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added to 74.9 g. (0.534 mole) of the phosphonate during a 5-hr.
addition period while refluxing. The condenser was attached to a
Dry Ice trap, which, after a total of 24 hr. of refluxing had con-
densed 51.7 g. (1.02 moles) of methyl chloride. Fractionation of
the reaction mixture gave acetic anhydride and 26.4 g. (0.13 mole)
of a liquid, b.p. 100-101.5° (0.4 mm.), which was identified as
dimethyl dimethylpyrophosphonate. The infrared spectrum
showed P-CH; at 1325 and 900, P-OCH, at 1190 and 1050,
P-0O-P at 960, and P=0 at 1265 cm.™1,
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Anal. Caled. for CH;;03P;:
C,24.2; H,6.25.

The residue in the distillation flask was a brown tacky immobile
material which reacted rapidly with water.

C, 23.7; H, 5.93. Found:
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Ammonolysis of 1,6-anhydro-2,4-di-O-p-tolylsulfonyl-8-p-glucopyranose afforded one diamino and two mono-

amino derivatives.

The structure of the first product was established as a 2,4-diamino-2,4-dideoxy derivative of

D-glucose by its independent synthesis from 2-acetamido-1,6-anhydro-3-0O-benzoyl-2-deoxy-4-O-methylsulfonyl-

B-p-galactopyranose.
glucose.

Numerous diamino derivatives of hexoses have been
{solated from antibiotics in the last few years. In all
these compounds, the amino groups are located at
positions C-2 or C-3 and at position C-6 of the carbon
chain.
from a polysaccharide of Bactllus subtilis, of a diamino

hexose in which the two amino groups are probably .

located at positions C-2 and C-4 of the carbon chain has
aroused interest in this type of derivative. The syn-
thesis of 2,4-diamino-2,4-dideoxy-p-glucose was, there-
fore, investigated.

Numerous studies on the opening of epoxide rings of
carbohydrates with ammonia have shown that the
transdiaxal conformation was greatly favored when
the spacial configuration of the starting material was
stabilized by the presence of a 1,6-anhydro or a 4,6-O-
benzylidene ring. During ammonolysis of 1,6-an-
hydro-2,4-di-O-p-tolylsulfonyl-g-p-glucopyranose (II),
transdiaxal opening resulted in the preponderant
formation of 2,4-diamino-1,6-anhydro-2,4-dideoxy-8-p-
glucopyranose isolated as the fully acetylated deriva-
tive VII. The formation of this diamino product VII
could proceed via either monoepoxide intermediate,
1,6,3,4-dianhydro-2-0-p-tolylsulfonyl-8-p -galactopyra-
nose (I) or 1,6;2,3-dianhydro-4-O-p-tolylsulfonyl-
B-p-mannopyranose (III). The presence of traces of
water could result in the hydrolytic splitting of the p-
tolylsulfonyl groups. Since the newly formed hydroxyl
groups would be in ¢{rans position to the epoxide groups,
a second nucleophilic displacement would result in the
formation of 1,6;2,3-dianhydro-g-p-gulopyranose (V)
from I and 1,6;3,4-dianhydro-g-p-altropyranose (IV)
from III, respectively.? TFormation of the epoxide III

(1) Amino Sugars XXXV. Thisis publication no. 339 of The Robert W.
Lovett Memorial Unit for the Study of Crippling Disease, Harvard Medical
School at the Massachusetts General Hospital, Boston 14, Mass. This in-
vestigation has been supported by research grants from the National Insti-
tute of Arthritis and Metabolic Diseases, National Institutes of Health.
United States Public Health Service {(Grant A-3564). This work was pre-
sented before the Division of Carbohydrate Chemistry, at the 142nd Na-
tional Meeting of the American Chemical Society, Atlantic City, N. J.,
September, 1962.

(2) N. Sharon and R. W. Jeanloz, J. Biol. Chem., 288, 1 (1960).

The recent isolation by Sharon and Jeanloz,?

One of the two monoamino compounds is presumably a derivative of 4-amino-4-deoxy-p-

seems, however, not to be favored, since reaction of II
with sodium methoxide, even for prolonged periods of
time, gives a monotosyl-monoepoxide product, which
has been shown by Cerny and Pacdk* to be 1,6;3,4-
dianhydro-2-0-p-tolylsulfonyl-g-p-galactopyranose (I).
Additional evidence for the stability of I in the presence
of alkali is shown by its formation during the reaction of
1,6-anhydro-2,3,4-tri-O-p- tolylsulfonyl-8-p -glucopyra-
nose with a very large excess of barium hydroxide.’

In order to ascertain the gluco configuration of the
diacetamido derivative VII, 2-acetamido-1,6-anhydro-

* 3-0-benzoyl-2-deoxy-4-O-methylsulfonyl-8-p-galactopy-
ranose (IX)® was treated with sodium azide, and the

resulting azido compound VIII was hydrogenated and
acetylated to give a compound VII inentical to the one
obtained by ammonolysis of II. The displacement by
an azide group of a sulfonyloxy group located in a
pyranose ring in vieinal position to a cis hydroxyl
group, with concomittant Walden inversion, has been
reported recently.”—® Saponification of the 3-O-acetyl
group gave crystalline VI.

Attempts to obtain 2,4-diamino-2,4-dideoxy-p-glu-
cose as the dihydrochloride derivative by direet hydrol-
ysis of VI were not successful. As had already been
observed by Sharon and Jeanloz with the diamino
sugar isolated from Bactllus subtilis® and more recently
by Reist, et al.,;” with derivatives of 4-amino-4-deoxy-p-
glucose, hydrolysis of 4-amino-4-deoxy sugars results in
extensive degradation. The hydrolysis of VI also was
accompanied by much degradation and the hydrolyzate
gave multiple spots on paper chromatograms. These

(3) W. H. G. Lake and 8. Peat, J. Chem. Soc., 1069 (1939); J. G. Bu-
chanan, Chem. Ind. (London), 1484 (1954); F. H. Newth, J. Chem. Soc., 441
(19586).

(4) M. Cerny and J. Pacdk, Collection Crech. Chem. Commun., 37, 94
(1962).

(5) R. M. Hann and N. K. Richtmyer, personal communication of Dr.
N. K. Richtmyer.

(6) R. W, Jeanloz, J. Am. Chem. Soc., 81, 1856 (1959).

(7) R. D. Guthrie and D. Murphy, Chem. Ind. (London), 1473 (1962).

(8) E.J. Reist, R. R. Spencer, B. R. Baker, and L. Goodman, 7bid., 1794
(1962).

9 M. L. Wolfrom. J. Bernsmann, and D. Horton, J. Org. Chem., 27,.4505
(1962).
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spots correspond to the various possible intermediates
resulting from partial deacetylation at positions 2 and 4
with or without opening of the 1,6-anhydro ring.

Opening of the 1,6-anhydro ring of VI was effected by
acetolysis. Crystalline mixtures were obtained, but
these could not be resolved by crystallization or by
chromatography. During purification, partial deacety-
lation had evidently occurred, giving a 3,6-di-O-acetyl
derivative X as shown by mutarotation, elemental
analysis, and color formation with the Morgan and
Elsonreagent. Reacetylation of X with acetic anhydride
and pyridine gave in very small yield crystalline 2,4-
diacetamido-1,3,6-tri-O-acetyl- 2,4-dideoxy-B-p-glucose
(XI). De-0O-acetylation of mixtures of X and XI and of
their anomers gave the crystalline 2,4-diacetamido-2,4-
dideoxy-a-p-glucopyranose (XII). The same product
was obtained in 169, yield by direct hydrolysis of VI,
followed by N-acetylation and chromatographie sepa-
ration of the resulting mixture of products. Hydrolysis
of the diacetamido derivative XII was studied by paper
chromatography, and the presence of a monoacet-
amido—monoamino hydrochloride derivative and of a
diamino dihydrochloride derivative could be ascertained.
On a preparative scale, however, all attempts to obtain
these products in crystalline form failed.
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Chromatographic separation of the mixture resulting
from the ammonolysis of 1,6-anhydro-2,4-di-O-p-tolyl-
sulfonyl-8-p-glucopyranose (II) followed by acetylation
gave an additional crystalline product, corresponding to
a monoamino derivative. From the mode of prepara-
tion and from the course of the reaction most likely to
take place, it is probable that this monoamino deriva-
tive resulted from traces of water, and that it corre-
sponds to the 4-amino-4-deoxy derivative XIII. The
very small yield of the compound, and the fact that the
presence of a second monoamino derivative could be
detected among the products of ammonolysis, raises
some doubt about the validity of this structure. Vari-
ous derivatives were prepared in order to confirm the
proposed structure. The crystalline product XIII
contained only one O-acetyl group at position 2 or 3 and
could be de-O-acetylated into 4-acetamido-1,6-an-
hydro-4-deoxy-8-p-glucopyranose (XIV), which in turn
could be fully acetylated to give XV. Attempts to
hydrolyze XIV gave as the only crystalline product 4-
amino-1,6-anhydro-4-deoxy-S-p-glucopyranose hydro-
chloride (XVI). N-Tosylation of this material gave a
crystalline product LXVII different from 1,6-anhydro-2-
deoxy-2-p-tolylsulfamido-8-p-glucopyranose  prepared
previously by Micheel and Michaelis, ' thus establishing
conclusively that, if the derivative XVI had the gluco
configuration, the amino group could not be located at
C-2. Acetolysis of XIV followed by de-O-acetylation
gave in a 409 over-all yield the crystalline 4-acet-
amido-4-deoxy-8-p-glucose (XVIII), which showed
no reaction in the Morgan and Elson test, a proof that
it was not a 2-acetamido-2-deoxy sugar. Since the
physical properties of XVIII or of 1,6-anhydro deriva-
tive XIV differ from those of seven of the 3-acetamido-
3-deoxyhexoses or of their 1,6-anhydro derivatives!!—16

(IJ—H ——C—H
H—C—OR H— (|J—OH
11— R’O—éli—H — HO-C—H
H—C—NHA h H—(G—NHR
H—C—0—— —
! H—(ID—O
0—CH; —O0—CH,
XI{1, R=H :.R"=AC or XVI, R=-H-HCI
R=Ac;R'=H XVII, R=-80.;CeH,CH,
XIV, R=H;R'=H
XV, R=Ac;R'=Ac \ /
HO—-C—H
H —?—OH
HO—CII—H
H—(I'J—NHAC
H— (|3—0
CH;0OH
XVIII

(10) F. Micheel and E. Michaelis, Chem. Ber., 91, 188 (1958).

(11) M. J. Cron, O. B. Fardig, D. L. Johnson, H. Schmitz, D. F. White-
head, I. R. Hooper, and R. U. Lemieux, J. Am. Chem. Soc., 80, 2342 (1958).

(12) R. Kuhn and G. Baschang, 4nn., 628, 206 (1959).

(13) R. Kuhn and G. Baschang, ihid., 636, 164 (1960).

(14) B. Coxon and L. Hough, J. Chem. Soc., 1463 (1961).

(15) R. W. Jeanloz and D. A. Jeanloz, J. Org. Chem., 36, 537 (1961).

(16) H. H. Baer, J. Am. Chem. Soc., 84, 83 (1962).
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it can be safely assumed that it is a 4-acetamido-4-
deoxy sugar and the gluco configuration seems to be
the most logical one.” Attempts to obtain 4-amino-4-
deoxy-p-glucose hydrochloride in crystalline form have
failed up to now thus rendering impossible a comparison
with the product prepared by Reist and associates.?

During the purification of XIII a sirupy fraction was
isolated, which gave after de-O-acetylation a second
crystalline 1,6-anhydromonoacetamidomonodeoxy-3-p-
hexopyranose. Splitting of the acetamido group gave a
crystalline free amino hydrochloride, but all attempts to
open the 1,6-anhydro ring or to obtain other crystalline
derivatives failed, and no structure can, therefore, be
proposed for this product at the present time.

A 4-amino-4-deoxy sugar recently has been isolated
by Wheat and associates!® from Chromobacterium viola-
ceum. This is the first time that a monoamino sugar
with the amino group at position 4 has been isolated
from a natural source, which points to the possible bio-
logical importance of this type of compound.

Experimental

Melting points were taken on a hot stage, equipped with a
microscope, and correspond to ‘‘corrected melting point.”’
Rotations were determined in semimicro or micro (for amounts
smaller than 3 mg.) tubes with lengths of 100 or 200 mm., using
a Rudolph photoelectric polarimeter attachment, Model 200;
the chloroform used was A.R. grade and contained approxi-
mately 0.75% of ethanol. Infrared spectra were determined on
a Perkin-Elmer spectrophotometer Model 237. Chromato-
grams were carried out with the flowing method on “Silica Gel
Davison,”” from the Davison Co., Baltimore 3, Md. (grade 950,
60-200 mesh) used without pretreatment. The sequence of
eluants was hexane, benzene or chloroform, ether, ethyl ace-
tate, acetone, and methanol individually or in binary mixtures.
The proportion of weight of substance to be absorbed to weight
of adsorbent was 1 to 50~100. The proportion of weight of sub-
stance in grams to volume of fraction of eluent in milliliters was
1 to 100. The ratio of diameter to length of the column was 1 to
20. Evaporations were carried out #n vacuo, with an outside
bath temperature kept below 45°. Amounts of volatile solvent
smaller than 20 ml. were evaporated under a stream of dry nitro-
gen. The microanalyses were done by Dr. M. Manser, Zirich,
Switzerland.

Descending paper chromatograms were developed with a
mixture of pyridine, ethyl acetate, acetic acid, water, 5:5:1:3,1?
on sheets of Whatman No. 1 and Whatman No. 54 paper, and
the compounds were subsequently detected with ninhydrin or with
aniline phthalate on no. 1 papers, and with the alkaline silver
reagent on no. 54 papers.

Ammonolysis of 1,6-Anhydro-2,4-di-O-p-tolylsulfonyl-8-p-glu-
copyranose (II).—A solution of 5 g. of 1% in 320 ml. of methanol
was saturated with ammonia gas at 0°, in tubes which were sealed,
and then heated for 48 hr. at 100°. After cooling, the reaction
mixture was evaporated to dryness, and the residue was acety-
lated for 24 hr. at room temperature with 40 ml. of acetic anhy-
dride and 120 ml. of anhydrous pyridine. The excess of anhy-
dride was destroyed by adding methanol while cooling in ice,
and the solution was evaporated, the last traces of pyridine being
removed by codistillation with ethanol and toluene. The resi-
due was dissolved in chloroform and the solution was chromato-
graphed on 500 g. of silica gel. Mixtures of various concentra-
tions of chloroform and ethyl acetate, and pure ethyl acetate
eluted 1.34 g. of partially crystalline material which, upon de-
O-acetylation with sodium methoxide, gave sirups from which no
crystalline material could be isolated.

(17) The possibility of the formation of the allo configuration is very re-
mote.

(18) R. W. Wheat, E. L. Rollins, and J. M. Leatherwood, Biochem. Bio-
phys. Res. Commun., 9, 120 (1962).

(19) F. G. Fischer and N. J. Nebel, Z. Physiol. Chem., 308, 10 (1955).

(20) R. W. Jeanloz, A. M. C. Rapin, and 8. Hakomori, J. Org. Chem., 28,
3939 (1961).
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Mixtures of ethyl acetate and acetone, 9:1 and 4:1, eluted a
partially crystalline material, which was purified by a second
chromatography and recrystallized from a mixture of methanol,
ethyl acetate, and pentane to give 140 mg. (5%) of 4-acetamido-
1,6-anhydro-4-deoxy-2- or 3-O-acetyl-8-p-glucopyranose (XIII),
m.p. 195-205°. After two recrystallizations, thin, rectangular
plates, m.p. 203—204°, with sublimation from 190°, were obtained
(the melting point varies with the method of crystallization and
the speed of heating); [{a]2®p —95° (¢ 1.24 in methanol).

Anal. Caled. for C,0H;;ON: C, 48.97; H, 6.17; N, 5.71.
Found: C, 48.91; H, 6.11; N, 5.72.

During the purification of XIII, a second monoacetamido
compound was isolated. The study of this product is described
at the end of this paper.

Elution of the original silica gel column with mixtures of ethyl
acetate and acetone, 2:1, 3:2, and 1:1, gave 1.66 g. of partially
crystalline material which, after two recrystallizations from a
mixture of methanol, ethyl acetate, and pentane, gave 0.90 g.
(30%) of 2,4-diacetamido-3-O-acetyl-1,6-anhydro-2,4-dideoxy-
g-p-glucopyranose (VII) as prismatic needles, m.p. 226-228°,
with sublimation about 200°; {«]2?p —43° (¢ 1.04 in methanol).?

Anal. Caled. for CmHlBOQNzZ C, 5034, H, 634, N, 9.79.
Found: C, 50.46; H, 6.31; N, 9.84.

Further elution of the silica gel column with pure acetone
and with methanol gave 5.87 g. of side products which were not
further investigated.

In another experiment where 4 g. of the ditosyl ester was
treated as previously described, the yield of XIIT was 359, for
the crude material and 119, after recrystallization (m.p. 203-
206°), whereas 529, of crude VII was obtained, giving 269, of
pure material (m.p. 225-227°) after recrystallization.

2,4-Diacetamido-1,6-anhydro-2,4-dideoxy-3-n-glucopyranose
(VI) from VII.—To a solution of 200 mg. of VII, in 13 ml. of
methanol, cooled at 0°, was added 0.80 mmole (1.14 mole
equivalent) of cold sodium methoxide, and the solution was kept
at 0° for 3 days. After evaporation of the solvents, the residue
was dissolved in 4 ml. of water, and deionized by passage through
a short column of Dowex 50 (H+ form). The effluent was con-
centrated to give a sirup which crystallized spontaneously.
Recrystallization from a mixture of methanol, acetone, and ether
gave 164 mg. (96%) of elongated prisms, m.p. 246-248° (with
sublimation from 243°); [a]?*p —46° (¢ 0.96 in methanol).2!

Anal. Caled. for CyH:sOsNs: C, 49.17; H, 6.60. Found:
C, 49.17; H, 6.66.

2,4-Diacetamido-3-O-acetyl-1,6-anhydro-2,4-dideoxy-3-n-
glucopyranose (VII) from IX.—A solution of 270 mg. of 2-acet-
amido-1,6-anhydro-3-0-benzoyl-4-0-methylsulfonyl-8-p -galacto-
pyranose (IX)?2 and 150 mg. of sodium azide in 25 ml. of di-
methylformamide was refluxed for 24 hr. The solution was then
evaporated to dryness, and the residue was dissolved in 10 ml. of
methanol. To the solution cooled at 0° was added 0.5 ml. of
1.75 N barium methoxide. After standing overnight at 0°, the
golution was diluted with methanol and filtered through a double
layer of Celite and Darco G-60. It was evaporated to dryness
and the residue, dissolved in water, was passed through a column
of Dowex 50 (H* form). After evaporation, the residue weighed
106 mg. and showed in the infrared spectra the typical adsorp-
tion at 2120 em.™! for the azide group. The material was dis-
solved in 20 ml. of ethanol and the solution was filtered through
Darco G-60 and hydrogenated in the presence of 20 mg. of
platinum oxide under a slight pressure of hydrogen for 4 to 5 hr.
After filtration, the solution was evaporated and the residue was
acetylated overnight with 0.5 ml. of anhydrous pyridine and 0.3
ml. of acetic anhydride. The excess of anhydride was decom-
posed by addition of ice, and the solution was evaporated to
dryness. The residue was dissolved in chloroform and chromato-
graphed on silica gel. Elution with pure acetone gave 84 mg. of
crystalline material which afforded, after recrystallization from a
mixture of methanol, acetone and ether, 70 mg. (35%) of prismatic
needles VII, m.p. 228-230°; [a]?'p —44° (¢ 0.94 in methanol).
The product showed no  depression of the melting point in
admixture with the product prepared by ammonolysis of II,
and the infrared spectra of both samples were identical.

Anal. Caled. for CiuHisOsNo: C, 50.34; H, 6.34; N, 9.79.
Found: C, 50.25; H, 6.40; N, 9.54.

(21) The first preparation of this product was carried outin this labora-
by Dr. 8. Hakomori.

(22) On large crystals and rapid heating, m.p. 221-222° dec., was ob-
served. '
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Acetolysis of VI.—A solution of 50 mg. of VI in & mixture con-
taining 3 ml. of acetic anhydride, 0.05 ml. of concentrated
sulfuric acid, and 1.95 ml. of glacial acetic acid was kept at room
temperature for 5 days, during which time the optical rotation
changed from [a]®p —37° (after 8 min.) to {a]®p +125° (after
24 hr.), and [a]?p +117° (after 5 days). The excess of acetic
anhydride was decomposed by addition of a small piece of ice,
and the reaction mixture was neutralized with 230 mg. of an-
hydrous barium acetate. The salts were eliminated by filtration
through a double layer of Darco G-60 and Celite and, after
evaporation of the solvents, the residue was dissolved in chloro-
form, and the solution was chromatographed on silica gel.
Elution with pure ethyl acetate and mixtures of ethyl acetate and
acetone, 7:1 and 3:1, eluted 58 mg. of a nearly colorless sirup.
Crystallization of this sirup from a mixture of methanol and
ether gave 24 mg. of microcrystals, m.p. 183-200°. Both crystals
and mother liquor gave two spots on paper chromatography
(Whatman No. 54), with Roucetamido-2deoxyglucose 1.28 and
Ro-acetamido-z-deoxyglucose 1.51. Complex mutarotations were ob-
served in both cases; with the microcrystals, there was a change
from {a]?®p +52° (after 12 min.) to [«]*p +71° (after 60 min.)
and [«]2D +63° (after 24 hr., ¢ 0.91 in methanol), whereas the
mother liquor mutarotated from [a]?D +79° (after 6 min.) to
[a]?> +85° (after 30 min.) and {a]*D +63° (after 24 hr., ¢
0.74 in methanol).

Acetylation of 12 mg. of impure crystalline material was car-
ried out with 0.3 ml. of acetic anhydride and 3 ml. of anhydrous
pyridine in the usual manner to give 18 mg. of a brown sirup
which was purified by chromatography on silica gel. Elution
with mixtures of ethyl acetate and acetone, 3:1 and 3:2, gave 11
mg. of 2,4-diacetamido-3,6-di-O-acetyl-2,4-dideoxyglucose (X),
a colorless sirup which could not be crystallized, but which gave
only one spot on paper chromatography (Whatman No. 54), B¢
091, RQ-acctamidw—Zdeoxyglucoﬁe 1.75.

Anal. Caled. for CisHpOgNs:
C, 48.63; H, 6.45.

Acetylation of 21 mg. of the microcrystals obtained initially
gave 14 mg. of the same tetraacetate X.

In another acetolysis experiment carried out on 165 mg. of VI,
the colorless sirup isolated in the first chromatogram was im-
mediately acetylated with acetic anhydride and pyridine, and
care was taken to avoid moisture. This gave 120 mg. of partially
cryvstalline material, which was purified by chromatography on
silicic acid. Mixtures of ethyl acetate and acetone (4:1, 3:2,
and 1:1) eluted 43 mg. of partially crystalline material which,
after crystallization from a mixture of methanol, ethyl acetate,
and ether, gave 15 mg. (7%,) of 2,4-diacetamido-1,3,6-tri-O-
acetyl-2,4-dideoxy-8-p-glucopyranose (XI), transparent platelets,
m.p. 263-265°; [a]22p —8° (¢ 0.89 in methanol); no mutarota-
tion was observed.

Anal. Caled. for CisHauOsN,o: C, 49.48; H, 6.23; N, 7.21.
Found: C, 49.37; H, 6.24; N, 7.32.

The pentaacetate gave a weak Morgan—Elson reaction which
intensified on standing. In paper chromatography, the sugar
moved with Ri of 0.89 and 094, and R2—Metnmido—z—dooxyglucnse
1.74 and 2.1 (on Whatman papers No. 1 and 54, respectively);
it reacted very weakly with the alkaline silver reagent and gave a
light pink spot with aniline phthalate. Further elution of the
initial silica gel column with acetone and with methanol gave 177
mg. of sirup, giving a faintly positive Morgan-Elson reaction, and
moving on paper chromatography with Ri acctamido—2—deoxvglucose
1.06 and 1.35 (Whatman No. 54). This material could not be
further purified, and it was de-O-acetylated as described in the
next paragraph.

2,4-Diacetamido-2,4-dideoxy-a-p-glucopyranose (XII) from X
and XI.—De-O-acetylation was carried out on a mixture of several
more or less acetylated products obtained in the acetolysis experi-
ment previously described; 210 mg. of sirupy material was dis-
solved in 2 ml. of methanol, and to this cooled solution was added
1.92 mmoles of cold sodium methoxide. The solution was kept at
0° overnight, then evaporated to dryness. The residue was dis-
solved in 1 ml. of water and deionized by passage through a short
column of Dowex 50 (H* form). After concentration 126 mg. of
sirup was obtained, which was chromatographed on silica gel.
A mixture of ethyl acetate and acetone, 1:1, and pure acetone
eluted 81 mg. of a sirupy product which, on paper chromatograms,
could be detected neither with aniline phthalate nor with the silver
reagent, and which is probably a 1,6-anhydro derivative. Fur-
ther elution of the silica gel column with mixtures of acetone and
methanol (19:1, 9:1, and 4:1) gave 50 mg. of sirup which, after

C, 48.55; H, 6.40. Found:
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two recrystallizations from a mixture of methanol, ethyl acetate,
and ether, gave 10 mg. of XIT, smull prisms, decomposing with-
out melting at about 233° (with partial transformation to needles
at 210°). This compound was shown by paper chromatog-
raphy (Rt 0.53, Raoacetamido—z-deosvglucose 1.04, on Whatman No.
1 and 54) to be identical with XIT obtained by hydrolysis of VI
followed by N-acetylation as described subsequently. Compound
XITI showed mutarotation in water, from [a]*D +88° (after 7
min.) to [a]#*p +61° (after 3 hr. and after 24 hr., ¢ 1.13).
2,4-Diacetamido-2,4-dideoxy-a-n-glucopyranose (XII) from
VI.—A mixture of 82 mg. of VI and 1 ml. of 0.5 ¥ hydrochloric
acid was heated for 1 hr. at 100°, after which a large amount of
absolute ethanol was added, and the solution evaporated, the
last traces of acid being removed by codistillation with ethanol
and toluene. A dark-colored sirup was obtained (107 mg.) which
was shown by paper chromatography (Whatman No. 54) to
contain at least 4 components: Reaminog-deoxygiucose 0.61,
R?—amino—2~douxyglucose 1 OO, Rz—aminu—z—dooxyglu(-nsr 1.39, and
Ro amino—2-deoxyelucose 1.96.  No attempt was made to separate
these products, and the crude hydrolysate was directly N-
acetylated, by dissolving it in 2.5 ml. of methanol, and adding 284
mg. of silver acetate and 1.5 ml. of acetic anhydride to the solu-
tion. After standing overnight at room temperature, the mix-
ture was refluxed for 5 min. and filtered while hot through a double
layer of Celite and Darco (:-60, and the salts were successively
washed with hot methanol and hot water. To the filtrate was
added 6 drops of 2 N hydrochloric acid, and, after 2 hr., the silver
chloride precipitate was removed by filtration and washed with
methanol. The filtrate was evaporated in the presence of toluene
and absolute ethanol to give 104 mg. of dark brown sirup. It
was chromatographed on silica gel, and pure acetone eluted 19 mg.
(239%) of the starting material VI. Pure acetone, and a mix-
ture of acetone and methanol, 19:1, eluted 17 mg. of a sirup show-
ing an R: 0.73 and an Ro_icetamido-2-deoxyglucose 1.26 on Whatman
No. 1 paper; this material had a positive ninhydrin reaction
but also gave a faint color in the Morgan—-Elson reaction. The
sirup could not be crystallized. Further elution of the silicic
acid column with mixtures of acetone and methanol (19:1, 9:1,
and 4:1) gave 32 mg. (369%) of partially crystalline material,
which gave a very faint ninhydrin reaction. In the Morgan-
Elson test, it gave a weak color which intensified on standing.
Crystallization from a mixture of 95% ethanol, ethyl acetate,

. and ether gave 14 mg. (16%) of XII, small prisms, decom posing

without melting at about 230°. This product had the same
mobility on paper chromatograms as that obtained from XI
(Rf 053; R?-»ncetnmido—z—deoxyglucose 104), and a mutar()tati(m in
water from [«]?p +84° (after 30 min.) to [a]2p +69° (after
2.5 hr. and 24 hr., ¢ 0.32).

Anal. Caled. for CipH;s0sN2:
C, 45.86; H, 6.93.

Hydrolysis of VI.—Examination of the products resulting from
the hydrolysis of VI with concentration of hydrochloric acid vary-
ing from 0.5 N to 3 ;N and time of reaction varying from 30 min.
to 24 hr. was made by paper chromatography. It showed, in
cases where hydrolyses had been carried out for 30 min. with 2 ¥
or 3 N acid, and for 30 min., 1 hr., and 3 hr. with 0.5 N acid, the
presence of five different products. The R: values and proper-
ties of these products were as follows: Ri 0.19 (Ro—amino—a-
deoxyglucose 0.66), giving a purple spot with ninhydrin, a brown
spot with aniline phthalate, and reducing silver nitrate; R; 0.22
(RQ—nmino—?—dcoxyglucose 0.76); blue with ninhydrin and not
detected by the other two reagents; R;0.29 ( Ro—amino—s—deoxvelucose
1.00), purple with ninhydrin, brown with aniline phthalate, and
reducing silver nitrate; R 0.37 (Raamino—2-deoxyglucose 1.28),
brownish yellow with ninhydrin, pink with aniline phthalate, and
reducing silver nitrate; R 0.44 (Riamino—2-dcoxvalucose 1.52), purple
with ninhydrin, but not detected with either aniline phthalate or
silver nitrate. In addition, a pink spot of R; 0.52 ( Recomino—s-de—
oxyglucose 200, Rz—nccmmido—?—deoxyglucnse 101) was observed with ani-
line phthalate, but not with ninhydrin; this last named material
must, therefore, correspond to the diacetamido glucose XII previ-
ously described. The five spots of ninhydrin positive material
probably correspond to the various possible combinations of com-
pounds having the 1,6-anhydro ring either present (compounds not
reacting with silver nitrate and aniline phthalate) or opened (re-
ducing compounds), and having either or both of the amino
groups free or acetylated. All hydrolysates were found to be
composed of complex mixtures and, even with strong acid and
prolonged hydrolysis, the presumed 1,6-anhydro compounds
were always found present.

C, 45.80; H, 6.92. Found:
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Hydrolysis of XII.—Samples of XII were hydrolyzed with 0.5 N
and with 2 N hydrochloric acid for 30 min., 2 hr., 6 hr., and 24
hr., and the hydrolysates were examined by chromatography on
paper. Paper chromatography on Whatman No. 1 paper
showed that the starting material (R; 0.50 and Ri_smino—2-dcoxvglu—
cose 1.82) had completely disappeared in less than 30 min. with 2 N
acid, and in more than 2 hr. with 0.5 N acid. Two spots of nin-
hydrin positive material were observed in all cases: one with an
R:0.17 and Ra-amino—2—deoxyglucose 0.68, and a second having R 0.28
and Ri-amino—2-deoxyglucose 1.12. The slower moving component
seemed to be present in slightly larger amounts, and it was in the
2-hr. and the 6-hr. hydrolysates that the color obtained with nin-
hydrin was most intense. Since both compounds must be amino
sugar hydrochlorides, it was assumed that one of them, probably
the faster moving component, was 4-(or 2)-acetamido-2-(or 4)-
amino-2,4-dideoxy-p-glucose hydrochloride and the other was
2,4-di-amino-2,4-dideoxy-p-glucose dihydrochloride.

Several attempts were made to hydrolyze XII on a preparative
scale and to isolate the products, either by crystallization, or by
elution from a Dowex-50 column (H* form) with 0.3 N, 0.5 N,
and 1 N hydrochloric acid, according to the method described by
Gardeli?® for the separation of glucosamine and galactosamine.
In no case, however, could a good separation be obtained, nor
any crystalline material be isolated.

4-Acetamido-1,6-anhydro-4-deoxy-3-p-glucopyranose (XIV).—
To a cold solution of 102 mg. of XIII in 2 ml. of absolute methanol
was added 1.15 mole equivalent of sodium methoxide. After
standing overnight at 0°, the solution was evaporated to dryness
and the residue dissolved in water, then deionized by passage
through a short column of Dowex 50 (H* form). After evapora-
tion, the crystalline residue was recrystallized from a mixture of
methanol and ether to give 73 mg. (87%) of small prisms, m.p.
212-213° (with sublimation starting at 190°); [«]?D —118°
(¢ 0.73 in methanol).

Anal. Caled. for CsH;O:N: C, 47.29; H, 6.45.
47.35; H, 6.63.

4-Acetamido-2,3-di-O-acetyl-1,6-anhydro-4-deoxy-3-p-gluco-
pyranose (XV).—Acetylation of 24 mg. of XIV with acetic an-
hydride in pyridine solution in the usual manner gave, after
crystallization from a mixture of methanol and ether, 25 mg.
(739%) of small prisms, m.p. 181.5-182.5°; [a]?D —62° (c
0.83 in methanol).

Anal. Caled. for Ci:H;O-N: C, 50.17; H, 5.96; CH;CO,
44.95. Found: C, 50.10; H, 6.08; CH;CO, 44.95.

The same product was obtained in 349, yield by acetylation of
XIII. On paper chromatography (Whatman No. 54) XV had an
Rr of 0.93, and R: scetamido 2 deoxyglucose 1.71, giving a weak spot
with the alkaline silver reagent.

4-Acetamido-4-deoxy-S-np-glucopyranose (XVIII).—A solution
of 90 mg. of XIV in a mixture of 3 ml. of acetic anhydride, 0.05
ml. of concentrated sulfuric acid, and 1.95 ml. of glacial acetic
acid was kept for 24 hr. at room temperature, during which time
the optical rotation was observed to shift from [«]?p +89° (23
min.) to [«]?p +146° (19 hr. and 24 hr.). The acetolysis mixture
was poured onto 10 ml. of crushed ice and then extracted with 200
ml. of chloroform. The organic layer was washed three times
with saturated sodium bicarbonate and three times with water,
then dried over sodium sulfate. The solution was evaporated to
dryness, to give 164 mg. of a pale yellow sirup which could not be
crystallized. It was directly de-O-acetylated by dissolving it in
2 ml. of absolute methanol, and adding to the solution cooled at
0°, 1.92 mmoles of cold sodium methoxide. The mixture was
kept overnight at 0°, then evaporated to dryness, and the residue
was dissolved in water and passed through a short column of
Dowex 50 (H+ form). The effluent was concentrated to give 100
mg. of yellow sirup. It was dissolved in a mixture of éthyl ace-
tate and acetone, and the solution was chromatographed on silica
gel. Mixtures of acetone and methanol (19:1, 9:1, and 4:1)
eluted 97 mg. of partially crystalline material which, after two
recrystallizations from a mixture of ethanol and ether, gave 37
mg. (409,) of very fine needles, m.p. 171-174° dec. The com-
pound showed mutarotation from [«]%p +12.5° (after 15 min.)
to [a]®p +19° (after 44 hr., at equilibrium) (¢ 0.79 in water).

Angl. Caled. for CsH;0N: C, 43.42; H, 6.84. Found:
C, 43.48; H, 6.81. :

The product gave no color with the Morgan-Elson reagent.
On paper chromatography (Whatman No.1) it migrated with an
Rf Of 044 (RZ—umino—Q-deoxyglucose 137; R‘Z—acemmido—‘z-deoxyglucose 090):

Found: C,

(23) 8. Gardell, Acta Chem. Scand., T, 207 (1953).
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giving a reddish purple spot with aniline phthalate. When 3-
acetamido-3-deoxy-8-p-glucose (N-acetylkanosamine) was chro-
matographed in the same solvent system, it moved with an R; of
049, Rz-aminu—2-deoxyglucose 1.45 and R2-acetamido 2-deoxyglucose 095,
giving a brownish red color with aniline phthalate.

Hydrolysis of 4-Acetamido-4-deoxy-8-p-glucopyranose (XVIII).
—Samples of XVIII and 3-acetamido-3-deoxy-8-p-glucopyranose
for comparison were heated with 1 N hydrochloric acid in sealed
tubes at 100° for 2 hr. In the Elson~Morgan test the hydroly-
sate of X'VIII gave no color, whereas that of N-acetylkanosamine
gave a positive reaction. On paper chromatography (Whatman
No. 1) the two hydrolyzates were found to migrate in the same
way: Rf 032, RZ-amino—2-deryglucose 107, RQ-acecamidn—2-deoxyglucuse
0.64; but the hydrolysate of XVIII (4-amino-4-deoxy-p-glucose
hydrochloride) gave a brown color with aniline phthalate, whereas
3-amino-3-deoxy-p-glucose hydrochloride gave a red-brown color.

Hydrolysis of XIV.—A solution of 70 mg. of XIV in 3.5 ml. of
0.5 N hydrochloric acid was heated for 15 hr. in a sealed tube at
100°. The brown hydrolyzate was evaporated, and the last
traces of acid removed by codistillation with absolute ethanol
and toluene. This gave 59 mg. of partially crystalline material
which, after three recrystallizations from a mixture of aqueous
ethanol and ether, gave 24 mg. (35%,) of 4-amino-1,6-anhydro-4-
deoxy-S3-p-glucopyranose hydrochloride (XVI), small prisms de-
composing without melting between 200 and 220°. The product
had [a] %D —103° (¢ 0.84 in water), and showed no mutarotation.

Anal. Caled. for C¢H,,O,NCI1: C; 36.46; H, 6.12; Cl, 17.94.
Found: C, 36.33; H, 6.31; Ci, 17.28.

On paper chromatography (Whatman No. 1) XVI gave a spot
of R;0.37 and Rz-amino-s-deoxyglucose 1.28, which could be detected
both by ninhydrin and by the silver reagent (the starting material
XIV had an Roaminos deoxyglucose Of 2.40). Both the Elson-
Morgan and the Morgan-Elson tests were negative with com-
pound XVI.

In another experiment, hydrolysis of XIV was carried out with
3 N hydrochloric acid and heating for 2.5 hr. at 100°. In this
case a sirup was obtained which could not be crystallized. Paper
chromatography (Whatman No. 1) of this sirup showed three
spots of ninhydrin positive material, with the following Rs amino
2-deoxyelucose Values: 0.87,1.03,and 1.25. The fast moving material
was the major component. The product with Ra-amino-2-deoxyeiucose
1.25 corresponds to XVI, while that with 1.03 is probably 4-
amino-4-deoxy-np-glucose hydrochloride. Acetylation of 13 mg.
of the sirup with acetic anhydride in pyridine, in the usual manner,
gave 25 mg. of a girup from which 13 mg. of crystals, m.p. 160~
172°, was obtained. After three recrystallizations from a mix-
ture of methanol and ether, 7 mg. (379%,) of 4-acetamido-2,3-di-
O-acetyl-1,6-anhydro-4-deoxy-3-p-glucopyranose (XV) was ob-
tained; m.p. 179-181°; [«]2®p —62° (¢ 0.84 in methanol). The
melting point was not depressed by admixture with the pre-
viously described XV,

1,6-Anhydro-4-deoxy-4-p-tolylsulfonamido-3-p-glucopyranose
XVII.—A solution of 28 mg. of X VI, 27 mg. of crystalline sodium
bicarbonate and 27 mg. (1.1 mole equivalent) of p-toluenesulfonyl
chloride in 0.8 ml. of water was shaken for 6 hr. at room tem-
perature. After addition of 2 ml. of water, crystals began to
form. The mixture was left overnight at 0°, then poured into a
large volume of chloroform, and the organic layer was washed
three times with saturated sodium bicarbonate and three times
with water, and finally dried over sodium sulfate. After evap-
oration of the solvent, 31 mg. (69%) of a sirup was obtained
which, by crystallization from a mixture of acetone and ether,
gave 17 mg. (389,) of fine needles, m.p. 187-188.5°; [a]?D
—52° (¢ 1.1 in methanol).

Anal. Caled. for CsHizONS: C, 49.54; H, 5.43; 8, 10.17.

Found: C, 49.28; H, 5.44; S, 10.00.
Monoamino-1,6-anhydro-monodeoxy-3-p-hexopyranose.—In
the purification of XIII (which see), some sirupy material had
been eluted from the second silicic acid column by mixtures of
chloroform and ethyl acetate, and by acetone, either alone or
mixed with methanol (whereas XIII was eluted by mixtures of
ethyl acetate and acetone). This sirup was added to the mother
liquors of X1III, to give a total of 1.17 g. of sirup which was dis-
solved in methanol and de-O-acetylated by adding 5.28 mmoles of
sodium methoxide, and keeping overnight at 0°. The reaction
mixture was deionized by dilution with water and passage
through a column of Dowex 50 (H* form), and the effluent was
concentrated to give 0.92 g. of sirup which was chromatographed
on silica gel. Mixtures of ethyl acetate and acetone, 1:1, and
pure acetone eluted 297 mg. of partially crystalline material from
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which 186 mg. of pure X1V, m.p. 209-211°, was obtained after
recrystallization from a mixture of methanol and ether.

Further elution of the silica gel column with pure acetone, and
with a mixture of acetone and methanol, 19:1, gave 593 mg. of a
pale yellow sirup which could not be crystallized; [«]%*p —175°
(¢ 1.08 in methanol). The elemental analysis corresponded to
that of a monoacetamido-1,6-anhydro-monodeoxy-3-p-hexo-
pyranose with one mole of methanol added.

Anal. Caled. for CsH;30;N -CH;OH: C, 45.95; H, 7.28; N,
5.96. Found: C, 46.12; H, 7.38; N, 6.01.

On paper chromatography (Whatman No. 54) this product
moved with an Ri_amino—g2-deoxyglucose 2.07 and reacted weakly
with the alkaline silver reagent.

A solution of 80 mg. of this sirup in 3.5 ml. of 0.5 N hydrochloric
acid was heated for 15 hr. at 100° in a sealed tube. The solution
was then evaporated to dryness, the last traces of acid being re-
moved by codistillation with ethanol and toluene. This residue
was crystallized from a mixture of water, ethanol, and ether to
give 34 mg. (51%,) of elongated prisms, decomposing at 215-225°
without melting. This compound had [a]%*p —169° (¢ 1.10 in
water), and no mutarotation was observed. The elemental an-
alysis corresponded to a monoamino-1,6-anhydro-monodeoxy-g8-
p-hexopyranose hydrochloride.

Anal. Caled. for C¢H,O,NCI: C, 36.46; H, 6.12; CI, 17.94.
Found: C, 36.34; H, 6.15; Cl, 18.05.

This hydrochloride gave a positive ninhydrin reaction, but no
color in either the Elson—-Morgan or the Morgan-Elson test.
By paper chromatography (Whatman No. 1 and 54) a single spot
was obtained with Rr 0.32 and R; amino-2 deoxyglucose 1.10.

Several attempts were made to obtain the free sugar by opening
the 1,6-anhydro ring by hydrolysis with 2 N, 3 N, or 6 N hydro-
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chloric acid, but this was always accompanied by much decom-
position, as evidenced on paper chromatograms by trailing and
multiple spots, and no pure material could be obtained. At-
tempts to obtain other crystalline derivatives by acetylation,
tosylation, or acetolysis were also unsuccessful.
1,6;3,4-Dianhydro-2-0-p-tolylsulfonyl-3-p-galactopyranose

(I).22—A solution of 300 mg. of IT?%in 10 ml. of methanol and 5.8
ml. of a solution of 0.43 N sodium methylate (3.7 moles) was
refluxed for 24 hr. After concentration to 3 ml., the sirup was
diluted with 30 ml. of water and 76 mg. of crystals were filtered.
The filtrate was deionized by passage through columns of Amber-
lite IR 400 (OH ~ form) and Dowex 50 (H* form) and evaporated
to dryness. The residue was crystallized from methanol to give
an additional yield of 9 mg. (total yield, 709;). Recrystallization
from a mixture of methanol and pentane raised the melting point
to 149-150°; [a]®p —37° (¢ 0.56 in chloroform).2¢

Anal. Caled. for C3H1,068: C, 52.34; H, 4.73; 8§, 10.75.
Found: C, 52.42; H, 4.80; S, 10.59.
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The synthesis of various derivatives of the benzyl a-p-glycoside of 2-amino-3-0-(p-1-carboxyethyl)-2-deoxy-
p-glucose (muramic acid) and of the disaccharide benzyl 6-O-(2-acetamido-2-deoxy-B-n-glucopyranosyl)-2-

acetamido-3-0-(p-1-carboxyethyl)-2-deoxy-a-p-glucopyranoside is

described. In addition, crystalline 2-

acetamido-3-0-(p-1-carboxyethyl)-2-deoxy-a-D-glucose (N-acetylmuramic acid) has been obtained.

In a previous paper,® the synthesis of the acetylated
methyl a-glycoside of the disaccharide 2-acetamido-2-
deoxy-p-glucopyranosyl-(1 — 6)-N-acetylmuramic acid
has been described. This disaccharide has been postu-
lated as one of the repeating units of the 2-amino-2-
deoxyglucan, which constitutes the backbone of the
cell wall of numerous Gram-positive and Gram-negative
bacteria.*~® Since removal of the protective methyl
a-glycosidic group cannot be accomplished without
considerable degradation of the disaccharide linkage,
the synthesis of the disaccharide was repeated using the
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(6) H. R. Perkins, Biochem. J., T4, 182 (1860).

protective benzyl a-glycoside group, which can be re:
moved by catalytic hydrogenolysis. Starting from
benzyl 2-acetamido-4,6-0-benzylidene-2-deoxy-a-p-glu-
copyranoside (I),” the synthesis proceeded along a
route similar to the one described for the methyl a-
glycoside derivative.®* The various crystalline muramic
acid derivatives II to VIII were obtained in yields
quite similar to those obtained for the methyl o-
glycoside derivatives. The condensation of benzyl
2-acetamido-4-O-acetyl-2-decxy-3-0-[D-1-(methyl car-
boxylate)ethyl] - « - p - glucopyranoside (VI) with 2-
acetamido - 3,4,6 - tri-O- acetyl - 2 - deoxy - « - b - gluco-
pyranosyl bromide (XI) proceeded, however, in very
low yield, and only 3 to 49, of the desired disaccharide
(XII) was obtained. Removal of the benzyl glycoside
group of the deacetylated product XII by catalytic
hydrogenation gave an amorphous disaccharide; its
properties, compared to those of the disaccharide iso-
lated from Micrococcus lysodeikticus cell wall, will be
described in a forthcoming publication.

Removal of the benzyl glycoside group of benzyl 2-
acetamido - 3 - O - (D - 1 - carboxyethyl) - 2 - deoxy-

(7) R. Kuhn, H. H. Baer, and A. Seeliger, .Ann., 611, 236 (1958).



