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ABSTRACT 

3-Deoxy-4-O-j?-D-galactopyranosyl-D-ef~~~&hexos-2-ulose (1) was obtained 
from lactose by reaction with benzoylhydrazine in the presence of a slightly acidic 
solution of p-toluidine, followed by hyclrazinolysis of the product, 3-deoxy40+D- 
galactopyranosyl-D-erythro-hexos-Zulose bis(benzoylhydrazone) (3), with benzal- 
dehyde. A variety of derivatives of 1 and 3 was prepared. Lactose aroylhydrazones 
were also prepared. Quantitative determination of the oxidant during the periodate 
oxidation of 3 was studied. Periodate oxidation of monosaccharide arylhydrazones 
gave glyoxal mono(arylhydrazones) which afforded the corresponding, mixed 
bis(hydrazones). 

INTRODUCTION 

The non-enzymic browning (Maillard) reactionle3 is a complex set of reactions 
known to occur, during storage or. processing of many foodstuffs, between reducing 
sugars and amino acids (free, or combined as proteins or peptides), leading to the 
formation of dark-colored and insoluble products, as well as to flavor deterioration. 
3-Deoxyhexosuloses have been postulated2-4 as intermediates in such reactions 
through a process of /?-elimination. Moreover, it has been suggested that such 
compounds are responsible for the antitumor activity of several antibiotics5*6. 

In addition to these biological aspects of the 3_deoxyhexosuloses, they are also 
of considerable importance from the chemical2 point of view, such as in study of the 
Lobry de B_ruyn-Alberda van Ekenstein transformation. They occur as intermediates 
in the conversion of sugars by acids into furfurals, and by alkalis into metasaccharinic 
acids. 

As lactose @-o-j%D-gah&OpyranOSyl-D-glUCOpyDinOSe) is one of the con- 
stituents of milk, it might be supposed that, owing to the foregoing aspects, its 3- 
deoxyosulose derivative, 3-deoxy~~-~-D-galactopyranosyl-D-ef~~~r~-hexos-2-ulose 
(1) is of particular importance. Its synthesis has now been achieved by the hydra- 
zinolysis of (new) bis(a.roylhydrazones). 

*The Scope of the Reactions of Hydrzines and Hydrazones, Part VI. 
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Aroylhydrazones of monosaccharides are excellent precursors for the synthesis 
of their heterocyclic derivatives’-‘, such as 1,3,4_oxadiazoles, which are of biological 
interest”- 13. It seemed likely that such derivatives having oligosaccharide side- 
chains might possess greater solubility and, consequently, better chemotherapeutic 
values than those from monosaccharides. The first step in this work was the prepara- 
tion of a number of lactose aroylhydrazones (and their structures are discussed). 

RESULTS AND DISCUSSION 

On reviewing the literature on the methods available for synthesizing 3- 
deoxyaldos-2-uloses, it was found that a number of methods have been suggested for 
their preparation: (I) conversion of 3-deoxyaldoses into 3-deoxyaldosuIoses via their 
reaction with arylhydrazine, and hydrazinolysis’4*15, (2) action of alkali on 3-0- 
benzylated aldoses r6-‘*, (3) decomposition of N-butyl-aldosylamines by aceticacid15, 
(4) decomposition of di-D-fructoseglycine1g*20, (5) the action of acids on D-fructosezl, 
(6) a sequent of reactions** (starting with a 2-deoXyaldonic acid chloride), -CH,- 
COCI+-CH2COCHN2+CH2COCH=N-N=PPh,+-CH,COCHO, and, recently, 
(7) a simpler route23--25, including the hydrazinolysis of 3-deoxyaldosulose bis- 
(aroylhydrazones) obtained by the reaction of the appropriate aldoses with aroyl- 
hydrazines in the presence of p-toluidine. It seemed that the last is the route of choice 
for preparing this class of compound, as the others either give a low yield of the 
aldosulose, or the isolation thereof is a tedious process. Thus, the reaction of lactose 
with p-toluidine in acitied ethanol, followed by treatment with benzoylhydrazine, 
gave a colorless product identified as 3-deoxy-4O-/?-D-galactopyranosyl-D-erythro- 
hexos-24ose bis(benzoylhydrazone) (3, R = H). Similarly, variants (4-9) of 3 
were prepared having different aroyl substituents (such as a-hydroxybenzoyl, m- 
toluoyl, p-toluoyi, p-methoxybenzoyl, p-chlorobenzoyl, and p-nitrobenzoyl). As, 
with the arylamines, lactose is known to give the N-aryhactosylamines, which are 
capable of undergoing the Amadori rearrangement, it seems possible that the 
rearranged product gives the corresponding 3-deoxyaldos-2-ulose, which reacts, 
in situ, with the aroylhydrazine to aBord the bis(aroylhydrazone) (Z&9). The n.m.r. 
spectra of 3 and 6 (3, R = C,H,-Me-p) showed the sugar protons as a multiplet 
at 6 3.9-5.2, and the aromatic protons as multiplets in the regions 6 7.040 and 6 8.2- 
9.1 for both compounds. In addition, compound 6 showed two singlets, at 6 2.1 and 
2.2, due to the two me+hyl groups of the p-toluoyl rings. 

Hydrazinolysis of the bis(aroylhydrazone) residues with benzaldehyde in 
ethanohc solution, in a manner similar to that used in the preparation of 3-&OXy-D- 
aldos-2-ulosesz3 and D-arabino-hexosulose2 6, gave benzaldehyde benzoylhydrazone 
and 3-deoxy~O-~-D-ga.lactopyra.nosyl-D-ef~t~r~-hexos-2-ulose (1) in 20 % yield; this 
could be transformed into a crystalline bis(p-nitrophenylhydrazone) (2), whereas its 
bis(phenylhydrazone) could not be isolated in crystalline form. The osulose 1 reacted 
with benzoylhydrazine to afford the original 3-deoxy-4O-/?-D-ga&topyranosyl-D- 
erythro-hexos-2-uIose bis(benzoylhydrazone) (3, R = H), indicating that the hydra- 
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zinolysis does not affect the rest of the molecule (particularly, the glycosidic linkage). 
On periodate oxidation, 3-deoxy4O-/?-D-g~actopyranosyl-D-eryrhro-hexos-2- 

ulose bis@enzoylhydrazone) consumed the caiculated amount of the oxidant within 
five hours, followed by the consumption of 2-3 moles per mole during the next 3 days, 
with the isolation of a colorless compound tentatively assigned the structure 2,4,6- 

triformyl-1-hydroxy-3,5-dioxanonane-8,9-dione 8,9-bis(benzoylbydrazone) (10). 
Acetylation of 3 gave an amorphous product, whereas benzoylation with 

benzoyl chloride in pyridine gave hexa-O-benzoyi-3-deoxy40-/?-D-galactopyranosyl- 
D-erythro-hexos-2-ulose 2-(2benzoylhydrazone) 1-(2,2dibenzoylhydrazone) (11). 

Direct treatment of lactose with aroylhydrazines afforded the corresponding 
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aroylhydrazones (12-30) having a variety of aroyl substituents, such as benzoyl, o- 
hydroxybenzoyl, m-hydroxybenzoyl, p-hydroxbenzoyl, m-toluoyl, p-toluoyl, p- 

methoxybenzoyl, o-chlorobenzoyl, p-cblorobenzoyl, p-bromobenzoyl, o-iodobenzoyl, 
p-iodobenzoyl, and p-nitrobenzoyl, in addition to nicotinoyl, isonicotinoyl, veratroyi, 
piperonoyl, p-tolyisulfonyl, and phenylacetyl. 

Benzoylation of lactose aroylhydrazones [l2, R = Ph, and 20 (12, R = 
C,H,Cl-p)] with benzoyl chloride in pyridine gave octa-O-benzoyl derivatives (31 
and 32, respectively) which showed, in their i-r. spectra, bands at 1720 cm-’ due to 
the OBz groups, in addition to a band at 1640 cm-’ due to the OCN group (which 
also appeared in the spectra of their precursors). 

Periodate oxidation of lactose benzoylhydrazone gave a product identical with 
that isolated from monosaccharide benzoylhydrazones2’, which may be taken as 
evidence for the presence of the former in the (partially) open-chain structure. 
O’Donnell and E. Percival” studied the periodate oxidation of D-galactose phenyl- 
hydrazone, and the product was formulated as glyoxal mono(phenylhydrazone). We 
extended this periodate oxidation to D-galactose p-bromo- and p-iodo-phenyl- 
hydrazones (33) and the products were formulated as glyoxal mono-(p-bromo- and 
p-iodo-phenyl)hydrazones (34 and 35, respectively), which showed, in their i.r. spectra, 
the aldehydic groups at 1660 cm-‘. These monohydrazones reacted with a number of 
aryl- and aroyl-hydrazines, affordin, m the corresponding, mixed bis(hydrazones) 
(36-43). 

HC=N-NHR 
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HtOH 
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HOCH HC=N-NHR HC=N-NHR 
I -I -I 

H°CH 
CHO HC=N-NHCOR’ 

H&OH 
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I 
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42143 

EXPERIMFNTAL 

General metho& - Melting points were determined with in Kofler-biock 
apparatus and are uncorrected. 1.r. spectra were recorded with a Unicam SP-200 
spectrometer. U.V. spectra were recorded with a Unicam SP-800 spectrophotclmeter. 
Microanalyses were performed in the Chemistry Department., Faculty of Science, 
Cairo University, Cairo, Egypt. 
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3-Deoxy-4-0-B-D-gaZactopyrrmosy~-D-eryth bk(aroylhy&azones) 

(3-9). - A solution of lactose (0.01 mol) and p-toluidine (0.01 mol) in a mixture of 
ethanol (50-100 mL), water (5-10 mL), and acetic acid (2 mL) was boiled under 
reflux for 30 min. The aroylhydrazine (0.03 moi) was then added, and the mixture 

was further refluxed for 15-25 h. The resultant solution was kept for 2 days, during 
which, the product separated out; it was titered off, washed successively with alcohol 
and ether, and dried. Recrystallization was effected from ethanol, to give colorless 

needles (see Table I). 
3-Deoxy-4-0-~-D-galactopyranosyl-D-eryt (1). - A solution 

of compound 3 (2.0 g) in ethanol (60 mL), water (100 mL), acetic acid (2.5 mL), 
and freshly distilled benzaldehyde (3.5 mL) was boiled under reflux for 6 h on a 
water bath; after 3 h, benzaldehyde benzoylhydrazone started to separate out. 
Ethanol was removed by evaporating off 60 mL of the solution, with simultaneous 

dropwise addition of water (100 mL). After 18 h, the precipitated benzaldehyde 
benzoylhydrazone was filtered off, and the filtrate was concentrated to 40 mL, 

washed with ether, and evaporated to a thick syrup (yield 20 ‘A). Reaction of the syrup 
with benzoylhydrazine afforded the bis(benzoylhydrazone) 3. 

3-Deoxy-4-0-8_D-gaZactopyranosyZ-D-erythro-Zzexos-2-uZose bzk(p-nitrophenyZ- 
hydrazone) (2). - A solution of syrupy 2 (0.56 g), (p-nitrophenyl)hydrazine (0.5 g), 

and 1 drop of acetic acid in water (10 mL) was heated for 1 h at 40’. The bis-hydrazone 

that separated out was liltered off, and successively washed with ethanol and ether 
(yield 93 %). The product was recrystallized from ethanol-water, to give red needles, 
m.p. 195O; vz* 3330 cm-’ (OH). 

Anal. Calc. for C24E30Ns011 - H20: C, 47.1; H, 5.3; N, 13.7. Found: C, 47.1; 
H, 4.9; N, 13.9. 

2,4,6-Trz~ormyZ-I-hydroxy-3,5-dioxanonane-8,9-dione 8,9-bis(benzoyZfzydrazone) 
(10). - To a stirred solution of sodium metaperiodate (2.4 g) in distilled water 
(25 mL) was added compound 3 (2.0 g). The mixture was kept in the dark overnight 
at room temperature, and the product that separated out was titered off, washed 

successively with water and aqueous sodium thiosulfate solution, and dried (yield 
64%). It was recrystallized from ethanol, to give coiorless needles, m.p. 205”; vzi 
1690 (C=O), and 1655, 1640 cm -’ (OCN); AEzH 240, 265, and 340 nm (log E 3.81, 
3.83, and 3.33); nzzH 248 and 318 nm (log E 3.80 and 3.26). 

Anal. Calc. for C2.+Hz4N408: C, 58.1; H, 4.9; N, 11.3. Found: C, 58.3; H, 4.6; 

N, 10.9. 
Hexa-O-benzoyZ-3-deoxy-4-O-B-D_gaZactopyranosyZ-D-e~~o-hexos-2-KZose 2- 

(t-benzoylhydrazone) I-(2,tdibenzoyZhydrazone) (11). - A solution of compound 3 

(0.1 g) in dry pyridine (10 mL) was treated dropwise with benzoyl chloride (1 mL), 

and the mixture was kept overnight at room temperature. It was then poured onto 
crushed ice, and the precipitate was filtered off, washed successively with water and 
aqueous sodium hydrogencarbonate, and dried (yield 86%). The product was re- 

crystallized from ethanol, to give colorless needles; m-p. 14OO; vNujol 1720 (OBz), 
1710 and 1690 cm-’ (OCN). 
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Anal. Calc. for C75H60N4017: C, 69.9; H, 4.7; N, 4.2. Found: C, 70.0; H, 4.7; 
N, 3.9. 

Lactose aroylhydrazones (l2-30). - A solution of lactose (2 mmol) in water 
(2 mL) was treated with an aroylhydrazine (2 mmol) in ethanol (4 mL), and the 
mixture was boiled under reflux for 1 h. The resulting solution was concentrated, 
and then cooled, whereupon the product separated out. It was atered off, washed 
with ethanol, dried, and recrystallized from ethanol, to give colorless needles (see 
Table II)_ 

Octa-0-bemoyllactose (2-aroyl-2-benzoyZ)hydrazone (31, 32). - A solution of 
lactose aroylhydrazone (12, or 20) (0.1 g) in dry pyridine (5 mL) was treated with 
benzoyl chloride (1 mL), and the mixeJre was kept overnight at room temperature. 
The mixture was poured onto crushed ice, and the product that separated out was 
filtered off, successively washed with water and sodium hydrogencarbonate solution, 
and dried. It was recrystallized from ethanol, to give colorless needles (see Table III). 

GZyoxaZ mono(ary2hydrazone.s) (34, 35). - To a stirred solution of sodium 
metaperiodate (0.04 mol) in distilled water (25 mL) was added the D-galactose aryl- 
hydrazone (0.01 mol) in portions. The mixture was kept overnight in the dark at room 
temperature, and the product was Utered off, washed successively with water and 
aqueous sodium thiosulfate solution, and dried. It was recrystallized from ethanol, 
to give red needles (see Table IV). 

GZyoxaZ 2-(aroylhydrazone) I-(aryZhydrazoone) (36-41). - A hot solution of 
gIyoxa1 mono(arylhydrazone) (0.2 moi) in ethanol (20 mL) was treated with the 
calcuIated amount of the aroylhydrazine, and the mixture was heated for 2 min on a 
steam bath. On cooling, the mixed hydrazone separated out; it was recrystallized from 
ethanol, to give yellow needIes (see Table IV). 

GZyoxaZ I-(arylhydrazone) t<aryZhydrazoone) (42, 43). - A hot solution of the 
glyoxal mono(arylhydrazone) (0.2 mol) in ethanol (20 mL) was treated with the 
calculated amount of the arylhydrazine, and the mixture was treated as in the 
preceding experiment (see Table IV). 
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