2650 FBATHER AND RUSSELL

The Journal of Organic Chemistry

TasLe I
ULTRAVIOLET SPECTRAL DaTA

— 0.1 N HCL pH 7 buffer————— ~————0.1 N NaQH~rrm—e—,
Compd Amax (¢ X 107 Agia (¢ X 103)  Amax (¢ X 1079  Amin (¢ X 107 Amax (e X 1079) Amin (¢ X 1072)
1,3-Dibenzylhypoxanthinium bromide? 254 (10.2) 236 (7.1) 245° Unstable
280° 290-300 (0.55)
3-Benzhydryl-1-(tri-O-acetyl-g-p-ribo- 253 (9.78) 238 (7.98) 258° (7.17)
furanosyl)hypoxanthine bromide (7b) 280% (3.52) 290-310 (3.13) Unatable
3,7-Dibenzylhypoxanthine® 255.5 (10.1) 237 (7.08) 266 (11.8) 238.5 (5.8) 266 (11.7) 238 (5.5)
1.Benzythypoxanthine® 249 (9.58) 228 (5.60) 251 (9.15) 230 (4.8) 261 (9.75) 239 (4.67)
1-Methylhypoxanthine? 249 (9.40) 219 (2.22) 250 (9.00) 224 (2.70) 2.60 (9.60) 236 (3.36)
1-8-p-Ribofurahosylhypoxanthine (13c) 249 (8.95) 223 (3.76) 251 (8.55) 228 (3.91) 261 (8.53) 238 (3.32)
1,9-Dibensylhypoxanthine® 253 (10.6) 232 (6.2) 253 (10.4) 232.5 (5.5) 252 (10.4) 232.5 (5.7)
9-Benghydryl-1-8-p-ribofuranosylhypo- 253 (12.2) 234 (7.93) 253 (12.2) 234 (7.38) 253 (11.5) 237 (8.93)
xanthine (8-14c)
1-Methyl-Q-propenylhy):\:axa.mlnine‘i 220 (18.4) 225 (24.2) 225 (25.0)
253% 254} 2542
270° 270%
g-Propenyl-1-g-p-ribofuranosylhypo- 223 (21.4) 226 (26.3) 226 (25.8)
xanthine (15¢) 253% 270 270°
7-a-p-Ribofuranosylhypoxanthine (a-5¢) 252 (9.23) 226 (3.95) 257 (8.40) 229 (3.70) 263 (8.83) 230 (4.00)
7-8-p-Ribofuranosylhypoxanthine (8-5¢) 252 (9.10) 228 (4.00) 256 (8.48) 229 (4.07) 263 (9.23) 229 (4.16)
s Data fromref 7. ® Shoulder. ¢Datafromref2, ¢ Data from ref9.

tri-O-benzoyl-p-ribofuranosyl bromide, prepared from 1-O-
acetyl-2,3,5-tri-O-benzoyl-p-ribofuranose (3.78 g, 7.5 mmol).
The mixture was refluxed with stirring for 1 hr and then filtered.
The filter cake was washed with boiling CHCl, (four 25-ml por-
tions). The xylene filtrate was evaporated to dryness in vacuo;
the residue was dissolved in CHCl; (100 ml); and this solution was
combined with the CHCl; washings. The solution was washed
with 309, KI (two 200-ml portions), then with H;O (two 200-mi
portions), dried over MgSO,, and evaporated to dryness in

vacuo. A solution of the crude blocked nucleoside was dissolved .

in MeOH (157.5 ml) containing NaOMe (405 mg, 7.5 mmol),
refluxed for 30 min, neutralized with AcOH, and evaporated to
dryness. A solution of the residue in 100 mi of H,O was washed
with CHCI; (50 ml), treated with charcoal, filtered, and then con-
centrated to 40 ml, whereupon a white solid crystallized, yield
418 mg (18%).

The analytical sample was obtained from a previous run by
recrystallization from Hy;0. It wasdried at 78°: mp 168-170°;
5 (ppm) 1.84 (m, CHjy), 3.32 (H,0), 3.72 (Cy-H), ca. 4.1 (m,
Cy-H, Ca’-H, and C4’-H), 5.32 (bl‘OB.d m, OH), 6.16 (d, Jyyr =

3 Hz, C,~-H), 8.37 (Cs-H), 8.75 (C;-H). The AB portion of the
ABX; absorption of the propenyl protons is observed as a com-
plex multiplet between 6.1 and 7.4 ppm.

Anal. Calcd for CmHuN‘Oa‘O.ngOZ C, 50.39, H, 5.23;
N, 18.08. Found: C,50.26; H, 5.46; N, 18.07.

Registry No.—a-5¢, 19895-30-8; B-5¢, 10280-01-0;
B-6a, 20187-88-6; B-6¢, 20187-89-7; B-7b, 20290-59-9;
12, 20187-90-0; B-13c, 20187-91-1; B-14c, 20187-92-2;
$-15¢, 20187-93-3.
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The formation of Amadori products (l-amino-1-deoxy-2-ketoses) and their subsequent decomposition to
melanoidin polymers, furan derivatives, and colored substances is of considerable importance, forming the basis

for the syndrome frequently referred to as the nonenzymatic browning reaction.?

In acidic solution, Amadori

products are known?®* to undergo decomposition with the production of 2-furaldehyde derivatives as the major

monomeric reaction product.

It has been suggested®® that the mechanism of this decomposition involves a

1,2 enolization of the Amadori product (I), followed by a dehydration to give the enolic form (II) of a 3-deoxy-

glycosulose (IIT), or a Schiff base thereof.

In this work, lsamino-1-deoxy-p-fructose derivatives
derived from p-toluidine, dibenzylamine, and morpho-
line were prepared® and their decompositon in acidic
solution was studied. In both acetic acid and hydro-

(1) Journal Paper No. 5584, Missouri Agricultural Experiment Station.

(2) T. U. Reynolds, Advan. Food Res., 18, 1 (1963).

(3) A. Gottschalk, Biochem. J., 53, 455 (1952).

(4) E. F. L. J. Anet, Advan. Carbohyd. Chem., 19, 181 (1964), and refer-
ences therein.

(5) H. Kato, Bull. Agr. Chem. Soc. Jap., 34, 1 (1960).

(6) J. E. Hodge and B. E. Fisher in ‘“Methods in Carbohydrate Chem-
istry,” Vol. I1, R. L. Whistler and M. L. Wolfrom, Ed., Academic Press,
New York, N. Y., 1863, p 99.

In subsequent steps it has been suggested* that IT or III undergoes
further dehydration to the 2-furaldehyde derivative (IV).

chloric acid, the major monomeric reaction product was
5-(hydroxymethyl)-2-furaldehyde (IV). Yields of IV,
determined spectrophotometrically,” were variable (see
Experimental Section) and the use of acetic acid as a
catalyst favored the formation of IV in the over-all
reaction. This is in general agreement with the data
reported by Gottschalk,® for a series of Amadori prod-
ucts composed of weakly basic amines.

In order to investigate the mechanism of the dehy-
dration reaction, the Amadori products were converted

(7) J. F. Harris and coworkers, Forest Prod. J., X, 125 (1980).
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to IV in deuterium oxide solution using both acetic and
hydrochloric acid as catalysts. Estimates of the
amount of deuterium incorporated into IV during the
conversion were made by proton signal diminution mea-
surements of nmr spectra. A 60-MHz nmr spectra of
a pure, crystalline sample of IV showed the aldehyde
proton as a singlet at § 9.53, the ring proton at position
3 as a doublet centered at § 7.59 (J = 3 cps), the ring
proton position 4 as a doublet centered at & 6.78 (J =
3 cps), and the carbon-bound hydroxymethyl protons
as a singlet at § 4.69.

CI?HZNR'R’” GHO CHo
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A comparison of the signal intensities at § 4.69, 6.78,
7.59, and 9.53 indicated that only the latter two signals
showed any variation in intensity during the various
experiments and was taken to indicate that significant
ineorporation occurred only at position 3 and at the al-
dehydic carbon atom. Measurements (Table I) were
made by a comparison of signal intensity at § 4.69 with
that from the proton in question and were determined
to be accurate to =0.1 atom of deuterium per molecular
position.

TasLe 1
DruTterIuM INCORPORATION INTO 5-(HYDROXYMETHYL-2-
FURALDEHYDE DERIVED FROM 1-AMINO-1-DEOXY-D-
FRUCTOSE DERIVATIVES IN DEUTERIUM OXIDE

Amine Incorporation (%)° Incorporation (%)¢
substituent Acid® at aldehyde carbon at position 3
p-Toluidine Acetic ' 23 7
p-Toluidine HCl1 0 0
Dibenzylamine Acetic 75 75
Dibenzylamine HCl 44 0
Morpholines Acetic 87 87

s The low yield (less than 49%,) of 2-furaldehyde from this
compound precluded a measurement in HCl. ®In all cases,
2 N acetic or 1 N HCI was used as solvent at a reaction tempera-
ture of 100°. ¢ These conversions were made in 909, deuterium
oxide and the figures are not corrected for water initially con-
tained by the solvent, nor for protons introduced from the acid
catalysts or the carbohydrate hydroxyl groups.

Deuterium incorporation at the aldehyde carbon
atom of IV is consistent with a reversible enolization of
the Amadori product as & first step in the reaction, and
differences in the extent of incorporation may be attrib-
uted to combinations of amine basicity, acid strength,
and the reactivity of the enolic form. While incorpora-
tion at position 3 of IV might be due to either reversible
2,3 enolization of I or to reversible equilibration of I1
and III during the reaction, the finding that, under cer-
tain conditions, no detectable incorporation occurs
clearly indicates that 3-deoxy-p-glucosulose (III) is not
a necessary intermediate in the reaction.

3-Deoxyglucosuloses and their enolic derivatives
have been suggested as intermediates in reactions such
as the formation of metasaccharinic acids® from hex-

(8) J. C. 8peck, Jr., Advan. Carbohyd. Chem., 18, 63 (1958).
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oses in alkaline solution and in the acidic dehydration of
hexoses to 5-(hydroxymethyl)-2-furaldehyde,® as well
as in the reaction considered above. It is interesting to
note that recent isotope exchange experiments indicate
that III likewise does not appear to be formed during
the conversion of p-glucose or p-fructose to IV under a
variety of conditions, but the formation of metasac-
charinic acid from p-glucose is consistent with III as an
intermediate.!!

The participation of III in the over-all dehydration re-
action was further examined by the preparation of ITI12
followed by its conversion to IV in deuterium oxide so-
lution at the conditions used for the decomposition of
the Amadori products. In both experiments, the re-
sulting IV contained no carbon-bound deuterium.

Experimental Section

Materials and Methods.—Nuclear magnetic resonance spec-
tra were obtained on a Varian A-60 spectrometer at 60 MHz using
deuterium oxide as solvent and sodium 3-(trimethylsilyl )propane
sulfonate as the internal standard. Standard 5-(hydroxymethyl )
2-furaldehyde (IV) was a commercial sample once recrystallized
from ether-hexane. Concentrations of IV in solution were
determined by measurement at 283 mu using a Beckman DB-G
spectrometer on which IV had Anax 283 mu and € 17,400. Total
absorption at this wavelength was assumed to be due to IV, and
calculations were made on the basis of an absorption of 1.0 =
9.1 mg/l. Dehydration products were qualitatively identified
by thin layer chromatography using silica gel GF as the support
and chloroform-acetic acid (9:1) as irrigant. Purity of Amadori
products was determined by paper chromatography using buta-
nol-pyridine-water (6:4:3) asirrigant. Aniline hydrogen phthal-
ate!? spray reagent was used for both thin layer and paper chro-
matographic visualizations.

Preparation of the Amadori Products.—These compounds were
prepared by the procedures described by Hodge and Fisher.t
The morpholino derivative had mp 143-44°, the p-toluidino
derivative mp 151-52°, and the dibenzylamino derivative mp
165°. All three compounds ran as single spots on paper chro-
matograms,

Reactions of the Amadori Products in Acidic Solution.—A 3.0-g
sample of 1-deoxy-1-toluidino-p-fructose was dissolved in 80 ml
of water, and, after the addition of 10 ml of acetic acid, the solu-
tion was heated at 100°. At the end of 60 min, when spectral
measurements indicated that a maximum yield (339) had been
reached, the solution was cooled to 25°, passed through a column
containing Dowex 50 (hydrogen form), and evaporated to dry-
ness at reduced pressure at 40°. The resulting brown solid,
when examined by thin layer chromatography, showed the pres-
ence of IV as the major reaction product along with traces of an
unknown component having an R; approximately twice that of
IV. A uv spectrum of this material in aqueous solution was
superimposable with that of a known spectrum of IV, and a nmr
spectrum of the material showed signals for all of the protons
contained by IV. In this and all subsequent experiments, an
approximate 30% loss in IV was observed during isolation.
Parallel experiments using solutions of standard IV indicated
that this was largely due to irreversible adsorption of IV on
the ion-exchange resin. No attempt was made to quantitatively
elute the product.

For decompositions in 1 N HCI, 3 g of Amadori product was dis-
solved in 80 ml of acid and heated at 100°. After 2 hr, when the
yield of VII from 1-deoxy-1-toludino-p-fructose reached a maxi-
mum value of 159, the solution was cooled and cation exchanged.
The efffuent was carefully neutralized with 10 N NaOH and evap-
orated to dryness. IV was identified as the major reaction
product as above.

(9) E. F. L. J. Anet, Australian J. Chem., 18, 240 (1965).

(10) M. 8. Feather and J. F. Harris, Tetrahedron Lett., 5807 (1968).

(11) M. 8. Feather and J. ¥. Harris, Abstracts of Papers, 157th National
Meeting of the American Chemical Society, Minneapolis, Minn., April
1969.

(12) H. Kato, Agr. Biol. Chem., 38, 187 (1962).

(13) 8. M. Partridge, Nature, 184, 443 (1049).
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The same procedures were followed for the remaining com-
pounds, in which case the morpholino derivative gave a maximum
yield of 3.6% in HC} after 6 hr and 159 in acetic acid after 6
hr, while the dibenzylamino derivative gave 809, yield in 6 hr
in acetic acid and 219, in HCl after 2 hr.

Preparation and Acidic Degradation of 3-Deoxyglucosulose
(III).—This material was prepared from n-butyl-p-glucosyl-
amine as described by Kato.® A paper chromatographic exam-
ination of the syrupy product using n-butanol-acetic acid-water
(4:1:1) as irrigant showed that it contained largely the gluco-
sulose along with some contaminating glucose. When this prep-
aration was heated at 100° for 1 hr in either 2 N acetic acid or 1

The Journal of Organic Chemistry

N HCI and the solutions worked up as described for the Amadori
products, all the glucosulose was converted to IV, while parallel
experiments showed that the yield of IV from p-glucose was less
than 19,

Conversions to VII in Deuterium Oxide.—The Amadori prod-
ucts and III were converted to IV in 909 deuterium oxide solu-
tion, either 2 V in acetic acid or 1 N in HCI, using the same pro-
cedures as described above. Following evaporation, the prep-
arations were evaporated to dryness several times from 999,
deuterium oxide and the spectra run in the usual way.

Registry No.—1V, 67-47-0.

Studies in the Ganglioside Series. II.

Further Application of

N-Dichloroacetylhexosaminyl Bromides to the Synthesis of Aminosaccharides'?
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The synethesis of galactosaminyl-(1->6)-galactose by two different routes is reported.
tion of bromide IIT with diketal IV, or with 1,2,3,4-tetraacetylgalactose.

It involves condensa-
The protecting dichloroacetyl group,

in addition to its removal by mild alkaline hydrolysis, can be directly converted into the acetyl group by catalytic

hydrogenation.

In paper I of this series® we described the synthesis
of N-acetylglucosaminyl-(1—+4)-galactose. N-Dichlo-
roacetamido-2-deoxy-3,4,6-tri-O-benzoylglucopyranosyl
bromide used in the Koenigs—Knorr reaction was
found to be a reactive and highly stable compound
which gave rise to the disaccharide in satisfactory
vield. The dichloroacetyl group could be removed by
0.4 N aqueous methanolic barium hydroxide at room
temperature.

As a preliminary attempt to employ this new type of
bromide in the synthesis of galactosaminyl oligosac-
charides we have now carried out the synthesis of 6-O-
(2-acetamido-2-deoxy-8-p-galactopyranosyl)-p-galacto-
pyranose (VII) (Chart I). Oligosaccharides con-
taining the hexosamine (1—-6) hexose linkage have been
found in human blood group substances.**

It is noteworthy that, although glucosamine and
galactosamine differ only by the steric arrangement
at C-4, the latter hexosamine displayed peculiar physi-
cal and chemical properties, and we encountered
difficulties in the preparation of the key substances.
Compound IT was obtained in a lower yield as a result
of incomplete benzoylation, while the bromide III,
although it was chromatographically pure, could not
be induced to crystallize. The bromide reacted
smoothly with 1,2:3,4-di-O-isopropylidene-a-p-galacto-
pyranose (IV) in the presence of mercuric cyanide to
give V in 909, yield. Lloyd and Roberts® have con-
densed the same diketal with 3,4,6-tri-O-acetyl-2-
deoxy-2-(2,4-dinitroanilino)-a-p-glucopyranosyl  bro-
mide and obtained the substituted B-disaccharide in
vields of 15-29%,, depending on the solvent and the
catalyst applied. After debenzoylation and removal of

(1) This work was supported by the National Institutes of Health,
Grant No. 425115.

(2) Part of the Ph.D. Thesis of A. J. Acher, The Weizmann Institute of
Scl(;';c;. Shapiro, A. J. Acher, and E. 8. Rachaman, J. Org. Chem., 88, 3767
(19(2’)7).“/'. P. Aston, A. 8. R. Donald, and W. T. J. Morgan, Biochem. Bio-
phys. Res. Commun., 80, 1 (1968).

(5) K. O. Lloyd and E. A, Kabat, Carbohyd. Res., 4, 165 (1967).
(8) P. F. Lloyd and G. P. Roberts, J. Chem. Soc., 6910 (1985).
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the dichloroacetyl group with barium hydroxide the

diketal V was converted into the acteyl derivative VI.
The 1—6 linkage in oligasaccharides is reported to be

the least susceptible to acid hydrolysis, in contrast to



