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GC-MS Characterization (Chemical Ionization and Electron 
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of Cyclopropenoid Fatty Acids 1 
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The CI-(CH4) mass spectra of the methyl  esters and the 
EI mass spectra of the oxazoline derivatives of three 
cyclopropenoid fatty acids (malvalic, sterculic and a- 
hydroxy-sterculic acid) from the seed oil of Pachira 
aquatica were found to be useful for structure elucida- 
tion of such compounds. Furthermore, some hitherto 
unknown minor fatty acids were identified and the 
nuclear magnetic resonance data of the oil and a-hydroxy- 
sterculic acid methyl ester are presented. 
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Cyclopropenoid fatty acids (CPeFA} are found in seed 
lipids of many plant families, e.g., in Sterculiaceae, 
Malvaceae, Bombacaceae, Sapindaceae and Tiliaceae, and 
they may be accompanied by small amounts of their 
saturated cyclopropane analogs (CPaFA). The natural oc- 
currence of these fatty acids has been reviewed by Badami 
and Patil (1). Until now, only four natural CPeFA have 
been characterized in higher plants--malvalic {8,9-methy- 
lene-heptadec-8-enoic acid), sterculic (9,10-methyleneocta- 
dec-9-enoic acid), D-2-hydroxy-sterculic and sterculynic 
acid (8,9-methyleneoctadeca-8-en-17-ynoic acid) (2). These 
fatty acids produce numerous physiological effects, e.g., 
disturbance of the lipid metabolism (3-5), carcinogenic 
and co-carcinogenic activities (6-8) in animals. Thus, the 
identification and quantitation of CPeFA are of con- 
siderable interest. Besides the Durbetaki method (9) and 
the Halphen test (10), other spectroscopic methods, such 
as infrared (11) and proton nuclear magnetic resonance 
spectroscopy (12) (1H-NMR), can be used to analyze 
those compounds. 

Mass spectra of the CPeFAME (methyl esters of CPeFA) 
have been published by Pawlowski et al. (13}. These spec- 
tra are different from the spectra of most other unsatu- 
rated esters, but they do not demonstrate the presence 
nor the location of the cyclopropene ring. Other authors 
(14,15) used mass spectrometry (MS} to determine the 
molecular weight of new CPeFAs, and they obtained more 
structural information by a combination of spectroscopic 
examinations before and after chemical modification of 
the original ring. Typical derivatives for ring location by 
MS are produced by oxidation (ozonolysis or permanga- 
nate-periodate) of the CPeFAME to the 1,3-diketo-FAME 
(16), by addition of methanethiol to the cyclopropene ring 
{16,17), or by reaction with anhydrous methanol/silver 
nitrate to the corresponding methoxy- and keto-deriva- 
tives (18). Most analysts prefer the latter reaction to 
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prepare stable derivatives prior to quantitative gas chro- 
matographic (GC) analysis, because the CPeFAMEs tend 
to decompose or rearrange on GC columns (19). Appro- 
priate methods for quantitation of CPeFA by GC or 
reversed-phase high-performance liquid chromatography 
(HPLC) are described by Christie (19,20). 

This study describes a new method for detection and 
ring location of CPeFA by GC/MS. The oil of Pachira 
aquatica (Aubl.}, Bombacaceae, was chosen for examina- 
tion because it is known to contain malvalic, sterculic and 
a-hydroxy-sterculic acid (21-23). Interpretation of the elec- 
tron impact (E I) mass spectra of the 4,4-dimethyloxazoline 
derivatives of the CPeFA and chemical ionization (CI, 
methane) spectra of the CPeFAME will be discussed. 
Furthermore, hitherto unknown minor fat ty acids of 
P. aquatica are identified, the I~C-NMR and 1H-NMR 
data of D-2-hydroxy-sterculic acid ME are presented, and 
possible quantitation of cyclopropenoid acids by 13C- 
NMR is discussed. 

MATERIALS AND METHODS 

The fruits from P. aquatica were collected near Bel6m, 
Brazil, in 1991, and the botanical identification was made 
in the herbarium of the Museu Goeldi, Bel6m. 

Total lipids were extracted from the ground kernels with 
hexanedisopropanol {2:1, v/v) {24}. Transesterification to the 
FAME was carried out with 0.5N sodium methoxide in 
anhydrous methanol at room temperatur~ Preparation of 
the oxazoline derivatives of the total FA, obtained after 
hydrolysis of the oil with 1N potassium hydroxide in 95% 
ethanol at room temperature, was done as described by 
Zhang et al. (25}. Isolation of the OH-FAME fraction was 
carried out on 0.6 mm preparative silica layers with 
ether/petroleum ether (40-60~ (30:70; v/v) as solvent 
system. Acetylation of the OH-FAMES was done as 
described by Christie (26). Hydrogenation was achieved 
with H2/PtO2 (26), oxidation to the diketo-derivatives 
was carried out with permanganate-periodate (16), and a 
part of the FAME was treated with absolute methanol 
saturated with silver nitrate (27). 

A Hewlett-Packard 5890 gas chromatograph with a 
7673 A autosampler, a flame ionization detector and a 
split/splitless injector with glass insert {Hewlett-Packard, 
Norwalk, CT} was used to analyze the methyl esters and 
oxazoline derivatives of the fatty acids. Separation of the 
compounds was achieved with a DB 23 (J&W Scientific, 
Folsum, CA) capillary column {30 m • 0.25 mm, I.D. 0.2 
~m) by using the following temperature program: 
130-170~ 1.5 ~ then 170-245~ 2~ (FAME), 
and 150-245~ 2~ (Oxazolines}. ECL (Equivalent 
Chain Length) values were measured at 160 and 190~ 
GC/MS analysis was done with the Nermag Automass 
(France. Paris). EI and CI spectra were obtained with 
70 eV ionization energy and with methane as reactant gas, 
respectively. 
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1H-NMR and 13C-NMR-spectra (proton noise decou- 
pling) were run in CDCl~ on a Bruker  AC 400 spectrom- 
eter (Bruker, Karlsruhe, Germany) with tetramethylsi lyl  
(TMS) as internal standard. 

RESULTS AND DISCUSSION 

Identification of the fatty acids of P. aquatica. In order 
to identify the FAME GC peaks observed on the DB23 
column (Table 1), various derivatization procedures were 
used. 

Identification of fatty acids without unusual functional 
groups. The saturated FA were identified as their FAME 
by GC/MS against authentic standards. The unsaturated 
FA were identified by GC/MS of their  oxazoline deriva- 
tives, which enables the location of the double bond(s) {25). 
In addition to FA identified by other  authors {21-23,28), 
the following minor compounds were identified: 15:0, 
16:1(n-7), 17:1(n-9), 17:2(n-6,9), 18:1(n-7), 20:1(n-9), 21:0, 
22:0, 23:0, 24:0 and 25.0 (see Table 1). 

Identification of dihydrosterculic acid. This acid (ECL 
19.12) was identified by comparison of the mass spectrum 
of its oxazoline derivative with tha t  of the oxazoline 
derivative of the synthetic dihydrosterculic acid published 
by Zhang et al. (29), who demonstra ted previously tha t  
these derivatives are useful for the determination of the 
cyclopropane ring positions in long-chain CPaFA. 

TABLE 1 

Composition of the Methyl Esters and Oxazoline Derivatives ot the 
Fatty Acids of Pachira aquatica 

Weight % Weight % 
methyl ester oxazoline 

Fatty acid (ECL) (mol. wt.) 

12:0 <0.1 <0.1 
14:0 0.25 0.22 
15:0 <0.1 <0.1 
16:0 63.3 61.03 
16:1(n-7) 0.23 (16.31} 0.26 
17:0 0.14 0.18 
17:1(n-9} 0.12 (17.21} 0.12 
17:2(n-6,9) <0.1 (17.61} <0.1 
iso-16:0? 0.18 (17.77} 1.29 
Malvalic acid 1.63 (17.91} 1.55 
18:0 2.22 2.43 
18:1(n-9} 8.21 (18.20} 8.57 
18:1(n-7) 0.74 (18.25} 0.84 
18:2(n-6,9} 6.21 (18.62 6.52 
Sterculic acid 8.16 (18.91} 8.03 
DH-sterculic acid 0.64 (19.12) 0.87 
18:3(n-3,6,9} <0.1 (19.18) <0.1 
20:0 0.12 0.13 
20:1(n-9) <0.1 (20.21} <0.1 
? 0.33 (20.68) 0.78 
21:0 <0.1 <0.1 
18:1-2-OH 0.1 (21.96) <0.1 
22:0 <0.1 <0.1 
18:2-2-OH <0.1 (22.59} <0.1 
a-OH-sterculic acid 6.5 (22.69} 6.08 
23:0 <0.1 <0.1 
? 0.41 (23.64} 0.56 
24:0 <0.1 <0.1 
25:0 <0.1 <0.1 

(309) 

(333) 

(363) 

Identification of the fatty acids with a cyclopropene 
ring. The mass spectra of the compounds with ECL values 
of 17.91 and 18.91 were identical with those published (13) 
for methyl  malvalate and methyl  sterculate. After reac- 
tion with AgNOJMeOH,  these FAME disappeared in 
GC, and the mass spectra of the resulting oxidation pro- 
ducts were identical with those for the methoxy and keto 
derivatives of methyl malvalate and methyl  sterculate 
published by Eisele et al. {18}. 

Identification of the fatty acids with an a-hydroxy- 
group. The FAME were separated into two bands and 
isolated as fraction 1 with Rf = 0.79 (non-oxo FAME) 
and fraction 2 with Rf = 0.34 {R~ identical with that  of 
authentic methyl ricinoleate) by preparative thin-layer 
chromatography (TLC) GC analysis of fraction 2 showed 
two small peaks (OH1, OH2) and one main peak (OH3) 
with high ECL values {21.96, 22.59, 22.69), and their E C L  
values increased after acetylation. These data (R~ and 
ECL) suggest  tha t  these compounds each must  contain 
a hydroxy group. In order to get more structural  infor- 
mation, compounds OH1, OH2 and OH3, subsequently 
identified as a-OH-oleic acid, ~OH-linoleic acid and a-OH- 
sterculic acid, were examined by GC/MS. 

The mass spectra of these FAME showed molecular ions 
at m/z 312 (OH1), m/z 310 {OH2) and m/z 324 (OH3), and 
the ions at M-18 {loss of H20) could be observed in the 
spectra of OH1 and OH2. The peaks at m/z 90 and m/z 
103, indicative of an a-hydroxy group (30), were found in 
all OH-FAME spectra. Reaction of the OH-FAME with 
A g N Q / M e O H  and KMnO4/KIO4, followed by GC/MS, 
showed tha t  only OH3 was converted to the correspond- 
ing methoxy {molecular ion m/z 356), ketone {molecular 
ion m/z 340) and 9,11-diketo (molecular ion 356) deriva- 
tives, respectively. The MS fragmentation patterns of the 
A g N Q / M e O H  reaction products  were analogous to 
those published by Eisele et al. (18} for methyl  sterculate, 
and the diketo derivative showed the same diagnostic 
peaks as found for the oxidation product of a-OH-sterculic 
acid ME (16). Thus, it was concluded tha t  OH3 was a- 
OH-sterculic acid, confirming data  reported by others 
{21-23). 

GC/MS of the H2/PtO2 reduction products showed four 
new peaks: The mass spectrum of the first (MW 314) was 
identical with that  published for 2-OH-octadecanoic acid 
ME (30), obviously formed by addition of two and four 
hydrogens to OH1 (MW 312) and OH2 (MW 310}, respec- 
tively. The three other peaks (MW 328, 328 and 326) must 
be derived from reduction of a-OH-sterculic acid and will 
not  be discussed here. 

The mass spectra of the oxazoline derivatives of OH1 
and OH2 {Fig. 1) and their corresponding reduction prod- 
uct, OH1,2R, showed m/z 142 as base peak and m/z 129 
as the second most intense peak in their spectra. These 
ions: 

o .~...j H 0 \OH 
r 

m/z 129 / m/z 142 
OH 

SCHEME 1 
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strongly support position 2 for the OH-group on the FA 
chain, and are formed by cyclization-displacement reac- 
tion and McLafferty rearrangment (25), respectively. The 
fragmentation pattern of the oxazoline derivative of 
OH1,2R was identical with that published for a-OH- 
stearate (31). Zhang et al. (31) demonstrated previously 
that  the latter spectrum is strongly influenced by prefer- 
ential loss of C2H~O" (M-45) via an a-OH assisted extru- 
sion mechanism and that the fragment ion abundances 
are influenced by the 2-position of the OH-group. More- 
over, the homologous ion series (m/z 142 + 14n), deriving 
from simple cleavage of the carbon chain, is not so discern- 
ible in a-OH-derivatives as in, e.g., 12-OH-18:1(9c). 

In the spectrum of OH1 (a-OH-Oleic acid) (Fig. 1A) a 
mass interval of 12 instead of the usual 14 u for saturated 
chains occurred between m/z 212 and 224, indicating a 
double bond between C9 and C10 (25). This was supported 
by the intense allylic cleavage products at m/z 198 and 
252. In the higher mass range, the spectrum was obviously 
influenced by the loss of C2H50" (M-45 = m/z 306), and 
the fragmentation signals, clearly defined in unsaturated 
chains with OH groups more remote from the carboxyl 
terminus (31), showed irregular mass intervals of 12 u (m/z 
266 and 278) and 16 u (m/z 306 and 322). 

In contrast to that, the spectrum of the oxazoline 
derivative of OH2 (a-OH-linoleic acid) (Fig. 1B) was unmis- 
takable. The signal due to the loss of C2H~O" (M-45 -- 
m/z 304) was strongly suppressed. Mass separations of 
12 u occurred between m/z 212 and 224 and between 252 
and 264, due to two double bonds at position C9 and C12 
in the chain. This was supported by the intense allylic 
cleavage ions m/z 196, 238 and 292, corresponding to those 
observed for linoleic acid (25}. Thus, it can be concluded 
that the loss of C2H50" (M-45) in a-OH-derivatives 
decreases with the degree of unsaturation of the hydrocar- 
bon chain. 

CI mass spectra of the cyclopropenoid compounds. A 
CI mass spectrum is obtained by reaction of neutral 
FAME with ions derived from the reactant gas. The meth- 
ane reactant ions are mainly CH~ +, C2H5 + and C3H5 +, 
and these may act as either Br$nsted (proton transfer) or 
Lewis (hydride abstraction) acids (32}, forming quasi- 
molecular ions [M+H] + and [M-H] +, respectively. Inter- 
action of a reactant ion with the carboxy function leads 
initially to formation of the protonated ester ([M+H]+), 
while interaction of the reactant ion with the hydrocarbon 
chain results preliminarily in H-  abstraction ([M-H]+) 
(33). Tsang and Harrison (33) demonstrated that the im- 
portance of the hydrocarbon chain increases rapidly with 
the alkyl chainlength and they found [M-HI + to be the 
base peak in methyl stearate. In contrast, other authors 
(34-37) found [M+H] + as base peak in several long-chain 
FAME derivatives, and [M-l]  + was found to be less 
intense. 

Under the CI measuring condititions, the FAME of P. 
aquatica without a cyclopropenoid ring showed [M+I] + 
ions as base peak, and the intensity of the [M:-l]+-ions 
was maximal 45%. In contrast, the CI-(CH4) mass spec- 
tra (see Table 2), obtained from malvalic, sterculic and a- 
OH-sterculic acid ME, exhibited [M-l]  + (m/z 293, 307 
and 323) as base peak and a less intense [M+l]+-ion 
(<15%}. The preferential formation of the (M-1)+-ion in 
the spectra of these CPeFAME can probably be explained 
by preferred hydride abstraction from the cyclopropenoid 

TABLE 2 

Intensities of the Diagnostic Peaks (Molecular Weight Range) in 
the Chemical Ionization Mass Spectra of the Cyclopropenoid Acids 
from P. aquatica a 

Cyclopropenoic acid M-1 M M+I 
ME 

Malvalic acid ME 100 (293) 47.1 (294) 13.0 (295) 
Sterculic acid ME 100 ~307) 49.6 (308) 13.7 (309) 
2-OH-sterculic acid ME 100 (323) 48.2 (324) 19.1 (325) 

am/z In parentheses. 

ring, according to the Hfickel (4n+2) rule, which predicts 
special electronic stability for the resulting cyclopro- 
penium ions due to their special aromatic character. Other 
peaks observed in the CI spectra are not discussed here. 

R l J  - - ~ R  2 

Hydride 
Transfer 

H 

R 1 - ~ " ~  ~ R 2 

SCHEME 2 

In conclusion, the distinct difference in the intensities 
of the [M+I] + and [M--1] + ions in the CI spectra of 
FAME with and without cyclopropenoid rings could be 
helpful to detect CPeFAME when ECL values and EI 
mass spectra are considered, too. 

E I  mass spectra of the oxazoline derivatives of the cyclo- 
propenoid compounds. Due to the known instability of the 
cyclopropenoid compounds, the FA composition after for- 
mation of the oxazoline derivatives was compared with 
those of the FAME. As shown in Table 1, the composi- 
tion was not affected significantly under the reaction con- 
ditions, and these derivatives of CPeFA (OXCPeFA) were 
found to be suitable for GC/MS measurement. 

The mass spectra of the OXCPeFA are given in Figure 2. 
Base peak in the spectra of the OXCCPeFA without a 
hydroxy group was m/z 126, formed by cyclization-dis- 
placement reaction (25). Peak m/z 113, formed by McLaf- 
ferty rearrangement (25), was the second most intense ion. 
The most abundant ions in the a-OH-sterculic acid deriva- 
tive (OXOHCpeFA), m/z 142 and m/z 129, were produced 
by the same mechanism discussed above. Molecular ions 
were detected in all spectra. The expected even-mass 
homologous series at m/z 126 + 14n for the OXCPeFA, 
and at 142 + 14n for the OXOHCpeFA, deriving from 
cleavage of the carbon chain, was interrupted by one mass 
separation of 10 u. For malvalic acid this 10 u cut was 
observed between m/z 182 (C7) and 192 (C8), for sterculic 
acid between m/z 196 (C8) and 206 (C9), and for a-OH- 
sterculic acid between m/z 212 (C8) and 222 (C9), accor- 
ding to ring location (see Fig. 2). Furthermore, diagnostic 
abundant ions, explained by beta cleavage to the cyclo- 
propene ring (remote from the oxazoline ring), could be 
observed in all OXCPeFA spectra (m/z 234 for malvalic 
acid, m/z 248 for sterculic acid and m/z 264 for a-OH- 
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FIG. 2. Mass spectra of the oxazoline derivatives of (A) malvalic, (B) sterculic, and 
(C) a-OH-sterculic acid. 
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sterculic acid). This fact  enables differentiation between 
mass  spectra  of the oxazoline derivatives of acetylenic 
acids (38), which also show a mass  separat ion of 10 u a t  
their acetylenic linkage, but  their intensi ty pa t te rn  of the 
neighbor ions remains different. Thus, the oxazoline 
derivatives of CPeFA can be used for ring location and 
identification of these compounds by the following em- 
pirical ru l e - -a  mass  separat ion of 10 u between the ions 
containing n-1 and n carbon a toms and a relatively abun- 
dunt, higher homologous ion containing n+3 carbon im- 
ply the presence of a cyclopropene r ing between carbon 
n and n + l  of the original FA [analogous to the findings 
from Zhang et al. (29) for cyclopropane FA]. In combina- 
tion with the results from the CI mass  spectra  of the 
FAME, this method is very suitable for s tructure elucida- 
tion of CPeFA by GC/MS, as well as for new compounds.  

The spect rum of the reduction product  of the oxazoline 
derivative of a-OH-dihydrosterculic acid exhibited an 
analogous f ragmenta t ion  pa t t e rn  as those of a-OH- 
sterculic acid {Fig. 2C). Thus, the ions m/z 129 and 142, 
derived from the a-OH-group {explained above), were 
found to be the mos t  intense peaks  and, according to the 
cyclopropane ring, a mass  separat ion of 12 u between m/z 
212 and 224 and an intense be ta  cleavage ion m/z 266 
{65%) were observed. 

NMR-spectroscopy. Chemical shifts of the 13C-NMR- 
and ~H-NMR spectra of a-OH-sterculic acid ME, isolated 
by TLC, are shown in Table 3. The 13C shifts were assign- 
ed by comparison with the da ta  from a-OH-stearate  ME 
(39) and with the da ta  from the synthet ic  6,7-positional 
isomer of sterculic acid {40). The proton shifts were assign- 
ed by comparison with the published data of sterculic acid 
ME (41) and the two characteris t ic  shifts (exo-methylene 
H and -CHOH) published by Morris  and Hall  (16) for a- 
OH-sterculic acid ME. 

TABLE 3 

NMR Spectral Data of 2-OH-Sterculic Acid Methyl  Ester 

6 (ppm) 
Carbon 13C-NMR 1H-NMR 

1 175.93 -- 
2 70.49 4.18 {1H, m) 
3 34.44 1.75 (2H, m) 
4 24.77 1.3 (16H, m) 
5 29.15-29.47 1.3 (16H, m) 
6 27.33* 1.3 (16H, m) 
7 29.15-29.47" 1.5 t4H, m) 
8 26.02 2.37 (4H, t) 
9 109.23 -- 

10 109.52 -- 
11 26.1 2.37 (4H, t) 
12 29.15-29.47" 1.5 (4H, m} 

13 27.45* 1.3 (16H, m) 
14 29.15-29.47 1.3 (16H, m) 
15 29.15-29.47 1.3 (16H, m) 
16 31.94 1.3 (16H, m) 
17 22.74 1.3 (16H, m) 
18 14.18 0.88 (3H, t) 
19 (exo methylene} 7.43 0.75 (2H, s) 
OCH 3 52.54 3.78 (3H, s) 
OH 2.75 (1H, s) 

*Doubtful assignments. 

The 13C-NMR spec t rum of the total  FAME of P. 
aquatica showed some interesting features-- the  signal for 
the exo-methylene carbon a toms (7.4 ppm) and the six 
resolved signals for the two unsa tura ted  carbons in each 
cyclopropene ring in the range between 109.16 and 
109.55 p p m  (Fig. 3) showed clearly both the presence and 

2 

lOg. O 
P~M 

FIG. 3. 13C-NMR spectrum of the mixed FAMES; 109-110 ppm 
region (ppm scale expansion factor = 23). The signal numbers, 
chemical shifts (in ppm) and assignments are: 1 (109.16) = C-8 of 
malvalate; 2 (109.21) = C-9 of 2-OH-sterculate; 3 (109.24); 4 (109.47) 
= C-9, C-10 of sterculate; 5 {109.5) = C-10 of 2-OH-sterculate; and 
6 (109.55t = C-9 of malvalate. 
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the  n u m b e r  {3) of cyc lopropenoid  compounds .  The  ass ign-  
m e n t  of t he  l a t t e r  s igna l s  was  done  in c o n s i d e r a t i o n  of 
the  known pe rcen tage  {GC) of malva l ic  acid, s tercul ic  acid  
and  a -OH-s te rcu l i c  acid. To ensure  th i s  a s s i g n m e n t ,  
i so la ted  a-OH-stercul ic  acid  was added  to the  mix tu re  (5%) 
and  a p e a k  e n h a n c e m e n t  was  o b s e r v e d  for t he  s igna l s  a t  
109.21 and  109.5 ppm.  In  add i t ion ,  t he  a -OH group  could  
be d e t e c t e d  ea s i l y  in t he  mix ture .  

A s  far  as  t he se  f i nd ings  are  concerned,  i t  wou ld  be in- 
t e r e s t i n g  to  i n v e s t i g a t e  w h e t h e r  q u a n t i t a t i v e  13C-NMR 
s p e c t r o s c o p y  could  be  usefu l  for ana lys i s  of t he  compos i -  
t ion  of n a t u r a l  cyc lop ropeno id  ac ids  in seed  oils. 
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