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Unimolecular and collision-induced decompositions of the products of CH,O loss from propyl propanoate
and butyl butanoate demonstrate that the respective products are the 3-pentanone and 4-heptanone ions.

INTRODUCTION

Fragmentations involving losses of interior portions of
ionized esters take place,™” but are not well under-
stood. One of these reactions is the very weak loss
(0.5-1% of base peak intensity) of C,H,, O neutrals
containing the oxygen plus the first carbon and its
substituents from the alcohol moiety.! McFadden and
coworkers' speculated that the retained alkyl portion
of the alcohol migrates to the oxygen, while Bud-
zikiewicz et al.® suggested that ketone ions are formed.
Because of the novelty of the reaction, we sought to
determine the structures of the ionic products. We
concluded that loss of CH,O from ionized aliphatic
esters produces ketone ions.

RESULTS AND DISCUSSION

[CsH,,OT" ions from propyl propanoate (1) and
ionized 3-pentanone (2) have matching collision-
induced (Table 1) and metastable (Table 2) spectra
indicating that the two ions are the same. Ions from
propyl propanoate with a deuterium in one methyl

Table 1. Collision-induced mass
spech‘a of [C5H100]+'
ions from propyl prop-

anoate @ and

3-pentanone (2)
m/z intensities

1 2

26 1 2
27 5 5
28 3 2
29 11 12
39 1 1
11 1 1
42 1 1
43 1 1
53 1 1
55 1 1
56 32 29
57 100 100

+ Author to whom correspondence should be addressed.

Table 2. Third field free region metastable fragmentations
of [Cs(H,D)mOF' ions

Precursor compound Product m/z
56 57 58
Propyl propanoate (1) 100 34
3-Pentanone (2) 100 30
4-Ethyl-3-heptanone 6 100
Propyl propanoate-3-d, (1a) 83 100 5
Propyl-3-d, propanoate (1b) 81 100 7

group or the other formed m/z 56 products 81-83%
as often as mjz ST products. Correcting the mjz 57
intensities for C;H,D contributions, by assuming that
the C,H,D loss was 92% of the C,Hs loss due to an
isotope effect based on a secondary isotope effect on
the loss of ethyl from 3-pentanone ions observed
elsewhere,* gives a —C,H,/—C,HsD ratio of 1.14 for
1a and 1.16 for 1b. We conclude from the identity of
these ratios that the imbalance in [C;H,O]" and
[C;H;DOT™ intensities is entirely due to an isotope
effect, and that the ethanes lost from the intermediate
[CsH,,O]" ions have equal probabilities of containing
the stationary and migrating ethyls. Therefore, the two
ethyls are equivalent, further indicating that the inter-
mediate [CsHoDOJ™ ions are 3-pentanone ions.
CH;CH,C(=0OH)CHCH,, CH3CH2CH6HCH=CH2,
CH,CH,C(=0OH)CH,CH,, CH,CH,CH,CHC(=OH)-
H, CH,CH,CH,CH,CHO® and CH,CH,CH,CH,CHOH
all isomerize to 3-pentanone ions to some degree in
their metastable decompositions and, as illustrated in
Table 2 for CH;CH,C(=OH)CHCHS,, all of these
isomerizations are followed by much more intense
losses of ethyl than of ethane.*® Formation of predo-
minantly one of these [CsH,,O]"" isomers by CH,O
loss from ionized propyl propanoate is, therefore,
ruled out, so we conclude that the 3-pentanone ion is
the direct product of the loss of CH,O from ionized
propyl propanoate. The metastable propyl propanoate
ion loses H and C;Hs, but not CH,O.

Third field free region unimolecular dissociations of
4-heptanone (4) ions and of m/z 114 generated from
ionized butyl butanonate (3) (Table 3) were identical,
both undergoing losses of CH;, C,H,, C;H,, and C;H,.
Thus loss of CH,O from ionized butyl butanoate
probably forms the 4-heptanone ion.

The loss of CH,O from ionized esters can be rep-
resented as occurring by concerted ejection of CH,O
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Table 3. Third field free region
metastable fragmenta-
tions of [C.H,,0]" ions
from butyl butanoate (3)
and 4-heptanone (4)

Product m/z Intensities
3 4
70 4 4
71 6 7
86 100 100
99 4 5

or as transfer of the alkyl group from the alcohol to
the carbonyl carbon to form an intermediate which
then loses CH,0O (Scheme 1). Our data do not permit
choosing between these possibilities.

EXPERIMENTAL

Unimolecular and collision-induced decomposition
spectra’® were determined in the third field free reg-
ion of an MS 50 TA mass spectrometer.’ Helium was
used as a collision gas at a pressure which gave a 40%

e

/

reduction in beam intensity. Propyl propanoate was
prepared by adding a slight excess of propionic anhyd-
ride and a trace of sulfuric acid to 1-propanol, washing
the product with a sodium bicarbonate solution and
distilling out the ester. Butyl butanoate was prepared
by adding a slight excess of butanoic acid and a trace
of sulfuric acid to n-butanol at reflux temperatures.
Benzene was added and the water distilled out as an
azeotrope. Propyl propanoate-3-d, was prepared by
reduction of ethylene oxide with LiAlD,, conversion
of the alcohol to the bromide with HBr/H,SO,, car-
boxylation of the Grignard to form propanoic acid-3-
d,, conversion to the acid chloride with SOCI,, and
formation of the ester by reaction with propanol.
Propyl-3-d, propanoate was prepared by reducing
propanoic acid-3-d, (see above) with LiAlH, and es-
terification of the resulting alcohol with propionic
anhydride.
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CH3CH2(l:CH2CH3 —_—> CH3CH2CCH2CH3
* 0—_—CH2 + CH2=O

Scheme 1
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