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Summary The loss of CD,. from the molecular ion of 
methyl [2H3]isobutyrate (4) is 2.2 times faster than the 
loss of CH,. at 70 eV; the unusual direction and magnitude 
of the isotope effect are explained by a two-step mechan- 
ism, in which a rate-determining hydrogen or deuterium 
atom transfer precedes the loss of CD,. or CH,., 

METHYL ISOBUTYRATE (1) gives rise to a relatively abundant 
[M - CH,]+ ion at m/e 87 under electron impact (30% of 
the most abundant ion at 70 eV, [M - CH,]+: [M+]. = 
2.3 : 1) The origin of the leaving methyl radical from the 
isopropyl group is confirmed by the finding that [2H3]- 
methyl isobutyrate (2) retains the three deuterium atoms in 
the m/e 90 [M - CH,]+ ion, and methyl [2H,]isobutyrate 
(3) loses only a trideuteriomethyl radical. 

(CH,)&HCO&D3+ [M - CHJ+ 
(2) m/e 90 

(CD,),CHCO,CHs-+ [M - CD3]+ 
(3) m/e 90 

The mass spectrum of methyl [2H,]isobutyrate (4) provides 
an opportunity to investigate the competition between the 
loss of CH,. and CD,. radicals from the molecular ion, since 
the ratio of abundances [M - CH,]+: [M - CD,]+ is a 
direct measure of the isotope effect K = : K D .  This ratio 

[ M  - CH,]+: [LVI - CD,]+ is 0.46: 1 for the ions formed a t  
70 eV in the ion source, and 0.36: 1 for ions formed by 
metastable transitions in the first field-free region of a 
normal geometry double focusing mass spectrometer 
(Varian 711). 

CD3 
I 

[*W- CDJ+ +-H3C-CH-C02CH, --+ [ M -  CH,]+ 
m / e  87 (4) in /e  90 

The above values found for the isotope effect for the loss 
of a methyl radical from (4) are surprising both in the 
direction of the effect and its magnitude. The ratio 
K H :  KD is generally greater than unity in mass spectral 
fragmentations,2 while in the present case the loss of CH,. 
radical is slower than that of CD,-t Furthermore, secon- 
dary isotope effects are usually smaller than the values 
found in this ~ o r k . ~ - ~  

The unusual features or this apparent large inverse 
isotope effect are consistent with the two-step mechanism 
shown in the Scheme for (4). The first step in this frag- 
mentation is the transfer of a hydrogen or deuterium atom 
from the CH, or CD, group towards the carbonyl oxygen. 
The radical site a t  C-3 in the resulting intermediates (A) and 
(B) facilitates the C-C bond cleavage which leads to the 
[A4 - methyl]+ ions a t  nz/e 87 and 90. 

An inverse secondary isotope effect on the ion abundance ratio [ M  - I]+: [MI+- has been recently reported for certain iodides 
(ref. 3). 
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It is reasonable to assume that the formation of inter- 
mediate (A) or (B), which involves a rearrangement, is the 
rate determining step in the fragmentation. As this step 
involves migration of a hydrogen atom, it can be expected 
to exhibit a primary deuterium isotope effect. Finally, the 
important point in this mechanism is that the loss of CD,. 
from (4) is preceded by a hydrogen atom transfer (via inter- 
mediate A), while the loss of CH,. is preceded by a deuterium 
atom migration (through intermediate B) . Therefore the 
isotope effect k H  : K D  is demonstrated by the abundance 

ratio [M - CD,J+: [M - CH,]+ rather than by its recip- 
rocal value, and equals 2.2 for the normal and 2-8 for the 
metastable ions.: 

Thus the mechanism suggested in the Scheme explains 
well the direction of the isotope effect; the magnitude of the 
ratio is not surprising, as i t  now reflects a primary isotope 
effect. 

This mechanism finds strong support from the high 
intensity of the metastable transition (1.0% of the intensity 
of the normal peak for non-deuteriated m/e 87 ion), which 
suggests5 that the loss of the methyl radical indeed involves 
a rearrangement. It is also obvious that the protonated 
methyl acrylate structure of the [M - methyl]+ ion shown 
in the Scheme is inore stable than the alternative structure 
CH,C+HCO&H,, with the positive charge at  the a-position, 
which would arise by a one-step loss of the methyl radical. 
Hidden hydrogen transfers preceding other bond cleavages 
have been suggested in other fragmentation processes, e.g., 
the homoallylic cleavage in unsaturated esters,6 the elimina- 
tion of methanol from dimethyl trans-cyclohexane- 1,4- 
dicarboxylate,’ and the loss of a chlorine atom from 3- 
chlorobutanoates.6a 

The present work demonstrates that such hydrogen 
migrations may play an important role even in apparently 
simple bond cleavage processes. 
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