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AFXXRACT 

Two methods for the analysis of amino sugars are presented. Ratios of the 
calorimetric values obtained with these two methods permit the preliminary 
characterization of several amino sugars and direct determination when. they are 
in admixture with 2-amino-2-deoxy-D-glucose. 

The main features of the mechanism of the color reaction are otitlined. Factors 

affecting the reproducibility of the Elson and Morgan analysis and the role of 2-methyl- 
pyrrole in the production of color are discussed. 

INTRODUCTION 

A valuable method for the analysis of ammo sugars is based on their reaction 
with an alkaline solution of 2+pentanedione; the products of this reaction yield, 
with an acid solution -of p-dimethylaminobenzaldehyde, a colored solution (Elson 
and Morgan reaction). 

This report describes a modification of a- method based on the Elson and 
Morgan reaction’. It considers the possible variables involved in its reproducibility 
and discusses the mechanism of the color reaction. 

RESULTS AND DISCUSSION 

Anaiysis. - The “Hot-Reaction” method*, when the chromogens are formed 
at loo”, and the “Cold-Reaction” method, when the chromogens are -formed at 0” 
(see Experimental), were used for establishing calorimetric ratios (“Hot-Reaction” 
to “Cold-Reaction” ratio)_ These ratios, useful for the preliminary identification of 
a single amino sugar, are also useful in the direct quantitative analysis of a mixture. 
As shown in .Table I, of all the. amino sugars analyzed, a high color intensity ratio 
was obtained only with 2-amino-2-deoxy-D-glucose. In- the “Cold-Reaction” method 

me “Hot-Reaction” and “Cold-Reaction” methods are modificgions of previously published 

“Total-Hexosamine” and “Hexosar@ne*’ methods, respectivelyl. The new procedures of analysis 
are at Ieast twice as sensitive. : 
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thus armno sugar gave about 3% of the color Intensity produced by 2-ammo-2-deoxy- 
D-galactose 

TABLE I 

PRODUCTfON OF COLOR BY AMINO SUGARS 

Ammo sugar 
(0 22 pm&) 

Absorbance 

Cold-Reactzon Hot-Reactron 
(525 nm) (535 nm) 

@ Es Ratlob 

2-Armno-2-dwxy-n-glucose 0 020 
2-Anuno-2-deoxy-D-dose= 0 121 
2-&no-2-deoxy-D-galactose 0600 
2-Ammo-2-deoxy-D-altrose 0 975 
2-Amino-2-deoxy-D-mannose 0981 
2-Ammo-2-deoxy-D-gulose I 073 
2,6-Dlammc-2,6-dldeoxy-D-allobe 0 152 
2,6-Dlammo-2,6-dldeoxy-D-mannose 1 160 
2,6-Diammo-2,6-dldwxy-r+gulose 1 170 
2-Ammo-2-deoxy-D-gh!curomc acid 0 077 
2-Ammo-2-deoxy-n-xylose 0 403 

524 
3170 

15750 
25500 
35700 
28200 
3980 

30400 

2020 
10580 

0 598 15700 300 
0 616 16350 52 
0 596 15630 10 
0 584 15300 0 60 
0 492 12900 0 50 
0 452 11850 042 
0 238 6230 1 57 
0 242 6340 021 
0 334 8750 0 29 
0 534 13800 6 83 
0664 17400 1 65 

=Molar absorbance coeffiaent, based on the concentratton of ammo sugar (chromogens transformed), 
m the colored sol&Ion *“Hot-ReactIon” to “Cold-ReactIon” Wmorphous prepared from a 
crystallme denvatlve lp H Gross, K Brendel. and H K Zimmerman Jr Ann C/I~~I 683 (1965) 
1751 

Smce ammo acids and neutral carbohydrates are known to interfere with the 
Elson and Morgan reaction2, colonmetnc ratios may be obtamed which could, 
rmstakenly, be attnbuted to an ammo sugar. This can be avolded by punficatlon of 
the hydrolyzed sample3 When an Ion-exchange column IS used for the separation and 
analysis, artlfaCtS of this nature are usually found m elutron volumes Just followmg 
the void volume of the column3 The hydrolysrs and analysis (by the Ion-exchange 
procedure of Gardel14) of a protem-polysacchande (15% protem) from the nucleus 
pu~po.sz~~ of whale iIm!IVertebrdl lscs IS gn!en as example After this sample was 
hydrolyzed with 4~ hydrochlonc acid m a mtrogen atmosphere for 14 h at IOO”, three 
elution peaks were obtamed; the second and third peaks corresponded to 2-ammo-2- 
deoxy-D-glucose and 2-ammo-2-deoxy-D-galactose, respectively The first elution 
peak was a complex mixture m which several ammo acids and galactose were Identied 
by paper chromatography The “Hot-Reactron” to “Cold-React.~on” ratlo of tis 
elution volume was 10 However, the color of the solution was anomalous and 
smular to the color produced by mixtures of ammo acids and neutral carbohydrate?. 
The same sample, when hydrolyzed wth 6~ hydrochlonc acid m evacuated, sealed 
tubes for 21 h at llO”, gave only two peaks, correspondmg to 2-ammo-2-deoxy-D- 
glucose and 2-ammo-2-deoxy-D-gallactose 

Reaction zntermed~ates - 2-Methylpyrrole6*‘, 3-ace@-2-methylpyrrole’, 
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The enamme 1 and the (tetrahydroxybutyI)pyrroIe denvatlve of 2-ammo-2- 
deoxy-D-glucose (5) were prepared by the methods of Garcia GouzMez et aLi0, and 
3-acetyl-2-methylpyrrole and 2-methylpyrrole by the method of Cornforth and Forth’. 
Several attempts were made to prepare 6 from 2-ammo-LZdeoxy-D-mannose, none of 
them succeeded It is of mterest to note, however, that cychzatlon of 1 and 3 should 
gve the same (tetrahydroxybutyl)pyrrole denvative 4. Compounds 4 and 6 are, 
therefore, Identical 

Compounds 2 and 3 showed properties m common with those exhlblted” l1 
by 1, and m neutral or alkalme solutions @H 9 5) underwent nng closure reactlons to 

produce 3-acetyl-2-methylpyrrole and the correspondmg (tetrahydroxybutyllpyrrole 
denvatlves 5 and 4 (6) respectively With the exception of 2-methylpyrrole, the remal- 
nmgmtermedlates gave, under analytlcal condltlons, colored solutions of lower 
mtenslty than those produced by the correspondmg hexosammesl” l1 

2-Deuxy-[2-(4-oxo-2-pezztenyZ)anzzno]-D-gaZactose (2) - A, rmxture of tnethyl- 
amme (25 ml), 2,4_pentanedlone (25 ml), and pyridme (0 5 u& m abs methanol 
(50 ml) at 0” was added to sohd 2-ammo-Zdeoxy-D-galactose hydrochlonde (1 g) 
The reaction nuxture was strrred for 2 h at 0” under nitrogen and concentrated m a 
flash evaporator below 15” to about 25 ml To ths solution was added 100 ml of 
50% (v/v) petroleum ether m ethyl ether, an amorphous preclpltate separated, whch 
was dried m vacuum, dissolved m abs methanol, and preclpltated agam by the 
addition of a large excess of ethyl acetate Compound 2 separated first as an 011 
which crystalhzed after bemg kept for four months at Y, 0 15 g, m p 115” with 
softening at 100”; [a]? -133 5”(cO 12,water);A~~~3312nm(& lS,OOO), ,I%:6 l6pm 
(> C=O), weak band at 3 16 pm for intramolecularly bonded P NH” l6 

Anal CaIc for C,,HIgNOB- C, 50 56, H, 7 33, N, 5.36 Found C, 49.91, 
H, 7.32, N, 5 80 

2-~eoxy-2-[2-(4-oxo-2-pentenyl)amlno]-D-~~~~e (3) - To a solution of 
2-ammo-2-deoxy-D-maose hydrochlonde (1 g) m 0.8~ sodmm carbonate (3 ml) 
at 0” was added 1 ml of 45% (v/v) of 2+pentanedlone m acetone The reaction 
rmxture (pH 7 6) was stirred for 3 days at 0” and lyophlhzed The residue of lyophlh- 
zatlon was extracted with two portions of 10 ml each of abs methanol and filtered 
Addltlon to the methanol solution of an excess of ethyl acetate (120 ml) preclpltated a 
yellow hygroscoplc matenal whxch was rapidly removed by filtration Compound 3 
crystalhzed out (0 25 g) from the filtrate after being kept overnight at 5”; m p 127-29”; 

MY - 197” (CO 3, water), Azaz 312 MI (E 21,400), 22: 6 18 pm (> C=O) weak 
band at 3.16 pm for intramolecularly bonded > N-HI5 I6 

Anal Calc for C,,H,,NO, C, 50.56; H, 7 33, N, 5 36 Found C, 50.63, 
H, 7.53, N, 5.30 

The yellow hygroscoprc mate& was shown by paper chromatography to 
consist of several compounds, among them 3 and a second maJor component havmg 
the same paper-chromatographc mob&y aud color behavior (with the Ehrhch 
reagent) as 4 

3-Acetyr-5-(D-lyxo-tetrahydroxybutyl)-2-~et~y~y~~~Ze (5). - A soluaon of 
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0 8M sodmm carbonate (3 ml) at 0” was added to 2-ammo-&deoxy-D-galactose 
hydrochlonde (1 0 g), 1 ml of 45% (v/v) 2&pentanedrone m acetone was then added 
(pH of &al nuxture 7 6) and the mrxture was kept for 3 days at 0” Thrs solutron was 
then Iyoplubzed and extracted wrth two portrons of 10 ml each of abs methanol. 
After filtration an excess of ethyl acetate (120 ml) was added, the mrxture was filtered 
agam, and the solutron was kept overmght m the refrrgerator, compound 5 crystalhzed 
out (0 1 g); m p 13435”, 2%: 212,247,290 nm (E 18,400,7460, 625), 1::: 3 08 pm 
(> NH), 6 12 JJ~ (>C=O); [a];’ +20” (c 1.0, water) 

Anal Calc for C11H17N0s-Hz0 C, 5056; H, 733; N, 5 36 Found 
C, 50 80, H, 7 12, N, 5 34 
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