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Mutarotation, Hydrolysis, and Structure of
D-Galactosylamines

Harriet L. Frush and Horace S. Isbell

Of the two previously described galactosylamines, one has been shown to be a mixture.
A pure compound has now been isolated from it, thus making available for the first time two

pure modifications of a glycosylamine.

and of certain derivatives have been determined.
of reference compounds useful for the assignment of structure in this field.

The structure and properties of these compounds

I'he new substances constitute a group
The mutarotation

and hydrolysis of the two galactosylamines were studied and found to be in harmony with

mechanisms previously advanced by us.

1. Introduction

Reaction of ammonia or suitable amines with
sugars produces glycosylamines 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 certam coenzymes, they contain an N-glycosyl
linkage. In a previous publication [1],! it was shown
that in solution v-arabinosylamine, I, undergoes a
mutarotation reaction that is followed or accom-
panied by hydrolysis of the amino group. The
mutarotation is strongly catalyzed by acids; the
hydrolysis, like certain enzyme reactions, is rapid
only in the pH range 3 to 7. Mechanisms were
advanced to account for these unusual properties,
through the intermediate formation of the imonium

+
ion —C=NH,. Hydrolysis was conceived as involv-
|

ing combination of the imonium ion with hydroxyl
ion, and decomposition of the resulting aldehyde
ammonia. Lack of reaction in highly acid solution
was ascribed to low hydroxyl ion concentration, and
lack of reaction in alkaline solution to low imonium
ion concentration. To provide additional support
for the mechanisms, a study has now been made of
the p-galactosylamines.

OH: SO'H ~H
\ | \
H,C—C—C—C—CH.NH,
i | e (D
H H OH |
5 |
L-Arabinosylamine.
2. Preparation and Structure of the
Galactosylamines
By treatment of galactose with ammonia and

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

1 Figures in brackets indicate the literature references at the end of this paper.

was ammonia free. These compounds have now
been prepared and their structures 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 further increased, it is believed that this material
is a pure modification of the galactosylamine.
Preparation of the amonia-free form of galactosy-
lamine by a number of methods, and repeated
recrystallization of the product, gave a substance
having an initial specific rotation of +62° in com-
parison with the value of -+64° reported in [2].
The two modifications of galactosylamine were
acetylated, and yielded ecrystalline pentaacetates,
which differed in properties. By deacetylation of
the pentaacetates, the corresponding crystalline N-
acetylgalactosylamines were obtained, and the latter
compounds were shown by periodate oxidation and
study of the dialdehydes to be an alpha-beta pyranose
pair. Since mild conditions of acetylation and
deacetylation were employed, it appears reasonably
certain that the parent galactosylamines as well as
the corresponding pentaacetates are also alpha-beta
pyranose pairs. The mutarotation and hydrolysis
of the two galactosylamines have been studied, and
found to be in harmony with the mechanisms
previously advanced.

In accordance with convention, the more dextro-
rotatory amine I (known in the form of the ammonia
complex) is designated alpha; the less dextrorotatory
amine [I1 is designated beta, 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, would have yielded a mixed acetate. The fact
that a high yield of a nearly pure acetate was obtained
supports the conclusion that the parent glycosylamine
is a single modification and that the equilibrium
mixture for p-galactosylamine consists almost entirely
of the beta form.

H AOH O B 0H
B8 \ \ \
HO.H,C—C—C—C—C—C—
| l \ o (Imn
H . H T 0H N,
L 0

a-p-Galactopyranosylamine.
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B-p-Galactopyranosylamine.

«-D-Galactosylamine
3-D-Galactosyl-

3. Mutarotation of
Ammonia Complex and
amine

The changes that occur when o-p-galactosyl-
amine ammonia complex is dissolved in water are
given in table 1. The behavior of the substance
resembles that of v-arabinosylamine in that the
optical rotation, [«]¥, 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-p-
galactosylamine ammonia complex and of B-p-
galactosylamine in water and in aqueous 2.5 N HCI.
At the time of the earliest reading in acid solution the

TaBLe 1. Mutarotation of a-v-galactosylamine ®

[0.5 g a-D-galactosylamine ammonia complex dissolved in water to give a
volume of 25 ml at 20°C]

[c]2 Mutaro- |Hydrolysis
: 20 D tation rate con-
Time lalp (ammonia- pH constant,b | stant,c
free basis) km khydrol.
Minutes
0 d(+4138) -1 o 57 150 0 (R P [ S
2.8 135. 9 148.8 el
15.8 129.4 141.7 0. 0029
30.0 115.3 126.3 . 0048
70 94.7 103.7 . 0048
136 73.0 79.9 . 0052
280 56. 8 B2 RO T (] ZA |
20.3 hr 59.2 64.8
29 60.0 65.7 &
45 61.8 67.7 . 00006
) €(73.0) (TR Ea e ¥ oS 5 LCAEAb SRy TAR
AvVg oL 5 0. 0044 0. 00006

= Experiment 1, see table 4.

b km=1/¢ log (=1 e)/(ri—Tco

© kbydro1.=1/(fs—11) log (Tl—Too)/(T"—rm)

d Calculated initial rotation.

e Calculated rotation for complete hydrolysis.

two substances exhibit within experimental error the
same optical rotation (+463.0°). 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

TaBLE 2. Changes in optical rotation of a-p-galactosylamine
ammonia complex and of B-p-galactosylamine on dissolution
in water and in 2.5 N HCI

Alpha modification ’ Beta modification

Time [e]%

Time \ [a:]”(’"t

| Experiment 2
solution in 2.5 N HC1

Experiment 3
solutioa in 2.5 N HC1

Min. l |
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

Experiment 4

Experiment 1 solution in water+ N H;3b

solution in water pH 1l).9i pH 10.9
2.8 +148.8 3.1 +62.7
15.8 141.7 30 62.7
30 126.3 0 62.7
136 79.9 180 62. 5
280 62.9 24 hr 62.4
20.3 hr 64.8

Experiment 5
solution in water pH 9.2

2.1 +62.2
5.1 61.9
10.5 61.2
21.1 60.8
60 60.5
120 60. 4

& Ammonia-free basis.

b The solution of a-D-galactosylamine ammonia complex in water had a pH
of 10.9. For comparison, measurements of the rotation of g-p-galactosylamine
also were made in the presence of NH; at this pH.

the beta isomer in water and in water containing
ammonia appears anomalous, in that the change in
optical rotation, although small is in the same direc-
tion as that of the alpha isomer. It is believed that
this change is not due to the establishment of the
alpha-beta equilibrium, but rather to a side reaction,
the formation of a less dextrorotatory substance
presumably the digalactosylamine having a spe(lﬁc
rotation of +22° [3].

As shown by the experiment given in table 3, the
side reaction causing the optical rotation to fall
below the equilibrium value is enhanced by the
presence of general acid catalysts, in this case the
ammonium ion. A similar reaction was observed
concurrently with the mutorotation of rL-arabinosyla-
mine [1].  We believe that the reaction involves the
condensation of the amine with the imonium cation
essentially as represented below:

H H + R H H+ HiH
H$§H $=NHZH?<~—§L—?NH2 H?<—N—TNH3 HC<~~N ?\
| |
R \0+—ﬁ - R \0 ﬁ 2 ﬁ \o R - ﬁ \o ﬂ \b+NHﬁHA
;// { // I// f // i//
? —?OH ? COHA —C ?

B |
|
=
|
—a
o
=
B |



This mechanism requires the presence of both the
free amine and the imonium ecation. Relatively
high concentrations of both constituents exist in
alkaline solution in the presence of general acid
catalysts, and hence the side 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.

TasrLe 3.  Change in optical rotation of B-v-galactosylamine in
the presence of 1 N NH,Cl+ NHj at pH 10.9 »

Time 120
Time ‘ [alf) —’

a Experiment 6.

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

Solutions of a-p-galactosylamine ammonia complex
in water react alkaline and contain free ammonia. A
0.1-molar solution has a pH of about 10.9. To study
the variation in the rate of mutarotation with pH,
measurements were made in solutions containing
either additional base or an acid. The data are
presented 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 increasing the alkalinity
by the use of ammonia and sodium hydroxide, re-

+150, ]
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TIME , MINUTES
Ficure 1. Mutarotation of a-v-galactosylamine ammonia
complex.
1. In water, pH 10.9 (experiment 1); 2. in water + NHj, pH 11.5 (experiment 8);
3.in 0.01 N NaOH (experiment 7); 4. in 0.5 N N'Hy C14-NHj, pH 10.9 (experi-
ment 9); 5. in 2.5 N HCI (experiment 2).

spectively. Curve 4 shows the effect of a sub-
stantial quantity of ammonium chloride and curve
5 of strong acid. In the presence of strong acid
the optical rotation drops to the equilibrium value
before the first measurement can be made. In
the pH range 8.7 to 11.5, solutions buffered with
ammonium chloride and ammonia gave satisfactory
rate constants (table 4). In some cases the muta-

TasLe 4. Mutarotation of a-p-galactosylamine

[0.5 g a-p-galactopyranosylamine ammonia complex dissolved in sufficient acid
base or buffer to give a volume of 25 ml at 20°C, and the solvent composition
listed opposite the experiment number. pH given is that of solution]

: o8 o
208 L
Time [af2® Time ‘ [ ’ k,
Experiment 7. 0.01 N NaOH. pH 12.1¢
. ] i i
min min |
10 +132.5 70 +-82.1 i ,,,,,,,,,,,,
30 108.0 90 74.5 0. 009
50 92.5 110 68.7 | L007
SR L o
Avg 1 0.008
S, B W [ S ST N T S
Experiment 8. Water4+NH; pH 11.5
10 +138.3 110N RS 5 ¥ 5 B RS
30 119. 4 130 0.0055
50 104. 6 150 L0055
Ave ‘ 0.005
! e —————————————————— ————————
‘ Experiment 1. Water pH 10.9 (See table 1) 0.004
Experiment 9. 0.5 N NH;CI4+NH; pH 10.9
2 +136.3 18 el e
6 114. 4 22 69. 8 0. 030
10 97.8 26 64.3 L031
Avg .. 0. 030
Experiment 10. 0.04 N NH;Cl+NH3; pH 9.6
2 +128.7 100 B/, PR I S
10 120. 4 108 74.0 0.007
18 113.3 116 72.5 .007
‘ Avg 0.607
Js ot & | S AR I e
1 Experiment 11, 0.08 N NH;Cl+NH3; pH 9.0
I 5 +138.0 95 7888 | i oiiiaeie
15 115.0 105 0.018
25 103. 3 115 72.4 .013
Avg. ... 0.016
| o o - . K
Experiment 12. 0.1 N NH;CI+NH3; pH 8.7
2 —+127.9 12 = TRAZUS e S o O S
4 109. 5 14 75.0 0.079
6 96. 4 16 72.4 .079
Avg._.. 0.079
Experiment 13. 0.25 N (NHy):HPO4+NH; pH 9.0
1 +121.3 5 H78:51 o iiteccd el
2 100. 3 6 73.3 0.220
3 88.5 i 70.8 .183
Avg.___ 0.202
| .
| Experiment 2. 2.5 N HC1 (Seec table 2) ®
|
|

a Specific rotations expressed on ammonia-free basis.
b Determined by the method of Bronsted and Guggenheim [4].
¢ Approximate pH.
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rotation appears to be caused not only by the estab-
lishment of the alpha-beta equilibrium, but also
to some extent by the side reation discussed in the
preceding paragraph.

The side reaction accounts for the drop in rotation
below the equilibrium value of 4-63° (strikingly
shown in curve 4 of fig. 1). It seems to be 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 the reactions does not seem feasible, no
attempt was made to determine separate rate con-
stants; rather, a rate constant k, was calculated for
the over-all process.

TasrLe 5. Mutarotation constants for a-v-galactosylamine
ammonia complex
L - |
Experi- km (cor-
et b pE O g T IOEA), I | (oo
7 12.0 10-12 10720 Heh S50 0.008 | 0.008
8 15 I BE oD =38 8 205 St (o i e Sy .005 . 005
1 HORO RS 19351 0=0 8 IE75 0 DRI Ehi . 004 . 004
9 10.9 | 1.3X101 | 7.9X10~+ [ 0.5 . 030 . 004
10 9.6 | 2.5X10710" | 4.0X10- .04 | .007 . 005
11 9.0 | 1.0X10~° | 1.0X10- .08 | .016 .012
12 8.7 | 4.8X10~9 | 85X10~¢ | 1.0 079 .027
13 9.0 | 1.0X10~° | 1.0X10-5 | 0.5 .202 | b.176
2 IFNHGH st ity S g e A e

a anectud for the catalytic effect of ammonium ion.
b Higher constant due to catalytic effect of the phosphate used as a buffer.
¢ Too rapid to measure.

To evaluate the effect of acid and base catalysts
on the mutarotation, the rate constants reported in
tables 4 and 5 were determined by the method of
Bronsted and Guggenheim [4]. This method was
used because it does not require the final, or equilib-
rium rotation. A comparison of the data of experi-
ments 1 and 9 and of 11 and 13 show that the process
is catalyzed by ammonium ion, and by acid phos-
phate, respectively. Thus the reactions clearly show
general acid catalysis. If, for simplicity, the system
1s restricted to solutions containing water and ammo-
nium salts of strong acids, the rate constant is given

by the following expression:
km:kH20 +kH[H+]+k0H[OH_]+kNH4[NH;r]-

From equations representing the rate constants for
experiments 1 and 9, kxm, was found to be 0.052.

By use of this value, £,, was corrected for the catalytic
effect of the ammonium ion. The corrected values
are given in the right-hand column of table 5 and
are plotted in figure 2. It will be seen from the
ficure that in acid solution the mutarotation is too
rapid to measure; with reduction in the oxonium
ion concentration the rate decreases to a minimum
and then increases. With the assumption that in
highly alkaline solution the catalytic effect due to
oxonium ion becomes small and may be neglected,
the rate constants of experiments 1 and 7 give values
of 0.004 and 0.4, respectively, for kH20 and kon. Use
of these values in equations representing the data
from experiments 11 and 12, and solution of the
equations, gives for kg an average value of 610
Thus, in the absence of ammonium ion,

kn=0.0044-6><10°[H*]+0.4[OH"].

The dotted curve of figure 2 corresponds to this
equation.

It was suggested in [1] that the mutarotations of
both the sugars and the glycosylamines take place
by several mechanisms. The mechanism of eq 1
was shown to be promoted by acids in general and
to be of importance for the mutarotation of both
the sugars and the glycosylamines. It was pointed
out that a base-catalyzed mechanism such as that of
eq 2 is of first importance for the mutarotation of
the sugars, but that base catalysis could not be
demonstrated in the case of wv-arabinosylamine.
However, the data of table 5 and figure 2 show
that the mutarotation constants of a—p-galac-
tosylamine ammonia complex rise in highly alkaline
solution, and hence the over-all change due to the
mutarotation and the side reaction is catalyzed not
only by acids, but also by hydroxyl ion.

HC|}§H2 HCNH, H(F:NH; H,NCH H,NCH

AN A ks | ks ks |

R O+HA =2 R QA = =2 R OHA = R O+HA (1)

[is 28 k=i /A k-2 | ks ’/ k-, B

[/ 7 Lo
E il e 3

all open-chain forms
HC§H2 HCQTHzB— G —I\iH! EHgNCE H,NCH
‘ Y
‘ N k1 2R ks ‘ ks 1 N Kl ‘ iR
R /O+B— ];:> 1‘%/0 I;__) R +HB ;C-: Ill. /O (=1 T /O—I—B— (@)
i —2 =3 k—4
A ye
n s
)

all open-chain forms
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Ficure 2. Rate constants for the mutarotation and hydrolysis

of a-p-galactosylamine.
5. Hydrolysis Reaction

To study the hydrolysis of bp-galactosylamine,
measurements of optical rotation were made largely
in the pH range in which equilibrium of the anomeric
forms of the amine is established rapidly. Under
these conditions, the change in optical rotation can
be ascribed exclusively to the hydrolysis reaction,
and the rate constant can be obtained by application
of the conventional first-order formula:

khydml:*'
2

where 7, and r,, are the rotations at times ¢, and t,,
respectively, and 7. is the specific rotation of the
fully hydrolyzed material. The hydrolysis rate
constants obtained at various pH levels are given
in table 6 and figure 2.

We have shown previously from theoretical con-
siderations [1] that the effect of the oxonium and
hydroxyl ion concentrations on the hydrolysis con-
stant should conform to an equation of the type:

1
it = B RG] 4 KG[OH ]
When the data of experiments 15, 18, and 19 were
applied to this equation, K, K, and K; were found
to be 22.5, 6.16X10* and 1.55X10° respectively.
Thus,
g L. :
bydrol ™99 54+ 6.16 X 10*[H]+1.55 X 10°[OH"]
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The solid curve of figure 2 represents a plot of this
expression; the circles represent the experimentally
determined rate constants given in table 6. The
ralculated maximum rate 1s at pH 4.8.

The data of experiment 16 of table 6 show an effect
that requires explanation. The optical rotation of
the material on hydrolysis increases to a value higher
than the equilibrium value corresponding to the

TaBLE 6. Hydrolysis of a-p-galactosylamine

[0.5 g a»n-gul;lcwsyluminv ‘ammonia complex dissolved in sufficient acid, base or
buffer to give a volume of 25 ml at 20° C. Solvents are listed with experiment
numbers]

Time [o]2® ( pH [ khydrol ’
Experiment 1. Water
0. 00006

Sece table 1 10.9

Experiment 14. 5 volumes of M KHP O+
2 volumes N NaOH diluted to 10 volumes

min

15.3 +62.9

75 72.3
150 76.9

26 hr gf O ) T SR (| R ee

l " T0.007 |
[ & { .007 |
| | |
|
|

Avg,,l‘ 0.007
Experiment 15. 5 volumes of M KH:P O4+
1 volume N NaOH diluted to 10 volumes

I
10.8 | +64.6 ;
26.6 | 69.3 6.7 0.010
60.1 | 75.8 3.7 L011
20 hr 80.2 | SR

‘ Avg._. 0.010

Experiment 16. 5 volumes N acetic acid+
2 volumes N NaOH diluted to 10 volumes

2.2 +58.5 Gl taas
3.4 60. 4 0.031
6.0 64. 8 036
9.8 70.7 . 042
12.8 74.1 5.0 . 045
32.7 Lol A | RSSO § Rt
71 81.1
90 80.5 2
150 79.7

Avg. 0.039

Experiment 17. 5 volumes of N acetic acid
+1 volume N NaOH diluted to 10 volumes

1.7 SR ]
7.5 63.7
10.3 67.6
18.6 74.3 4.7
32.3 77.4
290 b 74,6

Avg..| 0.043

Experiment 18. 1 N acetic acid

2.4 +57.5
10.1 65. 4
15.1 68. 5
30.0 73.9 3.9
60 75.8
390 75.2
25 hr 74.6

Avg.__




TasLe 6.— Hydrolysis of a-p-galactosylamine—Continued

0.5 g a-p-galactosylamine ammonia complex dissolved in sufficent acid, base or
buffer to give a volume of 25 ml at 20° C. Solvents are listed with experiment
numbers]

Time l [aX* pH knydrol

Experiment 19. 5 N acetic acid

2.4 ‘ +62.4 [ [ --c-c---
16.3 | 67.3 0.011
30.7 | 69. 8 > 2.9 . 009
60 | 744 ] £009
28hr | 7.3 |} [l

Avg__ 0.010
Experiment 2. 2.5 N HCI
| |
3.0 | +63.0 £
225 | 63.5 S 0. 00006
22hr | 64.3 S . 00003
® c79.9 e

Avg | 0.00004

» Expressed on the ammonia-free basis.
b Constant.
¢ Calculated rotation for complete hydrolysis.

TaBLe 7. Mutarotation of hydrolysis product ® before and

after the addition of a-p-galactose ®

} Observed
| Time rotation, km
| og
|
min |
32.7 S E] 70 L R |
71 17.12 ¢ 0. 008
90 16. 98 015
i 150 416.93 | ...
i 92000 Srs[ie e T s
202.8 +18. 22 e
| 207.2 18.13 0. 020
G rNOT 5D 18. 00 . 020
| 240.3 17.80 021
| 260 25l ' R ERE e MR

a Experiment 16, table 6.

b 0.5 g of a-D-galactosylamine ammonia complex in 25 ml of solution. After
equilibrium was reached, 0.0170 g of a-pD-galactose was added to 20 ml of the solu-
tion, and the resulting mutarotation was observed in a 4-dm tube.

¢ As hydrolysis is not entirely complete, the mutarotation constant would be
expected to be low and to increase with time.

d Constant.

¢ a-D-Galactose added to solution.

sugar presumably formed, and then slowly decreases.
A similar drop m rotation was observed in experi-
ments 17 and 18. The phenomenon was studied
further by the addition of a-p-galactose to the solu-
tion of experiment 16 after hydrolysis 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-p-galactose in the same solution. The effect is
detected 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 these conditions the proportion of the alpha
pyranose modification of the sugar temporarily ex-
ceeds the equilibrium proportion, and that restora-
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

alpha form
aldehyde 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-p-
Galactosylamines

On periodate oxidation, essentially as employed by
Niemann and Hays [5] in the study of N-acetyl-n-
glucosylamine, the specific rotation of N-acetyl-a-p-
galactosylamine decreased rapidly from the initial
value of 4+194.9° to about +60° and then decreased
slowly, whereas the specific rotation of N-acetyl-g-p-
galactosylamine changed rapidly from -+9.8° to
about —96°. In each case 2 moles of periodate 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 identifi-
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? of 460° and —96° are, respec-
tively, n’-acetamido-p-hydroxymethyldiglycolic alde-
hyde IV and 1’-acetamido-p-hydroxymethyldigly-
colic aldehyde V. The alpha and beta modifications
of all N-acetyl-p-aldohexopyranosylamines will give
one or the other of these dialdehydes, and the
corresponding enantiomorphs will give products
whose rotations differ from these merely in direction.
Hence 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
beta configuration for any N-acetyl-aldohexosyl-
amine.

ey
HO.H,C—C—C=0 ()=CAIC~7 (IV)
\ HNAc
(0]
p’-Acetamido-p-hydroxymethyl-diglycolic aldehyde.
I‘{ }‘I }‘{ HNAc
|
HO.H,C—C—C=0 0=C—C v
| V)
| i

(0)
L’-Acetamido-p-hydroxymethyl-diglycolic aldehyde.
2 The values 4+60° and —96° are based on the weight of the original compounds.

These correspond to specific rotations of +70° and —112°, respectively, based on
the corresponding weights of the resultant dialdehydes.
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7. Experimental Details
7.1. «-D-Galactopyranosylamine Ammonia Complex

Forty grams of bp-galactose and 1 g of am-
monium chloride were suspended in 100 ml of an-
hydrous methanol, and ammonia was passed into
the 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 sodium hydroxide at reduced pres-
sure. The crude yield was about 35 g, having a spe-
cific rotation of 4-87°.  This value is in accord with
that reported in [2]. The product was recrystallized
by dissolving it in 10 parts of cold 3-percent aqueous
ammonia and adding 10 parts of methanol saturated
with ammonia at 0° C. The crystals, which formed
in the course of a few minutes, were collected on a
filter and washed with methanol saturated with
ammonia. They were then stored in an atmos-
phere of ammonia in a desiccator containing sodium
hydroxide. Prior to analysis or use, the excess
ammonia was removed from the material by evacua-
tion of the desiccator for 15 minutes. On repeated

recrystallization [«]f rose from +87° to -4138°
mitially (water, ¢=35). Further recrystallization

failed to change this value. The product contained
approximately 1 mole of ammonia per mole of amine
but the composition varied slightly in different prep-
arations, apparently because of the tendency of the
ammonia to escape.

Analysis: Calculated for CyH,;O;N.: C, 36.7; H,
8.2; N, 14.2. Found: C, 36.5; H, 8.4; N, 12.9.

7.2. B-D-Galactopyranosylamine

Storage of a-p-galactosylamine ammonia complex
over phosphoric anhydride for several months gave
an amorphous residue with a specific rotation of
+63°  On dissolution of this material in water,
followed by the addition of ethanol to incipient tur-
bidity, a crystalline product formed that appeared
to be the same as that of de Bruyn and Van Leent
[2]. The material was obtained more readily by
dissolving the crude ammonia complex in two parts
of warm water, and after half an hour, filtering 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 CyH;0;N: C, 40.2; H, 7.3; N, 7.8. Found: C,
40.1; H, 7.4; N, 7.8. [a]¥=+462.2° (2.1 min, water,
C=2)):

7.3. Pentaacetyl-a-D-Galactopyranosylamine

Ten grams of finely powdered a-p-galactosylamine
ammonia complex was added to a previously cooled
mixture of 100 ml of pyridine and 50 ml of acetic
anhydride in a flask equipped with a mechanical
stirrer and immersed in a mixture of ice and salt.

Stirring was continued for 3 days in the ice-salt bath
and for 1 day at room temperature. The reaction
mixture was diluted with several volumes of pe-
troleum ether, which precipitated a sirup. The
liquid was decanted and the sirup brought to crys-
tallization by the addition of isoamyl alcohol. The
crystals weighed 3.5 ¢ and had a specific rotation of
+112°  After several recrystallizations from 95-
percent ethanol, the product, pentaacetyl-a-p-galac-
topyranosylamine, melted at 172° to 173° C; [a«f}) =
+117.4° (CHCI;, ¢=2).

Analysis: Calculated for C,;Hy;0,0N: C; 49.35; H.
5.95; N, 3.60; found: C, 49.6; H, 6.0; N, 3.6.

7.4. Pentaacetyl-3-D-Galactopyranosylamine

Ten 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 dis-
solved in the acetylation mixture in the course of
several hours, and the solution was then poured into
ice and water. The crystals that formed were sepa-
rated by filtration, and the aqueous filtrate was
extracted with chloroform to recover additional
material. The combined yield of erude pentaacetyl-
galactosylamine was 18 g, having a specific rotation
of +35° After recrystallization from chloroform
with the addition of petroleum ether, and two re-
crystallizations from ethanol, the product, pure
pentaacetyl-g-n-galactopyranosylamine, melted at

173°C. [a]®= +34.7° (CHCl;, ¢c=2). The con-
stants were unchanged by further recrystallization.

Analysis: Calculated for Cs Hys Oy 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-Galactopyranosylamine and
N-Acetyl-3-D-Galactopyranosylamine

Both the alpha and beta forms of pentaacetyl-p-
galactosylamine were deacetylated by the catalytic
barium methylate method [7] in the following man-
ner: Ten grams of the material was dissolved in
100 ml of anhydrous methanol containing 10 ml of
0.4 N barium methylate. The mixture was allowed
to stand for 1 hr and was then treated with an ex-
actly equivalent amount of 0.4 N sulfuric acid.
Barium sulfate was removed by filtration of the
mixture on a Biichner funnel heavily coated with
diatomaceous earth and decolorizing carbon, and
the residue was washed with water. The filtrate
was concentrated under reduced pressure to a sirup
from which the N-acetylgalactosylamine crystallized.
The crystals were separated and washed with ethanol.

N-Acetyl-a-p-galactopyranosylamine. The crystal-
line product, obtained from 10 g of pentaacetyl-a-
p-galactopyranosylamine by the process outlined
above, weighed 5.5 ¢ and had a specific rotation of
+193°.  After two recrystallizations from warm
methanol with the addition of isopropanol, pure
N-acetyl-a-p-galactopyranosylamine was obtained,
[@)®= +4194.9° (water, c=2); mp 179° to 180°C.

Analysis: Calculated for CgH;;O;N: C, 43.43;
H,6.84; N,6.33. Found: C, 43.5; H, 6.8; N, 6.3.
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N-Acetyl-B-p-galactopyranosylamine. The product
from 10 g of pentaacetyl-B-p-galactopyranosyl-
amine (5.5 ¢) having a specific rotation of 410° was
recrystallized twice from 20 parts of warm water by
concentration in vacuum. The pure material, N-
acetyl-g-p-galactopyranosylamine, melted at 233° C;
[a]%“-- +9.8° (water, c=2).

Analysis: Calculated for CsH,;;0:N: 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-3-D-Galactopyran-
osylamine.

A 1-g sample of either N-acetyl-a-p-galacto-
pvlanosxlamlne or N-acetyl-B-p-galactopyranosyl-
amine was dissolved at 20° C in sufficient 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 change.
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
NaHCQ;, 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 change.
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Ficure 3.  Periodate oxidation of N-acetyl-p-galactosylamines.

1. N-Acetyl-a-pD-galactosylamine; 2. N-Acetyl-8-p-galactosylamine.

TaBLE 8.  Periodate oxidation of N-acetyl-v-galactosylamines ®

Optical rotation Moles

periodate
per mole
amine

[a]m b
D

Reaction
time
°St

)

V-acetyl-a-D-galactosylamine

0 (+22. 52) (+194.9)
2.2 +9. 46 +81.4
10.1 7.77 ~+66. 9
20.0 7.07 +60.8
30.0 6.89 +59.3
60.0 6.59 +56.7

2 1 g of N-acetylgalactosylamine in 50 ml of 0.29 M sodium metaperiodate.
b Read in a 2-dm tube.
¢ Based on the weight of N-acetylgalactosylamine.

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 containing known amounts of acids and
bases essentially 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
25 ml. Because of the ammonia present in a-galacto-
sylamine ammonia complex, its aqueous solution
was highly alkaline. To obtain less alkaline solutions,
the substance was dissolved in sufficient aqueous
hydrochloric acid to give the quantities of NH,CI
reported in experiments 10, 11, and 12. In experi-
ments 6 and 9, ammoniacal solutions of NH,Cl were
added to the compounds. The rate constants 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 mixture. The crude
material, by recrystallization from aqueous ammonia
gave an isomer containing 1 mole of loosely bound
ammonia, and having a spoclﬁc 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

I-acetyl derivatives, namely, N-acetyl-a-p-galacto-
pyranosylamine, [a]2-}-194. 9° . p..179° 10-186°C,
and N-acetyl-8- D—galactop\lanOS\ lamine [a]f 9. 8°
m. p. 233° C. The N-acetyl derivatives, b\'peuodate
oxidation and study of the resultant dialdehydes,
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were shown to be an alpha-beta pyranose pair.
Since a shift in ring structure seems improbable, the
corresponding pentaacetates and the parent galacto-
sylamines can be tentatively classified also as
pyranoses.

The mutarotation and hydrolysis of the two
galactosylamines were studied and found to be in
harmony with the mechanisms previously advanced
by us. The mutarotation constant for a-p-galacto-
sylamine ammonia complex at various pH levels may
be expressed by the following equation:

kn=0.00446X10°[H+]+0.4[OH].

The hydrolysis of p-galactosylamine, like the previ-
ously studied hydrolysis of rL-arabinosylamine, takes
place rapidly only in a limited pH range. The
maximum rate is at pH 4.8, and the rate constant is
given by the expression

1
kllydrol 22 5 + 1 () >< 1 ()4[[1+] +717,)S<T6()[()]I ]

The work establishes experimentally for the first
time the existence of the alpha and beta modifications
of a glycosylamine. The existence of these com-
pounds supports the interpretation of the mutarota-
tion of the glycosylamines as consisting of the

interconversion of alpha and beta isomers. The
optical rotations of the new compounds and of the
products of periodate oxidation can be used in
various ways for the assignment of structures to
compounds in this field.

The authors greatly appreciate the assistance of
Nancy B. Holt, who made most of the optical
measurements and assisted in other experimental
work and of Rolf A. Paulson, who analyzed the
compounds reported.
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