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Summary 

The mass-analyzed ion kinetic energy (MIKE) spectra of some monosubstituted 
ferrocenes having an unsaturated moiety in the (Y- or ,&position to the cyclopenta- 
dienyl ring and P-phenyl-y-ferrocenoylbutyric acid are presented and discussed. 

Introduction 

Ion kinetic energy spectrometry allows the study of unimolecular reactions and is 
a unique source of information on thermochemistry, molecular structure, isotopic 
quantitation and reaction dynamics [l]. 

In this paper we have concentrated on the MIKE spectra of compounds 1-9 with 
the objective of increasing knowledge of the effects of substituents on the fragmenta- 
tion processes. The investigation was directed towards assessing the similarities and 
differences between compounds 1-9, which we synthesized in order to study their 
chemical reactions, structures and spectrometric characteristics. The formulae and 
names of the compounds studied are given in Table 1. 

Experimental 

Compounds 1-9 were synthesized as described in refs. 2, 3 and 4. The measure- 
ments were made on a CEC 21-1lOB mass spectrometer at 70 eV with an accelerat- 
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TABLE 3 

MIKE SPECTRA OF COMPOUNDS 5-9 

5 FcGC=CH~ (A+‘+ = 226) 

CH, 

,I;: 210(M-CH,).200(M-CzH,), 199(M-CLH1), 198(M-C,H,), 
197(A~-C,H,),186(Fc+)).161(M-C,H,),153.145(M~C,H,-CH,). 
133(M~C,H,-C,H,).121(M-C,H,-C,H,) 

6 FcCH=C 
(CHz ),COOH (M+ _ 356) 

_ 

COOC,H, 

~;:338(~~-Hz0),328(M-C~H,),310(M~HCOOH-EtOH).296(M~CH,COOH), 
29l(bf-C,H,).282(M-HCOOEt).273(M-C,H,-H,O). 
268 (XI - CH,COOEt), 262,251. 245 (M -C, H r - EtOH) 

CH &OOH 
7 FcCH=C (M+ =314) 

COOH 

CH ,CH ,COOH 
8 FcCH=C ( M+’ = 328) 

COOH 
111;: 310 (.V - H,O). 290. 284 (M -CO, ), 282 (M - HCOOH), 268 (M - CH JOOH), 

~~~(M-C,H,),~~~(M-C,H,-H,O),~~~.~~~(M-C~H,-COOH). 
199 (FcCH,+ )3 171 

9 FcCOCH ,(fHCH&OOH (M+ = 376) 

Ph 
m:: 358(M-H,O), 330(M-HCOOH), 316 (M-CHJOOH). 311 (M-C,H,), 

293(M-C,H,-H,O).283(M-C,H5-CO).265(M~C,H,-HCOOH), 

228 (FcCOCH,+ ), 213 (FcCO+ ), 199 (FcCH,+ ). 185 (C,,,H,Fe+ ) 

analyser. The voltage applied to the second electrostatic analyser was scanned in a 
range from E = E,, to E = 0. When a selected ion [Ml+’ passes through the third 
field-free region of the above mass spectrometer it may unimolecularly fragment; 
scanning the electric sector voltage downwards from the value which transmits 
[Ml+’ (E = E,,) produces the well-known ion kinetic energy spectrum. We consider 
only ions which undergo exclusively metastable dissociations. 

m,+ [Iv+.] 4 m*++ m3 

The MIKE spectra for the molecular ions of compounds l-9 are shown in Tables 2 
and 3;, the suggested compositions of the m3 fragments lost from [M+.] are shown in 
parentheses in this case. 

Results and discussion 

Cais et al. [5] have reported the EI mass spectra of some derivatives of ferrocenyl- 
acrylic acid but there has been no previous report on the MIKE spectra of this type 
of compound. 



The most important fragmentation af the molecular 1on5 IS ltw of t t .O 3” ., (‘0. 
and cleavage of the side chain (Table 3). The 32s . peak. fc-)r cwrnp~wn~ 6 corrc- 

spends to a MeLaffertv rearrangement of the ester group CC’C,), F.r) 1~1th II)>\ of an 

cth\.lene unit (c‘, H, ). 

This compound fragments mainly by e-cleavage at the car%on~I grcwp ( PcC’O 

and Fc ) (Table 3). More interesting is the formation ilt’ the inn \lith l~i ! 99. The 

occurrence of rearrangement ~imiiar to that re\zalcd in in\chtig:ltion\ of the prinwr-\ 
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a 
SCHEME 1 

b C 

Ii; + co 
- Fe 

0 
d 

a-benzoylcarbenium ions [8] can be suggested for a-ferrocenoylcarbenium ion. It is 
assumed that the loss of CO from ion a and the formation of d may proceed during 
the rearrangement via a three-membered cyclic transition state (b) and subsequent 
rearrangement to the ferrocenylacetyl ion c (Scheme 1). However, the McLafferty 
rearrangement arising from-y-hydrogen atom and the carbonyl group adjacent to the 
ferrocenyl giving the FcC(OH)=CH, ion (228) is also a possibility 191. 
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