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The mixture of anomers was treated with acetic anhydride in
pyridine in the usual manner. Two components were revealed
by thin layer chromatography on silica gel G with ethyl ace-
tate development. The slower moving component migrated at
the same rate (R: 0.47) as 2-0-(2-acetamidotri-O-acetyl-2-
deoxy-g-p-glucopyranosyl)-1,3-di-O-acetylglycerol (VIII), and
the other component migrated at the same rate (R¢ 0.53) as the
naturally derived product VI. The latter component was iso-
lated by preparative thin layer chromatography performed
in the same manner and obtained in crystalline form from eth-
anol-petroleum ether (bp 30-60°); mp 123.5°, undepressed on
admixture with crystalline, naturally derived VI; [«]%D +60°
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(¢ 1.99, chloroform); infrared and nmr spectra and X-ray powder
diffraction pattern identical with those of crystalline, naturally
derived VI.

Anal. Caled for CuHuNOy: C, 49.89; H, 6.17; N, 2.77.
Found: C, 50.07; H, 5.93; N, 2.86.
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The nuclear magnetic resonance spectrum of Percival dianhydroosazone acetate agreed with structure III

which possesses one imino proton and a trans arrangement between H, and Hy and between Hy and He.

Since

the configuration of H, is known, it was possible to determine the configuration of H, and Hy and show that

Percival osazone was a dianhydro-p-lyzo derivative.

Dianhydro-p-lyzo-hexulose o0-, m-, and p-tolylosazones

and p-methoxyphenylosazone were also prepared from tetra-O-acetyl-pD-arabino-hexulose arylosazones, but N-
acetylated osazones and acetates of 3,6-anhydroosazones failed to give dianhydro derivatives.

Nuclear magnetic resonance spectroscopy has re-
cently!—¢ been used to establish the structure of osa-
zones. We have now used this technique to prove
the structure of Percival dianhydroosazone and to
establish its configuration.

Percival dianhydroosazone® is formed by deacetyla-
tion of hexose phenylosazone tetraacetates with so-
dium hydroxide in aqueous acetone. It exists in two
enantiomorphic forms depending upon the p and L
configuration of the starting osazone. Thus, saccha-
rides having different configuration on C-3 and C-4,
such as p-glucose, p-galactose, and p-gulose, give the
same dianhydro compound, and its enantiomer is ob-
tained from the 1 sugars. It is therefore believed®
that an inversion of configuration at C-3 and C-4
takes place in certain cases to assume a stable con-
figuration and that only the asymmetric carbon atom
at C-5 in the osazone retains its configuration during
anhydride formation.

Percival dianhydroosazone gives a monoacetate and
a monomethyl ether and upon treatment with nitrous
acid loses only one hydrazone residue, suggesting that
the other hydrazone residue is involved in anhydro-
ring formation. This, and the fact that the anhydro-
osazone fails to give the formazan reaction, led Henseke®
to suggest the tautomeric structures Ia and IIa for
this anhydroosazone.

It is obvious that the nmr spectrum of structure I
would reveal two imino protons, whereas that of struc-
ture II would reveal only one imino proton, thus af-
fording a simple means of distinguishing between the
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two tautomeric forms. Our nmr study of Percival
dianhydroosazone acetate (Figure 1) showed only one
imino proton at 8 9.53 ppm, thus favoring tautomeric
form II. The rest of the nmr spectrum was also in
agreement with the carbon-hydrogen skeleton of IIb.
The doublet at & 5.08 ppm was assigned to the methine
proton of C-3 of the osazone precursor, which is linked
to the etheric oxygen; the coupling constant of . this
proton to the proton whose resonance appeared at
3 4.65 ppm and which was assigned to the C-4 proton of
the osazone precursor was relatively large (J = 8
cps). This large coupling was explained by an axial-
axial frans relationship between the C-3 and C-4
protons. The latter proton, appearing at § 4.65 ppm,
was split by a large coupling of J = 8 cps by the trans
proton of C-3, and with a moderately large coupling of
J = 6 cps by the proton at about § 5.65 ppm, assigned
to the methine proton of C-5 bearing the O-acetyl
group. The moderate size coupling of J = 6 cps
was also ascribed to a trans arrangement of the protons
of C-4 and C-5, but probably quasi-axial-axial. The
proton of C-5, appearing at 8 5.65 ppm, was split with
a coupling constant of J = 6 cps by the trans proton
of C4 and the trans proton of the C-6 methene, and a
small coupling of J = 3 cps by the cis proton at C-6.
The geminal protons of the methene group at C-6
of the osazone precursor appeared at § 4.3 and 3.7 ppm,
both being split by a large geminal coupling of J =
11 eps. The trans proton at é 4.3 ppm was split by the
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Figure 1.—Nuclear magnetic resonance spectrum of Percival dianhydroosazone acetate in deuteriochloroform.

C-5 proton with a spin-spin coupling constant of J =
6 cps and the cis methene proton at § 3.7 ppm with
a coupling constant of J = 3 ¢ps.

From the above, it is seen that we have in Percival
dianhydroosazone a trans arrangement between the
protons of C-3 and C-4 and a trans arrangement be-
tween those of C-4 and C-5. Since it is known that
Percival dianhydroosazones possess the same con-
figuration at C-5 as the starting osazone, we can now
determine the configuration of C-3 and C-4. Thus,
if we represent the dianhydroosazone sideways with
the OAc group above the plane of the rings (p configura-
tion) and the C-3 hydrogen below the plane of the rings,
then the proton at C-4 will be above the rings and that
at C-3 below the plane of the rings (IIT). This arrange-
ment when represented in the Fischer projection
formula with the C-C bonds below the plane and the
hydrogen and oxygen (or nitrogen) above it would cor-
respond to that of a dianhydro-p-lyro-hexulose
phenylosazone (galactose derivative). It seems that
the osazones from bD-glucose and D-gulose undergo
inversion during anhydride formation to acquire the
configuration of this galactose derivative.
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The mass spectrum of Percival dianhydroosazone
acetate indicated a molecular weight of 364, in accord-
ance with the molecular formula CayHzN4O; and
showed a strong M — 103 peak corresponding to the
loss of PhN, also in agreement with structure I1I.

We have also found that osazone acetates, such as
IV and V, having a 3,6-anhydro ring did not give
Percival dianhydroosazone, irrespective of the con-
figuration of their 3,6-anhydro ring; they were merely
hydrolyzed to the starting 3,6-anhydroosazone. Simi-
larly, N-acetylosazones, such as N-acetyltetra-O-
acetyl-p-lyzo-hexulose phenylosazone (VI), failed to
give a dianhydroosazone, probably because the dif-
ficultly hydrolyzable N-acetyl group delayed the anhy-
dride formation between the hydrazone residue and the
hydroxyl group of C-4, which must apparently precede
the formation of 3,6-anhydro ring. This would explain
the failure of 3,6-anhydroosazone acetates to give di-
anhydroosazones.
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We have also prepared a number of tetra-O-acetyl-
p-arabino-hexulose arylosazones substituted in the
phenyl ring with electron-releasing groups, such as o-,
m-, and p-CH; and p-OCH;, and electron-attracting
groups, such as p-COOH and p-NO,, and found that
dianhydroosazones could readily be obtained from the
former osazone acetates but not the latter. Upon
acetylation of dianhydro-p-hexulose o-tolylosazone
with pyridine and acetic anhydride we isolated a crystal-
line diacetate (VII) which showed two carbonyl
bands, one ester band at 1730 cm~! due to the O-
acetate and an amide band at 1690 ¢em~? due to the N-
acetate. The isolation of this compound affords a
further proof to Henseke’s finding that one hydrazone
residue is involved in anhydro-ring formation, while
the other is only chelated.

We have ascribed to the substituted dianhydro-
osazones a lyzo configuration like that of Percival
dianhydroosazone.
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Experimental Section

The nmr spectrum of Percival dianhydroosazone acetate was
carried out on a Varian HA-100 spectrometer in deuteriochloro-
form, using tetramethylsilane as an internal standard. Infrared
absorption spectra were measured on a Unicam SP-200 spectro-
photometer.

Tetra-O-acetyl-p-arabino-hexulose o-Tolylosazone.—p-arabino-
Hexulose o-tolylosazone (2 g) was treated with pyridine (15 ml)
and acetic anhydride (10 ml), and the mixture was kept over-
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night at room temperature. It was then poured onto crushed ice
(200 g) and the product was washed with water and crystallized
from dilute ethanol as orange prismatic plates, mp 138-140°.
These were soluble in acetone, ethanol, and methanol; »52 1740
(OAc)and 1595 (C=N)cm~L. Anal. Caledfor CuHyNsOs: N,
10.5. Found: N, 10.4.

Dianhydro-p-lyzo-hexulose o-Tolylosazone.—Tetra-O-acetyl-
p-grabino-hexulose o-tolylosazone (0.5 g) dissolved in acetone
(30 ml) was mixed with 1.5% sodium hydroxide solution (35 ml)
at room temperature. After 1 hr dianhydro-p-lyzo-hexulose
o-tolylosazone separated. It was filtered and crystallized from
ethanol as pale yellow needles, mp 208-210°, soluble in ethanol
and methanol; »ier 3400 (OH) and 1600 (C=N) ecm~1. Anal.
Caled for CypHnNO:: C, 68.6; H, 6.3; N, 16.0. Found:
C, 68.1; H, 6.7; N, 13.9.

N-Acetylmono-O-acetyldianhydro-p-lyzo-hexulose o-Tolylosa-
zone.—A solution of dianhydro-p-lyro-hexulose o-tolylosazone
(0.2 g) in pyridine (5 ml) was treated with acetic anhydride (5
ml) and kept overnight at room temperature. It was then
poured onto crushed ice (100 g), and the solidified product was
washed repeatedly with water and crystallized from dilute ethanol
as orange prismatic plates, mp 215-216°. These were soluble
in acetone, ethanol, and methanol; »ie: 1730 (OAc), 1690
(NAc), and 1630 (C==N) em~1. Anal. Caled for CpsHzN4O,:
C, 66.4; H, 6.0; N, 12.9. Found: C,66.2; H, 6.0; N, 13.0.

Dianhydro-p-lyzo-hexulose m-Tolylosazone.—p-arabino-Hex-
ulose m-tolylosazone (1 g) in pyridine (10 ml) was treated
with acetic anhvdride (10 ml) and kept overnight at room tem-
perature. It was then poured onto crushed ice, and the solidi-
fied acetate was filtered and washed thoroughly with water (0.8
g). It was dissolved in acetone (35 ml) and deacetylated with
1.5¢; sodium hydroxide (30 ml). The dianhydro derivative
which separated crystallized from ethanol as yellow prismatie
plates, mp 204-208°. These were soluble in ethanol and meth-
anol; ¥ 3400 /OH) and 1600 (C==N) cm™!. Anal. Caled for
CoHeNOs: C.68.6; H, 6.3; N, 16.0. Found: C, 68.9; H,
6.4; N, 16.0.

Tetra-O-acetyl-p-arabino-hexulose p-Tolylosazone.—bp-arabino
Hexulose p-tolylosazone (2 g) in pyridine (15 ml) was treated
with acetic anhydride {10 ml) as usual, and the product was
crystallized from dilute ethanol as yellow prismatic needles, mp
153-154°, soluble in acetone, ethanol, and methanol; whe
1725 (OAe) and 1605 (C==N) em™t. Anal. Caled for CoHy-
N.Os: N, 10.5. Found: N, 10.7.

Dianhydro-p-lyzo-hexulose p-Tolylosazone.—Tetra-O-acetyl-
p-arabino-hexulose p-tolylosazone (0.4 g) was dissolved in acetone
(30 ml) and treated with 1.5% sodium hydroxide (35 ml) at
room temperature. After 2 hr dianhydro-p-lyze-hexulose p-
tolylosazone was separated, filtered, and crystallized from ethanol
as yellow needles, mp 265-266°. It was soluble in ethanol and
methanol; 252 3490 (OH) and 1605 (C==N) em~l. Anal.
Caled for CpoHoN4O:: C, 68.6; H, 6.3; N 16.0. Found: C,
68.4; H, 6.4; N, 15.8.

Dianhydro-p-iyzo-hexulose p-Methoxyphenylosazone.—p-ara-
bino-Hexulose p-methoxyphenylosazone (1 g) was acetylated
with pyridine (10 ml) and acetic anhyride (10 ml) overnight and
then poured onto crushed ice. The amorphous acetate was
filtered, washed with water, and dried (0.8 g), then dissolved in
acetone (30 ml) and deacetylated as before. Dianhydro-p-lyzo-
hexulose p-methoxyphenylosazone which separated was crystal-
lized from ethanol as yellow prismatic needles, mp 241-243° dec,
soluble in ethanol and methanol; »=2 3500 (OH) and 1595
(C=N) em™. Anal. Caled for CyHpNOs: C, 62.8; H,
5.8; N, 14.7. #ound: C, 63.0; H,6.0; N, 14.6.
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Deacetylation of 3,6-Anhydro-p-ribo-hexulose Phenylosazone
Acetates.—4,5-Di-O-acetyl-3,6-anhydro-p-ribo-hexulose phenylo-
sazone’ (0.3 g) or N-acetyl-4,5-di-O-acetyl-p-rsbo-hexulose phenyl-
osazone® (0.3 g) in acetone (20 ml) was deacetylated with 1.59
sodium hydroxide (40 ml). The solution upon standing over-
night was neutralized with a stream of CO,, whereby 3,6-anhy-
dro-p-ribo-hexulose phenylosazone separated. It was identified
after crystallization from dilute ethanol by comparison with an
authentic specimen; both showed identical melting point and
mixture melting point (156°), as well as identical infrared spectra.

N-Acetyl-4,5-di-O-acetyl-3,6-anhydro-p-lyzo-hexulose Phenyl-
osazone. A. With Boiling Acetic Anhydride.—3,6-Anhydro-p-
lyzo-hexulose phenylosazone (2 g), prepared from p-lyzo-hexulose
phenylosazone and methanolic sulfuric acid,” was refluxed with
acetic anhydride (30 ml) for 1 hr and then poured onto crushed
ice (500 g). The crystalline acetate was filtered, washed with
water, and crystallized from ethanol as yellow plates, mp 173~
175°, soluble in acetone, ethanol, and methanol; »X5 1730
(OAc), 1690 (NAc), and 1600 (C=N) ecm~l, Anal. Caled
for 024H25N40e: C, 61.80 H, 5.6; N, 12.0. Found: C, 62.0;
H, 5.9, N, 12.5.

B. With Acetyl Chloride.—The same product was obtained
by treating 2 g of 3,6-anhydro-p-lyzo-hexulose phenylosazone
with dimethylaniline (20 ml), followed by acetyl chloride (10
ml) at room temperature. The mixture was kept overnight,
then poured onto crushed ice, and the acetate was crystallized
from ethanol; yield 1 g, mp 173-175°.

Deacetylation of 3,6-Anhydro-p-lyzo-hexulose Phenylosazone
Acetates,—When either 4,5-di-O-acetyl-3,6-anhydro-p-lyzo-hexu-
lose phenylosazone’ (0.2 g) or N-acetyl-4,5-di-O-acetyl-3,6-
anhydro-p-lyzo-hexulose phenylosazone (0.2 g) in acetone (20
ml) was deacetylated with sodium hydroxide and the solution
kept overnight at room temperature, then neutralized with
a stream of CO,; 3,6-anhydro-p-lyzo-hexulose phenylosazone
separated. This compound was identified after crystallization
from dilute ethanol by comparison with an authentic specimen;
both showed identical melting point and mixture melting point
(155-158°), as well as identical infrared spectra.

Tetra-O-acetyl-p-arabino-hexulose p-Carboxyphenylosazone.
—A solution of p-arabino-hexulose p-carboxyphenylosazone (2 g)
in pyridine (15 ml) was treated with acetic anhydride (10 ml)
and the mixture kept overnight at room temperature. It was
then poured onto crushed ice (200 g) and the acetate was filtered,
washed with water, and crystallized from dilute ethanol as
yellow prismatic plates, mp 215-217° dec, soluble in acetone,
ethanol, and methanol; »5% 1740 (OAc) and 1605 (C=N)
em™l,  Anal. Caled for CpHaN4Op: C, 54.7; H, 4.9; N,
9.1. Found: C,54.8; H,5.3; N, 9.4,

Deacetylation of tetra-O-acetyl-p-arabino-hexulose p-carboxy-
phenylosazone and N-acetyltetra-O-acetyl-p-lyzo-hexulose phen-
ylosazone? as well as the amorphous tetra-O-acetyl-n-arabino-
hexulose p-nitrophenylosazone in acetone using 1.5% sodium
hydroxide in the usual manner resulted in smorphous products.
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