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1. Uvod

Bezprostfednim impulsem k napsani tohoto c¢lanku
byla osobni zkuSenost autora. Zavolal mi spoluzék ze stu-
dii pracujici na nejmenovaném tstavu AVCR, Ze by potie-
boval ovéfit radiochemickou d¢istotu ligandu znaceného
tritiem. Po vyjasnéni, ze se jedna o osm rokd stary preparat
s aktivitou 51 Ci/mmol, jsem se marné snazil doty¢ného
presvédcit, at’ ligand rovnou umisti do radioaktivniho od-
padu. V Priivodnim listé radioaktivné znaceného ligandu
bylo uvedeno, ze pfi skladovani v originalnim baleni pii —
20 °C dochazi k degradaci radiochemické Cistoty o 1 %
mésicné, ale tomu kolega odmital v&fit. Na jeho tpénlivé
naléhani jsem vzorek nakonec analyzoval pomoci radio-
HPLC. Jak se dalo ocekavat, po ptivodnim znaceném li-

Tabulka I

Procesy vedouci k rozkladu radioaktivné znacenych slouc¢enin

gandu neziistala ani stopa (viz obr. 1). Jiny nejmenovany
kolega si zase pféal, aby ndmi na zakédzku pfipraveny sub-
strat znaCeny tritiem o specifické aktivit¢ 20 Ci/mmol
mohl pouzivat 5 let. Jak je to tedy se stabilitou radioaktiv-
n¢ znacenych sloucenin a jsou udaje o pouzitelnosti prepa-
ratu v Privodnim listé od vyrobce jen marketingovym
trikem, jak donutit zdkaznika k nadkupu vzdy cerstvého
produktu?

2. Procesy vedouci k rozkladu radioaktivné
znacenych slou¢enin

Prvni praci upozornujici na zvySenou nestabilitu slou-
genin znalenych radiouhlikem *C ve srovnani s jejich
neznaenymi analogy publikovali Calvin a spol.' v roce
1953. Bayly a Weigel rozdélili’ procesy vedouci k rozkla-
du radioaktivné znacenych sloucenin do CEtyi skupin (viz
tabulka I).

Rychlost, s niz dochézi k rozkladu primdrnim vnitr-
nim procesem, je dand polocasem rozpadu radioaktivni
znaCky — pfipomenme si na tomto misté, Ze polocas rozpa-
du radiouhliku "*C je 5730 rokd, pologas rozpadu tritia *H
je 12,7 rokl. Protoze pti experimentech s radioaktivné
znacenymi slouceninami je hlavni sledovanou veli¢inou
aktivita (tedy pocet radioaktivnich rozpadii za jednotku
Casu), je kritériem pro Cistotu radioaktivné znacenych
sloucenin tzv. radiochemicka cistota (radiochemical puri-
ty, R.P.), ktera vyjadfuje v procentech obsah aktivity ve
formé dané slouceniny vzhledem k celkové aktivité pre-
paratu. Je-li tedy deklarovana radiochemicka Cistota 97 %
pro L-[*H]leucin, znamen4 to, e 3 % aktivity preparéatu je
v jiné, blize nespecifikované, chemické formé nez je
L-[*H]leucin. Tento udaj se musi zohlednit p¥i vyhodnoco-
véani experimentu. Pokud bude v molekule slouceniny jen
jeden radioaktivni atom, primarni vnitini proces nema na
radiochemickou ¢istotu vliv (fragmenty molekuly po radi-
oaktivnim rozpadu nejsou radioaktivni). Pokud bude zna-
¢ena sloucenina obsahovat dva a vice atomt radiouhliku
'C, tak po radioaktivni pfeméné jednoho atomu '*C na "N

Rozkladny proces Popis procesu

Primarni (vnitini)
Primarni (vné&jsi)
Sekundérni

radioaktivni rozpad atomu ve znacené molekule
ptima interakce radioaktivni ¢astice z rozpadu se sousedni intaktni molekulou
interakce excitovanych molekul prostfedi (rozpoustédla, rozpusténych plynti) vzniklych

pruletem radioaktivni ¢astice s molekulami znacené slouceniny

Chemicky

termodynamickd nestabilita slouceniny, nevhodny vybér rozpoustédla

— v podstaté shodné s neznacenou slouc¢eninou
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Obr. 1. Radio-HPLC [N-allyl-2,3-*H[naloxonu; a) neradioaktivni standard naloxonu (UV detektor), b) osm let stary preparat [ N-allyl-
2,3-*H]naloxonu (UV detektor), ¢) osm let stary preparat [ N-allyl-2,3->H]naloxonu (detektor radioaktivity)

uz to chemicky neni ptivodni sloucenina (navic dochazi
i k desintegraci vazeb) a vysledna molekula (molekuly) se
tak stava (stavaji) radiochemickou necistotou. V piipadé
radiouhliku 'C je primarni vnitfni proces v podstaté rov-
néz bez vlivu na radiochemickou ¢istotu — za 1 rok se roz-
padne 0,001 % atomil, takze i kdyz bude 10 atomd '*C
v jedné vychozi molekule, tak za jeden rok se radioche-
micka Cistota snizi o zanedbatelnych 0,01 %. Pti znaceni
tritiem *H je situace jind — za 1 rok se rozpadne 5,5 % ato-
mui. To znamend, ze jen samotny primarni vnitini proces
zpiisobi pokles radiochemické &istoty L-[*H]leucinu o mér-
né aktivité 58,2 Ci/mmol (tj. obsahujiciho 2 atomy tritia *H
v molekule) z piivodnich 97 % na 91,5 %. To je jiz hodno-
ta vétSinou nepfipustnd, napt. ve farmaceutickém vyzku-
mu. Navic dojde i k poklesu specifické aktivity procesy, ke
kterym jesté dojdeme.

Primarni vnéjsi proces hraje roli v piipadé€ radioaktiv-
né znacenych preparatd s nizkou mérnou aktivitou uchova-
vanych ve formé chemicky Cistych sloucenin. Hmotnost
znacenych sloucenin s vysokou mérnou aktivitou je natolik
nizka, ze je s nimi manipulovano jako s roztoky, a tak lze
dostate¢nym natfedénim tento proces potlacit.
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Sekundarni procesy se podileji nejveétsi mérou na
poklesu radiochemické Cistoty béhem skladovani znace-
nych sloucenin znacenych radionuklidy. Zejména v pftipa-
ds nizkoenergetickych B-zafica, jako jsou '*C a *H, je ves-
kera energie vyzarenych elektronti spotiebovana na velmi
kratké draze k excitaci molekul prostiedi (dobéh B-Castic
vyzatenych radionuklidem '*C ve vodé je 0,3 mm, pro *H
je to jen 0,006 mm). Biologicky aktivni slouceniny znace-
né radionuklidy jsou vétSinou velmi polarni a aplikuji se
do zivych systémul — proto je voda nejCastéji pouzivanym
rozpoustédlem pro pfipravu jejich roztoki. Excitace mole-
kul vody B-¢asticemi je slozity proces. Z hlediska stability
znagenych sloucenin je kliGovy vznik OH® radikald schop-
nych jednak ptimo hydroxylovat n¢které polohy v organic-
kych molekulach a dale i oxidovat jiz pfitomné funkéni
skupiny jako napf. hydroxy- ¢i aminoskupiny.

Chemické procesy snizujici radiochemickou Eistotu
radioaktivné znacenych sloucenin jsou stejné pro znacené
i neznacené molekuly dané slouceniny a nebudeme se jimi
v tomto ¢lanku zabyvat.
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3. Osud vazby C—*H po radioaktivnim
rozpadu tritia

Celkova kineticka energie Kt uvolnéna béhem radio-
aktivniho rozpadu atomu °H se rozdéli mezi odlétajici
B-&astici, nové vznikly atom *He" a antineutrino v. Energie
B-cCastice je absorbovana v prostfedi za vzniku excitova-
nych molekul a podili se na sekundéarnich procesech. Prav-
dépodobnost interakce antineutrina s prostfedim je miziva
a nemusime ji uvazovat. DlleZzity je osud teoreticky velmi
slabé vazby C—*He'. Nové vznikly atom *He" ma velkou
kinetickou energii — ta je dusledkem principu akce
a reakce. Stocklin pfirovnal emisi ionizujici Castice pfi
radioaktivnim rozpadu k vystielu z d&la® — pfeméfujici se
atom je délo a odlétajici ¢astice jsou projektily (obr. 2).

Kinetickd energie Eieoi atomu ‘He" se pohybuje
v rozmezi jednotek az stovek elektronvoltii (eV). Disociac-
ni energie vazby C—'H je mezi 4 az 5 eV. Disociaéni ener-
gie hypotetické C—He" vazby je mnohem niz3i nez disoci-
aéni energie C—'H vazby, a tedy energie nové vzniklého
atomu *He" zcela postaduje k okamzitému §tépeni C—He"

-®

Referat

vazby. Dva mozné zpisoby §tépeni vazby C—He" zobra-
zuje schéma 1. V piipadé A) kladny naboj zlistava na ato-
mu uhliku za vniku karbokationtu, v pifipad¢ B) kladny
naboj odnasi odstupujici heliovy atom a vznikd tak radi-
kal molekuly. Oba zptisoby §tépeni C—He" vazby a riiz-
né zplsoby stabilizace molekuly po radioaktivnim roz-
padu tritia byly pozorovany pii studiu stability
9-([5'endo,6'endo->H, norborn-2-yl)-6-chloro-purinu  (I)
(PH]TNB-6-Cl-purinu I) popsaném v dalsi &asti.

4. Studie stability 9-(|5'endo,6'endo-"H,]-
-norborn-2-yl)-6-chloro-purinu (I)

[*H]TNB-6-Cl-purin I byl pfipraven Kkatalytickou
tritiaci nenasycen¢ho prekurzoru, 9-(norborn-5-en-2-yl)-6-
-chloro-purinu, beznosiCovym tritiem na 10% Pd/C
v ethyl-acetatu®. Struktura latky I byla potvrzena '"H NMR
a *H NMR, radiochemicka &istota po izolaci pomoci radio-
HPLC byla > 99 %, mérma aktivita byla 47,5 Ci/mmol
(1,76 TBg/mmol). Roztok latky I ve smési ethanol-voda

—~ AN
KT = Erecoil + Eﬁ— + EV - *C@ + JHe
€ > - - -@ A /
_—
- \C 3 \C -
—C— — —C—"He
/ / \
B N\
— —/C © +  BHe*
Obr. 2. Rozdéleni energie uvolnéné radioaktivnim rozpadem Schéma 1. Stépeni vazby C—>He"
atomu tritia
2[,Jm:'__s.lﬂtTIN - SATIN , Smoothed by 31 point Savitsky-Golay Filter.
[3-H]TNB-6-Cl-purine
0.00 I I I I S.bﬂ I I I 10?00 I I I 15?00 Imin 20.00

Obr. 3. Radio-HPLC [*H|TNB-6-Cl-purinu I skladovaného 3 roky a 10 mésicti v kapalném dusiku
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Schéma 2. Stépeni vazby C—"He" v [°’H]TNB-6-Cl-purinu I zpiisobem A

1:1 (v/v) o koncentraci 1 mCi/ml (37 MBq/ml) byl sklado-
van 3,8 roki pti —196 °C v kapalném dusiku. Radioche-
micka Cistota po rozmrazeni byla stanovena 47 % pomoci
radio-HPLC (obr. 3).

Vysledek Stépeni vazby Csendo—He" zpusobem A) za
vzniku neklasického norbornylového  karbokationtu®
a neutralniho atomu *He je shrnut ve schématu 2. Reakce
tohoto kationtu s hydroxidovym aniontem vede ke smési
produktt, které jsou polarngjsi nez vychozi latka a maji tak
krat$i retencni cas pii radio-HPLC na reverzni fazi
(srovnej obr. 3). Stépeni vazby Ceendo—He" vede k obdob-
né smési produktli. VSechny tyto radioaktivni necistoty
1ze snadno odstranit pomoci preparativni radio-HPLC

a nemaji tedy vliv na vlastnosti pie¢isténého [*H]TNB-6-

Tabulka II

—N Cl
~ Cl /NW
N~ N N
Tﬁk; N=/ N
LN
HO
or Az
OH- OH
T
PES
N
e
N,
NN
-Cl-purinu I.

Nizsi méma aktivita precisténého [H]TNB-6-Cl-purinu
I ve srovnani s Cerstvé pfipravenym produktem sveédci
o tom, Ze alternativné dochdazi i k homolytickému $té€peni
vazeb Csengo— He™ a Cgenao—He  za vzniku prisluinych
C-radikalti a kladng nabitych atomt *He. Hlavni reakci
téchto radikalt je odtrzeni vodikového radikalu z molekuly
rozpoustédla za vzniku C—'H vazby (viz schéma 3). Sym-
boly T-2, T-1 a T-0 ve schématu 3 oznacuji molekuly
TNB-6-Cl-purinu I se dvéma, jednim ¢i zadnym atomem
tritia.

V tabulce II je porovnano procentudlni zastoupeni
jednotlivych typt téchto molekul v Cerstvé pfipraveném
[*H]TNB-6-Cl-purinu I a v [°’H]TNB-6-Cl-purinu I pfeis-

Procentualni zastoupeni T-2, T-1 a T-0 v [°’H]TNB-6-Cl-purinu I

Vzorek % T-2 % T—1 % T-0 Mérna aktivitagy® Meéma aktivitays’
[Ci/mmol] [Ci/mmol]

Cerstvé pripraveny 78,4 6,3 15,3 47,5 -

Skladovany 3 r 10 m precistény 61,7 14,2 24,1 40,8 40

Vypoéteno pro 3 r 10 m 51 28 21 37,8°¢

* Hmotnost byla stanovena pomoci HPLC s UV detektorem, °
vypocteno na zakladé procentualniho zastoupeni T-2, T-1 a T-0

C

spektrometrie,

=

A

obsah tritia v molekule byl stanoven pomoci hmotnostni

N ¢l

N=~

=N o . =N o
N\)\‘\( - . Nw
A — AR
T N\)\\{
T-2 77 NN T-0
-1

Schéma 3. Snizeni mérné aktivity [’H] TNB-6-Cl-purinu I zptisobené §tépenim vazby C—*He"* zpiisobem B
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téném po 3,8 rocich skladovani. Zastoupeni bylo vypocita-
no na zakladé zméfenych mémych aktivit a *H NMR spek-
ter. Ve tfetim fadku tabulky je uvedeno zastoupeni jednot-
livych typd molekul vypoctené pomoci rovnic pro kinetiku
konsekutivnich radioaktivnich pfeméné’7 za predpokladu,
7e 100 % rozpadi vazeb C—He' probiha homolyticky
zpusobem B) a C radikal se stabilizuje za vzniku vazby
C-"H. Trikrat niz3i narast skute¢ného zastoupeni molekul
T-1 v porovnani s teorii dokumentuje, ze C—He" vazby
v molekulach T-2 se §tépi za nasledného vzniku C—'H jen
v jedné tretiné pfipadll. Zbytek pfipadd na polarni St€peni
za vzniku neklasického karbokationtu, poptipad€ na stabi-
lizaci C-radikdlu jinou reakci, nez je odtrZeni vodiku
z molekuly rozpoustédla.

5. Shrnuti

Radioaktivnim rozpadem tritia ve vazbé C—H se
vazba zméni na C—He" a ta se okamZité rozpada dvéma
moznymi zpisoby — zptisobem A) za vzniku neutralniho
*He a karbokationtu anebo zptisobem B) za vzniku kladné
nabitého *He" a C-radikalu. To vede k pestré smési pro-
duktii. V pripadé, ze ve vychozi radioaktivné zna¢ené mo-
lekule je vice nez jeden atom tritia, jsou i produkty vzniklé
rozpadem jednoho atomu tritia radioaktivni a stdvaji se tak
radioaktivni neéistotou. Rozpad vazby C—*He'za vzniku
karbokationtu vede k radioaktivnim necistotam s podstatné
odli$nymi vlastnostmi nezZ ma ptivodni sloucenina, které se
daji snadno oddélit pti precisténi pomoci radio-HPLC.
Naproti tomu vysledkem stabilizace C-radikalu odtrzenim
atomu vodiku z molekuly prostfedi za vzniku stabilni C—'H
vazby je substituce *H za 'H ve vychozi znagené sloudeni-
né, a tim i pokles mérné aktivity vychozi slouceniny. Lze
proto jen doporucit dbat pokyni dodavatele tritiem znace-
né slouceniny, tykajicich se zpisobu jejiho skladovani
a expiracni doby (tj. poklesu radiochemické Cistoty pod
stanovenou mez). Slouceniny znacené tritiem lze skladovat
po rychlém zamrazeni roztokli o koncentraci aktivity
1 mCi/ml (37 MBqg/ml) v kapalném dusiku. Je-li doba
skladovani jeden rok a vice, musi se po rozmrazeni oveéfit
radiochemicka Cistota. Klesne-li radiochemicka Cistota pod
97 %, lze latku precistit pomoci radio-HPLC, je ale nutné
u takto precisténé znacené slouceniny znovu zméfit mér-
nou aktivitu, ktera bude diky zdméné tritia za vodik 'H
vzdy niz§i nez vychozi.

Radiochemicka distota sloucenin znacenych radio-
nuklidem "C klesa v ase pomaleji, nez je tomu u tritiova-
nych slou¢enin. Radiochemické necistoty I1ze snadno odde-
lit pomoci radio-HPLC a mérna aktivita po preciSténi je
pak stejna jako mérna aktivita pivodniho preparatu.
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1. Introduction

The motivation to write this paper came from my
personal opinion of the lack of knowledge about the stabil-
ity of radioactively labelled compounds in the research
community. A university fellow of mine who works in one
of the life-science institutes of Czech Academy of Scienc-
es asked me to verify the radiochemical purity of a ligand
labelled by tritium to be used in his experiment. As soon
as it emerged that the sample was an eight years old prepa-
ration with specific activity 51 Ci/mmol, I tried to per-
suade my friend to put it directly to the radioactive waste
and order a fresh one but in vain. It was stated in the Cer-
tificate attached to the preparation that during the storage
in the original package at —20 °C the radiochemical purity
decreases by 1% monthly. But my friend did not believe it
and continued to beg me to analyse his labelled ligand by
radio-HPLC. The result of the radio-HPLC analysis was
precisely as I expected — not even a trace of the tritiated
ligand (see Fig. 1). Another colleague from our institute
frankly believed that the labelled compound having the
Specific Activity (S.A.) 20 Ci/mmol prepared in our labor-
atory can be used even after 5 years after the preparation
day. That said, we can ask what is the real stability of radi-
oactively labelled compounds? Is the information about
the expiry date in the Certificate attached by the manufac-
turer only a marketing trick how to force the customer to
purchase always a fresh preparation?

Table I
Mode of Decomposition of Labelled Compounds

2. How and Why Do Radioisotopically
Labelled Compounds Decompose

The first paper concerning the lower stability of com-
pounds labelled by radiocarbon “C in comparison with
their nonlabelled counterparts was published by Calvin
et al.' in 1953. Bayly and Weigel® have sorted the process-
es leading to decomposition of radioisotopically labelled
compounds to four groups (see Table I.)

The rate of decomposition via primary internal mode
is given by the half-life of the radioactive label; e.g., triti-
um *H has a half-life 12.7 years and radiocarbon "C has
a half-life 5 730 years. Activity (i.e., the number of radio-
active decays per unit of time) of the sample is the value
measured in experiments with the radioactively labelled
compounds. Therefore, the purity of radioactively labelled
compounds is characterised by the so-called Radiochemi-
cal Purity (R.P.) expressed in per cents. For instance,
R.P. = 97% for L-[*H]leucine indicates that 97% of activity
are in the form of L-[*H]leucine and 3% of activity are in
the other, not specified, form. This fact must be considered
during evaluation of the particular experiment. If
a molecule is labelled by only one radioactive atom, pri-
mary internal process does not affect R.P. (fragments of
the molecule after radioactive decay are non-radioactive).
If in the molecule labelled by radiocarbon 'C there are
two or more radiocarbons, then, after radioactive decay of
'C to "N, the resulting (still radioactive) molecule is not
chemically identical with the original one and becomes
a radiochemical impurity. For radiocarbon *C, the primary
internal process in principle does not affect the R.P. — dur-
ing one year only 0.001% of '*C atoms disintegrates, i.e.,
even if original labelled compound has 10 radiocarbons in
its molecule, then during one year the R.P. deteriorates by
a negligible amount of 0.01%. The situation is completely
different for the compounds labelled by tritium *H. During
one year 5.5% of tritium atoms disintegrates. From it fol-
lows that the primary internal process leads to deteriora-
tion of R.P. of L-[*H]leucine with S.A. = 58.2 Ci/mmol
(i.e., 2 tritium atoms are present in each molecule) from

Mode of Decomposition Cause

Primary (internal) Natural isotopic decay

Primary (external)
compound

Secondary
Chemical

Direct interaction of the radioactive emission (alpha, beta or gamma) with molecules of the

Interaction of excited products with molecules of the compound
Thermodynamic instability of compounds and poor choice of environment
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a)

2487Channel 2 - UV 275 nm

b)

B\ _

SATIN - SATIN , Smoothed by 31 point Savits ky-Golay Filter.

500 " " 1000 |

“asoo | 2000 ‘min | 2500

Fig. 1. Radio—-HPLC of [N-allyl-2,3-*H|naloxone; a) non-radioactive standard of naloxone (UV detector), b) 8 years old sample of
[N-allyl-2,3-*H]naloxone (UV detector), ¢) 8 years old sample of [N-allyl-2,3-*H]naloxone (radioactivity detector)

the starting 97% to 91.5% during one year of storage. This
last value is mostly unacceptable in the drug research.
Moreover, the S.A. is diminishing, too, as will be dis-
cussed below.

Primary external process is important for radioactive-
ly labelled compounds with low S.A. stored as chemically
pure compounds. The mass of labelled compounds with
high S.A. is so low that they are handled exclusively in the
form of a solution and the sufficient dilution almost elimi-
nates this process.

Secondary processes are the main reason of the dete-
rioration of R.P. during the storage of the radioactively
labelled compounds. Especially in the case of low energy
B-emitters, such as '“C and *H, all energy of emitted elec-
trons is utilised in the excitation of the molecules of the
environment (in water, the range of B—particles emitted by
'€ is 0.3 mm, those emitted by *H have range only 0.006
mm). Biologically active compounds labelled by radionu-
clides are predominantly very polar and they are applied to
living systems. Therefore, the solvent most often used for
these compounds is water. Excitation of water molecules

by B-particles is a very complex process. From the point of
view of the potential damage of the labelled compounds,
the most important process is generation of OH® radicals.
These radicals have not only the capability of a direct hy-
droxylation of specific positions in organic molecules, e.g.
aromatic rings, but also to oxidize functional groups, e.g.
amino or hydroxy groups.

Chemical processes having a negative influence on
R.P. of radioactively labelled compounds are the same for
both labelled and nonlabelled compounds and therefore
will not be discussed in this paper.

3. The fate of C="H bond after the
radioactive decay of tritium

The total kinetic energy released during the radioac-
tive decay of *H atom is partitioned among B-particle, just
created *He" atom and antineutrino v. Energy of B-particle
is absorbed in the environment while creating excited mol-
ecules acting in secondary processes. The probability of
the interaction of neutrino with the environment is almost
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negligible and it need not be concerned. On the other hand,
what is important is the fate of the theoretically very weak
C—He" bond. The created *He"atom has high kinetic ener-
gy as the consequence of the action—reaction principle.
Stocklin compared the emission of ionising particle during
the radioactive decay to the shot from a cannon® — decay-
ing atom is the cannon and leaving particles are the shells
(Fig. 2).

Kinetic energy Eiecoi Of 3He" atom varies from units to
hundreds of electronvolts (eV). Dissociation energy of the
C—'H bond is in the range of 4 to 5 eV. Dissociation ener-
gy of the hypothetical C—He' bond is many times lower
than that of C—"H bond and from it follows that the kinetic
energy of the just created *He" atom is more than sufficient
to cause the splitting of the C—He" bond. Two possible
modes of the C—He" bond splitting are depicted in Scheme
1. In one of them (A), the positive charge stays on carbon
atom resulting in carbocation, whereas in the other (B), the
positive charge stays on the leaving helium atom and the
rest of the molecule becomes a radical. Both of these two
modes of C—*He" bond splitting were observed during the
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study of decomposition of 9-([5'endo,6'endo->H,]
norborn-2-yl)-6-chloro-purine (I) (further abbreviated
as [3H]TNB-6-Cl-purine I); the results are described in the
next section.

4. Study of the decomposition of
9-([5'end0,6'end0-3H2]norborn-2-yl)-6-
-chloro-purine (I)

[*H]TNB-6-Cl-purine I was prepared by catalytic
tritiation of unsaturated precursor, namely 9-(norborn-5-
-ene-2-yl)-6-chloropurine, by carrier free tritium on 10%
Pd/C in ethyl acetate®. Structure of the product I was con-
firmed by 'H and *H NMR, R.P. after purification by radio
—HPLC was >99%, S.A. was 47.5 Ci/mmol (1,76 TBq/
mmol). The solution of I in the ethanol-water 1:1 (v/v)
mixture with a concentration 1 mCi/mL (37 MBg/mL) was
stored 3 years and 10 months at —196 °C in liquid nitrogen.
The R.P. assayed by radio—HPLC after thawing was 47%

(Fig. 3).

\
_ @ —C® + 3¢
Kr - Erecoit + Eﬁ- + Ev - A /
? \C 3H —— \C 3Het
—C— —C——"He
/ / \
B A\
—C- + 3He*
/
Fig. 2. Partition of kinetic energy released by radioactive Scheme 1. Splitting of the C—He" bond
decay or tritium atom
2[,Jm:'__s.lﬂtTIN - SATIN , Smoothed by 31 point Savitsky-Golay Filter.
18.00 N
] [3-H]TNB-6-Cl-purine
16.00
14.00 /
12.00]
g 10.00
=l ]
8.00
. . : . T . : : T . : T . . -
0.00 5.00 10.00 15.00 min 20.00

Fig. 3. Radio-HPLC of [’H|TNB-6-Cl-purine I stored 3.8 years in liquid nitrogen
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Scheme 2. Splitting of C-*He" bond in [3H]TNB-6-Cl-purine I by the mode A

The products resulting from the Csendo—He™ bond
splitting by the mode A under formation of the non—
classical norbornyl cation® and neutral *He are summarised
in Scheme 2. Reaction of this cation with hydroxide anion
gives the mixture of products that are more polar than the
original compound and thus these products have shorter
retention times during the reverse phase radio—-HPLC
(compare Fig. 3). Splitting of the Cgengo—He bond gives
analogous mixture of more polar products. All these radio-
active impurities are easily separable by preparative radio—
HPLC and do not affect the qualities of repurified
N H]TNB-6-Cl-purine L.

Lower S.A. of repurified [’H]TNB-6-Cl-purine I in
comparison with freshly synthesized product represents

Table 11
Percentages of T-2, T-1 and T—0 in [*H]TNB-6-Cl-purine I

a proof of the B-type splitting of Csengo—He'™ and
Ceenao—He™ bonds giving rise to C radicals and positively
charged *He atoms. The principal reaction of these radicals
is detaching the hydrogen radical from the solvent mole-
cule yielding C—'H bond (see Scheme 3). Symbols T-2,
T-1 and T-0 in the Scheme 3 denote the TNB-6-Cl-purine
I molecules with two, one and zero atoms of tritium, re-
spectively.

Table II presents percentages of T-2, T-1 and T-0 in
freshly synthesized [3H]TNB-6-Cl-purine I and in the
product repurified after 3 years and 10 months of storage.
These percentages were calculated from corresponding
S.A. and *H NMR spectra. In the third row there are per-
centages calculated from those obtained for the freshly

%T-2  %T-1  %T-0 SAuy S Aws
[Ci/mmol] [Ci/mmol]
Freshly synthesized 78.4 6.3 15.3 47.5 -
Stored 3y 10m, repurified 61.7 14.2 24.1 40.8 40
Calculated for 3y 10m 51 28 21 37.8™

"Mass assayed using HPLC UV detector, ~ tritium content in molecule assayed using MS, * calculated from the percent-

ages T-2, T-1 and T-0

= Cl T
T N=/
T N
T-2 T

=N e

oS
N

=N ¢

=
N=/ =N ol

N=/ T-0

T-1

Scheme 3. Products of C—*He" bond splitting in [*H| TNB-6-Cl-purine I by the mode B
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synthesized [*’H]TNB-6-Cl-purine I using equations for the
kinetics of consecutive radioactive transmutations®’ under
the presumption that C—"He" bonds splitting proceeds ex-
clusively by the mode B and the resulting C radical is sta-
bilised solely by the formation of C-"H bond. The real
increase of percentage of the T-1 molecules is three times
lower than the theoretical one from which it follows that
only 1/3 of the splittings of the C—*He" bonds in molecules
T-2 and T-1 leads to C—'H bonds. Prevailing mechanism
is the polar splitting by the mode A and recombination of
the C-radicals by other pathways than detachment of hy-
drogen from the solvent molecules.

5. Summary

The consequence of the radioactive decay of tritium in
the C—H bond is a creation of the highly unstable C—°He"
bond that immediately splits by two possible modes. The
mode A leads to neutral *He and carbocation, while the
mode B gives *He' cation and C-radical. The result is
a rich mixture of products. When in the radioactively la-
belled compound there are two or more hydrogen atoms
replaced by tritium, then the products resulting from the
radioactive decay of one of them are still radioactive and
become radioactive impurities. In contrast, the stabilisation
of C-radical by detaching the hydrogen atom from the
molecules of the solvent results effectively in a substitu-
tion of *H by 'H in the starting labelled compound; conse-
quently, the S.A. of the repurified labelled compound
stored for longer time periods is lower than that of the
freshly labelled compound. It is recommended to observe
the hints of the suppliers concerning the storage and the
expiration time of the labelled compounds (i.e. the period,
during which the radiochemical purity drops below the
acceptable value). It is possible to store compounds la-
belled by tritium by quick freezing of their solutions with
activity concentration about 1 mCi/mL (37 MBg/mL) in
liquid nitrogen and keep them in liquid nitrogen. If the
storage is longer than one year, then, after thawing, the
R.P. must be checked by radio-HPLC. If the R.P. drops
below 97%, it is possible to repurify the labelled com-
pound by radio-HPLC. However, the S.A. of the repuri-
fied compound labelled by tritium must always be assayed
de novo since it is always lower than that of the freshly
synthesized compound due to substitution of *°H by 'H.The
decrease of the radiochemical purity of compounds la-
belled by the radionuclide '*C is slower than for tritiated
compounds. Radiochemical impurities are readily separat-
ed by radio-HPLC and the specific activity after repurifi-
cation is the same as the specific activity of the original
preparation.
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Abstract

The purpose of the paper is to draw readers' attention
to the low stability of radioactively labelled compounds
and its potential to distort experimental results. Different
modes of decay of radioactively labelled compounds with
the high specific activity are discussed. Attention is drawn
to the decrease of the specific activity, compared to the
freshly synthetized preparation, of the compounds multi-
labelled by tritium and repurified after several years of
storage at —196 °C in liquid nitrogen. The possible path-
ways of decay are illustrated by the stability study of
9-([5'endo,6'endo->H, norborn-2-yl)-6-chloro-purine.
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