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Figure G4. Reported intermediates of Gardenia blue
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Table 1 HFRFEE MmDOERE

HERRE™ [pg/ A/B]

%A% et
kel | xem | omon
isopropyl alcohol 173.3 441 10968| 85510
isobutanol 24.0 6 290 530
2,3,5,6-tetramethylpyrazine 16.7 4 19 8
2,3,b-trimethylpyrazine 14.9 4 46 120
propyl alcohol 12.7 3 549 360
isoamyl alcohol 5.6 1 2194 1581
amyl alcohol 1.3 0.3 34 83
3,5(6)-dimethyl-2-ethylpyrazine 0.6 0.2 9 44

MKECKOBEREIIRMEEEEESOEBMRHER L-E
(http:/iwww.fsc.go jp/hyouka/hy_tenkabutu.html)
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Table P1. NMR data (8, ppm, D,0:CH,CN=20:80) of peak A and B.

Peak A Peak B

No. 2-ethyl-3,5-dimethylpyrazine (1) 2-ethyl-3,6-dimethylpyrazine (2)

'H BC HMBC 'H e HMBC
2 - 161.7 - 162.0
3 - 155.0 - 155.0
5 - 155.0 8.36 (1H, 5) 1419  C-3,C6
6 8.38 (1H, s) 1413 C2 - 154.5
3-CHy- 2.68 (3H, s) 209 C2,C3 2.69 (3H, 5) 209 C2,C3
6-CHy - - 2.63 (3H, 5) 209  C-5,C6
5-CHr 2.62 (3H, s) 207 CS5,C6 - -
2-CH;CH» 138 3H,t,J=7.5Hz) 127  C2 1.37 (3H, t, ] = 7.5 Hz) 131 C2
2-CH,CH.,- 2.98 ?H,q,J=7.5Hz) 278 C2 2.97 (2H, g,1 = 7.5 Hz) 279  C2

a) °C chemical shifts were assigned indirectly by HMQC and HMBC.



Table P2. Composition rate of 2-ethyl-3,5-dimethylpyrazine (1) and 2-ethyl-
3,6-dimethylpyrazine (2) derived from GC-MS, LC-PDA-MS and NMR

detection 1 (%) 2 (%)
GC/MS TIC 56.6 43.4
PDA-LC/MS Uv 278 nm 55.0 45.0

NMR 5 8.38 and 8.36 ppm 56.5 43.5
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Application of liquid chromatography-nuclear magnetic resonance
spectroscopy for the identification of ethyldimethylpyrazine, a food

flavouring agent
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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 jon 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 (LC~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 (LC-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 mixture is
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