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Acetic acid, N-butylacetamide, N-butyl-2-formyl-5-(hydroxymethyl)pyrrole, and N-butylformamide were 
formed as major compounds in a butylamine and 3-deoxyglucosone (3DG) reaction system under physiological 
conditions of 50'C at pH 7.4. N-Butylformamide is postulated to be formed by the cleavage of the C-C bond in 
a-dicarbonyl groups with the addition of amino compounds. Carbon at the 6 position in 3DG is speculated to be 

principally converted into methyl carbons of N-butylacetamide and acetic acid during the Maillard reaction. 
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In an advanced stage of the Maillard reaction of proteins, 

the intermediate dicarbonyls result in damage to proteins in 

biological systems as well as foods. Our group (Kato et al, 

1987a, b) revealed that 3-deoxyglucosone (3DG) Iiberated 
through the degradation of e-deoxyfructosyllysine residues, 

attacks reactive amino acids such as arginine, Iysine and 
tryptophan in secondary reactions to crosslink proteins in the 

solid state at 50'C and 75% relative humidity and under 
physiological conditions. 

In this study, we identified volatile compounds formed 
between 3DG and butylamine as a model of the reaction of 
lysine residues under physiological conditions. 

Materials and Methods 
3DG was synthesized according to the method previously 

described (Kato et al, 1990). Five hundred millimoles of 
n-butylamine adjusted to pH 7.4 with phosphoric acid and 
0.25 M Of 3DG were incubated in 0.2 M SOdium phosphate 
buffer at pH 7.4 and 50'C up to I week. Two hundred fifty 
millimoles of 3DG or 0.25 M D-glucose was also incubated in 

the same buffer for I week. These reaction mixtures with an 
added I ml of an ether solution of n-tridecane ( I mg/4 ml) 

were thoroughly extracted with diethyl ether after saturation 

with sodium chloride. The ether extracts were concentrated at 

36-38'C under atmospheric pressure. The reaction products 
in each resulting concentrate were analyzed and measured by 

gas chromatography (GC) and gas chromatography-mass 
spectrometry (GC-MS). 

Each ether-soluble fraction was analyzed with a Shimadzu 

Model 7A Gas Chromatograph equipped with a fiame 
ionization detector (FID). A chemically bonded fused silica 

capillary column (50 mx0.25 mm i,d.) coated with PEG-20M 

was used. The column oven temperature was programmed 
from 50 to 190'C at a rate of 4'C/min. The injection port and 

detector temperature were kept at 200'C. Nitrogen was used as 
the carrier gas at a fiow rate of I ml/min with a split ratio of 

l : 50. Measurement of the gas chromatographic peak area 

was performed with Shimadzu Chromatopac C-R6A inte-
grator connected to the gas chromatograph. GC-MS spectra 
were recorded with a JEOL Automass-50 Mass Spectrometer. 
The ionization voltage was 70 eV. Helium was used as the 
carrier gas. The other GC conditions were the same as 
described above. 

Results and Discussion 
The gas chromatogram of ether extracts obtained from 

reaction mixtures of 3DG with butylamine at pH 7.4 for 1 
week shows 6 major peaks and 2 minor peaks except for 
tridecane used as an internal standard and butylated hydroxy 

toluene as a contaminant originating from the ether used as 
the solvent. Table I shows the relative amount of each peak 

detected on GC of ether extracts obtained from reaction 
mixtures of 3DG with butylamine, 3DG, and glucose in 
phosphate buffer at pH 7.4. No volatile compounds were 
detected in ether extracts on incubation of glucose alone. 

However, acetic acid was forrned as the only detectable 
compound from incubation system of 3DG alone. In the 
3DG-butylamine reaction system, acetic acid, 5-methyl-2-
furfuryl alcohol, N-butylacetarnide, and N-butyl-2-formyl-5-

(hydroxymethyl)pyrrole (named butyl-pyrraline) increased 
markedly with the reaction time. On the other hand, the 
amount of N-butylformamide appears to be maximum at 3 
days. 

Our reaction system at 50'C is considered to simulate the 

reaction under physiological conditions, because the 
difference in the reaction between 37'C and 50'C was only 
that of the reaction rate (Hayase et at, 1995). 

N-Butylacetamide, N-butylformamide, and butyl-
pyrraline were also identified in butylamine-glucose reaction 

system (Hayase & Kato, 1985), suggesting that 3DG is an 
important intermediate of these products. Lysyl-pyrraline has 

been reported to increase in samples in vivo with diabetes and 

aging (Hayase et al, 1989; Miyata & Monnier, 1992). We 
found that N-butylacetamide and N-butylformamide were 
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Table 1. 
at pH 7.4 and 50'C. 
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The relatlve amounta) of volatlle components formed by the reaction of 3-deoxyglucosone (3DG) with and without butylamine, and glucose (Glc) alone 

Reaction system (reaction timeb)) 
Peak 
No. 

R.T. 
(min) 

Compounds G Ic 

(7) 
3DG 

(7) (1) 

3DG-butylamine 
(3) (7) 

I 

2 

3 

4 

5 

6 

7 

8 

l 8.7 

2 1 .7 

24.8 

27.7 

30.6 
3 1 .5 

37. l 

7 1 .3 

Acetic acid 

Unknown 
Butanolc acid 
5-Methyl-2-furfuryl alcohol 

N -Butylacetamide 

N-Butylforrnamide 
1 -Butyl-2,5-pyrrolidinedione 

l -Butyl-2-formyl-5-

(hydroxymethyl)-p yrrole 

_c) 0.27 

O.O l 

O. 1 5 

l.12 

0.07 
td) 

O. 1 5 

l .37 

5.58 

l .66 

0.07 

0,04 
O, 1 5 

0,87 

7.93 

a) The relative amount of each component is expressed as the peak area taking the values for the internal standard (C13H28: 

b) Reaction time: day. 

c) _. not detected. 

d) t: trace amount. 
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Proposed schemes for the formation of N-butylacetamlde and acetic acid by the reaction of 3-deoxyglucosone with butylamine. 
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formed as major components from diacetyl-butylamine and 
glyoxal-butylamine reaction systems, respectively (Hayase et 

al, 1985). These observations suggest that N-butylformamide 

identified in the present study would be formed by the 
cleavage of the C-C bond in a-dicarbonyl groups with the 

addition of amino compounds to an aldehyde group. 
Surprisingly, N-butylacetamide and acetic acid were form-

ed from the butylamine-3DG reaction system under physio-
logical conditions. Tressl et al ( 1994) suggested a reaction 

pathway in which carbon at the 6 position in 3DG may be 

converted into methyl carbon by the Maillard reaction (Fig. 

l ). Therefore, the acetamide and acetic acid are demonstrated 

to be formed through the reaction route as shown in Fig. I by 

the reaction between butylamine and 3DG. Sorne acetic acid 

would be formed from 3DG without amino compounds, 
suggesting the formation of an acetyl group by retro aldol 

scission of 3DG. Indeed, alkylpyrazine has been reported to 

be fonTled from 3DG-asparagine reaction system (Weenen & 
Tjan, 1992). We would be able to verify these speculations 

using 1-13C-3DG and 6-13C-3DG. Studies on the physiologi-
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cal properties of such amides will be necessary to address the 

question of whether amides play a role in the pathology of 

diabetes and aging. 
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