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ABSTRACT

Low resolution mass spectra of pyrrol-
idides of isomeric octadecadienoic acids
and other polyunsaturated straight chain
fatty acids are presented and discussed.
The spectra of the pyrrolidides contain
mainly ions from the polar part of the
molecule and give spectra that are specific
for each isomer. The interpretation fol-
lows, in most cases, the rule developed
for monounsaturated fatty acid pyrrol-
idides.

INTRODUCTION

The location of double bonds in fatty acids
by mass spectrometry has been approached in
many ways which have been reviewed by
Zeman, et al., (1,2). Pyrrolidides recently were
suggested as suitable derivatives for mass spec-
trometry of unsaturated fatty acids (3), and the
mass spectra of a series of pyrrolidides of
monoenoic fatty acids recently was investigated
(4). Later work showed that several tertiary
amides (5,6) give easily interpretable mass spec-
tra from which the double bond position could
be deduced easily by the rule developed for
pyrrolidides of monoenoic fatty acids (4). Of
the amides studied, pyrrolidides were most suit-
able (6) for further investigation of fatty acids.
This paper discusses the mass spectra of pyrrol-
idides of some polyenoic fatty acids with
special reference to the isomeric series of
methylene interrupted octadecadienoic fatty
acids.

EXPERIMENTAL PROCEDURES

Methyl esters of mecthylene interrupted 18:2
fatty acids were obtained from the preparations
of Christie and Holman (7); the cis,cis-9,15-
18:2 and trans,trans-9,11-18:2 were submitted
by H.J. Dutton; and the remaining polyenoic
fatty acids were prepared by the Lipids Prepara-
tion Laboratory, The Hormel Institute, Austin,
Minn. The pyrrolidides were prepared in quanti-
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tative yield on a microscale by a procedure de-
scribed previously (4). Mass spectra were ob-
tained on Hitachi Perkin-Elmer RMU-6D and
LKB 9000 single focusing instruments opera-
ting at an ionization potential of 70 eV.

The samples were introduced through an all
glass heated inlet system at 170-190C
(RMU-6D) or via a gas liquid chromatography-
mass spectrometry (GC-MS) combination (LKB
9000) at 240 C. The GLC was performed on a
F & M model 810 instrument furnished with an
8 ft x 1/8 in. aluminum column packed with
10% Silar 10C on 100/120 Gas Chrom Q (Ap-
plied Science Laboratories, State College, Pa.).
Column temperatures were kept isothermal be-
tween 230 and 250 C, and the flow rate was 15
ml argon/min. The GLC conditions on the LKB
9000 instrument were: a 6 ft x 1/8 in. glass
column filled with 3% OV-1 on Chromosorb W
(HP) 80/100 (Applied Science Laboratories) at
230 C and helium as carrier gas.

RESULTS AND DISCUSSION

All mass spectra showed simple cleavage pat-
terns, as was the case with monoenoic acids
(3,4), with the base peak m/e 113 obtained
through a McLafferty rearrangement (3). Each
fragment in the high mass region was derived
through a direct cleavage from the molecular
ion which was indicated by mestastable ions
(4). The molecular ions varied in intensity from
7% (5,8-14:2) to 47% (9,12-18:2) of the base
peak. When the 18:1 series was compared with
the methylene interrupted 18:2 series, it was
obvious that the patterns of intensities of the
molecular ions were similar and were governed
by the positions of the double bonds. Thus, the
lowest intensities for the molecular ions of the
two series occurred for 5-18:1 (5.3%) and
5,8-18:2 (8.8%). In the 18:2 series, each isomer
gave a fragmentation pattern which distin-
guished it from other isomers. Key fragments
for all compounds investigated are given in
Table I. In Figure 1, the spectra of cis,cis-6,9-
18:2 and cis,cis-9,12-18:2 are shown. Here, the
double bonds were indicated by the intervals of
12 atomic mass units (amu) within the regular
series of 14 amu intervals according to the rule,
which was formulated in a previous paper (4),
for pyrrolidides of monoenoic fatty acids: “If
an interval of 12 atomic mass units, instead of
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FIG. 1. Mass spectra of N-octadec-6,9-dienoylpyrrolidine and N-octadec-9,12-dienoylpyrrolidine.

the regular 14, is observed between the most
intense peaks of clusters of fragments containing
n and n-1 carbon atoms of the acid moiety, a
double bond occurs between carbon n and n+1
in the molecule.” This rule could be applied to
most of the compounds listed in Table I, the
exceptions being the dienoic pyrrolidides which
have a double bond in positions 4,15,16 or 17
in a methylene interrupted system.

The spectrum of the 4,7-18:2 isomer had
characteristic peaks at m/e 124 and m/e 126
together with m/e 139 and m/e 152 indicating
the double bond in position 4. This was like-
wise true for the pyrrolidides of 4-18:1 and
4-10:1 (4). The double bond in position 7 was
shown by the interval of 12 amu between car-
bons 6 and 7 (m/e 166 and m/e 178) according
to the rule. The 12,15-18:2, 13,16-18:2 and
14,17-18:2 isomers had spectra which distin-
guished them from each other. The 12,15-18:2
isomer followed the rule, but the key frag-
ments, representing 12 carbons of the chain,
m/e 250 and m/e 252, were of almost the same
intensity. Other details that distinguished the
two isomers from each other were: the cluster
of peaks that contained 13 carbons of the fatty
acid chain of 12,15-18:2 was stronger than the
corresponding peaks, e.g. m/e 265, for the

13,16-18:2 isomer. In the spectrum of the
13,16-18:2 isomer, the cluster of peaks that
contained 15 carbons of the chain, e.g. m/e
291, was stronger than the corresponding clus-
ter for the 12,15-18:2 isomer. Finally, for the
spectrum of the 14,17-18:2 isomer, the interval
of 12 amu, typical for the 12,15-18:2 and
13,16-18:2 isomers, was moved one carbon
closer to the methyl end, e.g. m/e 278 and m/e
290 to m/e 292 and m/e 304.

The spectra of lower homologues of methyl-
ene interrupted dienoic acids represented by
5,8-14:2 and 7,10-16:2 followed the rule com-
pletely as can be seen in Table I. Also, a fatty
acid with the two double bonds separated by
four methylene groups, 9,15-18:2, gave a mass
spectrum (Fig. 2) from which the double bonds
could be located via the rule.

The mass spectra of pyrrolidides of three tri-
enoic acids, 6,9,12-18:3, 9,12,15-18:3, and
8,11,14-20:3, were also interpretable according
to the rule developed for monoenoic acids. This
is shown for the 9,12,15-18:3 isomer in
Figure 2. However, some of the key fragments,
e.g. mfe 248 and m/e 250, in the spectrum of
6,9,12-18:3 were of intensities almost equal to
those of the spectrum of the 12,15-18:2 iso-
mer.
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FIG. 2. Mass spectra of N-octadec-9,15-dienoylpyrrolidine and N-octadec-9,12,15-trienoylpyrrolidine.

A tetraenoic fatty acid, 5,8,11,14-20:4, also
was investigated, and its pyrrolidide derivative
gave a mass spectrum which could be inter-
preted partially according to the rule. In this
case, key diagnostic fragments, e.g. m/e 152 vs
mfe 154 and m/fe 192 vs mfe 194, were of al-
most equal intensities.

In the spectra of pyrrolidides which have
methylene interrupted double bonds in the
middle of the chain, the peak cluster lying be-
tween the intervals of 12 amu was observed to
be more intense than its surrounding peaks. For
example, m/e 180 in the spectrum of the pyr-
rolidide of 6,9-18:2; m/e 222 in the spectrum
of the pyrrolidide of 9,12-18:2; and m/e 222
and 262 in the spectrum of the pyrrolidide of
9,12,15-18:3 were high peaks in the general
profile of the mass spectrum range involving the
double bonds. This phenomenon facilitates the
location of methylene interrupted polyunsatu-
ration when it is difficult to distinguish whether
intervals are 12 or 14 amu. In the mass spec-
trum of the pyrrolidides of a polyunsaturated
fatty acid, the presence of a peak relatively
more intense than the peak clusters which flank
it and which are involved in probable intervals
of 12 amu indicates the presence of a methyl-
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ene interrupted system. If the prominent peak
contains m carbons of the fatty acid residue,
the methylene carbon in the molecule was at
position m + 1.

Three fatty acids with conjugated unsatu-
ration in the middle of the chain,i.e. 8,10-18:2,
9,11-18:2, and 10,12-18:2, also were investi-
gated. In Table I, the key fragments in their
spectra are listed. In each case, the double bond
closer to the carbonyl was indicated by the
interval of 12 amu according to the rule, but
the remote double bond was, however, not in
agreement with the rule. The conjugated system
was indicated by another interval of 12 amu im-
mediately following the first interval of 12
amu,

To test the use of pyrrolidides in the inter-
pretation of unknown fatty acids with GLC and
MS, corn oil triglycerides were investigated in a
previous paper (6), and the double bonds were
located without difficulties by using -the rule
developed for the monoenoic fatty acids. An 18
carbon fatty acid with one actylenic bond and
three double bonds also was investigated (8),
and, by applying our rule, the double bonds
were found at positions 9,12 and 15, which
later was confirmed by other analytical
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methods. Interpretation of the mass spectrum
of a triglyceride of this fatty acid revealed the
same double bond positions when the same
logic as used with pyrrolidides was applied.
Recently, the mass spectrum of the pyrrolidide
of an unknown polyunsaturated acid was
studied by Joseph (9). Interpretation of the
spectrum suggested the structure to be
3,6,9,12,15-18:5, and this structure was con-
firmed by other analytical methods.

This work shows that pyrrolidides offer ad-
vantages for the mass spectrometric analysis of
polyenoic fatty acids. The derivatives are easy
to prepare, and no chemical modification of the
unsaturation in the fatty acid chain is neces-
sary, as is the case with most of the other
methods developed for this purpose (1,2). Al-
though spectra of all the polyunsaturated fatty
acid pyrrolidides are not interpretable accord-
ing to the rule developed for the monoenoic
acids, it is noteworthy that all spectra differ
from each other. With enough reference com-
pounds, there should be no problem in identify-
ing each positional isomer by mass spectrome-
try.
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