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Abstract 

Complete El and positiVeoiOn FAB (matrix liquids: 2onitrophenyl octyl ether {NPOE) and 3-nitrobenzyl alcohol {NBA)) mass spectra 
me reported fl', AriSn (At" ,,~, I~:rol, re:I'll. 3.5°Xyl, ,J-Tel, ItoFCr, H4. moFCt, H 4. 3 5oF:Ce, H ~. p-CIC~,H4.3.5-Ci2Cr, H ~, p-CF~Ct, H~. 
and m°CF~Cr, H ~)and Ar~SnX (At ~,~ Mes. X ~= CI. Br. !; Ar = ooTol. X =, !). Comparison with phenyltin data shows methyl substituent:: 
produce little change in disimegration panems except when in the orth,~-position, in which case loss of ArFI ix promoted. Halogen 
suhstituents produce both substituent type a~td position effects in disintegration patterns. Ditt~2renccs are seen between E! attd 
positiveoion FAB luassospectra Ix'stilts which would iudicate that for tile latter, matrix mediated processes arc more significant than 
gasophase disi~tcg~ation pathways. Negative-ion FAB mass SlX'ctra were observed liar only it few of the compounds ~,tadied m this wod.~ 
~:~ 19~17 Elsevier Scie~ce S.A. 

~¢'~w,Jvd.~,,* Till; Mi|sn sl~?~!tFtilll 

1. l n | rodue thm 

The first mass spectrometric studies ,~1' phenyltin 
compounds appeared in It)t~6 [I,2] ~nld these were then 
amplified by the definitive paper of Chambers et al. [3]. 
Reports of the mass spectra (MS) of fluorophenyltin 
derivatives soon followed [4-6] while several phenyltin 
systems with organic radicals or ligands of varying 
complexity attached have been char,'wterized by mass 
spectrmnetry [7-9]. as well its Ph~SnMR:~ (M = St. Ge. 
Sn) [10]. Mot~ recently, a surface ionization (Si) study 
Of (.C,, H 5 )4 Stl lilts appeared [ I I ]. 

Our work began with an electron impact {El} study 
of hexamethylphosphoramid¢ (HMPA) adducts of 
Ph,SnX and Ph~SnX, (X = CI. Br. i)[12]. An with all 
main group organometallics, paaicularly Group 14. pat'° 
eat molecular ion peaks {M ~ ) were found to be very 
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weak or n~m,,exi~lcnt an~] f:~! alonl b~mlbardmet~t { [ :At  g} 
mass ~pcclra of tile ,~anle HMPA adduct.,, wel°e n|cao 
sured [13] ir| the hope of alleviating tlfi,~ problem, The 
ma|rix l iquids ~, :~'e H M P A  or ponitrophenyl octyl ether 
(NPOE), Although M + were still not observed, difiero 
ences between El and FAB spectra were ascrib,ad to 
interactions between the matrix and the aryltin halide 
species. The role of NPOE in removing exces.~ energy 
from ions before desorption from tile matrix was also 
suggested. 

The present paper is part of a series [14] concerned 
with the effects of phenyl ring substituents o,i the 
structures and speclro:;copic and biological prope,lies of 
aryltin cotnpounds. Earlier. tile effects of p-fluoroo and 
i,-chleroosubstituents on the El and FAB (NPOE ma|rix} 
mass spectra of Ar4Sn, Ar~SnX {X ~ CI, Br. l) and 
their HMPA adducts were reported [15]. As belk~rc. 
parent ions were absent in both El and FAB spectra but 
halide migration to {and in some cases, exchange at) tin 
was observed leading to SnX + as a major species. 
although not in the FAB spectra of the HMPA adducts. 
in this sludy, we present tile effects of various sub+ 
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~iuents (CH ~. CF3, F, CI) and ring positions (o-, m- or 
p-) in the El and FAB mass spectra of Ar4Sn together 
with ~ l e d  fragmentation data. We have also consid- 
ered the effect of o-CH3 groups on the spectra of 
various Ar~SnX (X = CI. Br, I). 

background subtraction of the matrix peaks. At low 
masses in particular for aryltin compounds, the matrix 
subtraction did not always completely remove the ma- 
trix peaks, a result of the variation of the matrix spec- 
trum with concentration. 

2. E~r imenta l  d e ~  

The compounds examined in this work were pre- 
pared previously [ 16.17]. 

All positive/negative ifm FAB. El and their linked 
scan mass spectra were recorded on a Kratos Concept 
IS double focusing ~ s  spectrometer using a combined 
EI/CI  ~urce and a modified Kratos FAB ~urce. The 
samples were i n d u c e d  by a heated solid probe for El 
and an unheated probe for FAB. For collecting normal 
El and El linked scan mass spectra, an accelerating 
voltage of 8 kV was used with a corresponding mass 
range of I0 to 1000 mass units. When collecting posi- 
tive/~egative ion and positive ion linked scan FAB 
mass spectra, an accelerating voltage 6 kV was used. 
The resolving power used was 1000 throughout and the 
magnet was scanned at 10 s/decade for all spectra. 

For electron impact mass analysis, the source was 
heated to 180°C. A 70 eV ionization energy was used 
for bombardment. Calibration of both normal and linked 
~caa mass spectra was perfi3rmed using peffluoroo 
kero~ne (PFK) 

For FAB analysis, samples which were dissolved in 
the matrix were bombarded on an unheated stainless 
~|eel p r o ~  tip with energetic fas~ ~toms pwduced by 
ion Tech. ~addleofield t y ~  fast a~m~ gun, Xenon was 
used to generate the boalbarding atoms and the gun was 
o~rated at approximately 1.0 mA emission, providing 
t~ t  atoms with an energy of 7,5 keY, Calibration was 
done using Triso(perfluoroheptyi)o.~otria~ine for positive 
ion FAB while for negative ion FAB Csl was u~d, 

For receding linked scan spectra, the electric (E) 
and the magnetic (B) fields were scanned in such a way 
that the value B / g (fr~ment ion scans), B: / E (pre- 
co ,o r  ion scans) and B ¢ I ~ E~ / E: (constant neutral 
loss ~ans) remain~ constant. Metastable transitions in 
the first field,free region were observe, i.e. in the 
region before the electrostatic analyzer but after the 
accelerating region of the ion s o u ~ .  For recording the 
collision activation positive ion FAB linked scan speco 
Ira, helium was u . ~  as the collision gas at a pressure 
sufficient to attenuate the main ion beam by 50% of its 
original value, 

~ t a  were collected with a Kratos DS-~  data system 
and transferred to a Sun SparcStationlO where, all com- 
putations w¢~ carri~ out with a K~atos Much 3 data 
system, Ions were further identified by pattern matching 
of isotope clusters, using d~'onvolution when neces- 
sary, For the FAB s ~ t r a ,  the d~a system was used for 

3. Results 

3.1. E1 Spectra 

Electron impact data for Ar4Sn studied in this work 
as well as for Ph4Sn [3] and ( p-YC6H4)Sn (Y = F, CI) 
[ 15]. and for (Mes)~SnX and (o-Tol).aSnl are presented 
in Tables ! and 2, " respectwely. As in all previous El 
spectra of aryltin compounds, 70-90% of the ion-cur- 
rent is carried by tin containing species which are listed 
in the tables. The most common organic ions are Ar; + , 
(At + H) '+. Ar ÷. (Ar2-H) +, (Ar2-F) +, and (Ar-F') +. 
For (x-CF~Ct, H4)~Sn (x = m. p), these peaks become 
quite intense and also include (Ar,-2F) +, (Ar , -2F-  
HF) '~. (Ar + 2F) +, and (Ar-2F) ÷. I~,inked scan spectra 
were determined for all compounds reported in Tables I 
and 2. In many cases, species not detected in regular El 
mass s ~ t r a  were observed and the disintegration 
schemes to be presented outline the wealth of ;nfonna- 
lion available from the fragmentation pathways derived 
tYom these studies. "~ 

The El mass s~ctra of most AraSn (Table I) like 
Ph~Sn 13.~5]) show no molecular ion ~aks, and a~ 
dominated by the species, S ' o ~', Ar~ n . Ar,Sn At ' .  and 
S1 , !he first M|I  B p~dominan l  in all st~cm~, lhese 
ions can ~ |brined either by sequential loss of A r  (A~ 
or by loss of At, (B). with tile " ~ ' iav~,r~:d ~n~'esses t~ing 
OE* ~ EE' and EE'  ~* EE'  [181~ 

(a)  Ar Sn ' Ar, Sn Ar:Sn' a atSn '  
AI 

(B) SnAr~Sn ~ ~ SnAr';Ar~Sn ..... ~ Ar, Sn ° 

Sn'* 

The~ together gi~.e the general disintegt~tion pathways 
shown in Scheme I for AraSa. However. not all of 
these processes are ob~rved in fact, Thus, as in SnPh~ 
I3]. p ~ e s s e s  confirmed for most Ar~Sn ( • ) 
by linked scans we~ BI (all systems), B2 and A4. 
The othe~ processes involving loss of Ar are A I, which 
is essential to form Ar~Sn ~ but was confirmed only for 

C~m~,plele i~gn~a1~lion p~mems (ELMS) fi~r all coml~unds ~ludo 
i~nt in thL~ wo~k are ~v~i|able flora |he aulho~s U.M.M.). 

T ~  @sig|l~Oon u ~  is A, B etc. b r  @ re.'lion bllowed by a 
number | ¢ic, indicating which of tile t~acUons in ~ settles is being 
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Table ! 

Mass-spectral data ~ (El)  for Ar~Sn 

I o n  + ...... A r  = - -~ ;  -~- . . . . . . . . . . . . . . . .  = p-Tol " 
........ , . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . .  ~ . , ,  , 

( M - H )  + _ _ 

A h S n  + 49.8 49.2 
Ar  2 SnC ~ H 6+ - 

Ar 2 S n  + I 1.8 23. ! 
ArSnC 7 H ~  - - 

A r S n  + ! 9 . 2  ! 2 . 5  

S n C T H  "+ - - 

S n C ~  H ~ - - 

S n  + 2 0 . 0  1 5 . 0  

= m - T o / "  =3,5-Xyl d = o-Toi ' 

0.9 0.9 - 

47. ! 25.9 58.7 
- ! . 2  - 

2 4 . 6  20.5 - 

- l . O  I l . I  
1 2 . 5  i 4 . 0  1 9 . 3  

- 7 . 5  - 

- 7 . 5  - 

1 4 . 9  20.7 10.7 

Ar  = p -FC6H 4 b = m . F C 6 H  4 = 3,5.F.~C6H ~ 
AraSn + 5 ! . 0  2 8 . 4  34.8 
Ar~ S n  + 3.9 2.6 2 .  I 

ArSn + 17,6 19.7 19.8 
SnF + 9,8 22,2 23.,1 
Sn + 17.2 27. I 19.8 

Ar = -p-CIC6H~ I, = 3,5-CI:C(,H~ 

( M - H )  + - !.9 
Ar~Sn + 52.5 35. ! 
Ar~ SnCI + = ! .0 
At .  Sn + 4.8 I. I 
A r S n  + 14.7 18. I 
SnCI + 22.8 35. ! 
Sn " 5,2 7.0 

Ar 0~-~ poCF~Ca H 4 ~ m-CF~C~ l°l,l 
Ar~ SnC ~ H ~ F: 3.6 4. ! 
At ' tSii" 68,5 55,3 
A r : S n F '  2,4 3.3 
Ar ,  Sn ' 1.2 1,8 
ArSn + 16, I 20.4 
SIIC ~ 1t ,  F ;  4,l) 
Si l l ' ; '  5,11 7, 7 
Sa ' 3,3 3,4 

~' t~¢i~<~¢tlltl~l~ ! ~'~ I ) l l f  the Io l l i l  i l on i l i v¢  ion cu r r cn l  ciu<i°il, d I'ly t in  ¢Ol i l l i i nh lg  iiill~,. 
" itt~t+ 1151, 

' f i l l  ~ C t l  t C ~ , l l ~ <  

' l 'abl~ 2 
Mass-Sl~Cu~al di l l l t  (El i  fo r  A r ~ S i l X  

I o n '  X oo f l  X ,,o B r  X ~ i 

Ar ~ Ph I, = Mes ' ~ Ph i, = Mes " = Ph t, ~ o-Tol d ~,, Mes ' 

ArtSn  + 2.8 2.0 18.0 3. I 59,7 59,2 62, I 
At :  SnX * 50.9 - 30, 8 - 3,4 6.4 

ARC~ !t 10 )SnX ' ~ 40.4 - 39,7 - o~ 

AliClt }| : )SIIX * ~ (3,2 - 3,9 = 
Ai ' ;  Si l  ~ O.8 - 2,4 = 0.8 ,~ : 
ArSn(Ar - H ) ~ - 4.7 = 4,7 : 3.ll I 3.2 

ArSnX ' 3.4 - 2,6 . . . . . .  
Sn{ A t -  H ) X '  2.9 .~- 2.4 - I ,q 
ArSn* 1 i .6 21.8 19,5 19.2 20.9 18.3 18.0 

SnX ~ 24,7 10.6 20.0 12.6 4,8 4.5 
S n  + 5,7 10.3 6,3 II ,4 10.3 6,8 6,7 

~' Pcrc i : l i l i ig~ ( ~  I )  o f  Ihc  to ta l  pos l l i v~  ion  c u r r c n l  c i i r r i cd  by  l i nocon la i n i n  I ions.  

" Ref. 115i. 
' M e s  ~ 2 A , 6 - ( C H  ~)~Col- i  2. 

o - T o l  ~ o - O H  ~Co t !4 .  



~tg~d~*: Ar ~ Ph: m-T~h p,Tol: &S-XyI: m,FCsH~; 3.~-XzCsH3 iX= F. CI) (o-Tol)4Sn 

Ar~Sn* - Z *" Ar~Sn tAr-Z)" (Z = H. F. CI) 

i. ar 

- AL~ Ar~Sn" - ArH =- ArSni A, -H)* 

- At 

A/~fin*' . Ar~ 

Af 

Affifl* ~/ 
- I A f ~ / /  

Y ~ IL CI ~ y* 

Scheme I, Ar~Sn (Ar ~ Ph. p-Tol, m-Tol. 3.5-Xyl. m-FC~H~. 3.5- 
Y~C~H~ (Y~  F, Ci). 

- H  = A r 3 S n  (CTH~} ~ 

/ 

- Ar 2 [ 

I \ 

A r 4 S n  +. 

- Ar 

Ar.~Sn ÷ 

- ArH 

ArSn (CTH~) + 
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AfSII* 

1 - A t  

Sn* 

Scheme 2. ( o-Tol)~ Sn. 

the halophenyl systems ( . - - -~  ). and A2 and A3 which 
were ob~rved in only in Ar ~ p:rol and 3.5-Xyl. and 
Ar ~ 3.5-Xyl respectively ( , , .  ~ )  and thus are very 
minor contributors to the overall disintegration process 
for Ar~Sn, Process B3, which was earlier confirmed for 
SnPh~ [3], w~s not verified by linked scanning in any 
fragmentation patterns in this work and is thus omitted 
from Scheme I, The halophenyl systems studied here 
all fiwm SaY * ions as confirmed by the observed halide 
migrations (C), 

(CI )  (YC~,H.~)Ar*~ArY" 

While aIMS data for (p-Tol)~Sn and (m,Tol)~Sn dift~r 
only slightly from those for Ph~Sn. a significant posi° 
tlon effect is shown in the EIMS for (o-Tol)~Sn 
(Scheme 2) where all p~esses  have been confirmed by 
linked scans. Here the clearly favo~d p~th fi~r decom. 
position of M *  is AI while o-CH~ groups facilitate 
loss of toluene from Ar~Sn ~, to give an EE* (DI), This 
is a typical "ortho,effect' [18], 

(DI) (o~Tol ) sSn*  ~ ( o - T o l ) S n ( C ? H ~ )  * 

Process Dl may also be favored by tl~e formation of 
a stable ben~ylium or tropylium tYl~ ion, and this effect 
might also account for similar processes confirmed ior 
p. o¢ ,~-tolyl systems in Scl~eme I as well as D2 and 
D3 even if OE* species m~ involved, 

(D2) ( p ~ Tol)~Sn(C~H~,)* 

=* ( p = Tol)Sn(C?H,,) * 

(O3) (m = Tol)~Sn * - .  (m - T o l ) : S n ( C ~ H ~ , )  + 

In the same way, loss of methyl l¥om 3.5-xylyl 
(C~H~,) compounds (E) will pr~xtuce both EE + and 
OE ~ species containing C7H¢~ although only process 
E3 was actually confirmed in elucidating the ffagmenta- 
lion pattern of (3,5oXyl)~Sm 

(35  ~ X y l ) ~ S n ~  (3,5 ~ XyI~:Sn(C~H,~) ~ 

(3,5 ,~ Xyl)~Sn' ~ (3,5 .... Xyl)Sn(C~H,,) * 

o ' S C 

ilMophenyl|in ¢ompound,~ ,~how both mdlsllluen! 
lype ~md posllhm effet, ls, Tiui~, fl~e HMS of hoth 
I~O~1- a n d  m e l a ° s u b s t i t l l t e d  AraSI1 h a v e  m u c h  d e c r e a s e d  

Ar:Sn ~* inlensilies when compmed with the arehelypM 
Ph~Sn mass-s~ctrum, but when we compa|~d tile (p- 
YC~H4)~Sn and (m°YC~H4)~Sn ELMS, |he latter has 
both much reduced Ar~Sn" and increased SnX". The 

qpCm-CFstgll4~Sn 

' ~t4! [ 

/ 

, i 
SnF* Sn* SntC?tl ~F~ J* 

Seh~:me 3, (p/m-CF~C~Ha)~Sn, 
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Table 3 
Mass-spectral data ~ (positive-ion FAB h) for AraSn 

- -  Ion + = m - T o l  'j 

N P O E  N P O E  N B A  N P O E  

Ar~Sn(Mat e ) + 3,i 2, I 2. I 4.4 
( M - H )  + - - 0.7 3.4 
AraSnCH,  + - 1.9 - 2.4 
A h S n  + 55.0 6 8 . 2  8 1 . 6  4 8 . 7  
A r ,  S n ( C ~ H 4 )  + - - - 1.2 

At,  SnOH + - - - 3.6 
Ar,  SnCH~ - 2.6 - - 
Ar,  S n  + 2.5 - - - 

A r S n C ~  H~" - 7.1 ( ! . 1 )  r 5.5 
ArSn + ! 6.  I i 8 .2  ! 4 . 6  17.7 

S n  * 23.2 - - 12.6 

NBA 

2.3 
!.5 
2.1 

53.6 

2.9 

5.9 
17.5 
14.3 

A r  = p-CFaCc, H~ = m-CFaC.IoI~ 

N P O E  N B A  N P O E  N B A  

Ar~ S n ( M a t )  * I 0 . 0  5 ,3  g. 2 5 ,5  

Ar~ SnC .~ H 4 F,, + 3 .3  1,5 ! .  I 4 ,{) 

Ar~Sn(H ~ F) + -- 8,0 - 4, 3 
Ar~Sn ' 5 !.7 39.6 73. I 5,1.9 
Ar 2 SaC 7 H ,~ F; + 5 ,3  2 ,4  ~ 2.7 

Ar:  SnC¢, H ,~ 2 .0  i ,4 - I. ! 

ArSn(C ~ H ~ F,~ ) *  - 3 ,0  - 4 . 0  

ArSnIC .~ H ~ F: ) '~ ~ 0.6 - 2.9 
AFSn * 22,7 17,3 17.6 20.6 
S n F '  11,3 ~ 

S n *  3,4 9,6 - o- 

= o - T o l  d 

NPOE 

( I . 5 )  g 

36.3 

10.6 
51.5 

NBA 

73.9 

15.0 
l l . !  

" Per~'enlage ( ~ i) nf  Ih¢ |olai positive curren| tan' ted by lin-conlaining ions. 
n, Matrix liquhls, 4onimlphenyl oclyl ¢|her (NPOE), and 3-nilrobenzyl alcohol (NBA). 
': rCr~ I1~!,  
,n T o l  ~ 2A.c¥CII ~Co H,I,  

Ma |  ~ NI~ ' )E  or  N B A ,  
A t S l d C  ~ I I  ~) ' 

( M  ~I 2 i l )  ' 

ArouSal; Ar ~ o21i'ol; M¢~, 

An' ,Snl* 

ArH 

So( An'-It ~1" ,* Ar l  

Ar~Snl 

t 

Ar ~Sn + 

I ~ArH 

ArSn{ Ar- I*1)* 

{Ar - I I )  

ArSn + 

o Ar 

Sn* 

o At2 

{Mt, shSItX: X ~ CI~ Br 

Ar,~SaX * 

ArSn(Colt re)X* 

ArSnlC. I t~)*  Snf f 'oHm)X ~ 

oArlC8117)~ / C o l 4  u) 

SnX + 

At~Sn* 

o ArH 

ArSn{CUHm) ~ 

[ ~ CoHm 

ArSn* 

o Ar 

gt l *  

Scheme 4. Ar~Snl (Ar = o-Tol. Mes). Scheme 5. (MesLSnX (X = CI. Br). 
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ate almost the ~ with either one or two 
meta-substituents. In contrast, the spectra of ( p -  
CF+C~H4)4Sn and (m-CF3C6H4)4Sn are very s~milar, 
i.e.. ~ is no ~ effect but comparison with 
ElMS for (p-Tol)4Sn and (m-Tol)+Sn show a strong 
substituent type effect, with much more Ar3Sn + and 
much smaller amounts of Ar 2 Sn "+ being observed. No 

ctm~ponding to loss of A r  ( A I - 4 )  or for- 
marion of SnF + by fluorine transfer were confirmed by 
linked scans, but some of these must occur ( - - - ~ ) i n  
the disintegration (Scheme 3) for these compounds as 
I ~  resulting ions are observed. 

~ a l i o n  of an 'ortho-effect' in the EIMS of 
(o-Tol)+Sn ~ prompted a study of (o+Tol)+Snl and 
(Mes)+SnX [or comparison with our previous data for 
Ph+SnX (Table 2). Results for (o-Tol)3Snl and Ph3Snl 
are essenlially the same with loss of I or A r  from the 
molecular ion. giving Ar+Sn + or Ar+Snl +. The former 
process predominates, presumably because of the weak 

Sn-I  bond as suggested by Chambers et at. [3]. How- 
ever, in the o-tolyl case, Ar2Snl + or Ar3Sn + can then 
lose toluene to form benzylium (or tropylium) type 
species, but the major process appears to be loss of Arl 
or Ar 2 to yield ArSn + (Scheme 4). In the case of the 
mesityitin analog, the weaker Sn-I  bond, compared 

with that of Ph3Snl [19], causes loss of I from M + to 
give (Mes)3gn + to be the sole disintegration process. 
The (Mes)SnCgH~" o ion, however, forms (Mes)Sn + di- 
rectly ( . . .  >) ,  as confirmed by linked scan analysis. 
The much greater tin-halo~en bond strength means this 
pathway is a very minor one for (Mes)3SnX (X = Cl, 
Br) (Scheme 5). Instead, the Sn-X bond is preserved 
when the molecular ion loses mesityiene (not mesityl) 
to form the OE+° (Mes)Sn(C.H,,)X + . in surprisingly 
high abundance. [ ht~ ti,cii ioses X ~ or Mes  to form 
EE + species and even CH.~ to tbrm (Mes)Sn(CsH~)X +, 
which again may include a benzylium or tropylium 
moiety. 

Tabl~ 4 
Mim++=Sl~l data + (Positive ion FAB ") 

Ion* Ar + m=FC,H+ + 3.5°F++C~H ~ ++ 3.5-CI+~C~H 

(a) Ar+Sn 
Ar+S~. NBA * 4.+ 6.2 10.2 

A¢~SO ' ~ | |  * = = I , 6  

At~Sn* 43,~ 4~.1 61 ,~ 
At+ ++C+ II +CI * = + ;+ 2 
A t ~ S n C I  . . . . . .  0+'~ 

S+F + : 14+4 + 
Sn " 16,7 I 1.0 7, I 

(b) AhSnX '+ 
o ~ T o l  " 

(M+H) + 4+~ Z8 = 

Ar+$m, HNO+ + + 6, I + 

Ar+$n + 27.9 20,8 35,3 j+ko 
Af~SBX* . . . . .  189 
AfS~C~ [4 m)X + = 17.6 ~ = 
AhSrCH~ + ++.s = ~A 
ArS+(Ar=H) + 4. I S,O ~,~ 4,S 
Sn(Ar+H)X + 2.3 I ,S = = 
APS~H ++ 1.8 2.t+ 3,0 += 

SnX + 6,8 4,+P ++ 2,+~ 

S ~ H ~  10,9 103 - + 
Sa " I0,0 r2  I~,O ~),4 

~ ~ mgnificm~t imps giv~ in tlm t~bl~, 

r A ~  AhSn ,CH ~ , 13; Ar~SnX ,CH~, 1,9, ArSn(fsH~) +, 1,2~, 
A~I~ Ar~Sn, NBA, He+O, 0,7, Ar~Sn, CH~, 3,2++, 

+ A~ +, Ar~$n • NBA*, 0,7: Ar~Snl, NBA*,O,6; M +. 0,6; Ar~SnC~H ~+, 1,8%, 
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3.2. Positive ion FAB spectra 

As in an earlier study of group 14(IV) organometallic 
halides [20], several matrix liquids were tried, including 
glycerol,  monothioglycerol ,  sulfolane, 2,2'- 
thiodiethanol, diamylphenol, as well as 2-nitrophenyl 
octyl ether (NPOE) and 3-nitrobenzyl alcohol (NBA). 
Only the latter pair provided usable spectra, with the 
last one (NBA) giving the best results for the aryitin 
compounds studied in this project. A comparison of 
NPOE and NBA data for several Ar4Sn is shown in 
Table 3, while NBA data alone are given in Table 4. 

Positive-ion FABMS, especially the very detailed 
fragmentation patterns determined by linked scans anal- 
yses, 4 imply different, presumably matrix-mediated 
disintegration processes which occur instead of those in 
El spectra. Thus, in our Ar 4 Sn spectra, the major species 
are ArsSn + followed by ArSn +, with some 
ArsSn(Mat) + (Mat = NPOE or NBA). However, no 
Ar2Sn "+ is observed. We, therefore, suggest loss of Ar 
from the molecular ion is assisted by the matrix, pre- 
sumably in the high pressure selvidge region, which 
then stabilizes the EE + ions by adduct formation 
(Scheme 6). This then loses At, and then A r  in the 
selvidge high pressure region above the sample or in the 
gas phase, or collisional processes cause partial frag- 
mentation of the adduct ions. The energy lost by colli- 
sion in the high pressure region gives ions of lower 
internal energy, and thus, after loss of a molecule of 
coordinated matrix, gives the species observed which 
appear not to disintegrate further. This is shown by tile 
very simple (t-1()l)4Sn FABMS spectra. Thus tile thin 
lowing fragntc|ttations are observed under collisional 
activation (CA) conditions, suggesting structures quite 
different front those obserw:,d in the El spectrum. 

(Fll) Ar~Sn(Mat) ) ~* ArSn(Mat)*+ Ar2 

(F2) ArSn(Mat)+ ~ Sn(Mat) + + Ar ~ Sn * + (Mat) 

it is interesting that the fragmentation from tile 
Ar~Sn + ion itself under linked scan conditions can be 
very complex ~ much more so than that observed in 
the El spectra. These include fragmentation of the aro- 
matic substituents, hydride transfer to tin, losses of 
additional hydrogen atoms etc. There is also evidence 
for a one-step formation of tin ions from the tfiaryl-tin 
ions. For systems containing a CF s group, there is 
evidence for fluorine migrations. SnF + is observed and 
there is also evidence for HF loss and HF adduct 

4 Complete fragmentation patterns ( + r e  ion FABMS) tot all 
compounds studied in this work are available from the authors 
(J.M.M.). 

Selvidge l~gh pr~'~re ~ - p h ~ e  ~'~, ~.pha:,~- 
with ex~:ess matH# 

Ar4Sn +" A~.~SnX ~ 

IMat) at) 

Ar3Sn(Mat)+ - 

\ \ 

" Arz ~ A b ( M a t )  + ~ ~ A" 

B(Mat) ~ ~ - -  

ArSnCMat) ÷ ~o..~. 

C(Mat)+ ~___.~ 

SnlMat)÷ 1 

- .----  Ar3SmMat) + 

Ar3Sn ÷ 

B ÷ 

ArS'n(Mat)* 

C ÷ 

D* 

SmMat)* 

SR* 

Scheme 6. Skeletal disintegration scheme (positive-ion FABMS) tor 
Ar4Sn and Ar~SnX. 

fi)mlatkm. However, these complex reactions occur in 
tile collision cell, removed from the high pressure 
selvidge, dominated by matrix molecules, ions and radio 
cals. 

Differences are seen between the El and FAB mass 
spectra of Ar~SnX; e.g., larger amounts of ArSn + in all 
cases in FAB. The is less ArsSn+ seen in the FAB 
spectra, when X ~ I, but more when X ~ CI or Be, 
compared to the El data. This is indicative of the 
relatively constant abundance of this species in FAB as 
X is changed from Cl to Br to I, compared to the El 
data for which there is more than an order of magnitude 
variation. This behavior indicates matrix mediated pro° 
cesses are significant here, whether in solution, or in the 
high pressure region above the sample. 

3.3. Negative ion lAB spectra 

The negative ion spectra of these compounds in NBA 
were very much were weaker in overall inten,'ity than 
the positive ion FAB or El spectra, limiting the come 
pounds for which reliabte data could be obtained to 
those listed in Table 5. With low absolute intensities, 
reliable linked scan data could not be obtained and we 
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T a b ~  5 
~ 8 a U v ¢  ion FAB mass-spectral ~ata + of  aryltin compounds  in NBA matrix 

loa- - . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ m-(JF.~C+,H4 ... . . . . .  = p'_CF,CoH+ 
. . . . . . .  , , , . ,  . . . . . . . .  

( M .  N B A  ÷ H) + _ 26.0 
M .  N B A  + 23 .0  - 
M. NO~ 6.8 8.3 
M .  C H 7  9.2 12.7 
M ° 2.2 2.2 
( A r ~ S n F ~ ) -  3.0 0.5 
Ar~Sn • O + 6.9 8.7 
Ar~Sn ° 22.2 41.1 
Ar~Sn,  F ~ 14.0 15.2 
Ar~Sa + 3.9 4.8 
A ~ n O  + 4. I 4.0 
AtSn = 4,7 2.6 

(b) (3.5-X :CoH +)4Sn (X ~ F. CI. CH+) 
A r  ~ 3,5-F,CoH L 

(M ' N B A = H ) "  14.1 

( M '  NBA=2H)  = 
( M '  NBA=3H) ° = 
( A r + S a .  NBA~NO~+-°H ++O=3ti) = 10.9 
M '  N O ~  4.4 
( M .  N O ~ 2 H ) : ~  = 

M ,CH~ 
M + 5.2 

( M = C o H ~ )  = 

Ar~SnF,  L' .H~ + + 
Ar+SnF  = 6,5 
A r + S n ,  C H ;  = 
Af~S~ = 24, ! 
A¢., $aX ~ I I, I 
Ar~ Sn 8, I 
(At_~ ~ill=C, 14 + 1: ~ 

(ArSn:=2F): 7 9  

3,5-CI :Co i l  ~ ~ 3.5+(CH ~)~C~H 

27.6 
9.4 

9,9 
14.3 

3,1 i.I 
7.0 + 
7,7 +, 

4 8  2,] 
23,o 44, I 
11,5 8+2 

3,0 129 

51 ,+ 

..... if 0 

(¢) (2,4.0:(CH ~)+C+H +)+SnX <X + e l ,  O~CCH,)  
X + Cl (++:CCH, 

(M + NBA=NO++:C+HI+) + +- +,O 
(AP+Si+ + NO+=CH +): = 25,8 
(At~$nX,  NBA ÷ NOa)-  o,9 + 

Ar~S~X + 57.7 5.5 
AraSoH ~, H a O -  + 9.4 
C H ~ S n .  NBA 24.8 + 
(At~So+H) + = 4,5 
AtSnCH~ = H¢7 
A tSn :  +:++ t ~+5 

S n -  10,5 14,9 

Pet~entage of the total negative ton current trotted by tm°coatmmog | o a s  
t ~  ~+,~CH ~C~H+)~al .  the m~ly mgmficant ion ts Ar :Snl  +. 

do ~ot I~Jstulate any detailed fragmentation schemes |br 
the negative ion data, 

NBA telato.t adduct ions a~ common in the negative 
io, s~ tm+ and tbr thuse species with a halogen +an the 
aromatic ring or side chmn, the+ mo!~ular anion is 
ob~rved, unusual for compounds of tin, Not only ~ e  
matrix adducts observe, but the nitro group from the 
NBA matrix is ~ n  adductcd to various tin<ontaining 
i.olls including the molecular anion. A%Sn- ions or 

their adducts a~c seen |br the tetra-aryl derivatives, 
while for tl~e tnaryltin halides Ar~SnX ' iozls are much 
more abundant, Sa=O+contaiaing ions are also more 
common than for the positive ion s~ctra. 

4+ D|seumion 

In discussions of molecular ion !ormation. it is gener- 
ally assumed [18] that tile electron lost is one of those 
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At 
I ~ . I Y n  ~"-'x,,--x,~, Yt~ + --~.r--'x,~ Y, 

.-\~ Ar Ar 

{1~ {liar p Z lllb) 

- a~r, CmHs 
2 

As- z 

111¢) 
(Va~ " • -~ (lllal I (IVa) I 

+ / ' ~ / Y n  Ar 

,Vb,  ( ~ - - ' l ' ~  ~ ' ~ . ~  ,lid) 

CH, CH2 tlllb) 

,,IVb) l" Ar  

M 

(21t2 CH 

IV¢ 
Nehclll¢ 7. Pro!'ttlned sl|L/ftUl'¢s t,J' E l M S  aryl--grtmp I,,; ions. 

with Ihc lo~'c~,t ionitation energy. For &r~M, (M ~~ C ...... 
Pb), |hone mc eleclronn occupyin B ,7~,oti~lg orbitals [2 i]. 
The rcsultil~ B Ar4M' Scheine 7 (ii)can filch h~ne Ar 
tO 1'O!1|| AtoM' which in also readily oblained by loss 
of i =  I?om Ar~Mi ~'', Although Ar~M (|lla) may be 
planar (lib), like the structure of Ph~C ~. tile metal~ring 
¢rointeraction in|plied in this ca~e may be unlikely iq tl~e 
ground slate [22]. However tor (Mes)~Sn', agostic ino 
teractions between methyl group C°oH bonds and the 
empty 5p, orbital may well favor a planar geometry as 
indeed is lbund fi~r the iso-electronic molecular species 
(Mes)~M (M =. AI, Ga. In) [23-25]. Thus AraM" 
slrecies may be resonance hybrids of planar ( l ib)  and 
nonoplanar (l la)  lorms witfa significant non-bonding 
electam density on M. However, spin-pairing would 
still be favored by the ring unpaired electnm beint:~ al 
the ipso-carbon (lie) and stabilization of this resonance 
loam by a ~r-donor substitue,t (|lid) would then account 
|br t!le greater abundance of (p-ZC,H~)3Sn + (Z = F. 
CI) when compared with that of the meta.anah)g. If 
however, we look at semioempirical PM3 c:dt.u!:.~tior~.~ 
(MacSpartan, Wavefunction. 1997) for these ions, file 
Sn-C~ core is planar, with the rings rotated out of this 
plane propeller fashion in the case of ortho-substituents. 
and almost coplanar when the substituents are melu-  or 

par.o. In addition, the tin computes |c. have a Mullikcn 
charge of greater than plus one. 

!.oss of At', froa| Ar~Sn' is file primary mode o[ 
formation of ArSn' ( | i i a )  which then loses At' ( | l I b )  
to give Sn ~' . With halogen sub~tituents. SnZ' is foraled 
us well. Earlie~ [15], it was suggested |ha| hrlo~e, 
migration tYom the para-position went through a ~o 
bonded (~l ~ or ~l") intermediate. For m~Z migration, 
the at-intermediate need only have ,iLcoordination to 
tin with presumably less distortion of tin~aryl and 
tin-halogen bonds in this case accounting for the greater 
prevalence of SnZ*. We note also the increased Imlogen 
transfer with chlorine as a ring substituent. With CF3 as 
a substituent, much less SnF* is observed again be- 
cause of the much greater distortion in the ~robonded 
intermediate required for the appreciable tin-fluorine 
inte|action which is necessary for the migration to 
OCCUr. 

With a-CH 3 groups present, k, ss of ArH competes 
with u~ss of Ar 2 from AraSn", and indeed in (Mes)~SnX 
(X = CI, Br) is preferred to loss of Ar ~ t'roul the moleco 
ular ion even though an ()E + is produced in this case. 
For tile EE +, ArSn(Ar-H) .... ions (|Va). the positive 
charge is stabilized by resonance with benzylium species 
(IVb) which may equilibrate with the tropylium tauo 



O*i J.M. Miiier e~ , i  /dou,,ml oj Organometalfic Chemisto" 542 t 1997) 89-98 

lower (We). Formation of these ions by loss of CH 
followed by hydrogen migration, will also account for 
the more complex ElMS noted for (3.5-Xyi)4Sn. 

The EIMS data for Ar4Sn (Ar--Ph. o-. m-. p-Tol) 
are similar to those reported many years ago for their 
germanium analogs [26]. having Ar3Ge + as the most 
almndant s ~ i e s .  However. significant amounts ( > 1%) 
of species involving fi:agmentadon of aryl groups at- 
t a e ~  to germanium are observed, but little or no Ge ~, 
which is consistent with stronger Ge-C compared with 
Sn~-C bonds, in contrast. Ph4Pb has a very simple 
fragmentation pattern (3), the standard pathway being 
ph,,Pb*" --* ph 3 pb* -.* phpb ÷ . . ,pb ÷'. 

The most distinctive feature of the ElMS of Ar4M 
(M ~ St. CP. Sn) is the formation of the OE '÷. Ar 2 M ÷ . 
Indeed for Ph4Si [27], the sequence. Ph4Si +--, Ph2Si ÷ 

PhSi*. is the preferred disintegration process, it had 
been suggested that a cyclic sigma-bonded structure was 
responsible for the apparent stability of Ph2Si ÷'. In- 
stead, we propose that delocalization of the unpaired 
electron over both rings (Va o Vb) may be sufficient to 
stabilize ArzM ~÷ species, in the same way as the 
classical EE* ions (IVa ** IVb). The analogy is strik- 
ing. However, the possibility of rr.bonded resonance 
forms analogous to that of Cp:Sn [28] cannot be ruled 
out. Likewise ArM: * may have a p-bonded structure 
similar to that of CpSn: * [29] as well as the er-bonded 
forms (Ilia ** b) shown in Scheme 7. 

In the FAB spectra similar structures are likely. 
although some of the simplification that is observed, 
~ s  from the possibility that ions formed containing 
one or more c~rdinated matrix molecules may lack the 
empty !owolying orbitals required for some of the sugo 
gested rearrangemems. With these pathways blocked 
other structures may dominate resulting in differing CA 
s ~ t r a  from the same nominal mass ions in El and 
FAB spectra, 

In conclusion, these compounds offer some interest~ 
ins insights into the influenct2s of structural changes on 
the ion chemistry of tin. 
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