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5-Hydroxy-2-methyl-4-( alkylamino)-2H-pyran-S(6H)-one: A New 
Sugar-Derived Aminoreductone 
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80333 Munchen, Germany 

2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one (3) is one of the main products obtained from 
glucose under the conditions of the Maillard reaction. Heating of 3 in the presence of primary 
amines leads to the formation of 5-hydroxy-2-methyl-4-(alkylamino)-W-pyran-3(6H)-one (1 1). These 
new aminoreductones can also be isolated from glucose/amine reaction mixtures. 
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INTRODUCTION 
In spite of numerous investigations, the great com- 

plexity of Maillard reaction products is still a challenge 
for food chemists working in this field. It is well 
established that in addition to several other compounds 
reductones and aminoreductones are formed, but only 
a few substances of this type have been isolated and 
identified so far. Carbohydrate degradation products 
with reducing properties can stabilize foods, and they 
may prevent oxidative deterioration. Our knowledge 
about the physiological activity of Maillard reaction 
products is still very limited but under intense inves- 
tigation. For instance, it is unknown whether sugar- 
derived reductones or aminoreductones are resorbed or 
connected with any effects in the human body. 

Some cyclic reductone ethers have been isolated in 
pure form from Maillard reaction mixtures of several 
carbohydrates under appropriate conditions. 4-Hy- 
droxy-5-methyl-3(2H)-furanone (1) has been obtained 
in high yield from D-ribose or D-XylOSe (Severin and 
Seilmeier, 1967). When glucose is heated with a 
primary amine in neutral aqueous solution, the fura- 
none 2 and the dihydropyranone 3 are formed as main 
products (Knerr and Severin, 1993). Recently we were 
able to isolate the cyclic reductone 4 from a maltose/ 
amine reaction mixture (Figure 1; Pischetsrieder and 
Severin, 1994). 

Only a few sugar-derived aminoreductones have been 
described so far. When D-glucose is heated with pip- 
eridine, the cyclic reductone 5 is formed in considerable 
quantity (Weygand et al., 1959; Pabst et al., 1985). In 
contrast to expectation, this type of aminoreductone is 
not obtained when D-glucose reacts with a primary 
amine, and consequently compounds with the general 
structure 5 are only of limited interest in food chemistry 
(Figure 2) (Ledl et al., 1982). Acetylformoin 6, a well- 
known sugar degradation product, is recognized as an 
intermediate which reacts with a secondary amine to 
give 5 (Weygand et al., 1959). On the other hand, 
condensation of 6 with primary amines leads to cyclic 
aminoreductones of general structure 7 (Ledl and 
Fritsch, 1984; Ledl et al., 1983). C4-aminoreductones 
8 have been detected at low levels after thermal 
degradation of Amadori compounds (Mills at al., 1970; 
Ledl and Severin, 1979). When hexoses with a 1,6 
glycosidic link such as isomaltose, palatinose, or glucose 
6-phosphate are heated with a primary amine, 2,3- 
dihydro-3,5-dihydroxy-6-methyl-4H-pyridones 9 are 
formed in considerable quantity (Figure 2; Kettner et 
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Figure 1. Reductones arising from pentoses, hexoses, and 
disaccharides. 

5 7 

- $ ( O H  

0 OHH 
I1 I I 

&C-C-C=C-R 

CH, I R- N < ,  HN- 

8 9 

Figure 2. Aminoreductones. 

al., 1991) [formation of other aminoreductones see 
also: Tress1 et al. (1993), Kramholler et al. (19931, 
Estendorfer et al. (1990)l. In this paper we report on 
the isolation of a new aminoreductone from a D-glucose/ 
amine reaction mixture. 

MATERIALS AND METHODS 
Apparatus. For analytical liquid chromatography a Merck 

L-6200 gradient pump and a Merck programmable photodiode 
array detector, Model D-6500, with Merck DAD-Manager 
Software and a NEC pinwriter P60, were used. Preparative 
HPLC was carried out with a Merck-Hitachi Lichograph 
chromatograph Model L-6000, equipped with a Merck-Hitachi 
chromato-integrator Model D-2500, interfaced with an UV 
detector L-4000. IR spectra were recorded in a KBr disk with 
a Perkin-Elmer 197 spectrometer. NMR spectra (internal 
standard tetramethylsilane) were recorded with a JEOL 400 
GSX spectrometer. Mass spectral analyses were obtained with 
a Varian MAT CH7 (EI). 

Reagents. HPLC grade solvent (acetonitrile) was used 
without further purification. The water used for HPLC was 
distilled and filtered through a 0.45-pm nylon membrane. All 
solvents were degassed with helium. Thin-layer chromatog- 
raphy (TLC) was performed using 20 cm x 20 cm glass plates 
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coated with a 0.5-mm thickness of silca gel 60 F254. a-N- 
Acetyllysine was synthesized as described by Hardy et al. 
(1976). 

High-Performance Liquid Chromatography (HPLC). 
The samples were diluted with methanol ( l : l O ) ,  filtered, and 
injected into the HPLC. Separation was performed on a 
Nucleosil 5 C18 column (250 mm x 4.6 mm id. ,  5-pm particle 
size), protected with Nucleosil 5 CIS guard cartridge (25 mm 
x 4.6 mm id.). The eluents used were water (A) and 
acetonitrile (B) with the following gradient: 0-20 min, 100- 
50 % A; 20.1-30 min, 0% A. The flow rate was 0.8 mumin. 
The substances were detected by a diode array detector from 
220 to 320 nm. Identification of the samples was achieved by 
comparison of the retention times and UV spectra with those 
of the synthesized reference compounds. 

For preparative HPLC a lobar glass column was used 
(Merck; 310 mm x 25 mm id.) packed with LiChroprep RP18 
(Merk; 40-63-pm particle size) with an eluent of acetonitrile- 
water (1:9) and a flow rate of 0.86 mumin. The substance 
was detected with UV light at 280 nm. 

Preparation of the Reference Compounds. 5-(Hy- 
droxymethyl)-l-propylpyrrole-2-carbaldehyde (10) was ob- 
tained according to a method of Klein et al. (1992). 2,3- 
Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one (3) was syn- 
thesized as described by Van den Ouweland and Peer (1970). 
4-Hydro~-2-(hydroxymethyl)-5-methyl-3(W-furanone (2) was 
prepared according to the procedure of Knerr and Severin 
(1992). 

Isolation of 5-Hydroxy-2-methyl-4-(propylamino)-W- 
pyran-3(6H)-one (lla) from a Reaction Mixture of Glu- 
cose and Propylammonium Acetate. Propylamine (3.3 g, 
55.9 mmol) and acetic acid (3.3 g, 55 mmol) were added to a 
solution of glucose (1 g, 5.6 mmol) in 20 mL of dry N,N- 
dimethylformamide. After 1 h of heating at  100 "C, the solvent 
was removed under reduced pressure at 40 "C. The residue 
was fractionated by column chromatography on silica gel (3 
x 8 cm): fraction 1, 250 mL of ethyl acetate; fraction 2, 50 
mL of ethyl acetate-methanol(1:l); fraction 3,100 mL of ethyl 
acetate-methanol(1:l). Fraction 3 was evaporated at 40 "C 
and purified by flash chromatography on RP-18 silica gel 
[Merk; LiChroprep; 40-63-pm particle size, 3 x 16 cm; eluent 
acetonitrile-water (1:9)]: fraction 1, 150 mL; fraction 2, 120 
mL. Fraction 2 was evaporated and separated by preparative 
HPLC: The substance was diluted in 1 mL of eluent and 
injected into the system. The fraction between 217 and 246 
min was collected and dried under reduced pressure (40 "C). 
l l a  was obtained as a slightly yellow solid, and spectra were 
identical with those of l la  described below. 

Isolation of l l a  from a Reaction Mixture of 3 with 
Propylammonium Acetate. One hundred eighty milligrams 
of the raw product of 3 (about 80%, 1 mmol), 60 mg of 
propylamine, and 60 mg of acetic acid (1 mmol each) were 
dissolved in 1 mL of THF and refluxed for 20 min. The dark 
brown solution was chromatographed on silica gel: column, 3 
cm i.d. x 20 cm; eluent, methanol-ethyl acetate (28:72); 
fractions of 15 mL; fractions 10-14 contain lla. Further 
cleaning was achieved by TLC (same eluent, Rf = 0.45) and 
colorless crystals were obtained: 77 mg (42%), mp 172-174 
"C (dec); 'H NMR (CDC13, COSY) 6 0.93 (t, J = 7.3 Hz, 3H, 
CH&HS), 1.34 (d, J = 6.6 Hz, 3H, CHCH3), 1.67 (9, J = 7.3 
Hz, 2 H, CHzCHz), 3.02 (t, J = 7.3 Hz, 2 H, NCHz), 4.06 (d, J 
= 16.1 Hz, lH, OCHZb), 4.06 (9, J = 8 Hz, lH, H-21, 4.11 (d, 
J = 16.1 Hz, lH,  OCH,Hb); 13C NMR (CDsOD, COSY, DEPT) 
6 9.1 (9, CH2CH3), 16.4 (9, CHCHs), 17.9 (t, CHZCH~), 49.6 (t, 
NCH2), 67.8 (t, C-6), 74.4 (d, C-21, 106.2 (s, C-4), 182.5 (s, C-51, 
185.4 (s, (2-3); MS, mlz 186 (75%, M + l+), 185 (80%, M+), 170 
(50%, M - methyl), 156 (go%, M - ethyl,), 114 (50%), 43 
(100%); IR 2800-3000 (br, chelated OH), 1500-1600 (br, 
C=C), 1380,1120 cm-l; UVI,, 272 (water pH 7.0, lg E = 4.301, 
270 (water pH 1.0, lg E = 4.251, 312 nm (water, pH 13.0, lg E 
= 4.18). Anal. Calcd for CgH15N03: C, 58.36; H, 8.16; N, 7.56. 
Found: C, 58.50; H, 7.92; N, 7.64. 

Isolation of 2-(Acetylamino)-6-[6-hydroxy-2-methyl- 
3~6N)-oxo-(W-pyran-4-ylamino)lhexanoic Acid (llb). 3 
(100 mg, 0.7 mmol), a-N-acetyllysine (520 mg, 2.8 mmol), and 
acetic acid (160 mg, 2.7 mmol) were heated for 4 h at 
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Figure 4. Degradation of D-glucose in a melt. 

100 "C. The mixture was suspended in 5 mL of methanol- 
ethyl acetate (3:2) and centrifuged. The solution was decanted 
and separated by flash chromatography on silica gel [2 x 16 
cm, eluent methanol-ethyl acetate (3:2)1: fraction 1, 60 mL; 
fraction 2, 40 mL. Fraction 2 was evaporated at 40 "C and 
separated by TLC with methanol-ethyl acetate (3:2). From 
a band with aRfvalue of 0.31-0.45 was eluted compound l lb 
with methanol: lH NMR (D20) 6 1.35-1.42 (m, 5H, CH3CH 
and CH2-4-lys), 1.63-1.68 (m, 3H, CHz-5-lys and CHa-3-lys), 
1.73-1.79 (m, 1H, CH&lyS), 1.99 (8 ,  CHs-Co), 3.09-3.13 (t, 
2H, CH2-6-ly~), 4.08-4.11 (dd, lH, CH-a-lys), 4.23 (S,~H,CHQO), 
4.27-4.33 (q, lH, CHCH,); 13C NMR (DzO) 15.6 (CHjCH), 22.1 
(CHsCo), 22.3 (C-Clys), 24.9 (C-Ei-lys), 31.3 (C-~-~YS),  49.0 (C- 
6-lys), 55.1 (C-2-lys), 68.3 (CHzO), 75.5 (CHCb), 108.0 (C-CN), 
173.7 (CONH), 179 (COOH), 184.6 (O=CCH), 187.6 (wCOCH2) 
(the identification of the signals of the 'H NMR and 13C NMR 
was completed by H-H COSY, C-H COSY, and DEW 
spectra); W A,, 269.5 (lg E = 4.2); IR 3415 (br), 2926, 2854, 
1545, 1408 cm-l. Anal. Calcd for C I ~ H Z ~ N Z O ~ :  C, 53.49; H, 
7.05; N, 8.91. Found: C, 53.51; H, 7.04; N, 8.71. 

Preparation of the Samples. A. D-Glucose (50 mg, 0.28 
mmol), 10 mg of Na2HP04 x 2 HzO (0.056 mmol), 320 mg of 
propylamine (5.4 mmol), and 525 mg of acetic acid (8.7 mmol) 
were heated for 1 h at 100 "C. 

E .  D-Glucose (50 mg, 0.28 mmol), 165 mg of propylamine 
(2.8 mmol), and 165 mg of acetic acid (2.75 mmol) were 
dissolved in 0.33 mL of water and heated for 1 h at 100 "C. 

RESULTS AND DISCUSSION 

When glucose is heated with propylammonium ac- 
etate in a melt, in DMF or in concentrated aqueous 
solution at about 100 "C, the mixture turns dark brown. 
Two main reaction products absorbing in the W region 
can be detected by HPLC (Figure 3). One compound 
has been identified as the well-known 5-(hydroxy- 
methyl)-l-propylpyrrole-2-carbaldehyde (10) (Jurch and 
Tatum, 1970). For the other main product the structure 
of the previously unknown aminoreductone 11 could be 
established (Figure 4). 

Separation and purification of l l a  were achieved by 
chromatographic procedures. The assignment of the 
structure of l l a  is based on spectroscopic data: CHN 
analysis and MS confirm that l l a  is a condensation 
product of propylamine and 3 by loss of one molecule of 
water. The lH-NMR spectrum shows the signals ex- 
pected for the propyl substituent. For the glucose- 
derived residue it displays a multiplet at 4 ppm that 
can be read as two doublets with a high coupling 
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On the basis of these results a reaction mechanism 
can be drawn as shown in Figure 6. The reactions of 
glucose described here have been performed with sev- 
eral amines, for example, propylamime and a-N-acetyl- 
lysine. In consequence, there is little doubt that other 
primary amines, for instance, lysine side chains of 
proteins, react in the same way. 
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Figure 5. HPLC chromtogram of sample B, detection at U V  
271 nm. Numbers at  tops of peaks refer to structures in 
Figures 1 and 4. 
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Figure 6. Proposed reaction mechanism of the formation of 
11. 
constant ( J  = 16 Hz) and a quartet each integrating for 
one proton. At 1.4 ppm a diagnostic doublet (3H) is 
found. 13C-NMR spectra (including lH-13C COSY) 
affirm the presence of the methine, methylene, and 
methyl groups (74, 68, and 16 ppm plus signals for the 
propyl chain). Additionally, three singlets are observed. 
Two of them are located in the region of carbon esters 
and six-membered ring enones: 186 and 183 ppm. The 
third is shifted highfield to 108 ppm, a rather low value 
for N-substituted olefinic carbons. Considering that the 
compound is a betaine (Euler and Eistert, 1957; Eistert 
et al., 19681, this phenomenon can be explained: The 
carbon atoms C-3 and C-5 differ only with respect to 
the a-methyl group, corresponding to the difference in 
the chemical shift of 3 ppm. C-4 is rich in electrons due 
to the mesomeric effect of the enolate. Acylated a-ami- 
noreductones are known to show similar behavior 
(Wilson et al., 1990). Additional confirmation is sup- 
plied by the UV absorption: The UV maximum (A = 272 
nm in neutral aqueous solution) is not greatly influenced 
by addition of acid (Ams = 270 nm at pH 1) but did shift 
to longer wavelengths at higher pH values (Ama = 314 
nm a t  pH 13). This verifies that the amino group is 
protonated in neutral solution and that only under 
alkaline conditions is a proton abstracted by the solvent. 
The IR spectrum shows broadened signals at 2800- 
3000 and 1450-1600 cm-l in accordance with the 
structure proposed (Eistert et al., 1968). 

The amount of lla obtained from D-glucose is highly 
dependent on the reaction conditions: When glucose is 
heated with propylammonium acetate in DMF or in a 
melt at 100 "C, lla arises in addition to 10 as a UV- 
absorbing main product (Figure 3). In aqueous solution, 
however, its relative quantity diminishes and in addi- 
tion 2 and 3 appear in the HPLC chromatogram (Figure 
5). 

Further investigations gave insight into the reaction 
mechanism leading to 11. Dihydropyranone 3 is a 
product typical for the Maillard reaction of glucose. This 
substance has already been detected in several foods 
(Ledl et al., 1976). When 3 is heated with propylamine 
in THF, the aminoreductone lla is obtained as the main 
product in comparatively high yield. 

ACKNOWLEDGMENT 

This work was supported by grants from Fond der 
Chemischen Industrie and Deutsche Forschungsge- 
meinschaft. 

LITERATURE CITED 

Eistert, B.; Eifler, W.; Goth, H. Chem. Ber. 1968,101, 2162- 
2175. 

Estendorfer, S.; Ledl, F.; Severin, T. Angew. Chem. 1990,102, 
547-548. 

Hardy, P.; Nicholls, A.; Rydon, H. The Nature of the Crosslink- 
ing of Proteins by Glutaraldehyde. Part I. Interaction of 
Glutaraldehyde with the Aminogroups of 6-Aminohexanoic 
Acid. J .  Chem. SOC., Perkin Trans. 1 1976, 958-962. 

Jurch, G.; Tatum, J. Degradation of D-Glucose with Acetic Acid 
and Methylamine. Carbohydr. Res. 1970, 15, 233-239. 

Kettner, B.; Ledl, F.; Lerche, H.; Severin, T. 5,6-Dihydro-3,5- 
dihydroxy-4H-pyridones-New Maillard Products from 6-0 
substituted Hexoses and primary Amines. Tetrahedron 
1991,47,9351-9356. 

Klein, E.; Ledl, F.; Bergmuller, W.; Severin, T. Reactivity of 
Maillard products with pyrrole structure. 2. Lebensm. 
Unters. Forsch. 1992, 194, 556-560. 

Knerr, T.; Severin, T. Investigation of the GlucosePropylamine 
Reaction by HPLC. 2. Lebensm. Unters. Forsch. 1993,196, 
366-369. 

Kramholler, B.; Pischetsrieder, M.; Severin, T. Maillard Reac- 
tions of Lactose and Maltose. J.  Agric. Food Chem. 1993, 
41, 347-351. 

Ledl, F.; Fritsch, G. Formation of Pyrrolinone Reductones by 
Heating Hexoses with Amino Acids. 2. Lebensm. Unters. 
Forsch. 1984,178, 41-44. 

Ledl, F.; Severin, T. Formation of Aminoreductones from 
Glucose and Primary Amines. 2. Lebensm. Unters. Forsch. 
1979,169, 173-175. 

Ledl, F.; Schnell, W.; Severin, T. 2. Lebensm. Unters. Forsch. 
1976,160,367-370. 

Ledl, F.; Fritsch, G.; Severin, T. Methylene Reductinic Acid, a 
New Reductone from Glucose. 2. Lebensm. Unters. Forsch. 
1982,175, 208-210. 

Ledl, F.; Fritsch, G.; Hiebl, J.; Severin, T. Determination of 
Reductones and Amino Reductones with Methylhydrazine. 
2. Lebensm. Unters. Forsch. 1983, 176, 294-297. 

Mills, F.; Baker, B.; Hodge, J. Thermal Degradation of 
1-Deoxy-1-piperidino-D-fructose. Carbohydr. Res. 1970,15, 

Pabst, H.; Ledl, F.; Belitz, H.-D. Bitter Compounds Obtained 
by Heating Sucrose, Maltose and Proline. 2. Lebensm. 
Unters. Forsch. 1985, 181, 386-390. 

Pischetsrieder, M.; Severin, T. Maillard Reaction of Maltose- 
Isolation of 4-(Glucopyranosyloxy)-5-hydroxymethyl-2-meth- 
yl-3(2H)-furanone. J .  Agric. Food Chem. 1994,42,890-892. 

Severin, T.; Seilmeier, W. 2. Lebensm. Unters. Forsch. 1967, 
134,230-232. 

Tressl, R.; Rewicki, D.; Helak, B.; Kamperschroer, H. Forma- 
tion of Pyrrolidines and Piperidines on Heating L-Proline 
with Reducing Sugars. J.  Agric. Food Chem. 1986,33,924- 
928. 

Tressl, R.; Kersten, E.; Rewicki, D. Formation of Pyrroles, 
2-Pyrrolidones, and Pyridones by Heating of 4-Aminobutyric 
Acid and Reducing Sugars. J.  Agric. Food Chem. 1993,41, 
2125-2130. 

205-213. 



1660 J. Agric. Food Chem., Vol. 42, No. 8, 1994 

Van den Ouweland, G.; Peer, H. Synthesis of 3,5-Dihydroxy- 
2-methyl-5,6-dihydro-pyran-4-one from Aldohexoses and 
Secondary Amine Salts. Recl. Trav. Chim. Pays-Bas 1970, 
89, 750-754. 

Von Euler, H.; Eistert, B. Chemie und Biochemie der Reduk- 
tone und Reduktonate; Ferdinand Enke Verlag: Stuttgart, 
Germany, 1957. 

Weygand, F.; Simon, H.; Bitterlich, W.; Hodge, J.; Fisher, B. 
Structure of Piperidino-Hexose-Reductone. Tetrahedron 1959, 
6, 123-138. 

Knerr et al. 

Wilson, R.; Hengge, A.; Ataei, A.; Chantarasiri, N. Additon of 
4-Phenyltriazolinedione to  Carbonyl Compounds: The For- 
mation of u-Urazolylcarbonyl Compounds. J. Org. Chem. 
1990,55, 193-197. 

Received for review January 26, 1994. Revised manuscript 
received May 10, 1994. Accepted May 24, 1994.@ 

@ Abstract published in Advance ACS Abstracts, July 
1, 1994. 


