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Tandem mass spectral studies of the
fragmentation pathways of organotin
compounds of general formula R3SnR’

N. Ostah and G. Lawson*
Department of Chemistry, De Montfort University, The Gateway, Leicester LE1 9BH, UK

Positive ion-electron impact (El) mass spectra of compounds based mainly on metastable ion data.
organotin compounds of the type RSnR, where It was suggested that the decomposition modes of
R =Ph, n—Bu, n—Pe and R = allyl, vinyl, H and organotin compounds are greatly influenced by the
Ph, have been recorded. The spectra were also odd or even bonding-electron character of an ion in
examined by tandem mass spectrometry (MS- its dissociation reactiorfsThus the even-electron
MS) in order to establish fragmentation reaction  ions, SnR™ and SnR, are the most abundant,
mechanisms for compounds bearing mixed whilst parent ions decompose mainly by elimina-
substituents. Fragmentation patterns of six tion of odd-electron neutral fragments. However,
organotin compounds, based on precursor-pro- these studies were limited to producing fragmenta-
duct ion relationships are proposed. Significant tion pathways either based on observed metastable
differences were found in the reaction pathways ions or for which there was other substantiating
of organotin compounds with different substi- evidence, but this approach resulted in some gaps in
tuents. This technique has potential to predict knowledge relating to dissociation of organotin
the effect of substitution on the mass spectra of compounds in the mass spectrometer. The advent of
organotin compounds. Copyright © 2000 John tandem mass spectrometry as an established
Wiley & Sons, Ltd. analytical technique has enabled the speciation of
organotin compounds through clear reaction path-
ways and dissociation modedn this method a
precursor ion from an organometallic compound is
selected using the first mass spectrometer; this ion
Received 6 July 1999; accepted 7 December 1999 is then collisionally dissociated in the reaction
region and the resultant fragment ions are mon-
itored by scanning with the second mass spectro-
meter. The nature and extent of fragmentation in
the reaction region are influenced by the nature and
1 INTRODUCTION pressure of the collision gas utilized and also by the
kinetic energy of the selected ions. It is imperative
Conventional positive-ion electron impact (El) to ensure similar analytical conditions in order to
mass spectra of organotin compounds of generabbtain reproducible results. The introduction of a
formula RSnR have been reported elsewhéré. heteroatom, especially a halogen, to produce
These studies show some common features, nametgompounds of general formula,gnX,_,, has a
the absence of any significant molecular ion and thelramatic effect on the corresponding positive-ion
high stability of RSn" (for R = Me, Et, n-Pr, Ph) mass spectrum’® The effect of this substitution
and /or RSn (for R =n-Bu). Similar results were can be best illustrated by comparing the conven-
reported for a series of benzyltin derivatives, wheretional El spectra of PJnCl and MgSnCI!* The
the ease of cleavage of the Sn—R bond varies wittmass spectrum of M&nCl shows the base peak at
the substituents, PhGH t-Bu > i-Pr > Et > Me.® m/z165 (MeSn*), whereas the most abundant ion
This current study extends the results ofof PhsSnCl is atm/z 154, corresponding to Bh
Chamberset al.” who proposed fragmentation (i.e. biphenyl). A possible explanation for this is the
pathways for the mass spectra of organotinstability of the M@Sn' ion, which could be due to
the inductive effect of the methyl groups to the
* Correspondence to: G. Lawson, Department of Chemistry, De€l€Ctron-deficient Sh atom. In the case of
Montfort University, The Gateway, Leicester LE1 9BH, UK. PhsSnCl, two phenyl groups have undergone either
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Table 1 The organotin compounds used in this
investigatior?

R
R Phenyl Butyl Pentyl
Allyl vV vV Vv
Phenyl v
Vinyl v
Butyl v
Hydride vV
Propyl Vv

2 All compoundsveresuppliedoy Aldrich Chemicalswith the
exception of PhsSnH, which was supplied by Lancaster
Chemicals, All compoundswere statedto be >93% pure.
Compoundsvere usedasreceived.

intramolecularearrangemertr radicalreactionto
form a very stable neutral species.A series of
similar studiescan be carriedout by changingthe
nature of one of the substituent groups; for
example,in compoundsof the type RsSnR, R’
canbealkyl, aryl, vinyl or allyl.

Positive-ionmassspectraandthe fragmentation
pathwaysof selectedorganotin compoundswith
mixed alkyl and/oraryl substituentavere investi-
gatedto determinewhether:

(1) the relative size of different substituentdas
any effect on resultingspectra;

(2) the natureof substituentgaromatic,aliphatic
unsaturatedxignificantly changesthe frag-
mentation/reactin pathways.

2 EXPERIMENTAL

Authentic samplesof the organotin compounds
listed in Table 1 were introducedinto the mass

spectrometewia the direct insertion probe. Mass
spectrawere first recordedunderconventionalEl
conditions and subsequentlyin the precursor—
production scanmode(MS-MS).

3 RESULTS

Each fragmention occurs as a group of peaks
(isotopic pattern)as a result of the six major tin
isotopesFor simplicity the massspectrafragmen-
tationdataarepresentedin Table2, in termsof the
massegleterminedsolely from the isotope?°Sn.
This approachallows the fragmentatiordatato be
presentedas a function of relative abundance,
without duplicationfor the samefragmentbut with
a differenttin isotope.

Chamberset al.” and Gielen and Jurkschat*
reportedthe elimination of a hydrocarbonradical
from the molecularion to produceRsSn' ions of
high abundanceln this work this eliminationwas
observedfor the PhsSnR compoundswvhereasthe
alkyl analoguesproducedthe RSn' ion at 100%
relative abundance(RA), closely followed by
R,SnH", RRSnH" and RSnH,* with RA values
ranging from 100 to 47%. For the series of
compoundsRSnR (R = butyl or pentyl) the nature
of thedihydrideis affectedby R'. WhenR’ = phenyl
or vinyl, the dihydride is R'SnH; ,whereasfor the
other species studied the results were those
anticipated(viz. RSnH; )on the basisof datafrom
Chamberstal.,” who cited a relationshipbetween
the abundanceof hydride ion formation and the
numberof tin—alkyl bondspresentin this investi-
gation the relative abundance for all the
RSnHj compoundsvasin the range80-100%.

The elimination of alkene groups has been
observedin more casesthan was expectedfrom
published results. Multiple alkene losses, for

StandardEl spectra

Instrument: VG Trio 3

Massspectrometer: Q1 only operating

Scanrate: m/z35-500in 1s

Resolution: >1000

MS—MSspectra

Instrument: VG Trio 3

Q1 Setat m/zvaluesselectedrom resultsof standardEl spectra

Q2 collision gas:

Argonat3.2mT

Q3 scanning m/z20-500in 1s
Resolution >1000
Collision energy 6eV

Copyright© 2000JohnWiley & Sons,Ltd.
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Table 2 EI massspectraldatafor selectedR3SnR compoundsmono-isotopicdatafrom 2°Sn species

miz 197 199 269 43 339 57 120 51
PgSnbh RA (%) 100 87 71 70 47 11 8 3
. miz 147 149 261 205 121 41 57 177
BuSn(viny) - pa6) 100 90 76 66 54 38 14 8
miz 177 121 119 120 291 41 235 57
BuSn(@lly)  paoe) 100 93 74 47 37 34 23 10
PhSnH miz 351 51 197 77 120 78 50 154
RA (%) 100 39 29 24 18 16 12 8
miz 351 197 120 51 41 77 152 272
PRSn(@lly)  pae) 100 64 29 26 23 14 7 5
PhSn miz 351 197 51 154 152 153 272 274
RA (%) 100 33 32 26 15 14 12 11
BuL.Sh miz 177 179 291 121 235 41 120 57
4 RA (%) 100 98 71 63 62 43 30 27
— miz 179 177 221 121 235 277 165 291
s RA (%) 100 100 73 63 40 35 33 15

examplefrom PeSnPhand BusSnR, have been
identifiedandarecitedin the appropriatdragmen-
tationschemesSomelossegproposedy Chambers
etal.” havenow beenconfirmed.

3.1 Ph3SnR’

The positive-ion EI mass spectrafrom PhSnR
(R =H, allyl, phenyl) all showedthat the major
fragmentatiorprocesoccurredvia cleavageof the
R’ group,giving rise to the stableion PhsSn*. The
main fragmentsformedarelistedin Table 3. In all
casesvirtually no parention was detectedlIt was
apparenthat the three compoundsproducedvery
similar spectraas far as the major ions were
concernedHowever,onenoticeabldifferencewas

Table 3 El massspectraldatd for selectedPh;SnR
compounds

R/

lon H Allyl PI
[PhsSnR] ™ — V(05 V(2
[PhsSn]” v/ (100)  /(100) /(100
[PhSnR]"  /(8) Vv (2) v/ (100P
[PhSnR]" — v (1) V. (9)
[Ph,Sn]™ v (7) v (3) Vv (9)
[PhSn]* V. (30)  V/(66)  /(48)
[Phy" VAEL) BEVA ) vV (28)
[Sn] V(9  vEy V(@43

3Valuesin parenthesearetherelativeabundancebasecnthe
12%5njons.
b For Ph,Sn, PhsSnt = Ph,SNR and PhSnR= Ph,Sn.

Copyright© 2000JohnWiley & Sons,Ltd.

the much lower relative abundanceof m/z 154
(biphenyl) in the mass spectrum of the allyl
derivative.

The mass spectral data basedon the tandem
experiments showed that all four compounds
investigatedafter the initial lossof R, followed a
similar reactionpathway.This pathwayis summar-
ized in Fig. 1. One featurewhich is noticeablein
such a reaction pathway is the tendencyof the
fragmention PhsSnto undergasomerearrangement
reactionandthe subsequenbssof neutralspecies,
namelybenzendo form PhSnGH, " (m/z273),and
Ph, (biphenyl,m/z154)to form PhSn

This reactionpathwaywas confirmedby obtain-
ing tandemmassspectraldatabasedon the second
mostabundantin isotope }*%Sn. The differenceof
two massunits between*?°Sn and **®Sn in the
primary analyte is important where subsequent
fragmentlossesmay be either a neutral benzene
molecule(mass78) or a phenylgroup(mass77)

3.2 BusSnR’

The massspectrafrom BusSn R’ (R = allyl, vinyl,

propyl, butyl) showedthatthe majorfragmentation
patternprocessesccurredvia formationof BuSn*

andBuSnH" in Bu,Sn,BusSn(allyl) andBusSnPr
butin the caseof BusSn(vinyl) the majorfragment
ionswereSn(vinyl)" andSnH,(vinyl) *. Themajor
fragmentdormedarelistedin Table4. In all cases
very small or no parentions were detected.One
noticeabldifferencein this casewasin therelative
low abundanceof the fragmentBuSnHR, when
R’ = allyl (1%)andwhenR’ = butyl (62%),indicat-

Appl. Organometal Chem.14, 383-388(2000)
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[Ph;SnR[" =R [Ph;Sn]* Bz [PhSnCeH,|*
—Ph —Phs
! -Ph
[Ph,Sn]** 2 [Sn]"*
—Ph
~Ph
[Phy]** [PhSn]"

—-PhR

Figure 1 Fragmentation/reactiopathwayfor PhsSnR.

ing the relative instability of the allyl-containing
fragment.

The mass spectral data basedon the tandem
experimentsshowedthat three of the compounds
investigated(R' = allyl, propyl, butyl), after initial
lossof the R' group,underwentonsecutivdossof
butene(m/z56). In the caseof the vinyl derivative,
however,the formation of Bu,SnVinyl™ followed
by consecutiveloss of butene seemsto be the
preferredpathway.The reactionpathwayfor butyl,
propyl andallyl derivativesis shownin Fig. 2, and
thatfor the vinyl derivativein Fig. 3.

The reactionpathwaysfor the four compounds

Table 4 EI mass spectrd for selected BuzSnR
compounds

R
lon Vinyl Allyl Propyl Butyl
BusSnR] ™ — — — v Q)
BusSnl" v/ (21) /(36) /(18) /(72)
Bu,SnR]"  /(79) V(9) V(35 V(72)
BuSnHR]* /(68) /(1) (32) +/(62)
[BuSnHI™ v/ (2) v (24) v/ (40) /(62)
[BuSnH]™ /(6)  /(80) +/(100) / (98)
Busn]” v (7)  /(100) /(93) / (100)
SnH]" v (54 V/(93) v (63)  (64)
[Bul™ V4 v(A2) V(@) v (26)
""Valu_esin parenthesearetherelativeabundancebasecnthe
nions.

b For R = butyl, BuSn" = Bu,SnR* andBu,SnH" = BuSnHR".

Copyright© 2000JohnWiley & Sons,Ltd.

were confirmedby obtainingtandemmassspectral
glaatsabased)nthesecondnostabundantin isotope,
n.

3.3 Pe3zSnPh

The mass spectrum from phenyltripentyltin
(P&SnPh) showedthat the major fragmentation
processesoccur via formation of SnPh  and
SnPhH™ (Table 2) and not via the formation of
PeSri andPeSnH". As in all the otherorganotin
compoundsnvestigatedn this study,themolecular
ion for this compoundwasnot detected.

The mass spectral data basedon the tandem
experimentshowedthat after initial loss of the
phenyl group Pe;Sn" underwentconsecutiveloss
of the neutral molecule, pentene(m/z 70). The
reactionpathwayfor tripentylphenyltinis shownin
Fig. 4.

4 DISCUSSION

The positive-ion El massspectraof the organotin
compounds,PhSnR (R =H, allyl, phenyl) were
dominated by formation of the fragment ion
PhsSn', which maintainedthe tin(IV) oxidation
state. In contrast,in the EI mass spectrum of
Ph;SnCl the most abundantion was at m/z 154
(biphenyl). This basicdifferencein the behaviour
of thesetin compoundsin the massspectrometer
undersimilar experimentalconditionsis probably

Appl. Organometal Chem.14, 383-388(2000)



FRAGMENTATION OF ORGANOTIN(IV) COMPOUNDS

387

-B Uy

[BuzSaR |*™ R [BuzSnJ* [BuSn]*

_Bu —Butene -3xButene —Butene

N . —2xButene N ‘ N
|Bu,SoR | —— [Bu,SnH] [SnH;] = [SnH]
.

—BuR _Butene —Butene

[BuSn]" [BuSnH,]*
—2xButene
—Butene

Figure 2 Fragmentation/reactiopathwayfor BusSnR (R’ = allyl, butyl, propyl).

dueto the relative electronegativiteof the bonds
Sn—ClandSn-C(in R).

The positive-ion EI massspectraof organotin
compoundsof general formula BusSnR (R =
vinyl, allyl, propyl, butyl) were not dominatedby
oneparticularfragmention but were characterized
by the presenceof at least four different major
fragmentions. This behaviourwas not surprising,
sincethe Sn—Cbondsareof asimilar nature unlike
PhSnR, wherea stabilizingeffectis exertedby the
benzenering. On close examination, however,
somediscernibledifferencescould be seenin the
El mass spectrum of BusSn (vinyl). For this
compoundthe major fragmentswere Sn (vinyl) *
and SnHy(vinyl)*, whereas for BusSn (allyl),

BusSnPrand Bu,Sn the major fragmentsoccurred
at m/z 177 and 179 correspondingo BuSn" and
BuSnH," respectively A greaterinfluencemay be
exertedby the double bond in the vinyl group,
which is in closeproximity to the Sn—Cbond.

The possibleeffect of the presenceof a double
bond in an « position on stabilization of the
resultantfragmention wasinvestigatedoy record-
ing the massspectrunof PeSnPh.The fragmenta-
tion pathway of this compoundis remarkably
similar to that of BusSn (vinyl). In this casethe
unsaturationin the ring seemsequivalentto the
doublebondin the vinyl group.

It is plannedto investigatethe relative effectsof
aryl and/oralkyl susbtituent®n the massspectreof

[Bu;SnR]"™ [Bu,SnR]"
—Butene oxButene —Bu,
[BuSnHR]" e [SnH,R’|" [SnR]*
—CHy —C,Hy
[SnH;[* [SnH[*

Figure 3 Fragmentation/redion pathwayfor BuzSnR (R’ = vinyl).
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—Pe,
[Pe;Sn]* 2 = [PeSn}’
—Ph
—Pentene —3xPentene —Pentene
+e
[Pe;SnPh [Pe,SnH[" vpenene 1SUHI |SnH[*
P
) [PeSnH,|" [PhSnH,|" T [Ph]"
—2xPentene
—Benzene
—Pe,CeH, T
[Pe;SnPh]* e [SHH]+ —Pentene
N
{PhSn]* ~Pemane [PhSnPeH]*

Figure 4 Fragmentation/reaictn pathwayfor PeSnPh.
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