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Synthesis of Methyl 2-0-Benzoyl-4, 6-0-benzylidene-

a-n-arab ino-hexopyranosid-3-ulO'se# 

Naoki KASHIMURA*, Masaru KITAGAWA**, Zenzaburo KuMAZAWA, 

and Shiro KOY AMA 

Laboratory of Pesticide Chemistry, Department of Agricultural Chemistry, Mie University, Tsu, Mie 514, Japan 

For the study of virus-inactivating action of pyranosiduloses, methyl 2-0-benzoy卜4,6-0-benzylidene-

a-o-arabino-hexopyranosid-3-ulose (4) which has an axial a-substituent in the molecule was synthesized by 

oxidation of methyl 2心 benzoyl-4,6-0-benzylidene如 o-mannopyranoside(1) and methyl 2-0-benzoyl-

4, 6-0叫benzylidene企 o-altropyranoside(2) with DMSO-acetic anhydride mixture. 

Examination of the time course of the oxidation reactions by p. m. r. spectroscopy revealed that com-

pound 4 was epimerized to thermodynamically more favourable epimer, methyl 2-0-benzoyl-4, 6-0-

benzylidene-a-o-ribo-hexopyranosid-3-ulose (6) during the reaction. Treatment of 1 with the oxidant at 

35°for 2.5 hr, followed by evaporation of the solvent and reagent afforded,4 in 90% yield. The D-arabino 

structure of 4 was confirmed by the elemental analysis and the examination of p. m. r. data for 4, 6, and 

crystalline 2, 4-dinitrophenyhydrazone derivatives (5 and 7) of 4 and 6. 

Introduction 

This laboratory has been interested in the synthesis and biological activity of hexopyranosiduloses.1) 

During the course of our recent study on the virus-inactivating action of methyl hexopyranosidふulose

derivatives,2l methyl 2-0-benzoyl-4, 6-0-benzylidene-a-o-arabino-hexopyranosid-3-ulose (4) and its 

C-2 epimer (6) were required. Most substituted hexopyranosidふ uloseshave recently been prepared by 

oxidation of appropriate substituted carbohydrate derivatives containing,.an isolated secdonary hydroxyl 

group at C-3, with recently developed new oxidants, such as dimethyl sulfoxide (DMSO) based oxidants 

or ruthenium oxide.3,4) However, preparation of pyranosiduloses with an axial a-substituent has been 

sometimes difficult because of epimerization of the ketones during oxidation to thermodynamically favour-

able product, i.e. an epimer with an equatorial a-substituent,5,6) although some cases without epimerization 

have also been reported.7,8) The present paper reports the formation of 4 from methyl 2-0-benzoyl-4, 6-

0-benzylidene如 o-mannopyranoside(1) or methyl 2-0-benzoyl-4, 6-0-benzylidene企 o-altropyranoside

(2), and epimerization of 4 to methyl 2-0-benzoyl-4, 6-0-benzylidene-a-o-ribo-hexopyranosidふulose

(6) during oxidation with DMSO-acetic anhydride mixture. The use of pyridinium chlorochromate for 

preparation of hexopyranosiduloses without epimerization was recently reported.9) 

Results and discussion 

Methyl 2-0-benzoyl-4, 6-0-benzylidene如 D-arabinかhexopyranosid-3-ulose(4) can be prepared by 

oxidation of C-3 hydroxyl group of methyl 2-0-benzoyl-4, 6-0-benzylidene-a-n-mannopyranoside (1) 

or methyl 2-0-benzoy卜4,6-0匹benzylidene-a-o-altropyranoside(2) unless epimerization of C-3 substituent 

to ribo derivative takes place. Compound 1 was prepared by selective benzoylation of methyl 4, 6-0-

benzylidene-(たo-mannopyranoside10lwith benzoyl cyanide11l, followed by separation of the reaction 

products by silica gel column chromatography in 18 % yield. Other products separated were methyl 
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2, 3-di-0-benzoyl-4, 6-0-benzylidene-a心 mannopyranoside (I 8 %), and methyl 3-0-benzoy卜4,6-0-

benzylidene丑心mannopyranoside(4 %), respectively. Syrupy 1 was converted into cyrstalline methyl 

2-ひbenzoyl-4,6-0-benzylidene-3-0-p-tolylsulfonyl岬かD-mannopyranoside(8). The structure of 8 was 

confirmed by examination of p. m. r. data for 8 and 1 (chemical shift and coupling constants of C-2 protons, 

see experimental section). Similarly, compound 2 was prepared by selective benzoylation of methyl 

4, 6-0-benzylidene-a-o-altropyranoside.12) In this case, compound 2 was obtained as main product in 

70% yield. 

Ph~Meーニベ。~~〗三Me
a R•Ts / s R•N·NH0No2 

Ph ¥。三三 j N02 

Ph ¥。□ 口゚、三2

3 

Fig. 1. 

A. 

16h( 

10hr. 

1hr. 

10min. 

Omin. 

B. 

7hr. 

ムhr.

1hr. 

30m'tn. 

瓜

｀
 

Omin 

6.0 5.0 4,0 6.0 5.0 

ppm ppm 

Fig. 2. P. m. r. spectra of the reaction mixtures for the preparation of 4 from 1 (A) and 2 (B). 
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For optimal reaction conditions for the preparation of 4, the reaction of 1 with DMSO-acetic anhydride 

mixture at 35°was monitored by p, m. r. spectroscopy. Figure 2-A shows the spectra of the reaction 

mixture which contained 25 mg of 1, 0.25 ml of acetic anhydride, and 0.4 ml of DMSO-D6. After 1 hour of 

reaction time, signals of H-1, H-2, and benzylidene methine proton of 1冷completelydisappeared, and the 

same kind of signals of compound 4 appeared. After 16 hours, the reaction mixture contained additional 

product whose signals corresponded well with those of methyl 2-0-benzoyl-4, 6-0-benzylidene如 D-ribo-

hexopyranosid-3-ulose (6) which was prepared by oxidation of methyl 2-0-benzoyl-4, 6-0-benzylidene心

o-glucopyranoside (3). Figure 2-B shows the similar results obtained~y treatment of 2 with DMSO-

D6-acetic anhydride mixture at 35°. These results reveal that oxidation of 1 and 2 ends in 1 hour, whereas 

epimerization of 4 to 6 starts after oxidation, suggesting that reaction intermediates of oxidation, such as 

sulphonium "ylid", may not be involved in epimerization. These results were in agreement with earlier 

observation that an epimeric pair of isolated hydroxyl group of carbohydrates were oxidized at an equal 

rate13l and that pyranosiduloses containing an axial a一substituentwere epimerized to thermodynamically 

stable isomer. A. C. Richardson et al. suggested acid-catalyzed enolization as possible mechanism for 

the observed epimerization of sugar ketones.6l 

Preparation of 4 on larger scale was accomplished by treating 1 (100 mg), acetic anhydride (1.0 mg), 

and DMSO (1.6 ml) at 35°for 2.5 hr to afford chromatographically (t. I. c.) homogenous syrupy product 

in 90% yield. The structure of 4 was further confirmed by converting 4 into crystalline 2, 4-dinitrophenyl-

hydrazone derivative (5). P. m. r. data for 5 (li,2=0.3 Hz, vicinal diequatorial protons), elemental 

analysis, and comparison of properties of 5 with those of methyl 2-0-benzoyl-4, 6-0-benzylidene-a-ribo-

hexopyranosid-3-ulose 2, 4-dinitrophenylhydrazone (7, Ji.2=4.5 Hz, vicinal equatorial-axial protons) 

completely support the arabino structure for 4 and 5. 

In conclusion, the present study has shown that hexopyranosiduloses with an axial a-substituent can 

easily be prepared in good yield by oxidation with DMSO based oxidants of the corresponding alcohols if 

the reaction is stopped before epimerization of desirable product to thermodynammically favourable 

epimer takes place. It may be of interest to note that oxidation of 1 or 2 with DMSO-acetic anhydride 

come to an end in about 1 hour which is quite shorter than the reaction time hitherto reported for the 

oxidation of secondary hydroxyl groups of carbohydrates.14l 

Experimental 

General methods. Melting points were determined on a Yanagimoto micro hot stage and are uncorrected. Infra-
red spectra were measured with a Jasco infrared spectrophotometer (IR-G). Optical rotations were determined in 
0.1 dm cells with a Jasco optical dispersion recorder. Thin-layer chromatography was carried out on Merck 
(Darmstadt) plates precoated with silica gel F-254, and spots were located with a Shimazu high speed TLC scanner 
CS-920. Solvent system used was benzene: ethyl acetate=6: 1 v/v. Evaporations were carried out in vacuo at 
40-45°. P.m.r. spectra were recorded with a Hitachi high resolution spectrometer R。22.
Methyl 2-0-benzoyl-4, 6心 benzylidene如 D-arabino-hexopyranosidふ11/ose(4)ぷ'Amixture of 1 (100 mg) and 

acetic anhydride (l.0 ml) in DMSO (1.6 ml) was stirred at 35°for 2.5 hr. Evaporation of the reaction mixture in 
vacuo, followed by extraction of the resulting syrup with three portions of chloroform (30 ml) and concentration 
of the chloroform solution, afforded syrupy ulose (90 mg, 90 %), R1 0.12, 1,1~!~1730, 1759 cm舌 p.m.r.(CDCl3)o3.45 
(s, 3 H, OMe), 3.80-4.50 (multiplet, 3 H, H-5, 6, and 6'), 4.80 (q, 1 H, H-4), 5.15 (d, 1 H, H-2, 12,1 =3.0 Hz), 5.28 
(d, 1 H, H-1, Jぃ=3.0Hz), 5.60 (s, phCH, 1 H), 7.30-7.60 (multiplet, aromatic), 8.05 (q, aromatic); (DMSO-
D泣4.92(d, 1 H, H-2, J2, 1 = 1.5 Hz), 5.09 (d, 1 H, H-1), 5.87 (s, 1 H, phCH). 
Methyl 2-0-benzoyl-4, 6-0-benzylidene-a心 arabino-hexopyranosidふu/ose2, 4-dinitrophenylhydrazone (5). To a 

solution of 4 (100 mg) in methanol was added 1.0 ml of 2, 4-dinitrophenylhydrazine reagent1'l at room temperature 
to afford crude crystalline hydrazone. Purification of the crude product by preparative t.l.c. (0.5 mm) gave pure, 
yellow crystalline hydrazone (35 mg), m.p. 178ー180°,[a]伊＝ー475°(c,0.2, chloroform), Rr 0.62, 1.1!~: 3250, 1720, 
1510, 1342 cm舌 p.mふ (CDCl3)iJ3.45(s, I H, OMe), 4.67 (d, 1 H, H-4, J4,5=9.0 Hz), 5.12 (d, 1 H, H-2, 12,1 = 
0.3 Hz), 5.70 (s, I H, phCH), 5.85 (d, 1 H, H・1,J1,2=0.3 Hz), 8.12 (d, aromatic), 8.33 (q, aromatic), 8.84 (d, 
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aromatic). 

Anal. Cale. for C27叫 010N4:C, 57.44; H, 4.28; N, 9.93. Found: C, 57.39; H, 5.38; N, 9.84. 
Methyl 2-0-benzoyl-4, 6-0-benzylidene如 D-manopyranoside(1) To a solution of methyl 4, 6-0-benzylidene-

a-o-mannopyranoside10l (8 g) in acetonitrile (10 ml) was added benzoyl cyanide (3.73 g) and the reaction mixture 

was kept at room temperature for 30 min with stirring. After methanol (5 ml) was added to the reaction mixture, 

the solution was concentrated to the syrupy residue which was found by t.l.c. to contain four products. Separation 
of the products on silica gel column chromatography (eluent, benzene: ethylacetate= 1: 6) afforded the title com-

pound (2.3 g, 18 % yield), together with 3-0-benzoyl derivative (0.6 g, 4 % yield) and 2, 3-di-0-benzoyl derivative 

(2.3 g, 18 % yield); methyl 2-0-benzoyl-4, 6-0-benzylide11e-a-D-ma1111opyranoside, syrup, Rr 0.45, 11ば 3500,1725 
cm-1, p.m.r. (CDCl3)i5 3.40 (s, 3 H, OMe), 3.80-4.40 (multiplet, 4 H, H-3, 4, 6, 6'), 4.83 (d, I H, H-1, J1,2=0.8 Hz), 

5.45 (q, l H, H-2, J2,4=4.0 Hz), 5.65 (s, l H, phCH), 7.30-7.60 (multiplet, aromatic), 8.10 (q, 2 H, aromatic); 
(DMSO-D泣4.81(d, I H, H-1, Jぃ=1.5Hz), 5:23 (t, I H, H-2), 5.76 (s, 1 H, phCH).; methyl 3-0-b邸 zoyl-4,6-〇-

be11zy!ide11e-a-Dーmannopyranoside,m.p. 127°(lit.11> m.p. 132°), Rr 0.22, i., ば 3500,1725 cmー1,p.m.r. (CDCl3)i53.42 

(s, OMe), 3.80-4.40 (multiplet, 5 H, H-2, 4, 5, 6, 6'), 4.80 (d, 1 H, H-1, J,,2=0.8 Hz), 5.67 (s, l H, phCH), 5.58 (q, 

1 H, H-3, J3,2=3.0 Hz, J3,4=10.0 Hz), 7.30-7.60 (multiplet, aromatic), 8.09 (q, 2 H, aromatic); methyl 2, 3-di-
O-benzoyl-4, 6-〇-benzylidene如 D-mannopyranoside,syrup, Rr 0.70, 1,1血 1730cm-1, p.m.r. (CDCl3)i53.46 (s, 3 H, 

OMe), 3.70-4.50 (multiplet, 4 H, H-4, 5, 6, 6'),,4.91 (s, 1 H, H-1, J1,2=0.8 Hz), 5.68 (s, I H, phCH), 5.71 (q, I H, 

H-2, J2,3=3.0 Hz), 5.89 (q, 1 H, H-3, J3,4=8.0 Hz), 7.20-7.60 (multiplet, aromatic), 8.00 (q, aromatic 2 H). 
Methyl 2-0-benzoyl-4, 6-0-benzylidene-3-0-P-tolylsuげonyl-a-D-mannopyranoside(8) Treatment of 4 (50 mg) with 

p-tolylsulfonyl chloride (100 mg) in pyridine (3.5 ml) at room temperature for 4 days followed by the usual work up 

of the reaction mixture afforded the title compound in 40.3 % yield, m.p. 183-185°(lit圧 m.p.186—188°), [al炉十500°

(c, 0.014, chloroform), Rr 0.66, 心翌 1732,1778, 1180 cm-1, p.m.r. (CDC13)i52.28 (s, 3 H, phCH3), 3.39 (s, 3 H, 
OMe), 3.70-4.30 (multiplet, 4 H, H-4, 5, 6, 6'), 4.74 (d, 1 H, H-1, 11,2=1.6 Hz), 5.05 (q, 1 H, H-3, J3,4=lO.O Hz), 

5.50 (q, 1 H, H-2, /2,3=4.0 Hz), 5.54 (s, phCH, 1 H), 6.90-8.20 (multiplet, aromatic). 

Methyl 2-0-benzoyl-4, 6-〇-benzylide11e-a-D-ribo-hexopyra11osid-3-ulose(6) Oxidation of 3 with DMSO-acetic 
anhydride by the method of F. A. Carey1•l, gave the title compound in 39% yield, m.p. 197-204°(lit.16l m.p. 210-
212°), [a]炉=+68.0 (c, 0.88, chloroform, Rr 0.53, 咄肛 1700,1762 cm-1, p.m.r. (CDC13)i53.49 (s, 3 H, OMe), 3.80-

4.50 (multiplet, 4 H, H-4, 5, 6, 6'), 5.36 (d, I H, H-2, J2」=4.2Hz), 5.65 (d, l H, H-1), 5.61 (s, phCH, l H), 7.30-
7.60 (multiplet, aromatic), 8.15 (q, 2 H, aromatic); (DMSO-D泣4.92(d, 1 H, H-4, J4,5=10.0 Hz), 5.50 (d, 1 H, 

H-2, J,,1=4.5 Hz), 5.76 (d, I H, H-1, J1,,=4.5 Hz), 5.77 (s, 1 H, phCH). 

Methy/2心 benzoyl-4,6-〇-benzylidene如 D-ribo-hexopyranosid-3-ulose2, 4-dinitropltenylhydrazone (7) To a so-
lution of 6 (50 mg) in methanol was added the 2, 4-dinitrophenylhydrazine reagent (0.5 uIJ) to give crude hydrazone. 

Recrystalization from ethanol afforded yellow needles (49 mg, 67%), m.p. 300°, [al梵=+57°(c, 0.7, chloroform), 

R, 0.52, 1,1ば 3250,1732, l 520, 1340 cm-•; p.m.r. (CDCl3)i52.98 (s, 3 H, OMe), 3.20-3.90 (multiplet, H-5, 6, 6'), 

4.11 (d, 1 H, H-4, J4,,=9.0 Hz), 4.53 (d, 1 H, H-2, J2,1=4.0 Hz), 5.02 (s, 1 H, phCH), 5.08 (d, I H, H-1, f1,2= 
4.0 Hz), 6.70-7.05 (multiplet, aromatic), 7.l 5 (q, 2 H, aromatic), 7.55 (q, I H, aromatic), 8.24 (d, I H, aromatic), 
8.90 (d, 1 H, aromatic). 

Anal. Cale. for C27叫 010凡： C, 57.44; H, 4.28; N, 9.93. Found: C, 57.28; H, 4.25; N, 9.78. 
Methyl 2-0-benzoy卜4,6心 benzylidene如 o-altropyranoside (2) Benzoylation of methy 4, 6-0-benzylidene如

D-altropyranoside (1.0 g) with benzoyl cyanide (0.52 g) in acetonitrile (5 ml) at 25°for 15 min, followed by the usual 

work up of the reaction mixture gave syrupy product which was chromatographed on silica gel to yield the title 

compound as main product (433 mg), m.p. 136-137°(lit.11l m.p. 137ー138.5°),p.m.r. (CDC13)il3.48 (s, 3 H, OMe), 

3.80-4.10 (mlutiplet, 2 H, H-6, 6'), 4.2-4.4 (multiplet, 3 H, H-3, H-4, H-5), 4.83 (s, l H, H-1), 5.30 (q, I H, H-2, 

J2,1=0.5 Hz, Jぃ=1.5Hz), 5.71 (s, 1 H, phCH), 7.3-7.6 (multiplet, aromatic), 8.05-8.15 (q, 2 H, aromatic); 

(DMSO-D泣3.33(s, 3 H, OMe), 3.7-4.5 (multiplet, 5 H, H-3, 4, 5, 6, 6'), 4.70 (s, 1 H, H-1), 5.08 (d, 1 H, H-2, J2,3= 
2.6 Hz), 5.33 (d, 1 H, C3-0H), 5.80 (s, 1 H, phCH), 7.3-7.8 (multiplet, aromatic), 8.0-8.2 (q, 2 H, aromatic). 
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摘 要

メチ）レ 2-0—ベンゾイ）い4,6-0-ベンジリデン—a:-D臼アラビノ—ヘキソヒ°ラノシ l←3-ウロースの合成

柏村直樹・北川 優・熊澤善三郎・小Ill司朗

三重大学農芸化学科農薬化学研究室

ヘウソヒ°ラノシドウロースの抗ウイルス活性研究に必要な a位にアキシャル置換基を有するメチル 2-0-ベンゾイ

）レ-4.6-0ーベンジリデン一cx-Dーアラビノーヘキゾビラノシドー3ーウロース (4)を，相当する D-マンノース (1)および D-

ア）レトロース (2) 誘尊体の酸化によって合成した。 1 又は 2 と DMSO—無水酢酸の反応を， p. m. r. によって経時的

に調ぺたところ， 4 は生成後， C-2 エピマーのメチ）レ 2-0—ベンゾイ）レー4.6-0ーベンジ 1) デン-cx-Dーリボーヘキソピラ

ノシ Fー3-ウロース (6)に屎性化することがわかったので， 反応を屎性化の起る前にとめて， 目的物を90形の収最で

離することができた。 4は結晶性の2.4ージニトロフェニ）レヒドラゾン (5)に祁き， 6のヒドラゾンとの比較， p.m. r. 

および元索分析により，その構造が Dーアラビノ型であることを確認した。




