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The crucial step in alkyl radical loss from various ionised pentenyl and hexenyl methyl ethers is shown by 
collision-induced dissociation experiments to involve a 1,2-H shift at the radical site of a distonic ion, followed by 
y-cleavage of the resultant ionised enol ether. 

The behaviour of C,H2,0+* species has fascinated organic 
chemists and mass spectroscopists for at least thirty years.' 
One class of C,H2,0+* ions that have received very little 
attention is ionised alkenyl methyl ethers. Recently, it has 
been shown that expulsion of an alkyl radical from such 
radical-cations does not always proceed via simple 
a-cleavage .2,3 Instead, rearrangements involving distonic4>5 
ions and ionised methoxycyclopropanes sometimes permit the 
formation of a more stable oxonium ion than those accessible 
by a-cleavage.3 

This unexpected route (a'-cleavage) can be formulated in 
terms of fission of the bond connecting the b-carbon atom to 
an alkyl substitutent in a distonic ion. This mechanism predicts 
that elimination of CH3* from CH3CH=C(CH3)CH20CH3+*, 

I+. ,  a d  (CH3)2C=CHCH20CH3+s, 2+* ,  should give rise to 
CH3CH=CHCH=O+CH3 and CH2=C(CH3)CH=O+CH3, 
respectively, Scheme 1. 

An alternative explanation for the a'-cleavage process 
involves a 1,2-H shift at the radical site of the appropriate 
distonic ion, followed by fission of the bond between the alkyl 
substituent and the y-carbon atom of the resultant ionised enol 
ether. The 1,2-H shifts to the radical centres are denoted by 
bold type in the Schemes to distinguish them from 1,2-H shifts 
to cationic centres which are shown in italic type. This 
mechanism predicts that loss of CH3* from 1+* and 2+* should 
give CH2=C(CH3)CH=O+CH3 and CH3CH=CHCH=O+CH3, 
respectively, Scheme 2. 

The contrasting specificities predicted by Schemes 1 and 2 
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Table 1 CID spectra of CsH90+ ionsa 

Origin of 
ion 
[M - CH3]+ [M - CH3]+ [M - CzHs]+ [M - C*H5]+ [M - CH3]+ [M - CH3]+ [M - C*HS]+ [M - C2HS]+ 

mlz from 1 from 2 from 36 from 46 from 5 from 6 from 7 from 8 
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a Spectra were measured on a Kratos Analytical CONCEPT I1 H H  four-sector mass spectrometer. The collision cell was floated at 4 kV above 
ground potential; the collision gas was helium, and the precursor ion beam was attenuated to 70% of its initial intensity. Quoted data are 
averaged spectra, compiled from 15 individual scans, normalised to a value of 100 units for the most abundant fragment ion. These spectra are 
essentially free from contributions from the dissociation of ions which have not been energised by collision. b Apart from complications 
caused by dissociation of ions which have not been energised by collision, these spectra are in excellent qualitative agreement with those 
(ref. 11) reported previously for these ions. 
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have been tested by determining the structures of the C5H90+ 
ions by measuring the collision-induced dissociation (CID) 
mass spectra of the [M - CH3]+ ions in the conventional 
spectra of 1 and 2. The CID spectra of authentic 
CH3CH=CHCH=O+CH3 and CH2=C(CH3)CH=O+CH3 were 
obtained by examining the [M - C2H5]+ ions in the 
mass spectra of CH3CH=CHCH(C2HS)OCH3, 3, and 
CH2=C(CH3)CH(C2HS)OCH3, 4, respectively. Analysis of 
these CID spectra reveals that Scheme 1 predicts the opposite 
specificity to that observed. In contrast, Scheme 2 does 
account for the experimental facts. 

In addition, Scheme 2 correctly predicts that elimination 
of CH3' from CH2=C( CH3)CH2CH20CH3+ * ,  5+ * , should 
give CH3CH=CHCH=O+CH3. In this case, formation of 
the distonic ion, 16, requires a 1,4-H shift in 5 + * .  An 
analogous mechanism also explains the formation of 

+ CH3' X + CH3' 

2+' H 26 X 

/ 1.4-H 

5 +- + CH3' 

Scheme 2 

CH2=C(CH3)CH=O+CH3 by CH3' loss from cis- 
CH3CH&H=CHCH*OCH3+ -, 6+ * ,  or by C2Hs* loss from 
either cis- or trans-CH3CH2CH2CH=CHCH20CH3+. , 7+ - 
and 8+ . ,  Scheme 3. In these systems, reorganisation of the 
carbon chain, via distonic ions and ionised alkylmethoxy- 
cyclopropanes, B, precedes the crucial 1,2-H shift that leads to 
Z. Some of the steps (but not the 1,2-H shifts to radical 
centres) may be at least partially reversible, and are shown as 
such in the Schemes. 
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7"; R = C2H5 (trans) 
6+'; R = C2H5 (cis) B 
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Scheme 3 

Thus, a unifying explanation of the a'-cleavage process is 
provided by mechanisms (Schemes 2 and 3) in which a 1,2-H 
shift at the radical site of a distonic ion leads to an ionised enol 
ether (X,  Y or Z) which then fragments via y-cleavage. The 
key step in these mechanisms is the 1,2-H shift. If such 
behaviour is general, then alkyl radical loss from ionised allylic 
alkenyl methyl ethers is even less simple than previously 
supposed.3 Such 1,2-H shifts are known to be less facile than 
the corresponding processes at cationic centres.6-9 Moreover, 
1,2-shifts at radical centres have been shown to be of profound 
significance in the dissociation of ionised carboxylic acids .8 

Two conclusions stem from this work. First., (3-cleavage of 
distonic ions such as 16 involves an appreciable additional 
criticallo energy, thus rendering this process unfavourable 
compared to rearrangement and eventual y-cleavage. The 
reverse reaction in all probability proceeds via the same 
mechanism, but in the opposite direction, to that found for the 
forward process. Therefore, the reverse reaction (addition of 
an alkyl radical to a methyl cationated enal) should proceed 
via attachment of the alkyl group to the y-carbon atom 
[conjugate addition, eqn. (l)] in preference to binding to the 
(3-carbon atom [eqn. (2)]. Secondly, a 1,2-H shift at the radical 
centre takes place more readily than a 1,2-alkyl shift. Indeed, 
there is no evidence that 1,2-alkyl shifts of this kind occur in 

R- CHz=CH- OCH;' ( I )  

these systems; their occurrence would result in the formation 
of the same products as those accessible via (3-cleavage [e.g. 
l+* -+ 16 -+ X -+ CH3CH=CHCH=O+CH3, Scheme 21. 
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