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Gas chromatographic and/or spectral data are re- 
ported for some constituents of the "aroma complex" 

of roasted coffee and for a number of pyrazine deriva- 
tives with interesting organoleptic properties. 

n previous publications we have described the isolation 
of an aroma complex from roasted coffee and have re- I ported the identification of many of its constituents 

(Bondarovich et al., 1967; Gianturco, 1967; Gianturco and 
Friedel, 1963; Gianturco et al., 1966, 1963, 1964a,b). In 
the meantime, a contribution on the same subject has been 
published by another team (Stoffelsma et al., 1968). We 
have also described an approach to the computer aided cor- 
relation between certain analytical properties of coffees and 
the expert organoleptic evaluation of the products (Biggers 
et al., 1969). 

Corporate Research Department, The Coca-Cola Company, 
Atlanta, Ga. 30301 

In continuation of this two-pronged attack to the problem 
of understanding the nature of coffee flavor, we now wish to 
report the identification of some additional constituents of 
the aroma complex of coffee not previously reported from 
other laboratories. These are listed in Table I, together 
with their retention times on two columns of different polari- 
ties. Also listed in Table I are some compounds recently 
reported as present in coffee by other investigators, and the 
presence of which in the product has been confirmed in the 
present study, as well as a number of ethyl esters used as gas 
chromatographic markers. 

We have previously pointed out (Bondarovich et al., 1967) 
that simple alkylpyrazines seem to play an important role in 
the aroma complex of roasted or otherwise cooked foodstuffs. 

Table I. Gas Chromatographic Data of Some Constituents of the Aroma Complex of Roasted Coffeea 
SE 30b 20Mc 

Compound Formula (min) (min) Compound Formula (min) (min) 

S E 3 0 b  20Mc 
Molecular RT RT Molecular RT RT 

n-Butyraldoxime CaHgNO 8 .8  36.9 2-Isobutyl-3-methoxypyrazine CgHiaN20 28.6 40.9 

2-Acetyltetrahydrofuran C6H1002 14.2 39.9 242 '-Fury])-pyrazine CgH6N20 33.4 61.0 
Cyclohex-2-en-1-one CF"O 13.3 37.7 2,5-Dimethyl-3-isobutylpyrazine CIOHIBNZ 29.9 40.8 

2,5-Dimethyl-2H-furan-3-one C6H802 15.7 41.0 
Benzaldehyde" C7H60 SE 30b 20Mc 

RT 
17.1 41.0 

Myrcene" ClOH16 18.6 23.4 
2,3-Dimethylcyclopent-2-en-l-one C7H100 21.2 43.2 
2,6-Dimethyl-3-ethylpyrazinea C8HizNz 23.4 38.0 Ethyl propionate 5 .3  13.0 
Tetramethylpyrazine" C8HizNg 23.5 38.5 Ethyl butyrate 8 . 7  17.0 

2,5-Diethylpyrazinea CsHizNz 23.9 38.7 Ethyl hexanoate 18.3 27.0 
2-Methyl-5-n-propylpyrazine CsHinNz 24.0 39.6 Ethyl heptanoate 23.7 31.8 
trans-Linalool oxide",d CioHisO~ 24.3 38.9 Ethyl octanoate 28.9 36.5 
Linalool" CioHi80 24.4 40.7 Ethyl nonanoate 33.7 40.9 
2-Ethyl-6-vinylp yrazine CgHioN2 24.5 42.2 Ethyl decanoate 38.5 45.1 
2-Ethyl-3,5,6-trimethylpyrazinea C9H14N2 27.4 40.4 Ethyl undecanoate 43.0 49.0 
2,5-Diethyl-3-methylpyrazine CnHi4N2 27.7 41.7 Ethyl laurate 47.5 52.8 
2-Ethyl-6-n-propylpyrazine CnHi4N2 27.9 40.4 Ethyl myristate 55.5 62.5 

W, flow rate of 65 ml He per minute, programmed 75"  to 220" C at 2.1" C per mm. 
Diatoport S, flow rate of 65 ml He per min, programmed 75" to 220" C at 2.1" C per min. 
tetrahydrofuran. 

RT 
Markers (min) (min) 

2,3-Dimethyl-5-ethylpyrazine CsHlzNp 23.7 38.8 Ethyl valerate 13.2 22.0 

a Compounds marked with an asterisk have been previously reported. b 8 f t  X 0.25 in., 25 % silicone rubber (SE 30) on 601100 mesh Chromosorb 
C 13 f t  X 0.25 in., 25% Carbowax 20M on 60180 mesh 

~tmns-2-Methyl-2-vinyl-5-(l-hydroxy-l-methy~eth~~)- 

Table 11. Infrared and Mass Spectral Data of Synthesized Compounds 
Compound Ir Mass Spectrum, m/e Compound Ir Mass Spectrum, mje 

n-Butyraldoxime 3.37, 3.03, 10.70, 41(100%), 59(49 %), 2,5-Dimethyl-2H- 5.84, 6.22, 7.20, 40(100Z), 68(90%), 
3.21, 6.82, 6.96, 29(32%), 27(24%), furan-3-one 10.56, 7.41, 8.68, 112(69%), 43(37%), 
10.47 p 42(17%), 72(14Z), 9.72 p 39(35%, 45(12Z), 

8.91, 3.40, 8.24, 39(27Z), 40(18%), 8.59, 7.63, 6.27, 105(94%), 51(45%), 
6.97 p 2 7 ~ 0 2 ) ~  42(9z), 3.56 p 50(24%',), 78(1773, 

2-Acetyltetrahydro- 9.30, 5.81, 7.38, 43(100%), 71(98%), Myrcene 11.18, 3.42, 11.04, 41(100%), 93(98%), 
furan 3.37, 10.83, 7.05, 41(49%), 27(24%), 6.27, 10.09, 7.25, 69(84 %), 39(34 %I, 

8.06 p 42(16%), 39(16%), 6.89 p 27(21 %), 53(18%;), 

39(14%) 41(1 1 %) 
Cyclohex-Zen-1-one 5.93, 7.18, 11.42, 68(100Z), 96(34%), Benzaldehyde 5.86, 8.33, 12.08, 106(100%), 77(98Z), 

41(8 %) 52(11%) 

45(9 %) 79(1573 
(Continued on next page) 
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Compound 
2,3-Dimethylcyclo- 

pent-2-en- 1 -one 

2,6-Dimethyl-3-ethyl- 
p yrazine 

Tetramethylpyrazine 

2,3-Dimethyl-5-ethyl- 
p yrazine 

2,5-Diethylpyrazine 

2-Methyl-5-n-propyl- 
pyrazine 

trans-Linalool oxide 

Linalool 

2-Ethyl-6-vinyl- 
p yrazine 

2-Ethyl- 3,5,6-tri- 
methylpyrazine 

2,5-Diethyl-3-methyl- 
p yrazine 

2-Ethyl-&-propyl- 
pyrazine 

2-Isobutyl-3-meth- 
oxyp yrazine 

2,5-Dimethyl-3-iso- 
but ylpyrazine 

24  2 ’-Fury1)-pyrazine 

2,3-Diethylpyrazine 

2-Methyl-3-isopro- 
pylpyrazine 

2-n-Butyl-3-methyl- 
p yrazine 

Ir 
5.85, 6.02, 7.21, 
7.53, 9.40, 6.93, 
7.69 p 

6.80, 7.17, 3.37, 
8.52, 7.33, 9.78, 
7.83 p 

7.06, 6.91, 10.08, 
8.17, 3.42, 8.46, 
8.32 p 

7.18, 6.82, 3.37, 
8.54, 8.61, 7.08, 
7.34 p 

3.37, 6.71, 9.67, 
8.62, 11.07, 7.29, 
6.83 p 

6.73, 9.68, 3.38, 
7.23, 8.62, 6.86, 
7.50 p 

3.39, 9.51, 10.86, 
7.32, 10.10, 9.72, 
7.24 p 

10.84, 3.42, 7.26, 
10.04, 6.87, 9.03, 
7.08 p 

7.02, 8.52, 8.61, 
9.87, 11.29, 10.13, 
10.67 p 

7.04, 6.89, 3.37, 
8.48, 8.28, 7.35, 
10.47 p 

7.15, 6.81, 3.37, 
8.53, 7.29, 8.80, 
9.63 p 

3.38, 7.05, 9.87, 
8.61, 6.52, 6.83, 
3.28 p 

7.19, 8.57, 6.91, 
7.67, 6.84, 3.38, 
9.86 p 

6.88, 3.39, 7.28, 
8.54, 8.62, 9.29, 
7.74 p 

8.72, 9.84, 9.13, 
9.91, 10.98, 6.23, 
7.16 1.1 

7.07, 3.36, 11.71, 
6.82, 8.59, 9.67, 
3.28 p 

7.11, 9.09, 3.38, 
9.00, 8.58, 11.74, 
6.81 p 

7.10, 3.38, 8.55, 
6.82, 6.96, 11.77, 
7.24 I( 

(Continued) 

Compound 
2,5-Dimethyl-3-n- 

propylpyrazine 

2,6-Dimethyl-3-n- 
propylp yrazine 

2-(2’-Furyl)-3- 
meth ylpyrazine 

242 ’-Furyl)-5- 
meth ylp yrazine 
and 2-(2’-furyl)-6- 
methylpyrazine, 
unseparated 
mixture 

2-Methyl-3-(2’- 
thieny1)-pyrazine 

2-n-Amyl-3-methyl- 
pyrazine 

2-Isoamyl-3-methyl- 
p yrazine 

2-n-Amyl-5-methyl- 
pyrazine 

2-(2’-Methylbutyl)-3- 
methylpyrazine 

3-Isoamyl-2,5-di- 
meth ylp yrazine 

2-Methyl-3-methoxy- 
p yrazine 

2-n-Propyl-3-meth- 
oxypyrazine 

2-n-Butyl-3-methoxy- 
p yrazine 

2-n-Amyl-3-methoxy- 
p yrazine 

2-Isoamyl-3-meth- 
oxypyrazine 

2-Methyl-3-ethoxy- 
pyrazine 

2-Methyl-3-methyl- 
thiopyrazine 

2-Methyl-3-ethylthio- 
pyrazine 

Ir 
6.87, 3.38, 7.26, 
8.54, 8.61, 8.72, 
9.38 p 

6.83, 3.37, 7.19, 
8.51, 7.33, 10.36, 
9.77 p 

7.18, 8.43, 9.89, 
6.70, 10.92, 8.72, 
9.12 p 

6.66, 8.65, 8.52, 
7.58, 9.73, 9.84, 
7.12 f i  

7.17, 6.96, 6.87, 
6.53, 12.03, 8.02, 
8.48 p 

7.08, 3.40, 6.83, 
8.54, 6.95, 3.27, 
7.22 p 

7.09, 3.40, 8.54, 
6.81, 7.20, 6.95, 
7.29 p 

6.73, 3.41, 9.66, 
7.23, 6.82, 7.47, 
8.63 p 

7.10, 3.38, 6.84, 
8.56, 7.23, 6.96, 
3.28 p 

3.39, 6.88, 7.26, 
7.19, 8.53, 9.24, 
8.71 p 

7.17, 8.55, 6.88, 
6.84, 8.37, 9.84, 
7.62 p 

7.16, 8.58, 6.89, 
6.84, 9.85, 3.38, 
11.88 p 

7.17, 6.90, 6.85, 
8.57, 3.39, 9.86, 
8.42 p 

7.18, 6.91, 6.86, 
3.40, 8.57, 9.86, 
8.43 p 

7.17, 6.90, 6.85, 
3.39, 8.57, 8.43, 
9.86 p 

8.55, 7.02, 7.22, 
8.39, 7.41, 9.67, 
7.61 p 

9.15, 7.37, 7.26, 
9.07, 8.53, 9.40, 
11.88 p 

9.15, 7.40, 7.26, 
8.53, 9.40, 11.87, 
10.26 p 

Mass Spectrum, mJe 
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More recently, 2-isobutyl-3-methoxypyrazine, one of the 
compounds listed in Table I, has been identified in bell 
peppers (Buttery et al., 1969a,b), galbanum oil (Bramwell 
et al., 1969) and green peas (Murray et al., 1970), and the 
odor thresholds of this compound and of some of its homologs 
have been found to  be among the lowest known (Seifert et al., 
1970). These facts and the possible mode of formation of 
these substances from compounds that are widely distributed 
in plant tissues (Murray et al., 1970) suggest that  oxygen 
containing pyrazines may be among the organoleptically 
important and still undetected constituents of a variety of 
natural products. In fact, the organoleptic significance of 
alkyloxy (and alkylthio) pyrazines has been suggested in the 
patent literature prior to  the appearance of any reports of 
their occurrence in nature or in cooked foodstuffs (Firmenich 
& Co., 1965,1967). 

In view of the above, and to  facilitate the work of other 
flavor investigators, we list in Table I1 the seven strongest 
infrared bands and the seven strongest peaks in the mass 
spectra of the compounds of Table I, as well as those of a 
number of other pyrazinic compounds synthesized in our 
laboratory. The complete spectra are available to  those who 
may be interested. The mass spectra were measured on  a 
CEC 21-110-B spectrometer (ionizing voltage 70 eV; oven 
temperature 150 to  165’ C; source temperature 150 to 190” 
C; 100 PA). Those of the above compounds which were 
not commercially available were synthesized by procedures 
described in the literature or by obvious modifications thereof. 
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