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Table 1. GC/ECD 1Z& 5/ \OEFEE D 1w R EF M D O R M EUGRER

No. Compounds Amount of added HAAs
50 ngl/g 500 ng/g
EE (%) BRERE FE)(%)  FEERE

1.  Monochloroacetic acid 86.6 6.7 91.3 2.1
2. Monobromoacetic acid 98.4 5.0 944 1.9
3. Dichloroacetic acid 102.7 2.1 99.3 1.2
4. Trichloroacetic acid 102.3 1.8 100.9 0.9
5. Bromochloroacetic acid 103.1 1.6 101.3 1.3
6. Bromodichloroacetic acid 92.0 7.0 9438 2.0
7. Dibromoacetic acid 105.0 1.6 102.8 1.4
8. Chlorodibromoacetic acid - - 914 2.4
9. Tribromoacetic acid - - - -

* n=5

Table 2. GC/MS [Z&k5/\OEFEE D F1y MEFFE AN O O 7 M [E] YR FLER

No. Compounds Amount of added HAAs

50 ng/g 500 ng/g
TEI(%) FEERE EE(%)  IRERE

1. Monochloroacetic acid 82.4 2.5 85.3 2.1
2. Monobromoacetic acid 89.1 6.6 83.0 1.1
3. Dichloroacetic acid 86.8 2.1 84.1 3.0
4. Trichloroacetic acid 84.8 42 89.4 4.0
5. Bromochloroacetic acid 87.4 2.4 91.1 0.9
6. Bromodichloroacetic acid 87.3 3.6 80.5 2.8
7. Dibromoacetic acid 89.9 4.4 90.9 4.0
8. Chlorodibromoacetic acid - - 90.7 3.8
9. Tribromoacetic acid - - 89.6 10.5

*n=5
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Abstract

The application of liquid chromatography—nuclear magnetic resonance spectroscopy (LC-NMR) for the direct
identification of ethyldimethylpyrazine, a food flavouring agent, has been studied. The commercial product is a mixture
of two regio-isomers, 2-ethyl-3,5-dimethylpyrazine (1) and 2-ethyl-3,6-dimethylpyrazine (2); however, the exact
composition of the mixture is unknown. Structural characterization by LC~-MS and GC~-MS was not possible because
both regio-isomers yield the same molecular related ion and ion fragmentation. To rapidly identify the two regio-isomers,
the product was analyzed by LC-NMR with on-flow and fraction loop modes. From the results, the structure elucidations
of the two regio-isomers could be carried out without the need to isolate the isomers by the usual procedures.

Keywords: Food additive, dimethylethylpyrazine, flavouring agent, LC-MS, GC-MS, LC-NMR

Introduction

Recently, gas chromatography—mass spectrometry
(GC~MS) and liquid chromatography—-mass spec-
trometry (LLC—-MS) have been widely exploited, with
a massive growth of applications, particularly in food
safety, and especially in the identification and
quantification of bioactive constituents, food addi-
tives and contaminants. Despite these advances, MS
by itself does not always provide definitive structural
identification, and nuclear magnetic resonance
(NMR) spectroscopic data are often required.
NMR has played an important role in analytical
chemistry but conventional NMR spectroscopic
analysis has required time-consuming isolation and
purification steps. Recently, on-line liquid chroma-
tography-nuclear magnetic resonance (L.C-NMR)
has been developed and can provide structural
information that complements LC-MS and
GC-MS data, facilitating rapid analyses of mixtures
without the need for isolation. The applications of
LC-NMR to drug metabolism, natural products

identification and characterization of isomeric mix-
tures have been reviewed (Wolfender et al. 1998,
2001; Iwasa et al. 2003; Sohda et al. 2004; Waridel
et al. 2004).

Ethyldimethylpyrazine is a flavouring agent
permitted for use in foods since December 2004 in
Japan. The substance is used widely for adding the
flavour of roasted nuts to chocolate, cookies, etc.
(Goldman et al. 1967; Ohta et al. 1987; Buchi and
Galindo 1991; Burdock 1997). The commercial
flavouring agent product consists of two
regio-isomers, 2-ethyl-3,5-dimethylpyrazine (1) and
2-ethyl-3,6-dimethylpyrazine (2), as shown in
Figure 1. FAO/WHO Joint Expert Committee on
Food Additives (JECFA) had evaluated a mixture
of two isomers of ethyldimethylpyrazine. JECFA
concluded this flavouring agent was of “no safety
concern’ based on current intake, but safety
evaluation of each isomer was not carried out
(WHO Food Additives Series 48). The relative
amounts of 1 and 2 in the commercial product are
not specified, and the composition of the mixrure is

Correspondence: N, Sugimoto. E-mail: nsugimot@nihs.go.jp
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2-ethyl-3,5-dimethylpyrazine (1)

2-ethyl-3,6-dimethylpyrazine (2)

Figure 1. Structures of 2-ethyl-3,5-dimethylpyrazine (1) and 2-ethyl-3,6-dimethylpyrazine (2).
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Figure 2. Schematic of LC-INMR system. The LC system is connected to the NMR detection cell through a UV detector. On on-flow
mode, real-time sequence of 'H-NMR is acquired after the constituents are separated by the LC system. On fraction loop mode,
the separated constituents are collected into fraction storages with trigger of UV detection and then each constituent is moved to

NMR detection cell.

not easily determined because standards for the
two regio-isomers are not commercially available.
Therefore, to establish the quality control of this
flavouring agent, it is important to develop a
detection method without standards. In this paper,
we report the application of LC-INMR to the direct
identification of the two regio-isomers of ethyl-
dimethylpyrazine as part of studies to evaluate its
quality and safety as a food flavouring agent in Japan.

Materials and methods
Materials

A sample of commercial ethyldimethylpyrazine
product was obtained through the Japan Food
Additives Association. Acetonitrile (CH;CN) was
of HPLC grade and was used without further

purification. NMR solvents, deuterium oxide
(D;0) and acetonitorile~ds; (CDsCN) were
purchased from Isotec Inc. (Miamisburg, OH,

USA).

Instrumentation

The LC-MS system (Waters, Milford, MA, USA)
consisted of an Alliance 2695 HPLC, a 2996
photodiode array detector (PDA) and a ZQ single-
quadropole mass spectrometer (MS) equipped with

a Z-spray electrospray interface. The GC-MS
system (Shimadzu, Kyoto, Japan) consisted of a
GC-17A GC and QP-5050A MS. The LC-NMR
system consisted of a NANOSPACE SI-2 series
HPLC (Shiseido, Tokyo, Japan) equipped with
storage loops for fraction mode and a JNM-ECA
(500 MHz; JEOL, Tokyo, Japan) installed HX/FG
LC probe (JEOL). The diagrammatic illustration
of LC-NMR system is shown in Figure 2.

LC-MS and GC-MS analyses

Commercial ethyldimethylpyrazine product (1opul,
liquid) was dissolved in CH5CN (1.0 ml) and 1 pl of
the solution was then injected into the LC-MS and
GC-MS systems under the following conditions.
LC-MS conditions: column: TSK-gel ODS-
80TsQA (2.0mm I.D. x 250 mm) (Tosoh, Tokyo,
Japan); mobile phase: water/CH,CN (20:80, viv);
flow-rate: 0.1 mlmin~"; The on-line PDA detector
was monitored between 192 and 400 nm, and peak
detections were at UV 278nm. The electrospray
source ran at 3.0kV capillary voltage, 120 and
350°C source and desolvation temperatures, respec-
tively, and 350 and 501h ™! desolvation and cone gas
flow-rates, respectively. The cone voltage was 30V
for positive-ion detection. Full-scan acquisition
between m/s 50 and 300 was performed at a scan
speed of 0.1sscan™' with a 0.1-s inter-scan delay.
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GC-MS  conditions:  column: Inert  Cap
WAX (0.25mm 1D.x30m, 0.25um thickness
(GL Sciences, Tokyo, Japan)); column temperature:
50°C — 5°Cmin~! — 230°C (4min); inject tem-
perature: 250°C; carrier gas: He, 1.5ml min~’;
split ratio: 1:200; ionization voltage: 70eV; accel-
erator voltage: 1.0kV; scan range: m/z 50-300. Mass
spectra were referred to the NIST 147 database.

LC-NMR and NMR analyses

Commercial ethyldimethylpyrazine product (20 pl)
was dissolved in D,O/CHsCN (20:80, v/v) (1.0ml)
and 2pul of rhe solution was injected into the

LC-NMR system. LC-NMR was performed under

the following conditions: column: TSK-gel ODS-
80TsQA (2.0mm LD.x250mm) (Tosoh);
mobile phase: D,O/CH5;CN (20:80, v/v); flow-rate:
0.1 mimin~!; detection, UV 278nm. LC-NMR
spectra were recorded in the two-dimensional (2D)
on-flow and fraction loop modes using a HX/FG LC
probe with a flow cell of 60 1 active volume at 30°C.
Water suppression enhanced through T1 effect
(WET) solvent suppression (Smallcombe et al.
1995) and related sequences were used to suppress
the peaks of CH3CN, its '’C satellites and the
residual HOD in D,0O. In the 2D on-flow mode,
FID was collected with 4K data points, and eight
scans with 1s repletion time were accumulated;
other parameters were the defaults for conventional
NMR depending on JEOL. In fraction loop mode,
FIDs of the two regio-isomers were collected with
the conventional default parameters and over 200
scans were accumulated, respectively. Assignments
of proton and carbon signals were confirmed by
pulse-field gradient (PFG) heteronuclear multiple
quantum coherence (HMQC) and PFG hetero-
nuclear multiple bond connectivity (HMBC) experi-~
ments with WET (Smallcombe et al. 1995).

Results and discussion

LC-MS and GC-MS analyses of commercial
ethyldimethylpyrazine product

To estimate the relative amounts of the two regio-
isomers, 2-ethyl-3,5-dimethylpyrazine (1) and
2-ethyl-3,6-dimethylpyrazine (2), in the commercial
product, LC-MS and GC-MS were performed. The
LC profile of the commercial product with detection
at 278 nm is shown in Figure 3. The separation of
two regio-isomers was accomplished using isocratic
LC separation, and two peaks were observed at 31.9
and 33.8 min at 278 nm, which must be derived from
1 or 2, respectively. The PDA spectra of peaks A
and B, and the ESI-MS (positive mode) with the
molecular-related ion peak at m/z 137 [M+H]"

were almost identical (Figure 4). Fuwrthermore,
although in-source collision-induced decomposition
(CID) experiments were performed by varying the
sampling-cone voltage (AV'=30V), peaks A and B
showed that the same fragment ions at m/z 59, 83,
102 and 116 with very similar intensities. Thus, the
difference between peaks A and B was not observed
by PDA and ESI-MS spectra.

The GC-MS profile is shown in Figure 3. Two
peaks X and Y were observed at 10.6 and 11.0 min
from the total ion chromatogram. The area magni-
tudes of peaks X and Y were 43.4 and 56.6,
respectively, and was very close to the area ratio
of peaks B and A (B/A=45.0:55.0), which was
observed at 278 nm on L.C. Therefore, we presumed
that peaks X and Y on GC correspond to peak B and
A on LC, respectively. The EI-MS spectra of peaks
X and Y are shown in Figure 5. The EI-MS spectra
of peaks X and Y had no significant differences,
and the relative intensities of fragment ions at m/z
56, 107 of peak Y differed only slightly from the
corresponding fragment ions for peak X. Although
the spectra of peaks X and Y were referred to
the NIST 147 database, unambiguous identification
could not be provided. Therefore, it was concluded
that the structural determinations of the two
regio-isomers in the commercial ethyldimethyl-
pyrazine product by LC-MS and GC-MS was
impossible.

LC (UV 278 nm)
A
B
0 10 20 30 40 50
min
GC (TIC)
Y
X
5 10 15 20
min

Figure 3. LC and GC profiles of commercial ethyldimethyl-
pyrazine product. GC and LC conditions are described in the
experimental section.
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Figure 4, ESI-MS and PDA spectra of peaks A and B. (A-1) ESI-MS of peak A. (A-2) PDA of peak A. (B-1) ESI-MS of peak B.
(B-2) PDA of peak B.
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Figure 5. EI-MS spectra of peaks X and Y.

Deternunation of regio-isomers of
ethyldimethylpyrazine by LC-NMR

As a preliminary step, we obtained the 'H-NMR
spectrum  of the commercial product of
ethyldimethylpyrazine using conventional NMR

spectroscopy without separation, but it was difficult
to distinguish signals of two regio-isomers because
most signals overlapped except §8.36 and 8.38 ppm
signals on the pyrazine ring of each regio-isomer.
Also, the coupling constants (%) of most of signals
could not be read exactly. Thus, it was necessary for
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Table I. NMR data (5, ppm, D,O/CH;CN (20:80, v/v)) for peaks A (1) and B (2).

Peak A

Peak B

2-Ethyl-3,5-dimethylpyrazine (1)

2-Ethyl-3,6-dimethylpyrazine (2)

No. 'H ¢ HMBC H 3¢ HMBC
2 - 161.7 - - 162.0 -

3 - 155.0 - - 155.0 -

5 - 155.0 - 8.36 (1H, s) 141.9 C-3, C-6
6 , 8.38 (1H, s) 141.3 c-2 - 154.5 -
3-CH;- 2.68 (3H, s) 20.9 C-2,C-3 2.69 (3H, s) 20.9 C-2, C-3
6-CHj- - - - 2.63 (3h, 5) 20.9 C-5, C-6
5-CHjs- 2.62 (3H, s) 20.7 C-5, C-6 - - -
2-CHj;-CHo- 1.38 (3H, t, ¥=7.5Hz) 12.7 c-2 1.37 3H, t, ¥=7.5Hz) 13.1 c-2
2-CH;-CHo,- 2.98 (2H, q, ¥=7.5Hz) 27.8 C-2 2.97 (2H, q, ¥="7.5Hz) 27.9 C-2

3C chemical shifts were assigned indirectly by HMQC and HMBC.

conventional NMR. The resolution is also better

identification and structural determination of
two regio-isomers to carry out a separation.
However, general preparative separations,

which consist of isolation and purification steps,
are time-consuming and tedious. We concluded that
LC-NMR would be an ideal method for obtaining
NMR spectral information for individual isomers.

The mixture of two regio-isomers was first
analyzed by on-flow mode LC-NMR using LC
conditions identical to LC-MS. By on-flow mode,
NMR spectra of a mixture of two regio-isomers of
ethyldimethylpyrazine were displayed as a 2D matrix
showing NMR spectrum against retention time,
similar to an LC-PDA plot. Figure 6 shows the
2D data for the NMR region from §1 to 9 ppm.
So the individual spectra of regio-isomers could be
extracted from 1D slices along the x-axis, the stacked
plots were sliced from each retention time of peaks A
and B, and the coupling constants and chemical
shifts could be read. However, it was not possible to
determine each isomer structure from 1D slice data
because the resolution in the individual spectra was
lower than that of conventional NMR and the signals
were very similar, except the §8.36 and 8.38 ppm
signals on the pyrazine ring of each regio-isomer. On
on-flow mode, it is impossible to carry out 2D-NMR
data, such as HMQC and HMBC, which
provide more structural information, because these
2D-NMR experiments need more accumulation
time than '"H-NMR.

To determine the individual isomers exactly,
the mixture was analyzed by fraction loop mode
LC-NMR (Figure 2). Using fraction loop mode, the
fractions of the eluent flowing from LC system
were separated by a storage device that consisted of
fraction loops. Without interrupting the separation,
peaks could be trapped in the fraction loops.
The fractionated peaks were transferred into a
LC-NMR probe, respectively, and NMR spectra
of each peak could be carried out as with

than that of on-flow mode.

After peaks A and B were fractionated into
the loops using the same conditions for LC-MS,
the contents in the loops were transferred into a
LC-NMR probe. Accumulated times of 200 were
used to get unambiguous spectral data of 'H-NMR
and 2D HMQC and HMBC. The results were
two sets of spectra for peaks A and B (Table D).
'>*C-NMR data could not be observed directly on
LC-NMR because the amount of samples was
insufficient. This was a disadvantage against con-
ventional NMR but the >C-NMR data could be
indirectly attributed from correlations of 2D HMQC
and HMBC experiments. The observed HMBC
correlations are listed in Table I. The 'H-NMR
spectrum of the content of peak A exhibited five
proton signals at § 8.38 (1H, s), 2.68 (3H, s), 2.62
(3H, s), 1.38 (3H, t, ¥=7.5Hz) and 2.98 (2H, a,
J="17.5Hz), which were attributed to a proton on the
pyrazine ring, two methyl protons, and methyl and
ethylene protons on the ethyl group, respectively.
">C-NMR data was also attributed indirectly by
HMQC. A HMBC correlation was observed
between methyl protons on the ethyl group at
6 1.38 and quaternary carbon signal at §161.7,
suggesting the carbon signal was at C-2.
Furthermore, a proton on the pyrazine ring at
§8.38 was correlated to C-2 carbon. Based on
these result, the structure of the content of peak A
was determined as 2-ethyl-3,5-dimethylpyrazine (1).
On the other hand, as no correlation was observed
between a proton on the pyrazine ring at §8.36
(H-5) and quaternary carbon signal at § 162.0, the
structure of the content of peaks B was determined
as 2-ethyl-3,6-dimethylpyrazine (2). It took only 2
days to determine the structures of two regio-isomers
using LC-NMR, but it would take over | week using
general isolation and purification.





