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ABSTRACT

.

The dsvelopment of positron smission tomsography (PET) has entatled the grcpunum of redio-~
pharmaceut icals labelled with 2’emitting isotopes such as 1 13y and I50.

The use of these isotopes to label molecules for diologicel applications has lad to the
development of specific synthesis methods.

After considerstions on the genarsl characteristics of "C 13’ 150, on the choice of molecule
to be labelled ,gd on the “Yf"“" plso, sowe exmaples of labelled molacules are given :

130 - gas and *“0O-dutenol C-amino-ecids sod different ! C-ligands for recaptors studies,
enzymstic lebelling with 135,




CARRE-11, WITROCER-13 AND OXTCEN-15 - LABELLED NOLECULRS

Christian CRDG2EL, Dominique COMAR

Service Eespitalier Prédéric Joliot, Dépsrtement de Biologie,
Commissarist & 1'Emergie Atowique, 91406 Orsay, Framce.

.

The davelopment of positron emission tomography (PET), which gives an imege
of the distribution of a labelled tracer inm a trasmsverse section of the body, hes entailed
:;: ncplasruton of rediophbarmeceuvticals labelled with 8+ emitting isotopes such a8 “c,

aad *0.

The use of these radiocisotopes to ladel molecwles for biological applications
bes led to the davelopment of epecific synthesis mathods suited to the characteristics
of the muclides thamselves : short half-life, small mese and high redicactivity required.

GENERAL CBARACTERISTICS of llc, 3g ammp 130

These radioi » sre produced by porticle accslerstors, usually cyclotrons,
aend decay by amission of positroms which oo costact with metter are amaibilsted giviag
off two 511 keV y rays st 180°.

Their short half-life, while an advsatags in thst the radistion dose received
by the patiest is relatively smsll, confises their place of use to the production site
itself.

Thess products, resvitiag from nuclear trazssutation asd beisg so short-lived,
may be obtaimed with a bhigh specific activity (table 1), eaven if the theoretical vslue
cammot actuoally be resched bacsuse of contaminstion by stable elements.

. Buclear resaction most Theoretical specific
Buclide Ralf-life commonly used radiosctivity (Ci/uMole)
Carbon-11 20.4 wm lép (p,0) ¢ 9.22.10%
Pitrogen-13 9.9% wm 12¢ (4, ») 12 1.99.10¢
Oxygen-15 2.0 = l4g (4, o) 150 9.18.10%
Table 1

They msy consequently be used to lasbal molecules of some tozicity or presest
in very msll quantities is the body.

CBOICT OF MOLECULZ TO BE LABELLED AND LABELLING PLAN

The labelling of & sev wmolecule with s shbort-lived isotope msy require some
waeks or months sccordiag to the difficulty of the synthesis coneidered, vhich mesos
chat the molecule sust be chosen with specisl care. This choice relies on the collaboration
of biologists, physiologists, physicisns, cbemists... asvare that the process which is
to be msessured must last po longer than three or four times the bhalf-life of the
radioe lement .

Morecver the cracer must have 8 bigh esough uptake rate imside the orgsn studied,
compared vith the injected dose (the totsl radicactivity imjected beimg limited by the
dose delivered to tbe patiest), for the number of disiotegratious recorded oo the orgso
to give o scatistically significant result.




Once the molecule has been chosem the chemist must plan the labelling procedure.

The synthesis vith purificetion must last 2o looger tham 2 to 2.5 tiwes the
balf-life of the radioelement, {.e. 40 to 50 minutes for Carbon-11, which seans optimising
the resctiov speeds and finding rapid purification metbods.

In addition the syntbesis, which vill need to be repeated seversl times & week
over some wonths for imjection to patients, wust be suited to automstion in shiclded cells.

The position vhere the radiocelement will be iacorporated im the molecule must
be examined attentively.

let us take the example of prezosin, s wolecsle with a stromg affimity for
peripheral a) receptors. The chemist cam iptroduce & casbon-11 atom in one of tw
positions : one of the methuxy groops CH30- or tbe - C - group (fig. 1) 1

°
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7ig- | - Possible positions for labelling in Prazosin

However a study of the pharmscokinetics of this wolecule im mas hes shown that
O-demethyletion occurs mote quickly than cut oo the mmide. it is obviously better therefore
to contemplate label.ing on the -~ €O - ratbher thao on the methoxy groups.

These geveral rematks will now be followed by a fev examples of llc, 13y gnd

150-1abelled molecules. Let us start with oxygen-15 which, given its hslf-life, is suitable
ouly for very simple synthesis.

LABELLINC WITE OXYCEN-15

Most 150-1sbelled wolecules are produced oo lise :

11501 - 0y, I1%) - cop. §1%01 - o0, (150! - B70. These wolecules are purified by various
types of oven or trap set ioto the circuit (1) (fig. 2 and 3).

Fig. 2 - On line production of 130-labelled molecules

Witrogen protoxide (150 - N;0 has been obtained by catalytic

oxidation of
smmonia (2) (figure 4),




Palladium

[*0]-0,~— 150°C

H,

Pig. 3 - Production of 150-labelled water

Pt

4 NH, + 470, 2 N,°0 + 6 H,0

Fig. & - 150-!;0 production from l50-02

More receotly 11501 - butsnol was syothesized by resction of orxygen-15 on
tribetylborane in tetrabhydrofurane {3).

{cBy-(CHy)313 B + 11%1-0;  11%0(-CH3-(CHy)y -0B

After labelling, tbe butanol is separsted out by BPLC in two minutes. Several
tens of mCi of |150] - butapol have been prepared in this way.

LABELLING WITH CARBON-11

Carbon-11 is incontestably the + emitter wost widely used to label wolecules
for medical applications (4). Before fts iocorporation in the structure of a wolecule,
the carbon 11 must be obtained in a higbly reactive form known as labelled precursor.
The most commonly used of these are listed in table 2.

Co; and l“Cl-C&,. Prom these two simple molecules it is possible in less than five minutes
to prepare more cowplex bdut also such more reactive wolecules with which an organic
systhesis may be undertaken.

Carbon-11 is generslly recovered from the target in obe of two forms : gy~

It is most important at this stage to hkeep the high specific activity of the
1Mci-co; and [tlg|-cH, produced in the target, in otber vords to avoid as far as possible
any isotopic dilution with stable carbon. A labelled molecule will only be a good tracer
in fact if the system to be measured is oot perturbed, which means that its specific
activity sust be high.

Very many radiopharmaceuticsls have been labelled over the last fifteen years
for metaboiic or pnarmacokibetic research, or to seasure certain physiological parameters
(flow rate, intracellular pH, wrmbrane perseability... etc). A fev illustrstions only
will be given here.

The first syothesis involved the methylation of demethylated mnlecules dy 1tey-
sethyl 10dide. Methy] iodide is the most widely used radioactive precursor to date.

Examples are the syothesis of |1!1C|-merhyl quinuclidinyl beazylate (5) (fig.
5) or of [!1c] wethyl RO 15 1788 (6) (fig. o), ligands for wuscarinic receptors and
benzodiazepine receptors respectively.
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Fig. 6 - Ilicimethyl RO 15 1788 synthesis




Anotber kind of reaction with l“c:cs3l is the synthesis of sa amivo acid,
aethionine (6), wuch used to study protein syutbesis in a given orgam (fig. 7).
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rig. 7 - 111Clmetby] methicuine synthesis

{llclacetone bas been used to label ligand of B -adrenmergic receptors :
propranclol, practolol, pindolol (B) (fig. 8).
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rig. 8 - {11c| Pindolol syntbesis

Incl-phcugem sllows a carbooyl function to be inserted between two
stereochenically similar amino functions. This bas been applied to the labelling of
different ligsods such ss pimozide, ketanserine and more recently CCP 12 177 (9), a 8
blocker of very high specificity (fig. 9).
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Pig. 9 - 11dcl CGP 12 177 synthesis
Mauny amino acids have been carbon 1l-lasbelled oo the carboxyl group by the

Bucherer Strecker wethod, whereby a hydsntoio is prepared by action of KCN on an aldehyde
or a ketone then hydrolysed to the corresponding amino acid (fig. 10).
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Pig. 10 - Bucherer strecker syntbesis
leucine, valine, tryptophane, phenylalanine have beem prepared in this way.

Another more recently reported metbod involves the action of

Bl oo an smino
sulphite to give au aminonitrile which is bydrolysed (10) (fig. 11).

Fig. 11 - Amino acid synthesis from amimosulfite

Many other wmolecules belonging to the sugar, fatty acid and asteroid groups
bave also been synthesized with Ilc,

LABELLISC WITH NITROGEN-1I3
fitrogen-1) has been used for labelling, though its use s somewhat limited

by its 10-minute half-life. BRowever some enzymatic synthesis a0d ooe or two organic

syotbhesis have beea carried oult’ 13 1 be obtained chiefly in two forms suitable for
the purpose : J13mj WBy and 11°NINOS". M-ammonia has been incorporsted in many amino
acids (I1) : glutamic acid, s3lanine, leucine, valine, aspartic acid...

The general reaction involves the formation of a J13M|-L aminoe :id from (13m)-
WH3 and an o keto acid (fig, 12).
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Pig. 12 - Epzymatic syothesis of L amioo acid

Certain !JM-amides may also be obtained (fig. 13).




NH, NN,
{ Assar ogpae -
HO,C-CH,-CH - COM ————= 1 N-C-CN -CH-CO,M
Symingd woe ']
[+]

Fig. 13 - Enzymatic syathesis of |13x| snide-aspsragine

Of tbe organic syntbesis carried out with 135 (less than ten compound s
altogetber) one of the latest is }13M|phenethylemine (12) (fig. 14).

INH
Ph(CH,), COCl ——3 Ph(CH,), CO “NM,

Na O Br Ph (CHy), ',NH,

Fig. 14 - Syotbesis of |13N|phenethylamine

13n3 rescts on pbenylproprionyl chloride for 30 seconds then the |13|||
pbenylpropricuamide undergoes s 5-wirute resction with sodium hypobromite.

GENERAL CORSIDERATIONS om llc awp 13w LaseLLING

Once the wmolecules are labelled, sn absolutely pure product ready for human
injection, sust be obtained. The best method of purifying such molecules is high-perforsance
liquid chromatography oo an analytical or semi-prepsrative scale. The separations take
less than 10 minoutes and tbe specific activity of the product may be inferred from the
resulting chromatogram. The chromatographic solvents wust be highly wolstile in order
to evaporate very quickly sfter separation.

Separations of products in twvo forms D and L bave been performed by "Chiral”
chromatography. Enzymatic resolutious bave slso been achieved.

In the case of eorymatic labelliogs the L form is obtained directly. The
increasingly frequent use of enzymes fixed oo & solid support reduces the risk of
pyrogeaicity.

A problem inherent in this type of syntbesis is that, because of the short
balflife of the radioisotope uvsed it is essentisl to begin the operation with very high
activities (1 to 1.5 Ci in the csse of carbon-i] for example). This means that the work
wust be carried out in shielded cells by means of automatic or at least remoted control
systess.
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