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Enolate anions of esters from 1,2 and 1,3 diols undergo an internal nucleophilic substitution
reaction that produces a B-ketoester and an alkoxide ion within the molecular species. These
intermediate ions undergo two competitive fragmentation pathways. The first pathway
corresponds to a second nucleophilic substitution of the ketoester by the alkoxide that yields
a neutral cyclic ether and the B-ketoacid carboxylate. The latter then loses carbon dioxide
and produces the enolate anion of the corresponding ketone. The second proposed pathway
is stepwise: it starts with a proton transfer from the methylene group between the two
carbonyls to the alkoxide anion that produces an alcohol and the enolate ion of the
B-ketoester inside the molecular species. The latter undergoes cleavage of the ester bond
induced by the negative charge to yield an ion—dipole complex composed of a neutral
acylketene and an alkoxide ion. The direct dissociation of this ion—dipole complex competes
with an internal proton exchange to yield a new complex that consists of an alcohol molecule
and the anion of the acylketene, which can also dissociate. The fragmentation pathway that
leads to the ketone enolate is sensitive to the relative positions (1,2 or 1,3) of the esters on the
molecular backbone. This position-sensitive reaction is useful for the assignment of the
primary and secondary positions in triacylglycerols, even in mixtures, as shown by some

examples. (] Am Soc Mass Spectrom 1995, 6, 498-506)

egative ion fragmentations in the gas phase
Nhave not been studied as extensively as frag-

mentations of positive ions. The advent of
ionization techniques that produce negative ions,
mainly chemical ionization (CI) and fast-atom bom-
bardment (FAB), together with the development of
efficient detectors that use a conversion dynode, have
favored such studies [1). Even-electron negative ions
can be obtained by the formation of an adduct between
an anion (Cl~ for example) and a molecule, or more
often by proton abstraction with an appropriate base.
The main rule that underlies this latter ionization is
that to be efficient, the proton abstraction has to be
exothermic {2]. The last important reviews on the topic
of even-electron negative ion fragmentation were pub-
lished by Bowie in 1990 [3] and 1994 [4].

No studies on the fragmentation under low energy
collision-induced dissociation (CID) of ester anions
from multifunctional alcohols have been reported in
the literature. However, triglycerides belong to this
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class of compounds, and collision-induced dissociation
of their anions has important analytical applications [5,
6]. Several fragments are of unknown origin and are
designated empirically as [M — H — x]~, where x rep-
resents the mass of a frequently lost unknown neutral.
In this article we report a systematic study of this
fragmentation that uses esters of ethyleneglycol, 1,3-
propanediol, and triglycerides. All the low energy CID
fragmentation routes of these anions are explained.

Experimental

Materials

Ethyleneglycol diacetate was obtained from Aldrich
Chemical Co. (Milwaukee, WI). The 1,3-propanediol
diacetate and dipropionate, the ethyleneglycol dipropi-
onate, and the ethyleneglycol monoacetoacetate were
synthesized as described elsewhere [7). The 1,3-
dipalmitoyl-2-oleoyl-glycerol (16:0/18:1, [cis]-9,/16:0)
and the 1,2-dipalmitoyl-3-oleoyl-rac-glycerol
(16:0/16:0/18:1, [cis]-9) were purchased from Sigma
Chemical Co. (St. Louis, MO) and used without further
purification. The natural cocoa butter sample was pro-
vided by Tirtiaux Fractionement S.A. (Fleurus, Bel-
gium).
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Mass Spectrometry

Desorption chemical ionization (DCI) experiments were
carried out on a TSQ 70 triple stage quadrupole instru-
ment from Finnigan MAT (San Jose, CA). The chemical
ionization source was operated at 9 torr with a 75/25
v/v mixture of CH,/N,O that was purchased from
Air Liquide (Liege, Belgium). The ionization was ob-
tained by a 200 nA and 70 eV electron beam. The ion
source was kept at 150 °C for the diesters and 230 °C
for the triacylglycerols. A small quantity of the sample
solution was placed with a syringe onto the DCI emit-
ter. After evaporation of the solvent, the probe was
directly introduced into the ion source of the mass
spectrometer and the wire was then heated.

CID fragmentations of the [M — H]~ ion were per-
formed with Xe at 0.8 mtorr in the rf-only quadrupole
collision cell with a collision offset voltage between 0
and 6 V for the diesters and 0.5 V for the triacylglyc-
erols.

The elemental compositions of the fragments were
determined by using a previously described method
[8]. Briefly, if an isotopic peak of the parent ion is
selected, there will be a statistical distribution of the
isotopes in the fragments. These distributions can be
used to assign the number of atoms that correspond to
the selected isotope present in the fragment.

Results and Discussion

Structures of the Fragment Ions

The negative ion DCI spectra of the esters of the
1,2-ethanediol diacetate and dipropionate and of 1,3-
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propanediol diacetate and dipropionate show promi-
nent [M — H]~ ions (spectra not shown). Except for an
abundant fragment that corresponds to the anion of
the carboxylic acid, very little fragmentation is ob-
served. In contrast, the low energy CID fragmentation
spectra of the [M — H]™ ions of these compounds
display abundant fragments as shown in Figure 1.
These fragmentations already are observed at very low
collision energy, even at less than 1 V offset voltage.
The interpretation of the fragmentation pathways of
these compounds is not straightforward. The elemen-
tary compositions of the fragments have been deter-
mined by using a method based on the comparison of
the fragmentation spectra from ions selected from the
isotopic cluster of the parent ion as described in the
materials section. The results obtained for the frag-
ments with the help of this method are shown in
Table 1. '

Because the studied diol ester compounds contain
homologous substructures in either the diol or car-
boxylic acid moiety, a comparison of the spectra of
these compounds gives information about the nature
of the fragments.

Whereas ethyleneglycol diacetate and 1,3-propan-
ediol diacetate differ only by a methylene group (CH,)
in the diol moiety, every 14 u peak shift contains this
moiety. For the same reason, every peak in the spec-
trum of the 1,3-propanediol diacetate shifted by 14 or
28 u in the spectrum of the 1,3-propanediol dipropi-
onate contains, respectively, one or two carboxylic
acids. For instance, observation of fragment ions at
m/z 83,111, 83, and 111, respectively, in the spectra of
ethyleneglycol diacetate and dipropionate, 1,3-propan-
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Figure 1. CID negative ion fragment spectra of [M — H]™ at 3 V collision offset voltage of (a)
ethyleneglycol diacetate, (b) ethyleneglycol dipropionate, (c) 1,3-propanediol diacetate, and (d)
1.3-propanediol dipropionate. The capital letters correspond to the symbols that characterize each of

the fragments represented in Table 2.
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ediol diacetate, and dipropionate (Figure 1a—d) implies
formation of a common fragment that contains the two
carboxylic acid chains but not the diol moiety. All the
information deduced from these comparisons is pre-
sented in Table 2.

Gas-Phase Rearrangement of the Molecular Species

From these structures the resulting main fragmenta-
tion pathways are deduced. They are displayed in
Scheme I. The main observed fragments can be ex-
plained as the result of the formation in the first step of
an internal B-ketoester by a new gas-phase rearrange-
ment of these enolate anions. This rearrangement logi-
cally results from an intramolecular nucleophilic sub-
stitution reaction, where the enolic carbanion is the
nucleophile {(Scheme I, path a). Such nucleophilic sub-
stitutions have been observed already in the gas phase
in intermolecular Claisen reactions of esters [9] and in
intramolecular Dieckman cyclization of the dimethyl
ester of adipic acid, as shown in Scheme II [10]. For
this last reaction, both an intermediate ion dipole com-
plex and a concerted mechanism have been invoked
(10, 11].

Enolate anions have an ambident behavior because
reactions through both the carbanion or the oxanion
sites as nucleophiles are possible. One case of gas-phase
oxanion nucleophilic reaction has been reported [12].
In the present study, no detectable fragment character-
istic of a reaction of the enolate anions by the oxanion
site has been identified. This also was observed by
Bartmess et al. [9] for intermolecular Claisen condensa-
tions.

To verify the proposed rearrangement step in this
fragmentation pathway, ethyleneglycol monoacetoac-

J Am Soc Mass Spectrom 1995, 6, 498-506

etate, a compound that corresponds to the postulated
intermediate for the ethyleneglycol diacetate frag-
mentation, has been synthesized. An almost identical
spectrum is observed for the CID tandem mass spec-
trometry fragmentation of the anions of these two
compounds. This not only demonstrates that eth-
yleneglycol monoacetoacetate anion is indeed the in-
termediate, but also that its formation is reversible.

Thus, it appears that both ethyleneglycol and 1,3-
propylenediol esters undergo the same intramolecular
rearrangement through a nucleophilic substitution to
obtain ions that contain a B-ketoester and an alkoxide
ion inside the molecular species. However, the fate of
this rearranged anion depends on the two competitive
fragmentation pathways that lead to the ketone enolate
(Scheme 1, pathway b) or the acylketene anion (Scheme
1, pathway b’), and is different for these diol esters.

Formation of Ketone Enolate Fragment

The first pathway corresponds to a second nucleophilic
substitution of the ketoester by the alkoxide (Scheme I,
path b) that yields a neutral cyclic ether and the
B-ketoacid carboxylate (Scheme I, formula B), an ion
often observed in the spectra but at low intensities.
The pB-ketoacid carboxylate anion then loses carbon
dioxide and produces the enolate anion of the corre-
sponding ketone (Scheme I, pathway ¢, formula F).
This fragment ion is always observed. It is important
for the diol diesters, except for 1,3-propanediol diac-
etate (Figure 1la—d, formula F), and very important, as
will be seen later on, in triglycerides.

The fragmentation pathway that leads to the ketone
enolate (Scheme I, pathway b) is sensitive to the rela-
tive positions (1,2 or 1,3) of the esters on the molecular

Table1. Determination of the elemental compositions of the fragments
from ethyleneglycol diacetate as an example®
M - HI~ A B c D E F G

Masses 145 103 101 83 61 59 57 41
(m/z)

Possible CgH 004 C3H30, C3HO, C4H30, CHO; C,H3;0, C4Hy C,HO
formulas C4H,03 C4Hs0; CgH,O CyHg0, C3H;0 Cy3HgO  CjHg

CsHy0, CgHy0, CgH C,HO,

Isotopic 146 104/103 102/101 84/83 62/61 60/59 68/57 42/41
masses
(m/z)

Intensities — 2/1 2/1 2/1 1/2 172 11 1/2
ratios

Number of — 4 4 4 2 2 3 2
carbon
atoms

Formula CeHig04 C4H,0; C4H50; C4H30, C,Hz0, C,H3;0, CiHzO C,HO

®Knowing the elemental composition of the parent ion, the possible elemental compositions of each

fragment ion can be determined. If the [M + 1} isotopic peak (m/z 146 instead of 145) is selected as the
parent ion, the fragment ions appear as doublets, as shown in the row Isotopic masses. From the
relative intensities in the doublets, the number of carbon atoms in the fragment can be determined [8].
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Table 2. From a combination of the information from elemental composition (Table 1) and from comparisons of the spectra of
the different diols esters, the structures of the fragments are deduced. The symbols and the names used in this

paper are given in the first and last columns, respectively

Ethanediol Ethanediol Propanediol  Propanediol
diacetate dipropionate diacetate dipropionate
n=0, n=0, n=1, n=1, Proposed structure of the
R=H R=CH, R=H R=CH, fragments Name of the fragments
=)
CH;—O0—CO—CH—R
(M - H]- 145 173 159 187 (CH,), M — HI-
CH,—0—CO—CH,—R
/CH2—0 e
A 103 117 117° 131 (CH,), [M — H — ketene]™
CH,—0—CO—CH,—R
R 0
e I L )
B 101 129 101° 129 O0—C—CH—C—CH,—R B-ketoacid carboxylate
R
I I e
O=C=C—C—CH—R acylketene enolate
C 83 111 83 11 or, if R=H,
0
e Il
O0—C=C—C—CH,4 acylketene ynolate
CH,—O
D 61 61 75 75 (CH<),. [M — H — acylketenel™
CH,—OH
E 59 73 59 73 eO—CO—{:H —R carboxylate
(6]
e |l
F 57 85 572 85 R—CH—C—CH,—R ketone enolate
G a1 55 41 55 %—c=c—r ketene ynolate

2 Fragment ions not observed in the spectra of Figure 1, but detected at trace levels or at another collision offset voltage.

backbone. This sensitivity is established by comparison
of the product ion spectra from the [M — H]~ ion of
1,2-ethanediol diacetate (Figure la) and 1,3-propan-
ediol diacetate (Figure 1c) or by comparison of the
spectra of 1,2-ethanediol dipropionate (Figure 1b) and
1,3-propanediol dipropionate (Figure 1d). The spectra
of 1,3-propanediol esters show a drastic decrease of the
ketone enolate {formula F). A reason for this could be
that the expulsion of the B-ketoacid anion to form a
neutral epoxide is much faster than the expulsion that
would lead to an oxetane neutral, as is described for
intramolecular nucleophilic substitution in the con-
densed phase [13]. Thus, the formation of the ketone
enolate is favored by a vicinal ester position. This
position-sensitive reaction appears to be very useful in
triacylglycerol primary or secondary ester position as-
signment, as shown below.

Formation of Acylketene Fragment as Anion or
Neutral Species

The second proposed pathway is stepwise. It starts
with a proton transfer from the methylene group be-

tween the two carbonyls to the alkoxide anion, which
produces an alcohol and the enolate ion of the -
ketoester inside the molecular species (Scheme I, path-
way b’). The latter undergoes the cleavage of the ester
bond induced by the negative charge to yield an
ion—dipole complex composed of a neutral acylketene
and an alkoxide ion (Scheme I, pathway d). Some ions
separate at this stage, and the alkoxide anion is ob-
served in the spectrum (Scheme I, pathway f, formula
D). This direct dissociation of this ion-dipole complex
competes with a proton exchange inside the complex
(Scheme 1, pathway e) that yields a new complex
composed of an alcohol molecule and the anion of the
acylketene. This new complex also can dissociate to
yield the ynolate of the acylketene for the acetate ester
(Scheme I, pathway g’, formula C) or the enolate of
the acylketene for the other esters (Scheme I, pathway
g, formula C).

The first proton migration can be explained by con-
sidering that the acidity that characterizes the alkoxide
anion (for CH,CH,OH, AG, 4 = 1548 k] /mol) is lower
than the acidity that characterizes the enolate ion of
the B-ketoester (for CH,COCH,COCH,, AG, 4 = 1409
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kJ/mol), as judged from the indicated values for re-
lated compounds [14]. Thus, this proton transfer from
the pB-ketoester neutral moiety to the alkoxide moiety
(Scheme I, pathway b'), which yields the intermediate,
is favored both kinetically and thermodynamically by
its exothermic character [2].

Similarly, the orientation of the second proton trans-
fer between the two moieties of the ion—dipole com-
plex (Scheme I, pathway e) is influenced by the rela-
tive acidities of these two moieties. The alcohol acidity
(for CH,CH,OH, AG, 4 = 1548 k] /mol) must be com-
pared with that of the ynolate of the acylketene for the
acetate ester (for CH,CO, AG, 4 = 1497 KJ/mol; this
value should be lower for an acylketene) or the enolate
of the acylketene for the other esters (for CH,COCH,,
AG,4q = 1514 KJ /mol).

Such ion—dipole complexes previously have been
proposed to explain the fragmentation in similar cases
[10, 15, 16]. The above-mentioned cyclization of adipic
acid (Scheme II) is one example. Fragmentations that
involve ketene loss have been observed in several
other acid and ester fragmentations. Formation of
ketene anions by reionization through an ion—molecule
dipole also has been reported, as shown, for example,

in Scheme IV [16].
g‘h@ -_— [cmo‘ EHJD) ——= CHaOH * w‘ob
Scheme 1I
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9 _© (@mize1
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LCHZ-OH ' CHyoH (@ miz78
— D .
l e [M-H-acylketene]
,CH;OH g © (a) m/z 83
' 0-C=C -C= c 83
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CH,-OH CO-CH CO-CH,
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Scheme III

Ion—dipole complexes should only be important for
low energy reactions, and should be favored at low
collision energy [17]. These criteria apply to the com-
plexes reported here. Indeed, the corresponding frag-
ments are not observed in the DCI spectrum. Further-
more, a comparison of the product ion spectra from the
deprotonated anion of 1,3-propanediol dipropionate
(Table 3) at 1, 3, and 6 V collision offset voltages,
respectively, shows a decrease of fragment C and an
increase of the complementary fragment D at higher
energy (Scheme I). At low energy, the ion—dipole com-
plex has a sufficient lifetime to allow reaction e (Scheme
I) and thus fragment C is observed. At higher energy,
this complex dissociates to yield fragment D.

The fragmentation pathway that leads to the
acylketene anion (Scheme I, pathway b’) is influenced
by the presence of an alkyl group on the methylene
group between the two carbonyls of the intermediate.
This is established by comparison of the product ion
spectra from the deprotonated anion of 1,2-propan-
ediol diacetate (Figure 1a) and 1,2-propanediol dipro-
pionate (Figure 1b) and by comparison of spectra of
1,3-propanediol diacetate (Figure 1c) and 1,3-propan-
ediol dipropionate (Figure 1d), which show a decrease
of the ratio of the anion abundance of the acylketene
(formula C) to the ketone (formula F). A reason for this
could be that the presence of an alkyl group increases
the steric hindrance at the methylene group between
the two carbonyls. It becomes more difficult for the
alkoxide anion to transfer a proton and thus, the rate
of this reaction diminishes. Switching from esters of
diols to triacylglycerols, where the akyl group corre-
sponds to a long and bulky hydrocarbon chain, the
acylketene enolates almost disappear to become minor
fragments (as demonstrated in Figure 3).

Application to Triacylglycerols

Because the fragmentation pathway that leads to the
ketone enolate is sensitive to the relative positions (1,2

'CHa-COOH —>» [HO" (H,C=C=0)] —>» H,0 + "CH=C=0
Scheme IV
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Table 3. Relative intensities of the acylketene enolate fragment (formula C) and its
complementary fragment (formula D) in the product ion spectra from the deprotonated
1,3-propanediol dipropionate at 1, 3, and 6 V collision offset voltage

Relative intensities at collision offset voltage

Masses (m/z) 1V 3v 6V
(M — HI- 187 100 14 5
Cc 111 59 100 8
D 75 16 60 100

or 1,3) of the esters on the molecular backbone and is
favored by longer chain fatty acids, this fragment ion
appears to be very useful in triacylglycerol primary or
secondary ester position assignment, as shown in the
following text.

The negative DCI mass spectra of triacylglycerols
also are characterized by an abundant [M — H]~ ion
and the corresponding fatty acid ions RICOOT,
R2COO~, and R3COO ™. Figure 2 shows as an example
the DCI spectrum of 1,3-dipalmitoyl-2-oleoylglycerol
(POP). In this spectrum, the deprotonated anion at
m/z 831 and the corresponding palmitate and oleate
ions, respectively, at m/z 255 and 281, are observed.
This fragmentation is analytically useful to determine
the composition, but not the structure of triacylglyc-
erol. However, it can be applied only to pure com-
pounds.

The low energy CID fragmentation spectra of the
(M — H]~ ions of triacylglycerols are characterized by
four series of ions: [M — H — RnCO,H]~, [M — H -
RnCO,H - 74]", [M - H — RnCO,H — 100]-, and
RnCO; [5, 6]. Indeed, at low energy, the [M — H —
RnCO,H]™ and [M — H — RnCO,H — 74]" ions are
minor fragmentations in comparison to the fragmenta-
tions that lead to the fragments [M — H — RnCO,H —
100]~ and RnCO; ions. This is illustrated ir Figure 3,
which shows the fragmentation spectra of the [M —
H]" ions of 1,3-dipalmitoyl-2-oleoyl-glycerol (POP) and
1,2-dipalmitoyl-3-oleoyl-rac-glycerol (PPO), two posi-
tional isomers. As in the DCI spectra, the presence of
the fatty acid ions gives information about the compo-

M-H -
RNCOO" 831
100
| s
804 P
£
260 -
[]
8 281
£
£* °
®
20 4
0 | B

200 300 400 500 600 700 800 ™2
Figure 2. DCI spectrum of POP triglyceride with peaks at m/z
831, 281, and 255, that correspond, respectively, to the [M -H]~
ion, the oleic carboxylate anion (O), and the palmitic carboxylate
anion (P).

sition of the corresponding triacylglycerols, but it is
now applicable also to mixtures.

From the mechanism described in the preceding
text, the origins and features of the [M — H —
RnCO,H — 74~ and [M - H - RnCO,H - 100]~
ions can now be explained: they correspond to the
acylketene enolate and the ketone enolate, respec-
tively, observed in the fragmentation spectra of the
esters of diol compounds, as shown in Scheme V.

As previously described, the reaction that leads to
the formation of ketone enolate is sensitive to the
position of the fatty acids. This is confirmed in the

a A nCOC" M-H)
831
100 W 255 ketone enolate
P or .
M-H-RnGOOH-100}
80 1 281 \
2 I
g 60 - | MH-RRCOOH-74]
g 449 475 //
o 40 - /
;| /
e / M-H-ACOOM]
20 1 /=7
wn
36
Lot
o y
200 400 600 so0 ™z
b M-H] ™
100 RnCOO 831
255 ketone enolate
80 - P pd -
{M-H-RhCOOH-100]
3 ‘\ acylketene enclate
o
60 - | [M-H-RhCOOH-74]
281 [475 —7
£ o /
£ |/
®? I / H-ARCOOHT
20 A | ,/' 7
48~ a0
. 336
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Figure 3. Fragmentation spectra of the [M — H]~ ions of the (a)
PPO and (b) POP triglycerides at 0.5-eV collisional energy (aver-
age of 10 scans). In addition to the [M — H]~ ion, four series of
ions [M — H — RnCO,H]", [M — H — RnCO,H — 74]~, [M —
H - RnCO,H — 100]", and RnCO; have been observed. Be-
cause the difference between the masses of oleic and palmitic
acids is 26 u, one of the two [M — H — RnCO,H — 74]~ ions is
detected at the same value (m/z 475) as one of the two [M — H
— RnCO,H — 100]~ ions. This interference is negligible because
the intensity of the [M — H — RnCO,H — 74]” ion is low in
comparison to the [M — H — RnCO,H — 100]~ ion.
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Figure 4. (a) DCI mass spectrum of natural cocoa butter and DCI tandem mass CID fragmentation
spectra at 0.5 V collision offset voltage of [M — H]~ ions at m/z 831 (b), 859 (c), and 887 (d).

spectra of POP and PPO, where these ions appear with
different intensities. These ketone enolates contain
mainly the hydrocarbon chains of the central fatty acid
combined with one of the outermost chains. The ke-
tone enolate that results from the condensation be-
tween the two outermost fatty acids is also always
present, but with a much weaker intensity (about 20%
of the intensity of the main ketone anion). Thus, these
fragments allow the clear distinction between the POP
and PPO isomers. The same reason as previously can
be invoked to explain this sensitivity to the position of
the fatty acids for the fragmentation reaction that leads
to the ketone enolates. Indeed, as shown in Scheme VI,
the expulsion of the ketone enolates that contain the
hydrocarbon chains of the central fatty acid combined
with one of the outermost chains (Scheme VI, pathway
¢) requires the formation of a neutral epoxide, which is
faster than the neutral oxetane formation necessary for
the expulsion of the ketone enolate that results from
the condensation between the two outermost fatty acids
(Scheme VI, pathway f).

Thus, these fragmentation spectra of the [M — H]~
ions not only allow the determination of the masses of
the contained fatty acids, but also permit distinction

CH;-0-CO~ CH-0-CO-
2 r'z 9, 2 g E’"z omc=C—f
\ + +
LA +co CO—CHzR L, Co—-CH~R
2 SOH =)
L2 |1 | 2 L ]
RCOOH + 100 RCOOH +74 acylketene enclate
. neutrals ketons snolate | . neutral y
e J M L
M-H-RCOOH-100] (M-H-RCOOH-74]
Scheme V

between the fatty acids at the primary and secondary
positions on the glycerol moiety. Enantiomers cannot
be distinguished by this method. The method has been
checked by us on 27 commercial triacylglycerols. All
the position isomers were correctly assigned, with no
exception.

This method can be directly applied to mixtures of
triacylglycerols as illustrated by the analysis of a sam-

(=]
CH—0=CO
L8

-—Oﬂ —CH=="

M-HI"

— a2 B o

BT R
2
-0=CO=CH=-R3 &ui-oe

E:i;o ‘/cd\. ‘/ef\»

o
o—g-cn;m ? ?Hz
CHy CH—0—CO— CHz R2
Carboxylate anions +
of fatly acids CO—CHZR3

e

CH,

|
OH{O—EO—GHZ-RS

0=CO=CH—R1
00—01;'\2

e(.') -CO=CH=R1

b=
efn—m l
CO—CH=R2 CO—CHzR3
2 minor o}
Ketone enolates containing the CH=R1
central fatty acid and one
of the outermost fatty acids

- wﬂ

major

Ketone enolates containing
the two outermost fatty acids

Scheme VI
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Table 4. Masses observed in the various fragment spectra of the three deprotonated
anions present in the DCI spectrum of natural cocoa butter?®

Fatty acid carboxylate

Triglyceride deduced

IM - H)~ RnCOO~ Ketone enolate structure
831 255(P), 281 (Q) 475(Kpq), 449 POP
859 255 (P}, 281 (0), 283 (S) 475 (Kpg), 503 (Kog), 477 POS or SOP
887 281(0), 283 (S) 503 (K o5), 505 sos

® Abbreviations: P = palmitic acid, O = oleic acid, S = stearic acid, Kpg = ketone that results from the
condensation between palmitic and oleic acids, Kog = ketone that results from the condensation
between oleic and stearic acids, POP, POS, SOS, position of the corresponding acids in the triglyc-

erides, without assignment of the sterecisomers.

ple of natural cocoa butter shown in Figure 4. The
results are summarized in Table 4. The complete struc-
ture (i.e., molecular weight of the component fatty
acids and primary or secondary position on the glyc-
erol moiety) of the predominant triacylglycerols in this
cocoa butter have been correctly assigned.

Another fragment jon always present in the product
ion spectra of the triacylglycerols corresponds to the
loss of a neutral fatty acid from the [M — H]™ ion. The
same fragmentation has been observed for the triglyc-
erides in the positive chemical ionization mass spectra.
The proposed mechanism is shown in Scheme VII [18].
Whereas this mechanism can be considered as a qua-
sithermal mechanism that does not involve the charge,
it also can be invoked for the formation of the corre-
sponding fragments in the negative ion mode.

Other Fragmentations

The carboxylate anion always observed in the frag-
mentation spectra of the studied compounds can be
explained by several pathways. Some of these path-
ways (Scheme VI, pathways d and e) are specific to the
triglycerides. The carboxylate anions produced by these
routes are in competition with formation of the g-
ketoacid carboxylates that lead to the ketone enolates.
To speculate further on these fragmentation pathways
without additional information is unjustified.

All the compounds studied also show in their frag-
mentation spectra, with variable intensity, ions that
correspond to the loss of ketenes from the [M — H]~
ion and their complementary ketene ynolates. These
ions can be explained by the fragmentation pathway
shown in Scheme VIII.

The enolate of the [M — H]™ ion undergoes cleav-
age of the ester bond induced by the negative charge

+ +
(o] or [o) or
R2 0. - -
YV(E(\Q)H - R2COOH (\o)\‘
0% No m N — At ot
i D
o 0" “pa
+
M+HI or [M-HT' [M+H-R2GOOH]
or
[M-H-R2COOH]
Scheme VII

to yield an ion-dipole complex composed of a neutral
ketene and an alkoxide ion (Scheme VIII, pathway a).
The direct dissociation of this ion-dipole complex
(Scheme VIII, pathway c, formula A) competes with an
internal proton exchange (Scheme VIII, pathway b)
that yields a new complex that consists of an alcohol
molecule and the ketene ynolate, which also can dis-
sociate: (Scheme VIII, pathway d, formula G). This
fragmentation pathway is independent of the rear-
rangement that results from an internal nucleophilic
substitution described in the foregoing text.

Conclusions

The main result of this study is to show that 1,2 or 1,3
diol esters, under low energy CID, undergo a rear-
rangement that results from an internal nucleophilic
substitution similar to an intramolecular Claisen con-
densation. From this intermediate, either the enolate of
the corresponding ketone is observed or, after addi-
tional intramolecular proton transfers, acylketenes eno-
lates or ynolates are formed.

This same rearrangement also occurs in triglyc-
erides, but the fate of the resultant intermediate is
mostly the formation of the corresponding ketone eno-
late, and the subsequent proton transfer is sterically

e

; CH,‘,—C.DQ CO-CH-R  (a)m/z145
(C'\'lz)n () miz 173
~ (c) m/z 159
CH70-CO-CHzR (g v 1a7
M-H]
la (@) miz 103
_ o o BImz117
CH-0 1 chyo (mz117
Ny 0=C=CH-R C, chy (@mz13
CH) L+ ey,
CH;0-CO-CHzR CH;-0-CO-CHzR
L ]
A
lb [M-H-ketene]”
CH,-OH
/ (@ m/z 41
©), + 0CCR| d S oucn © ez
~0~CO-CHzR
CH,;-0~CO~GCH; B G  @mass
- ketene ynolate

Scheme VIII
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hindered. This mechanism explains the structure of
fragments already known to be useful in position elu-
cidation.
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