
ABSTRACT: Trans octadecenoic acid methyl ester isomers
were obtained from a partially hydrognated soybean oil and iso-
lated by silver-ion high-performance liquid chromatography.
Recently, the double-bond positions for nine individual trans
octadecenoic acid positional isomers (∆8 through ∆16) were
confirmed by gas chromatography–electron ionization mass
spectrometry after derivatization to 2-alkenyl-4,4-dimethyloxa-
zoline. In this communication, the presence of two additional
trans-18:1 fatty acid methyl ester positional isomers (∆6 and ∆7)
in the same mixture is confirmed by 13C nuclear magnetic reso-
nance spectroscopy. The identity of the ∆5-trans-18:1 fatty acid
methyl ester positional isomer is inferred.
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The nutritional significance of trans fatty acids has led to in-
creased interest in chromatographic procedures that can sepa-
rate and confirm the double-bond configuration and position
for individual trans fatty acid positional isomers. In 1995,
four publications (1–4) detailed the separation of octade-
cenoic fatty acid positional isomers by silver-ion (Ag+) chro-
matography followed by capillary gas chromatography (GC)
on polar phases. GC peaks for trans-18:1 isomers were cor-
rectly identified by comparison with standards (1,3). How-
ever, some GC peak assignments were at variance with those
of the other two publications (2,4). Therefore, it was decided
to confirm the double-bond configuration and position for in-
dividual trans 18:1 fatty acid positional isomers, obtained
from partially hydrogenated soybean oil, by using gas chro-
matography (GC)–direct deposition–Fourier transform in-
frared spectroscopy and GC–electron ionization mass spec-
trometry (EIMS), respectively (5). First, trans monoun-
saturated C18 fatty acid methyl esters (FAME) had to be

isolated by Ag+high-performance liquid chromatography
(Ag+–HPLC). A portion of this HPLC fraction was converted
to the 2-alkenyl-4,4-dimethyloxazoline derivative and used
to confirm the double-bond position for nine individual trans-
18:1 FAME positional isomers (∆8 through ∆16) by
GC–EIMS. Under the GC experimental conditions used, the
minor ∆6 and ∆7 isomers could not be identified because their
GC peaks overlapped with those of the relatively more abun-
dant ∆8 and ∆9 isomers, respectively. In a recent publication
(6), ∆6- and ∆7-trans-18:1 FAME positional isomers were re-
portedly separated by GC after converting the double bond to
an epoxide group. In the present work, the presence of ∆6-
and ∆7-trans-18:1 FAME positional isomers found in the
same mixture of partially hydrogenated soybean oil is con-
firmed by 13C nuclear magnetic resonance (NMR) spec-
troscopy, and the identity of ∆5-trans-18:1 FAME positional
isomer is inferred.

MATERIALS AND METHODS

Hydrogenated soybean oil was donated by Dr. Wayne E. Em-
mons of SGS Control Services, Inc. (Deer Park, TX). All
reagents and solvents were reagent grade and supplied by Nu-
Chek-Prep, Inc. (Elysian, MN) and Fisher (Pittsburgh, PA). A
previously described, detailed procedure (7) was followed for
the preparation of FAME. Standard ∆6-, ∆7-, ∆11-, ∆12-,
∆13-, and ∆15-trans-18:1 FAME positional isomers were
purchased from Sigma Chemical Co. (St. Louis, MO). HPLC
separations were performed utilizing a Waters 600E solvent
delivery system (Waters Associates, Milford, MA), a Rheo-
dyne 7125 injector (Rheodyne, Inc., Cotati, CA) with a 20-
µL injection loop, and a Waters Model 996 Photodiode Array
Detector. A ChromSpher Lipids column (4.6 mm i.d. × 250
mm stainless steel; 5 µ particle size; silver impregnated) was
acquired from Chrompack, Inc. (Bridgewater, NJ). Solvent
flow was set at 1.0 mL/min. The mobile phase was 0.3% ace-
tonitrile in hexane (isocratic). The test portion size was 100
µg FAME. Semipreparative HPLC fractionations were made
using similar conditions with a 10-mm i.d. × 250 mm Chrom-
Spher Lipids column and a flow rate of 5 mL/min. 
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Proton-decoupled 13C NMR spectra, described by 32,768
data points (real part), were obtained at 100 MHz, with broad-
band irradiation at 400 MHz, using a Varian NMR Instru-
ments VXR-400S spectrometer (Palo Alto, CA) equipped
with a Nalorac Z-SPEC MD-400-3 microprobe (Martinez,
CA). Pulse widths of 5 µs were employed at a transmitter
power of 53, which corresponds to tip angles of 45° with 3-
mm sample tubes. Spectral widths of 20 KHz were used, cor-
responding to acquisition times of ca. 0.82 s. 13C chemical
shifts were referenced to CDCl3 and are reported relative to
tetramethylsilane.

Long-range, heteronuclear multiple bond correlation NMR
spectra were recorded at 400 MHz with spectral widths of
2160 and 20,000 Hz in the proton and carbon dimensions, re-
spectively, and with 2048 data points in the 1H dimension;
192 incremented 1H spectra of 64 scans each were acquired
by using 10-µs (90°) 1H pulses at a power of 55 and a 1.8-s
repetition rate. Delays based on long-range heteronuclear
coupling were optimized for 63 ms (8 Hz); delays based on
1-bond heteronuclear coupling were optimized for an as-
sumed average 1-bond coupling of 140 Hz. The data were ac-
quired as 1024 × (192 × 2) hypercomplex files and were
processed by a combination of Gaussian and shifted-Gauss-
ian multiplication prior to the first Fourier transformation and
sinebell and shifted-sinebell multiplication prior to the sec-
ond Fourier transformation. Zero-filling was used in both di-
mensions to give a final data matrix of 4096 × 1024 points.

RESULTS AND DISCUSSION
13C NMR spectral data observed for the Ag+–HPLC fraction
containing the mixture of trans-18:1 FAME positional iso-
mers isolated from a partially hydrogenated soybean oil are
presented in Table 1 and Figure 1. The olefinic-carbon chem-
ical shifts observed for the soybean oil mixture components
∆6- (129.43 and 130.87 ppm), ∆7- (129.82 and 130.59 ppm),

and ∆15- (129.28 and 131.73 ppm) trans-18:1 FAME posi-
tional isomers were essentially identical to those obtained for
standards. The 13C NMR signals observed for these three iso-
mers exhibited distinctive olefinic-carbon chemical shifts that
were characteristically different from those of the majority of
the components of this mixture (∆8–∆14), whose intense sig-
nals fell in a much narrower chemical shift range of ca. 0.5
ppm (Fig. 1).

The mixture spectrum (Fig. 1) also exhibited two addi-
tional pairs of 13C NMR signals at 128.71 and 131.59 ppm,
and 124.39 and 131.64 ppm. The former are probably due to
the ∆5-trans-18:1 FAME positional isomer because (i) the
chemical shift separation of its putative olefinic carbons (2.88
ppm) closely agrees with that of the standard ∆5-cis-18:1
FAME positional isomer (2.77 ppm) previously reported by
Gunstone et al. (8), and (ii) separations in chemical shifts for
other less abundant trans-18:1 FAME positional isomers,
such as ∆4, were considerably greater than 2.88 ppm. The lat-
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TABLE 1
C18 Trans Monounsaturated FAME Positional Isomers 13C Nuclear
Magnetic Resonance Chemical Shifts (ppm)a

Cn Cn+1 Shift
Shift Shift difference

∆ number STD MIX STD MIX STD MIX

∆5 128.44b 128.71 131.21b 131.59 2.77b 2.88
∆6 129.44 129.43 130.88 130.87 1.44 1.44
∆7 129.78 129.82 130.56 130.59 0.78 0.77
∆15 129.35 129.28 131.79c 131.73 2.44 2.45
∆16 131.52d 131.64 124.75d 124.39 6.77d 7.25
aIn CDCl3, ppm from tetramethylsilane; STD, standard; MIX, mixture.
bC18 cis monounsaturated ∆5 fatty acid methyl ester (FAME) positional iso-
mer (Ref. 8).
cA three-bond connectivity was observed between this signal and the methyl
protons in a heteronuclear multiple bond correlation experiment, thus con-
firming its assignment.
dC10 trans monounsaturated ∆8 FAME positional isomer (Ref. 8).

FIG. 1. 13C nuclear magnetic resonance spectrum of the olefinic carbon region for a mixture
of trans-18:1 fatty acid methyl ester positional isomers. The asterisk denotes the signal at
131.64 ppm.
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ter pair of 13C NMR resonances can likely be ascribed to the
∆16-trans-18:1 FAME positional isomer. The considerably
shielded signal at 124.39 ppm would be assigned to C-17,
which possesses one less deshielding β-substituent (9) than
other olefinic carbons of the mixture of trans-18:1 FAME po-
sitional isomers. This resonance is also similar to the 124.75-
ppm value reported for the corresponding olefinic carbon
(C-8) for the ∆8-trans-10:1 FAME positional isomer (8). The
signal at 131.64 ppm (denoted by the asterisk in Fig. 1) would
be due to C-16.

As expected for partially hydrogenated vegetable oils (10),
the isomeric abundance of monounsaturated positional iso-
mers decreased in the sequence ∆5 < ∆6 < ∆7 (see Fig. 1) as
the double bond moved away from the center of the fatty acid
chain. By using 13C NMR spectroscopy, the identities of the
∆6- and ∆7-trans-18:1 FAME positional isomers from a par-
tially soybean oil were confirmed. 
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