
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

Novel Synthesis of Phosphono Sugar Derivatives
Mitsuji Yamashita; Akihiro Yabui; Kazumitsu Suzuki; Sadaaki Kumagai; Tatsuo Oshikawa

To cite this Article Yamashita, Mitsuji , Yabui, Akihiro , Suzuki, Kazumitsu , Kumagai, Sadaaki and Oshikawa,
Tatsuo(1996) 'Novel Synthesis of Phosphono Sugar Derivatives', Phosphorus, Sulfur, and Silicon and the Related
Elements, 109: 1, 405 — 408
To link to this Article: DOI: 10.1080/10426509608545176
URL: http://dx.doi.org/10.1080/10426509608545176

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509608545176
http://www.informaworld.com/terms-and-conditions-of-access.pdf


wo
jse

UL
|H

Phosphorus. Sulfur, and Silicon. 1996, Vols. 109-110, pp. 405-408 © 1996 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only under license by Gordon and Breach Science

Publishers SA
Printed in Malaysia

NOVEL SYNTHESIS OF PHOSPHONO SUGAR DERIVATIVES
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Department of Applied Chemistry, Faculty of Engineering, Shizuoka University,
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Abstract 2- And 3-phospholenes were used as the starting materials for the
syntheses of sugar derivatives having a phosphorus atom in the hemiacetal ring of
the sugar derivatives (phosphono sugars). Alkylatiori or benzyloxymelhylalion of
3-phospholene 1-oxides afforded phospholcnc derivatives with more than 5 carbon
atoms. Epoxidation followed by cpoxide ring opening and cw-dihydroxylation of
5-benzyloxymethyl-2-phospholcne derivatives afforded four pentofuranose type
phosphono sugars (arabinose, lyxose, ribose, and xylose). Some nucleosides and
isonucleosides of phosphono sugars were also prepared. Some of these
derivatives of phosphono sugars were subjected to structure elucidation and
bioassay.
Key Wordy. Phosphono sugar; phospholenc; LDA; Bromohydrin; Nucleoside

INTRODUCTION

Phosphono sugars, being one kind of sugar derivatives having a phosphorus atom in the

hemiacetal ring of the sugar, had been expected to excert biological activities.[l]

Therefore phosphono sugars were of interest in the aspects related to syntheses,

structure, and biological activities. They were mainly prepared from sugar starting

materials with suitable protections, functional group intcrconversions, cyclization, and

deprotcction.[l] In our previous paper, we reported the c/5-dihydroxylation of 2-

phospholencs with catalytic amount of osmium(VIII) oxide and co-oxidants.[2] The

present paper deals with further conversion of 2- and 3-phospholene 1-oxide derivatives

to prepare 1-deoxy pentofuranose and pcnlofuranose type phosphono sugars as well as

their nucleosides and isonuleosidcs and their structural and biological analyses.

RESULTS, DISCUSSION, AND EXPERIMENTAL
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l-Alkoxy-3-phospholene 1-oxides 1 were treated with 1.1 equivalents of lithium

diisopropylamide (LDA) followed by alkylation with 1.0 equivalent of alkyl halides or

(benzyloxy)methyl chloride in tetrahydrofuran (THF) at -78 °C to afford 2-alkyl or 2-

(benzyloxy)methyl-3-phospholene 1-oxide, respectively. The alkylation proceeded

stereoselectively to provide syn alkylated 2-methyl-3-phosphoIene 1-oxide, and only a

little amount of ami isomer was obtained as the minor product. 2,5-

(Dibcnzyloxy)methyl-3-phospholcnc 1-oxide was also obtained as the minor product for

the 2-(benzyloxy)methylation. These results are summarized in TABLE I.

O 1)1.1 TOiiv. IM ^ P "
!)I.O«-wiv. R'l '

2c

HO OH

3
H O O H

TABLE I Alkylation of 3-phospholene derivatives.

R of phospholcne

Me
Me
i-Pr
Me

Alkyl halide
R^X
Mel
BnBr
Mel

BnOCHoCl

2a
2b
2c
2d

C-Alkvlated product
Y ield/% Diastcreomer cxcess/%

44
69
55
61

95
100
100
100

l-Alkoxy-2-alkyl-3-phospholene 1-oxides were subjected to ds-dihydroxylation with

catalytic amount of osmium(VIII) oxide in the presence of sodium chlorate at 40°C to

afford 3,4-dihydroxyphospholanc 1-oxides 3 (racemate) stereoselectively. This

stercoselectivity may be attributable to the steric liindrance and electro-repulsive effect

between oxygen atoms of phosphoryl moiety and osmium(VIII) oxide. The structure of

(IS, 2R, 3R, 4S)-2-benzyl-3,4-dihydroxy-l-methoxyphosphoIane 1-oxide (3b),

namely, l,4,5-lridcoxy-4-[(S)-mcthoxyphosphinyl]-SC-phcnyl-D-ribofuranose, was

established by assignment of all signals and analysis of coupling constants measured by

500 MHz !H-NMR (FIGURE I), The J3 4 value of 9.7 Hz shows the C3-H3 and C4-

H^ bonds are nearly in the trans relationship, whereas the small J-^ 3 value of 3.0 Hz

indicates the cfs-relation (C2-H9 and C3-H3 bonds). The small J3 p value of 3.0 Hz

and large J^ p value of 33.7 Hz reveals that the compound exists mainly in T 2
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z

z

conformation (FIGURE I). Stereoselectively formed diol 3d was hydrogenolyzed for 1

d at room temperature to afford l,4-dideoxy-4-[(5)-methoxyphosphinyl]-D-ribofuranose

(4) and its enatiomer. Structure of 4 was confirmed by H-NMR spectroscopy of the

peracetate ( T9). The structure of the acetonide of compound 4 was established by X-

ray crystallographic analysis (FIGURE 2).

' H - OH

FIGURE 1 Structure of 3b. FIGURE 2 Structure of acetonide of 4.

2-Benzyloxymethyl-l-methoxy-3-phospholene 1-oxide (3d) was treated with 1.7

equivalents of 3-chloroperbenzoic acid (mCPBA) in chloroform at 100°C for 2 d to

afford (3R, AS)- and (35, 4/?)-2-benzyloxymethyl-3,4-epoxyphospholane l-oxidcs

(5da and 5db, respectively) in a quantitative yield (5da: 5db = 4 :7) . Treatment of the

mixture of 5da and 5db with triethylaminc (1.0 equivalent) in ethanol at 100 °C for 2 d

followed by separation by column chromatography on silica gel gave 2-phospholene

derivatives 6da (18.4%), 6db (32.0%), 6dc, and 6dd (6dc + 6dd, 16.8%).

Osmium(VIII) oxide-catalyzed c/s-dihydroxylation of compounds 6da at 40 °C followed

by treatment witli acetic anhydride in pyridine at room temperature afforded raccmic (IR,

25, 3R, 4R, 5Ry and (17?, 2R, 35, 4R, 5/?)-2,3,4-triacetyloxy-5-benzyloxymethyl-l-

methoxyphospholane 1-oxides and thier enatiomers, namely, l,2,3-lri-Oacetyl-5-0-

benzyl-4-deoxy-4-[(/?)-methoxyphosphinyl]-a-D-xylofuranose (7X) and /3-D-

lyxofuranose (7L) (74 : 26; 78% total yield from 6da). The d values of 31P-NMR in

CDCl^ were 51.6 and 50.3 ppm. In contrast to the result, the dj-dihydroxylation of

acctylatcd compound of 6da afforded diastereoselectivcly a sole product 7X in 87%

yield from 6da. This stcrcosclectivity can be explained by stcric and electro-repulsive

effects of the oxo-substituents of the phospholcnc towards osmium(VIII) oxide. The

same method for compound 6db gave l,2,3-tri-0-acetyl-5-O-bcnzyl-4-deoxy-4-[(fl)-

methoxyphosphinyl]-a-D-ribofuranose (7R, 8 3 ^P = 49.3 ppm) and -/3-D-
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arabinofuranose (7A, S 3 1 P = 47.9 ppm) (47 : 53; 99% total yield from 6db). The

m-dihydroxylation of acetylated compound of 6db afforded products 7R and 7A (7R:

7A = 59 : 41; 7R + 7A 51% yield from 6db) upon acetylation. The four pentofuranose

type phosphono sugar derivatives were first synthesized from 3-phospholenes.

BIT
Acetylstion, Bm

6dc

O

'«0Me

Bm

6da

Bn'

7L

6dd

Acetylation,

HO

6db

Bnl
'-OMe

lAc

lAc
7R 7A

Reaction of acetonide 8 with melhanesulfonyl chloride in dichloromethane in the

presence of triethylamine at 0 °C for 1 d afforded Omesylatcd phosphono sugar

derivative 9 (69% yield), which was further treated with potassium phtlialimide in DMF

at 80 °C for 8 h afforded phthalimido derivative 10 (24% yield) upon separation by thin

layer chromatography on silica gel. Mitsunobu reaction of compound 8 with phtlialimide

(triphenylphosphine and dicthyl azodicarboxylate in THF at 0°C for 2 d) gave compound

10 in 65% yield. The reaction of l-phenyl-2-phospholene 1-oxide with bromine in

protic media proceeded to give bromohydrin derivative, which was further converted into

triazole derivatives via 1,3-dipolar cycloaddition of azido. Some of these phosphono

sugar derivatives prepared showed some biological activities.
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