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INTRODUCTION

Although & considerable amount of work has been done on

the nitrogen derivatives of sugars, the literature regarding

a great many of these derlivatives is very confused. The

resason for this confusion 18 quite evident when it is realized

that esch of these derivatives may exist, theoretically at

least, in 8 number of isomeric structures.

The following diagrsm shows the possible structures for

the compounds formed by the reaction of an amine, RNHg, with

glucose:

(a}) Addition

H H
R | | R
_N-C~0B HOC-N-H
H | i
BCOH HBCOH
l |
HOCH HCCH
0 |
HCOH HCCH
| (
HCOH HCOH
| |
HCOH HCOH
I [
H H

&L - and f-Addition Compounds of

Aldehydo-Structure



(b) Water Elimination

H H
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C=NR BEN=C-H BEN-C-H C-NH
I ! | ~~— | ~~o0
BCOH HCOH H? CH HCOH |
| | i
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| l |
H?GE HCCH HCORE HCOH
| I I
H?OK HCOH HC — HO ——ccned
| | |
H‘l}' OH H? CH ch 18):1 HCCH
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H H H H
Syn and Anti Imino < ~ and B-Pyranoside
Structure Structure
R
H | R
N H I
Ne! B-C-N~H

| |
Hch HG%
{ | 0
HOCH O HO?H
| I
HC HC

I |

HCOH HCCOH
I l
HCI OH HCOH
!
H H

d -~ and ff-Furanoside
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{¢) Rearrangement

H\
E?H

C=0Q
Hoc
KCoH
Béﬁﬂ
HéQK

I
H

EKato Structure

i
_H-R
HCH EE OH
| RNC -C
HO-?\' H |
HOCH HOCH
| 0 0

nc:iJ mlmil
B 7

H*lc OH m‘: OH
k b

A - and B8-2,5~-Furanoside Structure
(These may also exist in the
pyranoside structure.)

The keto isomer and the 2,5-furasnoside compounds that exlist

in equilibrium with it were obtained‘when the N-glucoside -

compound of certain aromatic amines was heated in the presence

of a trace of acid or smmonlum salt.

The postulated mechanism

of this rearrangement, named after its discoverer, Amadori,

has been advanced by Kuhn and Yeygand (77) in the following

diagram:
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*Postulated intermediate compounds not isclated.
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‘No generaligation has been made in the literature, but
the data obtalned from the different glucosyl amines lndicated
that the ease of effecting the rearrangement depended upon the
relative negativity of the amine and the stability of the
glucoside to hydrolysis.

To complicate the study further, the additlion compounds
and the He-glucoslides not only were converted from one struc-
ture to ancther in aqueous solution, but also were dissociated
into the free amine and glucose untlil an equilibrium between
the glucosyl amline, glucose and the amine was reached.

Though compounds that have been classified as ENHp
differed widely in chemical properties, the compounds formed
by the reaction of these amines with glucose may be considered
a8 derivatives of glucose ammonia. The differences in the
glucosyl anmine obtalined depended upon the R group substituted
on the amuonia. A great deal of work has been done on the
glucoayl amines, but the investigations have been isclated
studlies of s particular amine or group of amlnes rather than
8 comprehensive study of the reaction of glucose with amines.
A tremendous amount of investigation has been done on the
reaction of glucose with phenylhydrazine, yet the literature
is very confusing concerning these derivatives. The oximes
of sugars have been known for years, yet their relationship
to l-aminoglucose was often not recognized. Recently the
synthesis of vitamin By instigated a thorough study of the

glucosyl aromatic amines which resulted in elucldation of



the Amadorl rearrvangement.

The literature concerning the ammonia, phenylhydrazine,
hydroxylamine, aromatic and aliphatic amine derivatives of
glucose has been reviewed in order to establish a basis of
comparison for the reasction of the different amines with

glucose.



REVIEW OF LITERATURE

Since the reactions of ammonia and the substlituted
amines with glucose have been investigated as isolated
studies rather than as glucosyl amines differing only in the
substltution of the nitrogen, it was necessary to make the
review of literature on each type of glucosyl amine. An
effort will be made later to correlate these compounds as
derivatives of l-aminoglucose and to show that the differ-
ences in the properties and reactlons may be explained by

the variation of the substituted group.

Armonia Derivatives of Glucose

i~-Aminoglucose

Glucose ammonia was first investigated by Lobry de Bruyn
and Franchimont (84), who observed that glucose exhibited an
unusual degree of solubility in anhydrous ethyl or methyl
alcohol contalining ammonla gas. The rotation of the solution
of glucose in the ammonlacal methyl alcochol decreased as the
glucose reacted., After several days small aggregates of
erystals precipitated out of the viscous solution. Upon

analysias this compound waas identified as an isomer of chitose
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amine or Z2-aminoglucose reported by Ledderhose (78) and of
the isoglucosamine made by Emil Fischer (29). The properties
of this new isomer differed greatly from the known amineo
gluccoses in that it was very labile to acida, although the
free smine was quite stable even in aqueous solution. This
atablility in water was demonstrated by the fact that the
speclfic rotation of an aqueocus solution changed only from
+19.685%° to +13.6° in ten months. The investigators were
unable to prepare the salts of this base. This fact was par-
ticularly noteworthy since the hydrochloride of Z2-aminoglucose
was quite stable. The l-amlinoglucose was complstely decom~
posed into the ammonium salt and glucose by boiling with an
excess of 1/10 K sulfuric acid. By following ths change in
specifle rotation, it was found that partlally neutrallized
aminoglucose was slowly hydrolyzed, the rate being & function
of the concentration of the solution and the amount of acid
added. The recrystallized product melted at 127°-128° and
had the formula CgH,sN05. Lobry de Bruyn expressed the
reaction as
CgHyp0g + NHg ———> (gHygNOg + Hp0

Stone (14), in the same year, studied the reaction of
dextrose with ammonia. The product reported by thia investi-
gator was an additive compound in which no molscule of water
had been eliminated. He obtained a lower percentage of
nitrogen and & melting peint of 121-122° ¢,  Lobry de Bruyn
(86) discounted these results on the basis that in the
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elementary analysis all of the ammonia was not eliminated by
distillation of the "glucose ammonia" with potaessium hydroxide
Sjollema (103) refluxed the l-aminoglucose in absolute
methanol for several lhours and with ether precipiteted the
compound CypHpn0yoN.2H0, This compound, di-(l-glucosyl)-
amine, was easily decomposed by dllute acid to glucose and
ammonia, and even the free amine decomposed slowly 1in agueous
solution.
Lobry de Bruyn (86) termed these as osamine compoundsa
and assigned the structure CBQOHr(CHOH)s-nggﬂeﬁ to them.

Wohl (129) subsequently modified the formula and postulated

the gamma~imino ring: CHBOHrCHOHo?H-GHOK~CHO§7CHOH.
—¥H

Fischer's (32,33) formula for arabinamine led Irvine,
Thompson and Garrett (58) to postulate this structure for
l-aminoglucose:

CH2OH-CHOH~?H-CH0§-CHOH-FHHEQ

The other formula given was CHpOH~-CHOH-(CHOH)z-CH=NH. The
two formulse with the NH ring were rejected on the basis that
d-methyl glucoside will not reeact with ammonia. Nitrogen was
evolved when nitrous acid was added, indlcating the presence
of an NHy, group. An attempt by Irvine to obtain glucosamine
from 4d- and B-pentaacetyl glucose gave the imino-bioses of
8Jollema, and this further substantlated the glucosldic
linkage of the NHp group. Irvine compared the stabllity of



the l-amlinoglucose and ethylaminoglucose to compounds of the
type of Z2-aminoglucese, lsoglucosamine and fructosazine. The
compounds in which the amino group was located on the carbvon
atom adjacent to the reducing group were remarkebly stable to
acids; however, substitution on the reducing group or on any
other carbon atom not adjacent to the reducing group produced
a compound very lablle to dilute scids. On the other hand,
the 3-aminoglucose (40) and the 6-aminoglucose of Fischer (37)
are more stable than the compounds with the amino group on
the reducing group of the sugar. These two compounda will be
discussed later.

Levene (78) attempted to supply further proof for the
glucosidle linkage of the l-aminoglucose. Thé two bits of
evidence that had to be obtained to prove the structure con-
clusively were & proof of the oxide ring structure and the
presence of an unsubstituted NH, group. The presence of the
group was tested by & comparison of Kjeldahl and Van Slyke
nitrogen determinations. In four minutes sll of the Ny of
the NEg group was evolved. This could not have been due to
dissociated ammonlia, since the reaction to evolvs Ko from
ammonla was much slower. \

Sehmuck (99) tested for the presence of an Hﬂ'riné. Iir
en NH ring were present, water should easlily be removed ﬁo
give a pyrrole ring. Glycerol end ZnCly did not remove water
and produce substituted pyrrole until the mixture was heated

to 200° ¢. A compound thought to be the heptabenzoate of
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aminoglucose produced a nitrosamine on treatment with nitrous
acid, showing the presence of a secondary amine and thus con-
firming the glucosidic linkage postulated by Irvine. This
heptabenzoate was later proved to be s pentabsnzoate. Marked
degradation was produced by heating glucose and ammonla alone
or with zinc hydroxide and ammonium hydroxide (128,111).
Pyridine and substituted pyrazines wers among the recovered
products of decomposition.

Ling and Nanji (81,82) made a study of the mechanism of
caramelization of sugar by the ammonla process., They reported
that the action of an excess of ammonia on dextrose formed an
additive compound, glucose ammonla, which gave a negative test
for amine compounds. They did not state wiich test for amino
compounds was used. Their experiments showed that no iso-
dynamic change occurred and that the reaction was reversible.
By removal of the ammonla, they obtalned a sugar syrup with a
higher reducing value than ordinary glucose, and as a result
they postulated the formation of gamma-glucose. Since a red
color with S8eliwanoff solution was obtained, they attempted
to determine the amount of ketose in the presence of aldose.
The pH of the solution conditioned this equilibrium. The
estimetion geave the aldose in the presence of ketose (13,60,
127).

To prove the presence of aldehyde ammonia, Ling and Nanji
(82) reduced the compound to the glucamine by cetalytic hydro-

genation, slectrolytic reduction, and reduction with aluminum



amalcam. The glucamine produced was isolated as the oxalate.
No yields and only a few cxperimental detalls were riven.
They also condensed glucose ammonia and formaldehyde sodium

bisulfite with the production of the omega-sodium sulfonate,

CHg OH. (CHOH) 4+ CHOH.NH.CHoSOgNa.

However, there is no reason why the l-aminoglucose could not
also undergo thess reactions.

Brigl and Keppler (19) made the pentsacetate of l-amino-
glucose and the d-octaacetate of the diglycosylamine prepared
by Sjollema. The pentascetats, upon saponification with

methyl-alcoholic ammonia, f{ormed a monoacetates

CHy0Ac «CH(CHOAc )5CHHHAC > (HpO0H. CH( CHC‘H}S CHNHAc
S o — (- o“'

They claimed that the heptabenzoate of Schmuck was an impure
wixture and not a heptabenzoate at all.

In an invéstigation of the action of liquid ammonia on
carbohydrates, Muskat (88) reported that the polysaccharides
as well as the sugars, thelr acetone, methylated and
aceotylated derivatives were qulte soluble in liquid ammonia.
The aymonis was without effect upon all the carbohydrates
except the simple sugars. Clucose was dissolved in liquld
ammonia and the residue, upon evaporation of the ammonia,
was treated with alcohol. The yield of l-aminoglucose was
practically gquantitative. The analysls and the physical con-

atants of the compound were given. He stated that evidence
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for the formation of the glucose-armonia addition compound at
first would be glven in a later paper, but that paper has not
yet appeared.

Wayne and Adkins (122) prepared d-glucamine from d-glucose
by hydrogenation of glucose and dry ammonla in anhydrous
methanol.‘ The yleld of glucamine bassd upon gzluccse was 12
per cent. If l-aminoglucose prepared by the method of Lobry
de Bruyn were reduced under the same conditiona, a 26 per cent
yleld was obtained. The glucamine produced was isolated as
benzalglucamine. From the neutral equivalent of the crude
product, eighty per cent of the glucose had been converted to
basic compounds, but the products obtained were mixtures.

Flint and Selzberg (38) took out a patent covering the
hydrogenation with nickel of monosaccharides in the presence

of smmonia.

2-Aminoglucose

2~-Aminoglucose, or chitosamine (77), has long been found

in nature in the form of 1ts polymer, chitin. Hydrochlorie
acld reacted with thls amino sugar to form a remarkably stable
salt; in fact, chitosamine has generslly been prepared by long
refluxing of naturally occurring chitin with concentrated
hydrochloric acid (50). Ko attempt has haeﬁ mede to review
the literature of this most common amino sugar except for a
comparison of the stabllity of the amine as compared to the

other glucosamines. The only other amino sugar that
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'approached this compound in stabllity of the salt formed was
the 6-aminoglucose. The free emine (18), on the other hand,

was qulte unstable. Kept in a vacuum desiccator over sulfuric
acid for a month, 1t underwent no decomposition, while in air

or in aqueous solution, 1t decomposed rapidly.

S-Aminoglucose

3-Aminoglucose was prepared (40) from diacetone~5¢g~
toluenesulfonylglucose on treatment with alcoholic ammonias in
a sealed glass tube at 170° C. Hydrolysis by dilute acids
gave the free glucoayl-3-amine. A very small yleld of the
diacetone~J-aminogluccse was obtained when diacetone-5-p-
toluenesulfonylglucose was heated with ammonie. The 3-anmino
sugar was a syrup that forms a phenylossgone. The amino group
was stable to two hours' heating at 70° C. in 2 per cent
hydrochloric acid. Peat and Wiggins (94) prepared methyl
tatraaeatgluaoaminofgbglucoside\by the action of ammonia on
methyl triacetylusfgftoluenesulfonylﬁgrgluaoside and subse-
quent acetylation. When methyl 4,6-benzylidene-2,3-anhydro-
X-glloside was heated with methyl alcoholic ammonia under pres-
sure and acetylated, two amino sugars were formed, the methyl
4,6-benzylidene~Z2~amino~-0-altroside diacetate and a small
samount of methyl 4,6-benzylidene-d-amino-O~glucoside diacetate.
On removal of the bengylidene group and acetylation, the
methyl tetraacetyl-3-amino-d~glucoside was obtalned. The

hydrochloride of methyl 3-amino-%-glucoside was made by



treatment in the c¢eld for one hour with 5 per cent solution

of hydrochloric scld in methyl elcohol, followed by neutrall-
zation with lead carbonate. The amino sugar from the tetra-
acetate of methyl 3-amino-0--lucoside was stable to heating

on & water bath for thirty-four hours in 6 per cent hydrochloric

acid,.

6~Aminoglucose

The 6-aminoglucose wés prepared by Fischer and Zach (37).
Methyl 6~amino-glucoside hydrobromide was prepared by the
action of anhydrous ligquid ammonia on methyl triscetyl-d-
glucoside bromohydrin at 15° ¢. The methyl 6-amino-&-
zlucoside was prepared from the hydrobromide by reaction with
silver oxide. It was stable to heating for two hours with 2 N
hydrochlorie acid, but becémﬁ brown with alkall treatment and
liberated ammonia.

Later Ohle and von Vargha (90) prepared the 6-amino-d-
glucose from 6-p-toluenesulfonyl-l,2-monoacetone~d-glucose by
reaction with methyl alcoholle ammonia at room temperature.
The product obtained was the g~toluenesu1fonyl salt of the
amine compound. This salt was changed into the 6-amino-d-

glucose by treatment with normal sulfuric acid.



Phenylhydrazine Derivatives of Glucose

In 1884 Fischer (28) reported that glucose rescted with
phenylhydrazine hydrochloride in the presence of sodium
acetate to form fine yellow needles that wers insoluble in
water. Upon investigation he found that a reaction occurred
in which an oxidation of glucose as well as & splitting out of
water was evident. The resulting compound, the glucose

phenylosagzone, had the formula G631004.E4612H12 with the

=NNHCgHg radicals on the reducing group of the sugar and on
the carbon adjacent to it. Upon reduction (29) with zine and
acetic acld, ammonla and aniline were formed along with an
-1soglucosamine, Cgly2N0g, that was isomeric with the glucos~
amine of Ledderhose (77).

Later Fischer (30) reported the formation of a "dextrose
phenylhydrazine,™ a product that upon treatment with aqueous
acetic acid reacted further to give the phenylosazone {see p.30
for the reaction). When two parts of zlucose, two parts of
phenylhydrazine, and one part of water were reacted, a product
formed that melted at 144-145% C. These colorless needles
were purified by dissolving ther in warm aleohol and precipi-
tating with ether. These needles, the first prepared phenyl-
hydrazine derivative of glucose, were very scluble in water
and hot alcochol.

Since the nomenclature of the phenylhydrszine derivatives



of glucose is so indefinite, especislly in the early litera-
ture, and the actual structure of most of these compounds 1s
still uncertain, table 1 has been formulated from the data on
the compounds reported from the reaction of phenylhydrazins

wlth glucose.

Table 1

Compounds of Glucose and Phenylhydragzine

Name Postulated by Point nitro- Reported
' Behrend (9¢c.) gen by
1, X-Hydrazide N-Glucoside 159-160 10.37 Behrend,
Stempel
2. éfﬂydrazcne True Hydrazone  140-141 10.37 Behrend
3. L-Hydrazide Same as (1) 144-146 10.37 Fisoher
4. 0 -pydrazone Same as (2) 115-116 10.37 Skraup,
Butler and
Cretcher,

Jacobl
5. 2:1 Compound 2 mol. hydrazide :
to 1 mol. phenyl-
hydrazine 106-107 12.97 Behrend

6. 1l:1 Compound 1 mol. hydragzlde
to 1 mol. phenyl-
hydrezine 86-87 14.81 Behrend

To avoid confusion in the review of literature, the compounds
will be deslignated as the phenylhydrazine derivatives of
glucose, or as the hydrazone or hydrazide, with the name of
the person who first reported the compound.

Skraup (103) attempted to prepare the phenylhydrazine

derivative reported by Fischer, but in a serlies of experiments,
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amorphous material, rather than the deslired crystals, was
usually obtained. Only by chance did he obtain a small yield
of the needles reported by Fischer. However, out of very
dllute solutlions & compound crystallized that melted at 115-
116° C., which he designated as the -hydrazone. Further
purification raised the melting point to 117-118°. Jacobi (58)
prepared the Skraup hydrazone using a blt more water. The
specific rotation of this compound ten minutes after solution
in water was[?i]%o « -15.3°%, which changed to a value of
~46.8°. This change ocourred in less than twenty-four hours
when & 10 per cent solution was used. On evaporation of a
gsolution that had reached equilibrium, followed by purifica-
tion with alcohol and ether, a compound melting at 114° ¢. was
obtained. From this data he concluded that he did not have a
mixture of the Skraup derlvative and the Fischer derivative.
On a study of the rate of formation of the derivative 1ln a
water-aclid mlixture, the equllibrium point was reached more
slowly when & sugar solution that had mutearotated was used
than when solid glucose was used.

Simon and Benard (10l1) obtained Fischer's phenylhydrazine
compound only occaslionally and then only as a very impure
product with a melting point at 125° C. and EOC:ID = =66.57°.
The f -hydrazone of Skraup,[§€]D = ~6.84°, was easily ob-
tained by these workers.

Behrend, on the other hand (14), only occasionally ob-
tained the high-and the low-melting derivatives previously



reported, and in every case these compounds were very impure.
In an attempt to prepare the derivative in alcoholic solution
uslng & large excess of phenylhydrazine, snow-white needles
with a melting voint of 106-107° C. were obtained. On further
investigation, Behrend (15) found that the 106-107% C. melting
compound that he had ldentified as the Skraup éyhydrazone was
not a pure hydrazone, but & compound of two moleculss of the
phenylhydrazine derivative with one molecule of phenylhydra-
zine. This compound decomnosed In cold alcochol snd liberated
phenylhydrazine. The pure @:phenylhydrazone he reported as
~ colorless needles melting at 140-141° C.,[}€]D ~50 —> .549,
The X ~hydrazide of Behrend, that 1s, the one that melted
at the higher temperature and had the highest negative rota-
tion, was prepared by reacting an equal number of moles of the
phenylhydrazine and glucose in absolute alcohol containing
acetic aclid. After washing with alcohol and ether, the pale
yellow platelets melted at 159~160° C. The compounds melting
at 106-107° C. and at 159-160° (. were also obtained by using
glucose that had been dissolved in a small amount of bolling
water. These two forms, the X-hydrazide and the @ghydrazone
of Behrend, changed in rotation in aqueous solution to approxi-
mately the same value, and the two forms were interchanged in
alcoholic solution in the presence of acetic acid. The tem-
perature at which the equilibrium and subsequent crystalllza-
tion occurred seemed to govern the pyroducts obtained from the

reaction. The q-form was generally crystallized from solution



at room temperature, while lower terperaturss were more
expedlent for crystallization of the pure 8-form.

A compound that analyzed tc correspond to one molecule of
phenylhydrazine combined with one molecule of the phenylhydra=-
zine derivative was obtained by treatment of the 106-107° com-
pound with phenylhydrazine. It melted at 85-87° C. The com-
pound melting at 106-107° also formed an addition cempound
with pyridine that melted at 100-101°. The pure §-hydrazone
was obtalrned most easily by dlssolving this pyridine compound
in 8lx to seven times its welght of absclute slcchol and
allowlng the éyhydrazane to crystallize from the solution.

on further study concerning the change of the % into the
éf compound and the reverse reactlon, Behrend verifled that
the d-hydrazide could be obtained from the £- by treatment with
an alcoholic solutlon acidified with acetic acid at room tem~
psrature. In crystallization at lower temperatures, a come
pound melting at 106-107°, but not the addition compound, was
obtained. The - waa‘ehanged into the B-form by refluxing a
dilute alcoholic solution of the A~hydrazide without addition
of acetic acld, and subseyuent crystallization of the A- |
hydragone from the soclution at low temperstures. On acidiflca-
tion, the change of rotation of the é-hydrazona passed through
a minimum, (=] p ® ~4+35 = -48.39 —» -43.45°. In spite of
meny attempts, Behrend was unable to lsolate a third form of

the hydrazone. He suggested that the two forms were:



CHp O
CHOH
LHOH
?HOH
CHOH

|

I. True hydrazone (f)

II. Hydrazide (Q)

From the optical rotation of the two forms, it was evident

that the isomers are not the g- and B~forms of the hydrazide

structure.
to prove this point:
g}hyérazone[bé]D -
d-glucose
Difference
B-glucose

Difference
8 -hydrazone [@D =

B-glucose

d~glucose

Difference

-879%
+120°
-197°
+ 19.3°
+216.3°

-50

*19.30

-24,30

+110°

+154.3°

d~hydrazone [oc] D=

B-glucose

Difference
d-glucose

Difference

_{-_)’_ -hydrazone EOC] D =

d-glucose
Difference

é-glucoae

Difference

The followling calculations were given by Behrend*

-870

+19,.3°
-106.3°
+110
+216.30

-50
+110°
-115°

+19.3°

+134.3°

Thus Behrend concluded that one has the structure I, the other

i1.

g;Jsed rotations gliven by Armstrong rather than older values

given by Behrend.



In cold water and alcohol, the éfhydrazona was less
soluble than the &-hydrazide. A trace of pyridine lengthened
the time required to obtain an equilibrium mixture from the
érhydrazone, while a trace of scetic acid greatly accelerated
the speed of reaction., When accelerated with a trace of
acetic mcid, the specific rotation passed through a maximum
in approximately two hours, [oC] 2;0 ® =4.52 — -52,92 —> -37.445,

In an attempt to obtain & dextrorotatory phenylhydrazine
derivative from the levorotatory compounds, since both com-
pounds showed initial levorotation in pyridine, the pyridine
solutions were heated at differant tewperatures for varying
lengths of time. An increase In the rotation to the right
could be observed, but the third form was not iso.ated nor was
its presegﬁe proved,

Hofmann (49), reasoning from the fact that these two per-
plexing isomers of glucose phenylhydrazone existed, decided
that & study of the derivatives of phenylhydrazine of a number
of other mono~ and disaccharides might clarify the confusion.
A change in rotation was noted when these derived hydrazine
derivatives were dissolved; yet in every case, only one of the
isomers could be obtalned. _

Hofmann acetylated¢ the &-hydrazide of Behrend 1n pyr;dine
solution at Q° Ce and obtained a crystalline acetate with &
melting point of 152-153° c.,E‘C]D =z -12° in pyridine. The
B -glucose phenylhydrazone of Behrend gave, under the same

treatment, an amorphous product that melted from 500 to 70° Ce,
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[?ELD s -101%, 7The acetates no longer chenged from one form
to another. This was given as further proof that one form
was the hydrezide, the other the hydrazone.

The analysis of the crystalline scetate prepared from
the g}hydrazona corresponded more nearly to the calculated
value for the pentasacetate than to the value for the hexs-
acetate. The amorphous materlal obteined from the Behrend
B-hydragone in the cold, or from the equilibrium mixture from
boiling pyridine, melted from 50-70° C. and when this was
analyzed 1t was found to be the pentaacetate. Hofmann alsc
made the acetatea of several substituted phenylhydrazones,
both from the solid phenylhydrazone and the equillbrium prod-
uct, in pyridine. Behrend and Keinsberg (16) investigated
the acetates of the phenylhydrazine derivatives stlll further.
Since Behrend had determined that both hls Q-hydrazlde and
B -hydrazone showed an initlal rotation to the left when they
were dissolved in pyridine, then changed to a dextrorotation,
a third form was yet to be isolated., The acetates showed no
birotation nor were they interchangeable; thus 1t appeared
unlikely thet they were syn and antl forms. HMost syn and antl
forms of compounds were known to be easily changed from one
form to another.

Hofmann had established that the acetates of both of the
glucose phenylhydrazide derivatives had the same molecular
welght. 1t had been sho@n that the nitrogen atom on hydra-

zones was hard to acetylate, while the nlitrogen on a
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hydrazide was comperatively easy to acetylate in the cold.

It was proved that a nitrogen had been acstylated in the
crystalline phenylhydrazlde acetate, since the investigators
obtained the acetylphenylhydrazone of benzaldehyie by warming
the crystalline acetate with a water-alcoholiic solution of
benzaldehyde. Likewise, X-acetylphenylhydrazine was recovered
by hydrolyzing the crystalline acetate with five per cent
hydrochloric acid.

When benzaldehyde was reacted with the amorphous phenyl-
hydrazone, only the phenylhydrazone of bensaldehyde was ob-
tained. An attempt to hydrolyze the acetete of the Behrend

éfhyérazone with two per cent hydrochlorie acid resulted in the

formatlion of a resinocus material. The structure for these

two acetates based on the above evidence was

r'mzocecﬂs ?HQOC OCHz

CH CHOCOCHg

|

?HOCOCHS CHOCOCHg

0 |

CHOCOCHs CHOCOCHg

?HOC 0CHg |CHOC OCHg

G HN Hlkc 6H5 C H:Nﬁ HG 635

COCHa

MePe 152-153° amorphous
d-pentaacetate é—pentaacetate

Further nroof of structure of these compounds was obtalned
by the preparation of d-acetylphenylhydrazone of glucose. If

the compound formed were a condensation product with a double
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bonded nitrogen, a hexsscetate should have been formed on
acetylation. Since one of the compounds formed on acetyla~
tion was identical with the 152° Qf_-pentaaeetate, the evidence
offered for the glucoside structure of the crystalline
acetate was even more conclusive. |

The melting point of the Behrend X-hydrazlde acetate ex-
hivited en interesting phencmenon. Upon heating, a melting
of the compound was evident at about 130°, but upon further
heating the compound solidifled and melted again at 151°9. On
cooling this product and heating agaln, a melting polnt was
no longer observed at 130°, but the compound melted at 151°,
if ether wers saturated at its boiling point with the crystal-
line acetate, the lower-melting compound gradually separated
upon refluxing gently. It was evident that there was an
equilibrium of the two compounds in ether solution, and that
as the ether slowly evaporated, the less soluble compound,
the lower-melting one, separated. Thus the higher-melting
form could be changed completely to the lowsr-melting form by
a sufficiently slow evaporation of the solvent. As both forms
were present in scolution, the change of melting polnt could
not be explained as polymorphism. In pyridine, the rotation
of the two forms was identical,Eﬁi]D = 17.50, and upon analy-
sis no change in molecular weight could be detected. 1In
benzene, both compounds exhiblted a change in rotation and
gpproached & limit that, within the limits of experimental

error, was identical.



The molecular welght of the pentascetate was 449 deter-
mined in bolling aleohol. This value was rather low as com-
pared to the calculated moleculer welght of 480 for the penta-
acetate. This discrepsncy was attributed to the hygroscopic
nature of the acetate.

For condensation of glucose with X-acetylphenylhydrazine
in alcoholic solution, acetlc acld was essential. DBesldes
the erystalline pentamcetate, another compound with a rotation
of[?ngvz -143.1° was obtained on acetylation of the glucose
-derivative of d~acetylphenylhydrazine. The molecular welght
of this compound was 489 compared to the calculated value of
622 for the hexasacetate and 480 for the pentaacetate. HNone-
theless, hydrolysals of the acetate groupe showed the compound
tc be a hexaacetate. (n splitting the compound with five per
cent hydrochlorie acld in the cold, L-acsetylphenylhydrazine
was ildentifled; therefore the hexaacetate compound was &
hydrazone.

Hydrolysis of all of the acetates formed was carried out
by N/10 and N/5 potassium hydroxide es well as N/1 and N/2
sulfuric acid. The scetyl groups were readily removed from
2ll but the nltrogen atom. It had previously been ascertalned
that N/1 acid did not hydrolyze the acetyl group from
Z-acetylphenylhydrazine in the cold. This group, however, was
removed by refluxing the compound with N/1 acid.

As acid did not hydrolyze the amorphous compound prepared

from the Behrend éfphenylhydrazone, N/20 and N/4 slkalil were
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used. The N/4 alkali reroved all of the acetate groups. Wwhen
the hexasacetate was sapconified with N/4 alkali, the percentage
of acetate groups determined corresponded to the removal of
six acetate groups, while the more dilute alkall removed only
five acetate groups. The reactlions attempting to form the
phenylhydrazine acetates from B -acetochloroglucose and phenyl-
hydrazine (12) were not fruitful.

Prerejacques (39) hydrolyzed the o~ and é:g-glucoae
phenylhydrazine derlvatives reported by Behrend and Lohr (15)
and concluded that & -d-glucose was obtained as a product of
the hydrolysis. Iils conclusion was based upon the fact thet
upon the completion of the hydrolysis, the rotatory power of
the hyérolyzeé product decreased, He explalined this decrease
as a decrease caused by the mutarotation of ®A-~-d~-glucose formed.
He catalyzed the hydrolysls with oxalic and pieric scid, whose
phenylhydrazine salts were nearly insoluble, resulting in near
completion of the resction.

Stempel (109) hydrolyzed X-glucose phenylhydrazide in.
hope that some quantitative data might be obtained to prove
the presence of a certain form of glucose upon hydrolysis.

His data showed that the hydrolysis with oxallic aclid followed
the unimolecular law quite closely, and mutarotation had
little if any effect on the velocity constant. The decrease
in the rotatory power of the hydrolyzed product that had led
Frerejacques to belleve that X-d-glucose was formed, Stempel

attributed to the removal of glucocse by adsorption in the
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precipitated phenylhydrazine salt. This view wass substanti-
eted by the fact that approximately 80 per cent of the glucose
thecoretically possible remained in the solution. Before pre-
clipitation occurred over 90 per cent of the sugar could be
found in the solution. Fr.m the rates of reaction of phenyl-
hydrazine with - and éfg—glucose in water-alcchol solutions,
he concluded that it was imposasible to detect a difference
between the rates of reactlion of the two isomers since the
matarotation of glucose was too slow to allow such a compari-
son to be made. He attributed the differences in the rates
of reactions that occurred to the presence of acetlic acid in
theﬂzfg;glucose. It was noteworthy that the phenylhydrazine
derivative slone was formed when hydrochlorlic aclid was used,
but that both the hydrazide end osazone were formed when
acetic aclid was used. In s polarimetric study a few years
later, Stempel and Orning (110) verified this lack of correla-
ion hetween the structure of the sugara and the phenylhydrsa-
zine derivetives. They investigated the mutarotation and
hydrolyslis of the X-d-glucose phenylhydrazine derivatlve and
developed mathematical formulae to express the rotation at
time t. The rate of reaction, g?, depended only upon the
phenylhydrazonium lon, Cﬁﬁsﬂﬁ-ﬂﬂa", tut the equilibrium con-
stant, K, was independent of the lonlzed base. The rate of
productlion of the phenylhydrazine derivative was proportional
to the ionized base at low concentrations but reached a maxi-

mum at high concentrations. The investigators also found that



no osazone was formed if all the oxidizing agents, including
the adsorbed oxygen, were removed.

Ardagh and hutherford (8) investigated the effect of pH
on the rates of formation of the phenylhydrazine derivatives.
They found that phosphate buffers were approximately ten times
more effective in catalyzing the formestion of the compounds of
phenylhydrazine than the acetate buffers. The valus[§§1§2'5 =
~52.55%° was reported for the equilibrium value for phenyl-
hydrazine derivatives of gluccse in agqueocus solution 0.200
molar.

Butler and Cretcher (22) attempted to study the hydrazine
derivatives of some uronic aclds condensed with sugers. As a
preliminary study they investigated the reaction of phenyl-
hydrazine with some simple sugars. The investigators had
considerable difficulty in obtaining the pure isomers by any
.of the published methods; so they made & study of the forma-
tion of glucosazone from glucose and fructose and from the
phenylosazones under conditions not ordinarily favorable to
such reactions. A 65 per cent yleld of glucosazone waa ob-
talned from an attempt to obtaln the X-phenylhydrazide
described by Behrend. They obtained a yield of 60 per cent of
the phenylhydrazine derivatlive described by Fischer as melting
140-150° C. By preciplitation of the mother lliquor with ether,
Skraup's phenylhydrazone, melting at 111-112° C., was obtained.
A modification of the procedure was used but only the Skraup

phenylhydrazone wag obtained. No mention was made of the fact



- 30 =

that Behrend ldentified this éompound with the 106-107°
melting compound that contained 2 molecules of glucose
phenylhydrazine derivative with one molecule of phenylhydra-
zine. The formation of glucosazone from the phenylhydrazone

was expressed by the equation

CReNNECGHg CHaNNHCGHg
3 (fﬂon) . * Bg0 —— OziNHCgHg + 2 Cglljp0g + Cglighy + NHg
CHyOH (CHOR) 4
by om

Acetic acld was necessary in order for this reaction to ocour.
Stempel (109) gave a method for preparing pure «-d-
glucosyl phenylhydrazide of Behrend by slightly decreasing the
amount of phenylhydrazine used and stirring vigorously. This
material was purifled either by repeated washing with acetone
or by recrystallization from hot absclute alcohol three times.
Cooling below 20° resulted in the precipitation of the Skraup

hydrazone.

Knecht and Thompson (69) made a gquantitative atudy of the
interaction of glucose and phenylhydrazine. Fischer haed ob-
taeined a 45 per cent yleld of osazone, and Oat (91) had ob-
tained a yleld of 50 per cent from hydrolyged cellulose.

Using the amounts represented in the equation
2HpO

Knecht and Thompson obtalned only a 50 to 85 per cent yisld.
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From the analytical data obtalned on the phenylosazones, it
appearsd that the equation generally used was justified and
that the supgar that was not converted into the osazone was
present mostly as the phenylhydrazine derivative.

Weygand (126) prepared glucosazone from the aromatic
amine glucosides that had undergone the Amadorl rearrangement
and obtained yields up to 90 per cent of the theoretical vsalue.
On the basis of the Amadorl rearrangement he suggested a new
mechanism for the osazone resctlon. Since phenylhydrazine
itself was known to be a strong reducling agent, it was
thought strange that the CHUH group adjacent to the aldehyde
group in the monosaccharide could reduce phenylhydrazine to
ammonia and aniline, when a strong reducing agent like
titanium trichloride had no effect upon the phenylhydrazine.
p-Tolyl-d-iscglucosamine reacted with phenylhydrazone to give
the following reaction, although the intermedlate products

were not 1solated:

cagcéﬁyll\x{;wz CHgCgH, -NH~CHy
HOC C=NNHC4Hg
rmv'::a HOcl'JH
H%JGH 0 + NHONHCgH, — Hc:zoa
CH HCOH
|cagcm ICHEOH
1 1I¥

ﬁeompounds not isolated.



CH306H4-NH-ﬁH CH306H4-N=?H
C-NHNHC g H C=NH
HOéK — HOéH + CgHgNHy
HéOH ECOH
ﬁéeﬁ HéOH
éﬁz OH clmzon
TIT® Iv¥
CH=WNHCgH5

|
IV + 2 CgHgNENH; — CHzNNHCgHg + CHzCgHyNHp + NHg
I
HOCH

I
HCOH

| .
H?OH
CHEOH
v

The reaction occcurred only in weakly acld solution. This
condition d4id not appear unusual since phenylhydrazine mixed
with phenylhydrazine hydrochloride decomposed into eniline,
emmonia, benzene, and nitrogen at 165° C., but the free base
was stable to 300° C. Likewise g-amino-@-benzylphenylhydra-
zine hydrochloride was very unstable. It was poastulated that
the intermediate compound contelining ethylene linkage in the
above diagram should lose two hydrogen atoms readily and
simultaneously the phenylhydrazine would be reduced to aniline

and ammonia. Two diagrams were glven for the explanation of

*Campounds not isclated.



the mechanism of osazone formation; in one, an intermedlate
imino-~-aldehyde was formed; in the other, an Amadori shift was
postulated for the hydrazide followed by a reaction of the
ketone group with phenylhydrazine, and the subsequent split-
ting out of aniline to form an imino group, This group
reacted with another molecule of phenylhydrazine to form the
osazone. The second serles of reactions was favored since it
appeared that the Amadorl rearrangement was the limiting
factor in the yleld of the osszone. Another point in favor
of the latter mechanism was the fallure of manncose to form
the osazone., It was very difficult to make the mannose de-
rivatives undergo the Amadoril rsarrangement. The existence
of more than one lsomer of phenylhydrazone of glucose also
supported this mechanism, although none of the existing
isomers have been identified as the rearranged glﬁcosidic

forme.

Hydroxylamine Derivatives of Glucose

(nly one lisomer of glucose oxime, the glucosidiec struc-
ture, has been reported in the literature. Evidence for the
establishment of the ring structure has been reviewed by
Wolfrom and Thompson (132). They have also prepared the
pentaacetate and the hexaacetate of the aldshydo-structure of
the oxime from pentaacetyl-aldehydo-glucose and hydroxylamine.
The pentaacetyl compound on further acetylation gave the hexa-~

acetyl compound that had different physlical constants from
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the hexsacetate that VWohl had obtained from the mild scetyla-
tion of glucose oxime. Wohl considered the compound he pre-
pared the antl form of gluccse oxime, but on further study it
was proved to be the -glucose oxime hexaacetate.

Glucose oxime on vigorocus acetylation also ylelded some
of the straight chaln hexaacetate.

Further proof of the acyclic and c¢yelic structures of
the oxlme acetates was offered by estimation of the O-acetyl

and N-acetyl groups of the oxlime hexascetates (131).

Aliphatic Amine Derivatives of Clucose

In order to determinse the correct structure for l-amino-
glucose, Irvine, Thomson and Garrett (51) studied the reaction
of some alkyl amines with glucose.

The four structures that were possible for l-aminoglucose

from data available at that time were the following:

CE?QH.CHOH.CHOH.CHOH.CH~CHOE 1
N/
KH
CHQOH.CHOH.FH.CHOH‘GHOH.CHOH 11
NH |
CHEOH.CHOH.FH.CHOH.CHOH.FHNHQ I1%
0

CHy OH. CHOH. CHOH. CHOH. CHOH. CH=NH Iv

It was evident that the only one of these formulae that

could account for the formetion of compound from glucose and



& secondary alliphatic amine wes structurs III. Glucose
reacted with ethylemine, diethylamine, and dimethylamine with
difficulty, and only in the first case were the authors able
to obtain a orystalline product. Glucose and ethylamine were
shaken together in an ethanol solution and the reactlion was
allowed to continue at room temperature for s period of three
months. After removal of the solvent, studles of the rotation
and solublllity showed that about thirty per cent of the glucose
was unaltered. A crystalline product was obtained, however,
by mixing the glucose wlth the amine in a 1:3 ratio and seed-
ing the mixture with a bit of the glucosylethylamine already
obtained. Ho physlcal constants were cbtained for the com-
pound from the reactlon of dimethylamine and glucose, although
evidence for the occurrence of the reaction was unquesticnable.
(n snalysis it was found that the sirupy mass had the correct
nitrogen content. With dimethylamine the same difficulty was
sncountered although a few crystals were deposited in the
sirupy residue. With triethylamine there wes no evidence of
compound formation,and no change in rotatory power was ob-
served after a consliderable lapse of time. Negablve results
were likewlise obtained wlth diphenylamine, methylanliline, and
acetanllide.

In 1934 Votodek and Valentin (118,119) began an investi-
gation using some alliphatic amines and the sugara. These
workers were interested in the reactlion of rhammose with

ammonia and acetoacetic easter to form "rhamnodiazine” with the



concurrent elimination of three molecules of water. They
attempted to carry out the reaction using & sugar with an
alkylamine and a Qrdiketone in order to obtain & compound
analogous to the "rhemnodiezine." ‘The compound obtained had

properties that were qulte different from thoss of the com-
pounds expected and upon further experimentation the same com-
pound was obtained when the reaction was run with the @ -dike-
tone omltted. The compound was a condensation of the alkyl-
amine and the sugar. Thls reactlon was studled by reacting
a8 series of the alkylamines from methylamine through heptyl-
amine with aome monosaccharides. The compounds obtsined
were thought to bes N-glucoslides similar to the compounds re-
sulting from the condensation of aromatlc amines and sugars.
Hewevar; in all ceses 1t was not necessary that a wolecules of
water was removed, as in the glucosylarylamines, and often
the compounds appeared with water of crystallization. This
water of erystallization could not be removed by heating since
the compounds decomnosed at low temperatures but the anhydrous
compound sometimes could be made by preparation in a different
solvent. In one éaae when the condensation was carrled out
in methyl aloohol, & molecule of methyl alcohol of crystallli-
zation was attached to the compound.

1t was observed that the rotation of the compounds

changed with tempersture, and that in aqueous soclution the
rotation slowly changed and finally reached a constant value.

This change was attributed to mutarotation since the value
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did not reach the value of sugar and since the investigators
believed that the hydrolysis of these compounds was slower
than that of the ammonla derivatives prepared by Lobry de
Bruyn. The amines were easlly displaced by phenylhydrazine
and its derivatlives. Whether thls was the result of differ-
ence in solubility of the compounds formed from the sugar,
one was unable to deduce since the solvent in which the reac-
tion occurred was not given.

As the compounds were readlly hydrolyzed by acid and
even in water solution, they gave the usual reactions of the
free sugars. It was suggested that these compounds could be
used for the separation and identification of the sugars,
especlally for sugars containing impurities that were so
often found in plant chemlistry. The authors predicted that
the compounds would add hydrogen cyenide which upon hydrolysis
should form N~substituted X-aminohydroxy acids. They sug-
gested that substituted glucamines could be prepared from the
glucosylalkylamines by reduction.

The adding of hydrogen cyanlde to the alkylamine gluco-
sides was sccomplished by Votodek and Lukes (116,117). Miller
and Plbchl (86) had reacted hydrocyenic acid with the oximes,
hydrazones, and anlilldes of the sugsr. The present lnvestl-
gators prepared the nltriles of the simple glucosylamines
and obtalned the g-amino substlituted glucocheptanolc aclds.
Later an attempt was made to prepare the aryl substituted
acids (121). The nitriles were prepared, but upon hydrolysis
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the arylamine was removed and an odor of phenylisocyanide

was observed. The nitrilea of the arylamines were simply
prepared by adding hydrogen ecyanide to the condensation prod-
uct without further purification.

These nitriles &s well es the nitrile made from the con-
densation product with piperidine were'readily methylated,
acetylated and benzoylated. These compounds with 21l of the
ective hydrogen atoma removed were very soluble in ether and
reacted with the Grignard reagent, thus opening an entirely
new field of organic synthesis.

Karrer and his co-workers (65,66,67,68) had developed a
method for preparation of glucamines in the synthesis of
vitamin Bo. This 1is discussed in the review of literature
concerning the glucosylarylaemines. They epplied this method
to methyl and ethylamine (61,65). With ethylamine, they
reacted glucose in a methyl alcoholic solution of the amine,
and, after refluxing, removed the solvent with suction, washed
the residue with sther, anc dissolved the product in methanol.
(n hydrogenatiocn under 20«25 stmospheres of pressure at 100°
C. with nickel or palladium as & catalyst, N-ethyl~d-gluc~
amine was obtained and was 1solated as the hydrochlorlde.

They prepared N-methyl-d-mennamine and di-l-arabltylamlne.
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Amide Derivatives of Glucose

No dlrect condensations have been reported from the
amides and glucose sxecept the condensation of urea with glu-
cose (100,44). PFischer (34) prepared sllver succinimide and
reacted acetobromoglucose with 1t. S8ilver bromide was split
out, and the resulting tetraacetate of the glucoside of
succinimide was hydrolyged with ammonia in methyl alechol to
prepare the glucoslide of succlinamide., A similar method wes
used to prepare the glucoalde of sseccharine and of benzene
sulfamic acid (69). The condensations of acetobromoglucose
with the silver salt of some alkaloids (30,44) has alao been
reported. Wlth urea a condensatlion ocecurred by leaving six
grams of glucose in six milliliters of warm water with four
grams ures and four drops of concentrated hydrochlorie acld.
The molecular compound d~-glucose urea.cotﬂﬁé)z which separated
at first was converted into d-glucosyl urea by treatment with

75 per cent alcchol.

Aromatic Amine Derivativsa of Gluocose

Sohiff (95,96) first preparsd an anilide of glucose
during his investigation on the derivativea of salicin. Ko
crystalline product was obtalned, and when the aclution was
heated, a dark residus was formed that produced aniline and

water upon distillation of the mizture. From snalysis it was



determined that the glucosanilide was composed of one mole-
cule of glucose and one molecule of aniline with a molecule
of water removed; 8o a Schiff's base type of compound was
proposed.

Sorokin (106,107) prepared the anilide and o- and p~
toluidide of glucose by heating gluecose with an excess of the
base 1in alcchollic solution until the glucose completely dis-~
solved. On evaporation of the solvent the glucosylamine pre-
cipitated. The precipitate was recrystallized from aloohol
and an 80 per cent yleld was obtained. The anilide decomposed
easily by heating above 1ts melting point of 140° ¢c. oOm
heating of the anilide with concentrated hydrochloric acild,

& salt of levulinic acld was recovered, but with dilute
acid the anilide was split Into aniline and glucose.

Strauss (114) supported the double-bonded or Schiff's
base type of condensation, since hydrogen cyanide added to
the anilide, but Sorokin upheld the ring or glucosidis struc-
turs of the compound. Irvine and Gilmour (52) studied the
conabtitution of the anilide, oxime, and phenylhydrazone of
glucose, The study was made by preparation of the tetra-
methylglucaae derivatives of aniline, hydroxylamine, and
phenylhydragine.

The anilide of tetramethylgluoose was a nicely crystal-
line solid thet preclpitated from alcohollic solution and
showed no mutarotstion in acetone. O(n further methylation

with silver oxide and methyl iodide the methexy content could



- 41 =

not be increased; so it was concluded that the anilide could
not possess a straight chain aldehyde form, since the com-
pound possessing that structure contained a free hydroxyl
group that should be easlly methylated. The tetramethyl
derivative of phenylhydrazine could not be crystallized, and
no significant results were obtained on further methylation.
From evidence of a study of the condensation in the cold in
an ethanol solution, Irvine and Gilmour reported that two
stereoisomers of the anilide existed. The oxlide constitution
of the glucosanilide was further verified by methylation of
glucosanilide. The compound obtained possessed the same con-
stants ss the compound prepered from condensation of tetra-
methylgluceose and aniline. The dextrorobtatory compound that
was initially formed was the less soluble compound and changed
from the dextro into the levo form. Hydrochlorle acld greatly
accelerated the mutarotation. Aqueous solutions of glucos-
anllide underwent nutarotation, but no end value was recorded
becesuse hydrolysis occurred.

The p-toluldide, p-phenetide, &-naphthylamide, and
o~-carboxyanilide of glucose were prepared (63). Three erys-
talline forms of the toluidlde were obtained, the form
depending upon the amount of water of crystsllizatlon present.
The anhydrous form was prepared by Sorokin‘'s method, ,and sub-
sequent crystallization was carried out by bolling with ethyl
scetate. The alecoholle solution was strangely dextrorotatory,

but the mutarotatlion was very rapid, especially when the
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reaction was catalyzed with a trece of acid. There was like-
wise evidence that the 8-naphthylamine and o-carboxyaniline
condensation products existed in both the &~ and f-forms,
though only one form was isolated in each instance.

The mutarotation of the compounds of aniline and o-car-
boxyaniline (55,56) with the c¢iiferent sugars and their
tetramethyl derivatives was studled in pyridine, ethanel,
methanol, and 90 per cent alcohol. Results much the same as
those reported for glucosanlllde were obtained. The muta-
rotation of the oxime and ammonla derivatives of glucose was
followed and shown to be slight (54).

Cameron (23,26) reported the action of aniline and scetle
acid on glucose. The reaction between the amine and the
glucose was catalyged by the acid. In alcoholic solution a
brown coloration occurred, but in aqueous solution the colored
material precipltated. Glucosanillde likewise gave a brown
coloration in aqueous or alcoholic solutlon if scld were pres-
ent. The fallure to reduce Fehling's solution sfter long
standing was evldence of the absence of glucose and glucosan-
ilide. The effect of aclid in speeding up the reaction was
obgerved; in fact, the maximum value of rotation in the aecld
solution was reached in four hours, while in anlline-glucosase
- alone, ths meximum was not observed for 22 days.

In @ later communication (24) the action of o- and p-
toluldide on glucose In the presence of acetic acld and in

the presence of potassium dihydrogen phoaphate was reported.
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The solutions, on becoming dark, were more reaetivg; they were
more easlily oxidiged and gave a positive test with Seliwanoff's
reagent. The author attempted to prove that the aldehyde
structure was formed from the more stable ring atruetﬁre of
Irvine and Hynd. In order to do this he tested a solution
of methylaniline, glaclal acetlc aclid and gluccse, and ob-
served that the rates of éoloring were considerably slower
then in & solution of aniline, gleclal acetlc acid, and glu-
coge. HNo conclusiona counld be drawn, since the reaction
between glucose and methyl aniline itself was very slow at
room temperature. Benzylamine also gave colored products with
glucose and acetic acids The authors followed the change in
rotation of glucose and aniline in aqueous solution in the
pressnce of acetic acid and potasslium dihydrogen phosphate,
and in both cases the rotation of the solution became nega~
tive. The value became more negatlive when the reaction was
effected in the presence of the potassium dihydrogen phosphate
than in the presence of acetic acid.

It wes found (25) that glucose and bengylamine reacted
in water solution to form glucosylbenzylanine. When a molecu~
lar proportion of acetic acid was present, no condensation
occurred. This was expected since 0.5 gram of glucose
benzylamide hydrolygzed almest immediately when & monomolecular
proportion of acetiec acid was added. If only a small amount
of gcld were added, a coloration was developed slowly. In

methyl alcoholic solution in the presence of acetic aclid a



color developed and & quinone-~like odor was noticed. MNethyl
glyoxal was recovered from the solution 1n small yield and
characterlized as the osazone. An explanation for the en-
hanced reactivity of the solution was postulated. This activ-
ity was attributed to the formation of the aldehyde isomer
that enolized or decomposed to form methylglyoxal. In case

of the enol atructure, the formation of certaln ring nitrogen
compounds such as the pyrazines was possible by the condensa-
tion of two molecules of the enol and the elimination of two
molescules of water. It was known that 2, 5-ditetroxybutylpyra-
zine (112) was formed from fructose and ammonia in alecoholle
solution.

Baker (11) studied the mechanism of mutarotation in rela-
tion to ring-chain tautomerism. The anilide, g-toluidide,
gfanisiéide, p-bromoanilide, p-chloroanilide, and the N-methyl-
anllide of tetrascetylglucose were prepered by dissolving
the tetraacetylglucose in the amine or in a concentrated ether
solution of amine and leaving the solution at room tempera-
ture for severel hours. On dilution with ether the hydro-
bromide of the basme geparated. On concentration of the solu-~
tion, the residue cryatalilized, and the products were re-
crystallized from sultable solvents. The N-methylanilide was
the only compound that did not show mutarotation in ethyl
acetate with an acld catalyst. Even on fusion no mutarota-
tion oceurr#d. This waé given as evidence that the attack of

the acid was not merely a coordination of a proton to give an
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ammonium complex that then caused mutarotation, since the
secondary emine should act fundamentally in the same way.

As 1t was not possible to study the effect of alkaline
catalysts because of the ease of hydrolysis of the acetyl
groups from the anilide of tetraacetylglucose, an investiga-
tion (10) was carried out on the nitrogen derivatives of tetra-
methylglucose. The methoxy group was much more resistant to
the actlion of acld snd alkall catalysts, so that the effect
of both kinds of catalyst on the relative veloclity of mutaro~
tation was studled in & serles of p-substituted anilides of
tetramethylglucose, The anilidea of the sugars were prepared
by refluxing for several hours a mixture of tetramethyl~
glucose with an esxcess of the base in alcoholic solution.

In order to test the possiblility that various secondary
amines that were stronger bases than methylaniline might
undergo mutarotation due to &n ammonium coordination complex,
tetraacetylglucosyl derivatives of piperidine, dimethylamine,
diethylamine, and the p-substituted benzylmethylamines were
prepared (12). These compounds were 1solated as the hydro-
chlorides. On studying these tetraacetylglucosyldlalkyl-
amines polarimetrically, a change in rotation was observed,
but this change was attributed to a slow fission of the
hydroehlorides into tetraacetylglucose and the hydrochloride
of the base rather than to mutarotation. When the free
ﬂ—glueasiées were dissolved in anhydrous ethyl acetate in the

presence of & little hydrochloriec acid as a catalyst, the slow
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crystallization of the amine hydrochloride occurred in the
polarimeter tube.

In order to prepare these compounds the resctlon was
carried out in the cold; the amine hydrobromide crystallized
from the solution, end the tetraacetylglucosyldialkylamine
was corystalllged from the concentrated ethereal extract. The
dimethyl end dlethylarine tetraacetylglucosides were lsolated
only in form of thelr hydrochlorides and these in very small
yields. The piperidine glucoslide was prepared in two modifi-
catlions, one of which is quite Insolubles in the ether solutien.
Conversion of one form to the other was not sccomplished. The
value of k was given but no data concerning the specific rota-
tion of the compounds were rscorded,

Perhaps the most valuable of all the ressarch carried on
about this time was the isolation of two compounds from the
condensation of glucose and p-phensetidine {3). If the con-
densation were carried out in 83 per cent ethanol, the com~
pound that melted at 118° was obtained. If the reactants
were heated together wlthout a solvent and the alcochol added
after the solution became homogeneous, another compound was
preciplitated. This compound, whose melting point was 156° ¢G.,
had been reported earlier (45). There was a decided differ~
ence in the stabllity of the two isomers (5). In & study of
the constitution of these two isomers, since neither com-
pound contained an HHg group, the structure of three palrs of

isomers was postulated; the N-glucosldic structure, the
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double-bonded straight=-chalin aldehyde condensation type of
compound, and the N-ring type of compound. For the lsomer
made in ethanol solutlion, it was observed that dilute acid
caused the decomposition of the compound into its component
parts., The other isomer was stable in acid soglution, but de-
composed into glucose and Efphenetidine in alkaline solution.
The compound that decomposed with acids was l-rotatory and
exhibited mutarotation, a faot that supported the structure
of the gluecosidle linkage. However, the acid stable compound
was also l-rotatory and showed mutarotation, but as it was
alkall lablle, 1% was believed at that time that this form
was the Schiff's base type of compound or an imlno-ring strue-
ture, both of which exhiblt gyn-anti lsomerism. Two lsomers
(4) were isolated from the p-snisidine and glucose condenga-
tion. They showed the same relative stabllity to acids and
bases as the‘guphenetidine compounds demonstrated. The same
type of reactlon was demonstrated with p-toluidine (6) and
later with o-phenetidine, g-anisidine, and g-toluidine (7).

From an entirely different field of linvestigation came
further experimentation which helped elucidate the molecular
rearrangsment of the N~g;9cosides. In the synthesis of vita-
min Bg, lactoeflavin, 1,2-dimethyle4=-amino-5-(d=-1'-ribityl-
amino)-benzene was condensed with alloxan. StrbBble (73)
heated 1,2-dimethyl~4-nitro~H-amino-benzene with d-ribose in
an alcoholic solution and hydrogenated the condenssation

product. This whole procsdure occurred in only two steps.
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On separation of the nroducts by cshromatographic adsorption,
he found that the condensatlon of the substituted o-nitro-
aniline with the pentose &as an squilibrium reaction, and by
the recondensation of the reasctants that had not undergone
condensation, & 75 per cent yleld was obtained. This began a
new series of investigations on the Ne-glucosides of the sugars
and the so-called "Amadori Rearrangement.” The stable lsomer
of p-phenitidine that was not hydrolyzed by acid was consid-
ered a Schiff's base compound by Amadori. EKuhn and Dansi

(72) pointed out that the question as to the formation of a
double-bonded linkage of this sort between aromatic amines

and sugars hed not been settled, and no proof for the exist~
ence of such s substance had been brought forth. The authors
gave evidence that the acid-stable "Schiff's base" eompound
was not a Schiff's base at sll but 2 product produced from
molecular rearrangement of the sugar chain. That the acid-
labile compound was in reality a N-glucoside as Amadorl had
suggested was verifled. The acid-lablle compound of
p~toluidine and d-glucose was acetylated with pyridine and
acetie anhydride, and the compound that resulted wes identical
with the compound formed from acetobromoglucose and p-tolul-
dine (54). The constitution of this glucoside was also sub-
stantiated by slmilar studies with the tetramethylglucose and
the methylated Neglucoside. The scld-stable compound was not
methylated, since the compound was alkall lablle, but a tetra-

benzoyl derivative was produced which at once eliminated a



Schiff's bese astrueture. The stable isomer upon hydrogenation
gave H-p-tolylglucamine.

The products obtalned on oxidation of the two forms
with chromic aclid were noteworthy. It was at first reported
that twice as much acetlic acld was obtained on oxidation of
the rearranged product then by oxldation of the known
N~glucoside. The lasomers ylelded two different saccharin
acids, and 1t seemed possible that the same sort of rearrange-
ment had occurred as 1s found in the saccharin acids.,

Kuhn and Weygand (76) investligated the Amadori rearrange-
ment still further and found that the stable compound gave
also 0.6 mols of acetic acld; so there was no relationship
between this rearrangement and the saeccharin acld rearrange-
ment. The rearranged p-toluidine-d-glucoside on reduction
gave Ne-p-tolyl-d-mannamine. This compound was also obtained
by reéueipg the normal N-glycoside prepared by the condensa-
tion of d-mannose and p-toluidine in aleoholic solution in
the presence of ammonium chloride. The normal N-toluidine-
d-glucoslide upon réduction gave N-p-tolyl-d-glucemine. The
rearranged product was a very zood reducing agent and was
comparable to the action of ascorble acid. It reduced
o-dinltrobenzene in dilute alcohol to g-nitrophenylhydroxyl-
amine.

The rearranged or "stable" p-toluldine-d-glucoside
reacted with hydroxylamine to form an oxime. Thils showed

that there must have been a rearrangement from the glucosidie



form to an isoglucosamine form. The mechanism suggested was
given es & dlagram on page 4. Compound I from the diagram
{p. 4) upon reduction gave

'
CHzCgH,N-CH

HC~-0H
oo
HAOH
HooR
H%OH
H

N-p-tolyl-é~glucanine

but reduction of compound VI gave
5
0530554ﬁ~?ﬁ
HO?H
HO?H
HCOH
|
HCOH
l
CHy0H
N-p-tolyl-d-mannamine

The rearranged glucoside showed a rapid mutarotstion in
pyridine soclutlion. Karrer (64,68) reduced a product that he
designated 6,7-dimethyl~-9~-d-araboflavin, prepared by the



condensation of the smine and arabincse. The product was not
laolated, and upon reductlion it was found that rearrangenment
had occurred and the d-ribityl compound rather than the da-
arablityl compound was obtained. 2-Nitro-4,5-dimethylaniline
was easily condensed with l-arablnose and d-ribose in alco-
holie solution. Of the six possible structures for the simple
condengation product (the ﬁ- and nyyrano- or furano-gluco-~
sides or the Schiff''s base syn and anti lsomers), the Schiff's
base was aliminated because a triacetyl compound rather than
a tetraacetyl compound was obtalned on acetylation. That the
rentosides possessed a furanold structure was shown by the
formation of a trltyl compound on carbon atom five.

o-Kltroanliline (74) was found to be much harder to con-
dense than the1g-subst1tuteé aniline. A condensation was
finally effected by the use of & very lerge excess of the
amnine. It was found that the condensation occurred easily in
the presence of some ammonlum acetate, and thiat the amount of
water present in the alcohol influenced the condensation.
Both the d- and B-glucoside of 2-nitro-4,5-dimethyl-aniline-
d-glucoae were obtained and the acetates were made from these
by direct acetylation.

It has long been known that alkallies react to produce a
decomposltion of sugars. In fact, traces of alkall cause
carameligation. When sn organic base (115) acted on & sugar,
an enol form was produced. Thls compound was a much more

active form of the sugar and acted much the same as sscorbic



aeld. The method used for testing the presence of the enol
group was reduction of methylene blue or dichlorophenol-
‘indophencl, & reagent used in the quantitetive determination
of vitamin C.

The tetresacetate of piperidine glucoside was very un-~
stable in the presence of acids or bases, but dld not affect
the oxidizing agents such as methylene blue and 2,6-«dichloro-
phenol-indophenol. An excess of plperidine, when heated with
glucose, gave a solution that reduced methylene blue and
dichlorophenol-indophencl. The redueing property of this
solution was due to some rearrangement of the glucose. S3lnce
repeated precipitations could not free the materisl from
plperidine, the compound formation as the cause of the reduc-
ing property seemed more plausible. Vogel postulated an enol
formation to explain this ease of oxidation:
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o H?ENC . HG-NCgly g HC{OH H|NCgH,
a?&\ HC 5710 COH Gon
HOCH 0 HOCH HOCH HOCH

HGOH —  HCOH —— HGOH e— H{)OH

HC HCOH HCOH HCOH

HCOH HCOR HCOR HCOH

B B H H
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- ¥any other suzars sucli as mannose, fructose, galactose,
and maltose showed thils reaction with piperidine. FHeating
of the water-free components formed a compound that was not
cleavable unless 1t was changed into the active form. 1In &n
aqueous solution the dienol was formed; then the 1,2-diencl
(enediol) was spllt intc piperidine and 1,2-dienocl-glucose-
1,5-anhydride.

If piperidine were heated with 1/10 1its amount of
glucose and then precipltated at once by ether~petroleum
ether, a colorless syrup was obtained. This syrup in agueous
solution decolorized dichlorophenol-indophenol rapidly. If
acid or alkall were added, the color was no longer destioyed,
and even acldificatlion before addition of the oxidizing
agent gave no decolorlzation.

If Instead of precipltatlion the solutions were acidified,
they possessed strong reduction property. If coqled first,
diluted, then acldifled, the reducing value obtained was four
times as large as it was in the concentrated solution.

Vogel reported that the acetyl groups from carbon 1 and
2 were removed upon treatment of tetraacetylzlucose with
piperidine and that the corresponding dlenol was formed.

The pentaacetylglucose did not form a dlenol and 1t appeared
from this that & 1,5~ and 2,5-ring structure were concerned
with the dlenol formation.

Kuhn and Birkofer (71) investigated the action of

piperidine on glucose in order to correlate the phenomenon
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of mutaroctetion with the ecase of reduction of the glucosides
of the secondary amines. Mutarotation, according to the
theory of ring-double-bond desmotropy, was caused by a

change of the glucosidic form into the double-bonded compound.
The mutarotation of the glucosides of the secondary amines
offered an anomaly to which 1t was difficult to give credence.
Karrer (62) had discussed the mechanism of reduction of the
N-glucosides to N-aryl-d-glucemines, and since he was unable
to reduce the N-methylanillide of tetraascetylglucose, he
pointed out that thls subatantiated the theory that a Schiff's
base type of compound was a necessary intermediate for re-~
duction. Kuhn and Birkofer disproved this hypothesis as such
by reduzing the glucoside of plperidine and benzylamine.

These secondary amine glucosides mutarotated slowly in pyri-
dine, but the rate of mutarotation was greatly accelerated

by the addition of a small amount of water or hydrochloric
aclid. The conclusion was drawn that the rearrangement was
really concerned with cation formation. The scheme for

hydrogenation was represented as follows:
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Mutarotation and Reduction

Kuhn and Birkofer (70) condensed the aromatic amines

with a number of pentoses and hexoses and llisted the optinmum

conditions for the different condensations.

Some of the con-~

densations proceeded easily in alcoholic solution while

others required s trace of hydrochloric acld or ammonium

chloride to catalyze the reactlon.

The investigators wsrse

unable to isolate a Sohiff's base type of compound or to

offer any proof of its presence.

The rearranged compounds
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reduced o-dinitrobenzene, 2,6~dichlorophenol-indophenol and
methylene blue, but not gquantitatively. Weygand (123) found
that the N-glucosides formed In concentrated aqueous solution,
and that the H-glucosiﬂes that were formed were stadble in the
presence of a blt of alksll but decomposed and browned
rapidly in the presence of acild.

The rearrangement (125) to the isoglucosamine structure
was greatly catalyzed by the presence of a small amount of
hydrochleric acid. 1If too large an amount of acld were added,
the N-glucoside was cleaved, although a very small amount of
acid greatly accelerated the velocity of formation of the
compound.

When the rearranged oompdunds wore reduced catalytically,
various products were obtained. VWhen one mol‘of the compound
in alccholic solution was reduced in the presence of two mols
of scid, the sromatic kernel was reduced but the ketons group
renained intect. In neutral éolution no predlotion could be
made concerning the products of reduction. Sometimes the
benzene ring was reduced, sometlimes the ketone group, and
asometimesa there was complete redustion. In the presence of
2.8 mols of alkall, only the keto group was reduced.

In view of these experiments and because of the giffer-
ent lsomers obtained on reduction, 1t was concluded that the
rearrangement and subsequent reduction proceeded only in the
presence of an acid or salt. In view of this concept, the

mechanism of the rearrangement was modified in the following
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manner:
elzas CHy CHg CHs
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It was not determined whether 1t is possible to reverae the
equilibrium. Weygand (124) further studled the steric
course ln the hydrogenation of the lsoglucosamines.

Karrer and his co-workers (66,67) had already studied
the reduction of the earomstic amine condensation products
with pentoses. 1In a synthesls of flavine, N-monocacetyl-o-
phenyl&nediémina wag reacted w;th sugar and reduced catalyti-
cally in the presence of nickel. In this method the inter-
mediate condensation product was not isolated. They also
condensed d-Z-ribodesose (63) with some aromatic amines and
upon reduction produced the type of compound found in thymus
nueleic scid.

A speeific type of aromstic amine condensations was
evidenced in the aromatic diamines. Griess and Harrow {41,

42) reacted some sugars with the aromatic dlamines and
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obtalined the diamine condensation products. Howsver, if the
condensation of glucose with phenylenediamine were carried
out in acld solution, two different types of compounds were
obtained., One of these was & quinoxaline type of compound
which reduced Fehling's solution and smmoniacal silver nitrats.
The other was & benzimidazole compound that showed sntirely
negative reactions to those reagentas. Ohle (89) attempted to
clarify the confusion resulting from thls paper and showed
that with arabinose and o-phenylenediamine, & benzimidazole
inatead of a quinoxeline structure was obtalned, and also
that there were four hydroxyl groups that could be acetylated
thus disproving the keto atructure offered by Griess and
Harrow.

Adler (1) slsoc made a dicondensation product of the
sugars but did not study the compounds formed in acid
solution.

Weygand (126) explained the formation of the (d-arabo)~
tetraoxybutylquinoxaline in view of the Amadori resrrangement.
Firast the‘glueoside was formed, and upon the sction of aecid,
the Amadeorl rearrangement occurred. The compound then under-
went a further condensation between the keto group and the
o-amine group, whereupon & dihydroquinoxaline compound was
formed. Two hydrogen atoms were then obtained to form the
quinoxaline compound. 1t 1s possible that the suger was
reduced to an alcohol and furnished the two necessary hydro-

gen atoms as was the case when lsobutylaldehyde was condensed



with o~phenylenediamine and isobutanol isclated as & product.

Amine Derivatives of Z2-Methylglucose

Hickinbottom (46) prepared 2-methylglucose from methyl
3,4,6-triacetyl-Q-glucoslide by methylation of the compound by
silver oxlde and methyl ilodide. He then removed the acétyl
groups and hydrolyzed the glucosidio linkage. 2-~Methylglucose
was charscterized by the phenylhydrezone that melted at 175-
176° ¢. Brigl and Schinle (20) prepared Q-msthylgluebse and
cbtained the phenylhydrazone that contained one methoxyl. By
heating 2~methylglucose for one and one-half hours with a
solution of phenylhydrazine and acetic acld, glucose phenyl-
ossazone was obtained. This compound gave no methoxyl group
by & mlero~Zeisel enalysis. For further proof the phenyl-
hydrazone contalnling one methoxyl group was treated with tha‘
phenylhydrazine and acetic acld mixture. The glucosazone that
resulted gave no value for the methoxy déterminaticn. The
methoxyl group In the 2~ positlion had evidently been removed
during the reaction.

A few years earller Pacsu (92) had reported the prepgré-
tion of a monomethylglucose as 4-methylgluccse. lLevens (79)
attempted to prepare the 4-methylglucose and observed that
the phyalcal constants for the compound obtained corresponded
very well to those that had recently been reported by Brigl

and Schinle. Levene prepared the prhenylhydrazone that melted
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at 176° C, and verified the formation of glucose phenylosa-
~zone that gave an entirely negative micromethoxy determina-
tion. The yleld he obtained was very small but Brigl and
Sehinle (21) obtained 0.08 gram of the phenylosazone from
0.10 gram of the pure hydrazone; so the yield of osagzone was
not from glucose in an impure product.

Pagsu (93) published a paper in answer to this correc-
tion. At the time of his original work all the monomethyl-
glucose compounds except the ones in position four and five
on the carbon atom had been established. The compound formed
" a phenylosazone; therefore, the substitution of a methyl on
position four was arbitrarily assigned as the structure of
the compound. The analysls corresponded quite closely to the
calculated value for a methylhexosazone, but no methoxy analy-
als was made. The phenylosagone for the compound that was
belleved to be 4,5,8-trimethylglucose on analysis was found
to possess only one mebthoxyl group. Pacsu belleved that a
new investigation of the whole problem should be undertaken.

8chinle (87,98) prepared the Pacsu monomethylglucose by
Pacsuts method and reported that a mixed melting point with
the 2-methylglucose prepared earlier by Brigl and Schinle gave
no depression of the melting point. The phenylhyﬁrazane was
alsoc prepared from both ssmples and they were proved identical.
The glucose bhenylosazone was prepared and the test for the
methoxyl group was negative.

Thus it was well established that in the formation of



the phesnylosazone from 2-methylglucose, & methyl group was
removed. 1If 1t were necessary that the compound underwent an
Amadorl resrrangement before osazone formation as Weygand
suggested, then the methyl group was necessarily removed in

this rearrangement or in some intermediate form.



EXPERIMENTAL

Phenylhydrazine Derivatives of Glucose

Bergmann and Machemer (17) prepared phenylhydrazine
derivatives of acetylated degradation products of cellulose
by heating the dextrins in liquid phenylhydrazine at 130° C.
for one hour. Staud and Cray (108) had reacted cellulose and
1ts degradation products with phenylhydrazine in 10% acetic
acld. They concluded from the results of the nitrogen analy-
sis that thls method was more reliable than the copper number
for the determination of the mciecular slze of the dextrin.
Bergmann and Machemer stated thst the phenylhydrazine was
chemically bound to the carbohydrate.

This method was applied to the corn syrup dextrins in
this laboratory in an attempt to find snother measure for
molecular size of the dextrins (80). It was hoped that the
phenylhydrazine derivatives i ht also be useful in a simple
fractionation of the dextrins; that lg, In the resoval of the
molecules with reducing groups from the materiasl that does
not contain reducing groups.

The phenylhydrazine derivatives of Bergmarn and Machemer
were made by dissolving the cellulose dextrin in rhenylhydra-
zine and heating the solution in an cll bath., The compound

formed was isoclated by pouring the meterial into anhydrous
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ether. The .recl,itate was purified by solution in 509
acetlic acld and reprecipitated with anhydrous methancl. For
the corn syrup dextrins a modification of this method was
useds One gram of the dextrin was heated in 5 ml. of re-
distilled phenylhydrazine under reflux at 130° C. for two
hours, After coolling the brown-red reaction mixtuﬁa was
poured into 50 ml. of anhydrous benzene. The precipltate,
formed on vigorous stirring, was recovered, dried, and extrac-
ted In a Soxhlet extractor with ether for twenty-four hours.
At the end of this time all the free phenylhydrazine had ape
parently been removed.

The drled derivatives were amorphous powders with a
yellow color. When they were dissolved in water an odor of
phenylhydrazine was apparent at once. Ether extraction of
the water solutlon removed as much as 85% of the nitrogen.
However, there was falrly close sgreement between the molecu-~
lar size as determined by the nitrogen analysis of these de-
rivatives, by the lodine tltration or copper reducing value
of the original dextrin, and by the potassium analyais of the
dextrinic acid salt.

The phenylhydrazine derivatives of glucose and maltose
were situdled to obtain evidence regérding structure of the
dextrin compounds. Preliminary work showed that the resection
of glucose with phenylhydrazine under the conditions that were
used to prepare the dextrin derlvatives produced a non-

homogeneous product melting at 111-112° ¢. whose nitrogen
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analysis was approximately that of the pure hydrazide. Hal-
tose gave a compound with phenylhydrazine that melted over a
wide raenge and possessed an even greater degree of instability
in watsr than the glucose compound. The nitrogen analysis
agreed qulte closely with that calculated for maltose phenyl-
hydrazide. The literature regarding the reasction of phenyl-
hydrazine with glucose l1ls very confused, The reported deriva-
tives as named Iin the literaturse, the structure postulated by
Behrend, the melting point, snd nitrogen analyses are arranged
in tabuler form in table 1, page 17.

The reactions were much more complicated than was first
suprosed in that several isomers of the compound formed by
the reaction of phenylhydrazine with gluccse were possible.
From theoretlcal considerations the derivatives may be ex-
pected to have any of the following structures: The &- and
B-glucopyranyl phenylhydrazide, the @- and f-glucofuranyl
rhenylhydrazide, the true hydrazones which could be elther in
syn or antl forms, and possibly the enol or keto form of the
compound that has undergone a complete or partial Amadori

rearrangoement.

Preparation of the d-hydrazide reported by Behrend

Twenty grsms (0.1l mole) of glucose was dissolved in 15 g.
(0.40 mole) of glacial acetic acid mixed with 5 g. (0.28 mole)
of water (15). This mixture was heated on the water bath

until the glucose went into solution, cooled, then poured
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with vigorous stirring into 160 ml. of absolute salcohol con-
taining 15 g. (0.139 mole) of redistilled phenylhydrazine.
Thils faintly yellow solution was allowed to stend at room tem-
perature and after two days a fine golden yellow preciplitate
covered the Lottom of the flask. After two more days the
phenylhydrazide was filtered by suctlion asnd the creciplitate
was washed wilth a mixture of 25 ml. of anhydrous ether and

25 ml. of absolute alcchol. After drying in a vacuum desicce-
tor, 9 g. of material with a melting point of 150-155° C. was
obtalned.

Another crop of crystais was obtained from the mother
liquor after two days. After filterinpg and washing with alco-
" hol and ether mixture, the yellcw crystals were dried. Omn
investigation it appeared that this & g. of materizl was ths
osazone, melting point 167-205° C. FKecrystallization from
pyridine gave a product melting from 200-205° C. A mixed
melting point with a prepared sample of glucose phenylosazone
gave no depression.

The yield of the impure hydrazide was 30.3%. On repsat-
ing the preparation and sceding the reaction mixture, a light
yellow ¢rystalline precipitate was cobtained that melted from
135-137° ¢. 1In an effort to purify the compound, 1 g. of the
hydrazide was dissolved in 3 g. of pyridine. To this & blt
of alcohol was added anc the compound precipltated with ether.
The coleor was considerably lichter but the melting point was

about 125°2 ¢. All erforts to obtain & colorless product that
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melted at 159-1860° C. were without suceess. liotation in
aqueous solution wes obtained, but in several of the products

a faint yellow flocculent precipltate sppeared when the
material was dissolved in water. Specific rotation in pyri-
dine after elght minutes gave a valueEQi]gs T -80,8° (0.3378 g.
dissoclved in 10 ml. anhydrous pyridine; 1 dm. tube; X'= -2.73
after eight minutes). fThe specific rotation of a 2.5% aqusous
solution was[hi]gs = ~74° after eight winutes, which changed
to a value of ~40.4°% in thirty-three hours.

A modificetion of this method was used by Stempel (109}
since Butler and Cretcher (22) had reported that they obtained
no O(~hydrazide at all by using the above method. An attempt
to obtain the pure (-hydrazlide was made by the use of thelr
modirication.

Twenty grams (0.11 mole) of glucose was added to 15 g.
(0.4 mole of acetlec acid in 5 g. (0.28 mole) of water. The
gluecosg-acid-water mixture was heated unt 1 the glucose dis-
solved, and this solution was added to 14 g. (0.131 mole) of
phenylhydrazine diluted with 160 ml. of absolute alechol. The
only modificat . on was In the amount of shenylhydrazine added.
The solution was stirred vigorously for three hours, then left
in a stoppered flask st room temperature ior twelve hours. On
filtering by suctlion 12 g. of preci-itate wes obtained. After
washing six times In acetone, the precipitate was nearly white.
It possessed a low melting point, 134-135° C. A second reac-

tion wes run 1denticel with the !'irst except that the mixture
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was seeded. A large part of the precipitation occurred within
three hours from the time of mlxing the sclutions. At the
end of this time the light yellow precipitate was removed by
filtering with suction and 14.5 g. of a nearly white product
was obtained after repeated acstone washing and subsequent
drying. (On standing for two days, 2 g. of glucose phenyl-
osazone precipitated from the mother liquor.) The hydrazide,
though 1t looked gquite pure, melted at 128-130° instead of
159-160°, as reported. A 1% solution of this product was so
murky that the mutarotation could not be followed. The
naterlal prepsred in tle I'irst reaction gave a rotation of 67°
after eight minutes in a 1.5% aqueous solution. However,
after 240 minutes the change in rotatlon ¢id not steop at
[Ri]gé = -52.5%, as Stempel indicated. Kven after twenty-four
hours the rotation of the solution still slowly chenged and
became less negative. It may be that in more dilute solutlon
hydrolysis as well as mutarotatlon occurred. After further
waghing with escetone, the initlal rotation after ten minutes
wzs 789 (c¢., 4% in water). Two grams of the product obtained
by the method of Behrend, m.p. 145-148° C., was repeatedly
washed with acetone and tie specific rotatlion deterwined.
After Iive minutes[aglgs =z =75.5° {(¢c., 4% in water) and this
value changed to =35.2 1n sixteen hours. Ardgsth (8) found
that in 5.4% solution the equilibrium value was[pglgs =
-52.44° at 22.5°, and Behrend and Lohr obtzined approximately

the same value by using 3-4% acl tions, but ths rotation became
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less negative after the solutions were left for z few days.

It is evident from the difficulty of duplicating the prepara=-
tion of this form, known as the X-hydirazide, that no satisfac-
tory method for tihe prevaration has been found. The fact that
tle compound slowly decomposed upon standing, even in a vacuum
deslccator, complicated the study.

Although no satisfactory constants were obtained from the
Behrend (X{~-hydrazide preparat on, nitroyen analysis by the micro
Tumas method showsd that the compound was homogeneous as far
a8 the nltrogen content was concerned. The difficulty in ob-
talning the pure compound seemed to be the result of the esase
pf'tranaformation of one isomer to the other.

#§  Cale. for CypHygOgNy, 10.37% Found, 10.27%

< 10.25%

Preparation of the -hydrazone reported by Behrend

Compound of two molecules of the phenylhydrazlde with one

molecule of phenylhydrazine. Fifteen grams (0.083 mole) of

glucose were dissolved in 7.4 g. (4.1 moles) of bolling water.
This viscous syrup after cooling wes poured into a solution
of 30 g. (0.027 mole) of phenylhydrazine in 100 ml. of abso-
lute slsohol. This mixture wss left at room teuperature for
twenty-four hours; then the flask was seratched to facilitate
erystallization and placed in the refrigerator. In twelve
hours & light yellow crystalline product was obtained. The

mixture was filtered by suction and washed with an alcohol=-



ether mixture. The white mat obtained was left to dry in =
vacuum desiccator and 8.6 g. of the needles melting at 106-108°
. was obtained. This compound corresponded in properties to

- the compound desiznated by Behrend as two molecules of the
bkydrazlde with one molecule of phenylhydrazine. Another prepa-
ration yielded 15.4 g. of the compound that melted at 107-108°
C. This represented a 574 yileld. This compound turned pink

in a few days in the vacuum deslccator, and red in just a few
hours 1f it were left In the air. The smell cof phenylhydrazine
was very apparent even after repeated extraction with ether.

Phenyihydragzide-pyridine complex. This compound was pre-

pared by dissolving 6.4 g. {(0.010 mole) of the compound ob-
tained above in 12.8 g. (0.16 mole) of het pyridine. The com=
pound crystallized on cooling but for complete deposition of
the erystals the compound was left over night. The crystals
were filtered from the mother liquor, washed with a very

little pyridine, with alcohol and finally with anhydrous ether.
Four grams of the pyridine compound was obtained with a melting
point of 101-102° ¢. This compound was quite stable even in
air. The yleld was about 57%.

&;Hydraxene. Two grams of the compound that melted st
101-102° ¢. was dissolved in 12 g. of absolute ethanol. After
standing for twenty-four hours, beautiful white platelets were
obtained. These platelets melted at 134-136° C., while the
needles reported by Behrend melted at 141-142° ¢. Several

small amounts of this compound were prepared; the yilelds
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usually were from 40-50 7 of the theoretical. It wes some-
times quite difficult to obtain the'crystals from the gelatin-
ous mass first obtained. The compoun?s had different melting
points according to their purity, for example, 134-136°, 132-
1550, 140-141° C. This compound was remarkably stable and
after nine months tlhe color was only slightly darker and the
melting polnts were approximately the ssme. The only reports
concerning the preparaticn of this compound was given by
Behrend (15). A mixed meltinpg point with the Q-hydrazide com-
pound gave 121-124°,

& microrotation was detormined on the platelets, m.p. 134~
156° C., about elight months after their preparation. After
twenty-five minutes[qgjis =z =14.7° in water. This value
changed to -47.3 after twelve hours. (0.0986 g. in 1.694 ml.;
1 dm. tube). A rotation at the time of preparation in a 2.5%
aqueous solution gave[bclgs = -3.§3 changing to -40.4 in
thirty-three hours. Nitrogen analysis of platelets by the
miero Dumae method gave the following results:

4N  Calec. for CqoHynON 10.374% Found, 10.45%
12%18V5% 2 ’ 20.46%

Some of the platelets were washed with s little acetone,
since acetpne wss used as the wash solution in purification of
the XA-hydrazide. The crystal form was at once changed to
needle form. These bsautiful white needles were washed with
ecetone and dried in the Abderhalden drying pistol with
acetone as the hesting liquid. The melting point was 105-106°C.
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This compound has a lowsr melting point than the one described
by Skraup. It is possible tiat another form has been made
since its melting point after washing and drying in the Abder-
halden tube over phosphorus pentoxide is entirely different
from that of the platelets.

The rotation of & 4% aqueocus solution was determined on
e sample prepared from s less pure thydrazone sample 1in a
1 dm. tube, andloC] gs = -34% after five minutes, changing to
~42° in three hours and one half., The rotation began to

descend toward the positive vslues and had reached a value of

~-34.5% in twenty~four Lours.

Preparation of phenylhydrazine derivatives of glucose corre-

gponding to derivatives of corn syrup dextrins

In the preliminary experiment the compound obtained by
heating commerclal glucose in phenylhydrazine mslted at 1lll-~
120° ¢. and the specific rotation, although it could nct be
determined accurately because of the dark color, was approxi-
mately -40°. The nitrogen analysis gave 10.24 as eompared to
10.37% for the calculated value. 1In & dupllcate preparation,
the compound obtsined had a lower melting point, 105-107°.

In an effort to obtalin isomers of the phenylhydrazine deriva-
tive, X~d~glucose and‘@fgpglucese were reacted with phenyl-
hydrazine. The procedure used in the preliminary experiments
was repeated. The ﬁ:g-glucose was made by the method of

Hudson and Dale (51),[]1l = 22° arter 1-1/2 minutes (0.8509 g.
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dissolved in 25 ml. water. Rotation, X = 1.50 in 2 dm. tube).

The X-d-glucose used was anhydrous Q-d-glucose prepared
from purified cerelose and recrystallized from strong acetic
acld, washed wlth ethyl alcchol and dried in the vacwﬁm oven
at 700 ¢. L[] 15 = 106° after three minutes (0.5505 g. dis-
solved in 25 ml. of water, reading taken in 2 dm. tube, X =
4.68).

One grem of (-d-glucose was added to 5 ml. of redistilled
vhenylhydrazine and refluxed in an oll bath at 125° C. for two
hours. The solutlion was cooled and poured intoc 75 ml. of ben-
zene. The precirsitate was recovered and washed with anhydrouns
ether. After drylng, bhe compound was extracted with 35 ml.
anhydrous ether in a Soxhlet extractor for twelve hours. The
rosidue was left In a vecuum desiccator over night.

The method was exactly duplicated for the preparation of
the derivative of the A-d-glucose. It was interesting to note
that in every case the derivative formed from the A-d-glucose
was darker then that from the B -d-glucose.

The melting point of the @-d-glucose compound was 105~
108° C.; for the X-d-glucose compound 1t was 105-110° C. Wo
value for the optical rotation could be recorded since the
compounds were too dark in aqueous or alecoholic solution to
obtein a reading. 4 mixed melting point of the tﬁe showed no
depression.

It was found that if 1 g. of E-gfglucose was added to

5 g. of water-clear phenylhydrazine and left at room



temperature, & gel formed within an hour. When this material
was poured into 75 ml., of benzene, a precinitate formed. This
80lid material was washed well with anhydroﬁs ether and dried
in the vacuum oven at 50° C. The dried resldue was extracted
in a Soxhlet sxtractor with anhydrous ether for twelve hours
and then driled in a vacuum desicoator over night. The A-d-
glucose was treated in exsctly the same manner. The reaction
with @ -d~glucose set to a gel more easily than the reaction
with d-d-glucose, and the excess phenylhydrazine was more
readlly extracted from the Q~g-g1ucoae derivative.

Both preparations were nice crystalline needles. V¥hile
in the phenylhydrazine, transparent platelets wers formed that
appeared very birefrinpgent when viewed under the polarizing
microscope. On addition of alcohol, these platelsts dissolved
and a mass of whilite ncedle-like crystals appeared. When these
needles were lsolated, washed, and kept in a vacuum desiccator
in a nitrogen atmosphere, tliey remained white for several days.
If, on the other hand, the compounds were left in the air,
they were colored red-brown in s very few hours. HNo differ-
ences of the - and ér derivatives could be detected under the
polarizing microscope.

Both preparstions appearsd to soften about 80-70° and
gave off phenylhydrazine, but they did not melt until the tem-
perature reached 105-110° C. A series of nitrogen analyses
and vigerous drying showed progresasive removal of the phényl-

hydrazine (table 2). The data certainly indicate that the



hydrazine derivatives of plucose formed at ordinary tempera-
tures exist in many forms in which there ls phenylhydrazine
of solvation. The phenylhydrazine comes off rather easily
although it cannot be renoved by extraction wlth ether alone.
Apparently the melting polint of these addition products is
indefinite and approaches 105-110° as prenylhydrazine 1s
volatilized.

Table 2
Change in Nitrogen Content Produced by

Various Drylng Procedures

" Per cent Nitrogen of Phenyl-

Drying hydrazine Uerivative Prepared at
Treatment Room Temperature from:
8-d-Glucose A ~-d-Glucose

Product after ether extrac-~

tion snd drying in the 16.56% 16.13%
vacuum desiccator 15.53% 15.53%
Product dried 12 hours 13.87% 14.74%
at 50° in vacuum oven 13.53% 14.89%

13.18%
Product dried 12 hours more 11.98% 11.75%
at 70° in vacuum oven 11.73% 11.66%

Product made by refluxing
componentsa 10.56% 10.70%

Calculated for the
phenylhydrazide 10.37% 10.37%

The compound formed by refluxing the components appesared
to be similar to the compound reported by Skraup, although it

was so dark in coler that a value for the rotation could not
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be obtained. The melting point, nevertheless, was rather
sharp, 105-107° C.; slthouch it might be expected from the
melting point that this compound was the phenylhydrazine sol-
vated compound or the compound reported by Skraup, and the
nitreogen analysls Indicated that it probably was the latter.

The rotation of Q- end P-glucose and a mixture of X~ and
Q—glucases was followed in pure phenylhydrazine. Since the
solutions had to be wsrmed to effect solution of the T- and
the mixture of glucoses, & rather empirical group of readings
was obtained., The conditlons were kept as constant as possible,
and the results of two runs were plotted in flg. 1. The data
are given in table J.

Cne~half gram of &-, B-, and a mixture of &- and B-glucose
whose initisl rotatlion was the equilibrium value of[?{]]} =
~52,5°, were dissolved by heating the mixture to 80° in 10 ml.
of redistilled phenylhydrazine. The observed resdings were
plotted against time since the other values were constant.

The rotations were observed by placing the solution in a 1 dm.
tube and using & mercury lamp with filters to give approximately

tre D-line of sodium (correction 1/1.04).
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Table 3

Rotatien of Q-, B-, and g+B-Clucose in Phenylhydrazine

e o ST ey e e o ot res b e o g pipemm ot

Time d~d~Glucose pB-d-Glucose Mlxture of glucose
(min. ) 0.5000 g. 0.5000 g. {Q~ « Q;) to read
52.5% T0.5000 g.
41 -0« 50 =137 =075
6{) "1015 "1.97 "1120
120 -2..58 -2.18 -2.05
470 -2 90 -2 .65 -2.83
1310 ~3+03 -2 77 -3.08
1610 3,09 -2 .85 -3.10
Ce2B00 g, 0.2500 g 0.2500 £
24 «0.06 ~{+55 -0.10
5(} —0.10 -0-65 -Qo 30
60 "00 45 "'0» 80 "O . 4‘5
126 "Oo 90 "'3. . 02 “'0 » 90
380 -] o 40 wl.S37 ~1.35
1180 "1'4‘7 "1052 “'1;4?
1360 -1.52 -1.50 ~1.80

The only difference that could be observed was the higher
negative value of the (-d-glucose in the rirst few hours. This
may ve due to the origlnal difference in rotation of the g}

and Eyggglucose; in that case the mixture should be intermedl-
ate between the two f'orms instead of nearly duplicating the

Q- form. Whether the original sugar nutarotated or the com-
pound formed mutarotated, or the difference in readings at the
first wss due to the rate of f{ormation of the hydrazide, it
appeared that after six hours the three sugars reached an

equel rotatory power.
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Hydrolysis of phenylhydrazine derivatives of glucose and maltose

From the literature it appeared that the hydrolysis of
glucose-phenylhydrazine compounds in water solution was negli-
gible. The change in rotation and final equilibrium value was
attributed to the equilibrium between the different forms.
There was some evidence that a slow hydrolysis did ocour,
since the readings for the g}hydrazone rapldly decreased to
about[?i]n = -509, then slowly decreased to a value about
[fi]D s -40° or leas. The Behrend ~hydrazone increased to
about[biln = «50% in approximately four hours and then de-
creased to a smaller negative value. One gram of the
g}hydrazide proepared by the method of Stempel, dissolved in
25 ml. of water, was extracted with 75 ml. of ether after
forty minutea, and 0.0l g. of phenylhydrazine was obtained.
This represented about 2% hydrolysis.

The hydrolysls of the maltose derlivative was more rapid
than the hydrolysis of the glucose derivative. 1In fact, the
maltose compound was very difficult to prepare because of
its hygroscopic nature. A crystalline compound, melting
point 95-110° Ce, wap obtained. When the hydrazide was dls~
solved in water, phenylhydrazine could be extracted with ether.
The phenylhydrazine was removed by repeated extraction with
with ether, but upon standing the equilibrium betwseen the
derivative and lts components was sgain reached and more
phenylhydrazine could be extracted, showing that the hydrolysis

was felirly slow.
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The phenylhydragides of the dextrins were even more un-
stable than the maltose derivatives. It appeared that the
larger the molecule the more unstable the phenylhydragzide and
the greater the ease of hydrolysis. Levine, Foster and Hixon
(80) found that as much as 85% of the nitrogen could be removed
from the dextrin derivatives by ether extraction. The esse of
hydrolysis of these compounds indicated that they were primar-

1ly in the hydrazide form.

Aliphatic Amine Derivatives of (lucose

Preparation of glucosylalkylamines

Glucosyl-n-butylamine. To 3 g. (0.0167 mole) of glucose

was added 3.7 g. (0.037 mole) of n-butylamine. The n-butyl-
amine used was an Eastman Kodak Company product that had been
dried over potassium hydroxlde for twenty-four hours. It dise-
tilled at 77-78° C. The mixture of the glucose and smine was
heated on a water bath until all the glucose dissolved and the
solution was left at room temperature over night. By morning
there appeared white needle-like crystals, which were filtered
by suction and washed with anhydrous ether. After the product
was dried in a vacuum desiccator, the melting point was 83-84°
C. In sn effort to obtain two forms of this compound, 2 g.
(0.011 mole) of -glucose was added to 2.5 g. (0.034 mole) of
n-butylamine. The sol tion was warmed until the glucose dls-

solved. 'The needles that were formed after a few hours were
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filtered, washed In anhydrous ether and drled. The melting
point of these needles was 83-84° C. a-d-Glucose was treated
in a similar manner and the product obtained had a melting
point of 81-82° ¢. To determine whether the two isomeric
glucosldes of the sugar might be expected by this method, the
optical rotation of «~, 8-, and an equllibrium mixture ef oL
and S-d-glucose in n-butylamine was determined. The glucose
dissolved after fifteen minutes and the readings of 1.000 g.
samples of the sugar in 10 ml. of n-butylamine were identical
withln experimental error. Thus 1t appeared thaet there was
practically instantaneous mutarotation of the sugars to one
value. There was a slow decrease in rotation during twenty~
four hours or more which probably indicated that compound
formation was not completed very rapidly. The values for ni-
trogen analysls by the Kjeldahl method were low. The compound
could be recrystallized from water, ethanol-water, or dloxane,
but was gquite soluble in anhydrous methanol. The recrystal-
lized product had & sllizshtly higher percentage of nitrozen
than the crude product but the value still was considérably
lower than the calculated value.

After trying several modifications, a more satisfactory
method for the preparation of the compound was obtained. To
a flask containing 10 g. (0.056 mole) of glucose and 2 ml. of
N/2 hydrochloric acid, 9 g. (0.12 mole) of n-butylamine was
added, and the solution, with occasional shsking, was refluxed

on a water bath at 70° C. for ten minutes. At this time the



solution was dliluted with 20 ml. of ethanol, cooled and pre-
cipitated with 100 ml. of ether. If the ether were added
slowly and the solutlon seeded, needles usually crystalllzed
out. GSometimes, however, & gelatinous substance waa formed
to which a 1little more slcohol had to be added and the gel
broken up mechanically by shaking for a couple of hours.

The needles were filtered b& suctlion and repeatedly
washed with ether. The yield was usually around 11 g. or 79%
of the theoretical amount. Analysis of the dried material by
the Xjeldahl method was reported below:

#N Cale. for CygHpsOgN, 5.53% Found, 5.39%

Another portion of glucosyl-n-butylamine was washed again
with ether and dried under reduced pressure over phosphorus
pentoxide with acetone as the heating liquid. After five
hours the compound appeared slizhtly darksr than before drying.
The meltingz point wes 86-87° C. Kjeldahl analysis gave 5.48%,
5.48%, 5.49%, and 5.46% for nitrogen content. When the com=
pound was repeatedly orystalllzed from water and dried in the
drying pistol, the mslting point was raised to 96-97° C., with
softening esriler. The optical rotation in ethanol was obe
served using a 27 solution and s 2 dm. tube. After five min-
utes L% F® 2 .22° and the specific rotation reached a constant

value Ei]%? z -7.89° after thirty-seven minutes.

Glucosyl-n-amylamine. The same procedure as the above was
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used for the preparation of the glucosyl-n-amylamine. The
n-amylamine was an.Eastman Kodak Company product which, after
drying over potassium hydroxide, distilled at 103° ¢. Eleven
grams of the pure white crystals was obtalined, representing a
74% yield. The wmelting point of the compound after thorough
drying was 96-97% C. The same coniitions were used for deter-
mination of the specific rotatlon as were used with the glueo-
syl-n~butylamine. After 12 minutes, E(]i? = -22%, which
changed to a constant value of ~8.0° in one hour. The com-
pound was snalyzed by the titration method. Twenty~five milli-
liters of 0.l1l8&84 N sulfuric scid was added to 0.5371 and 0.5344
g. of glucosyl-n-amylamine. The solutions were bolled gently
for 20 minutes. The first weight required 28.10 ml. and the
second 28,20 ml. of 0.08565 N sodium hydroxide for back titra-
tion to a methyl red end point.

%%  Calc. for C11Hp506H 5.25% Found, 5.28%
for GyqHpz0gH, 5.62% 5,28%

Glucosylﬁgoheptylamine. The heptylamine was an Eastman

Kodak Company product which, after drying over potassium
hydroxide, had & bolling polnt of 154-155% C. The same pro-
cedure was used for the preparation of the n-heptylamine con-
pound g8 for the n-butyl and g—émylamine condensation products,
Thirteen grams of white needles, melting polint g7-980¢ C., was
obtained. This represented a 79% yleld of the theoretical

value. The product was easily recrystallized from water or



methanol-water mixture. A 2% solution of the compound in
ethanol gave a rotation oftailgs =z -13° after 12 minutes
which rapidly mutarotated to a value of -7.0% After drying
in the Abderhalden plstol over phosphorus pentoxide, the
K}eldahl analysis was as follows:

#N  Calc. for CyzHogOgN, 4.77% Found, 2.22%

Glycosyldicyciochexylamine. The cyclohexylamine, an

Eastman Kodek Compeny product, was dried over potassium
hydroxide and distilled at 131-132° C. To 9 g. (0.09 mole) of
cyclohexylamlne was added 10 g. (0.056 mole} of glucose and

2 ml. of N/2 hydrochloric acid. The mixture was heated on a
water tath at 75° C. until the solution became homogeneous snd
then for ten minutes thereafter. After cooling, 20 ml. of
ethanol was added, then 150 ml. of ether. The slightly yellow
solution was left in the refrigerator to crystellize. ILarge
needle~llke crystals began to precipitate from the solution in
twenty-four hours. After thirty-six hours, 6 g. of crystals
was recrystallized from a very small amount of water. This
preparation was peculiar in that the crystsls dissolved upon
long standing and could not be recovered. 1If more ether were
added to precipltate the crystals, a syrupy layer separated
from which no crystals could be obtained. The crystals
darkened much more raplidly than the crystals of the other
glucosylalkylanines. The specific rotation in a ccncentration

of 2% in ethanol was[?i]gs T -23.5%, which changed to a constant
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value of ~11,6° in less then six hours. On analysis it was
found that two molecules of cyclohexylamine had condensed
with the monosaccharide rather than one molecule, as in other

eliphatic emine condensations.

% % Kieldahl Dumes
N Cales for CoqHanOcNpy, 7.77 Found, 7.3%% 7.@5%
7187267572 7.45% 7.75%

The compound after recrystallization from water and drying
melted at 97-98° C,, but softened earlier. An attempt was
made to prepare the 1l:1 condensation product by reacting 5 g.
(0.05 mole) of the amine with 7 g. (0.04 mole) of glucose.
This mixture was heated gently and left over night to crystal-
lize. The product obtained was the same as the one above as
shown by nitrogen analysis., Using molecular proportions of
the reactants, no crystals of any sort were obtained, even
when the solution was seeded. The yield of this product was
muach lower than the yleld from the condensation of other
alkylamines with glucose, often only sbout 30% of the theoreti-
cal value. Thils may be the result of the difficulty in erys-
tallizing the compound.

Since 1t was thought that the extra molecule of cyclo-
hexylamine might be removed by slight werming under reduced
preasure, if phosphorus pento-ide were present to remove the
amine vapors as they formed, & welghed gmount of dried cyclo-
hexylamine condensstion product was heated tliree hours under
reduced pressure at the boiling point of acetone. Only 2% of

the total weight was lost. The heating liquid was changed to
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alcohol and after four hours the materlal was dark and gummy,
and & loss of 13.89% of the original welght was observed.
Heating with water at reflux temperature for fourteen and one-
half hours resulted in the loss of 20.44% of the total weight.
However, instead of a decrease in nitrogen content, an increase
was noted, N = 8.86%. Wwater was evidently removed from the
sugar even more easlly than the cyclohexyl group.

An attempt to prepare the di-n~butylamine condensation
preduet, in hope of obtaining a compound similar to the c¢cyeclo-
hexylamine condensation product, was made. The method used
was the general procedure for the preparation of the alkyl-
amines except that 20 ml. of methenol was added to promote
sclution of the reactants. After a few days glucose began to
precipitate from the solution. No eryastalline condensation

produet could be obtained, although the solution of glucose

2-Aminococtane condensation product. The Z2~-aminococteane

was an Bastman Kodak Company product. The method of prepara-
tion was the same as that used for the n-heptylamine condensa-
tion product, but on addition of ether no preclpitate was
formed. The solution was rather dark. After standing several
days, water was added, and an oll separated, but still no
erystals of the condensation product were obtained.

Two grams (0.011 mole) of glucose dissolved in a very
little water were adced to 2 g. (0.016 mole) of Z-amino-

octane. The solution was heated on a water beth until it was
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homogeneous and shaken on a shaker for twenty-four hours.
After leaving in the refrigerator two days, 10 ml. of methanol
was added. On refluxing with methanol, no crystals or pre-
cipitate formed.

Glucosylisooropylamine. The l1sopropylamine was an

Eastuan kodak Company product. Five grams of glucose (0.028
mole) and 5 g. (0.084 mole) of isopropylamine were gently
refluxed untll the glucose dissolved. After five minutes,
10 ml. of anhydrous methanol was added and heating continued
for ten minutes longer. The sclution was cooled; 125 ml. of
anbydrous ether was added. On standing, the material preclpi-
tated in small clumps. The preciplitate was filtered, dis-
sclved in ethanol and repreciplisted with sther. After stand-
ing over night the soclution was filtered and dried in a vacuum
desiccator. The melting point was approximately 46° C., but
softened somewhat sarller indlicating that ihe substance was
not very pure. No crystals were obtained by the procedures
used for the prepsratlion of the other glucosylalkylamines. A
mixture of & g. lsopropylamine and 1 g. glucose was heated and,
although solution oceurred, no crystals were obtained. The
analysis of the product obtained by the first method gave the
following results:

%N  Calc. for CgHgyOgN, 5.85% Found, €.70%

for (gHygOsN, 6.33% 6.65%

Glueesylﬂgvoctadecylamine. The octadecylamine, furnished

by Armour and Company, was recrystallized from dloxane,



filtered and washed with ether. After drying over sulfurie
acid, the melting point of the compound was 75-77° C.

The condensation product was made by refluxing 15 g.
(0.056 mole) of n-octadecylamine with 10 g. (0.056 mole) of
glucose in 100 ml. of 98% ethanol. This mixture wes heated
for an hour on the water bath, After a few minutes, all of
the glucose went into solution and the glucosylamine formed
precipitated on coolin:. The precipltate was flltered and
washed with ethanol. The materlal was recrystallized from
dioxane, washed with ether and then ligroin. The materlal
eryatallized in clumps. Another 3 g. sample of the glucosyl-
amine was dissolved in butanol and after standing for a few
days in the refrigerator the precipltate was removed by suc-
tion filtration. Thls materisl looked qulte amorphous under
the mlcroscope. The preparation was repeated using 27 g. of
the amine dissolved in 50 ml. of absolute ethanol to which was
edded 18 g. of glucose and an additional 50 ml. of ethanocl.
After the glucose was all dissolved, the solution was refluxed
for fifteen minutes. {(mn cooling, the compound that preclipl-
tated from the solution was flltered, washed with ether, and
dried over phosphorus in & vacuum desiccator. A yileld of
37.5 g. or 83.3% of the theoretical value was obtained. The
compound was recrystalliged from ethancl. The melting point
was 104-105° ¢. with softening earlier. The specific rotation
was not determined because of the low solubility of the com-

pound in ordinary solvents at room temperature. The nltrogen



content was determined by the Kjeldahl method.

#8  Calc. for CgyHgOgN, 3.127 Found, g.gég
3.01%

Glueasylfg-haxadeoylgmine¢ The n-hexadecylamine, fur-

nished by Armour and Compeny, was dissolved in hot dioxane and
precipitated from this aolven£ on cooling. The reprecipltated
amine melted at 81-82° C. with a slight softening earlier. The
condensation produet of the amine with glucose was prepared by
dissolving 24 g. (0.056 mole) of the amine in 50 ml. of ethanol,
and adding to this solution 18 g. (0.056 mole) of glucose in
an additional 50 ml. of ethanol, All of the glucose went into
solution after a few minutes of refluxing on a bolling water
bath. The solution was refluxed fifteen minutes after it
becameé homogeneous; the dark red-brown liquid was cooled and
the preciplitate that formed was filtered with suction and
washed with alcohol and ether. After érjing over sulfuric acild
in & vacuum desiccator, the product weighed 31 g. This repre-
sented a ?4% yield. The compound was quite soluble in hot
athanol, and was recrystallized from this seléent, The powdery
product <1d not have & sharp melting polnt, but melted at 106«
107° ¢. with a noticeable softening at & lower temperature.

The product was Iinsoluble in most soclvents, both erganic and
Inorgenic in the cold, but dlssolved in the alcohols and
Gloxane on heating. No rotation was determined, but nitrogen

analysis by the Kjeldahl method gave the followlng results:

%N Calec. for CoglynOgh, 3. 31% Found, g.ggé
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Diglucosylethylenedlianmine. The ethylenediamine was dried

over potasslum hydroxide and refluxed for two hours over sodlum.
The amine distilled at 114-115° C. To 3.5 g. (0.06 mole) of
ethylenedlamine diasolved in 50 ml. of absolute methanol was
added 21 g. (0.12 mole) of gluéose. The methanol sclution was
refluxed gently on the water bath until the solution became
homogeneous. After a short time, a precipitate appeared on
the side of the flask and the amount slowly incressed as the
golution was refluxed. After two houra the refluxing was
stopped, the flask cooled, and placed in the refrigereator

over night. After filtratlion, w shing with cold methanol and
drying, 11 g. of & nearly white compound was obtsined. This
compound melted with decomposition at 152-154° C. A white
crystalline »roduct was obtained by careful recrystallization
from wethanol-water mixture. The specific rotation of a 2%
solution in 50% ethanol was (€] ga s «17°, which changed to
Eijgﬁ = +14.,5° in thirty-nine hours. Slow hydrolysie probebly
occurred. inalysis of the compound by the Kjeldahl method
gave the following results:

%N Calc. for Cy4Hzn01oNp, 6.66% Found, 7.35%

Diglucosylpropylenediamine. Propylenediamine, Eastman

Kodak practical (80-85%), was dried over potassium hydroxide
and refluxed for two hours over sodium. It distilled at 119° C.
The method of preparation used in preparing the ethylene-

diamine condensation product was not satlsfactory since the
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propylensediamine ecompound would not precipitate out of the
methanol. On precipitation with ether, a dark, pummy material
was obtalined. J/n impure product was obtained by heating for
one~-half hour 5.2 g. (0.07 mole) of propylenediamine and 25 g.
(0«14 mole) of glucose In 40 ml. of ethanol. On leaving over
night, & non-crystalline solid appeared. This was filtered,
washed with ether, dissolved in methenol and reprecipitated by
addition of ethanol, The dried residue melted above 88° C.,
and Kjeldahl analysis of the product gave the following
results:

4N Cale. for OygHzpOyoNp, 7.04% Found, 7.19¢

for CygHogOioNg, 6.45% 7.23%

An effort to obtain & better product was made by the following
procedure: to 25 ml. of ethanol containing 2.6 g. (0.035 mole)
of propylenediamine, 12.5 g. (0.07 mole) of glucose was added.
After heating for about fifteen minutes all the glucose went
into solution. The msterial was rofluxed for another half
hour to complete the reaction. The solution became a dark
brown and, upon coeling, a gummy material was obtained, but no

crystalline product could be obtained from it.

Catalytic reduction of glucosylalkylamines.

The catalytic reductlion of the glucosylalkylamines was
carried out in a high pressure bomb of the Parr type. The
catalyst used In every case was Raney nickel actlvated by the

method given in“Organic Syntheses” (87).
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N-Butyl-d-glucamine. 1In the bomb was placed 2 g. of

slucosyl-n-butylamine (m.p. 86-87° C.) dissolved in 100 ml. of
methanol. 7To this wes added 6.5 g. of wet kaney nickel sus-
pended Iin 100 ml. of water. The reduction was carried out at
1000-1100 lﬁs. pressure and the temperature was kept between
60 and 78° ¢. The solutlon was removed from the bomd after
fourteen hours. An aliquot of the original material gave a
ferricyanide reducing valuek(BV) of R,, = 2029, and the calcu-
lated value was Rcu = 2140 besed on the equivalents of glucose
contained in the glueosylamine. (For glucose, R, = 2800.)
After reduction, the reducing value was again determined and
found to be about R,, = 891. It was concluded that some re-
ductlion had occurred. The catalyst was filtered off and the
solvent removed from the clear solution by reduced pressure

at tewperatures below 60° C. The residue sclidified after

the water and methanol were removed. The distilling flask was’
washed out wlith 10 ml. of ethanol and the compound crystallized
from the ethanol solution en standing overnight. The melting
point of the crude product was 125-126° ¢, To determine the
purity of the product, $.0904 g. of the redusced compound was
dissolved in water and 50 ml. of 40% potassium hydroxide
added. The solution was distilled for twenty minutes and the
vapors passed into 15 ml. of 0,0860 N acid. On anslysis it
wag found that no amine was éistilled over. The originsl
glucosylamine was tréated in a similar manner and the butyl-

amine distilled over into the standard acid. In twenty
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minutes, 98% of the calculated amount of butylamine present
had distilled.

Ten grams of glucosyl-n-butylamine was dlasolved in 200
ml, of 50% methanol and 9 g. of activated Raney nickel was
added. The reduction was continued for ten hours at & pressure
of 800 lbs. and a temperature range of 66-82° C. A pure white
compound was obtained on filtering off the catalyst end remov-
ing the solvent. The melting point of the compound was 127«
128° C. The yleld smounted to 737 of the theoretical valuse.
The spec¢ific rotation of the reduced compound waa[@j gﬁ = -14°
(¢e, 1% in 50% ethanol). This product had the property of
lowering the surface tension and causing a remarkable amount
of foaming. It was stable to heating with 50% alkali and
formed salts with mineral aclds. Analysls of the compound by
the Kjeldahl method gave the followlng results:

%4  Calc. for CyoHosOgN, 5.91%  TFound, gg%

E-Amyl-d-glucamine. The same procedure was used to re-

duee the glucosyl-n-amylamine. In tihls preparation, however,
50 ml. of ethanol, 50 ml. of methanol and 100 ml. of water were
used as the solvent. The reduction was made in the presence

of 9 g. of Haney nickel. The pressure was approximately 850
lbs., the tempsrature was regulated between 60 and 80° C., and
the time of reduction was fourteen hours. Eight grams of a
white crystalline product that was easlly recrystallized from

methanol was recovered. This represented an 85% recovery of



the product. The melting point of the compound was 129-130° C.
The specific rotation of the reduced compound was[ai]gs = -13.8°
(c., 1% in 50% ethanol). Nitrogen analysis save the following
vaelues:

Kieldahl Dumas

48 Calc. £f0or Cy,Ho=CeN, 5.58% Found, 5.38% 5.42%
11%25% " B.16%  5.52%

N~prty1-g~glucsmine. The same procedure was used for

the reduction of a 10 g. sample of glucosyl-n-heptylamine,
except that 75 ml. ethanol, 75 ml. methanol and 100 ml. of
water were used as the solvent. The glucosylamine still had a
tendency to so0lidify but was all in solution at 40° C. Hydre-
gen pressure of 800 1lbs. was applied and the temperature
thermostated between 70-83° C. The product crystallized as
soon &s thé solvent was removed. After drylng in the Abder-
halden pistol the platelets melted at 126-127° C. A 96¢
recovery (9 g.) of the platelets was obtained.

It was iInteresting to note fhat a high reducing value was
obtalned even on the reduced compound which hed been recrys-
tallized from methanol. A sample (0.0363 g.) of the compound
(m.p. 126-127° ¢.) was found to have a reducing value of

Rey ® 13685, while with the originsl condensation product the

¢
value was 1700. Fvidently tbe grouping -(-C-H may ve

HO NHR
rather easily oxldized. This accounts for the fact that in

the preliminary experiments reducing values of considerable
magnitude were aslways obtained after the reduction as well as

before.
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The simplest criterion of reduction was distillation of
a known welight of the compound with 40% potassium hydroxide.
The condensation product turned yellow at once and the amine
cistilled over into the standard acid. The reduced compound
rexained water-clear anéd was perfectly stahle. The reduced
material formed a suds that was stable for over twenty-four
hours. The specific rotation was determined and[?é]%5 z -14°
(e., 1% in 50% ethanol). The nitrogen was determined by
Kjeldahl analysis:

#N  Calc. for CygHyoOCN, 5.02% Found, i'gg§

E-Cyelohexyljgfglucamine. To 6.5 g. of glucosyl

cyclohexylamine dissolved in 200 ml. of 50% methanol, 6 g. of
activated Laney nickel was added. 7The reduction was carried
cut at 60-74° C. under 1200 lbs. of hydrogen pressure. The
recovery of the compound was carried out as reported above.
Only 3 g. of meterial was recovered, representing a 637 yleld
based on the weight of glucosylamine., The white needlss
melted rather sharply at 145-146° ¢. The specific rotation
wasE?é]%s = «11° (o., 1% in 50% ethanol).

8 Calc. for CypHy0sN, 5.37% Found, 5.18f

N,N'-Ethylenediglucamine. The reduction of 10 g. of di-

glucosylethylenediamine was carried out using 50% methanol as
solvent and 8 g. of activated Raney nickel as catalyst. The

hydrogen pressure was approximately 1300 lbs. and the
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temperature remained between 69 and 74° C. Six grems of the
reduced compound with a melting point of 136-137° C. was
recovered on evaporation of the solvent. The compound wes
insocluble in ethanol but very soluble in water. The specific
rotation was determined[?€]§5 z =15.5% (e¢., 1% in 50% ethanol.
The compound was analyzed for nitrogen content:

48 Calc. for Cq4HzgO10W, 7.229 Found, g.ggé

N-Hexadecyl-d-glucamine. A 10 g. sample of glucosyl-n-

hexadecylamine was reduced using 200 ml. of 95% ethanol and

9 g. of Raney nickel as catalyst. The hydrogen pressure was
approximetely 1300 1lbs. and the temperature was kept below 98°
C. for ten hours. The solvent was evaporated from the reduced
compound and a jelly-like product was obtained. Prom this

3.2 g. of the reduced compound was recovered. The yleld was
probably much higher but the recovery was poor. The compound
was pure white rather than the light tan color of the original
condensate. The melting point was 123-124° ¢. with softening
earlier. In the preparation of this compound 1t would be
advantageous to be certain that no n-hexadecylamine is present
in the condensation product since the solubilities of the
anine and the glucanine are so similar that it 1s almost ime
poesible to separate the two by extraetion. Specific rotation
of the compound was not determined because it was only
slightly scluble in the common solvents at room temperature,
Nitrogen analysls corresponded falrly closely to the theoreti-

cal value:
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%8  Calc. for CpoH,,OgN, 3.45% Found, g.ggﬁ

§-Gctadecy112~glucamine. The reduction of 10 g. of the

octadecylamine condensatlion product was carrlied out in & solu-
tion of 160 ml. ethanal; 10 ml. water and 25 ml. butanol. The
reduction proceeded under 1200 lbs. of hydrogen pressure with
s temperature from 70-82° C. Only 1.5 g. was recovered,
althiough the reduction ssemed complete. The compound was
gquite insoluble in water and other solvents at room texperature.
The difficulty in the preparation lay in obtaining the solid
material from the gelatinous preciplitate after the solvent

had been removed. The melting point was 118-119° ¢. with
softening about 115° C. No reduction of Fehling's solution
was observed, even on heating. Rotations were not taken
bscause of the difficulty in disaolving'the compound. Nitro-
gen analysls of the white product gave the following results:

3 o~ 2ol \ 7
%N  Calec. for CoyaHgpOgh, 3.25% Found, g.ii§

N-Esepropyl-g;glueamine. To 9 g. of isopropylamine, 10 g.

of glucose and 2 ml. N/2 hydrochloric acid were added. This
solution was refluxed on the water bath until the glucose went
into solution. Seventy-five milliliters of methanol was added
and the solutlion refluxed one-half hour. Thls solution was
cooled, 100 ml. of 50% methenol and 3 g. of Raney nickel added
and the mixture reduced under 1100 lbs. pressure at 70-82° (.

for eight hours. (n evaporation of the solvent, 7.5 g. of a



white product, which softened a bit about 120° and melted at
126-127° C., was obtained in 61% yleld. On analysis by titra-
tion it was found that only 737 of this white solid was the
H-alkylglucamine. Ths titration curve was very similar to
that obtalned from the N-heptyl-d-glucamine. The lmpurity in
the N-alkylglucamine was assumed to be sorbitol. In an at-
tempt to recrystallize the product from ethanol & gel was
formed, and no crystals werse obtained. However, on complete
evaporation of & methanol sclutlion, needle-like crystals that
melted at 125-127° C. were deposited on the sides of the flask.
The material was completely reduced since =a negative test to
Fehling's solution was obtained even when heated. The conden-
sation product as well as glucose reduced Fehling's solution
inmediately on heating. The rotation of the N-lsopropyl-d-
glucamine was determined as[;é]gs s «13.0° (c., 14 in 509
ethanol).

Reduction of the diglucosylpropylenediamine., A mixture

of 12 g, of glucose, 2.5 g. of 9ropylenadiamins and 60 ml. of
methanol were refluxed for an hour. To this 150 ml. of 50%
methanol and 3 g. of Raney nlckel were added and the mixture
reduced under 1100 lbs. pressure for seven hours at 62-90° ¢.
On removal of the solvent, a viscous liquld remained. It was
precipitated by methanol but remained gummy. No analyses were
made on the product, but reduction had ocecurred, as was shown
by the failure of the syrup to reduce Fehling's solution on
heating.
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Potentiometric titration of the N-alkyl-d-glucamines

The N~alkylglucamlnes are all strong amines and may be
titrated potentiometrically. A Coleman pE meter made by the
Webster Elecirliec Company at Hacine, Wiseonsin, was used for
these titrations. The titration curves for R~heptyi-§—
glucamine (0.2720 g. in 200 ml. of water) and N-butyl-d-
glucamine (0.2447 g. in 200 ml. of water) are shown in fig. 2,
p. 99. The percentage of nitrogen calculated from the end- |
point determined on the curve was 5.87% for the butylamine
compound, as compared to the theoretical value of 5.92%; for
the heptylamine compound the percentage of nitrogen calculated
from the curve was 5.04%, while calculated from the formule
it was 5.02%. The pOH as given for the two compounds from
these curves 1s 4.8 for the N-heptyl-d-glucamine and 4.6 for
the butyl. Thus K,, for N~heptyl-d-glucamine was determined
as 1.6 x 10™° and for N-butyl-d-glucamine as 2.5 x 10~5,

From the curves in fig. 2 1t appesred that Congo red or brom-
cresol green might serve best as Indicators and even Allzarin
red S might be used if the titration were stopped on the red
side of the indicator change. Since the drop was rather
gradual, the most satisfactory method of determination wasa

by potentiometric titration.

Hydrolysis of glucosylalkylamines

Several of the compounds formed by the condensation of

the alkyla:ines and glucose were recrystallized from a small
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Fig. 2 Potentiometric titratiom of N-alkyl-d-glucamines.



- 100 -

amount of water. These compounds, however, when dissolved
in water, dissociated and after a few hours reached an equi-
librium beﬁween the amine, glucose and some form of the
glucosylalkylemine. This equilibrium was followed by the
change in opticel rotation and by potentiometric titration
and checked by eXtraction of the free amine at egquillbrium.

Glucosyl-n-butylamine was selected as a representative
compound of this serles, and the equilibrium of 0.5000 g. of
the compound in 25 nl. of water was followed., From fig. 3,
it 1s evident that equllibrium in aqueous solution was raéched
in 22 hours. The values for the optical rotation were ob-
tained by paasing the light from a sodium lamp through the
solution in a 2 dm. tube. The valuea for methanol and 50%
methanol solutions were obtalined under identical conditions.

By assuming that only one form of the glucosylamine was
present, and that 1t dissociated into glucose and the amine,
the amount of the compound that hydrolyzed was calculated.
The specific rotation for the glucosylen-butylamine in water
calculated from zeroc time in fig. 3 13[@2]20 = -21.5°.

de = Flucose + Fzlucosyl-butylazine (1)

At equilibrium, X, = 0.48, and substituting lkmown values

e
into (I), the second equation is obtained:

o . o 5 -
0.48 & 2825 X 223.& (180/253) X , =~21.80 %2 x (05 = X) (1q)

o
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Calculation of the amount of hydrolysis of the glucosyl~
g-butylamine from equation 11 gave 56.9%. The value was cone
siderably higher than 39.5%, as determined by potentiometric
titration, fig. 5, of an equal amount of glucosyl-n-butylamine
in 256 ml. of water at equilibrium after 22 hours. By extrac-
tion of the dissociated amine at egquilibrium (0.5 g.) approxi-
mately 44% (8.90 ml. of 0.09560 acld used to neutralize extrace
ted amine) of hydrolysis was calculated. The amount of
butylamine in glucosyl-n-butylamine used in each experiment
was equal end was determined by bolling a 0.5000 g. sample
with 25 ml. of 0.1884 ¥ sulfuric acld for one-half hour, then
back titration of the excess acid with 29.00 ml. of 0.0955 K
base to & methyl red end-point. The nitrogen content calcu-
lated from this experiment was 5.46%, which checked rather
closely with the theorstical value of 5.53%.

Iﬁ was evident from the different values obtained for the
arount of hydrolysis by rotation and titratlion that negative
mutarotation of the glucosyl-n-butylamine rust have taken place
as well as hydrolysis. Using the values for hydrolysis
obtained by titration, calculations gave[?g]go =z -4,49 for
the mutarotated glucosyl-n-butylemine.

From the values for the rotation of the compound in
methanol (fig. 3), it was observed that the rotation became
constant in less than two hours. As there was no odor of
butylamine and since the apecific rotation at equilibrium

possessed such a large negative vslue, it was concluded that
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little, if any, hydrolysis occurred in absolute methanol.

From the curve for the change in optical rotation in 50% meth-
ancl, 1t appesred that rapld mutarotatlion occurred at first,
followed by much slower hydrolysis.

The compounds evidently form salts, although hydrolysis
in the presence of mineral acida 1s so rapid that no salts
have been isolated. In flg. 4 the change in rotaticn of 0.5 g.
glucosyl-n-butylamine, with one equivslent of hydrochloric acid
added, was followsd in methanol, 50% methanol, and water. It
was observed that even Iin aeld solution, the hydrolysis was
not instantaneous; in fact, in equeous solution, the hydrolysis
required more than two days in order to be completed. On
completion the rotatlion was approximately that ecalculated for
the glucose liberated from 0.5 g. of the zlucosyl-n-butylamlne
([c:]B = +50.3° ealculated on the glucoae liberated). It was
calculated that 20.84 ml. of 0.0950 N acid would be rsquired
to neutralize the liberated amine. O(n neutralization of the
solutlion and extraction with ether, the extracted amine re-
gquired 19.85 ml. of 0.0950 N mscid for neutralization. This
represented about 92% of the theoretical value.

The other glucosylalkylamines behaved in mueh the same
manner as the n-butylamine compound and the values for rota-
tion &nd p@taﬁtiametric titration are given in fig. 9 and
fig. 10. HNo dats were obtained for the higher aminevglﬁco~
sides because of the low solubllity in ordinary soclvents at‘

room temperature.
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Attempted Amadori rearrangement of the glucosylalkylamines

The general method for the condensation of the glucosyl-
slkylamines glven previously 1s conducive to the formation of
the rearranged compound for certain glucosyl aromstic amines.
Nevertheless, in no case was a compound formed from the alkyl-
amines and glucose that reduced methylene blue in dilute
alkaline seclution,.

Iin & further attempt to cause the rearrangement or par-
tial rearrangement of the plucesylalkylamines, 1 g. of glucose
was refluxed for three hours in 10 g. of butylamine. When one
ml., of the solution was diluted, s cloudiness appeared which
was removed on acidification. Thls solution decolorized methy-
lene blue in dlluts slkalil but not 1In proportion to the amnount
of glucose present. Seven milliliters of the solution was
rapidly\evageratad with suction on & water bath to remove the
excess n-butylamine and the dark residue was dissolved in

alcchol and diluted with ether. A gelatinous precipltate waa
| formed on standing from which on drying a amall amount of
brownish needle-like crystals melting at 70-75° C. were ob-
tained. Although these orystals had the property of reducing
methylene blue not possessed by the pure glucoside, the
appsarance and melting point as well as stability in aqueous
solution indicated that the crystals were for the most part
the glucoside.

The solution of Z2-sminooctane condensation product that

had been refluxed and left for several daya became quite dark
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and showed a remarkable ability for reductlion of methylens
blue, as did the glucose cyclohexylamine crystals that had
darkened on long standing. This property of reduction may be
from the action of the alkali on glucoss itself rather than
a8 & result of the formation of g small amount of rearranged

glucoside.

Ammonla Derivatives of Glucose

Preparation of l-aminoglucose

l-Aminoglucose, or glucose ammonia, was prepared by the
method of Ling and Nanji (82). To 40 ml. of 95% methanol
saturated wilith ammonia, 50 g. of commercial glucose was added.
The glucose dissolved in a few hours and at the end of two
weeks a fow rogsettes of crystals began to appear in the viscous
solution. Fifteen grams of white crystals was removed on
filtraetion of the liquid. This material was washed with meth-
anol and dried; the melting point was 120-121° C. Nitrogen
analysls by the K]Jeldahl method on the crude product gave the
following results:

#¥  Cale. for CgHyg0gN, 7.10% Found, 7.129

for Csﬁlsesﬁ, 7.87% 7.329%

Fourteen gfams of l-aminoglucose was recovered from the mother
liquor and the rest of the solution discarded.

On recrystallization of the compound from 90-95¢ methanol,
erystals were obtained that had a melting point of 120-121° c.
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Values ranging from 120° to 131° ¢. have been reported for

the melting point of this compound. The crystals were usually
recovered easily, but occaslonally the material would not re-
erystallize, even when the solvent wsas partlally removed by
vaocuum and the remaining solution was seeded. The same diffl-
culty was encountered in the recrystallization of gluccse
oxime and the cyclohexylamine condensation product. The re-
crystallized materlal was analyzed In the following manner.

To 0.3816 g. of le~aminoglucose, 25 ml. of 0.1884 N acid was
added, the solution heated for 30 minutes and cooled. For
back-titration to & methyl red end-point, 29,40 ml. of 0.08565
N base was required. The per cent nitrogen calculated from
these data wes 7.01%. Using & 1 dm. tube (0.1001 g. in 1.694
ml. of water), the microrotation was determined,[?é]gs =
-19.1°. Values ranging from -19.5° to -22.6° have been re-

ported for the rotation of l-aminoglucose and glucose ammonia.

Hydrolysis of l-aminoglucose

The stebility of leaminoglucose in aquecus solution was
demonstrated by the data shown In fig. €. That ammonium
hydroxide may be determined in the presence of l-aminoglucose
was shown by the titration curves of 5 ml. of ammonium hydrox-
ide alone and % ml. of ammonium hydroxide asdded to 0.001 mole
of l-aminoglucose made up to 100 ml. of solution. The titra-
tion curve for 0.1791 g. (0.001 mole) of the compound in

100 ml of water showed that the glucose amine did not
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dissociate appreclably into ammonia and glucose, even after
several hours. Thls stability over a period of time was
demonstrated by the titratlon curves of 0.001 mole of l-amino-
glucose that had been left for different lengths of time in
agueous solution. Thils observation was verified by the study
of the change in rotation of l-aminoglucose in fig. 10. W%hen
0.1434 g. of l-aminoglucose dissolved in 100 ml. of water
there was no measurable change 1n rotation over a period of
forty-eight hours. The titration curve for 60 ml. of this
solution has been plotted in fig. 9. This curve also shows
that no appreciable dissoclation occurred. The data for fig.
10 have hesen placed 1in table 4.

Hydrolysis in the presence of acld was alse gquite alow.
When a solutlion of 0.1791 g. of l-aminoglucose in 160 ml. of
water was partly neutralized and left over night, the pH of
the solution had risen considerably by mowrning, but the curve,
fig. 7, still showed that complete hydrolysis was not approached.
With 8 similar sampls the same conditions were used except
that 0,535 g. of ammonium chloride wes added. The first por-
tlon of the titration curve was at & lower pH than the other
ssmple because of the aclidlty of the salt. Hydrolysis occurred
in the presence of the ammonium salts, but the amount was hard
to predict becsuse of the buffer action of ammonium chloride.

A derivative of l-aminoglucose was made and ls described

under the preparation of acyl derivatives of l-aminoglucose.
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Preparation of Z~aminoglucose

2-Aminoglucose was prepared from drlied lobster shells by
the method of Hudson and Dsle (50). The decalcified shells
were dreated by refluxing with concentrated hydrochloric acid
for six to eight houra. Norite was used to decolorize the
solution. After filtration the hydrochloric acld sclution was
concentrated to a small volume by distillatlon under reduced
pressure at 60-70° C, Pure white crystals of Z2eaminoglucose
hydrochloride were obtained after flltering the precipitate
and washiﬁg with 70¥ ethanol. The hydrochloride had an
[“ng % +72.1° (0.5023 g. 1in 25 ml. of water, 2 dm. tube,

A= +2.92) as compared to +72.5° reported in the literature.
The titration curve for the neutralization of 0.3269 g. with
0.0882 K sodlium hydroxide showed that 17.11 ml. was required.
The calculated amount of sodium hydroxide wes 17.14 ml.

The free amine was prepared by the method of Breuer (18)
by shaking 5 g. of the hydrochloride with 2.5 g. of dlethyl-
amine in 60 ml. of absolute alecchol. After twenty-four hours
the free amins was removed by flltration, waashed with alcohol
and a blt more disthylamine added to an alcoheollc sclution
and the shaking repeated. Thls procedure was repeated until
no test for chloride lon was obtained in the alcoholic wash-
ings. The melting point of the dry crystals was 107-110° ¢C.
The hydroehloride was perfectly stable and the dry amine d4id

not decompose when left in a vacuum desiccator for two months.



- 113 -

Attempted preparation of the Ertoluidide and the ﬁ-tclyl-g~iso-

glucosamine from 2~aminoglucose

An attempt was made to prepare the toluidide from 2-amino-
glucoss hydrochloride by refluxing 1.5 g. of p-toluldine with
2 g. of the hydrochloride in 25 ml. of methanol. The hydro-
chloride was so insoluble in methanol that no reaction
occurred, and 1.2 g. of the hydrochlcride,[}‘ go = +72°, was
regovered.

One gram of the free amine was then heated with 0.8 g.
of p-toluidine in 25 ml. of methanol. The amino sugar went
into solutlion &t once, and an odor of ammonia was evident.
After ten minutes the solution was cooled and allowed to stand
over night. After several days, 0.5 g. of a yellow, partly
erystalline material waes obtalned that melted with softening
around 130° C. It was not basic, showing that the amino group
had been removed from the 2-position. No toluldide of glucose
was obtalned.

tne gram of Z2-aminoglucose waa heated wlth 0.8 g. of
ig-taluidine, 25 ml. of water and 0.05 ml. of acetic acid.

The solution was homogeneous after twenty minutes, but the

solution became very dark. Heating for an hour resulted in a
tarry mass from which no N-p-tolyl-d-isoglucosamine could be
isolated. This dark solution reduced methylens blue readily,

however.
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Amide TDerivatives of Glucose

Preparation of the N-acyl derivatives of l-aminoglucose

l-Aminoglucose pentaacetate. l-Aminoglucose penta-

scotate was made according to the method of Brigl and Kepnler
(19). To 12 g. of l-aminoglucose 125 ml. of pyridine and 45
ml. of acetic anhydride were added. The mixture was kept in
the refrigerator for forty-eight hours, then poured into an
equal volume of chloroform. The solutlon was extracted sev-
eral times wlth a sodlum carbonate solutlion to remove the
excess acetlic anhydride and dried. The chloroform was re-
moved at 40° C. under reduced pressure and the residue dried
over sulfuric acid in a vacuum desiccator. Thls residue was
dissolved in 80 ml. of chloroform and filtered. A double
volume of petroleum ether was added and the mixture left at
room temperature for twenty-four hours. The crystazls were
filtered off, washed with methanol and dried. The crystals
were recrystallized from 979 methanol and the white rhombie
crystals melted at 162° C. Ten grams of the recrystallized
materisl was obtained. Upon recrystallization from
chloroform-ether, needle-like erystals were obtained that
melted at 162° C. |

N-Agstyle-l-aminoglucese. The moncacetyl compound was

made from the pentaacetate by the method of Brigl end Keppler

{19}« Filve grams of pentmacetyl~l-aminoglucose was added to



a saturated ammonliacal solution of 60 ml. of methanol. The
solution was satursted with ammonis at room temperature, then
cooled before the sugar derivative was added. All of the
pentaacetyl-l-aminoglucose dissolved after a few minutes and a
precipitete formed about ten minutes later. Brigl and Keppler
did not obtain a precinitate until the solution had stood
three hours and was diluted with ether. After three hours the
precipitate was removed and the mother liquor was diluted with
300 ml. of ether. Only a sxall amount of the feathery needles
reported by Brigl and KXeppler precipltated after dilution.

The crystals that were first preciplitated had the same crys-
talline form as the pentaacetyl-l-aminoglucoss, but upon mwelt-
ing, the compound sintered about 237° ¢. and completely melted
by 257° C. The specific rotation of 1.5 g. in 120 ml. of
aqueous solution was[“_-] gs = -21.3% (2 dm. tube, X = -0.53).

& mixed melting point of the feathery crystals and the rhomble
cfystals gave no depression of the melting point. This com-
pound was reported to have a specific rotation of[?§]§5 z ~22°
—3 «23%, and to melt at 257° C. with darkening about 230° C.

Hydrolysis of N-acetyl-l-aminoglucose

This compcund was quite stable to hydrolysis a&s shown in
fig. 8, where hydrolysls was followed by change in rotation.

To effect the hydrolysis, 120 ml. of 1 N sulfuric acld
wag added to 1.500 g. of N-acetyl-l-aminoglucose. No change

in rotation was observed until the compound was refluxed with
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1 ¥ acid. The value “or tre rotation tecame constant after
fifty-seven minutes of refluxing. The value dld not reach the
value of the glucose liberatsd, since the specific rotation
caleulated from the assumption that glucose was libereted gave
a value of #44.7%. |

The stabllity of N-acetyl-l-~amlnoglucose wés further
demonstrated when 1 g. was dissolved in 30 ml. of 83% ethanol
and 4 ml. of 0.5 ¥ hydrochloric acld was added. The solution
wes refluxed for two hours and on cooling 0.68 g. or 687 of
the starting material was recovered. The solution gave no de-
ceolorization of dilute methylene blue, and no sevidence of a
rearrangement was noted.

Since the compound formed was so stable to hydrolysis,

an attempt was made to condense acetamide with glucose.

Attempted condensation of acetamide with glucose and

acetobromoglucose

Two grams (0.034 mole) of acetamide was added to 6 g. of
glucose (0.033 mole) in 100 ml. of methanol. After a few
minutes the glucose went into solutlon. After refluxing two
hours most of the methanol was removed by distillation. The
glucose still did not preciplitate. In a similar experiment
the same‘amount of materlisl was used sxcept that the asmount
of methanol was reduced to 256 ml. The solution was still
affected in & very short time. This solutlion after a short

refluxing was seeded with the Neacetyl-leaminoglucose, but no
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erystals were obtalned. An attempted condensation was made
using the acetamide and glucose but no solvent. The solution
was heated for one hour and then Z5 ml. of methanocl was added.
Some of the glucose had precipitated by morning, but no other
erystals were obtalned. The ease of solution could not be
sccounted for by the polar nature of acetamide alone, since
water has a higher dlelectric constant and the solubillty of
glucose in 98% methanol is slight,

A condensation between acetobromoglucose and acetamide
was attempted. Ten grame of ascetobromoglucose (0.021 mocle),
made by the method of Flacher (35),was heated under reflux
with 3 g. (0.051 mole) of acetamide in 20 ml. of chloroform.
After thirty minutes crystals appeared in the sclution, which,
upon analysis of the ﬁnpurified product for bromine, were
proved to be (CHzCONHp),.HBr.

4Br Cale. for (CHyCONHp)oHBr, 40.0% Found, 41.:5%%
41.80%

The melting point was 138-139° ¢. with sublimation, about
95-100° C. The reported melting point for the hydrobromide af
acetamide was 139° C.

After this product was identifled, another gram (0.017
mole) of acetamide was added and the solubtion refluxed for one
hour. The crystals were removed by filtration, and the
chloroform solution was diluted with an equal volume of
petroleum sther. Two layers separated and crystals of the

acetamide hydrobromide appeared 1n the bottom layer after a
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few days. The solution was evarorated to a small volume,
leaving a syrupy substance mixed with crystals of the aceta-~
wlde hydrobromide. Three grame of the bromide was recovered.
The syrupy layer was dlluted with chloroform after separation
of the ecrystals. A very smsll amount of crystala that had an
indefinite welting point about 170-190° C. was obtained, but
not enoush of the crystals were isoclated for snalysis. For
the most part the syrup could not be crystallized. The resi-
due wag stable in alr for two wonths, a fact which showed

that no acetobromoglucose was present as such, since it decom~-
posed readily in slr. From the results it appeared that the
pentaacetyl derivative was not obtained, at least not with the
structure of the penteacetyl-l-aminoglucose described, as it
should have crystalllzed under the above conditions, especially
since the syrup wes seeded with a crystal of pentaacetyl-l-

aminoglucose,

Aromatic Amine Derivatives of Glucose

FPreparstion of aryl-N-gluccsides and H—aryljg-iaaglucoaamine

ngoluidinejgfglucoside. Ten grams of glucose was heated

with 8 ge. of p-toluidine and & ml. of water. The mixture
became homogeneous after a few minutes and the solution was
heated for five minutes wmore to insure complete reaction.
After the solution was cooled 5 g. of white needles were obe-

tained, melting at 115-116° ¢., as reported by Weygand (126).
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Ho attenpt wes made to recover another crop of crystals from

the solutlon.

E-p-tolyl-d-isoglucosamine. The N-p-tolyl-d-isoglucos-

amine was mede by the method of Weyrand (126) by refluxing 10 g.
of glucose witk & g. of p-toluldine, 2.5 ml. of water, and

0.5 ml. of 2 N acetlc acid. Twenty milllliters of ethanol was
added, and the dark sclution was left in the refrigerator over
night. 8ix grams of platelets that melted 152-153° C. was
obtained. On further crystallization of the mother ligquor, a
crop of the low-melting needles was recovered., These showed

& slight reduction of methylens blue, but on recrystsilization
no decolorigation of the reagent was produced by the nesdles.
These crystals moelted at 115-116° C., and gave no depression
of the melting point when mixed with the p-toluidlide described
above. (me drop of the mother 1llquor, however, caused pro-
nounced reduction of methylens blue.

o-Toluldide~-d-glucoside. The o-toluldide was also pre-

pared by a method of procedure exactly llke the p-toluldide
except thet double the smount was used. The asolutlon did not
become homogeneous until 1t had been refluxed for forty-five
minutes, after which the solution wes heated fifteen minutes
longer to complete the reaction. Fifty milliliters of ethanol
and 10 ml. of water were added and the sclution was left over
night to crystallize. Ho crystals were cobtained after forty-
sight hours; so part of the alcohol was removed, and crystals

of the toluldlde appeared. After the crystals were filtered
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end washed, 19 g. was obtained. This represented a 63% yield
as compared to the 47% yleld reported by ‘eygand (123).

An attempt was maede to obtaln the rsarranged product of
this compound by the method used for the rearrangement of the
p-toluidide. The crystals obtained were the N-glucoslde,

rowever, and showed no reductlion of methylene blue,

Hydrolysis of the N-glucosides

On hydrolysis of the N-glucoside, dilute acld gave the
toluidide and glucose. In aqueous solution the change in the
specific rotation of 0.002 mole of the H~glucoslde and 0.002
mole of N-p-tolyl-d-isoglucosamine, sach in 250 ml. of water,
was followed. The N-p-tolyl-d-isoglucosamine was less soluble
in water, and the rotation changed only slightly. The
p~toluldide of glucose showed a change of rotation that
approached a constant after about 90 hours, but the change of
rotation in the closed polarimeter tube was not equel to that
of the solution left in the flask in air. Evidently there was
gn oxldatlon or a shift in structure due to the presence of
some constituent in the air. This change was also evident in
the slight darkening of the solution after a few days. The
solution of the N-p-tolyled-isoglucosamine was quite dark in
cclor after two days. The equilibrium of the N-glucoside with
the amine and glucose could not be determined by potentio-
metric titration since the pH of the solution was about 6.8 at

the initial reading and no sudden drop in the pH could be
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observed at the end~point. Hydrolysls of the N-glucoside had
occurred to some extent since the odor of p-tolulidine was evl-
dent after a few days. The eq:ilibrlum was determined by
extracting the free amine with ether, drylng the sther extract
with anhydrous sodium sulfate, flltering and evaporating the
solvent at réam temperature. The dried residue welighed 0.0185
g. This amount was extracted from 0.002 mole in 250 ml. of
water and represented about 8% hydrolysis.

The mutarotation and hydrolysis of the glucosylaliyl-
amines, the H-glucoside of p-toluldine, the H-p-tolyl-d-iso-
glucosanine, and leamino;lucose in aqueous solutlons were
followsd by change in specific rotation. In each case the
amount used is indlcated in table 4. Although the dilute solu-
tions have relatively low rotations, a concentration of 0.002
mole in 250 ml. of solution was selected to obtaln & basias of
comparison. The solubllity of the compounds in water prevented
the selection of & higher concentretion. The change in spe-
cific rotation of these compounds was plotted against time iIn

fig. 10.
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Table 4

Change in Rotation with Time of Some Glucosides

T e ST s S es
Concentra- |Observed | boorfie :

. . p Time
Compound tion . rotation, 5oaerton ! (hrs.)
Glucosyl-n-~- - 0.5036 g. -0,086 -13 0.17
butylemine in 250 ml. -0.,03 -7 1
+0.08 «17 7
+0.08 +20 24
+0.09 +20 31
Glucosyl-n- 0.5365 g. «0.03 -7 0.6
amylamine in 250 ml,. -0.02 - 5 1
+0.08 + 5 4
+0.09 +21 12
+0.11 +26 24
+0,11 +26 36
Glucosyl-n- 0.5904 g. +0.08 +17 1
heptylamine® 1in 250 ml. +0.09 +19 1.8
+0.10 +21 24
l-Aminoglucose 0.1434 g. +«0.07 +24 0.17
in 100 ml. +0.07 «24 0.5
«0,.07 +24 24
+«0.07 24 42
p-Toluldine-d- 0.5312 g, -0.35 -83 0.05
=~ glucose in 250 ml. -0.32 ~75 0.63
closed tube ~0+30 ‘=71 1l
-0.28 -66 4
-0.28 ~86 ' 24
~0.27 64 36
~0.26 ~62 686
«0.25 -60 87
p“TQluidiﬂa‘.’g— 005312 go '-0.55 "83 0005
= glucose in 250 ml. ~0417 ~40 4
open to ~0.07 -15 40
sir «0.03 -2 48
+0.02 + 5 65
+0.05 +12 87
N-Tolyl-d~-iso- 0.5328 g. -0.26 -81 0.75
glucosamine in 250 ml. ~0.22 -52 1
~0.21 -50 12
-0.20 47 62

FHeated to zet into sclution.



12 1 , 1
| |
]C [P H - i ; :
o—0 Glucosvi-n-amylamine
| o&-———0 Clucosy!l -nNn-butylatriine
f b——on Glucosyl-n-neptyiamine
4 : ‘ b—e—a |- ryrincgluceose
8 S GO N;E_ P r,_, e T e m e e e = e e e
| s
i
t
t
e - e
'
' - N =
: S
D
[
) [ ey S S R ! S
| ;
O ; H i X ; . 11 i
@ 1 2 3 4 5 < v & 2

Mithiltiters. of C.C95CN Hyarochleric  Acd

Fig @ Potentiomerric *itratior of 0.002 mcoles of glucoside n
250 ml. HaC at equilibrium . €O il ortions used.



Specific Rotation

T | T
sof | S R B
| |
\ o |
A 1 | :
~60+ . 1 ! o T T ]
5&_ | 3
| ; ; ‘ TTTT T e |
40| \\,_;__ e i 00 p-toluidine-d-glucose
L : ! 5 o———-8 N-ptolyl-d-isoglucosomine
\‘.\ f ’ 0—-—0 p-toluidine-d-glucose in air
DTN~ ! b——=>0 glucosyl-n-heptylamine
B ' T~ ——— [-aominogluceose
20 T T TR O——--0 glucosyl-m-armylamine
é I j ~—~ kl—-—--l glucosyl-n-butylamine '
% ' ; : : | oS
o) __\\ e + - - - i - ~ - S OO
i : f [ ]
I { | \.{ .
H ‘ O \. i
. } ——
i ‘ i \w
> - ; ’
*40 ; : A : :
@) 10 20 30 40 50 60 70 80 90
FHours
Fig.10 Change in rotatiorn with tirme of some N-glucosides.
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In fig. 9, the equilibrium of the glucoaylalkylamines and
l-aminoglucose was also determined by titration. Curves are
plotted from pH obtained on titration of 60 ml. of the above
solutions with 0.0950 N hydrochloric acid. The glucosyl-
alkylamines showed pronounced hydrolysi#, about 67% in the
amyl- and 69% in the butylamine compound; the heptylamine de-
rivative was limited by difficulty of solubility. The disso-~
¢lation of ammonia from l-amineglucose appesred to be

practically negligible.

Amine Derivatives of 2-Methylglucose

Phenylhydrazine derlivative

The phenylhydrazine derivative of Z2-methylglucose was
prepared by dissolving 0.55 g. of the monosaccharide, with a
melting point 150-155° C., in 1.65 g. of phenylhydrazine
diluted with 1 ml. of water. To this solution 1 drop of
glscial acetic acid was added, the mixture shaken until the
glucose dissolved, and the mixture allowed to stand over night
at room temperature. After sixteen hours, no crystals had
appeared in the reddish-brown 1liquld; so the sides of the
flagk were scratche¢ to promote orystallization. In a few
hours the entire solution had solidified. The small amount
of solvent in the crystals was removed by suctlion, and the
nearly white broad nesdles washed with anhydrous ether and

dried. A yield of 90% (0.80 g.) of the phenylhydrazine



- 127 -

derivative, with s melting point of 176-177° C., was obtained.
A methoxyl determination by the micro-Zelsel method gave

11.1% 0CHz as compared to calculated value of 10,93%.

Phenylosagzone

Glucose phenylosazone was prepared from 2~-methylglucose
by refluxing for one and one-half hours 2.55 r. of phenyl-
hydrazine and 0.75 g. of 2-methylglucose in 37 ml. of water
contalning 2.5 ml. of glacial acetlc acid. The 2-methylglucose
used melted at 152-155° C. and hed a methoxyl value of 15.35%.
After the solution was heated on the water bath for approxi-
mately one-half hour, a flocculent precipltaste appeared. The
solution was heated one hour longer, cocled and filtered.

The dark brown color of the preclipitate was renoved by washing
with a swall amount of rethanol. After drylng 0.275 g. of
yellow needles was procured which melted at 208-210° ¢. A
sample of this osazone mlxed with a sample of glucosazone

gave no depression of the melting point.

The mother liquor, on additionel heatling for two hours,
yielded 0.075 g. of the glucose phenylosazone. The yleld of
the osazone was sbout 25.4% of the theoretical velue and could
not have besn produced from glucose In the Z-methylglucoss
since the methoxyl value of the monosaccharlde would have been
less than 124 if 1t had had 0.18 g. of glucose present. (The
valus 0.18 g. of glucose was found by calculation from the

osazone, assuming 100% conversion.)
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Analysis of the compound for nitrogen and methoxyl was

made.
%N Cale. for C,aHonO,N,, 15.64% Found, 15.93%
p 187227474 (Micrc-Dumasz
CCH for C 0,N,, 0.004 ‘ 0.40%
3 18722%" " (Mlero-Zeisel)

for a further check on the removal of the methoxyl group
the phenylosazone was made from the phenylhydrazline derivative
of 2-methylglucose. To C.375 g. of the phenylhydragzine deriv-
ative of Z2-methylglucose, 0.75 g. of phenylhydrazine dissolved
in 12 ml. of water containing 0.85 ml. of glacial acetlc aecid
was added. The crystals dissoclved on heating in & water bath
and the soclution vecame ysllow. A small amount of flocculent
yellow precipitate was flrst observed after forty-five minutes
of refluxing. A&fter the solution was refluxed two hours it
was cooled and filtered; 0.030 g. of light yellow needles,
melting 208-210° C., were recovered. The mother liquor waa
heated for one and one-half hours longer, and 0.085 g. was
obtained. A methoxyl determination was made by the micro-
Zelsel method.

4 OCH Cale. for C 0,N,, 0.0 Found, 0.40%
3 187227474

g—Teluidida of Z-methylglucose

The p-toluidide of 2-methylglucose (methoxyl content
15.27%) was prepared by heating 1.04 g. of the methyl sugar
with 0.72 g. of p-toluidine and 0.30 ml. of water. The mlx-

ture was neated on the water bath untll the solution became
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homogeneous. This required fifteen to twenty minutes, and
the solution was heated ten minutes thereafter to insure com-
nlete reaction. To the dark brown solution 2 ml. of 95%
ethanol was added, and the solution was placed in the refrig-
erator over night. As no crystals had appeared after forty-
eight hours, 4 ml. of ether was added. A precipitate, which
weighed 0.15 g. was recovered. The dried materlial melted at
145-155° ¢. and gave no depression of melting point when
mixed with a sample of Z-methylglucosse.

The solubtion was then evaporated to a volume of approxi-
mately 1.5 ml. and left in the refrigerator over night. HNeedle-
like crystals of the toluidide appeared by morning, which on
filtering, washing with & small amount of ethanol, then sther,
and drying, gave a melting point of 144-145Y ¢. Only 0.08 g.
of these needles was obtained from the first crop, but an
addlitional 0.47 g. wes recovered from the mother liguer on the
second recrystallization., By repeated recovery from the
mother liquor, a yleld of 0.35 g. was obtained. The recrys-
tallized p-toluidide gave a melting point of 150-151° C.

bAnalysis for the methoxyl content was made by the micro-
Zeisel msthod.
% OCHg Calc. for Cy,Hp ON, 10.95% Found, 10.7%.

Attempted rearrangement g£ Ythe 3~tcluidide

In an attenmpt to effect a rearrangement of the

p~toluidide of 2-methylglucose and concurrent removal of the
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methoxyl group, 1 g. of 2-methylglucose, welting point 150-153°
C., was heated on a boiling water bath with 0.72 g. of
p-toluildine, (.25 ml. of water, and 0.05 ml. of 2 N acetic
acid. The mixture became homogeneous after a few minutes and
soon the glucoside of the p-toluidine crystallized as a solid
mass. One mllliliter of alsolute alcohol was added; the
crystals dissolved, and the solutlion wea heated for one and
one~half hauis. At this time the dark solution was tested
for reducing ability with methyylene blue. One drop showed a
slight reductlon for methylene blue. After two days a pre-
clpitate was obtained that looked llke the p-toluldide of
2-methylgluecose; so a few crystals were removed, washed and
dried. These crystals melted at 150-151° C. The crystals
gave no depression of melting polnt on mixing with a sample
of the previously prepared N-glucoslde. The purified crys-
tals gave no reduction with elkaline methylene blue,

To the remainder of the crystals 0.05 ml. of 2N hydro-
chloric acld and 1 ml. of ethanol were added. This mixture
was gently refluxed for 2 hours and after evaporation to half
volume, 0.20 g. of a preciplitate was obtained that melted at
149-150° ¢. These crystals save no depression of the wmelting
point when mixed with a known sample of the p-toluldide. The
mother liquor was further concentrated, and 0.10 g. of the
tcluidids was recovered from this source. Analysis of the
erystals melting at 150-151° C. was made.

% OCHz Cale. for Cy4Hoy0sN, 10.95% Found, 10.70%
%N Calc. for Cq, Hp 05N, 4.95% Found, 4.83%
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Mo erystals of_gftolyl-g-isoglucosamine were obtained,
even when the solution was seeded with & sample of the crystals.
¥rom this it appeared that the Amadori rearrsngement had not
occurred and that more than a rearrangement was necessary in

order that the methoxyl group be removed.
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DISCUSSION OF RESULTS AND CONCLUSIONS

The purpose of this investigation was to study the reac-
tion of glucose with a number of amines and to correlate the
isolated investigations reported in the literature concerning
certain amines and glucose. The nitrogen derivatives of the
carbohydrates are of particular importance in bilologlcal in-
vestigations. Coenzyme I or cogzymase has been ldentifled as
a nicotin&mlde-ribose-(phosphate)z-ribose-adenine and Coenzyme
II as the triphosphopyridine nucleotide (105)}. Vitamin By or
riboflavin is an aromatic amlne condensation product of 4-
ribose that has been reduced and reacted further to form an
lso-alloxazine ring. In order to understand the behavior of
the more compllcated nitrogen derivatives of the carbohydrates
such as these oxlidation enzymes, vitaminas and nucleic acids,
it is expedient that derivatives formed from slmpler amines
with glucose be studied.

The tendency for all of the substituted ammonia deriva-
tives to exist as glucosides is quite pronounced, The only
excevntion to'this generalization found in the literature is
the @-hydrazone reported by Behrend (15) and the structure
of this compound as a true hydrazone has been guestioned
(130). The nitrogen glucosides vary as to the amount of
hydrolysls in watsr, but all hydrolyze in the presence of
dilute aclds.
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It has been shown that the glucosylarylemines, when
heated above their melting points or catalyzed by a trace of
acid In saslcoholic or concentrated aqueous solution, undergo a
raagrangement known as the Amadorl rearrangement. It has been
proposed that the shift of the two hydrogen atoms from carbon
two is accomplished throush enolization of the glucosylaryl-
amine salt and subsequent formation of a 2-keto carbon atom.
The possibility of effecting thils rearrangement in N-substi-
tuted aminoglucose other than the aryl type was investipated.
Under the conditions that produced the N-aryl isoglucosamines,
trhe alkylamines gave only the N-glucosides. In fact, thias
procedure wes found to be the best method for the preparation
of the n-butylamine, n-heptylamine, n-amylamine, and the
dicyeclohexylamine condensatlon products. It is 1ntéresting
to note that the above compounds formed in every case without
elimination of & molecule of water, even though the compounds
were recrystallized from a nixture of ethanol and Skelly D.
The removal of thls water of hydration could not be accom-
plished by heating at 100° C., since the compounds darkened
and decomposed st much lower temperatures. No removal of the
extra molecule of water was accomplished by heatling the
crystals in an Abderhalden drying pistol with phosphorus
pentoxide for five hours at the bolling point of acetone.
Longer heating was impossible, since the compounds began to
darken slightly.

.A further attempt to effect the rearrangement was made
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by heating glucose in an excess of n-butylamine lor several
hours. After the refluxinz, the golden-cclored ligquid
decolorliged methylene blue rapidly in dilute alkaline solution,
but the only compound obtained from the sclution after removal
of the excess butylamine was ldentifled as the N-glucoside.

Noticeable reduction of methylene blue (as a test for the
keto form) was obaserved especially with the solution of the
2~aminooctane condensatlon product. After the soiution had
been left in the reffigerator for several days and had become
guite dark, a small amount of impure precipitate, soluble in
water but Insoluble in organic sclvents, was obtained which
reduced methylene blue readily. However, upon washing with
alcohol, the compound lost the brown color and the ability teo
reduce methylene blue rapidly.

It appeared that the cause for the rapld reduction of
methylene blue in each of these cases was the brown decomposi-
tion product of the glucose. It should also be noted that
the solutlions of aromatic amines and glucose when catalyzed
with acid becams qulte dark; this may be due to an enolization
and decomposition of the ;lucose rather than to the rearrange-
ment product. If the alkylamine glucosides do form Intermedi-
ate enolized compounds, it would be predicted trat the shift
is not to the completely rearranged keto form, since no acid-
stable compound w:g obtained.

it 1# noteworthy that the isopropylamine and the Z2-amino-

octane condensations darkened most easlly, even at low
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temperatures, and thet no crystalline N-glucosides were ob-
tained from the solutions. These results indicate that enolle
zation or some other type of isomerizatlion had oeccurred,
thereby preventing the crystallization of the N-glucoside
from the solution. |

Since the alkylamine compounds did not undergo rearrange-
ment to form easlly isolated N-alkyl-d-lsoglucosamines, it was
declded to see what effect the substitution of an acyl group
on the nltrogen atom might have on the tendency for rearrange=
ment. One of the simplest of these derivatives, N-acetyl-l-
aminoglﬁcoée, was prepared. This compound may be considered
a2 derlvative of glucose in which an anide i3 condensed with
glucose. HNo evidence of rearrangement of this compound was
observed after two hours of refluxing of N-acetyl-leamlno-
glucose 1n the presence of acld ln seventy«five per cent
ethanol. The solutlion was perfectly colorless and sixty-elight
per cent of the starting material was recovered on coollng the
solution. From these results 1t 1s indicated that the N-acetyl-
l-aminoglucose 1s much too stable to undergo even an enoli=
zation under normal conditions. |

Since rearrangement of the Neglucosidea to the isoglucos-
amine structure 1ls dependent upon enocllzation, 1t ls evident
that the substituent put on the nitrogen atom governs the ease
of rearrangement. The positive alkyl radicals furnish elec-~
trong to the nltrogen atom and lessen the possibility of

enolization, but the aryl and substituted aryl compounds are



much lower In positivity and subsequently the tendency for
enolization is greater.

The dissociation constant for phenylhydrazine is only
8lightly greater than that for the arylamines; yet no phenyle
hydragine derivativa has been identlifled as the isoglucosamine
derivative. The ease of hydrolysis in water and instability
to acid of theféhenflhyﬁrazine derivatives indicate that the
H-glucoslide structure rather than an lsoglucosamine is
obtained.

Weygand, however, postulsted the formation of the osazone
through an Amadorl rearrangement, p. 31. Since glucose
phenylosezane has been reported from the action of phenylhydra-
zine on 2-methylglucose in acetic acid solution, the question
arose as to the péasibility of the removal of the methoxyl
group by the Amadori rearrangement. The p-toluidide of 2~
methylglucose was prepared, but even after long periods of
refluxing in the presence of hydrochloric or acetic acids,
the p~toluldide was recovered unchanged. The phenylhydrazide,
on the other hand, was prepared and from this derivative the
glucose phenylaaézane was obtained. The phenylhydrezlde had
the correct methoxyl value for one methoxyl group, and the
osazone contained no significant amount of methoxyl.

2-Aminoglucose was prepared in an attempt to determine
the ease of removal of the NHy group by this same mechanism.
Q-Aminaglucesg (2,48), of courae, is not comparable to the
N-glucoaides stwiled and shows the reverse stabllity to acids

and bases, but the removal of the NHy group of the p-toluldide



- 137 =

of 2-aminoglucose from the second carbon atom was expected
through enollization. However, the p-toluldlde of Z2-amino~-
glucose was not obtalned since the free glucosamine liberated
ammonia so readily that decomposition of tie sugar cccurred
on slight heeting.

A atudy of the hydrolysis of the N-glucocaides in aguesous
solution was made. It was found that the glucosylalkylamines
were less stable in aquecus solution than giucosylamine itself.
The iirste-rsported glucosylalkylamines (118) were thought to
be more stable in water than the glucose ammonlia compound and
the compounds were occasionally crystallized from water solu-
tion. Glucosyl-n~butylamine slowly hydrolyzed in a two per
cent agqueous solution, the equilibrium being reached in about
twenty-two hours at room temperature. This hydrolysis was
shown quite plainly by the titration curve of the glucoss
ailkylemines as well as by the change in optlcal rotation. This
hydrolysis was confirmed by extraction of the free amine at
equilibrium. The recrystallization of these glucosldes from
water has been accompllshed but the recrystallization had to
be carried out from a very small amount of water and by rapid
cooling before the slow hydrolysls had occurred to any extent.
Wethanol and ethancl are to be preferred as solvents for
recrystallization but in the case of the larger molecular-
weight amine compounds, butanol and petroleum ether mixtures
cen be used. The rotations of all the gluecosylalkylamines

were observed in ethanol when solubility would permit. The
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rotation of dliglucosylethylenediamine was measured in fifty
per cent ethsnol since the compound was insoluble in absolute
alechols. The value in this case does not represent the muta-
rotation alone but hydrolyals as well., All the recorded ro-
tatlions showed a change from & high to a low negative valus,

Several of the glucosylamines showed a decided tendency
to go into soclution and could not be reerystallized. This
disturbing property wes evident especlally with glucose oxime
and less often 1n the diglucosylethylenediamine, glucosyldie
cyelohexylamine, and l-aminoglucose. The sugpested explanation
for this occurrence 1la the lsomerizatlion of the H-glucosldes
in solution. This isomerization would result in a mixture of
isomers from which it would be difficult to obtain a crystal-
line compound.

The hydrolysis of the different glucosylamines of the
alkyl type ls comparable as shown in fig. 9 and flg. 10. How=-
ever, the hydrolysis of l-aminoglucose in aqueocus solution is
in sharp contrast to the above compounds as shown by the
titration curve and lack of change in rotation of an aquecus
sclution of the l-aminoglucose. The change In rotation over
& period of months was siown to be very slight by Lobry de
Bruyn (84). This may be explained by recognlzing le-amino-
glucose aa the flrst member of the serles, and as such its
abnormal bshavior i1s not unexpected.

The arylamine glucoslides showed & decided change of rota-

tion, but extraction after ninety hours showed that less than
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ten per cent of free amine was present. An interesting result
was obtalned in a study of the hydrolysis of p-toluidide of
glucose. The change in rotation (fig. 10) of the toluidide

in s closed polarimeter tube did not parallel that of the
solution left In a flask in air. The sclution left in the

alr slowly decreased over a period of days, snd a slight dark-
ening of the solution was observed. The only explanation for
this anomaly that could be offered was that the alr oxidized
the compound, causing a rearrangement in aqueocus solution, or
that the carbon dloxide in the air caused some type of salt
formation which catalyzed reasrrangement. It is conceivable
that some intermediate of the Amadori rearrangement was formed
which caused a drift in the rotation. These compounds would
probably be double-bonded, open-chained compounds which are
known to possess slight rotations. A fact which paralleled
this phenomenon is the fallure of & phenylhydraglde to form
an osazone even in acetic acid solution if all oxidizing
sgents including dissolved oxygen are removed (110),.

The N~-p-tolyl~d-lsoglucosamine shows a mutarotation in
agueous solution and becomes quite dark after two days but no
further change in rotation was observed. The change in color
of this compound is not surprising when it is remembered that
the compound is easily oxidized and reduces methylene blue
rapidly.

The N-acyle-glucosamine, on the other hand, does not

hydrolyze in water and 1ls quite resistant to hydrolysis by
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acids. The N-acetyl group was removed by refluxing with 1 N
sulfuric acid ss shown in filg. 8. The stability of this com~
pound to hydrolysis suggests that it might be formed by s
condensatlion of an amide and glucose 1n the same manner as the
condensations of the alkyl- and arylglucosylaminea. Although
repsated efforts were made to condense acetamlde and glucose
by heating without & solvent, or in methanol, with or without
hydrochloriec acid as a catalyst, no ﬁ-acetyl-l-aminoglucoae
was obtained. The ready solublility of the reaction products
in methanol and the inaebllity to extract with hot chloroform
from the gummy residue after solvent removal more than one~
third of the acetamide 1s evidence of reaction. Acstobromo-
glucose reacted with an excess of acetamlde on refluxing the
reactants ln chloroform solution, The crystals that appeared
after several minutes were identifled as diacetamide hydrobro-
mlde. The other oroduets of the reaction were soluble in
chloroform, and as yet no crystalline compound has bheen
obtained.

In preperation of the phenylhydrazine derlvatives of glu-
cose 1t was found that compound formatlon between glucose and
phenylhydrazline occurred at room temperature, but that the com-
pounds obtalned, though erystalline, were phenylhydrazine
solvated compounds of varylng composition. The solvated
phenylhydrazine could not be removed by extraction with ether,
but on drying at te peratures between 50 and 100° C., the

gsolvation molecules could be rewoved, the composition
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approaching the 1:1 ratioc and a melting polnt of 105-107° C.
for the compound.

The preparation of the phenylhydrazine derivatives of
glucose was unsatisfactory as evidenced by the difficulty in
duplication of prepsretions reported in the llterature, and
also by the variation in the product obtained from using any
ons procedure. An example of this difficulty 18 observed '
perticularly in the preparatlon of the €-hydrazide reported
by Behrend, in that, althoupgh numerous attempts were made to
obtain the pure lsomer, the physical constents of the products
obtalined varied greatly, even asfter repeated attempts st puri-
fication. The ease of isomerization of these derivatives is
1llustrated by the formation of at least threse modifications
of the compound in recrystallization of the derivative from
alechol. Further illustration of the uncertainty of obtaining
the reported compound 1s the fact that platelets were obtalned
in the prepsration of the 3-hydrazone rather than the needles
reported by Behrend. The crystalline form and melting point
of these platelets may be changed mersely by wsshing with
acetoné.

This isomerlization along with the ease of formation of
ti:e solvated phenylhydrazine derivatives indicates that the
identity of any of these lsomers by chemical means 1s ques=~
tionable, but tlie ease of hydrolysls and isomerization sug-
gests that these compounds are of the N-glucoside type.

It was also shown that the ease of hydrolysls of the
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phenylhydrazine derivatives incressed wlith the inorease in
size of the carbohydrate attached. The possibility of secur-
ing & non~hydrated form of a phenylhydrazine derivative of a
dextrin that possessed definite constants was slight, though
compound formation was probable. Certain of the alkylamines
seem to offer & better posslbility of forming a nitrogen
derivative of the dextrins. The dextrins are soluble in these
emines and as long &8 nonagueous sclvents are used, the deriva~
tives should be stable. The alkylamine derivatlives also offer
the advantage thet only one isomer was o¢btained, even when
different modifications of the sugars were used,

The glucosylen-alkylamines were reduced to the N-alkyl-
@~-glucamines by hydrogenation ln a Parr type bomb under hig
pressure and temperatures below 100° ¢,

Since alkylglucosylamines would not undergo the Amadori
réarrangem&nt, the reduction evidently occurred from the
N~glucoside form and only the d-zlucamines &re obtalned. In
reduction of the N-glucosides of aromatic amines, both the
glucamines and the mannamines were obtained if conditions were
such that rearrangement to the lsoglucosamine occurred.

The glucemines of the lower moleculer welght amines are
very soluble in water but insoluble in ethanol, but all the
N-alkyl-d-glucamines except the hexadecyl- and octadecyl-
compounds are soluble in fifty per cent etianol; so this sol-
vent was selected for measuring the specific rotation. The

salts of these amlnes are easily formed and, in most cases,
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nicely crystalline. The amines are strong enocugh bases to be
titrated potentiometrically, as shown in flg. 2. These com~
pounds also lower the surface tension of water and cause a
remarkeble amount of foaming., The low solubility of the
N~octadecyl- and N-hexadecyl-d-glucamine limited thelr use-~
fulness in thils respect.

The reduction has been effected on the condensation prod-
ucts of isopropylamine and 2-aminooctane without isolation of
the glucosylamine. In the case of the 1sopropyl glucosyl-
amine, about thirty per cent of some reduced product other
than the N~alkyl-d-glucamine was obtained. This compound was
assumed to be sorbliol, but purification was difficult aince
a gel formed when an attempt was made to recrystallize the
product from ethanol.

The reduction of the glucosylalkylamines was carried out
in different solvents; the ones used included methanol, ethanol
and equeous mixturses of each. HResults indicated that reduc-
tion oecurs in moat cases before hydrolysis forms any signifi-
cant amount of glucose and the free amine.

The reduction of l-aminoglucose 1s more difficult and
only aboub fifty per cent or less of the glucosylamine ls
changed to glucamine, The glucamine obtalined is hard to lso-
late ih the presence of sorblitol. After reduction the
solution smells strongly of ammonia, and since the l-amino~

glucose was stable in aqueous solution at room temperature,
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1t 1s suggested that the rise in temperature results in the
liberation of the smmonia. It is conceivable that reduction

might occur with much better results at room temperature.
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SUMMARY

1, The phenylhydrazine derivatives of glucose were in-
vestigated. The procedures for the preparation of these
derivatives as reported in the literature were found to be
unsatisfactory. The phenylhydrazine derivatives of glucose
made at room temperature without a solvent were highly sol-
vated with phenylhydrazine. These compounds approached a
moﬁophenylhydrazine derivative as phenylhydrazine was removed
progressively at higher temperatures. The phenylhydrazine
derivatives of the carbohydrates hydrolygzed more rapidly in

water soclution as the slize of the carbohydrate increoased.

2. Some glucosylalkylamines were prepared and their

physleal properties are reported.

3. The reduction of these glucosylalkylamines was carried
out in & Parr type reducing bomb uaing Raney nickel ss a cata-
lyst. These compounds were characterized and were found to

be good wetting agents.

4. The hydrolysis of the glucosylalkylamines, glucosyl-
amine, glucosylarylamines, and the plenylhydrazine and amide
derivatives of glucose in dilute aqueous solution was followed
by change in rotation, potentiometric titration, or extractlion.

The amount of hydrolysis wsas found to be dependent on the

substitution on the nitrogen atom.
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5. An attempt was msde to effect the Amasdori rearrange-
ment of the glucosylalkylamines and the acyl derivative of
l-aminoglucose. No resrranged procduct was obtalned in elther

cage.,

8. Evidence for reactlon of amides with glucose was ob-
tained by the esse of solubility of gzlucose and acetamide in
methanol and the fallure to extract the components from the
residue. Acetobromoglucose reacted wlth acetamide in chloro-
form solution to give dlacetamlde and some unidentlified

product.

7. The p-toluidide and phenylhydrazlde derivative of
2-methylglucose were prepared, and, although the methoxyl
group on the second carbon prevented the Amadori rearrsngement
in the c¢ase of the toluidide, glucose phenylos&zone wWas pre=-

pared from the phenylhydrazine derivative of Z2-methylglucose.
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