This article was downloaded by: [University of Waterloo]

On: 09 November 2014, At: 15:13

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.tandfonline.com/loi/gpss20

Synthetic Strategies Based on
Phosphite Chemistry for Inositol
Phosphates and Phospholipids

Yutaka Watanabe , Tadashi Okazaki , Takashi Yamamoto &
Shoichiro Ozaki

# Department of Applied Chemistry , Faculty of
Engineering, Ehime University , Matsuyama 790-77, Japan

b Department of Applied Chemistry , Faculty of
Engineering, Ehime University , Matsuyama 790-77, Japan

¢ Department of Applied Chemistry , Faculty of
Engineering, Ehime University , Matsuyama 790-77, Japan

d Department of Applied Chemistry , Faculty of
Engineering, Ehime University , Matsuyama 790-77, Japan
Published online: 06 Aug 2008.

To cite this article: Yutaka Watanabe , Tadashi Okazaki , Takashi Yamamoto & Shoichiro
Ozaki (1996) Synthetic Strategies Based on Phosphite Chemistry for Inositol Phosphates and
Phospholipids, Phosphorus, Sulfur, and Silicon and the Related Elements, 109:1-4, 321-324

To link to this article: http://dx.doi.org/10.1080/10426509608545155

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information
(the “Content”) contained in the publications on our platform. However, Taylor

& Francis, our agents, and our licensors make no representations or warranties
whatsoever as to the accuracy, completeness, or suitability for any purpose

of the Content. Any opinions and views expressed in this publication are the
opinions and views of the authors, and are not the views of or endorsed by Taylor
& Francis. The accuracy of the Content should not be relied upon and should be
independently verified with primary sources of information. Taylor and Francis
shall not be liable for any losses, actions, claims, proceedings, demands, costs,
expenses, damages, and other liabilities whatsoever or howsoever caused arising
directly or indirectly in connection with, in relation to or arising out of the use of
the Content.



http://www.tandfonline.com/loi/gpss20
http://dx.doi.org/10.1080/10426509608545155

Downloaded by [University of Waterloo] at 15:13 09 November 2014

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan, sub-
licensing, systematic supply, or distribution in any form to anyone is expressly
forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Waterloo] at 15:13 09 November 2014

Phosphorus, Sulfur, and Silicon, 1996, Vols. 109-110, pp. 321-324  © 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

SYNTHETIC STRATEGIES BASED ON PHOSPHITE CHEMISTRY FOR
INOSITOL PHOSPHATES AND PHOSPHOLIPIDS

Yutaka Watanabe, * Tadashi Okazaki, Takashi Yamamoto and Shoichiro Ozaki
Department of Applied Chemistry, Faculty of Engineering, Ehime University,
Matsuyama 790-77, Japan

Abstract  On the basis of the phosphite chemistry, new phosphorylanon and
glycosylation methodologies were developed. These methods were efficiently used
for the syntheses of phosphatidylinositol 3,4,5-trisphosphate, and-2,6-di-O-
mannopyranosylphosphatidylinositol.

Phosphorylation, glycosylation, inositol phospholipid, phosphite

INTRODUCTION

Recently, inositol phospholipids located within the plasma membrane have received
much attention due to their biological interests in the intracellular signal transduction
system.! In order to understand their physiological roles, chemical synthesis of them and
analogs are very important. For the accomplishment of an efficient synthesis of inositol
phosphate derivatives, new synthetic methodologies were necessary. From this
standpoint, we have investigated a regioselective phosphorylation and glycosylation
methodologies using the reducing and Lewis basic properties of phosphites. These
synthetic methods were efficiently utilized for the synthesis of an analog 1a of
phosphatidylinositol 3,4,5-trisphosphate [PI(3,4,5)P3]} and 2,6-di-O-mannopyranosyl-1-
phosphatidyl-ryo-inositol [2,6-(Man)2-PI]. These results are presented here.
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SYNTHETIC METHODOLOGIES BASED ON PHOSPHITE CHEMISTRY

A Regioselective Phosphorylation Methodology

Treatment of trimethyl and tribenzyl phosphites 1 with pyridinium tribromide in the
presence of an alcohol and a fert-amine furnished the phosphoric triesters 4 in high yields
via Arbuzov-type decomposition of 3 (Scheme 1). Since phosphorous mixed triesters
are readily available, mixed triester products 4 can be prepared.2

HBr, +,OR' paoy +,0R! ® _OR!
(RO)sP (RO)P (RORP_ RO-PC g2
1 2 tertamine 5 OR
(R=Bn, Me} (R=0orkRY)
Scheme 1

This methodology was found to be effectively applicable to regioselective
phosphorylation of 1,2-free inositol derivatives giving 1-O-phosphate as shown in the
total syntheses (Scheme 3 and 4).

Glycosylation Using Glycosyl Phosphites

Finding3 that a phosphite is protonated by 1H-tetrazole prompted us to investigate
glycosylation using a glycosyl phosphite 5 (Scheme 2).4 Lewis acids such as ZnCl»p-
AgClO4 and NIS-TfOH gave glycosides 7 in good yield. The same methodology using
TMSOTS as the promoter was reported at the same period by other groups.S
Furthermore, BF3°0Et) was found recently to be efficient for B-sclective glycosylation.6

3-0
E)— OP(OMe), E“g)- OR
7

LA=Lewis acid
SYNTHESIS OF PHOSPHATIDYLINOSITOL DERIVATIVES

)— O-P(OMe)z

Scheme 2

The tetraisopropyl-1,3-disiloxanyl group was found to be an ideal protecting group for
the efficient synthesis of inositol phosphate derivatives.? This time, 10, which can be
smoothly derived from 9, was used for the synthesis of the title compounds.

Synthesis of Phosphatidylinositol 3,4,5-trisphosphate
The disiloxany! group in 10 functions not only to protect the hydroxyl groups at C-3 and
-4 but also to prevent the reaction at C-5. Thus, 6-levulinate 11 was readily obtained.



o] at 15:13 09 November 2014

Downloaded by [University of Waterlo

Synthetic Strategies for Inositol Phosphates and Phospholipids 323

The ester was transformed to the 1,2-diol 14, which was phosphorylated at C-1
followed by the final deprotection giving PI(3,4,5)P3 (Scheme 3),8
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Scheme 3

Optically active 1,2-cyclohexylidene-myo-inositol was enzymatically prepared via
3-acetate 16 (Scheme 4).9 It was transformed to the pivotal intermediate D-10, from
which chiral PI(3,4,5)P3 was obtained (Scheme 5).10
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Synthesis of 2,6-Di-O-mannopyranosyl-1-phosphatidyl-myo-inositol
The key intermediate 10 was regioselectively glycosylated at C-6 followed by, after
removal of the cyclohexylidene group, regioselective phosphorylation of the resultant
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triol to give the 6-O-tetrabenzylmannopyranosyl-1-0O-phosphatidylinositol. Selective
glycosylation of the product at C-2 and deprotection (desilylation, demethylation, and
debenzylation) produced concisely 2,6-(Man)2-PL
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