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The chemistry of nonenzymic browning reactions involving the interaction 

between reducing sugars with primary and secondary aliphatic amines or amino 

acids has been studied extensively1 - ‘. In many of these investigations, aliphatic 

amines were chosen for nonenzymic browning reactions rather than primary or 

secondary amino acids because less melanoidin, color, and volatile components are 

formed. 

In view of the foregoing, it is thought that free amino acids and amino functional 

groups of peptides and proteins in bread dough react with maltose (liberated by 

diastatic enzymes on wheat starch) and lactose during bakmg to form malt01 and 

isomaltol. These latter two enolic compounds have been detected in baked cereals, 

breads, and baked cereal products by their characteristic purple color-reaction with 

ferric chloride reagent 9 - ’ 3. 

Patton14 demonstrated the formation of malt01 from the interaction of lactose 

and maltose with glycine. Hodge and NelsonI showed that isomaltol P-D-galactoside, 

compound 2, formed from the reaction of lactose with secondary amine salts, is 

hydrolyzed or pyrolyzed to isomaltol. However, isomaltol a-D-glucoside (1) was not 

isolated from the reaction of maltose with secondary amine salts, 1 -deoxy- 1 -piperidino- 

maltulose, an Amadori rearrangement product, was obtained instead. Hodge et al.’ 6 

postulated that the formation of compound 2, malt01 and isomaltol, proceeds through 

the methyl a-dicarbonyl intermediate formed by Amadori rearrangement of an 

initially formed, N-substituted glycosylamine. 

This work demonstrates the preparation of compounds 1 and 2 from maltose 

and lactose with secondary amino acids and isolation by chromatography on an 

*The mention of firm names or trade products does not imply that they are endorsed by the U.S. 
Department of Agriculture over other firms or similar products not mentioned. 
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acidic cation-exchange resin. Compound 1, which has not been reported previously. 

was characterized by con\cwon into its tetraacetate. 

Several variations of the isolation procedure \vere investifatcd. The complexity 

of the reaction mixture for compound 1 was decreased by continuous cltraction with 

ethyl acetate. Because bvatt’r IS slightly soluble (9”,,) in ethyl ncetatc. the ethyl acetate 

extract contained secondary amino acid> a\ dell as 1. together \~lth other componcnt~. 

The syrupy ethyl acetate cytract was separated by ct~lumn chromatngraphy on an 

acidic cation-exchange rwn: hence. the reaction residue for compound 2 \~a> added 

directly to the column of’ ac~dlc cation-exchange resin. As compared ~itli the other 

secondary amino acids (Table I) tested, sarcosine gave the highest yicldq of6 and 7”,,, 

respectively. No change 111 the structure of compound I occur5 when it is left 111 

contact with Do\ves-5OM’-X4 for 48 h, as disclosed by t.1.c. annlys~~. Compound\ 1 

and 2 resulted also from the reaction of maltose and lactose with thu primary amino 

acids. alanine and glycine, in < 3 1’1, yield. 

3-O-r-ID-(iluco- (I ) and -I~-I>-Enlacto-pyranosyloay-,-furql methyl ketones (2) 

prepared from maltose and lactose with secondary amino acid5 Ao\\ strong i.r. 

absorption at 1660 cn- ’ Vor the carbonyl proup with four abhorptlon bands’“, 

attributed to C==C vibrations, which correspond closely to frequencies for the iso- 

maltol moiety reported by Hedge and Nelson’5. 

The ‘H-n.m.r.-spectral data for 3-U-(?,3,4,6-tetra-O-acetyl)-~-1~-gluco- (3) and 

-/~-D-galacto-pyraIio~ylo~~ -?-fury1 methyl I\etoncs (4) showed the t’ollou ing chemical 

shifts: (5 2.37 and 7.25 for the acetyl (CH,CO) and ,i 6.73 and 7.00 for the \ inylic 
. _ __ 

protons of the isomaltol moiety: b 3.~3 (H-l) fcor the Y-D-~/MY~ and ,‘i -!.Si (H-l ) for 

the /j-wgcrk~tu configurations. The respective n.m.r. data sholtcd also .il,? values of 

4.0 and 8.0 Hz, which support the r-[I-gl~rco and /L~,-,q:nkwrt~ contiguration\, rcb- 

pectivcly. However, the n.m.r.-spectral data for the original .1-(,-(3.3.4.6-telra-C)- 
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TABLE II 

lH-N.M.R. DATA AT loo MHZ FOR SOLUTIONS OF 3-o-(2,3,4,6-TETRA-@ACETYL)-a-D-GLUCO- AND 

3-O-B-D-GALACTO-PYRANOSYLOXY-Z-METHYL KETONES IN BENZENE-de 

Proton Chemical shiftsa Coupling constant (Hz) 

a-D-gluco p-D-galacto Ct-D-ghlC0 /3-D-galacto 
_.___.__._ 

CHaOCO I.710 1.78” (1.77)C 

CHKO 2.27 2.25 (2.24) 

H-l 5.55 4.85 (4.85) J1,3 4.0 h,e 8.0 
H-2 5.13 5.66 (5.67) JI,Z 8.0c 
H-3 5.91 5.13 (5.13) 

H-4 5.31 5.43 (5.44) 
H-5 4.17 3.62 (3.62) 

H-6 4.17 4.09 (4.09) 
H-6’ 4.17 4.09 (4.09) 

HC= 6.04 6.19 (6.18) 
HC= 6.13 7.00 (7.00) 

%I p.p.m. downfield from internal Me&. OWegrated for four methyl groups. ‘Original stock 
sample prepared by Hodge and Nelson, recrystallized from ethanollj. 

TABLE III 

ANALYSES OF COMPOUNDS 

._ 

Compoundsa atld t’ieid A4.p. [x10?” (CHCI3) Fourzd 
amino acids (“*) iUCl c H 

3 C20H24012 

(1) DL-Pipecolinic 70 137-138 144.6, c 1 52.71 5.42 

(2) L-( -)-Proline 67 137-138 144.5, c 1 52.64 5.45 

(3) Sarcosine 73 136.5-138 144.5, c 1 52.67 5.32 

4 C20H24012 

(1) DL-Pipecolinic 15 149.5-151 -- 14.50, c I 52.70 5.46 

(2) L-( -)-Proline 82 149.5-151 -14.40, c 1 52.76 5.49 

(3) Sarcosine 80 150-151.5 -14.35, c I 52.66 5.38 

956 128.5-129.5 - 14.60, c 5 52.81 5.31 

aAnnZ. Calc. for C2OH24012: C, 52.6; H, 5.3. DRef. 15 (secondary amine salts). 

acetyl)+D-galactopyranosyloxy-2-fury1 methyl ketone prepared by Hodge and 

Nelson” are in close agreement with compound 4 (Table II). The specific rotations 

for compound 4 prepared from lactose and secondary amino acids correspond closely 

with the specific rotation reported by Hodge and Nelson” for 3-O-(2,3,4,6-tetra-O- 

acetyl)+D-galactopyranosyloxy-2-fury1 methyl ketone, which was prepared from 

lactose and secondary amine salts; however, compound 4 had a much higher m.p. 

than that reported by Hodge and Nelson” (Table III). The tetraacetate of isomaltol 
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/j-wgalactoxide prepared by these workers had m.p. IS1 12 . before and after 

recrystallization’ ‘. Subsequently. t!:c higher m.p. LV~L:, ob\cr;cd also uhcn the tetra- 

acetate was prepared and recrystallized under the iarne conditions described b> 

Hedge and Nelson’ ‘; therefore, it appears that an incorrect melting point ( 12X- i 29 i 

may haw been reported for their compound. i-0-(2.j.~.6-tclra-i,-~~~~~~l)-i;-l,- 

~alactop~ranosyloxq--_ 7-fllI.VI :netkyl ketone. nc 

ax original (Table iI) (i-iztcigc and ICthn’ ’ 

’ H-n.m.r. dat:: 1;)~ compound $ 

did nat report ’ F-I-n.in.r. datai. 

~f.I.c. disclosed !i?;tltnl alid isomaltol in the reaction mixture\ !;\r dcii>dration 

of disaccharides by sccond;~ry amino acids. Apparently. tile .;ZInatiori-,-,;trran~el~e~~t 

product formed vkith secondary ainino acids ic unstabl c; thcr-&cjrC. tic dehydration 

of maltose and lactus; \vilh SKi)ild2lQ 3lT1illo acids to 3-O-%-I)-gluc~.l- i 1) :Uid 3-O- 

~~-I~-~alact0-pyranosyloxy-2-fllrjI methyl ketones (2) (Scheme i ) corrcsp~~i;d~ to the 

formation of isoinaltoi /i-r,-galactoside frow lactose and hecondai-> ;1111itlc salt\ 

postulated by i-lodge cur (il.’ “. By hydro!ysis of cc~mpou~~ds 1 and 3 ;rith ~cxiium 

niethoxide’8 in dry methanol for 72 h at 75 . ’ isomaltol \\as isolated in 37 ,Ind 40 11, 

yields. respectively. tlo\scver. no attempt was made to dcterminc the yxld\ of I)- 

galactose and wglucose because the hydrolyrcd solutions \\crc h~glilx ciilorcd. 

because of dehydration Of the reducing sugars, and probabl) of iwmaltul. by wdiunl 

methoxido. Isomaltol is also dry-dihtillcd from ?-O-x-;~-gluc~)p~ r.an~l~~Iasl;-?-furll 

methyl ketone (I) at 175 i X0 : hence. conlpound I ID:I~ no\\ hc cor~c~d?r~d ;I\ a II~‘\\ 

source for iwlnaltol during the baking process. Dehydration of disaccharides lx 

secondary amino acids proc!uced 3-<I-z-r~$uco- (1 ) and i-:)-/i-I,-fai:rcr~~-pj’r~tnos~!- 

ox?-Z-fury1 methyl ketones (2). maltol and iwmaltol (Schcms I ) 

Viii; work cc~ntirrnc the view’) ” that free amino acicls. :I’ \\ 211 as amino 

functional groups of peptides and proteins in bread dough. act on nl:l!t~>v and lactotc‘ 

in nonenqmic hro\vninS-I-e;tctions during baking to form maltol and i~,~rna!t~~l 
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EXPERIMENTAL 

General methods. - Commercial cc-lactose hydrate, Dr_-pipecolinic acid, L-( -)- 

proline, sarcosine, triethylamine (Aldrich Chemical Co., Milwaukee, WI), /?-maltose 

hydrate (Pflanstiehl Laboratories, Waukegan, IL), Amberlite IR-120 (Rohm & Haas 

Co., Philadelphia, PA), and Dowex 5OW-X4 acidic cation-exchange resin (Bio Rad 

Laboratories, Richmond, CA) were used. 

Preparative reactions were monitored by thin-layer chromatography (t.1.c.). 

Purity of the compounds were established by t.l.c., melting point (m.p.), and elemental 

analysis. T.1.c. was conducted on 0.25 mm of EM Reagent Silica Gel G (Brinkman 

Instruments, Inc.) with air-dried plates. The spots were detected by spraying with 5 % 

ethanolic sulfuric acid and charring. T.1.c. was performed with 80% methanol-ethyl 

acetate (v/v) for unsubstituted compounds and with 75% ethyl acetate-hexane for 

acetylated compounds. G.1.c. analyses of isomaltol was recorded by a Hewlett- 

Packard Model 5730A gas chromatograph equipped with a flame-ionization detector, 

which was fitted with a 3.175 mm x 3.08 m stainless-steel column packed with 80-100 

mesh Chromosorb Wcoated with 15 % Silicone SE-30 (Anspec, Ann Arbor, Michigan). 

Single, symmetrical peaks were obtained for isomaltol. ‘H-N.m.r. spectra were 

recorded with a Varian Model XL-100 spectrometer; chemical-shift peaks were 

assigned by spin-decoupling experiments, referred to internal tetramethylsilane. 1.r. 

spectra were determined in potassium bromide pellets (1.22 mm thick containing 

0. lM concentrations) with a Perk&Elmer Model 621 spectrophotometer. Compounds 

1 and 2 were vacuum-dried in the presence of phosphorus pentaoxide for 24-48 h 

at room temperature before microchemical analysis. 

Methodfor nonenzymic browning of disaccharides with secondary amino acids. - 

a-Lactose and/or p-maltose hydrates (62.5 mmol), amino acids [0.125 mol; DL- 

pipecolinic, L-(-)-proline, sarcosine], and triethylamine (30 mL) in abs. ethanol 

(350 mL) were stirred under reflux for 24 h at 78-80”. Solvents were evaporated 

under diminished pressure. 

3-0-cc-D-Glucopyranosyloxy-2-fury1 methyl ketone (1). - An aqueous solution 

of the residue from the reaction of maltose with the appropriate amino acids was 

continuously extracted with ethyl acetate (36 h). Evaporation of the extract gave a 

syrup that was passed through a column (2.5 x 73 cm) of Dowex 5OW-X4 acidic 

cation-exchange resin, which was eluted with water (0.7 mL/min). The column 

was packed with a resin bed-volume of 150 mL. Compound 1 was isolated in the 

second bed-volume of eluant (300 mL). Fractions were collected and combined to 

yield pure crystals of 1; recrystallization was from abs. ethanol (Table I); v,,, 

1660 cm-’ (carbonyl group), 1650, 1590, 1455, and 1489 cm-’ (C=C vibrations). 

3-O-P-D-Galactopyranosyloxy-Z-fury! methyl ketone (2). - The residue from 

the reaction of lactose with secondary amino acids was added directly to the column 

of acidic cation-exchange resin, which was also eluted with water. Combined fractions 

yield pure crystals of 2; recrystallization was from abs. ethanol (Table I); v,,~ 

1660 cm-’ (carbonyl group), 1635,1592, and 1493 cm-’ (C= Cvibrations); reportedI 
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1650 cm--’ (carbonyl group), 1637, 1.592, 1464, and 1492 cm-’ (C=C vibrations). 

The eluates from the isolation of compounds 1 and 2 wcrc evaporated under 

diminished pressure. 

Peracef~dariotl. -- 3-0-FI>-Gluco- (I) or -/i-r>-gala&o-pyranosyloxy-Z-fury1 

methyl ketones (2) (0.1 g) were dissolved in dry pyridine (10 mL) containing acetlc 

anhydride (I .O mL), and the solutions were kept overnight at 25 ‘The solutions were 

concentrated by evaporation with toluene under dllninished pressure. 3-O-(2.3.4.6- 

Tetra-O-acetyl)-a-v-gluco- (3) and -/I-rl-galacto-pyranosylosy-I-fury1 methyl ketones 

(4) were obtained as crystal\ after evaporation. Crystallitations \+crc from abs. 

ethanol. Physicochemical data are given in Tables II and ill. 

H~drol~~sis of S-0-r-D-ghrcv- (1) ord -fl-t~-~LI/u~to-l?,‘I.LIIIOS ~~/or~~-_?-jiy~~I mc//~~~l 

ketones (2). -~ Sodium methoxide’ * ( IO m L) MYIS added to compounds I and 2 

(0.2 g) dissolved in dry methanol (5 mL), and these sc)lutions were kept for 72 h at 

25”. Sodium ions were removed with a slight excess of Ambcrlitc I R- 120 ion-exchange 

resin until the solutionb became neutral. .4n equal volume of \\‘ater \\a< added to the 

resin-free filtrate and the solution extracted with chloroform. 

Cm-liquid ~/rrc)nlaro~r~~/!1’ of isomulfol. ---- The hydrolyzate rcsiducb (0.056 g) 

from the chloroform extractions were dissolved in dry methanol (O.Z,imL), and this 

residue was injected directly (no trimethylsilylation) into the gas chromatograph. 

Three major peaks were observed in each chromatogram, . hence, one relative reten- 

tion-value (1 1.2 min) was equal to that of the rcfcrcnce isomaltol (I 1.3 min). Iso- 

malt01 was obtained from the hydrolyzatcs of compounds I and 2 in 37 and 40”,, 

yields (m.p. 96.5-98” after crystallization from hot ivatcr; reported” for compound 2, 

41 “;, yield, m.p. 9K98.5 -,), respectively. The identitles of the wgalactosc and I)- 

glucose moieties were established from the n.m.r. spectra of compounds 3 and 4. 

The retention values were determined with use of a digital computer. 
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