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SUMMARY 

The mass spectra of ketoorganotins of general structure RCO(CH,),Sn(CH& 
where R =CH3 or Ph and n =2 or 3, are discussed. Ionisation occurs very largely at 
the tin atom, resulting in almost complete suppression of the McLafferty rearrange- 
ment. In addition to the generation of a fragmentation pattern analogous to that of 
other organotinsl-’ some novel skeletal rearrangements are observed, including an 
apparent transfer of the Sn(CH& moiety to the carbonyl group via a six-membered 
transition-state, and the transfer of phenyl from carbonyl to tin. 

INTRODUCTION 

Interest in mass spectrometry has been greatly stimulated by the observation 
of parallels between mass spectrometric, photochemical, and thermal reactions. In 
particular, the parallel between the McLafferty rearrangement [eqn. (l)] and the 

[R$CH+CH,CH,R’] + - + [R$-CH,]+-+CH,=CHR (1) 

0 O-H 

R--CCH2CH2CH&‘~ ’ 2 R--C=CH2 +CH2=CHR’ 

dH 

(2) 

& 

Nor&h Type II fragmentation of ketones [eqn. (2)] has been investigated in some 
detail, and has been shown to hold for such details of the rearrangements as isotope 
effects and the preference for the abstraction of a tertiary hydrogen over a primary 
or secondary one*. With this background of close parallels between the two re- 
actions it was of interest to determine what effect the trimethyltin group would have 
on both the photochemical and mass spectrometric reaction, and it was thus decided 
to investigate the mass spectra of the acyclic ketoorganotins (I)-(IV). The photo- 
chemistry of these compounds has been investigated, and the major primary chemical 
process has been found to be cleavage of a tin-carbon bond to give the trimethyltin 
radical and a ketoalkyl radicalg. 
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TABLE I 

RELATIVE INTENSITY OF THE PRINCIPAL IONS IN THE MASS SPECTRA OF CO~O~NDS (I)-(W), RCO(CH,),SnMe~ 

Relative intensityP.* 

(I)(R=Ph, n=2) (II)(R=Ph, n=3) (III)(R==Me, n=2) (IV)(R=Me, n=3) 

RCO(CH,)&iMe:’ <I 1 < 0.1 < 0.1 
(M-H)+ 32 9 tl 1 
RCO(CH?),SnMef 160 58 2.50 65 
RCOCH$nMe,+- Abs. 15 Abs. 33 
RCO(CH&%iMe+’ 2 <2 2 <1 
RCOCH$nMei Abs. 95 Abs. 70 
RCO(CH,)&t’ 25 t2 45 <2 
RCOCH$Sn+ Abs. 8 Abs. 14 
RSnMef 54 68 c c 
RSn’ 21 18 d d 

SnMe: 100 100 100 100 
HSnMe; 14 4 25 5 
SnMer’ 16 18 15 12 
HzSnMei 7 6 11 3 
SnMe+ 51 41 67 45 
SnH’ 5 3 9 7 
%+;(CH,),t 19 3 12 3 <I 21 tl I1 

RCO(CH,),_2CH=CH;* 17 3 cl tl 
RC(OH)=CH;- Abs. 3 Abs. <I 
RCO+ 58 33 12 10 
Rf 50 33 

- 

y SnMe; = 100. b Total ion current due to ail isotopes of tin given for tin-containing ions. ’ Indistinguishable 
from SnMe;. ’ Indistinguishable from MeSn’. 

TABLE 2 

EXACT MASS hfEASUREhlENTS ON SOME IONS IN THE SPECTRA OF (I) AND (II) 

Compound Ion Calculated mass Measured mass A(ppm) 

CeH&O(CH&SnMe, C6H5”%nMe 2 226.9882 226.9875 3 
C,H,“%nMe, 224.9879 224.9873 3 

C,H,CO(CHJ,SnMe, C,H,CO(CH&“‘SnMe, 297.0301 
C,H,COCH,“%nMe 
CsH,COCHI”“SnMe: 

284.0222 
268.9988 

C6H&OCH2”0Sn 238.9531 
C,H,“‘SnMe2 226.9882 
C,H,“%nMe, 224.9879 
CsHS”“Sn 196.9413 
“‘SnMez 149.9468 
C,H&(OH)=CHI 120.0575 
1 ‘Oc& 119.9021 
C,H,CO 105.0340 

297.0288 5 
284.0200 8 
268.9975 6 
238.9505 10 
226.9895 6 
224.9858 9 
196.9401 6 
149.9476 6 
120.0577 2 
119.9030 7 
105.0338 2 
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and m/e 254.8 (2844269, nz* 245.5), corresponding to (M -CH,)-+(M - CsH,) and 
(M-CJL)+(M-CsH,)r respectively. Both ions (M - CzH,) and (M - C3H5) thus 
have their origin in a common rearrangement which proceeds with the expulsion of a 
molecule of ethylene. It is highly significant that no peaks corresponding to loss of 
ethylene alone or any combination with other fragments are observed in the spectra 
of compounds (I) and (III), which have the trimethyltin group bonded to the carbon 
atom p to the carbonyl group. The most reasonable mechanism of formation of these 
ions involves a cyclic six-membered transition-state in which the tin atom migrates 
instead of a hydrogen atom [eqn. (3)]. Such a mechanism explains the non-occurrence 
of this rearrangement in compounds (I) and (III): in these cases a five-membered 
cyclic transition-state would be required. 

+ 
0' 

SnKH313 

I + C2H.G (3) 

(M-C2~4) 

The depiction of the charge as localised on the tin atom should not be taken as 
excluding an alternative formulation where a neutral tin atom migrates to an ionised 
carbonyl group, but for the reasons already discussed we feel that by far the majority 
ofthe(M-C,H,)+’ ions do have the charge localised on the tin atom. Rearrangement 
of organotins in this fashion has not been observed previously, although rearrange- 
ment of the trimethylsilyl group from ether oxygen to carbonyl oxygenr3*‘” and also 
the diphenylsilyl and diphenylgermyl groups from ester oxygen to phenyl l5 have been 
reported_ It would be of interest to investigate further this parallel between the hydro- 
gen atom and the alkyl derivatives of Group IV elements other than carbon to deter- 
mine, for example, the scope of the rearrangement reactions undergone by the latter. 
Meanwhile, the observations that some organometallic groups undergo migration to 
a carbonyl group, while alkyl groups do not’ 6, can be rationalised on the basis that the 
migrating atoms such as tin and silicon have low-lying d-orbitals available for bonding 
in the transition-state. A second factor, namely the greater strength of the metal- 
oxygen bond as compared to the metal-carbon bond (for example, Sn-0 is quoted as 
132 kcal/mole, and Sri--- as 68 kcal/moler7), may also be an important factor in the 
case discussed in this paper, but it is unlikely to be the sole factor responsible in view 
of the above-mentioned rearrangements of diphenylsilyl and diphenylgermyl groups. 

The second ion series ofinterest is that giving rise to the ions [C6H5Sn(CH3)Jf 
and [C,HsSn]+ in the spectra of compounds (I) and (II); in the absence of isotopic 
labeling similar ions could not be distinguished from the unrearranged alkyl tin ions in 
the spectra of compounds (III) and (IV). Such ions must of necessity be produced by a 
skeletal rearrangement, but unlike the six-centered rearrangement just discussed this 
rearrangement appears not to be specific for a particular ring size, since the rearrange- 
ment ions are nearly as intense in the spectrum of (I) as in that of (II). This rearrange- 
ment is only significant in the case of the mono- and trisubstituted tin ions, again in 
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agreement with the hypothesis’*‘-’ of preferred Snrv and Sn” valence states in the tin- 
containing fragments. 

It should be emphasized that the rearrangement peaks in both these series 
are among the most intense ions in the spectra of compounds (I)-(IV). Skeletal 
rearrangements of organotin compounds have been observed previously’, but the 
rearrangement ions were of very Ipw intensity_ The observation of intense skeletal 
rearrangement ions in organotins means that mass spectrometry must be used with 
caution as a tool for structure elucidation in this area, and clearly an investigation 
into the scope of such rearrangements is called for. 

In conclusion, the fragmentation pattern of the organotins (I)-(IV) can be 
summarized as in Fig. 1, although in the absence of metastable data for all the transi- 
tions suggested some ofthem must remain probable rather than confirmed transitions. 
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Fig 1. Decomposition diagram for organotins RCO(CH2),SnMeJ. Solid arrows 
confirmed transitions. 

indicate metastable- 

EXPERWENTAL 

All of the ketoorganotins had elemental analyses as well as IR and PMR 
spectra in agreement with assigned structures. Details of preparation and properties 
will be submitted for publication. 

Mass spectra were determined with anAE1 MS-902 mass spectrometer operat- 
ing at 70 eV and 8 kV. Samples were introduced via an all-glass heated inlet system 
at 150”, with an ion chamber temperature of 180°. Exact mass measurements were 
made at a resolving power of 12,000, using heptacosafluorotri-n-butylamine as a 
reference-compound. 
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