino-
protecting group of the compound obtained in the
deesterification step (a deprotection step).
[0036]

Radioactive fluorine can be obtained by a known
method, for example, a method in which H,'®0 enriched
water is used as a target and exposed to proton
bombardment. In this instance, radicactive fluorine
exists in the H,'®0 enriched water used as a target. The
H,'®0 enriched water containing radiocactive fluorine is

allowed to pass through an anion-exchange column so that

the radicactive fluorine is adsorbed and collected on the
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pot assi um carbonate i s not preferable because the
reacti on product may deconpose by the influence of 15
carbonate ions. In the nost preferred enbodi nent,
concentration and anount of -t hg potassi um car bonat e
solution are adjusted so that the anmpbunt of potassium
ion 1is nade about equivalent to that of the |abeling

V. d 8 ,
rEPHITS GRTtN o L R AL hE T S0 T P TARe
aswé‘t@:!ﬂas %"hterx% t%r 'of o& t%.ss. siu %%'%Jlo %l ley ’so\i%rtllgyls is

COfT'pOUI’]dS use or ctl on 0] oact

flaordings | @bl q&g&na qaﬁg:
18- cr own- 6- ether an %%r vari ous anlnoﬁhﬁie ers

Mewya o AAStetre |f‘ldc§hﬁlﬂ@5tarm eik?é abl &re 16 - PRAHSARYES with
4,.7,13, 16, 21, 24- hexaoxa- 1,

duaqﬂﬁ@ac&ﬁr&&ﬁ]&w&a%&aﬂs ke disshted QfBQirﬁ{h%s to

| arger the anmount of the phase transfer catalyst

i Pbttain he giiett ude goredati mirdd ﬂlﬁxmsdnﬁrmf@@maﬂq/st

anount is not preferable because the renoval of the

exesislMelas difetophasedt pansteiunatahyst will often

be insufficient. In a preferred enbodi nent, the total
antf7lof the phase transfer catal yst may be 0.2 mol

or 10 less; for exanple, when the anmount of the

| abel | F§e BROUHLs O p@ta§8&§@d0ﬁ§b90aﬁﬁ|tOtH@ H§edr here as

I‘Iaptl 0. of, 1}he %_Phase transfl%r cat aILyst to the lab%la{nng:he
p m gna o,bq felerd! alent to or greater t
amount of the labeling precursor used in the subsequent
radiofluorination step; however, an excessive amount of
potassium carbonate is not preferable because the
reaction product may decompose by the influence of
carbonate ions. In the most preferred embodiment,
concentration and amount of the potassium carbonate
solution are adjusted so that the amount of potassium ion
is made about equivalent to that of the labeling
precursor.
[0038]

Various compounds having a property to form a
clathrate with *°F ion may be used as a phase transfer
catalyst. Specifically, various compounds used for
production of radioactive fluorine-labeled organic

compounds may be used; 18-crown-6-ether and other various

aminopolyethers may be used. In the most preferable
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[0040] 15 After the m xture containing the phase
transfer catalyst as well as 18F ions and potassi um
i ons has been obtained, radiofluorination is
performed by reacting a | abeligng precursor and 18F
ions. Various nethods can be wused for the
radiofluorination step; for exanple, a 20 nethod can

[ ‘Q(r%ﬂ?? o, ﬁ@,}% '\iﬁ%g%{”%{‘?afbonyﬁl@m no) ] 3 -
Cy&ié@%ﬁéyvenf@r@% ljaée%@fég?% gstelegnd an inert

organi c are a ove-neniioned
M Kd o4 to prepare a reaction solution, and then a
reaction 25 condition such as heating while stirring

'13 '( Rl_'pqzl'{eeCiatr%ert hed eadurdn o30ltHd Phald RreTRd HBhilyst
bui 9x yietes hoiyhgani )y CeTd Uei 0C Yisd il ansut -Gardaradd itre

- 17 acid ethyl ester (hereinafter referred to as

" [dndd)Bocis FASIB@ e fdrabblve wasdiugy eftes reshaerdlod fregiie

the | abeling precursor,

1-€¢€ s s e oxyadddrb g san gnsgfer catalyst will often be
[((trifluoromethyl)sulfonyl)oxy]-cycl obutane-|-carboxy

| iisiifieienthy| Iaspeprefeyred embodiventinthe tasal
organlc sol vent before it is added to the m xture.

[ GREMNt \2f i iy RASRM@IHAT FR ity Hawdy &ftl A mpol or
A0 (R Y AT “oaaﬁt“%é ”""Zf’fer ing

precursor co und ar ,usable S or anlc
SRS P8 ST 4 Y W ra e of the

pr aﬁgé?‘béﬂ’anﬁeﬁpltér’ag%a/rsﬁflt%m% fl %Qlth{‘ag q{%rsor is 2.5

nsisting of te uran
or less.

[0040]

After the mixture containing the phase transfer
catalyst as well as '®°F ions and potassium ions has been
obtained, radiofluorination is performed by reacting a
labeling precursor and °F ions. Various methods can be
used for the radiofluorination step; for example, a
method can be used in which 1- (N-(t-
butoxycarbonyl)amino) -3-[((trifluoromethyl) sulfonyl)oxy] -
cyclobutane-1l-carboxylic acid ethyl ester and an inert
organic solvent are added to the above-mentioned mixture
to prepare a reaction solution, and then a reaction
condition such as heating while stirring is imparted to
the reaction solution to produce [*®*F]1-(N- (t-

butoxycarbonyl)amino) -3-fluorocyclobutane-1l-carboxylic
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1, 4- di oxane, acetone, dinethylformam de, 15

di met hyl sul f oxi de, and acetonitrile can be used, with

acetonitrile being particularly preferable. The anount

of the inert organic solvent 16 be used is preferably

adj usted so that the | abeling precursor concentration

in the reaction solution under the radiofl uorination

20 reacti.on i s 40 |/L or.more, in order tQ ., is _

ST G P o DU THEASH st To b » P Boc

r%ﬂéﬁéﬁfﬁ'&%ﬁ%@% %%%%t?9@fer&894%bb¥a&hgﬁﬁ Cgﬂg'ﬁhggiing
e e

can sed as reaction ~condition tor the

! | naf i QR &1.8R; arfincAs ondi t i
agbiafluont natl aa. 6Lanie 0k UMD arfind) ondi tion

e reaction so ated while

St { N G B S0 sulleReatd:Rg L8fPRIAltg R 11n ctfgb%xylic

case is preferably not higher than the boiling -

t efgoied AtHe fstdie, insf thedldivddl v ientaradded-tf oridagic
reaction solution; for exanple, when acetonitrile is
used veas: teef oreeritt drggatideds alovetie ntibkerureat i ng
tenperature can be from 70 to 90C. The reaction tine
delfgddd on the 5 reaction tenperature; when, for
exanple, the reaction tenperature is 83C a .
suf f i cVamtiopsaspilyentisnthps do ppfuhayeorepghg¥ityTHath
| onger .the reaction tinme is, the further the

r ddifoact Tl ef 1 rebtdpel PrbethaPhasR t FoRRs EeT 5Pt erf t o-he

proceed,, but, care nust b aken because the 10 dec

OPAFET AT PO IR (1RO Ok S SRR SRTBGUrY are

90430 AL DS80S RS SRRSO

pﬁ%&ﬂ%%ﬂﬁﬁ%ﬂnékion step; and preferably, a solvent
selected from the group consisting of tetrahydrofuran,
1,4-dioxane, acetone, dimethylformamide,
dimethylsulfoxide, and acetonitrile can be used, with
acetonitrile being particularly preferable. The amount
of the inert organic solvent to be used is preferably
adjusted so that the labeling precursor concentration in
the reaction solution under the radiofluorination
reaction is 40 mmol/L or more, in order to significantly
improve the yield in the radiofluorination reaction.
[0042]

Various conditions can be used as the reaction
condition for the radiofluorination step; for example, a
condition in which the reaction solution is heated while
stirring can be used. The heating temperature in this

case is preferably not higher than the boiling
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(N-(t-butoxycarbonyl)am no)-3-fl uorocycl obutane-I 15
carboxylic acid (hereinafter referred to as

"[ 18F] DE- Boc- FACBC'). The present invention is
characterized in that the deagterification reaction
inthis step is performed in a solid-phase colum. In
the nost preferred enbodi nent, the sanple to be

d ified, i.e. - i
oSSO0 L Supe 20 LIPFLO0C FACRG, L5 1 BR0R L e

i 1 1 8 _ CB . .. . '
UL AL 08, LIS SRR AP SRATEI LI 56 usea

resdl tlog ol utd o ae. s sanmle tHOUAN S UdisdiAsEre can

uti on e reacti’‘on solution

p%%}oflr@ﬁj FP 8 ey ['}ﬁg] ?%gégﬁg%g&%nhg{:ﬁﬁaggon the
wi't hout  bel ng tTrapped on e colum en e sanpl e
| Sr&assash ﬂéiﬁgﬁé&gitdf@; sldrd- phas essepiging,. chhernefitsion

the water - 1 used for dilution nay be used in an
anutie sdthidciants oo, br aprliri@rbBecrEACBCANtiRe is 3
packi ng of the solid-phase colum; when the sol vent
ofmireesant i lomgot Ut The ilengacetbei reakéioa time is, the
sufficient amount of water is five tinmes 5 the anount

of funtdraso| thentrad @i ver el watiing pledeed igwg readisienh ids
the deesterification step nust be a solid-phase

cAHRAT TS 1T BHATeaby de-CHImdBIgadia igkem diaaaatsiey the
the colu acking is one 10 having a hydrophobic
f RADOI. iR AR e S TeAE IR BIRBA. St iagous1y

grg&ﬂ€§] and nore preferably, one having a structure
Wi support to which C2-Cl18 al kyl groups are

attaChggthatﬁklE%%Ebfhﬂo&qgaQQ%h BE%&ehﬁgdbeen completed,

the deesterification step is performed to produce [*°F]1-
(N- (t-butoxycarbonyl)amino) -3-fluorocyclobutane-1-
carboxylic acid (hereinafter referred to as "[*®F]DE-Boc-
FACBC"). The present invention is characterized in that
the deesterification reaction in this step is performed
in a solid-phase column. In the most preferred
embodiment, the sample to be deesterified, i.e.,
[**F]Boc-FACBC, is trapped on the solid-phase column by
diluting a reaction solution containing ['®F]Boc-FACBC
obtained in the radiofluorination step with water, and
passing the resulting solution as a sample through a
solid-phase column. Dilution of the reaction solution is
performed to prevent ['®F]Boc-FACBC from eluting without
being trapped on the column when the sample is passed

through the solid-phase column. Therefore, the water
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enbodi nent, a columm filled wth packing having 15
octadecyl silyl groups as functional groups can be
used. Mreover, it is preferable to use a colum
packi ng having a structure-i mgwhich the functiona
groups are difficult to be detached fromthe support
under aqueous reaction conditions and during a

Ion - m d terlflca on 20 reaction. 045 After
P o o o diasd o b AP it to

th%xﬁ%'#ﬁp¥ ?e? g%ﬁ@ Mnéﬁeﬁﬁagkk§ IQF éﬁ%L§$¥q§ Qﬁé&e

t he nDodt e al ime so
SRR S i Y

aldcld 38 £ 1Sialeit 'ao%lﬁfﬂl%le(i&nférrfdﬂr&g dhala e i@ lY:'éil'\)‘enec1mes

solution has 20 begun to | eak through the outlet of
t hheCQIndht W credldiR@rdche outl et of the col um.
Exanpl es of the alkali wused here include sodi um
hydroepdlde and pot assi um hydroxi de, with sodium
hydr oxi de being preferable 5 considering that the
t ar get Theododtidephtke knlenmhi asedsinuskd dseaherification
injection. [0046] In the nost preferred enbodi nment,
t Iidepoimusd ofe wBheoldldkahase sollumnoif iild esbatithe ggyiense -
the vol une of the 10 colum. In this instance, care
m@ﬂﬁﬂﬁaH%ﬂ&%ﬂgbecBH@@eFﬁblvhetb@IGﬁéuwﬂ PREkingal snene

| ut,i on t be used is _excessive, the preyiousl

mherir!

d e @%@%)ﬁuﬁ’&tl&%&r@é’@ £5GE REr

-tQ%mH@%exyaO| qky'h%&o s; and more preferably, one

having a structure with a support to which C;-C;s alkyl
groups are attached via silicon. In the most preferred
embodiment, a column filled with packing having
octadecylsilyl groups as functional groups can be used.
Moreover, it is preferable to use a column packing having
a structure in which the functional groups are difficult
to be detached from the support under aqueous reaction
conditions and during a long-term deesterification
-reaction.

[0045]

After the sample has been trapped on the solid-phase
column, the column is charged with an alkaline solution.
In the most preferred embodiment, an alkaline solution is
charged by directly introducing the alkaline solution
into the column, stopping the feed of the alkaline

solution after confirming that the alkaline solution has
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causing the yield to decrease. 15 [0047] The
concentration of the al kaline solution to be wused is
not limted as long as the alkali can be introduced
into the colum in an anmount. syfficient to perform
deesterification. The concentration of the 20 al kali ne
solution is deternined in consideration of a wusable

I f I | i I [ d
ERAHER oo (e o ke @AY R S R e
t%eerh&egaéﬁe A AL SXEESSL V&, ARynt famg'l‘é%' bf $he alkali
usec‘e,l i vm‘?l lb alar of‘i

e necessary to use er anoun

gg%érj%é ?Iﬁ l|2€g nﬂg#fe%&é Iﬁz(g# 1%] [PO‘%%#&A%J 2‘3?&? ﬁg{%aoﬁ SI i&l-mp hase
C Ol JHIL-0A% PR 1IE N BRH W dlokd e Aldald HrSRlrdd RN,

the colum is kept standing still Tfor a‘certain

peFdrsh dr fdgrec 160 aghd Q:a@fgf@@tpl_gbdiﬁﬁzskﬁﬂ ifHeC atrivithtdfon is
the sanple in the colum. 1n this instance, the

t anged afsirgn ofnfdwec il utm need not be specifically
controlled, but the operation can be perforned at
robn4a&nperature. The duration for which the colum

is kept standing still may be a period of tine 10

suf f i cilanttheo mestf prefegasdeembioddment., The VoAgae ofethe
duration is, the further the deesterification reaction
widlkaprigreatblWitor are ahmit madak P Bdeansd uiee Heddie

of the radioactive fluorine proceeds ?Di mul %ane?)usl . ,
FSOl W anp 8, thitén IPEERPCBoc SRAEBBUSS P&t SPRER PRCAHSS 1T

SR: C%%#ﬁ%m%gﬁfo téﬂggﬂgif%g)s dgigﬁﬁgghbéﬂﬁééééagﬂ‘
excessive, the previously deesterified sample may be
discharged together with the waste solution, thereby
causing the yield to decrease.

[0047]

The concentration of the alkaline solution to be
used is not limited as long as the alkali can be
introduced into the column in an amount sufficient to
perform deesterification. The concentration of the
alkaline solution is determined in consideration of a
usable volume of the alkaline solution and a necessary
amount of the alkali. In this instance, care must be
taken because if an excessive amount of alkali is used,
it will be necessary to use a larger amount of acid for

neutralization in the subsequent deprotection step.
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hydr oxi de solution is injected into the colum to
perform deesterification, a tine period of from1l to
5 mnutes is sufficient. [0049] 20 After the

conpl etion of deesterificati-opg the outlet of the
colum is opened, thereby causing [ 18F] DE- Boc- FACBC
obt ai ned by the deesterification to be discharged

to #{if with the al kaline solution. After the

al KalThe solution has been discharged, an al kaline

501 Ut 1 90LUIBY ch 20T Lhele 200800 e AUl rced ich

fol |l owe gpeatn ane operati on as €, SO

: °P g tne . abov |
Pl (SEEL R AP LAIE Ol oty ' AR SRR i
thegehy ddmr oM oA N8 Yo €l thmd tsd s STl that,

after the discharge, the colum is subsequently
flashadte M fheaeiei SO @ tanlISChia! Gge r@IMAl In this
[ 18F] DE- Boc- FACBC from the col umm, thereby 5 further

| Mprenanee | ehey itdntbe {0 ofAfdley ddlaingpdert imvt afe
the deesterification step, the deprotection step is
perdesyinfeid-a 1ol yd eporatreritl ddhe buemitie ppstrexdttiiany aaro e,

t hereby yielding [ 18F] FACBC which 10 is the target
prestifrmstd tate porass drempenadmticon. Thkedugdapioneépionhich
step can be perfornmed according to a known nethod,
f S aipig! 16 detfo tdestinib &t ild My e & danied of time
N%%gﬂgthxaet aligﬁégglied Radi ati.on and Is_otopegh the
2605, 58 e 657 T fee Prtrdried ¥ibodTHEnt OPERE
;gq%_e%riootne Cit d ,oq:hset ef%r%%nerb%l%er e%rsr\rz‘%qfit%yi clalgpl%rnt Irne%.c"il:nlon
will proceed, but care must be taken because the decay of
the radioactive fluorine proceeds simultaneously. For
example, when ['®F]Boc-FACBC is retained in an ODS column
containing 400 mg of resin, and 0.8 mL of 4 mol/L sodium
hydroxide solution is injected into the column to perform
deesterification, a time period of from 1 to 5 minutes is
sufficient.
[0049]

After the completion of deesterification, the outlet
of the column is opened, thereby causing ['®F]DE-Boc-
FACBC obtained by the deesterification to be discharged
together with the alkaline solution. After the alkaline
solution has been discharged, an alkaline solution may be
further added to the column, followed by repeating the

same operation as above, so that ['®F]Boc-FACBC remaining

in the reverse-phase column can be more thoroughly
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condition to a reaction solution containing

[ 18F] DE- Boc- FACBC. The acidic condition can be

i nparted by various nmethods, for exanple, a nethod in

whi ch an acid is added to a sglution containing

[ 18F] DE- Boc- FACBC. The acid t60°20 be used here is not
particularly limted, but preferably includes an acid

sel ected frominorganic acids such as hydrochloric

aclieesterifired, achereby mprocingithe anteldr gditi ¢s

aci ds_such as perfluoroal kyl carboxylic acid (for

ex@ipferakle f that oarkiee Hee djisalrrgemuie PO W aks d

25 to be added shoul d_be sufficient to render the pH

of SHPRETER kY ol R A Wi HY YABH] OER Bt - FACBES $hp e 1

or Iegi. S gc'ﬁficallyF t he ?nnunt of tge aci d_shoul d
be" S hat I BE-BPRaFAFRGI FrPR the FR&RTPE- BBEIRRYBC

so%q%éqgrobtain$d in the.dgﬁsterification step is
UL EIT 2 et AT W7 1Y &Nt acidic condition is

[ %ﬁp to the sanple solution. For exanple, when
[2@%? oc- FACBC is subjected 5 to the deesterification

repeat gck dap %&%Jﬂ@)&%ﬁ%ﬂ-&g the Hdr e3¢ ¥Rt ion step,

hydr oxi de sol uti on, of 6 mol/L hydrochloric

aci ik NEYpRE: Seldrsh tor dhier €1 Bk b FRAs ti ONeHIBHE O hd N

the deprotection step, the reaction solution is

praaf Biek yo thesd Bty ter Al oOwHdveelieagtdaling [FOFPFACBEdwhich
nore rapidly. The reaction tinme depends on the

r eectilom taangeer ginowdnar of hdre qorel dritoniyventti avhen Thiee
deprotection reaction under the above-descri bed
colrbtdtont ien wirdpremd ke BOComeslifddanmhiing dartd dmown
tinme is 5 mnutes. The [18F] FACBC sol uti on obtained in

15 e He ph Wt Ptagmnlest ¢ BRANIE ARRGBRET \ipihe dderature

using

ﬁgbonathy et al., Applied Radiation and Isotopes,
2003, 58, p.657-666". In a preferred embodiment, the
deprotection step can be performed by imparting an acidic
condition to a reaction solution containing [*®F]DE-Boc-
FACBC. The acidic condition can be imparted by various
methods, for example, a method in which an acid is added
to a solution containing ['®F]DE-Boc-FACBC. The acid to
be used here is not particularly limited, but preferably
includes an acid selected from inorganic acids such as
hydrochloric acid, sulfuric acid and nitric acid, and
organic acids such as perfluoroalkyl carboxylic acid (for
example, trifluorocacetic acid). The amount of the acid
to be added should be sufficient to render the pH of the
solution containing ['®F]DE-Boc-FACBC to be 1 or less.

Specifically, the amount of the acid should be such that
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ion retardation colum, an alum na colum, or a
reverse- phase colum. EXAMPLES 20 [0051]

Herei nafter, the present invention will be described
in greater detail by way of -BExanpl es and Conparative
Exanpl es; however, the invention is not |imted by

t hese Exanples 25 - 24 - [0052] Reference Exanple 1

S’%Q-‘?#ﬁ_ RUGRS < b FORT PaeY FACUE SBURRREN) ORERIBES i
L;ﬁh%y%%%%?ﬁ* (il ey wel e dandag
aqLepHSe bkt usk [y 0&1@&15% UtS Ofmyse 4808 {1 Gsdmp e

(corresponding to

SYdo Puf BoR €N 104G 1D ULARe) h[ydﬂﬂi@éﬂm@é@ idesubjected

mxture was refluxed whi'le heating in an oil bath at

1146 floe e SioetF Bf Déa tDé1e. rdpeit ed Liw @l y$isg WAS8 mL of 4
performed using, as nobile solvents, two kinds of

sysd BB, sodiwm , hydtoex dder sohet hamnol2 2 Gail (Rfe wad LA of
syn 15 hydantoin = around 0.6) and chl orof or m net hano
= IgFdnock Rbr vzl arel dfmay nodyatiae di tro =tk cainek €d gactricon
the conpletion of the reaction was confirmed (based
onsokt bt i g Wihich AgPrate GSHespIssedl y Bdficc Tegicdion

solution is preferably heated to allow the reaction to
proceed more rapidly. The reaction time depends on the
reaction temperature or other conditions, but when the
deprotection reaction under the above-described
conditions is performed at 60°C, a sufficient reaction
time is 5 minutes. The ['®F]FACBC solution obtained in
the deprotection step may be optionally purified using an
ion retardation column, an alumina column, or a reverse-

phase column.

EXAMPLES
[0051]

Hereinafter, the present invention will be described
in greater detail by way of Examples and Comparative
Examples; however, the invention is not limited by these

Examples.
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[0054] 20 After confirmng that the reaction had been
conpl eted, the resulting reaction solution was cool ed
to roomtenperature, and about 24 ni of 1 nol/nL
sulfuric acid was added to _neytralize the reaction
solution. After the neutralization, the reaction
solution was 25 further stirred at roomtenperature
foE 5 mnutes, and the resulting precipitate was
fi P82l of f. Then, the filtrate was concentrated to
yield 5 67 of syn-l-amno - 25 -

- e-l-carboxylic acid as white

3

cr . [ 0055 h terdfi ' | .G . Step
et 02t T SRS SHE T St T

ca j I i ful ' ELDME ;
magg?§¥3£§u§f§@% %2%F$%f§§hgixg¥¥}2$$ﬁﬁﬁﬁ. Jgtﬁis xylic
SOt h ol n 1 SedlefCOrresponding to 75 nmol ) of
triethylam ne was added, and the m xture was cool ed at
10(eg88 for 20 mnutes, followed by addition of 4.6 nL
(corresponding to 62.5 mmol ) of thionyl chloride

t gye@tolysiheof et + loydsmwt diin O(F &S Bi iStew Bt O0C for

1 hour and at roomtenperature for 1 hour, followed

by heatd&ig mIndei satefrdted iaguEous [babdEum dydsxaide
overnight. Then, the 15 conpletion of the reaction was
cotd L utreen bya T Bided| §si 6. 1% fat (grisrerpdting | 3fy,mmol)
as a nobile sol vent chl orof orm net hanol = 95:1 (R
vaPhieS iR - he3 1hemey l opr el ut ane)Uneanteyin i mnghi e

confirmation was_jmde . .
meture was refluxed while heating in an oil bath at

114°C for 24 hours or more. Then, TLC analysis was

performed using, as mobile solvents, two kinds of systems,
i.e., chloroform:methanol = 5:1 (Rf value of syn-
hydantoin = around 0.6) and chloroform:methanol = 95:1

(Rf value of syn-hydantoin = around 0.3), and the
completion of the reaction was confirmed (based on
coloration with UV and phosphomolybdic acid).

[0054]

After confirming that the reaction had been
completed, the resulting reaction solution was cooled to
room temperature, and about 24 mL of 1 mol/mL sulfuric
acid was added to neutralize the reaction solution.
After the neutralization, the reaction solution was
further stirred at room temperature for 5 minutes, and
the resulting precipitate was filtered off. Then, the

filtrate was concentrated to yield 5.67 g of syn-l-amino-



10

based on coloration wth UV and phosphonol ybdi c aci d).
20 After confirmng that the reaction had been
conpleted, the resulting reaction solution was
concentrated under reduced_ppessure to yield 7.64 g
of syn-1-am no-3- benzyl oxycycl obut ane-1-carboxylic
acid ethyl ester as white crystals. 25 - 26 - [0056]
Addi.tion _of Boc (FIG 1, Step.3) 7.64 g.0 .

e Y ?ﬁ&ﬁﬁﬁﬂ9i£94§¥}ﬁq-a%a%%&%yWFEtétid
a4%95€§¥§” was di ssolved in 250 nL of a 5 m xed
sol'uthtonof ethanol:triethylamne = 9:1. The resulting
so%y&% n was cooled in an ice bath for 15 m nutes,
and then 8.6 nL (corresponding to 37.5 mmol) of

digthRat -yl dicankenateanas added thereto, and the
mTUg¥T?T%EF1ﬂTTTT%#?W_TUUﬂTféﬂpETg%UTE over ni ght .

Then, toebhg 6§n§%ﬁtuoamghotBebéﬁ§9§b99cy@§ogaeéhéngd
by TLC analysis that was perfornmed using, as a nobile
S Pandiiixy 1 ikexanes, ettyilchaceidatren Eul 1(Rarvialdue cofremdere
target product = around 0.6) (in which confirmation
was tread e walsaskEd solved dnavioon mli oif Wtaatol. To this
nol ybdophosphoric acid). 15 After confirm ng that the
r egduitdierha@® .Beevd dompirespdndinge toe§dl timaed ) r e@dct i on
sol ution _was concentrated under reduced pressure to
yitdligthpileainey sieg adgdeda pad Ghe. Mmixsgrel wep eelded at
ethyl acetate and 150 nL of 0.5 nol/L cold
hyd8oEhferi 80 aginuhese Hadbawed blieaddst doe, ofndl- ¢ hal
eratyre_for

20 m xture s stirred _at roomte ,
nﬁﬁﬁ?§§sgﬁ&g§n9 to 620 50 mmol) of & ionyl ch orlge thereto.

The reaction solution was stirred at 0°C for 1 hour and
at room temperature for 1 hour, followed by heating under
reflux in an oil bath at 95°C overnight. Then, the
completion'of the reaction was confirmed by TLC analysis
that was performed using, as a mobile solvent,
chloroform:methanol = 95:1 (Rf value of the target
product = around 0.6) (in which confirmation was made
based on coloration with UV and phosphomolybdic acid).
After confirming that the reaction had been completed,
the resulting reaction solution was concentrated under
reduced pressure to yield 7.64 g of syn-l-amino-3-
benzyloxycyclobutane-1l-carboxylic acid ethyl ester as

white crystals.
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subsequently allowed to stand for separation. The
organi c | ayer was extracted and washed with 150 nL of
water twice, with 150 nL of a saturated aqueous
solution of sodium hydrogencagbonate, with 150 niL of
water twice 25 and 150 nL of saturated saline solution
twce in this order, and the extract was dried with
anﬂ%ggqus sodium sul fate, and subsequently

$t'rated under reduced - 27 pressure to give

)%Idd%l% I %fm%tter ﬁ::-pgr atil i; 3t)h;a erﬁi/ler !agg?;t \gas
h.,1 f
Sat ur af S5°ed Poe gl b HALED. SBER GG 1Bl Bhe- 91

O x Ma% Ydied okl REAT QS SAdeTveld Al Qs@nQ\L of a

then concentrated under reduced pressure, thereby
calibeet gl vk i TR e @k 1l aWnanly ="Bt:ter . THAe

series of operations gave 8.82 g of light yellow oily
matelserl.t iHge salesiidme waas caepasatied aand ceubatthedoly 15
silica gel colum 10 chronmat ography (hexane: et hyl
acenattess ant) thenyiseled md. J4ogrespondipgndiong7t.6 ffiol) of
mmol ) of syn-1-(N-(t-
b@tiokeaarbuityll) diicaspopaten mpsorypdedc thistresne- pnd the
carboxylic acid ethyl ester as white crystals. 0057
1915§H§ﬁZVP§tﬁ@ﬁrFPﬂG@tZrosmeﬁempengu#E eVeEPAS 5 hen,
ﬁhadded to.8.04 g &Sorres Qndln to 23 nngIL
s{Re1 CORPLEEH QP Rf c &PBo kTR &RPnW%ssconflr y TLC
bené on% % %obgﬁane E-car§n¥§Lic aci d etg§. esto -
ARUPLYRN S50 =51 PR PABEN S Het PiaPeloRa Bofiol 169
ggg&aue@@w% Wagrgdded thereke. Loyrdedsm bl bydpagen.
product = around 0.6) (in which confirmation was made
based on coloration with UV and molybdophosphoric acid) .
After confirming that the reaction had been completed,
the resulting reaction solution was concentrated under
reduced pressure to yield white crystals as a residue.
150 mL of cold ethyl acetate and 150 mL of 0.5 mol/L cold
hydrochloric acid were added to the residue, and the
mixture was stirred at room temperature for 5 minutes and
subsequently allowed to stand for separation. The
organic layer was extracted and washed with 150 mL of
water twice, with 150 mL of a saturated aqueous solution
of sodium hydrogencarbonate, with 150 mL of water twice
and 150 mL of saturated saline solution twice in this

order, and the extract was dried with anhydrous sodium

sulfate, and subsequently concentrated under reduced
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the m xture was stirred at roomtenperature overnight.
After the reaction, the palladiumon-activated carbon
was filtered off using Celite, and the resulting
filtrate was concentrated unger -reduced pressure to
give 5.74 g of 25 white crystals as a residue. The
reaction was traced by TLC analysis using, as a

il | h s et hyl =1:1 |
oPHIE IR ot R Gt RS TsPBtRateLY; Che
t h i
{ Gl TR PSRt tgﬁoﬁ%ﬁea%faqi%\”ar%a\q Witn LRA! D eeny
jal
e cﬁvﬁrEo“na‘c‘feggﬁ“?&ﬁ'p A St e e ggfdg%fth 250 mL
heyeang elrite £&EL1IALR 'so‘iu]c)l&lo el P ooi%leg: and the

(corresponding to 20.7 mml) of syn-I-(N

bleb@osear heny Iraid @itir Ry @suay Cédaqtaﬁra@@rllfact@r Bedy It hen
ic acid ethyl ester as white crystals. [0058] 10

Trddrcantaa ted Gnddr Sefuded 2r@ésmire§ mMielrebyf collecting a
syn-1-(N-(t-
busrexyic amgomyd )cefmyrd)l-c3+ loidyomatdtyel.oblhansetiear b6xy|

ic acid ethyl ester was dissolved in 26 nL of

pypiediatd ongn@avehd - 8@l @t iodn lugdhits tieldew ion lanmags elyat hThe
for 20 mnutes. 15 2.0 nL (corresponding to 12 mol)
ofregiiyer @S sEepEmatedo REch P& diiechiby &dild cRageddgedumn
th eto and m xture was stirred as_it was

30
oﬁﬁ@p%ﬁéé@@?@ﬁew§§hWFa@€&tB§eTLclaﬁ&I§Ql¥1eld 8.04
' t,.h di_et th =
2%3“%@&%5%&@ 3Pt 58" 28 FPdel Sreasr dn B dbact =
a&%ﬂ%@y@a@%o&&ﬁqa ﬁg%g—g@%%gzgﬁoxy—cyclobutane—1-
carboxylic acid ethyl ester as white crystals.

[0057]

Debenzylation (FIG. 2, Step 4)

150 mL of ethanol was added to 8.04 g (corresponding
to 23 mmol) of syn-1-(N-(t-butoxycarbonyl)amino)-3-
benzyloxy-cyclobutane-1-carboxylic acid ethyl ester, and
then 960 mg of palladium-on-activated carbon (10%
palladium) was added thereto, purged with hydrogen, and
the mixture was stirred at room temperature overnight.
After the reaction, the palladium-on-activated carbon was
filtered off using Celite, and the resulting filtrate was
concentrated under reduced pressure to give 5.74 g of
white crystals as a residue. The reaction was traced by
TLC analysis using, as a mobile solvent, hexane:ethyl

acetate = 1:1 (Rf value of the target reaction product =
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coloration with ninhydrin) to confirmthe conpletion
of the reaction. After confirmng that the reaction
had been conpl eted, 100 nL of water and 100 ni of

et her were added to the reacbkigon sol ution, and the
resulting mxture 25 was extracted and washed with 100
mL of 1 nol/L hydrochloric acid twce, with 100 niL of

sk € Eelsort e paRndinn SRS (HgD OV and
; ' it h hyd 0di | f d
e raglaas did edu L, anfydigus o sodi ue syld ale andy,

. under Teduced pressure to give 2.
g I Y. I r L AT .
3ol & KRGS S Rebardita (BRF SO M WF s
c g@@;{r {181 h TP | ield
\/\At;%r %ﬁ:@%@g%ﬁ and t eacbr}g}su tea{%%rn:'ev\}heitt-h@)?1 C R/Cse:%tsé/ vvelr 'el'

agad sttt alddZat using )pay dnes1d ef g pther to
yield 1.84 g (corresponding to 4.7 mol ) of

syfedrdd¥ddnding axy crr bommgl )am M @yn-13- (N{(t-
((trifluoronethyl) sulfonyl) oxy] 10

¢ Yo topt e dnycdarawobnd )i -G -dnidt cetymdy cdstertand-005@rboxylic
Conpar ati ve Exanple H2180 containing [18F] fluoride

i Gl Bl Bt e@B@)s whed epasyesdallsr.ough an

ani on- exchange col umm, such that 15 [18F] fluoride

i oO58dre adsorbed and trapped on the colum. A

pot assi um car bonate sol ution was then passed through

t%ﬁéﬂﬁ@ﬂ_@@&ﬁﬁ_&ﬁ:ﬂ&@uori de ions, and

the wlsh’sHi JB! BROASSEoRBTAda B (h L he el uat e. ~To

gg%l}t%%afnc%gx;éoﬁiﬁq A3 MRS 399G AR SN L e Boxy1ic
acid ethyl ester was dissolved in 26 mL of pyridine, and
the solution was stirred in an ice bath for 20 minutes.
2.0 mL (corresponding to 12 mmol) of anhydrous
trifluoromethanesulfonic acid was added thereto, and the
mixture was stirred as it was for 30 minutes. The
reaction was traced by TLC analysis using, as a mobile
solvent, hexane:diethyl ether = 1:1 (Rf value of the
target reaction product = around 0.6) (confirmed based on
coloration with ninhydrin) to confirm the completion of
the reaction. After confirming that the reaction had
been completed, 100 mL of water and 100 mL of ether were
added to the reaction solution, and the resulting mixture
was extracted and washed with 100 mL of 1 mol/L
hydrochloric acid twice, with 100 mL of water twice and

with 100 mL of saturated saline solution twice in this



4,7,13, 16, 21, 24- hexaoxa- 1, 10-

di azabi cycl o[ 8. 8. 8] hexacosane (trade name: Kryptofix

222, manufactured by Merck), and the m xture was

heated and evaporated to drympess. 25 [0060] To the

dried m xture was added a sol uti on obtained by

di ssolving 32 ng of 1-(N-(t-butoxycarbonyl)amno)-3 -

30_- . : .

[ (RIPFF I u et iHY NS SRS WS ddsst AR appgps

li | d | ester .in 1 nm of acetonitrile nd t he
St ittt s SR orhd fedir e B G et Pre et

a owy. t iof | yor i nat i r i O

prREete b SR PSS S5t TEHY BEEEY Pepfate. he

r 0088 LEIPE R @rd Afag Ssdf dbetdn 4 1
et her was added t gr%? os.%%@%%sﬁktﬁji%%nf%%r e}?v\%ays tea ge
pasSBshih rkEMﬁh@og?i‘é}b&%_ Bz d30K: a9y Btavad: tr afdenprio

of Waters Investnents Limted or trade nane,

avgl ¢ Bl vh { t @ e e SAtei$ the kegsticfitvartgitd &rystals
acetonitrile/diethyl ether solution of [18F]Boc-FACBC

[ O065dd alga inere estydtalyl Fwsed ous ing |t saidydi ettier ether to
solution of [18F] Boc-FACBC was added 1.5 nL of 4

mi¥eld hyd#ochl troxrespahding tdet M xineld wals sweated(N- (t-
at 120C 15 for 15 minutes to perform deprotection. The

r SRR remdicaniee sihkeduehi Iyoxame thyeld syl sy oxyl -

passed through an _ion retardation colum (trade nane:

10 AGMALPULARRIT L IRHRAIHY Bidr Rh o redt&s es Japan,

15

20

25

ered trademark, 20 manufactured by Waters

I W&%Mf\ré‘iﬂatn?pdfe i ght ALUW,

H,'®0 containing ['*®*F] fluoride ions (13 to 182 GBqQ)

I n an alum na columm (trade nane:. Sep-Pak
(e

was passed through an anion-exchange column, such that
[*®*F] fluoride ions were adsorbed and trapped on the
column. A potassium carbonate solution was then passed
through the column to elute [*®F] fluoride ions, and
subsequently, the column was flushed with water and the
wash solution was combined with the eluate. To the
resulting solution was added an acetonitrile solution of
4,7,13,16,21,24-hexaoxa-1,10-
diazabicyclo[8.8.8)hexacosane (trade name: Kryptofix 222,
manufactured by Merck), and the mixture was heated and
evaporated to dryness.
[0060]

To the dried mixture was added a solution obtained

by dissolving 32 mg of 1-(N- (t-butoxycarbonyl)amino)-3-
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manuf actured by N hon Waters K. K ), and a

reverse- phase colum (trade nane: Qasis HLB Pl us
EXTRACTI ON Cartridge Colunm, nmanufactured by Ni hon
Waters K K ) in this order,. 3po-yield a [ 18F] FACBC
solution. The yield of the 25 [ 18F] FACBC sol uti on was
from9.4 to 13.4 nL. The resulting [18F] FACBC was

coP e S R 5] S Rben o B Moy
o i A : pu : |
e Lﬁ%r ol ?3)% HIGUDLANE /‘tlrf

it / | i i = 20/5/5
TR0 HIRDAHASLAE 4 50T oz, 2Rkt <o =
thickmessy the? 5480 MBY At 2 Wed o PRIl NdThe

l ength: 10 cm 10 TLC scanner: Rita Star (manufactured

byniReMirestwas [tH3]a 1ABWEY t@f dfll RACtios teddpdd@ ure for
peak of [18F] FACBC Radiochem cal purity (% = Total
auninufes adirehel imli tof Aidty/1TIcEHratwa s BddddHdreto.
In addition, the anmpbunts of non-radioactive 15

i Mhe intdsasl iimg el Xtangetwas geisstedverhercogrip ar d luisiangep -Pak
the values obtained by correcting, in accordance with

t heredFisitegidich F rafisaadn Q2 Watars gealesamenbeallysmidfed or
each _inpurity confirmed by HPLC anal ysis under the

f G136 Moo et lews § Herad Abifhcsy Wadfeaisr &4 o Jago give an

"corrected , "). The sanple sg@lution

S@ﬁqﬁﬂﬂﬁfﬁ 'é%aﬁggﬁal;gf r solution of [*°F]Boc-FACBC.

[0061]

To the resulting acetonitrile/diethyl ether solution
of ['*F]Boc-FACBC was added 1.5 mL of 4 mol/L
hydrochloric acid, and the mixture was heated at 120°C
for 15 minutes to perform deprotection. The resulting
product was subsequently purified by being passed through
an ion retardation column (trade name: AG11AS8,
manufactured by Bio-Rad Laboratories Japan, Inc.), an
alumina column (trade name: Sep-Pak (registered trademark,
manufactured by Waters Investments Limited) light ALUMN,
manufactured by Nihon Waters K. K.), and a reverse-phase
column (trade name: Oasis HLB Plus EXTRACTION Cartridge
Column, manufactured by Nihon Waters K. K.) in this order,
to yield a ['®F]FACBC solution. The yield of the
[**F] FACBC solution was from 9.4 to 13.4 mL. The

resulting [*®F]FACBC was subjected to TLC analysis under
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was suitably diluted using a physiological saline
solution (dilution factor = 2.1 to 9.9). [0065]
Corrected area value = Area val ue of the peak of each
impurity x Dilution factor x Yiel-d of [18F] FACBC

sol ution (2) Amount of injected sanple - 32 -

[ 0066] HPLC neasurenent conditions: Columm: CAPCELLPAK
C1 ade nane, .manuf actured_. by Shj sei do, , .
e L OVEng G a BN 40 A e el SRR puriey
t r - o) :
prace: St Res BodtPELR S il bRl it on (1)
cop@@ggjng phosphate buffer (pH 2.1) as solution A,

and acetonitrile as solution B, concentration

gr gt ehal $ONS r@nyesi e f ormed by varying the

bl ending ratio of 10 the solutions A and B as shown in
Tabl e Mobi[1d0@Ha sEab ek YA 8 YT haind 1HRlaE sfyaldetiis
Time (mn.) after Mobile phase A Mbile phase B

i pecdioeqy/g01) 0-10 95 -> 90 5 -+ 10 10-40 90 10
40-41 90 - 95 10 -+ 5 [0068] Mobile phase flow rate:
1. 0 nL/TH plEseSargilld danjcedt iedF 2@ Urttrade0 neme, £ilm
Post - col utm deri vati zation conditions: Reaction
sothi¢lgres®: 0 A /mm poraru fadthtrd fyr Mewek)

Developing length: 10 cm
TLC scanner: Rita Star (manufactured by Raytest)

[0063]

Amount of radioactivity at the peak of [*®*F]FACBC

Radiochemical purity (%) =
ochemical purity (%) Total amount of radioactivity on the TLC plate

e

[0064]

In addition, the amounts of non-radiocactive
impurities in the target product were compared using the
values obtained by correcting, in accordance with the
following equation (2), the peak area value of each
impurity confirmed by HPLC analysis under the following
conditions (hereinafter referred to as "corrected area
values"). The sample solution subjected to HPLC analysis
was suitably diluted using a physiological saline
solution (dilution factor = 2.1 to 9.9).

[0065]

Area value of the peak of each impurity

Corrected area value =
Amount of injected sample

x Dilution factor x Yield of [*°F|FACBC solution - (2)
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10.4), 6 mmol /L o-phthal al dehyde, and 6 nmol /L
N-acetyl - L-cysteine 20 Reaction solution flow rate:
1.0 mML/m n Reaction tenperature: 50C Detector
fluorescence detector (type:- &&ters 2475 node
(manufactured by N hon Waters K. K ); excitation

wavel engt h: 330 nm fl uorescence wavel ength: 430 nm -
33[00&g969] The experinent of Conparative Exanple was
repeated 19 tinmes. [0070] 5 The radi ochemi cal purity

of ybe hesshidmhd 185ah .was 98.8 0.4% The
peaks of the inmpurities confirmed on the HPLC

chr omatRanaFe: Wl salinedas MowWrdde IRRE mdnufi@tured
corrected area value of the peak of each inmpurity was

aspphomisd fadadd €, 3td0, [907d] Jahle 2 Nae Pfpeachso mm)

inpurity Retention tinme (average val ue) Nane of

| mpur i taplupif Remper@thired. $RBm ehgeratdireé Rapdts 2Eoc)

303 FMS%ifi‘ghase: using 5 mmol/L sodium octanesulfonate-
containing phosphate buffer (pH 2.1) as solution A, and
acetonitrile as solution B, concentration gradient
control was performed by varying the blending ratio of
the solutions A and B as shown in Table 1.

[0067]

Table 1 Mobile phase in HPLC analysis

Time (min.) after Mobile phase A Mobile phase B
injection (%) (%)
0-10 95 — 90 5 — 10
10-40 90 10
40-41 90 — 95 10 > 5
[0068]

Mobile phase flow rate: 1.0 mL/min

Sample injection amount: 10 uL

Post-column derivatization conditions:

Reaction solution: 0.3 mol/L boric acid buffer (pH
10.4), 6 mmol/L o-phthalaldehyde, and 6 mmol/L N-acetyl-
L-cysteine

Reaction solution flow rate: 1.0 mL/min

Reaction temperature: 50°C

Detector: fluorescence detector (type: Waters 2475

model (manufactured by Nihon Waters K. K.); excitation

wavelength: 330 nm; fluorescence wavelength: 430 nm)
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35.9 H [0072] Table 3 Corrected area val ue of each
inpurity Corrected area value/108 ABCDEF GH
Total 515.6 63.0 40.2 1.6 226.3 26.6 44.1 40.7 986.8
15 [0073] Exanples 1 and 2 H2B®O-cont ai ni ng [ 18F]
fluoride ions (7 to 36 GBg) was passed through an
ani on- exchange col umm, such that [1SF] - 34 fluoride
i opgo¥er e adsorbed and trapped on the colum. A
pot assi um car bonate sol ution was then passed through
the corhEMesdoe@lndrer [oBFondddd Ak iBRinpANdias repeated
subsequently, the columm was fl ushed Mﬁth wat er and
t heowashesol ution 5 was conbined with the eluate. To
the resulting solution was added an acetonitrile
soloaevoh of 4,7, 13, 16, 21, 24-
hexaoxa- 1, | 0-di azabi cycl o[ 8. 8. 8] hexacosane (trade
nane: TRreyptasiiiocZg catamufraictyurce the Mersakd)t,irgnd tREFACBC
m xture was heated and evaporated to dryness. 10
[ 00F=4] 9908 thed K% ed Tinex peakswas athee d mpuzdltikisoronfirmed
obt ai ned by dissolving 32 ng of
1-PR- e iR y%gﬁqmﬁﬁqg%ﬁwﬁuﬂegp defined as shown in Table
[( trgiluoroneth sul fon I)oxy] cl obut ane-1-carh
I CETRACEES Greon VAINE S e G Pite camh (AR ity

sultln n1xt S, heated at 83C while stirring

foréé g%%%

[0071]

Table 2 Name of each impurity

Retention time (average value) Name of impurity
(min.)

8.0

8.9

9.8

14.

23.

30.

30.

T|Q"iE(Ogla|w]|

Wioo!|lw|oo|3

35.

[0072]

Table 3 Corrected area value of each impurity

Corrected area value/10°

A B C D E F G H Total

515.6 | 63.0 40.2 1.6 226.3 | 26.6 44.1 | 40.7 | 986.8

[0073]

Examples 1 and 2

H,'°0 containing ['®F] fluoride ions (7 to 36 GBq) was

passed through an anion-exchange column, such that ['®F]
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The resulting reaction solution was allowed to coo
at roomtenperature for 5 mnutes and then dil uted
with 20 14 nL of water, and the resulting solution was
passed through each Sep-Pak (¥4egi stered tradenark,
Waters Investnments Limted) cartrige (manufactured by
Ni hon Waters K. K. ) shown in Table 4, and the col um

T L e T N S

Sol r ;
2018085 ERLUTG LB BUNGE 9L BB v e
EhGent1y,

dréetulY P8seinfeair®ry trhapetheoyghs andqt BaB
0.8 n._ of 4

S
col um was charged with nmol /L sodi um

hythextdeusnl whs oplusived oeeh bya seal 4G thdewdsh | &61@fion
the colum. After elapse of 3 mnutes, the outlet of

t heagotombimed wpeheths oebhate. t I ajHaldgwilsdngt iselution
fromthe solid-phase colum, and the eluate was 10
coviecadded nam acatonifmei ol smiuwasn fof thet, Thar§eal, 24 -
wth 0.8 nL of 4 nol/L sodi um hydroxi de sol ution, and

t heexaea - br beedin calbscybby B8 waist Fegreateginahec rade name:
sol i d- phase colum was subsequently washed with 3 nL

of KR e L 1R 2 hanqrisfrcigred i oin NRECEontARR L Re i ¥tHere

previqysl ol l ected 15 al kaline solution. [0078]
was heated and evaporated to dryness.

[0074]

To the dried mixture was added a solution obtained
by dissolving 32 mg of 1-(N- (t-butoxycarbonyl)amino)-3-

[ ((trifluoromethyl)sulfonyl)oxy] -cyclobutane-1l-carboxylic
acid ethyl ester in 1 mL of acetonitrile, and the
resulting mixture was heated at 83°C while stirring for 3
minutes.

[0075]

The resulting reaction solution was allowed to cool
at room temperature for 5 minutes and then diluted with
14 mL of water, and the resulting solution was passed
through each Sep-Pak (registered trademark, Waters
Investments Limited) cartrige (manufactured by Nihon
Waters K. K.) shown in Table 4, and the column was

further washed with 10 mL of water.
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2.2 nL of 6 nol/L hydrochloric acid was added to the
above collected solution, and deprotection reaction
was perfornmed at 60C for 5 minutes. The resulting
product 20 was subsequently -pusi -i ed by bei ng passed
through an ion retardation colum (trade nane:
AGL1A8, manufactured by Bio-Rad Laboratories Japan,
I nggg7en @l umna colum (trade nanme: Sep-Pak
(reglstered trademark, Waters Investnments Limted)

i ght Al 4“395ﬁ§9tﬁh§9eb&ohhﬁﬁnugédvﬁﬁeé§cﬂ Efah %?

nd a reverse-phase um (trade nane: 36 __(asis

Al us EXTRACTI ON Cart |(ﬂﬁbﬂﬁdlphasanmmﬂumnlnpmmddmﬁ name)

Ni hon Ky K) |n this order, to yield a [ 1IBF]
FAGBG—;%EMAM_M& [18E] TACBC
S

ol ut | B¥empae rom 11.9 to 17.0 nL. 5 f00F9] The

}pﬁd [ 18F] FACBC sol ution was evaluated for the
i ochem cal purity of [18F] FACBC and the corrected

ar 2, vayle h eRdh U INE dhe o3 gta%@%g 903

ar at he “sample S

S%&é&%o&&t%ﬁfﬁé{‘aﬂﬁé'& WIS il t uﬁq . fatgg 0.8 mL

u5|ng a physi ol ogi cal saline s ution (di or

= ¥ O tid1 A Bodl P 8Bldarbhigad asH aahesd Ceﬁol@ﬁv&etd Q}gy Q;eallng
[ 18F] FACBC produced in 15 Exanples 1 and wer e .

anthed bidlilet respa iselynn Tablfeer shapset be gomﬁgateé the
area val ue of the peak of each inpurity. As shown in
Tabiteled, afh tdec lcalfunix argd epenkdans 2 1utee tar wiltks ldhe

all of the non-radioactive
solution from the solid-phase column, and the eluate was

collected in a vial. The column was further charged with
0.8 mL of 4 mol/L sodium hydroxide solution, and the same
procedure as above was repeated. The solid-phase column
was subsequently washed with 3 mL of water, and the wash
solution was combined with the previously collected
alkaline solution.

[0078]

2.2 mL of 6 mol/L hydrochloric acid was added to the
above collected solution, and deprotection reaction was
performed at 60°C for 5 minutes. The resulting product
was subsequently purified by being passed through an ion
retardation column (trade name: AG11A8, manufactured by
Bio-Rad Laboratories Japan, Inc.), an alumina column
(trade name: Sep-Pak (registered trademark, Waters
Investments Limited) light ALUMN, manufactured by Nihon

Waters K. K.), and a reverse-phase column (trade name:
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impurities except the inpurity D were reduced, as 20
conpared wth the sanple produced according to a
conventional process (Conparative Exanple 1), and the
total of the corrected area-valeues of all the ‘
impurities was reduced to |less than half. These
results confirnmed that the annunt of non-radi oacti ve

[ [ C

DL 2 P B A LR Damyactures
%rlﬁil%h welters 0081x Fapﬁ%él%f&&e%@gﬁ?elfc@éle of

eac inpurity Corrected area value/108 ABCDEF G

H POrakFAcB. s613030R.6. 2hd Pidfd 10f thd. P°#) Padne
257.7 Ex. 2 218.7 5.4 8.3738.2 5.2 2.0 4.4 1.6 292.6

| MERISTHRI s ARDE | £5AR L1176 5c4 00B2) ofihe process for
production of a radioactive fluorine-I|abeled organic
cobpo1d according to the invention can be used in

the field of nanufacturlng radi ophar naceuticals. 10

BRI EF [RSCRILREi@e GOF ﬁﬂarmwmt:[@@sms Fivaleatled sfor
a synthetlc schene of syn-1-

t_
bl Mmﬂ%mﬁ%@uel%érq |bx§159€136b@11@n*éhe ceprected

carboxyllc acid ethyl ester; Figure 2 is a synthetic
schesife ‘& ggwp]_3§@qtlmpur1ty urider the same ‘conditions as

in Comparative Example. The sample solutions subjected
to HPLC analysis were suitably diluted using a
physiological saline solution (dilution factor = 3.0 to
4.7).

[0080]

The radiochemical purities of ['®*F]FACBC produced in
Examples 1 and 2 were 99.4 and 99.3%, respectively.
Table 5 shows the corrected area value of the peak of
each impurity. As shown in Table 5, in each of Examples
1 and 2, the amounts of all of the non-radioactive
impurities except the impurity D were reduced, as
compared with the sample produced according to a
conventional process (Comparative Example 1), and the
total of the corrected area values of all the impurities
was reduced to less than half. These results confirmed
that the amount of non-radiocactive impurities can be
reduced by the process of production of ['*F]FACBC

according to the present invention.
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1-

ut oxycar bonyl ) am no) -3 -hydroxy-cycl obut ane-
carboxylic acid ethyl ester; and Figure 3 is a

synthetic schene of syn-1-(N-(t 20

but oxycar bonyl ) am no) - 3- [ ( (tri3f7 vor onet hyl ) sul f onyl ) ox
y] - cycl obut ane-1-carboxylic acid ethyl ester. - 38 -
CLAIMS 1. A process for production of a radioactive
fl ypsg e | abel ed organi c conpound, which conprises: 5

a

p
f

deesterification step of retaining, in a reverse-

hase cminim,s aceewpeyBd é@ééeﬁgmhédobyeébﬁ i@#h@mtpg
ornmul a (1\ NR2 isFE 2R (1\ wherein Rl is a linear

r brandhed Cl-d o al kybroheted arred Ovaiuefdiat i ¢

ubstityenty, and RZIs-a progecfigd Oroup;[ ghaf 9ifg | toral

hae colum with an kaline csaollitionltao deesteari f\
LILILI VALl L LI L CATT T TS CAT T A2 T T j

LA~ CUTTOrT LA Ot T I oTT T O OOt

heX abby & Corppound |addOsuBLequepit-By| Visghar8i pg t%hg 257.7

Q —~*+~ n O

Iﬁ(;@ji@ezslqj_u;tiog1_4rog1t3h(,3@olzum5._t20 zOkUc'@@ 1.6 | 292.6

B | h + £ A
UII}JUUIICI i’epi’e’ erte _y' L e IUI OWHRG IUI T ul &

NR2 ~sF CO2X (2) wherein X is sodiumor pota

and R2 is a protecting group; and

INDUSTRIAL APPLICABILITY
[0082]

The process for production of a radioactive
fluorine-labeled organic compound according to the
invention can be used in the field of manufacturing

radiopharmaceuticals.

BRIEF DESCRIPTION OF THE DRAWINGS
[0083]

Figure 1 is a synthetic scheme of syn-1- (N-(t-
butoxycarbonyl)amino)-3—benzyloxy—cyclobutane—1—
carboxylic acid ethyl ester;

Figure 2 is a synthetic scheme of syn-1- (N-(t-
butoxycarbonyl)amino) -3-hydroxy-cyclobutane-1-carboxylic
acid ethyl ester; and

Figure 3 is a synthetic scheme of syn-1-(N-(t-
butoxycarbonyl)amino) -3- [ ( (trifluoromethyl) sulfonyl) oxyl] -

cyclobutane-1l-carboxylic acid ethyl ester.
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a deprotection step of deprotecting the am no- 20
protecting group of the conpound obtained in the 39
deesterification step to obtain a conpound represented
by the following forrmula (3):38\H2 18F COON (3) 2.
The process for production of a radioactive 5
fluorine-| abel ed organi ¢ conpound according to claim
1, wherein the reverse-phaggg@igumm used in the
deesterification step contains packing that has a
structure in which a C1-Cl18 alkyl chain is attached to
a support via silicon. 10 3. The process for
productd grafess riagh qaeiduet idd Wi ina-ddkelad v FaRidrine -
conmpound according to claim1 or 2, wherein the
al kahé led| ot gami aisechpourtidie witbetst esmpr Cods on step i s
an aqueous sodi um hydroxi de solution. 15

a deesterification step of retaining, in a reverse-

phase column, a compound represented by the following

formula (1):

NR?
2R’ (1)

wherein R' is a linear or branched C1-Cip alkyl chain or
an aromatic substituent; and R® is a protecting group;
charging the column with an alkaline solution to
deesterify the above compound, and subsequently
discharging the alkaline solution from the column to
obtain a compound represented by the following formula

(2) :

NR2
COX

wherein X is sodium or potassium; and R®’ is a protecting

(2)

group; and
a deprotection step of deprotecting the amino-

protecting group of the compound obtained in the
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deesterification step to obtain a compound represented by

the following formula (3):

NH,
18F
COOH
(3)
2. The process for production of a radioactive

fluorine-labeled organic compound according to claim 1,
wherein the reverse-phase column used in the
deesterification step contains packing that has a
structure in which a C;-C;3 alkyl chain is attached to a
support via silicon.

3. The process for production of a radioactive
fluorine-labeled organic compound according to claim 1 or
2, wherein the alkali solution used in the
deesterification step is an aqueous sodium hydroxide

solution.



