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Abstract

The preparation of fatty acid methyl esters by transesterification of acyl lipids using trimethylsulfonium hydroxide
(TMSH) as a base catalyst is a convenient GC derivatization procedure of growing interest. It has now been found that lipids
containing amido groups, e.g. fatty acid amides and fatty acid ethanolamides, are partially N- and/or O-methylated by the
pyrolytic reaction with TMSH occurring in the injector of the gas chromatograph. The various reaction products, i.e.
N-methyl and N,N-dimethyl fatty acid amides as well as N-methyl, O-methyl and N,O-dimethyl fatty acid ethanolamides,
were analyzed by GC and GC-MS. Our results show that derivatization with TMSH is not generally recommended for the
derivatization of lipid mixtures containing fatty acid amides or ethanolamides. However, some of the methylation products as
well as the sequence of reactions which finally lead to N,N-dimethyl fatty acid amides and N,O-dimethyl fatty acid
ethanolamides, respectively, can be of diagnostic value for the structural analysis of the various fatty acid amides by
GC-MS. © 1997 Elsevier Science BV.
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1. Introduction

Trimethylsulfonium hydroxide (TMSH) 1is a
powerful reagent for the base-catalyzed trans-
methylation of acyl lipids, such as triacylglycerols,
for the preparation of fatty acid methyl esters [1-4].
Under pyrolytic conditions in the hot injection port
of a gas chromatograph, fatty acid methyl esters
were formed from free fatty acids by the reaction
with TMSH as well [5]. In a previous paper, we have
described the pyrolytic O-methylation of hydroxy
groups of lipids in the presence of TMSH [6]. N-
Methylation of amido and amino groups of lipids by

*Corresponding author.

the pyrolytic reaction with TMSH has not been
studied, so far. However, on-column alkylation with
tetraalkylammonium [7-10] and trialkylsulfonium
salts or hydroxides [8—10], respectively, has been
recommended for GC derivatization of various acidic
chemicals including carboxylic acids, phenols and
sulfonamides.

Fatty acid amides and ethanolamides are well
known in industrial applications, such as the control
of viscosity and foam properties of detergent and
cosmetic formulations [11-14]. In nature, these
classes of compounds have been detected in total
lipids of microorganisms, plants and animals. For
example, a great variety of fatty acid amides and
their N-alkyl derivatives have been isolated from
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microorganisms [15,16] and plants [17-19]. Very
recently, both fatty acid amides [20] and
ethanolamides [21-24] have been found to be phys-
iological signalling molecules in human and animal
brain. GC separation of fatty acid amides has been
studied occasionally [16,25—-27], whereas extensive
thermal dehydration of fatty acid ethanolamides has
been observed under GC conditions [22]. Recently,
we have described side reactions occurring with
lipids containing hydroxy groups during on-column
derivatization with TMSH [6]. Here we report the
pyrolytic reaction of TMSH with both fatty acid
amides and ethanolamides leading to N- and/or O-
methylated derivatives.

2. Experimental
2.1. Materials

Fatty acid methyl esters, acyl chlorides and acyl
anhydrides were purchased from E. Merck (Darm-
stadt, Germany) and Sigma-Aldrich (Deisenhofen,
Germany). TMSH reagent (0.2 M TMSH in metha-
nol) was a product of Macherey—Nagel (Diiren,
Germany). Monomethyl ammonium chloride and an
aqueous solution of dimethyl amine were obtained
from Serva (Heidelberg, Germany). Ethanolamine,
N-methyl- and O-methylethanolamine, technical
grade stearamide and erucamide were products of
Sigma—-Aldrich.

2.2. Preparation of standards

Fatty acid amides as well as N-methyl and N,N-
dimethyl fatty acid amides were prepared by the
reaction of fatty acid anhydrides or acyl chlorides
with gaseous ammonia, methylamine or di-
methylamine. Fatty acid ethanolamides and the cor-
responding N-methyl and O-methyl derivatives were
prepared by the reaction of fatty acid methyl esters
with ethanolamine, N-methyl- and O-
methylethanolamines, respectively, following the
procedure of Feairheller et al. [14]. N,O-Di-
methylethanolamides of fatty acids were prepared
from the ethanolamides by the reaction with methyl
bromide in the presence of KOH. Synthetic fatty acid
amides and ethanolamides as well as their N- and

O-methyl derivatives were purified by thin-layer
chromatography on 0.3 mm silica gel H (E. Merck)
layers using dichloromethane—methanol (95:5, v/v)
or dichloromethane—methanol-acetic acid (95:5:2,
v/v/v) as solvent systems.

2.3. Derivatization for GC

Under standard conditions, 60 pl TMSH reagent
(0.2 M TMSH in methanol) were added to 0.8 mg
lipid containing primary or secondary amide groups
(molar ratio around 1:4). The mixture, 1 wl, was
immediately injected into a gas chromatograph.

2.4. GC conditions

GC of fatty acid amides and ethanolamides was
carried out using a Hewlett-Packard (Bd&blingen,
Germany) HP-5890 Series II gas chromatograph
fitted with a flame ionization detection (FID) system.
N-Methyl derivatives of fatty acid amides were
separated on a 0.15 um FFAP-CB fused-silica
capillary column (Macherey—Nagel), 25 mX0.25
mm LD., using nitrogen as the carrier gas. The
N-methyl derivatives of fatty acid amides, except
erucic acid amide, were separated initially at 200°C
for 5 min, followed by linear programming from 200
to 240°C at 10°C per min. The final temperature was
kept constant for 10 min. Erucic acid amide was
separated from its N-methylated derivatives iso-
thermally at 240°C. The split ratio was 1:10, the
injector and flame-ionization detector temperature
270°C. N-Methyl, O-methyl, and N,O-dimethyl as
well as 2-oxazoline derivatives of fatty acid
ethanolamides were separated on a 0.15 pm Silar
5CP fused-silica capillary column (Macherey—
Nagel), 25 mX0.25 mm L.D., using the temperature
program described above.

2.5. GC-MS analysis

GC-MS of N-methyl derivatives of fatty acid
amides, N-methyl, O-methyl and N,O-dimethyl de-
rivatives of fatty acid ethanolamides was performed
in the electron ionization (EI) mode (70 eV) on a
Hewlett-Packard instrument Model 5890 Series I1/
5989 A. The GC instrument was equipped with a
0.23 pm Permabond OV-1 fused-silica capillary
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column (Macherey—Nagel) 25 m<0.32 mm L.D. The
carrier gas was He at a flow-rate of 1.0 ml/min. The
column temperature was initially kept at 180°C for 5
min and then programmed from 180° to 240°C at
10°C/min; the final temperature was held for 25 min.
Other operating conditions were split/splitless injec-
tor in splitless mode (temperature 250°C), interface
temperature 280°C and ion-source temperature
200°C.

2.6. Structural analysis

GC peaks were assigned by comparison of their
retention times with those of synthetic standards.
Structural assignments were made for fatty acid
amide standards, their N-methyl and N,N-dimethyl
derivatives which were prepared by established
procedures. The structure of fatty acid
ethanolamides, their N-methyl, O-methyl, and N,O-
dimethyl derivatives was determined in a similar
manner. Peaks of N-methyl and N,N-dimethyl de-
rivatives of fatty acid amides as well as N-methyl,
O-methyl, and N,O-dimethyl derivatives of fatty acid
ethanolamides obtained by the pyrolytic reaction
with TMSH were assigned a structure if ions corre-
sponding to all the important mass fragments were
present and no other mass ions of high intensity were
detected.

3. Results

Single compounds or mixtures of lipids containing
amido groups, such as fatty acid amides and
ethanolamides, were reacted with TMSH under

TMSH TMSH

pyrolytic conditions in the injection port of GC [5].
The formation of N- and O-methylated derivatives
was studied by GC and GC-MS analyses and the
results were summarized in Fig. 1.

3.1. Fatty acid amides

Fig. 2 shows the gas chromatographic separation
of the reaction products of technical stearamide, i.e.
a mixture of palmitic and stearic acid amides, with
TMSH. The formation of both N-methyl and N,N-
dimethyl derivatives was confirmed by GC and MS
comparison with synthetic standards. It is obvious
from Fig. 1 that a total of around 70% of the
technical stearamide was converted to the two N-
methylated products with strong preference for the
N-monomethyl compounds (around 60%).

The GC separation of the products of the reaction
of oleic acid amide with TMSH is shown in Fig. 3.
The ratio of non-reacted amide to N-methyl plus
N,N-dimethyl derivatives is slightly reduced as com-
pared to that given above for the technical
stearamide. This is due to the different molar ratios
of amide to TMSH reagent used. Studies concerning
the optimal molar ratio between amide substrates and
TMSH reagent revealed that the ratio of pyrolytic
conversion of fatty acid amides to the corresponding
N-methylated products in the presence of TMSH
depended on the molar excess of the methylating
reagent (Fig. 4). Extensive conversion was reached
already at a molar ratio of about 1:4 to 1:6. Under
these conditions, a total of around 60% of oleic acid
amide was converted to the above reaction products,
mainly to the N-monomethyl derivative. A 24-fold
excess of TMSH increased yield of N-methyl deriva-

Fatty acid amide —— N.methy| fatty acid amide —— —  N,N-dimethyl fatty acid amide

TMSH O-methyl fatty acid ethanolamide TMSH
Fatty acid ethanolamide I 1—- N,O-dimethy! fatty acid ethanolamide

o » N-maethyl fatty acid ethanolamide-------- <

Fig. 1. Reaction scheme of the formation of N-methylated derivatives of fatty acid amides as well as N- and O-methylated derivatives of
fatty acid ethanolamides by the pyrolytic reaction of trimethylsulfonium hydroxide.
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Fig. 2. Gas chromatogram of the reaction products of technical
stearamide (stearic acid amide) with TMSH: (1) palmitic acid
amide, not reacted; (2) N-methylpalmitic acid amide; (3) N,N-
dimethylpalmitic acid amide; (4) stearic acid amide, not reacted;
(5) N-methylstearic acid amide; (6) N,N-dimethylstearic acid
amide.

tives by a small extent only (Fig. 4). Similar results
were obtained for other fatty acid amides such as
lauramide, myristamide, erucamide and
linolenamide. In contrast, monoalkyl amides with
long N-alkyl chains, such as N-octadecyl oleic acid
amide, as well as alkyl cyanides were not N-
methylated by TMSH reagent (data not shown).
The mass spectra of the various fatty acid amides
as well as their N-methyl and N,N-dimethyl deriva-
tives show the expected molecular ions. It is evident
from our results that molecular ions of the N-methyl
and N,N-dimethyl derivatives are of about 1.5-3.5
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Fig. 3. Gas chromatogram of the reaction products of oleic acid
amide with TMSH: (1) oleic acid amide, not reacted; (2) N-
methyloleic acid amide; (3) N,N-dimethyloleic acid amide.

fold higher intensity than the non-reacted fatty acid
amides. In addition to the characteristic fragments at
m/z 59 (McLafferty rearrangement ion) and m/z 72
(y-cleavage peak) in the low mass region of the
original fatty acid amides, similar fragments were
recorded at m/z 73 and 86 for the N-methy! as well
as at m/z 87 and 100 for the N,N-dimethyl deriva-
tives. These results are in excellent agreement with
the data given in the literature [20,25].

3.2, Farty acid ethanolamides

Fig. 5 shows the gas chromatographic separation
of the 2-oxazoline derivative formed by thermal
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o N-monomethyl derivative

a N,N-dimethyl derivative
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derivatives
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Fig. 4. Formation of N-methyl and N.N-dimethyl oleic acid amide
in relation to the molar ratio of TMSH (all values are mean of
three determinations).

dehydration of palmitic acid ethanolamide [22] as
well as the reaction products of this ethanolamide
with TMSH. The formation of O-methyl and N,O-
dimethyl palmitic acid ethanolamides as well as
small proportions of the corresponding N-methyl
derivative was confirmed by GC comparison with
synthetic standards and by MS (cf. Table 1).

The GC separation of the reaction products of
arachidonic acid ethanolamide (anandamide) with
TMSH is demonstrated in Fig. 6. It is evident that a
number of minor reaction products are formed in
addition to the main products, i.e. 2-oxazoline de-
rivative as well as O-methyl and N,O-dimethyl
arachidonic acid ethanolamides. The small peaks
appearing between 17 and 19 min all demonstrate the
prominent fragments of the 2-oxazoline derivative at
miz 329, 218, 178, 98 and 85 suggesting structural
similarities with this thermal dehydration product. In
a similar manner, the peaks between 20 and 23 min
show prominent fragments at m/z 361, 276, 236,
178, 131, 117, 91, and 76 suggesting structural
similarities with the O-methyl and N,O-dimethyl
derivatives of arachidonic acid ethanolamide. It is of
interest that significant proportions of the minor
reaction products containing N- and/or O-methyl
groups are formed only by the reaction of arach-
idonic acid ethanolamide with TMSH, but not of
other saturated or unsaturated ethanolamides, such as
palmitic or linolenic acid ethanolamides. Moreover,
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Fig. 5. Gas chromatogram of the reaction products of palmitic acid
ethanolamide with TMSH: (1) 2-oxazoline derivative of palmitic
acid; (2) O-methylpalmitic acid ethanolamide; (3) N,O-di-
methylpaimitic acid ethanolamide; (4) N-methylpalmitic acid
ethanolamide; (5) palmitic acid ethanolamide, not reacted; insert:
FID responseX1/5.

it was observed that after GC injection in the
presence of TMSH fatty acid ethanolamides were
almost completely transformed to 2-oxazoline de-
rivatives as well as O-methyl and N,O-dimethyl
derivatives, whereas only traces, if any, of N-methyl
ethanolamides and unreacted compounds were de-
tected (cf. Fig. 5).

Thermal dehydration of fatty acid ethanolamides,
e.g. anandamide, led to the corresponding 2-ox-
azoline, m/z 329 [M]", upon electron ionization
[22]. Similar dehydration reactions leading to 2-
oxazoline derivatives were found for ail other fatty
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Table 1

EI mass spectral data of various derivatives of fatty acid ethanolamides

Derivatives of fatty acid

ethanolamides

Important mass fragments, m/z (rel. %)

2-Oxazoline derivatives of
Palmitoy! ethanolamide

Stearoyl ethanolamide
Oleoyl ethanolamide”
Linoleoyl ethanolamide”
Linolenoyl ethanolamide”
Arachidonoyl ethanolamide

N-Methyl ethanolamides
N-Methylpalmitoyl ethanolamide

N-Methyloleoyl ethanolamide®

O-Methyl ethanolamides
O-Methylpalmitoyl ethanolamide

O-Methylstearoyl ethanolamide
O-Methyloleoyl ethanolamide’
O-Methyllinoleoy! ethanolamide"
O-Methyllinolenoyl ethanolamide*
O-Methylarachidonoyl ethanolamide*

N,O-Dimethyl ethanolamides
N,O-Dimethylpalmitoyl ethanolamide®

N.O-Dimethylstearoyl ethanolamide®
N,O-Dimethyloleoyl ethanolamide'
N,O-Dimethyllinoleoyl ethanolamide’

N,O-Dimethyllinoleoyl ethanolamide'

N,O-Dimethylarachidonoyl ethanolamide'

299 (4.3)
M)
327 (34)
M]"
325 (15.7)
M]"
323 (5.0)
M)’
321 (4.3)
M]*
329 (3.6)
M1"

313 (4.6)
M)
339 (32.5)
M

313 (6.1)
M]"
341 (3.9)
M1"
339 (20.7)
M]"
337 (1.5)
(M]"
335 (5.3)
M]1*
361 (2.9)
M]"

327 (11.1)
M1*

355 (6.9)
M]

353 (30.7)
(M]*

351 (18.9)
M1"

349 (16.4)
M]*

375 (7.4)
M]*

256 (34.3)
[M-C,H,0]"
284 (29.3)
{M-C,H,0]"
282 (4.4)
[M-C,H,0]"

270 (9.2)
[M-C,H,0]"
296 (2.9)

[M-C,H,0]"

281 (9.9)
[M-CH,0]"
309 (9.4)
[M-CH,0]"
307 (1.5)
[M-CH,0]"
305 (1.4)
[M-CH,0]"
303 (1.6)
[M-CH,0]"
329 (1.4)
[M-CH,0]"

295 (9.9)
[M-CH,0]*
323 (8.9)

[M-CH,0]"

239 (5.8)
[M-C,H,NO]”
267 (3.5)
[M-C,H,NO]"
264 (3.9)
[M-C,H,NO]"

239 (1.6)
[M—C,H,NO]"

239 (13.5)
[M-C,H,NO]"
267 (7.0)
[M-C,H,NOT"
265 (3.5)
[M-C,H,NO]"
262 (1.5)
[M—C,H,NO]"
260 (2.2)
[M-C,H,NO]"
286 (2.1)
[M-C,H,NO]"

280 (5.4)
[M-C,H,0]"
308 (10.5)
[M-C,H,01"
308 (6.1)
{M-C,H,0]"
306 (4.2)
[M-C,H,0]"
303 (8.6)
[M-C,H,01"
329 (5.4)
[M-C,H,0]"

239 (3.1)
[M-C H,,NOJ*
267 (8.3)
[M-C,H,,NOJ'
264 (2.8)
[M-C,H, \NOJ"
262 (4.9)
[M-C,H, NOJ"
260 (6.9)
[M—C,H, ,NO]"

116 (20.7)
CSHIONOZ
116 (21.3)
CH,,NO,
116 (51.1)
C,H,,NO,
116 (16.4)
C,H,,NO,
116 (20.0)
CH,,\NO,
98 (37.6)

C,H,NO

130 (16.1)
CﬁHI2N02
130 (50.7)
CﬁHIZNOZ

130 (21.4)
CH,,NO,
130 (19.5)
CﬁHIZNOZ
130 (37.1)
C.H,,NO,
130 (8.9)

CH,,NO,
130 (9.9)

CH,,NO,
130 (19.2)
C6H12N01

144 (11.8)
C7H I4N02
144 (15.6)
C7H14N02
144 (36.7)
C7HI4N02
144 (10.1)
C7H14N02
144 (11.9)
C7H t 4N02
144 (11.1)
C,H,,NO,

103 (100)
C,H,NO,
103 (100)
C,H,NO,
103 (54.4)
C,H,NO,
103 (26.4)
C,H,NO,
103 (22.9)
C,H,NO,
85 (100)

C,H,NO

117 (100)
CSH 1 INOZ
117 (55.9)
C,H, NO,

117 (100)
C5H11N02
117 (100)
C,H,,NO,
117 (36.6)
CSHHNO2
117 (14.3)
CSHHNOZ
117 (13.1)
CSHHNOZ
117 (62.0)
C,H,,NO,

131 (84.4)
C.H,;NO,
131 (61.9)
C.H,;NO,
131 (43.0)
C,H,;NO,
131 (17.1)
C.H,;NO,
131 (15.4)
C,H, ;NO,
131 (76.9)
C,H,,NO,

* Intensities relative to base peak.

® Base peak: m/z 62 ([H;N-CH,-CH,~OH]").
“ Base peak: m/z 76 (|{CH,-NH,-CH,-CH,-OH]").
? Base peak: m/z 76 ([H,N-CH,—CH,-OH-CH,}").

‘ Base peak: m/z 57.

"Base peak: m/z 90 ([CH,-NH,-CH,-CH,~OH-CH,]").



K. Vosmann et al. | J. Chromatogr. A 773 (1997) 239-247 245

®
&>
L] 1
3
=
(7S
-
[V}
7 ‘
e
6
o]
] [ —
I eesz2:pez
e
L5
&
2- 2
=
®
-
o~ ‘ KL—‘L\W
glllllllll]l g
O N T 0V O O N T O ® O NS
- et v 4 e ~ ~

Time (min)

Fig. 6. Gas chromatogram of the reaction products of anandamide
(arachidonic acid ethanolamide) with TMSH: (1) 2-oxazoline
derivative of arachidonic acid; (2) O-methylarachidonic acid
ethanolamide; (3) N,O-dimethylarachidonic acid ethanolamide;
insert: 2-oxazoline derivative of arachidonic acid ethanolamide
formed by thermal dehydration under GC conditions without
TMSH treatment.

acid ethanolamides studied. Furthermore, GC-MS
analysis revealed a distinct fragmentation pattern in
the low-mass range, e.g. the ions at m/z 85 (McLaf-
ferty rearrangement ion) and m/z 98 (product of
v-cleavage). With the exception of anandamide, an
ion at m/z 112 was formed due to y-cleavage which
cannot be formed from the anandamide molecule
because of the A’-double bond [23]. In addition, the
mass spectra showed fragmentations with sequential
loss of m/z 14 and 26 suggesting gradual cleavage of

CH, and CH=CH groups. These results are con-
sistent with the literature [22,23].

Table 1 gives the mass spectral data of 2-ox-
azoline derivatives of various fatty acid
ethanolamides, N-methyl, O-methyl and N,O-di-
methyl derivatives of fatty acid ethanolamides. The
spectra of all compounds showed the expected
molecular ions. The occurrence of the McLafferty
rearrangement ion and an additional ion in the low
mass region, which had been formed by -y-cleavage,
was characteristic of all compounds studied.

Ethanolamides and N-methylethanolamides under-
go two important fragmentation reactions. The cleav-
age of m/z 43 is caused by a B-cleavage at the N-C
bond with rearrangement of two hydrogen atoms,
whereas the losses of m/z 60 (or 61) and m/z 74,
respectively, result from the cleavage of the amide
bond [28,29]. Similar fragmentation has been ob-
served for O-methyl ethanolamides (loss of m/z 74
or 75) as well as N,O-dimethyl ethanolamides (loss
of m/z 88 or 89). Another typical fragmentation
reaction of O-methyl ethanolamides is the loss of
methanol (m/z 32). This reaction occurs preferen-
tially with saturated N,O-dimethyl ethanolamides,
while the mass spectra of unsaturated N,O-dimethyl
ethanolamides showed non-characteristic fragments
with m/z 45 (C,H,0) or 46 (C,H,O).

4. Discussion

Fatty acid amides, e.g. ‘cocoamide’ and
erucamide, as well as fatty acid ethanolamides, e.g.
stearic acid ethanolamide, are ingredients of various
technical formulations [11-14]. Recently, the bio-
logical importance of fatty acid amides and
ethanolamides was confirmed by the identification of
various novel biological signalling molecules, such
as oleic and erucic acid amides, arachidonic acid
ethanolamide and several other fatty acid
ethanolamides, which were detected as physiologi-
cally active compounds in total lipids of human and
animal brain [20,22-24]. Fatty acid ethanolamides
such as palmitic acid ethanolamide, were found in
plants as well [26]. Moreover, a number of fatty acid
amides, e.g. all (£)-9,12,15-octadecatrienoic acid
amide (linolenamide), were found to be inhibitors of
microbial phospholipase A, [15]. With this back-
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ground, GC-MS was employed for the structural
analysis of N-methyl and N.N-dimethyl derivatives
of fatty acid amides as well as N-methyl, O-methyl
and N,O-dimethyl derivatives of fatty acid
ethanolamides formed by the pyrolytic reaction with
TMSH.

4.1. Fatty acid amides

All fatty acid amides studied showed the charac-
teristic fragmentation pattern as reported in the
literature [16,27]. In addition, fatty acid amides were
converted to N-methyl and N,N-dimethyl fatty acid
amides in the injector of the gas chromatograph at
temperatures of 250-270°C by the pyrolytical re-
action with TMSH [5], whereas both fatty acid
amides and ethanolamides do not form methyl
derivatives when reacted with TMSH at 70°C for
several hours (data not shown). Typical fragments of
pyrolytic reaction products have been identified by
GC-MS as described above. The appearance of N-
methyl and N,N-dimethyl derivatives clearly dem-
onstrates the presence of an NH, group in the
original compounds (Figs. 2 and 3). Because of the
rather low rate of formation of N-methyl and, in
particular, N,N-dimethyl derivatives from long-chain
alkylamines, e.g. octadecylamine (data not shown),
and the relatively high rate of conversion of the
various fatty acid amides into both N-methyl and
N,N-dimethyl derivatives it may be possible to
distinguish between amino and amido groups of lipid
mixtures. Furthermore, it is of interest for structural
analysis that long-chain N-monoalkyl amides, such
as N-octadecyloleic acid amide, are not methylated
at all by the pyrolytic reaction with TMSH (data not
shown). This effect demonstrates the higher sterical
hindrance by the long-chain alkyl moiety as com-
pared to the methyl group. Finally, alkyl cyanides are
not methylated by the reaction with TMSH, either.

4.2, Fatty acid ethanolamides

Substantial proportions of O-methyl derivatives
were formed from fatty acid ethanolamides in the
pyrolytic reaction with TMSH and it is obvious that
methylation of the primary hydroxy group is the
preferred reaction (Figs. 5 and 6). The O-methyl
derivative is then utilized for the methylation of the

secondary amide group leading to N,O-dimethyl
fatty acid ethanolamides (Fig. 1). A less important
sequence of reactions may lead first to the N-methyl
derivative which is finally O-methylated to the N,O-
dimethyl derivative (Fig. 1).

In contrast to fatty acid amides, the ethanolamides
tend to undergo thermal dehydration. Under GC
conditions high proportions of the corresponding
2-oxazoline derivatives are formed which have been
utilized for MS analysis of fatty acid ethanolamides
[22,23]. The pyrolytic reaction of fatty acid
ethanolamides with TMSH mainly leads to the O-
methyl and N,O-dimethy! derivatives, both of which
can give additional information in GC-MS analyses
(Table 1). Moreover, important information on the
structure of fatty acid ethanolamides may be avail-
able from the sequence of reactions leading finally to
N,O-dimethyl derivatives (Fig. 1).

In conclusion, we have found that fatty acid
amides and fatty acid ethanolamides are partially N-
and/or O-methylated by the pyrolytic reaction with
TMSH, and, therefore, this method is not generally
recommended for the derivatization of lipid mixtures
containing various fatty acid amides. However, the
methylation products as well as the sequence of
methylation reactions which finally leads to N,N-
dimethyl fatty acid amides and N,O-dimethyl fatty
acid ethanolamides, respectively, can be of diagnos-
tic value for GC—-MS analyses of fatty acid amides
and ethanolamides.
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