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Nitric oxide chemical ionization (CI) mass spectrometry (MS) has proved to be a very efficient tool for locating
the carbon–carbon double bond in monoalkenylglycerols of the HOCH
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extracted from the liver oil of the deep-sea shark Centrophorus squamosus and found among the most character-
istic substances of the species. Double bond location was unambiguously deduced from the abundant

acylium ion being produced when examining the permethylated compounds under gas chromato-CH
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graphic (GC) nitric oxide CIMS conditions. This ion probably results, as suggested by GC/MS/MS studies, from
mechanisms similar to those previously reported for mono- or bifunctional alkenes. 1997 by John Wiley & Sons,(
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INTRODUCTION

Occurring as major constituents of the liver oil in
various species of deep-sea sharks,1 glycerol ethers may
represent an interesting source for industrial applica-
tions. These compounds are known to exhibit bac-
teriostatic and anti-inÑammatory properties,2 as well as
hemopoietic and neuromuscular e†ects.3,4 They are also
believed to protect against radiation damage5 and to
possess antitumor properties in their phospholipid
form.6 For these reasons, we recently investigated the
lipidic composition of the deep-sea shark Centrophorus
squamosus. After characterization of the fatty acids
(countercurrent chromatography being used to isolate
the unsaturated fatty acids,7 the glycerol ether content
was examined.8 The alkenylglycerols were speciÐcally
separated (from alkylglycerols) for identiÐcation.

Although several ionization methods and approaches
have been proposed for the analysis of glycerides,9,10
the literature on glycerol ethers is relatively limited.11,12
Branch points, for instance, can be determined in 1-O-
alkylglycerols through, e.g., nicotinylidene derivatives.12
However, there is no speciÐc method for the rapid char-
acterization of the unsaturation in alkenylglycerol struc-
tures occurring in natural mixtures. Our continuing
interest in gas-phase ionÈmolecule reactions to localize
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functional groups13 thus led us to investigate the pos-
sible application of gas chromatography/nitric oxide
chemical ionization mass spectrometry (GC/NO-CIMS).

After initial studies by Hunt and Harvey14 on the
electrophilic reactivity of NO` towards alkenes, Budzi-
kiewicz and Busker15 made the Ðrst observations as to
the possible use of NO-CIMS for locating double
bonds. Their proposal was based on NO-containing
ions of low abundance stemming from the [M] NO]`
adduct ion. In 1986, we reported16 for long-chain alke-
nols (and their acetates) new and highly abundant diag-
nostic ions of the acylium type. The occurrence of such
ions was subsequently generalized to other bifunctional
alkenes and to alkenes17,18 and shown to be optimally
produced at low ion-source temperatures,17 low pres-
sures (e.g. small amounts introduced via GC) of sub-
strate and high NO pressures.18,19 According to these
observations and other studies, we suggested18,19 two
possible mechanisms, involving (i) the decomposition of
an excited adduct ion through reaction with NOÕ :

[R1CHxCHR2] NO]`* ] NOÕ]

R1CO`(A) and/or R2CO`(B)

(ii) a surface-catalysed reaction with neutral NOÕ to give
aldehydes :

R1CHxCHR2 ÈÈÈ ÕNOÕ
R1CHO and/or R2CHO

which thereafter undergo hydride abstraction with
NO` to yield acylium ions.
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Based on diagnostic acylium ions, GC/NO-CIMS is
routinely used in our group for the structural eluci-
dation (i.e. CC double location) of trace compounds
from biological sources.20,21

EXPERIMENTAL

Electron impact (EI) ionization and NO-CI mass
spectra were recorded using an R-10-10 quadrupolar
GC/MS (or R-30-10, e.g. MS/MS) system (Nermag,
Argenteuil, France) with the following source condi-
tions : temperature, 120 ¡C; Ðlament current, 50 lA; and
electron energy, 70 eV (EI) or 90 eV (CI). Nitric oxide
(99.9%) from Air Liquide (Paris, France) as reagent gas
was used at a 0.1 Torr pressure (D10~4 Torr in the
source housing) (1 Torr \ 133.3 Pa). GC/NO-CIMS/
MS was performed with the R-30-10 instrument at 30
eV collision energy and using Ar at 4] 10~2 Torr in
the collision cell.

Samples (optimally 50È200 ng of each component)
were introduced with a Ros injector via a 25 m] 0.23
mm i.d. fused-silica capillary column coated with CP-Sil
5CB (Chrompack, Middelburg, The Netherlands). The
carrier gas was helium. The oven temperature was pro-
grammed from 190 to 285 ¡C at 10 ¡C min~1.

Shark liver oil was obtained from IS-France (Lorient,
France). It was Ðrst saponiÐed then esteriÐed with

(cf. methyl ester derivatives of the fattyBF3ÈMeOH
acid content). The glycerol ether fraction was obtained
after silica gel chromatography and the mono-
alkenylglycerols were speciÐcally separated using urea
complexation.8 These compounds were Ðnally methyl-
ated 30 min). After the usual(CH3IÈNaHÈDMSO,
work-up, the mixture was analyzed without further
puriÐcation by GC/NO-CIMS.

RESULTS AND DISCUSSION

EI spectra of the monoalkenyldimethylglycerols

The isolated fraction of permethylated mono-
alkenylglycerols (see above) was Ðrst examined by GC/
EIMS. In this analysis, two main compounds (1 and 3)
and a very minor one (2) were observed (named accord-
ing to their elution order). Comparison of the data led
to the following : (i) the presence of the molecular ion
M`Õ and subsequent ions [M[M[ CH3OH]`Õ,

and[ CH3OCH2Õ]` [M[ CH3OCH2Õ [CH3OH]`
of low relative intensities, (ii) ions at m/z 121, presum-
ably of the protonated dimethylglycerol type and a
complementary ion [M[ 120]`Õ (iii) even-electron ions
of low m/z, e.g. 103 and 89 resulting from the m/z 121
ion by loss of water or methanol and other oxygenated
ions (m/z 59 and 45). Finally, the spectra also exhibited
alkenyl ions (m/z 55 as base peak) which stem from the
aliphatic chain. All these data are in favor of mono-
alkenylglycerol structures with 342, 356 and 370,Mrrespectively, thus corresponding to C16 : 1, C17 : 1
(minor) and alkenyldimethylglycerols (Fig. 1,C18 : 1

Figure 1. EI mass spectrum of (permethylated) 1-O-alkenylgly-
cerol 3 fromCentrophorus squamosus liver oil.

spectrum of as an example). The observation ofC18 : 1
m/z 89 and ions allows the assign-[M [ CH3OCH2Õ]`ment of a 1-O-alkenyl substitution in the three com-
pounds. However, there is no indication as to the
double bond position in the chain.

NO-CI spectra of the monoalkenyldimethylglycerols

The NO-CI spectra (Fig. 2) obtained from the three
alkenyl(permethylated)glycerols investigated exhibited a
number of molecular ion species. These ions reÑect the
various reactivities which generally arise from the use of
NO as reagent : (i) adduct [M] NO]` and minor [M

ions resulting from electrophilic con-] NO[ H2O]`
densation, (ii) M`Õ and [M[ 120]`Õ ions generated by
charge exchange and (iii) [M[ H]` formed by hydride
abstraction. The last ion is accompanied by fragment

Figure 2. NO-CI mass spectra of (permethylated) (a) uÉ7
(b) uÉ8 and (c) uÉ9 1-O-alkenylglycerolsC

16
: 1, C

17
: 1 C

18
: 1

1–3 from Centrophorus squamosus liver oil. Asterisks indicate
acylium diagnostic ion.

( 1997 by John Wiley & Sons, Ltd. JOURNAL OF MASS SPECTROMETRY, VOL. 32, 723È727 (1997)



GAS-PHASE REAGENTS FOR CÈC DOUBLE BOND LOCATION 725

Figure 3. Structures of the 1-O-alkenylglycerols 1–3 fromCentrophorus squamosus liver oil.

ions of low abundances arising from the loss of one (or
two) methanol molecule(s). All these ions conÐrm the
molecular masses and some of the main characteristics
of the compounds investigated.

In the low-mass region, ions at m/z 121, 119, 103 and
89 (m/z 119 and 89 being of high relative abundance)
are present for the three compounds and are similar to
or identical (e.g. m/z 121, 103 and 89) with ions appear-

ing in the EI spectra and thus characterize the common
glycerol-type skeleton (see the collision activated disso-
ciation (CAD) studies].

However, the most interesting feature is the
occurrence of an abundant odd-mass ion whose m/z
value is related to the position of the double bond in the
alkenyl chain. According to these values, e.g. m/z 113,
127 and 141 for (permethylated) 1, 2 and 3, respectively,

Figure 4. CAD fragment ion spectra of the (a) ÍM½NOË½, (b) M½Õ and (c) ÍMÉHË½ ions obtained from uÉ9 1-O-alkenylglycerolC
18

: 1
3 (GC/NO-CIMS/MS conditions).
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an acylium ion structure generated from the non-
functionalized end of the alkenyl chain in each com-
pound can be immediately suspected. The nature of
such an RCO` diagnostic ion is further evidenced by
the presence of R` ions resulting from the loss of CO in
the spectra. In the case of 1, R` appears as the base
peak at m/z 85. These data would then assign the
unsaturation at the u[ 7, u[ 8 and u[ 9 positions
(or same *9 position relative to the 1-oxygen function)
in 1 (1-O-hexadec-9-enylglycerol), 2 (1-O-heptadec-9-
enylglycerol) and 3 (1-O-octadec-9-enylglycerol), respec-
tively (Fig. 3).

The above conclusions have been veriÐed22 and
found identical by applying a conventional procedure of
condensed-phase double bond derivatization on
(permethylated) 1 and 3 (the most abundant). The dime-
thoxy derivatives obtained23 gave rise under EI to ions
at m/z 275 and 129 (1) and at m/z 275 and 157 (3), as
expected.

CAD studies

Low-energy CAD studies were undertaken (cf. com-
pound 3) to determine the origin of the acylium diag-
nostic ion and other characteristic ions.

The CAD fragment ion spectra (Fig. 4) from the M`Õ
and [M] NO]` ions gave rise to similar spectra
showing, in addition to the possible initial loss of H2Oin the latter, two main processes of decomposition. The
Ðrst leads, after initial charge exchange (M`Õ) or adduct-
ion formation ([M] NO]`), to the production of
protonated 1,2-dimethylglycerol (m/z 121). The second
yields a complementary ion of either [M[ 120]`Õ or
[(M ] NO)[ 120]` structure. The other main frag-
ment ions result from further dissociation of the m/z 121
ion, either by loss of water (m/z 103) or methanol (m/z
89) or by the elimination of two neutrals, e.g. [121

at m/z 71 or[ (H2O] CH3OH)]` [121[ (H2Oat m/z 73. Regarding [M] NO]` forma-] CH2O)]`
tion, these data strongly indicate that the initial electro-
philic addition of NO` occurs on the double bond of
the alkenylglycerol substrate.

The CAD fragment ion spectrum obtained from the
[M [ H]` ion is relatively simple (Fig. 4). The ion at
m/z 103 (and subsequent fragments at m/z 71 and 73),
also observed in the above CAD spectra, can be
assumed in this case to result from an initial hydride
abstraction at the Ðrst carbon of the ether chain and its
elimination as a long-chain unsaturated aldehyde

The ion at m/z 119 might then be pro-(C17H33CHO).
duced through the same initial [M [ H]` ion after 1,2-
H transfer followed by the loss of a long-chain diene
(C16H31CHxCH2).

Origin of the acylium diagnostic ion

The acylium diagnostic ion at m/z 141 does not occur in
any of the above CAD spectra obtained from com-
pound 3, which suggests, for its origin, similar mecha-
nisms (Scheme 1) to those reported for aliphatic or
functionalized alkenes.18,19 However, although both
proposals are consistent with the experimental param-
eter e†ects (particularly NO pressure and amount of

Scheme 1. Possible origin of the acylium diagnostic ion assign-
ing the double bond position (two hypotheses).

substrate),18,19 hypothesis (2) should be preferred owing
to the broadening and slight delay observed for the
acylium ion m/z 141 GC/MS peak vs. any of those of
the molecular ion species. Isomerization may occur in
some extent during this process since homologous ions
of lower abundances are also produced (ions shifted by
^14 u). It is probable, however, that most ions
observed in the low-mass region are alkyl fragments
formed after the loss of CO followed eventually by
further elimination of neutral alkenes. For instance, in
the case of compound 1, it was conÐrmed by CAD
experiments that the ion at m/z 85 according to(C6H13`the fragment ion spectrum pattern) was correlated with
the ion at m/z 113 (identiÐed as by its CADC6H13CO`
spectrum exhibiting ions at m/z 85 (loss of CO) and 43
(elimination of In the conventional[CO ] C3H6])).spectrum (Fig. 2), the ion at m/z 85 was highly abundant
as compared with the corresponding fragments
obtained from higher acylium homologues (cf. com-
pounds 2 and 3) as a result probably of its limited sub-
sequent fragmentation (size e†ect).

CONCLUSION

The suitability of NO`/NOÕ as gas-phase reactant for
the localization of the double bond of 1-O-alkenylgly-
cerols of natural origin (i.e. liver oil of the deep-sea
shark Centrophorus squamosus) has been demonstrated.
Under these conditions, an acylium diagnostic ion was
generated from the non-functionalized end of the
alkenyl chain. The occurrence of a single acylium ion
(no complementary ion stemming from the oxygen func-
tion side) was also commonly observed in most bifunc-
tional alkenes.17,19 Using this method, C16 : 1, C17 : 1
and compounds present in the same fractionC18 : 1
were characterized with the unsaturation at the u[ 7,
u[ 8 and u[ 9 positions, respectively. Owing to the
presence of the ^ 14 u homologous ions, these assign-
ments could be done, however, only after careful GC
separation (cf. GC/MS conditions). In this case, each of
the major components was proved to contain a single
isomeric form using a conventional procedure of double
bond derivatization. Although the geometry was not
determined (accessible rather by GC/Fourier transform
infrared spectrometry) in any of these components, the

and structures were rarely found and theC16 : 1 C18 : 1
odd-carbon alkenylglycerol is original.
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