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Abstract -~ The mass spectrometric behavior ¢f thirteen pyrazines under
PPINICI conditions was investigated using methane as reagent gas. Dif=~
ferences in the mass spectra were observed depending on analyte concentra-
tion. Structural informations can be obtained, but data are highly

influenced by experimental conditions.

Pyrazines have been detected in many living organisms and are important components of food
flavers, in particular coffee, chocolate, fried potatoes etc. In heated or roasted foods they
are formed by the complex reactions of amino acids and reducing sugar which are referred to as
"Maillard Reaction"l'z. Some recent reviews describe the literature data on all the pyrazines
isclated in foods, and, when they are known, the sensitivity thresholds for taste or
sme113’4'5, that sometimes are extraordinarily low.

Therefore mass spectrometry has an increasing importance in the detection and characterization
of these compounds. The EI mass spectrometric behavier of naturally occurring pyrazines were
reviewed by Brophy and Cavill6 and Porter7. The fragmentation patterns depend on the substi-
tuents present and only 1in part arise from ring fragmentation. In the case of long alkyl
substituents, the molecular ion is absent, therefore an alternative method for the detection of
the molecular weight can be very important. Daishima and Iida8 have measured the methane and
isobutane chemical 1ionization (CI) mass spectra of some nitrogen containing heteroaromatic

compounds among which pyrazine and methylpyrazine. On the contrary as far as we know, a study on
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Table 1 - Analysis of pyrazines by methane chemical ionization mass spectrometry

Number  Pyrazine Mol. Weight Scl.A Sol.B
(mg i) (mg m1™h)
1 unsubstituted 80 0.245 2,450
2 methyl 9y 0.103 1.030
3 2,5-dimethyl 108 0.105 1.0kg
L 2,6-dimethyl 108 0.1b7 1.473
5 ethyl 108 0.136 1.357
& 2,3-dimethyl 108 0.184 1.835
7 trimethyl 122 .11k 1.137
8 2-methoxy-3-(1l-methylethyl) 152 0.123 1.231
9 tetramethyl 136 0.195 1.946
10 2-methoxy-3-{ L-methy lpropyl) 166 0.25h 2.535
11 2-methoxy—3-(2-methylpropyl) 166 0.11% 1.136
12 acetyl 122 0.129 1.289
13 quinoxaline 130 0.183 1.825
a. Retention Time.
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Figure 1. Methane chemical icnization positive and negative ion chromatogram of solution A
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di- and trisubstituted pyrazines has not yet been reported even if these last compounds are the
most important in foods and living crganisms. We have used an acid reagent system as methane
because of the high proton affinity of pyrazine (PA = 207.3 kcal/moleg) and have performed
pulsed positive ion/negative ion experiments (ppinici) because the high electron deficiency of
these compounds (pyrazine electron affinity EA = 0.4 eV 10} suggested that negative ions could
be formed in large amount.

As pyrazines are in general found in very complex mixtures, they were introduced by capillary

GC.

EXPERIMENTAL

The pyrazines studied (Table 1) were purchased from Aldrich, their purity was higher 99% except
in the case of 2-methoxy-3-(2-methylpropyl)pyrazine which contained 15% of an impurity
1dentified as 2-methoxy-3-butylpyrazine.

RKelative retention times {RRT) and response factors (RF) were calculated taking quinoxaline as
internal standard. Soluticns containing about 0.1 mg ml—1 {solution A} and 1 mg ml_l (solution
B} of each compound (Table 1) in dichloromethane (analytical grade, Merck) were analyzed using a
Finnigan-Mat 4021 GC/MS equipped with a PPINICI unit and a Super INCOS DATA SYSTEM. A Supelcowax
10 (Supelco) wide-bore bonded phase 30 m x 0.75 mm i.d. capillary column with a 1 m thick film
was used. Details about injector modifications and MS connections have been already reportedll.
Methane {99.995%, SIO-ALPHAGAZ) was introduced as make up gas.

GC conditions: carrier gas He 3 ml min_1 {linear rate 27.3 c¢m Esec:“1 at 70°): 1injector 250° C;
oven program 70° C for 4 min., 5° C miﬂm1 to 180° €, 1so 180° C; interface 250° C; splitless
injection mode.

MS conditions: ionizer temperature 150° C; electron energy 140 eV; conversion dynode voltage +/-
3.0 KV; electron multiplier voltage 1800 V; preamplifier sensitivity 10-7 A/V; M5 manifold
temperature 70° C. The reagent gas pressure was 0.33 torr and was measured using the 1onizer
Pirani head. Spectra were alternately acquired at 0.55 seconds per scan in positive and negative
ion mode from 5 to 650 u (total scan time 0.986 s, total acquisition time 0.978 s and centroid

sampling interval 0.200 ms).

RESULTS AND DISCUSSION

Methane Chemacal Ionization Positive Ions.

-1
The positive ion chromatogram of solution A containing about 0.1 mg ml of each compound
obtained using methane as ionizing gas 1s shown in Figure 1. Table 2 cecllects the positive mass
spectra of the pyrazines studied. Unsubstituted pyrazine and alkylsubstituted pyrazines

+ S+ +
gshow (M+H) as 100% of the relative abundance and the adduct ions {M+CzH5) and (M+CSH5)
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Table 2 - Methane chemical ionization mass spectra of pyrazines at a concentration of about

-1 X
0.1 mg ml (solution A): positive ions and relative intensities in parentheses

. +r
Pyrazine M M+ T (n+c2115)+ (M+C3H5)+ (i-1)% (M-ECN) "' Other
1 - 81(100} 109(10.2) 121(3.8) - 53(1.3) -
2 - 95(100) 123(12.5) 135(4.04) - 67(1.0) -
3 108(10.3) 109(100) 137(14.1) 149(5.9) 107(2.3) 81(0.8) -
4 108(6.7) 109(100) 137(16.1) 149(5.3) 107(1.6) - -
5 108(5.5) 109(100) 137(15.9) 149(4.5) 107(3.2) - -
6 108(4.5) 109(100) 137(15.4) 149(5.3) 107(l.6) - 67 (M-CH,_CN) (2.1)
7 122(10.0) 123(100) 151(16.0) 163(5.7) 121(3.9) - -3
8 152(6.3) 153(100) 181(15.38) 193(¢4.7) 151(7.7) - 137 (M-15) (6) 3

124(M-28)(1.2)

g 136(11.1) 137(100) 165(13.3) 177(4.79) 135(9.3) -

10 - 167(100) 195(14.1) 207(4.5) 165(11.2) - 151(M-15, 7.5);
138(M-28, 5.0);
124(M-42, 4.1)

11 - 167(100) 195(14.1) 207(5.0) 165(11.5) - 151{M-15, 9.2);
124(M-42, 9.5)

12 122(1.38) 123(100) 151(5.7) 163(4.7) 121(0.7) - 57(25.8); 55(28.4)

13 130(9.2) 131(100) 159(19.0) 171(5.44) - 103(1.1) -

having about 10-16% and 4-6% respectively of relative abundance. The introduction of two methyl
groups allows the production of a low intensity ion (M—H)+ obtained by hydride abstraction
from the methyl substituent. This behavior is well known for aromatic compoundaz. This ion is
particularly intense in tetramethylpyrazines (9) while it is absent in methylpyrazine (2).
2,5-Dimethyl-pyrazine, 2,6-dimethyl-pyrazine, 2,3-dimethyl-pyrazine, and ethylpyrazine spectra
are very similar. 2,5-Dimethylpyrazine is characté;lzed by a highly intense M+‘and small or
totally absent (M-HCN)+uion. The three methoxypyrazines considered have the following features:
low or lacking molecular ion, intense (M—H)+, presence cf a (M—15}+ ion and scme fragmentation
by losing of 28 or 42 fragments. These ions ceming from MacLafferty rearrangements are not
present in alkylbenzenes, but have been already reported in methane CI spectra of
2-propylpyridine and 3-penty1pyridinea.

Acetylpyrazine has two intense pesks at mass 57 and 55. Quinoxaline presents a low intensity
(M-HCN) * peak.

A ten times increase in pyrazine concentration has a dramatic effect on their mass spectra. The
results of the analysis of solution B (concentration about 1 mg ml_l} are reported in Table 3.
The spectra are characterized by the complete lacking of ion (M+H)+ and by the appearance of the

intense ions ¥ and {M+2H)+:
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1-Z2 mg rul—1 goluticns, and have not observed these concentration effects. They have used a
similar source and analyzer, however, they have introduced the pyrazines by a packed PEG-G000
(5%, 0.5m x 2 mm id) column. We think that, owing toc the much higher efficiency, with capillary
columns, temporary concentration of pyrazines in the ion source is higher and therefore
undesired interactions can become very important.

In all the pyrazines studied is present an intense ion (M+2H)+~due to reductien in the ion
source, In fact the 1,4-dihydropyrazine radical-cation is a paramagnetic 7 W -electron
intermediate which exhibits exceptional stability also in solutionls. In quinoxaline, owing to
the presence of the condensed aromatic raing, iocn (M+2H)+.becomes the base peak of the spectrum.
As expected reduction becomes competitive at high concentration only and was not cbserved during
the analysis of solution A.

Methane Chemical Iconization - Negative Ions.

The negative 1on chromatogram of soluticn B is shown in Figure 1, the negative ion spectra are
reported 1n Table 4, Solutions A and B gave similar results, except small differences 1n
relative intesities of some ions. A large amount of negative ions are pbtained only with
acetylpyrazine and gquinoxaline. In these cases the base peak 18 (M+1) accompanied by a medium
intense (M+15) .

The other pyrazine peak areas are 35-70 times smaller and their spectra are characterized by a

Table 4 — Methane chemical ionization mass spectra of pyrazines at a concentration of about

1 mg ml_l {solution B): negative ions and relative intensities in parentheses

Pyrazine (M-1)" M~ (M+1)” Other peaks

1 79 (100} - 81(64.1) 95({3.4, M+15); 158(2M-H, 30.1)

2 93 (100} 94(5.6) 95(5.6) 108(16.8, M+14)

3 107 (160) 108(8.7) 109(7.6) -

4 107 (100) 108(7.9) 109(7.0) 122(27.7, M+14)

5 107 (100) 108(8.9) 109¢{14.1) -

& 107 (100) 108(7.4) 109(4.5) 122(29.0, M+14); 93(1.6, M-15)

7 121{100) 122(10.9) 123(4.1) 136(14.1, M+14)

8 151(90.8) 152(8.0) 153(15.3) 137 (100, M-15); 122(4.1, M-30);
121(10.9, M-31)

9 135(100) 136(9.4) 137(2.0) 150(10.3, M+14)

10 165{70.2) 166(5.3) 167(21.7) 151(100, M-15); 136(22.9, M-30);
135(17.2, M-31)

11 165 (100) 166(6.9) 167(8.4) 151(29.7, M-15); 136(1.4, M-30);
135(7.7, M-31)

12 - - 123(100) 124(6.3, M+2); 137(10.7, M+15);
81(2.2, M-42)

13 - - 131(100) 132(6.1, M#2); 145(14.1, M+15)
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(M-1)" base peak coming from hydrogen abstraction and a (M+1) ion, which is very intense only
in the case of unsubstituted pyrazine and medium 1intense in the presence of long alkyl
substituents owing to the possibility of giving cyclic ions. The two 2-methoxy-3-(l-methylal-
kyl)pyrazines 8 and 10 have on (M-15) as base peak and show ions {M-30)" and {M-31) . These
ions are formed alsc with 2-methoxy-3-(2-methylpropyl)pyrazine, but ion (M-1)" is the base peak
while methyl loss 15 less favorable.

In conclusion in these ceonditions electron capture negative ion production is not a favourite
process, probably due to the high analyte concentration. Sc the ion meolecule reaction are very

important in respect to low energy processes necessary for an efficient electron capture.

CONCLUSION

We have investigated the methane chemical ionization mass spectrometry of thirteen pyrazine in
ppinici conditions.

Positive 1ons give a higher sensivity and the molecular weight can be easily established by the
(M+H)+ ion. However at concentrations of 1 mg ml_l intense M+'and (M+2)+: due to reduction, are
formed, and this can be a problem both for gualitative and quantitative analysis.

Negative ions are particulary intense in the case of acetylpyrazine and quinoxaline and
therefore they can be used, for a selective detection of these two compounds in complex
mixtures.

Ppinici ion source conditions must be carefully determined in order to enhance electron capture

processes and the optimized concentration of reagent gas and analyte are not the same for

positive and negative 1on detection.
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