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Apart from the mass spectrum of tetramethyliin
reported in general studies of the fragmentation of Group IVB
totramethyls (1,2) there appears to be no data available on
the electron impact fragmentation of organotin compounds.
Such information is useful not only for struciure
determination but more generally in classifying the
fragmentation modes attributable to the presence of
heteroatoms,

The principal ion species observed in the mass
spectra of the compounds studied are listed in Table 1, and
the appearance potentials and heats of formation of some
fragment ions in Table 2. Ionization efficiency curves were
similar to that of krypton used in calibration except for the
Sn ion in SrMe, and the SnPh ion in SnPh,. Por these a
correction was applied for the low intensitiy tails following
Warren's method (3). Heats of formation were obiained using
the experimental value of AHtSnHe4 (4) and values of
112 Kcal/mole for AHfSnPh‘ and ~56 Kcal/mole for AHtBnPr4
calculated by Franklin's method (5). The value of Aﬂtsd+
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from the fragmentation of SnPh4 is in good agreement with the
value (243 Kcal/mole) quoted by Hobrock & Kiser (1).

TABLE 2

Appearance Potentials and Heats of Formation
of Organotin Fragment Ions

IN:{
C d Ion Appearance 4 Neutral
ompoun Poggntial (e¥) (Kcal/mole) Producte
SnMe SnMe 9,7¢ 0.2 179 CH.
4 3 1 (9.9% 0.15) 3
Snie, 13,02 0.2 224 208}
1(13.120.2)
tSn 17.5% 0.5 266 4cH;
$(18.120.3)
+ .
SnPr, SnPr, 8.8%0.2 125 CyHy
SnPr,H 10.620.2 161 CyHg + CHy
SnPh, SnPh, 10.120.2 279 PH
SnPh, 9.1%0.2 278 Pn,
+ SuPh 16.10.5 288 3PN
8n 9.4%0.2 241 2P,

t Low intensity Type 1 tail (3).  tData of Hobrock &
} Kiser (1).

The data presented in Tables 1 and 2 together with
observed metastable transitions lead to the recognition of
three major modes of fission., Fragmentation of the molecular
ion by elmination of a ligand radical is common to all
compounds; the elimination of either ligand occurs in
compounds having mixed ligande. PFurther elimination of

ligand redicals occurs only in the spectra of Snle4 a.udSn.Ph4
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. Bate — Srite, — Snte
SuPh, ——> SnPh, and S ——> #n
(reactions confirmed by the appropriate metastable ions are
indicated by a star) whilst appearance potential measurements
support the occurrence of
(sete,)'—> dn + e’ and  (suPn,§ > SnPn + 3P
Ligand loss by elimination of an unsaturated
hydrocarbon with hydrogen rearrangement gives rise to many of
the intense peaks observed in the spectra of compounds II, III,
v, V, and VII. This process is a minor one in fragmentation
of the molecular ion but a major one in the fragmentation of
(M-R) ions., Thereactions
S, ——> SR ——> Sy,
occur in the mass spectira of compounds II, III, IV and V.
Dibutyldivinyltin (VIII) fragments by the elimination of butene
according to the scheme
§n3u2Vi ———> SpBuviz — > 'stnvmz
and fnBuvs, ——> Savim
The analogous elimination
gnEtzF —_—> EnEtFH
is observed in the spectrum of triethyltinfluoride (VIII).
In keeping with recent results (6,7) on hydrogen transfer in
the fragmentation of even-electiron ions, no specificity of
hydrogen transfer is sssumed in these reactions. Reactions
involving the elimination of a neutral molecule from an

even-electron ion are frequently observed (8) in the spectra
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of organic compounds and may be attributed to the relative
8tability of the new even-eleciron ion formed. (The further
process §m2——;—> .;nl was observed in the spectra of II
and III.)

The elimination of neutral ligand pairs by the

reactions

M'S__"_)' Snle

3:1713—;—} Anve Bnv1, — > idn

(sm‘)——-—,,—).;nrh?——-;-)mn

Snr
daze, s
:gﬂi

were observed in the spectra of compounds I,V,¥I and VIII
respectively. Expuleion reactions (9) in which two moleties
not directly bonded in a molecule are found combined in a
fragment ion have been observed in the fragmentation of
aromatic (10) and aliphatie (11) sulphides, esters of aryl-
Phosphonic acide (12), aromatic epoxides (13), and compounds
of the type Ar-X-Y-Z-ir (14). The ligand pair eliminations
occurring in the mass specira of the organoiin compounds may
be regarded as an expulsion reaction in whick the positive
charge is retained on the ceniral moiety. The driving force
for these reactions may be derived from the ability of the

liga.u.du %o rm a suitable transition state as e.g.
o, "‘2

\K ——-—)?\n_/ —-9"811 +.O B¢

ﬁ_'“""*"—{mz CH — Qﬂz
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It may also arise from the ability of tin to form stable
fragment ions having one or more unpaired elecirons, and from
lower energy required to eliminate a radical pair as a
molecule.

In contrast to the corresponding lead alkyls (15),
the spectra of tin alkyls show a low abundance of ions from
which part of a ligand has been losi. However the reaction

:gnR-————;—~>:§nCH3
was observed in the spectra of III and IV.

The effect of multiple metal valence on the
fragmentation of metal co-ordination compounds has been noted
(16). The extension of these principles to covalent tin
compounds predicts the radical-pair eliminations observed
but not the radical eliminations. Although there is no
a priori reason why the elimination of 2 ligand radical from
the molecular ion giving an even-electiron ion should not
occur in both classes of compounds, the fragmentation process
giving & new radical-ion with a lower metal valence appears to
oceur prefe;entially in co-ordination compounds. In covalent
tin compounds, the species Iv§nR3, (IISnBZf" . IlgnR all

occur abundantly.
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After this werk was concluded the mass spectira of
compounds II and VI appeared in the literature (17). The
fragmentations desoribed are in agreement with those
presented here.
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