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Abstract: Alkyl di-(9-fluorenylmethyl) phosphates obtained via phosphitylation were
found to be suitable for protection of phosphoric monoesters, which were generated by
treatment of the triesters with DBU or triethylamine. This strategy and a hydroxyl
protecting group, 2-[2-(levulinoyloxy)ethyllbenzoyl were applied to synthesis of a
dioleoy! analog of PI(4,5)P2. © 1997 Elsevier Science Ltd.

Natural phosphatidylinositol 4,5-bisphosphate [PI(4,5)P2], which has been recognized as not only a
parent molecule producing two second messengers, inositol 1,4,5-trisphosphate and 1,2-diacylglycerol, but
also a modulator by binding to cytoskeletal and signaling molecules,! has stearoyl and arachidonoyl groups at
the sn-1 and 2 positions in the glyceryl moiety. Although chemical syntheses of P1(4,5)P2 analogs bearing
saturated fatty acid chains have been reported,2 neither the natural product nor any unsaturated-type analog has
been so far synthesized. To prepare this type of lipids, benzyl and related groups which have been used for the
protection of phosphate functions in the synthesis of saturated phosphoinositides, can not be removed generally
by the hydrogenolysis procedure, since it reduces also the olefinic function.? To solve this problem, we have
searched for protecting groups for phosphates which may be removed by a B-elimination mode. Eventually, the
9-fluorenylmethy! (Fm) group was found to be promising for our purposes. This group was used for
converting nucleoside H-phosphonodithioates to the phosphorodithioates via the transient mono-O-
fluorenylmethyl esters, which were removed by the reaction with concentrated ammonia.# We describe here that
alky! difluorenylmethyl phosphates can be efficiently utilized as protected derivatives of phosphoric monoesters.
Synthesis of dioleoyl PI(4,5)P2 using this protecting group is also reported.

Difluorenyl phosphoramidite5 1 was prepared according to a conventional procedure via
phosphoramidous dichloride.6 The reaction of alcohols with 1 in the presence of 1H-tetrazole (r.t., 3.5 h)
followed by oxidation of the resultant phosphites with mCPBA (r.t., 1 h after addition of the oxidant at -78 "C)

proceeded smoothly to give phosphoric triesters 2 in high yields (Scheme 1). Complete deprotection of 2 was
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accomplished by using 3 molar equivalents of 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU, r.t., 3 to 5 h) or large
excess of triethylamine (r.t., 1 day) while, in both cases, the first fluorenyl group was removed smoothly as
expected.

The preliminary results thus obtained prompted us to apply the protecting strategy to synthesis of
unsaturated-acyl phosphatidylinositol phosphates. As shown in Scheme 2, synthesis of a DL-1,2-di-O-oleoyl-
sn-glyceryl phosphate analog of PI(4,5)P2 has now been accomplished where each step proceeded in excellent
yield. This route involved protection of the 3,6-dihydroxyl groups with a 2-{2-(levulinoyloxy)ethyl]benzoyl
group (PACLey)? which could be chemoselectively deprotected and is also expected to function as an auxiliary
for kinetic resolution of inositol derivatives using an acylating agent, tartaric monoester.? In fact, the 4,5-
bis(dibenzyl phosphoryl) inositol derivative analogous to 9 was obtained in 98% ee,” though optical resolution
of 9 has not been done yet. Phosphorylation of 1,2-diol 9 via the phosphite method10 using 10 and pyridinium
tribromide proceeded smoothly to afford the completely regioselective 1-phosphate 11. The final deprotection
stage commenced at the 1-phosphate group and then the fluorenylmethyl phosphates at the 4- and 5-positions
were deblocked as follows. The first Fm group in each phosphate was removed at room temperature by the
reaction with triethylamine in acetonitrile and propionitrile (3:1) to avoid any unexpected side reaction and then
the second under refluxing conditions to give the product with deprotected phosphate groups in high yield. The
levulinoyl groups in the PAC groups were removed by the reaction with hydrazine in pyridine and acetic acid,
and the resulting hydroxyethylbenzoates were treated with +-BuOK in dichloromethane after strict removal of a
trace of water with pyridine to afford the final product.1 1

In conclusion, the 9-fluorenylmethyl group is promising for protection of phosphate functions in the

synthesis of unsaturated phosphatidylinositol phosphates.

This work was financially supported in part by Grant-in-Aid for Scientific Research No. 08680631 from

the Ministry of Education, Science and Culture, Japan.

References and Notes

1. -~ Berridge, M. J.; Irvine, R. F. Nature 1984, 312, 315-321. Shaw, G. BioEssay 1996, 18, 35-46.

2.  Krylova, V. N,; Lyutik, A. L; Gornaeva, N. P.; Shvets, V. 1. Zh. Obshch. Khim. 1981, 51, 210-214
(translated version in English,183-186). Dreef, C. E.; Elie, C. J. J.; Hoogerhout, P.; Marel, G. A. van
der; Boom, J. H. van. Tetrahedron Letr. 1988, 29, 6513-6516. For synthesis of water soluble



7410

dihexanoyl-PI1(4,5)P2, see, Toker, A.; Meyer, M,; Reddy, K. K.; Falck, J. R.; Aneja, R:; Aneja, S.;
Parra, A.; Burns, D. J; Ballas, L. M.; Cantley, L. C. J. Biol. Chem. 1994, 269, 32358-32367.

Recently, single olefin was reported to be inert when hydrogen transfer reduction (H2, Pd-C,

" cyclohexene) was used to deblock dibenzyl phosphates in the same molecules, although 1,4-diene and

higher olefinic compounds were unsuccessful: Hopper, D. W.; Catalano, J. G.; Macdonald, T. L.
Tetrahedron Lett. 1996, 37, 71871-7874.

Seeberger, P. H.; Yau, E.; Caruthers, M. H. J. Am. Chem. Soc. 1995, 117, 1472-1478. The 9-
fluorenylmethyl group has been also utilized for the protection of carboxylic acids, alcohols, amins, and
thiols as the corresponding esters and sulfides: Greene, T. W.; Wuts, P. G. Protective Groups in Organic
Synthesis; John Wiley & Sons: New York. 1991.

Partial spectroscopic data: IH-NMR (270 MHz , CDCl3) 1.14 (12H, d, J=7.0 Hz), 3.63 (2H, d.sept,
J=9.8 and 7.0 Hz), 3.79 (2H, dt, J/=9.8 and 7.0 Hz), 3.99 (2H, dt, /=9.8 and 6.7 Hz), 4.17 (2H, t,
J=17.0 Hz), 7.31 (8H, m), 7.67 (8H, m); I3C-NMR (100 MHz, CDCl13) 24.59 (4C, d, J=7.4 Hz), 43.03
(2C, d, J=12.0 Hz), 49.17 (2C, d, J=7.4 Hz, fluorenyl methine), 65.88 (2C, d, J=17.5 Hz, methylene);
31P-NMR (109 MHz, CDCl3) 177.30.

Uhlmann, E.; Engels, J. Tetrahedron Lett. 1986, 27, 1023-1026.

Watanabe, Y.; Ishimaru, M.; Ozaki, S. Chemistry Lett. 1994, 2163-2166.

Watanabe, Y.; Oka, A.; Shimizu, Y.; Ozaki, S. Tetrahedron Lett. 1990, 31, 2613-2616.

Watanabe, Y.; Nakamura, T. Natural Product Lett., accepted for publication.

Watanabe, Y.; Inada, E.; Jinno, M.; Ozaki, S. Tetrahedron Lett. 1993, 34, 497-500.

Rf 0.2 (silica gel, CHCl3/Acetone/MeOH/AcOH/H20, 40:15:13:12:8); 1H-NMR [400 MHz, Et3N salt,
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