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Synthesis of Radioactive Tributyl[''3Snltin of
High Specific Activity for Use in Environmental
Fate Studies.

Claude Rouleau
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A method of synthesis of tributyl[***Sn]tin,  suppliers,***SnCk>~ in 4-6m HCI. Furthermore,
(n/C4H 9)3113Sn£IV), from commercially avail- these methods are intended for the synthesis of 0.1—
able inorganic n(lV) is presented. Inorganic 2 g TBT and need the addition of non-radioactive
tin is first extracted in diethyl ether and reacted tin to the radioactive metal. The resulting specific
with C4HgMgCl to produce tetrabutyltin, activity of the final product, 0.04-1.1 MBq mg
(C4Ho)4*3Sn, which is then debutylated with  Sn, is much too low for fate studies at realistic
HgCl,. The resulting tributyl[ **3Sn]tin chloride concentrations (nanomolar and lower). As 37 MBq
is isolated from the reaction mixture by succes- *3Sn represents 60-5(@ of metal, depending on
sive extractions with hexane and aqueous the specific activity, a way to synthesize micro-
Na,S,03. The yield is 40—-60% and the product quantities of radioactive tributyltin without diluting
obtained is >98% pure. It has the same specific the starting**3sn needed to be found.

activity as the starting 1*°sn(1V), i.e. up to 550 Tetra-alkyltin(lV) can react with mercuric
MBgmg~* Sn, making it suitable for use in chloride to yield the corresponding trialkyltin(I\V)
environmental fate and toxicology studies at and monoalkylmercury(ll) compounds.A method
concentrations relevant of those found in the

aquatic environment. © 1998 John Wiley &

Sons, Ltd.
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INTRODUCTION

We are currently working on the fate of tributyltin,

TBT, in aquatic ecosystems. In order to study its

bioaccumulation kinetics and tissue distribution in g 4+ gn -

biota, we needed to use radiolabelled TBT. An ¥

economic approach to obtaining radioactive orga- But,Sn £ 3
nometals is to synthesize them from the corre-

sponding radioactive metal. A few methods of But,Sn 65 But,Sn "
synthesis of***Sn-labelled TBT have been pub-

lished!?3but in none of them i$*3Sn used in the inorg. Sn

form in which it is at present available from most inorg. S

* Correspondnceto: C. Rouleau,Departmentof Fisheriesand
OceansMaurice Lamontagnenstitute, PO Box 1000, Mont-Joli,

Quebec, CanadaG5H 3Z4. E-mail: rouleauc@fo-mpe.gc.ca Figure 1]i Autoradiogramsof thin-layer _Chrl(imatogramg)f
Contract/gransponsorToxic ChemicalsProgram,Departmennf ~ (C4Ho)4"**Sn after reaction of inorganic **°sn(1V) with
Fisheriesand OceangCanadj C4HoMgCI (A) andof thefinal tributyl[**3Sn]tin solution (B).
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of synthesiausingthis type of reactionwasdevel-
oped to produce radioactive tributyltin _of high
specific activity from the radioactive ***SnCk*~
commerciallyavailable.It can be summarizedby
Eqgns[1]-[4].

remove C4HoHgCI, and the organic phasewas
transferredto a clean tube. Finally, the tributyl
[*13Sn]tin solution in hexanewas evaporatedto
2 ml andplacedin a suitablevial for storage.
Chemicalpurity was assayedy TLC againsta

113Sncg‘ (HCI,4M) —>1135nch(diethylethe} + 2CI(_aq) 4]

135nCl, + 4C4HgMgCI

(C4Hg),**Sn+ HgCl, ——

methanol

(C4Hg)5M3SNCI+ (C4Hg)HgCI

MATERIALS AND METHODS

Thefirst partof the synthesigprocessvasdonein a
glove box, under a dry nitrogen atmospherelt
began by extraction of 100ul of the aqueous
radioactive'**Sn(1V) solution (Amershamor New
EnglandNuclear) with 3 ml of anhydrousdiethyl
ether (Et;O) in a 15-ml Kimax glasstube with a
Teflon-lined screw cap. After being mixed for
1min on a Vortex mixer, the Et,O fraction was
transferredto another glass tube containing 1 g
MgSQ,, previouslydried overnightat 120°C. The
extraction was repeated twice and the Et,O
fractionswere combinedin the sametube, which
wasthenshakenon a Vortex mixer for 1 min. The
1135n-containing EL,O was transferred to a
thoroughly dried glasstube and evaporatedwith
a gentle streamof dry nitrogento approx.2ml.
Then, 3ml of the Grignard reagent C4HoMgCl
(2™ in Et,0) was added and the system was
allowedto reactfor 1 h at roomtemperature.

At theendof the Grignardreaction thetubewas
removedirom theglovebox andplacedin awater—
ice bath,and 3 ml of 4m HCI was slowly added.
The Et,O phasevasseparate@ndplacedin aclean
tube.Theaqueouphasewnasextractedwith 3 ml of
n-pentaneasabove.Thecombinedorganicphases,
containing (C4Hs),*Sn, were then evaporatedo
0.1-0.2ml, 2ml of absolutemethanolcontaining
10mg HgCl, mI~* was added,and the tube was
closedand placedin a water bathat 40-45°C for
16—20h.

After the tubehadcooled,1 ml of 1m HCI was
addedandtributyl[**Sn]tin chloridewasextracted
three times with 3 ml n-hexane,as above. Then,
1 ml of NaS,05 0.01m in water was addedto
the combinedorganic phasesmixed for 1 min to

© 1998JohnWiley & Sons,Ltd.

_—
diethylether

hexaneag NaxS,03
_
—(C4H9)ch|

(C4Ho),3Sn+ 4MgCl, 2]

I(C4Hg)31138nC|+ (C4H9)HgC| [3}

(C4H9)3113snckhexane 4]

standard containing tetra-, tri-, di-, and mono-
butyltin, using 0.2mm silica-gel plates with

hexane:acetiacid (12:1, v/v) for elution. Plates
werethensubmittedto Br, vapourfor 30min and
developedwith 1% dithizone in CH,Cl,. After

processing,TLC plateswere appliedto an X-ray

film (Hyperfilm MP, Amersham)for autoradiogra-
phy. The spotswere scrapedfrom the plate and
their radioactivity was measuredwith a Cobra
Auto-gammacounter(Packard).

o gamma-rays
o X-rays

0 } | } | . | b
30 0 30 60 90 120 150 180 210 240 270 300

time (min)

Figure 2 X-ray and y-ray activities of 5-ul samplesof
tributyl[**3*Sn]tin in hexane Time O representshe time at the
beginning of measurementsapproximately30min after the
final extractionstepof the synthesisDataareexpressedsthe
ratio of activity at time t, CPM, and equilibrium activity,
CPM,q (CPM= countsper minute). Eachpoint representshe
meant s.0. of three samples. Equilibrium activity was
measuredneday after sampling.
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RESULTS AND DISCUSSION

The initial extractionof inorganic*'sn relied on
thepresencef alargeexcesof Et,O relativeto the
water phaseto allow the formation of the neutral
SnCL(Et,0), complex,which was efficiently ex-
tracted(>95%).However,a smallamountof water
was also extracted,but not the CI™ ions. Tin(l1V)
chloride is readily hydrolysed by water in the
absenceof chloride to yield chemically inert
hydratedtin(IV) oxide® In preliminary tests,the
yield of the Grignard reaction appearedto be
dependenupon the time elapsedbetweenextrac-
tion andadditionof the Grignardreagenta shorter
time being better. This is probablyattributableto
the partial hydrolysis of Sn(lV). The above
extraction procedure,which takes 45—60min in-
clusiveof the evaporatiorof Et,O beforeGrignard
reagentaddition,is the mostrapid we wereableto
find. Although not perfect,drying with MgSQ, is
essentialto maximize the yield of the Grignard
reaction.Useof anhydrou€t,O insteadof ordinary
etheralso proved better. Use of tubeswith leak-
proof screw capsis essentialto avoid spillage
during mixing with the Vortex mixer.

Theyield of the Grignardreactionis excellentat

leastwith tin thatis still reactive An autoradiogram

Thefinal yield is variable, 40—60%usuallybeing
achievedMostof thelossesaredueto the presence
of inert tin, which is unable to react with the
Grignard reagent. However, the yield decreases
rapidly after the openingof the vial containingthe
inorganic **3sn solution. Actually, we observed
thattheyield falls below10%whenthe synthesiss
performedmorethanaweekafterthefirst opening
of the vial. Thus, vials containinginorganic**3sn
shouldbe openednly shortly beforethe beginning
of the synthesigrocess.

Potentialuseranustbewarnedaboutprecautions
to be taken concerning the quantification of
tributyl[**3Sn]tin by y-ray spectrometryto deter-
mine the synthesis yield or the quantity of
tributyltin in materialto be usedin experiments.
Whenmeasuringheactivity of samplef thefinal
tributyl[**3Sn]tin solution immediately after the
final extractionstep ,we observedhattheactivity at
the energiesof both y-rays and X-rays increased
with time (Fig. 2). A steadylevel wasreachedess
than a day after samplingand activity decreased
with a half-life correspondingto that of **3Sn
thereafterThedisintegratiorof this radioisotopés
notasingle-stegpphenomenorit proceedasshown
in Eqn[5].

The 391.6-keV y-ray is often use to quantify

| . N
113Gy SEOMRPLELISM Y 1 In X-rays o 2SO0 1131 (stable)+- In X-rays+ v (3916keV)  [5)

t1/,=1151d

from a thin-layer chromatogramof the organic
phaseafter neutralizationof the Grignardreagent
(Fig. 1A) showedthat most of the reactive ll%Sn
hadformedtetrabutyltin(71%),with sometributyl-

(7%) anddibutyltin (1%). The spotwith aretention
factor of 0 is unreactedin (21%).

The debutylationreactionis quantitativeunder
thereactionconditionsdescribedbovej.e. with up
to 500ug Sn(1500ug (C4Hg)4SN). TLC showsthat
theradioactivetributyltin producedcontainstraces
of dibutyltin, and occasionallytetrabutyltin (Fig.
1B). However,quantificationof theradioactivityof
thedifferentspotsrevealsthatthetributyl[**3Snltin
spotrepresents>98% of the total radioactivity on
the plate. Preliminary tests also confirmed that
C4HgHgCI, whichcanbeseeronthe TLC plateasa
bright yellow spot with an R of about 0.5, is
completelyremovedby Na,S,05 (TLC resultsnot
shown).When storedin the dark andin a tightly
cappedvial, thetributyl[**3Sn]tin solutionin hexane
is stablefor threemonthsat roomtemperature.

© 1998JohnWiley & Sons,Ltd.

t1/,=1.658h

11350, Actually, it is not emittedby *3Sn, but by
113Mn, althoughin handbookshisy-ray emissionis
associatedwith both isotopes.It can easily be
calculated thatthe***Mn/***Snratiois 6 x 10 % at
secularequilibrium, which is reachedwithin 12h.
In the synthesisprocessof **3Sn-TBT, **Mn is
separatedrom **3Sn during the successivavater—
solventextractiondecausef its differentchemical
properties,so that the latter is not in equilibrium
with theformerattheendof thesynthesisThehalf-
life of eguiIibrationwascalculatedrom datashown
in Fig. 2" tobe1.654+ 0.054h. Thisclearlyproves
thatthe increaseof measuredctivity is dueto the
re-establishmenbf secular equilibrium between
135nand *3Mn. We also observedhis equilibra-
tion phenomenorwhen preparingtributyltin-con-
taminatedood from the hexanesolution,indicating
that ***"n producedby ***Sn disintegrationis not
in a chemical form that is soluble in organic
solvents.Thus,any processcausingthe separation
of thesetwo isotopesmay result in the under-
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estimationof sampleactivity, unlesgheyareleft to
standfor atleast12 h beforecounting.The quality
of activity datacanbe controlledwith the ratio of
X-ray to y-ray activity, which hasa constantvalue
oncesecularequilibrium is achieved.With our y-
counterthisratiois 3.77+ 0.02(countingwindows:
15-120keV for X-rays, 200-45keV for y-rays).
The relatively low vyield of this method of
synthesismay appeardisappointingat first, but it
wasnotpossibleto do betterdueto theinstability of
the chemical form in which inorganic ***Sn is
supplied. Neverthelessthe final productis pure,
and more importantly it has a specific activity
identicalto that of the startinginorganic**3sn, up
to 550 MBqmg* Sn. With sucha high specific
activity, sub-nanogram quantities of tribu-
tyl[**3Sn]tin are easily detectableby y-counting.
Thus, this radiolabelledcompoundis suitable for
usein environmentafate studiesat concentrations
relevantof thosefoundin the aquaticenvironment,
i.e. 1-100ng It in waterand <1-1000ng gt in
sedimenbr food. Theavailability of 1*3Sn-labelled
tributyltin also allows the use of radioisotopic
techniquessuchas autoradiographyWe usedthis
radiolabelledcompoundto study the kinetics and
the body distribution of dissolved and dietary
tributyltin in echinoderm&:® It has also proved
usefulfor studyingthekineticsof dietarytributyltin
in fish andcrustaceansvith y-countingin vivo (C.
Rouleau, C. Gobeil and H. Tjadlve, unpublished
results), provided that the half-life measuredis
greaterthanl d. A half-life shorterthan1 d should

© 1998JohnWiley & Sons,Ltd.

be interpreted with caution as it might not be
possibleto makea distinction between***Sn-and

Mn-relatedprocesse# secularequilibrium has
beendisruptedin someway.
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