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t B 5 T R A C T 

Th* development of poaltron ealsaloo tomography (WT) haa entailed the preparation of radio
pharmaceutical» labelled with Remitting laotopea each a» n C 1 3 » aad '*0. 

The uae of theae leotopae to label molecule» for biolotlcal application» haa led to the 
development of apeclflc ayntheal» method». 

After con» id «ration» on the general characteristics of C S 0, on the choice of awlecule 
to be labelled and on the labelling plan, BOB* examples of labelled molecule» are given : 

1 5 0 - gaa and 1 5 0-butanol, "C-ealao-eclda aad différant ''C-llganda for receptor» atndlee, 
enxymetlc labelling «1th 1 3 K. 
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Service bespitslier Frédéric J o l l o t . fieperteneat «a Biologie, 
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Tbe development ef positron emission tonography (FB I ) , «bleb gives aa image 
af tat distr ibution ef a labelled tracer fa a traaaveree aactloa af tha bad*, haa entailed 
ch* preparation of radleaberoBceatlcala labelled with ! • emitting Isotopes aacb aa * *C , 
lyU aad 1 5 0 . 

The aaa af thaaa radioisotopes to label aolacalaa for biological applications 
baa led to tha devalnpniat of specific ayatbesla aatbada salted to tbe cbaracterlatlca 
of tbe nuclides fhenailvoa » abort h a l f - l i f e , snail aasa aad high radioact iv i ty required. 

conuu. cuiAcrnisncs or I 1 c , " • A » l s o 

Tbaae radioisotopes are produced by part icle acceleratora, nasally cyclotrons, 
aad decay by aaiaaloa af positrons which en caatact with Matter are aaalhilated giving 
o f f too 511 ha» T raya at ISO*. 

Their abort h a l f - l i f e , «b i le aa advantage l a that tha radlat ioa doae received 
by the patient l a relat ively aae l l , confiées their place of use ta the production a i te 
i t s e l f . 

These products, result lag freai nuclear traaaautation aad be lag so abort-l ived, 
may be obtaiaad wltb a high specific ac t i v i t y (table 1 ) , even i f the theoretical value 
caaaot actually be reached beceuee of coataaiaatioa by stable eleawata. 

_ . . . . , , . . . Ruclcar reaction most Theoretical specific nuclide h a l f - l i f e , »,_... < „ ! _ • * coaaaaly asad radioactivity (Ci/pNole) 

Carbon-11 20.* an U H (p , a ) n C f .22.10* 
•itrogee-13 • . « • a n l 2 C ( d , a) 1 3 l 1 .M .10 4 

Oaygea-U 2.0} an u » (d , a) l s 0 «.16.10* 

Table 1 

Tbey aay consequently be used to label nolecules of SOSM toa ic l ty or pressât 
l a very aaall quantities ia the body. 

ooicx or MOLECULE TO n uiri,un> AND LABCLLIK FLA* 

Tbe labelllag of a asv aolecule v i th a abort-lived isotope nay require soae 
weeks or aoatba according to the d i f f i c u l t y of tha synthesis considered, vbicb neaaa 
that tbe aolecule nust he chosen vi th special care. This choice re l ies on the collaboration 
of biologists, pbyaiologiats, physiciens, chemists... avare that the process vhlcb ia 
to be acaaurcd must last no longer than three or four tines the h a l f - l i f e of the 
radioe leacac. 

Moreover tbe tracer auat have a high eaougb uptake rate inside the orgaa studied, 
censored v i th tbe injected doae (the tota l radioactivity injected being l ia i ted by the 
dost delivered to the pat icat ) , for the aunber of disintegrations recorded on the organ 
to give a etat ist lcsl ly sigaiflcaat resul t . 



Once the molecule haa beea cboaem the chemlat must plaa the l a b e l l i n g procedure. 

The synthes i s with p u r i f i c a t i o n nuet l aa t BO longer thaa 2 t o 2.5 times the 
h a l f - l i f e of the radioeleacDt, i . e . U t o M minutes for Carboa-11, which means opt imis ing 
the react ion apeeda and finding rapid p u r i f i c a t i o n nethoda. 

In addition the ayntheeia, «b ien « i l l need t o be repeated severa l t i n e s a «eck 
over some months for i n j e c t i o n to p a t i e n t * , «Mat he s o i l e d t o automation in sh ie lded c e l l e . 

The poait ion «here the radioélément « i l l he incorporated i n the no lecu le nuat 
be examined a t t e n t i v e l y . 

Let ua take the example of prsxo a i o , a no lecn le « i t h n s trong a f f i n i t y for 
peripheral a ] receptors . The chen i s t c a n introduce a carboo-11 Stan In one of two 
pos i t iona : one of the methoxy groups CB3O- or t h e - C - group ( f i g . 1) 1 

0 

xn°J^ 
\ 

*lg . 1 - Poss ib le p o s i t i o n ! for l a b e l l i n g In Trasoeln 

However a study of the pharmacokinetics of t h i s no leca le in nan has shown that 
O-denethylction occora more quickly than c o t on Che a v i d e . It i s obviously b e t t e r therefore 
to contemplate l a b e l l i n g on the - CO - ra ther than on the ssethoxy groupa. 

These general remark» w i l l now be fol lowed by a f e * examples of l^C, * ' • and 
1 5 0 - l a b e l l e d molecule! . Let ua atart with oxygen-15 which, given i t a n a i f - l i f e , ia au i tab le 
only for very «lmple aynthesie. 

LaMXLMC WITI OXYCn-15 

Host ' ' o - l a b e l led aoleculea are produced on l i n e : 
| 1 5 0 ! - Oj, l 1 5 0 l - CO2. I 1 5 0 | - CO, l 1 5 0 l - B 2 0 . These molécules arc purif ied by various 
types of oven or trap act into the c i r c u i t ( 1 ) ( f i g . 2 and 3 ) . 
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rig . 2 - On l ine production of '^O-labelled molecule» 

Nitrogen protoxide i^OI - R2O has been obtained by c a t a l y t i c oxidat ion of 
onia (2) (f igure * ) . 
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rig. 3 - Production of 1 5 0-labelled water 

15^ 
4 NH3 + 4 0 2 

pt 15 

300* C 
2 N 2 O + 6 H 2 0 

fig. 4 - l^O-IjO production from ^5O-02 

More recently I^Ol - butanol va* synthesized by reaction of o«ygen-15 on 
tribrtylboraoe in tetrabydrofurane (3). 

|CB3-(CH2)3l3 B + I^OI-Oj | 1 50|-CH 3-(CH 2)3 -0B 

After l a b e l l i n g , tbe butanol l a separated out by BFLC in t i n a i n u t e s . Several 
tena of aCi of l 1 5 0 l - butanol have been prepared in t h i s vay. 

LABELLING WITH CAgBOM-11 

Carboo-11 i> inconteatably tbe + e a i t t e r aost widely used t o label ao l ecu lea 
for aedica l appl icat ions ( 4 ) . before i t a incorporation In tbe s tructure of a a o l e c u ' e , 
tbe carbon 11 aunt be obtained in a h ighly react ive fora known at l abe l l ed precursor. 
The aost coaawnly used of these are l i s t e d in table 2 . 

Carbon-11 i s general ly recovered fro» the target in one of two forais : l '^Cl-
COj and l^'cl-CB^. Proa these two simple a o l e c u l e s i t i s poss ible in lesa than five a i n u t e s 
to prepare sore cosplez but a lao auch aore react ive ao lecu les with which an organic 
synthes is aay be undertaken. 

It i s aost important at th i s atage to keep tbe high s p e c i f i c a c t i v i t y of tbe 
| l l c | - C 0 j and l'^Cl-CHi, produced in the t a r g e t , in other words to avoid as far at p o s s i b l e 
any i sotopic d i lut ion with s table carbon. A labe l l ed ao lecu le w i l l only be a good tracer 
in fact i f the syatea to be aeasured i s not perturbed, which aeana that i t s a p e c i f i c 
a c t i v i t y aust be high. 

Very aany radiopharaaceuticals have been label led over tbe l a s t f i f t e e n yea i s 
for aetaboi ic or pharaacokinet ic research, or to aeasure certa in phys io log ica l parameters 
(flow rate , in trace l lu lar pH, arabrane p e r a e a b i l i t y . . . e t c ) . A few i l l u s t r a t i o n s only 
v i l l be given here. 

The f i r s t synthes is involved the ae thy la t ion of deaetbylated a o l e r u l e s by l " t ' | -
aetbyl iodide. Hethyl iodide i s the aost widely used radioactive precursor to date. 

Ezjaples are the synthes i s of l ' i c l - a e ' h y l quinuc 1 idiny) benzylate ('j ) ( f i g . 
i) or of l " c l aethyl ko IS 1788 (6) ( f i g . b), ligands for auscarlntc receptors and 
benzodiazepine receptors r e s p e c t i v e l y . 
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Fig. 5 - i 1 1 Clae tby l QNB trocbctis 
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Another kind of react ion with I^CjCHjI i s the s y n t h e s i s of M amino s c i d , 
( 6 ) , vue h used to study pro te to synthes i s i o s given organ ( f i g - 7 ) . 

« * - s \ • i«ot, / 0 0 N 

| ^c • o . «knj - s - tea*), - « ' 

Fig. 7 - ( H c l a e t h y l methionine aynthee is 

I^Clacetone baa been uaed to labe l l lgand of B -adrenergic receptor* 
propranolol, p r a c t o l o l , p indo lo l (B) ( f i g . 8 ) . 

OCN,'CM.CM,a>C^ 
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Fig. 8 - I U C | Pindolol ayntheaia 

I " c I-phosgene a l io»» a carbooyl function to be inaerted between two 
• tereocheaical ly s imi lar amino funct ion». Thia bat been appl ied to the l abe l l ing of 
different Uganda aucb as p iawt ide , ketanaerine and «ore recent ly CCP 12 177 ( 9 ) , a 8 
blocker of very bigb a p e c i f i c i t y ( f i g . 9 ) . 

f i g . 9 - I 1 1 CI CCP 12 177 synthes i s 

Many aaino acida have been carbon U - l a b e l l e d oo the carboxyl group by the 
Bucherer Strecker art bod, «hereby a hydantoîn i< prepared by action of ICK on an aldehyde 
or a ketone then hydrolyaed t o the corresponding asuno acid ( f i g . 10) . 
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Fig. 10 - kucherer etrecker synthesis 

Leucine, valine. tryptophane, phenylalanine have been prepared in this way. 

Another sore recently reported net bod involves the action of H l lOI on an amino 
sulphite to g've an aninonltrile which ia hydrolyaed (10) (f ig. 11). 
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Fig. 11 - Amino acid synthesis froa aminoaulfite 

Many other molecules belonging to the sugar, fatty acid and steroid groups 

have also been synthesized with *^C. 

LABELLUC WITH •ITÏ0GBI-13 

• itrogen-13 has been used for labelling, though its use is somewhat limited 
by its 10-minute half-life. However some enzymatic synthesis aad ooe or tvo organic 
synthesis have been carried ouly ^ N mat be obtained chiefly in two forms suitable for 
the purpose : l'̂ pjl KB3 and I *^»lIWO3-. "H-11—onla has been incorporated in many amino 
acids (11) : glutamic acid, alanine, leucine, valine, aspartic acid... 

The general reaction involves the formation of a I^KI-L amino :id from l1-1"!-

•B3 and an a keto acid (fig. 12). 

R-C-COOH AsH, a""""" ""> R-CH-COOH 

0 NH, 

Fig. 12 - Enzymatic synthesis of L amino acid 

Certain "••amides may also be obtained (fig. 13). 
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Fig. 13 - Enzymatic ayntbeals of l 1 3 K | aaide-aaparaglne 

Of the organic synthesis carried out with " • ( l e a n than ten compounds 
a l t o g e t h e r ) one of the la teat ia l 1 3 l |pbenetby l«adne (12) ( f i g . 1 4 ) . 
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f i g . 16 - Syntbeala of I 1 3 >Iphenetby laa ine 

^MBj react» on pbenylproprionyl chlor ide for 30 accoude then the I^HI 
phenylpropricnaaide undergoes a 5-nit;ute react ion « i t h sodium hypobromite. 

CE1TERAL CORSIDEBAnOHS 0* U C AMD liH LUELLIK 

Once the aolecule» are l a b e l l e d , an abaolute ly pure product ready for human 
i n j e c t i o n . Bust be obtained. The beat aetbod of purifying eucb a o l e c u l e a ia high-perforaance 
l iquid chromatography on an analyt ical or semi-préparâtive a c a l e . The separations take 
leaa than 10 a inutes and tbe apecif ic a c t i v i t y of the product aay be inferred froa the 
r e s u l t i n g chroaatograa. The chromatographic a d v e n t s aust be h ighly v o l a t i l e in ordei 
to evaporate very quickly after separation. 

Separations of products in two foras D and L bave been performed by "Chiral" 
chromatography. Enzymatic resolutiona have a l s o been achieved. 

In tbe case of enzymatic l a b e l l i n g s tbe L form ia obtained d i r e c t l y . The 
increas ingly frequent uae of enzymes fixed on a s o l i d support reduces tbe r i sk of 
pyrogenic i ty . 

A problea inherent in t h i s type of synthes i s i s t h a t , because of the short 
h a l f l i f e of the radioisotope used i t is e s s e n t i a l to begin the operation with very high 
a c t i v i t i e s (1 to 1.5 Ci in the case of carbon-II for example). This means that the work 
auat be carried out in shielded c e l l s by means of automatic or at l eas t remoted control 
systems. 
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