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Mutarotation, Hydrolysis, and Structure of 
D-Galactosylamines 

Harriet 1. Frush and Horace S. Isbell 

Of t he t wo previously described galactosylamines, one has been shown to be a mixture. 
A pure compound has noll' been isolated from it, t hus making available for t he first ti me two 
pure modificatio ns of a glycosyJaminc. The stru cture and properties of these compounds 
and of cer tain derivatives have been determin ed. The n ew substances constit ute a group 
of r eference compounds useful for t he assign men t of struc tm e in th is field . The mu tarotat ion 
and hydrolysis of t he two galac tosylamines were studied and found to be in harmony with 
mechanisms previously advanced by us. 

1. Introduction 

R eaction of ammonia or suitable amines with 
sugars produces glycosylamincs by replacement of 
one amino hydrogen with a glycosyl group . The 
compounds are of interest, because, like many 
biologically important substances such as nucleic acids 
and certain coenzyme , they con tain an N -glycosyl 
linkage. In a previous publication (1),1 it was shown 
that in solution L-arabino ylamine, I , undergoes a 
mutarotation r eaction that is followed or accom
panied by hydrolysis of the amino group . The 
mutarotation is strongly catalyzed by acid s; the 
hydrolysis, like certain enzyme r eactions, is r apid 
only in the pH range 3 to 7. YIechanisms were 
advanced to account for these unusual properties, 
tlu·ough the in termediate formation of the imonium 

+ 
ion - C= NHz. Hydrolysis was conceived as involv-

I 
ing combination of the imonium ion with hydroxyl 
ion, and decomposition of th e resul t ing aldehyde 
ammonia . Lack of reaction in highly acid solution 
was ascribed Lo low hydroxyl ion concen tration , and 
lack of reaction in alkaline solution to low imonium 
ion concentration. To provide additional support 
for the m echanisms, a sLudy has no\\- been made of 
the D-galactosylamines. 

OH OH H 
I I I 

H 2C- C-C- C- CH.NH2 

I if !~ 
(I ) 

L-Arabinosy la mine. 

2. Prepara tion and Structure of the 
Galactosylarnines 

By treatment of galactose with ammonia and 
methanol, de Bruyn and Van Leent [2] obtained two 
galactosylamines of unlmovll1 structure. One of the 
amines had an initial specifLc rotation of + 87°, and 
contained a mole of loosely bound ammonia; the 
other had an initial specific rotation of + 64°, and 

I Figures in brackets indicate the li terature references at the end of this paper. 

was ammonia free. Thcse compounds have now 
been preparcd ana their sLructures determined. 
By repeated recrystallization of the ammonia com
plex, the initial rotation was raised from +87° to 
+ 138°. Inasmuch as the optical rotation could not 
be furth cr increased, it is believed that thi material 
is a pure modification of the galactos)Tlamine. 
Preparation of tbe amonia-free form of galactosy
lamine by a number of methods, and repeated 
recrystallization of th e product, gave a ubstance 
having an initi al specifi c ro tation of + 62° in com
parison wi th Lh e value of + 64° reported in [2]. 
The t wo modifications of gaJacLosylamine were 
acetylated , ancl ~-icldcd crys talline pentaacctaLes, 
whj ch d ifIered . in properties. By deacetylation of 
Lhe pentaace tates, Lhe corresponcli ng crystalline N
acetylgalactosylamines wcre obtained, and the laLter 
compounds wcre shown by pcriodate oxidation and 
study of Lhe dialclch.Ycles to be an alpha-beta p~Tranose 
pair. Since mild conditions of acetylaLion and 
dcacetylation were employed, it appears reasonably 
cer tain thaL Lhe parent galacLosylamines as well a 
the corresponding pentaaceta tcs ar e also alpha-beta 
pyranose pairs. The mu taroLation and hyclrol~-sis 
of the two galactosylamines have been studied, and 
found to be in harmony with Lhe m echanisms 
previollsl.\, advanced . 

In accordance with convention, Lhe more dcxtro
rotato ry amine II (knol'll1 in the form of the ammonia 
complcx) is designated alpha ; the less dextrorotatory 
amine III is designated beLa, even though it does not 
exhibit normal mutarotation. The lack of mutarota
tion might suggest that the compound is an isomeric 
mixture . Such a mixture, however , on mild acetyla
tion, wOlild have yielded a mixcd acetate. The fact 
that a high yield of a nearly pure acetate was obtained 
supports the conclusion Lhat the parent glycosylamine 
is a single mod ification and that the cquilibrium 
mixture for D-galactosylamine consists almost entirely 
of the beta form . 

H OH OH H H 
I I I I I 

II 0 .H ,C-C- C-C--C- C-
- I I I I I 

H H OH NI-I , 
(II ) 

L----o- ----I 
a-D-G alactopyranosy lamine. 
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HOrr'C-rk ;-t-kl (III) 

{3-D-G a)actop yranosy)amine. 

3. Mutarotation of a-D-Galactosylamine 
Ammonia Complex and iJ-D-Galactosyl
amine 

The change.s that occur when a-D-galactosyl
amine ammoma complex is dissolved in water are 
given in table 1. The behavior of the substance 
r esembles that of L-arabinosylamine in that th e 
optical ro tation, [a]1°, drops to a minimum and then 
rises slowly . The first change may be ascribed to the 
mutarotation reaction and the second to hydrolysis. 
Table 2 gives a comparison of the behavior of a-D
galactosylamine ammonia complex and of (3-D
galactosylamine in water and in aqueous 2.5 N He!. 
At the time of the earlies t reading in acid solution the 

T A BLE 1. Jl f tltarotation of ex.-D-galactosylamine • 

[0.5 g ",·D·galactosylamine ammonia co mplex dissolved il) watcr to give a 
volume of 25 ml at 20· C) 

["'I~ 

l\tfinules 
0 d(+J38) 
2.8 135.9 

15.8 129.4 
30.0 ]\ 5.3 
70 94.7 

J36 73.0 
280 56.8 

20.3 hr 59.2 
29 60.0 
45 61.8 

'(73. 0) 

["'l ~ 
(ammon ia
free basis) 

d(+151.1 ) 
148.8 
141.7 
126.3 
103.7 
79.9 
62.9 
64 .8 
65.7 
67.7 

'(79. 9) 

pH 

10. 9 

10.8 
10.7 
10.6 

10.8 

Avg _______ 

• Experiment 1, see table 4. 
b km= l /l log (TO-Too) / (T,-Too ). 
o kbyd,o 1.= 1/ (1,-1,) log (T,-Too) / (T,-Too ) . 
d Calculated initial rotation. 
• Calenlated rotatiou for com plete hydrolysis. 

M utaro- IH Ydr01YSis 
tation raLe con-

constant,b stan t , C 

k m khydrol. 

0.0029 
. 0048 
.0048 
.0052 

0. 00005 
. 00006 

----
0. 0044 0. 00006 

t wo substances exhibit wi thin experimental error the 
same op tical rotation (+ 63.0°). This value is pre
sumably that of the alpha-beta equilibrium mixture, 
since in acid solution equilibrium is established 
quickly. The subsequent rise in optical rotation is 
attributed to slight hydrolysis. The mutarotation of 

T A BLE 2. Changes in optical l·otation of ex.-D-galactosylamine 
ammonia complex and of {3-D-galactosylamine on dissolution 
in water and in 2.5 N H e l 

Alph a modifi cation Beta modifi cation 
---------

Time 

I 
["'l ~a 'r ime 

I ["'l ~ 

Ex prrimcnt 2 Ex pe rimen t 3 
solu t ion in 2.5 NHCl solutioo in 2.5 N H Cl 

M in. 
3. 0 +63.0 3 +63.1 

10. 3 63.3 60 63.2 
225 63. 5 90 64 . 3 
360 63.9 215 64.6 

22 hr 64.3 72 hr 66.6 

---- ------
:Exper iment I Experi men t 4 

solut ion in water p H 10.9 solution in watcr+NH sb 
pH 10.9 

2.8 + 148. 8 3.1 +62.7 
15.8 141. 7 30 62. 7 
30 126.3 GO 62.7 

136 79.9 180 62.5 
280 62.9 24 h,· 62.4 
20.3 h l" 64.8 

Experiment 6 
solution in water p H 9. 2 

2. I +62. 2 
5. I 61. 9 

10.5 61. 2 
21.1 60.8 
60 60.5 

120 60. 4 

a A rnmonia-Cl'ce basis. 
b 'rhe solution or a-D-galactosylamillc ammonia complex in water had a pH 

of 10.9. For comparison , measurements of t he rotation of Il-D' galactosylamine 
also were made in t he presence of NH, a t this pH . 

the beta isomer in water and in water containing 
ammonia appears anomalous, ill tha t the change in 
optical ro tation, although small, is in the same direc
tion as that of the alpha isomer. It is believed that 
this change is no t due to the es tablishmen t of the 
alpha-beta equilibrium, but rather to a side reaction , 
the forma tion of a less dextrorotatory substance, 
presumably the digalactosylamine having a specifi c 
ro tation of + 22° [3]. 

As shown by th e experiment given in table 3, the 
side r eaction causing the optical rotation to fall 
below the equilibrium value is enhanced by t he 
presence of general acid catalysts, in this case the 
ammonium ion. A similar r eaction was obser ved 
concurrently with the mutorotation of L-arabinosyla
mine [1] . We believe that the reaction involves th e 
condensation of the amine with t he imonium cation 
essentially as r epresented below : 
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This mechanism requ ires the presence of both the 
free amine and the imonium cation. Relatively 
h igh concentrations of both constituent exist in 
alkaline solution in the presence of genera'! acid 
catalysts, and hence the si de reaction is of importance 
under these conditions. As pointed out in [1), the 
mechanism also accounts for the variation in the 
amount of the side reaction with the manner of 
mixing the glycosylamine and acid. Slow addition 
of the acid permits the amine present in excess to 
react with the imonium cation as it is formed . 

T A BLE 3. Change in opticall"otat'ion oJ (3-D-galactosylamine in 
the presence oJ 1 LV K H tCI+ NHa at pH 10.9 a 

'r ime 

I 
[am 

min 
2. 4 + 58. 2° 

10. 7 57. 5 
60 55. 8 

120 55. 3 
300 54.5 
460 54. 9 

a Experimen t 6. 

4 . Acid-Base Catalysis in the Mutarotation 
of a:-D-Galactosylamine 

Solutions of a-D-galact.osylamine ammonia complex 
in water react alkaline and contain free ammonia. A 
O.l -molar solution has a pH of about 10 .9. To study 
the variation in the rate of mutarotation with pH, 
meaSlU'ement were made in solutions conta ining 
either additional base or an acid. The data arc 
presenLed in table 4 and figure 1. In figure 1, 
curve 1 shows the mutarotation of the substance 
in water free from carbon dioxide, and curves 2 
and 3 show the effect of incrcasing the alkalinity 
by th e use of ammonia and sodium hydroxide, 1'e-
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FIG URE 1. lYlutal"otation of a-D-galactosylamine ammonia 
complex. 

1. In water, pH 10.9 (experiment L); 2. in wa ter + Nil,. p IT 11 .5 (ex perimen t 8); 
3. in om N NaO H (ex periment 7) ; 4. in 0.5 N N H, C' I+NH " pH 10.9 (experi
ment 9); 5. in 2.5 N HCI (experiment 2) . 
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spectively. C Ul' ve 4 shows thc effect of a sub
stantial quanLity of ammonium chloride and ClU've 
5 of strong acid . In the presence of strong acid 
the optical rota tion drop to the equ ilibrium value 
before the first measuremen t can be made. In 
the pH range 8.7 to 1l.5, solutions buffered with 
ammonium chloride and ammonia gave sati factory 
rate constants (table 4). In some cases the muta-

T ABLE 4. Nlutarotalion of a-D-galaclosylalJ/,ine 

[0.5 go a-o-galacLopyranosylaminc ammonia complex dissolved in sumcicnt .a~ id 
base or buffer to gi v(\ a volume of 25 m l at 20°0, a nd Lhe solvent compositIOn 
listed opposite t he experi men t number. pH given is that of solu tion] 

rrime I [al~" I Time I [a]ll" I k m 
b 

Experiment 7. 0.01 NNaOil. pH J2.1 o 
- -

min min 
10 + 132. 5 70 + 82. 1 --- - --- -----
30 108.0 90 74. 5 0.009 
50 92.5 110 68. 7 . 007 

A.\'g ___ __ 0.008 

Experi men t 8. \ Va.t.cr+ N H3 pil 11.5 

10 + 138. 3 110 + 75.5 __ - - ___ ._0· __ 
30 119. 4 130 70. 6 0. 0055 
50 104. G 150 66. 8 . 0055 

Avg ____ 0. 005 

Exp3riment L W ater pH LO.9 (See table 1) 0.004 

Experiment 9. 0 .. \ N N H,CI+NH , pH 10.9 

2 + 136. 3 18 + 77.2 ______ ---_o-
r. 114 . 4 22 f,9.8 0. 030 

10 97. 8 26 64. 3 . 031 

Avg .. ___ 0. 030 

Experiment 10. 0.04 N N ll,CI+ N II, pH 9.6 

2 + 128. 7 100 + 75.8 -- -- ---. -- --
10 120. 4 108 74. 0 0. 007 
J8 113.3 116 72.5 .007 

A vg ____ _ 0. 007 

E xperiment 11. 0.08 NNH, CI+NH , pH 9.0 

5 + 138.0 95 + 75.3 -- -- -. ---- --
15 11 5.0 105 73. 7 0.018 
25 J03. 3 115 72.4 . OJ3 

A"g ___ 0.016 

Experiment 12. 0.1 N N U, CI+ N U , pil 8.7 

2 + 127. 9 12 + 78.2 -- - - - - -- - ---
4 109.5 14 75. 0 0.079 
6 96.4 16 72. 4 . 079 

A vg _____ 0.079 

E xperim en t 13. 0.25N (" H ,),HPO,+N lf, pH 9.0 

1 + 121.3 5 + 76. 5 ---.- - ---.- -
2 100. 3 6 73. 3 0.220 
3 88.5 7 70. 8 .183 

---
Avg _____ 0.202 

Experiment 2. 2.5N H CI (See ta ble 2) 00 

a Specific rotations expressed on am monia-free bas is. 
b Determirred by the method of BrOllsted and Guggc rrbeim [4]. 
' Approximate pH. 
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rotation appears to b e caused not only by the estab
lishment of the alpha-beta equilibrium, but also 
to som e extent by the side r eation discussed in the 
preceding paragraph. 

The side reaction accounts for the drop in rotation 
below th e equilibrium value of + 63 0 (strikingly 
shown in curve 4 of fig. 1). It seems to b e favored 
by the presence of general acid catalysts, particularly 
in alkaline solution. Presumably both the mutaro
tation and the slide reaction involve the intermediate 
formation of the imonium cation, and since separate 
treatment of th e reactions does no t seem feasible, no 
attempt was made to determine separate rate con
stants; rather, a rate constant km was calculated for 
th e over-all process. 

T A BLE 5. N[uta1'otation constants fo1' a-n-galactosylamine 
ammonia complex 

Experi- pH [H+] [OH-] [N H t ] km kmCcor-
m ont reeted) • 

-----
7 12.0 10- 12 10- 2 ------- - 0.008 0. 008 
8 11. 5 3.2X 10-12 3. 2X JO-a - .------ . 005 . 005 
1 10.9 1. 3X lO-1i 7.9 X lO-< - . - - -.-- . 004 . 004 
9 10. 9 1. 3X IO-1l 7.9 X lO- ' 0.5 . 030 . 004 

10 9.6 2. 5X I0- 1O• 4.0 XIO-' .04 .00i . 005 
11 9.0 1. OX I0-' 1. OX IO-' .08 .016 . 012 
12 8. 7 4. 8X IO-' 8.5X IO-6 1.0 . Oi9 . 02i 
13 9.0 1. OX I0-' 1. OX IO-' 0.5 . 202 b. 1i6 
2 2.5NHCI ---. --- .---- --- - ----- --- - --- ---- Coo ---- -.- ---

• Corrected for t he ca talytic eft'cct of ammon ium ion. 
b HigiJer constant due t o catalytic cfloct of the pbospha te used as a butler. 
e rroo ra pid to measure. 

To evaluate the effect of acid and base catalysts 
on th e mu taro tation , th e rate constants reported in 
tables 4 and 5 w ere determined by the method of 
Bronsted and Guggenheim [4]. This m ethod was 
used because i t does no t require th e final , or equilib
rium rotation. A comparison of the da ta of experi
ments 1 and 9 and of 11 and 13 show tha t the process 
is catalyzed by ammonium ion, and by acid phos
pha te, respectively. Thus th e reactions clearly show 
general acid catalysis . If, for simplici ty, th e system 
is restricted to solu tions con taining water and ammo
nium salts of strong acids, th e rate constan t is given 

by th e following expression: 

From equations representing th e rate constan ts for 
experimen ts 1 and 9, kNH4 was found to be 0 .052. 
By use of this value, km was corrected for the catalytic 
effect of th e ammonium ion. Th e corrected values 
are given in th e right-hand column of table 5 and 
are plo tted in figure 2. It will be seen from th e 
figure that in acid solu tion the mutarota tion is too 
rapid to m easure; with reduction in the oxonium 
ion concen tration the rate decreases to a minimum 
and then increases. ,Vith th e assumption that in 
highly alkaline solution th e catalytic effect du e to 
oxonium ion b ecom es small and may be neglected, 
th e rate constants of experimen ts 1 and 7 give values 
of 0.004 and 0.4, respectively, for kH20 and kOH ' Use 
of these values in equa tions representing the data 
from experiments 11 and 12 , and solu tion of the 
equa tion-s, gives for kH an average value of 6 X lO~ . 

Thus, in the absence of ammonium ion, 

km = 0.004 + 6 X 106[H+]+ 0.4[OH- ] . 

The dotted curve of figure 2 corresponds to this 
eq uation. 

It was suggested in [1] that the mutarotations of 
bo th th e sugars and the glycosylamines take place 
by several m echanisms. The m ech anism of eq 1 
was shown to be promoted by acids in general and 
to b e of importan ce for the mutarotation of both 
the sugars ancl the &lycosylamines. It was poin ted 
out that a base-catalyzed mechanism such as that of 
eq 2 is of first importance for the mutarotat.ion of 
the sugars, bu t that base catalysis could not be 
demonstrated in th e case of L-arabinosylamine. 
However, the data of table 5 and figure 2 show 
tha t th e mutarotation constan ts of a- D-galac
tosylamine ammonia complex rise in highly alkaline 
solu tion, and hence the over-aU change due to the 
mutarotation and the side reaction is catalyzed not 
only by acids, but also by hydroxyl ion. 

HCNH2 HCNH2 HC = NHt H 2NCH H 2NCH 

I~ I~ I I~ I~ k l k2 I k3 k4 
R O+HA p R OHA p R p R OHA p R O+HA 

1/ k _1 1/ / k -2 I k-3 / k-4 1// I 
- C - 0 - COHA - C 

(1) 

I I I I 
1t 

all open-chain forms 

HCNH 2 HCNH 2B - HC = NH BH2NCH H 2NCH 

I~ I~ 
I 

l~o I"'", kl k2 I k3 k4 
R O+ B - p R 0 p R +HB p p R O+B -

-.b// k- l 1/ k- 2 1 k -3 1/ k-4 // 
- C - CO - - C 

(2) 

I I I I 
1'1 

all open-chain forms 
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FIGURE 2. Rate constants Jor the ?nut(trotation and hydrolysis 
of a-D-galactosylamine. 

5. Hydrolysis Reaction 

To study th e hydrol.ITsis of D-galacto ylamine, 
measurements of optical rotfL tion were m fLde la rgely 
in the pH range in which equilibrium of the anomeric 
forms of th e amine is established mpidly. Under 
these condition , the ch ange in optical ro tation can 
b e ascribed exclusively to th e h? drolysis reaction, 
and the rate constan t can b e obtained by application 
of th e conventional first-order formula: 

where Tt, and 1' t 2 are the rota tions at times tl and t2, 

respectively, and 1"" is the specific rotation of the 
fully h ydroly zed material. The hydrolysis rate 
constants obtained at various pH levels are given 
in table 6 and figure 2. 

W e have shown previously from theoretical con
siderations [1] that the eff ec t of the oxonium and 
hydroxyl ion concentrations on the hydrolysis con
stant should conform to an equation of the type: 

1 
kbydwl = K[ + K 2[H + 1 + K3[O H 

When the data of experiments 15, 18, and 19 were 
applied to this equation, K[, K2 , and K3 were found 
to be 22.5, 6.16 X 104 and 1.55 X I09 , respectively. 
Thus, 

1 
22.5 + 6.16 X I0 4[H+l + l .55 X 109[OH r 

The solid curve of fig ure 2 r epresents a plot of this 
expression ; the circles repre ent the experimentally 
determined rate constants given. in tabl e 6. The 
calculated maximum rate is a t pH 4 .. 

The data of experiment 16 of table 6 show an effect 
that r equires explanation. The optical rota tion of 
th e material on hydrolysis inerea e to a value higher 
than the eq uilibrium value corresponding to th e 

T AB LE 6. H ydrolysis of a-D-gaiaclosyla/nine 

[0.5 g ",·Q·ga lactosyla mine 'ammon ia complex dissolvcd in sufficicn t acid , base or 
bun'cr to give a volume of 25 ill} at 20° C. Solvents a rc listed with ex pcrimcllL 
num bers] 

T ime 

I 
[a]~' 

r 
pIT I khydrol 

Experimen t J. 'Vater 
See table I 10.9 0.00006 

Experiment 14 . 5 volumes of AI K l hPO,+ 
2 vol u mes N NaO U di luted to 10 volumes 

min 
15.3 +62.9 

} { ::~ ~~~~: 75 72.3 7. 1 LIO 76.9 
20 h,. 78. 5 

A vg_. 0.007 

Expcl'i ment 15. 5 volumes of AI Klf, PO,+ 
I \'olul11o iV TaOH diluted to 10 vo lullles 

10.8 + 64 .6 

} { ::~~ ~!! : 26.6 G9.3 6.7 60. 1 75.8 
20 hI' 80.2 

A vg __ 0.0 10 

Experimen t 16. 5 vol umes N aceUe acid+ 
2 volU llles N NaO H di luted to to vo lumes 

2.2 +58.5 I 
--------

3.4 60. 4 0.03 1 
6.0 64.8 . 036 
9.8 70.7 . 042 

12. 74 . 1 5.0 . 045 
32. 7 82.0 ------ - -
71 81.1 ------ - -
90 80.5 ---._---

150 79. 7 --------

A vg __ 0.039 

Experi ment ] 7. 5 vOlumes of ]\7 acetic ac id 
+ 1 v olu me N NaOH d ilu ted to ]O vo lumes 

1.7 +54.9 

) 1'~r 7.5 6~. 7 
10.3 67. 6 
18.6 74.3 4. 7 . 051 
32.3 77. 4 
60 76.0 

290 b 74. 6 
A vg. _ 0.043 

Experiment 18. I iV acetic ac id 

2. 4 +57.5 

) 1'811 
10.1 65.4 
15. 1 68.5 
30. 0 73.9 3.9 . 036 
60 75.8 

390 75.2 
25 hr 74.6 

Av g __ 0.033 
I 
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T ABLE 6. - H ydrolysis of a-D-galactosylamine-Continu eci 

0.5 g a-n-galactosylami ae ammonia complex dissolved in suffi cent acid, base or 
buffer to giv e a volume of 25 ml at 20° C. Solvents are listed with exper imen t 
unmoors] 

Time 

I 
[anr 

I 
pH 

I 
khydrol 

Experiment Hl. !j N acetic acid 

2.4 + 62.4 

f 
l -- O : ~ir 16.3 67.3 

30. 7 69.8 2.9 
60 74 . 4 . 009 
23 hI' 79.3 

Avg __ 0.010 

Experiment 2. 2.5N H CI 

3.0 +6.3. 0 ---- --------
225 6.1.5 ---- 0.00006 
22 hr 64.3 ---- .00003 

'" e 79. 9 ---- --------

Avg __ 0.00004 

a Expressed 'on t be am mon ia-free basis. 
b Constant. 
a Calcula ted rotat ion for complete b ydrolysis. 

T A BLE 7. Mutal'otation of hydrolysis product a before and 
after the addition of a-D-galaclose b 

Observed 
Time rotation, 

oS 
km 

min 
32.7 + 17.31 
71 17.12 ' 0.008 
90 16. 98 . 015 

150 d 16.93 

, 200 
202.8 + 1 8.~2 
207.2 18.13 0. 020 
21 5. 2 18.00 . 020 
240.3 17.80 .021 
260 d 17.72 

, Expe riment 16, table 6. 
b 0.5 g of a-D-galactosy!amine ammonia. complex in 25 ml of solu tion . Afte r 

equilibrium was reached , 0.0170 ~ of a - o-galactose wn, added to 20 ml of t he solu
tion . and the resulting mu tarotat ion was obscl'vcd in a 4-dm tube. 

c As h ydrolysis is not entir~ly complete , the muta rotatiou constant would be 
expected to be low and to in crease with time. 

d Constant. 
, a-D-Galactose added to solu tion . 

sugar presumably formed, and then slowly decreases. 
A similar drop in rotation was observed in experi
ments 17 and 18. The phenomenon was studied 
further by the addition of a-D-galactose to the solu
tion of experiment 16 after hydTolysis had taken 
place. It will be seen from table 7 that the slow de
crease in optical rotation observed in experiment 16 
is comparable to that caused by the mutarotation of 
a -D-galactose in the same solution. The effect is 
d etected only when conditions are such that the 
rate of hydrolysis is high and the rate of mutarota
tion of the free sugar is low. Thus it appears that 
under t hese conditions the proportion of the alpha 
pyranose modification of the sugar temporarily ex
ceeds th e equilibrium proportion, and that r estora
tion of the equilibrium is accompanied by a decrease 
in optical rotation. A simple explanation for the 
effect is that the rate constants for the system 

.,/ 
aldehyde form 

""'-

alpha form 
/' 

"" beta form 

are such that the equilibrium between the aldehyde 
and the alpha modification is attained more quickly 
than that between the aldehyde and the beta modi
fication. Thus, the proportion of the alpha form in
creases until equilibrium is established with the alde~ 
hyde, after which the beta form continues to increase 
at the expense of the alpha until finally all modifica
tions are in equilibirium. 

6 . Periodate Oxidation of the N-Acetyl-D
Galactosylamines 

On periodate oxidation, essentially as employed by 
Niemann and Hays [5] in the study of N -acetyl-D
glucosylamine, the specific rotation of N-acetyl-a-D
galactosylamine decreased rapidly from the initial 
value of + 194.9 0 to about + 60 0 and then decreased 
slowly, whereas the specific rotation of N-acetyl-{3-D
galactosylamine changed rapidly from + 9.8° to 
about _ 96°. In each case 2 moles of pOl'iodate were 
consumed rapidly . Both of the oxidation products, 
after bromine oxidation and hydrolysis, yielded 
glyceric acid, identified colorimetrically [6]. The 
consumption of 2 moles of periodate and the iden tifi
cation of a three-carbon fragment after subsequent 
oxidation and hydrolysis, show that both compounds 
are pyranoses and hence they must constitute an 
alpha-beta pyranose pair. Presumably the products 
having rotations 2 of + 60° and _ 96 0 are, respec
t ively, D' -acetamido-D-hydroxymethyldiglycolic alde
hyde IV and L' -acetamido-D-hydroxymethyldigly
colic aldehyde V. The alpha and beta modifications 
of all N -acetyl-D-aldohexopyranosylamines will give 
one or the other of these dialdehydes, and the 
corresponding enantiomorphs will give products 
whose ro tations differ from these merely in direc tion. 
H ence the optical rotations of ± 60° and ± 96° for 
the products of periodate oxidation can be used for 
the assignment of ring structure, as well as alpha or 
bet~ configuration for any N -acetyl-aldohexosyl-
anllne. 

(IV) 

D '-Acetamido-D-hy droxymethy l-diglycolic aldehyde. 

(V ) 

L'-Acetamido-D-hyclroxymethyl-diglycolic aldehyde. 

, The values +60° a nd _96° a re based on the weight of the original com pounds. 
These correspond to specific rotation s of + 70° and _ 11 2°, respectively, based on 
t he corresponding weigbts of t be resul tant dialdellydes. 
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7. Experimental Details 

7 .1. a -D-Galactopyranosylamine Ammonia Complex 

> Forty grams of D-galactose and 1 g of am-
monium chloride were suspended in 100 ml of an
hydrous methanol , and ammonia was passed into 
th e mixture until dissolution of the material was 
complete. The solution was stored at room tempera
ture for several days, and finally in the refrigerator 
for 1 day. The product that crystallized from solu-

~ tion was separated, washed with methanol and dried 
for 2 hours over odium hydroxide at reduced pres
sure. The crude yield was abo ut 35 g, having a spe
cific rotation of + 87°. This value is in accord with 
that reported in [2]. The product was recrystallized 
by dissolving i t in 10 parts of cold 3-percent aqueous 
ammonia and adding 10 parts of m ethanol saturated 

" with ammonia at 00 C. The cry tals, which formed 
,..) in the course of a few minutes, were eollected on a 

filter and washed wi th methanol saturated with 
ammonia. They were then stored in an atmos
phere of ammonia in a desiccator containing sodium 
hydroxide. Prior to analysis 01' li se, the excess 
ammonia wa removed from the material by evacua-

I tion of the desiccator for 15 minutes. On repeated 
;=. recrystallization [a]~ rose from + 87° to + 138° 
I 

initially (water, c= 5) . Further recrystall ization 
failed (;0 change this value. The product contained 
approximatclr ] mole of ammonia per mole of amine 
but the composition varied slightly in differen t prep
s,rations, apparen t1y because of the tendency of the 
ammonia to escape . 

~ Analysis: Calculated for C6H I60 ,N2: C, 36.7; H , 
.2; N, 14 .2. Found: C, 36.5; H , 8.4; N, 12 .9. 

7.2. ,B-D-Galactopyranosylamine 

Storage of a -D-galactosylamine ammonia complex 
over phosphoric anhydride for several months gave 
an amorphous residu e with a specific rotation of 
+ 63°. On dissolution of this material in water, 

'7 followed by the addition of ethanol to incipient tur
bidity, a cry taliine product formed that appeared 
to be the same as t ha t of de Bruyn and Van Leent 
[2]. The material was obtained more readily by 
dissolving the crude ammonia complex in two parts 

1 of warm water, and after half an hour, fil tering and 
\ . adding four parts of methanol and two parts of 
~ isopropanol. The large rectangular prisms that 

separated were washed with methanol and dried 
over sodium hydroxide. After two crystallizations 
the compound gave the following analysis: Calculated 
for C6H!o0 5N: C, 40.2; H , 7.3; N, 7.8 . Found: C, 
40.1; H , 7.4; N, 7.8. [al1o = + 62.2° (2.1 min, water, 
c= 2). 

7 .3. Pentaacetyl-a-D-Galactopyranosylamine 

Stirr ing was continued for 3 days in the icc-salt bath 
and for 1 day at room temperature. The reaction 
mixture was diluted with several volumes of pe
troleum eth er , which precipitated a sirup. The 
liquid was decanted and the imp brough t to crys
tallization by the addition of isoamyl alcohol. The 
crystals weighed 3.5 g and had a specific rotation of 
+ 112°. After several recrystallizations from 95-
percent ethanol, the product, pcntaacctyl-a-D-galac
topyranosylamine, melted at 172° to 173° C; [a]1° = 
+ 117.4° (CHCh, c= 2). 

Analysis: Calculated for C1 6H 230 1ON: C, 49.35; H . 
5.95; N, 3.60; found: C, 49.6; H , 6.0 ; N, 3.6. 

7 .4. Pentaacetyl- ,B-D-Galactopyranosylamin e 

T en grams of ammonia-free galactosylamine of 
specific rotation + 62° was treated with a mixture 
of pyridine and acetic anhydride as described for 
the acetylation of the alpha isomer . The amine d is
solved in the acetylation mixture in the comse of 
several hours, and the solution was then poured in to 
ice and water. The crystals that formed were sepa
ra ted by filtra tion, and the aqueous filtrate wa 
extracted 'with chloroform to recover additional 
material. The combined yield of crude pentaacetyl
galactosylamine was 18 g, having a specific rotation 
of + 35°. After recrystallization from chloroform 
w'ith the addition of petroleum eth er , and two re
crystallizations from ethanol, the product, pure 
pentaacetyl-,B-D-gsl actopyranosylamine, molted at 
173°C. [al1o = + 34.7° (CH CIs , c= 2). The con
stan ts were unchanged by further recrystallization. 

Analysis: Calculated for C I6 H 23 0 10 N: C, 49.35; H , 
5.95; N, 3.60 ; found : C, 49.6; H , 6.1; N , 3.6. 

7 .5 . N-Acetyl- a -D-Galacto p y Iano syla mine a nd 
N-Acetyl-,B-D-Galactop yranosylamine 

Both the alpha and beta form s of pentaacetyl-D
galactosylamine were deace tylated by the catalytic 
barium methyla te method [7] in the following man
ner: T en grams of the ma,terial was dissolved in 
100 ml of anhydrous methanol containing 10 ml of 
0.4 N barium methylate. The mixture was allovved 
to stand for 1 hI' and w'as then treated wi th an ex
actly equivalent amount of 0.4 N sulfuric acid. 
Barium sulfate was removed by filtration of the 
mixture on a Buclmer fLmnol h eavily coated with 
diatomaceous earth and decolorizing carbon , and 
the residue was washed with water. The filtra te 
was concentrated under reduced pressure to a sirup 
from which the N-acetylgalactosylamine crystallized . 
Th e crys tals were separa ted and washed wi th ethanol. 

N -Acetyl-a-D-galactopyranosylamine. The crystal
line product, obtained from 10 g of pen taacetyl-a
D-galactopyranosylamine by the process outlined 
above, weigh ed 5.5 g and had a specific rotation of 
+ 193°. After two 1'ecrystaUizations from warm 

Ten grams of finely powdered a-D-galactosylamine methanol 'with the addi tion of isopropanol, pure 
ammonia complex was added to a previously cooled N -acetyl-a-D-galactopyranosylamine was obtained, 
mixture of 100 ml of pyridine and 50 ml of acetic [ano = + 194.9° (water , c= 2); mp 179° to 180°C. 
anh:n lride in a flask equipped with a mechanical Analysis: Calculated for CSHI50 6N: C, 43.43; 

~ titTer and immersed in a mixture of icc and salt. H , 6.84; N, 6.33. FOUlld : C, 43.5; H , 6.8; N, 6.3. 
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N -Acetyl-,B-D-galactopymnosylamine. The product 
from 10 g of pen taacetyl-,B-D-galactopyranosyl
amine (5.5 g) baving a specific rota tion of + 10° was 
recrystallized twice from 20 par ts of \varm \'1ater by 
concentration in vacuum. The pure material, N 
acetyl-,B -D-galactopyranosylamine, melted at 233° C; 
[a]1°= + 9.8° (water , c= 2). 

Analysis: Calculated for CgH'506N: C, 43.43; H, 
6.84; N, 6.33. Found: C, 43.3; H, 6.9; N, 6.2. 

7.6. Periodate Oxidation of N-Acetyl- a-D-Galacto
pyranosylamine and N-Acetyl- ,B -D-Galactopyran
osylamine . 

A l-g sample of either N -acetyl-a -D-galacto
pyranosylamine or N-acetyl-,B-D-galactopyranosyl
amine was dissolved at 20° C in sufficien t 0.29 M 
sodium metaperiodate to give a volume of 50 ml, 
and the course of the oxidation was followed by the 
change in optical rotation. The results , given in 
table 8 and figure 3, show that in each case there 
was a rapid change followed by a slower ch ange. 
At points near and after the termination of the rapid 
change, 10-ml aliquots of the solution were pipetted 
into glass-stoppered flasks containing 20 ml of 0.1 N 
sodium arsenite, 10 ml of a saturated solution of 
NaHC0 3 , and 1 ml of a 20-percent solution of KI. 
After 15 min. the excess arsenite was titrated with 
0.1 N iodine. In both cases, substantially 2 moles 
of periodate per mole of N -acetylgalactosylamine 
had been used at the termination of the rapid ch ange . 
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FIG URE 3. P eriodate oxidation of N -acetyl-D-galactosylamines. 
1. N-Acctyl-a-D-galactosylami ne; 2. N-Aeetyl-Il-D-galaetosylamine. 

T ABLE 8. Periodate oxidation of N -acetyl- D-galactosylamines' 

Reaction 
time 

min 
o 
2.2 

10.1 
20.0 
30.0 
60.0 

o 
3.0 

10.7 
15.4 
60.0 

Optical rotation 

os b [a] '" 
D 

Moles 
periodate 
per mole 
amine 

N-aeetyl-a-D-galactosylamine 

<+22.52) 
+9.46 

7.77 
7.07 
6.89 
6.59 

(+194.9) 
+81.4 
+66.9 
+ 60.8 
+59.3 
+56.7 

N-aeetyl-Il-D-galactosylamine 

<+1. 13) 
- 7.55 

- 10. 97 
- 11. 13 
- 11. 07 

<+9.8) 
- 65. I 
-94.5 
-95.9 
-95.4 

2.04 
2.04 

2.04 
2.04 

• 1 g of N -aeetylga1actosylamino in 50 lUI of 0.29 ]vI sodinm metaperiodate. 
b Read in a 2-dm tnbe. 
c Based On the weight of N -acetylgalaetosylamine. 

7.7. Mutarotation and Hydrolysis Measurements 

The mutarotation and hydrolysis reactions were 
followed by measurement of the changes in optical 
rotation that occurred in solutions of the compounds 
in water con taining Imown amounts of acids and 
bases essen tially as described in [1]. In each experi
ment 0.5 g of crystalline amine was placed in a 
volumetric flask, and sufficient acid , base or buffer 
solution at 20° C was added to give a volume of t 
25 ml. Because of the ammonia present in a -galacto- I.. 
sylamine ammonia complex, its aqueous solution 
was highly alkaline. To obtain less alkaline solutions, 
the substance was dissolved in sufficien t aqueous 
hydrochloric acid to give the quantities of NH4Cl 
reported in experiments 10, 11 , and 12 . In experi
ments 6 and 9, ammoniacal solu tions of NH4Cl were 
added to the compounds. The rate constan ts are 
expressed in common logarithms and minutes. 

8. Summary 

A study of the reactions and properties of the 
products obtained by reaction of ammonia with 
galactose has revealed that one of the two previously 
known galactosylamines is a mi;<ture. The crude 
material, by recrystallization from aqueous ammonia 
gave an isomer containing I mole of loosely bound 
ammonia, and having a specific rotation of + 138°, 
and the previously known galactosylamine of 
specific rotation + 62.2° . The two modifications 
of galactosylamine, on acetylation, gave crystalline \ 
pentaacetates of specific rotation + 117.4° and 
+ 34.7°, respectively_ By partial deacetylation of 
the acetates there were obtained two crystalline 
N-acetyl derivatives, namely, N-acetyl-a-D-galacto
pj'l'anosylamine, [al1o+ 194.9°, m. p . 179° to 180° C, 
and N-acetyl-,B-D-galactopyranosylamine [aj1° + 9.8°, 
m. p . 233 0 C. The N -acetyl derivatives, by pel'iodate 
oxidation and study of the resultan t dialdehydes, 
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were shown to b e an alpha-beta pyranose pall' . 
Since a shift in ring structure seems improbable, the 
conesponding pentaacetates and the paren t galacto
sylamines can be ten tatively classified also as 

1 pyranoses. 
The mutarotation and hydrolysis of the two 

galactosylamines were s tudied and found to be in 
harmony with the m echanisms previously advanced 
by us. The mutarota tion constant for a-D-galacto
sylamine ammonia complex at various pH levels may 
b e expressed by t he following equa tion: 

The hydrolysis of D-galactosylamine, like the previ
ously studied hydrolysis of L-arabinosylamine, takes 
place rapidly only in a limited pI-I range. The 
m aA"imum ra te is at pH 4.8, and the ra te constan t is 

' ) given by thc expression 

k hydrol 
1 

The work es tablish es experimen tally for the first 
t ime Lhe existence of the alpha and beta modifica tions 
of a glycosylamine. The existence of these eom-r pounds suppor ts the in terpreta,t ion of the muLal'o ta

I tion of the glycosylamines as consi ting of the 

intel'cunvel'sion of alpha and beta isomers. The 
op tical ro ta tions of the new compounds and of the 
products of pOl'iodate oxidation can be used in 
various ways for the (l,ssignment of structures Lo 
compounds in this field . 

The authors greatly appreciate the assistance of 
Nancy B . Holt , who made most of th e op tical 
measuremen ts and assisted in other experimen tal 
work and of Rolf A. P aulson, wh o analyzed the 
compounds repOl'ted. 
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