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Amino Derivatives of Mannuronic Acid'
By Hariet L. Frush and Horace S. Ishell

A pew type of suger derivetive that may prove to be of value in synthetio proceasss
has been prepared from manourenic lactone by reaction with sumonia. The strocture of
the new substance, laminomsnnuronettide, has been determined, and certain erystalline

derivallves have been propared.

I. Discussion

The widespresd occurrence of amino derivatives
of the sugars in producta of plant and wnimasl
origin suggests the possibility that amino deriv-
atives of the wronic acids may likewize be of
importance. The wronic acids have the char-
acterigtic structures of both aldoses and aldonie
acids, and hence, like the aldozses, might be
cxpected to yiell glycosyl amines {1]® and like
the lactones of the aldonic acids, to yield amides [2).

When msnnuronic lactone was treated with
ammonia in methanol in an endeavor to obtain
the amide, a erysialline compound having the
tormula CgH,::N. sepparated from solution. The
new compound, which has been found to be
l-aminomannuronamide crystallizes very readily
and is suitable for the identification of mannuronic
acid. It iz fairly soluble in water, but aqueous
golutions are somewhat unstable, and slowly
hydrolyze with evolution of amimonia,

(On prolonged treatment with excess dilute acid,
the cptical rotation of & aclution of l-aminomen-
nuronamide gradually changed from the levo to
the dextro direction snd attained the same value
a3 that of » solution of mannuronic lsetone
similarly treated. Subsequently, mannuronie lac-
tone waa isolated from tha solution. It s known
that amino derivatives of the sugars in which
the gubatitution is on an alcoholic carbon are
extremely resistant to hydrolysis. Hence, the
two amino groups in the new compound are not
combined with the alcoholic carbons, and the
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crystalline substance must have onae of the follow-
ing atructures, of which the pyrapose (I) seeins
most probable:
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When dissolved in weater, l-gminemannuronamide
exhibits a fairly rapid mufarotation over the
courge of 2 hr; this is follewed hy & slow change
during several days. Presumably the former is
cauged by ap interconversion of the various
modifications of the sugar entity, and the latter
by a gradual hydrolysis of the amine group.
The system iz greatly affected by experimental
conditions, and the mutarotation is being investi-
gated further.

On ncetylation with acetic anhydride in pyridine,
1-aminomannuronamide gave two erystalline prod-
ucts, one of which was dextroretatory and one
levorotatory, The quantity of the dextrorotatory
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product ohtained waa too small to permit extensive
study, but the analysis and properties of the two
products show that they are izomeric; presumably
they differ merely in confisuration or in ring
structure. A coodensation product snalogous to
the diglucosylamine acetate that Brigl and
Kepplor obtained from giucorylamine by treai-
ment with aceiic anhydride and pyridine [3] was
expected but conld net be found.

The levorotatory acetate, the principal product
of the reaction, wasz shown by analysis to have
three fr-acetyl groups and one N-acetyl group.
Because amide nitrogen is not readily acetylated,
it can be assumed that the N-acetyl is attached to
the glyeosylamine group, and that the compound
i l-N-acelylemino-triacetylmannuronamide {or
1-acetamido-triacetylmannuronamide).

Dancetylation of the 1-N-ncetylamino-trincatyl-
mannurenamide by the barium methylate methed
4] gave a monoacetate that was obteined in the
cryatalline state. The resistance of one acetyl
group to hydrolysis by barium methylate shows
that it i attached to nitrogen. The acetylamino
group of the moncacatate is more stable to hydrol-
yeia than the free amino group in the original
l-aminomannuronamide, and no decomposition or
change in optical rotetion at rcom temporature
was observed in an aqueous solution of the com-
pound during & period of several houra. Presum-
ably the acetylamino group has little fendeney to
undergo isomeric change through the Schiff base.
1-N-pcetylaminomannuronamide iz readily oxi-
dized by periodic acid and consumes 2 moles of the
oxidant per incle of compound. The reaction ap-
pears anelogous to that of N-acetylglicopyranosyl
amine [5], which on perfodata oxidation yields the
dialdehyde

HOUCH: CH. CHO OHCCH. NH. Ae,
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Since 2 moles of periodate were consumed in the
present. cage, I-N-acetylaminomannu ronsmide has
& pyranose ring and ¢an be aseigned the structure
represented in formula IV,

]Ii (I)H OH
ﬂ=(i? H ﬂl (I3 {LF—GH.NH.AB I¥.
NH; 0OH H H
0

12

Tp g
0=C—G—C-—-—*L-—(f-—CH NH.Ac
I I ! v,
NH: OAacH H

The evidense for this atructurs is conclusive.
FPresumably the parent acetate has an analogous
structure (Jormule V) and is 1-V-acetylamine-2,-
3 4-ttincetylmannuronamide. The structure of the
latter substance however is not rigidly estahblished,
hecause a shift in the ring may have taken place
during deacetylation. Obviously a change in strue-
ture talrer place in passing from matnuronie
lactone, which is known to have a furanose ring
[6], to 1-N-acetylaminomannurensmide, which has
now been shown o have 4 pyrancsae ring,

II. Experimental
1. l-Amjnomanmurenamide

Ten grams of finely divided mannuronic lactone
waa suspended in 200 ml of anhydrous methanol
in an Erlenmeyer flask, and a stream of dry
ammonia gas was passed into the lignid. The
temperature of the reaction mixture was main-
tained at 20° C or less by cooling in & cold-wrater
bath. The lactone dissolved, and shortly after
diszolution & crystalline sebetance began to
separate. When crystallization was substantially
complete {about 1 hr) the stream of ammonia gas
was interrapted, and the material waa allowad to
stand first &t reom temperature for a fow hours
and then in & refriperator for 24 hr. The
crystals of l-aminomannuronamide were collected
on a filter, washed with methanol containing
ammonia, and finally with methanol alone; the
yield was 0.0 g. A second crop of crystals
formed when the mother liquor was kept in the
refrigerator for several daye and made the total
yield nesrly quantitative.

1-Aminomannurensmide was recrystallized by
digaclving it in 15 parts of concenfrated ammo-
ninm hydroxide at approximately 40° C, filtering
the solution, and adding absolute ethanol nearly
to the point of turbidity. The solution was
seeded and allowed to stand in a glass-stoppered
Hask 1o the refrigerator. After 24 hr, the crystals
that had formed were collected on & filter, washed
with ethanol eontaining ammonia, and dried ag
room temnperature in & vacuum desiceator. The
vield was approximately %0 percent, The re-
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erystallization was repeated in the same manner,
and the resulting product gave the following
annlvsis: Culenlwted for CHONe O, 37.50;
H, 6:20; N, 14:58; Found: (0, 37.4; H, 6.3; N, 14.6.

FFAminomannuronsmide  crvstallizes in colm-
liss mnny-sided prisms (g, 1, A). 1t is difficultly
soluble in methanol, ethanol, acetone, and pyri-
dine, and moderately =oluble m water; but in
agueous salution it decomposes over the course of
many cays with the evolution of ammonia, The
melting point (decomposition point) is indefinite,
Sintering, darkening, s decomposition  with
evolution of gas oceur at temperatures hotween
145% and 170% C, but the values depend greatly
upon the rate of heating.  In 1.5-pereent aqueons
solution, l-aminomunouronamide give the mola-

rotation reported in talile 1.

Tante 1. AMulareotation of F-eenomann o mide
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When the compound was treabed with an exeess
of dilute acid at elevated temperatures, the optical
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rotation approached a constant value that was
subatantially that of an equimolecular solution of
mannuronic lactone similerly treated. A 0.2008-g
gample of l-aminomannurenamide was dissolved
in 26 ml of 0.1011 N HCl, and the solution was
kept in a sealed container at 80° C and then at
100° ' for the time intervale shown in table 2.
‘The optical rotations (°S in a 2-dm tube, measured
at 20° ), are given in column 3.  Corresponding
changes for an equimolecular golution of mannu-
ronic lactone (0.1840 g in 25 ml) are shown in
colymn 4.°

TanLe 2, Effect of diluie acid ol eferalcd temperatures on
the optical roteiion of I-aminomonnurongmides and man-
nuronis lastone
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In a separate experiment, mannuronic lactone
was isolated from the hydrolyzate. Ome gram
of l-ammomannurongmide was dissolved in 125
ml of 0.1011 N HO, and the solution was kept
at a temperaiure of 100° O for 18 br. Tt wes then
cooled to room temperature and passed through
a column of ion exchange resint o remore the
ammonium ion. The effluent was cooled to 0° C
and trested with suflicient ailver carbonate to
remove the chloride ion, wnd the mixture was
filtered immediately through a layer of decoloriz-
ing carbon. ‘The filtrate waa again passed through
a column of cation exchange resin to remove silver
ion, and the effiuent was concentrated under
reduced pressure and finally in air to a sirup
from which the characteristic erystals of mannu-
ronie lactone separated spontancously. The crude

i A3 1 aminemanmoronsmids reacts doring hydrobysls with two eqolve-
lents of auld, the menouronie ackd sntlty 18 sobjested ta add of vaeying
strengih Jorng the hydrolyals. The sample of mannorang Jhedoos wad
frapted with nedd whoos sonoenealbod wad el b Ehad 8t b ond of the
tizdeol i3 of kb -AminomssBironatiide (0.0(78 )

| Aberite IR-10-H, Fedioos Froduets and Chemicala Co., Philadel-
phis, Pa
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crystals were collected on a weiphed Gooch
crucible, washed with acetic acid, and dried in a
vacuum degiceator over sodium hydroxide; they
weighed 0.70 g. After one recrystallization from
agueous acetic acid, the product was identified as
mannuronie lactone by specific rotation ([«]F=
+981.6% {water, c=4, 30 minutes after dissolu-
tion). For mannuronic lactons, [off=492.2°
under the same conditions.

2. 1. N-Acetylamine-2, 3, 4 triacetylmanneronomide

A mixture of 5 g of finely powdered 1-amino-
mannuronamide, 50 ml of pyridine, and 20 ml
of acetic anhydride, in a flask equipped with &
mechenical stirrer, was kept in an ice bath and
atirred for & period of 2 days; it was then sllowed
to stand &t room temperature for 2 days. After
the addition of an equal volume of petrolenm ether
to the mixture, the crystals that had formed during
tha seetylation were collected on a funnel, washed
with petroleum ether and dried in & vacuum desic-
cator, The yield of the crude acetate was 6.5 g.
Thiz material was dissolved in 600 ml of boiling
acetone, and the solution was treated with a
decolorizing carbon, fltered, and concentrated
under reduced pressure to approximately 300 ml.
Atter standing for 2 hr, it ¥ielded thick rectangulax
plates (fig. 1B), which weighed 4 g, dried in a
vacuum degiccator, The crystals melted with
decomposition at 264° to 267° C. [2]f=—T7.8°
{tmethanol, ¢c=1). The rmelting point and spe-
cific rotation were vnchanged by further crystal-
lization from scetone.

Anralysiz: Calevlated for CuHsOuNe: C, 46.66;
H, 5.60; N, 7.78; total acetyl, 47.79; acetyl,
35.84. Found: C, 46.8; H, 57; N, 7.9; {otal
acatyl, 48.0; O-ncetyl, 34.2.5

The mother hquor of the crude acetate yielded
a mixture of rectangular plates and fine neadles
weighing 2.4 g and heving & specific rotation
of —1.3%. This material was triturated with 50
ml of dioxane, and the dioxane exiract, when
evaporated to dryness, yielded & small crop of
needle crystals. After recrystallization from
methanol] this material had 2 high dextrorotation
{+62*) and gave an analysis corresponding to

¥ Total acaty] Wi determineg by tha method of Blek and Harte [, 6~

mockyl wae deternfoed by the msetbod of Kuoe (8] 23 employed by Wolfrom
and cowarkers [H.
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N-acetylamino-triscetylmpnnuronamide. The sub-
stance, although not entirely pure, appears to be
isomeric with the levorotatory MN-acetylamino-
trisncetylmannuronamidea.

3. 1-N-Acetylaminomannuronamida

N-Acolylamino-triacetylmanouronamide (4.8 g)
was dissolved in 250 ml of anhydreus methancl,
and the eolution was treatad with 16 ml of 1.5 N
barium mathylate [4]. After 10 miautes, 500 ml
of water was added, and the solution waa filtered
successively through columns containing eation
and anion exchange resins. The filtrate was
treated with a decolorizing carbon, refiltered, and
concentrated under reduced pressure to a thin
girup. Mathanel waa ndded, nearly to the point of
turbidity. Long needle-like crystals formed
quickly and after standing ot room temperature
overnight wera separated, washed with methanol,
and driad in a vacuum degiceator over caleium
chloride. The yield, 3.1 g, waa nearly quantita-
tive, The compound was recrystallized by dis-
solving it in hot anhydrous mathanol, filtering the
soluticn, abd allowing crystallization te occur at
a temperature of 30° C. The ecrystals that
formed {fig. I, C) were separated, washed with
methenol, snd air-dried at oo temperature.
The product sintered at 208° C, and melted with
decomposition at 210° to 212° C. [aFf=—T76.2"
fwater, c=2}. The constants were unchanged by
further recrystallization,

Anelysiz: Calculated for anhydrous M-acetyl-
aminomannuronamide CyH,O,N.: C, 41.02; H,
8.03; N, 11.06; CH,00, 1838, Found: O, 41.0;
H, 6.2; N, 12.0; CH,C0, 18.3.

When cryztellized at low temperatures from a
larger amount of water by the addition of methanol
and isopropanol,. N-scetylaminomannuronamide
sepacated in the form of large transparent thin
priema (fig. 1, I}, which appeared to be & some-
what unstable hydrate. On standing in a desic-
cator over calcium chloride, the erystals became
opaque, loat weight, and were gradually converted
to the anhydrous form.

When N-acetylaminomannuronamide was oxi-
dized with 0.25 M periodic acid, there was a rapid
increasa in levorotation owver the course of 30
minutes, &fter which the rotation decressed
slowly. A solution that wae 0.1 A with respect to
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N-ecetylaminomannuronamide, and 0.25 M with
rezpect to pericdic acid was allowed to stand af
20° C. for 30 minutez. Excess periodie acid was
determined by neutralizing an aliquot {10 ml)
with sodium bicarbonate, adding an excess of a
(.1 ¥ solution of sodiuvm arsenite (25 mi) and of a
20-percent solution of potessium iodide {1 mil},
and titrating the excess arzenite with a 0.1 N
solution of iodine. The result showed that 2.1
males of periodic acid had been consumed per mola
of MN-acetyleminomannuronamide, There ap-
peared to be a gradual fading of the end-point in
the titration of the arsenite with iodine. It is
believed that this peculiarity may be associated
with the presence in the dialdehyde of & conjuzated
bond system that is particularly susceptible to
oxidation. This subject is being investigated
further.
IOl Summary

Monpurenic lactone, when suspended in methyl
alcohol and treated with ammonia was found
toe Field ecrystalline l-aminomannuronamide,
CeH O, N, [o]= —43.8% (water, e=1.5, 5 min
after dissolution}. The substance exhibita muta-
rotation with s fairly rapid decrease in levorotation
for 2 hr, followed by a slow decresse over the
course of many days. By heating with dilute
aqueens acid, both nitrogens were removed, and
mannuronic lactone was separated from the hydro-
lyzate. Since mmino groups sttached to carbons
2.3.4 and 5 would ke resistant to hydrolysis, the
Bitrogen substitution must be on carbons 1 and
& as required for l-aminomannuronamide.

Acetylation of l-aminomannuronamide with
aretic anhydride in pyridine gave two crystalline
acetates, one dextrorotatory, ome levorctatory,
Analyses chowed them to be isomeric compounds
baving the formula C,HxO:N; The principsl
produet, the levorotatory acetate, melts at 264°
to 267 C. [a]f=—T7.8% (methanol, c=1).

This scetate was deacetylated by barium
methylate and yielded crystalline 1-N-acetylamin-
omannuronamide CgH,N;, melting point 210°
to 212° C. [«lf=—76.2° (water, c=2). The
substanee also cryetallized in the form of a hydrate.
One mole of 1-N-acetylaminomenmuronamide
reacts with 2 moles of pericdic acid. This fact
shows that the substance bas a pyrenose structura.
Presumably the parent tetraacetate is likewise a
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pyranose, but this ia not estoblished because a
shift in ring structure may have taken place
during deacetylation.

The authors gratefully acknowledge the assigt-
ence of Nancy B. Holt in various phases of the
work, and of Rolf A. Puuleon who analyzed the
compounds reported.

IV. References

(11 C. A. Lobry de Bruyn snd A. P. N. Fruehimont,
Raw, trav, chim. 12, 238 (1593); C. A. Lobry de

18

Bruyn and F. H. Van Leent, Ree. teav. chim. 14,
128 {1895).

[2] R. A. Weerman, Rec. trav. ochim. &%, 1 (19172

[3] P. Prigl and H. Keppler, E. physiol. Chem. 180, 38
(1920,

[4] H. 3. Ishell, J. Research NBS 5, 1185 {1930) RP253,

[5] 5. Niemann and J. T. Hays, J. Am. Chem. Boc. $2,
2060 {1940},

[6] H. 8. Iebell and H. L. Fruzh, J. Research NBE 37,
1 (1948 RP172T. ..

[7] A. Elek and BE. A. Harte, Ind. and_Eng. Chem., An.
Ed. &, 267 (1036),

[8] A. Kung, J. Am. Chem, Boe. 48, 1082 (19246).

¥ M. L. Wolfrom, M, Konfgsberg and 8. Boltzberg,
J. Am. Chem. Boa. 58, 490 {1936).

Wasminagron, Apri] 14, 1948,

Journal of Hesecareh




