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FLUORINATED ANALOGS AND TRITIATED ENANTIOMERS OF ~NOSITOL (1 ,3,4)-TRISPHOSPHATE 

Marcus F. Boehm and Glenn D. Prestwich’ 
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State University of New York 
Stony Brook, New York 11794-3400 

Summary: The total syntheses of 2-fluoro- and 2.2-difluoro-2-deoxy analogs 01 oL-my&Ins (1,3,4)Ps are described. Resolution 
of a key intermediate followed by borotritide reduction and phosphorylation provided both D- and L-[1-sH]-lns(l,3,4)Ps enantiomers 
with specific activities 15 Ct/mmol. 

Phosphoinositides are precursors for intracellular second messengers which mediate a variety of biochemical and 

physiological processes, including muscle contraction, carcinogenesis and protein synthesis. These events are activated by 

external messengers, e.g., hormones, growth factors, and neurotransmitters, which bind to external receptors on the target cells.1 

Information is then transmitted through the cell membrane by a series of membrane-bound G-proteins which activate a specific 

phospholipase C, which then cleaves phosphatidyl inositol 4,5_bisphosphate to Ins(l,4,5)Ps and a diacylglycero1.z The second 

messenger Ins(l,4,5)Ps, which activates release of intracellular Ca ++, is a substrate for a specific 3-kinase, yielding Ins(l,3,4,5)P4, 

followed by a 5-phosphatase to give Ins(l,3,4)Ps;s phosphatases and kinases also operate on lns(1,3,4)Ps.4 Recently, specific 

high-affinity receptors for Ins(l,4,5)Ps have been purified from brain tissues, but no receptors for the putative second messenger 

lns(l,3,4)Ps have been characterized. Indeed, the lack of a commercial source of high specific activity [sH]-lns(l,3,4)Ps is the 

primary reason that this has not been examined in detail.6 We describe herein the preparation of both enantiomers of 

radiolabeled [leH]-lns(l,3,4)Ps via reduction of a suitably protected 1-keto intermediate. A related 2-keto intermediate was also 

employed for the production of P-fluorinated P-deoxy analogs7 of racemic Ins(l,3,4)Ps as probes for binding site characterization. 
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Scheme 1 Summarizes 

2,5,6-tri-0-benzyl-3,4-0-isopropylidene inositol 4 and resolved by 

separation of the diastereomeric camphanate e6ters 2 by a combination of HPLC and crysta1lization.s Hydrolysis followed by 

oxidation (DMSO-AcsO) afforded ketone c-6 (or D-6). Reduction with sodium borotritide (65.4 Wmmol) in ethanol (20 oC, 2 h) 

proceeded to give the 11-3H]-alcohol c-7 (or o-7) in a 3:l eq:ax ratios, and the desired equatorial alcohol was deketalized to give 

the trio1 c-8 (or D-8). The trianion (NaH, DMF, 0 oC) of trio1 fi was treated with tetrabenzylpyrophosphate to give the perbenzylated 

species c-9 (or D-9) and hydrogenation followed by titration to pH 9 with NaOH afforded the hexasodium salt L-1 (or D-1). 

st P-NMR of the unlabeled compound c-1 (or o-l) showed three peaks at the reported chemical shifts6 for the three nonequivalent 

phosphates. Optical rotations6 of the lns(l,3,4)P3 sodium salts (c (g/l00 mL) = 3.4, HzO) were [o]o22 +7.50 (L-myo) and 

[a]$2 -7.20 (~myo). Using the assay proceduress.toa which demonstrated specific binding of [sH]-lns(l,4,5)Ps and 

[sH]-lns(l,3,4,5)P4 to membrane receptor proteins in rat brain, no specific binding (i.e., displaceable by Ins(l,3,4,)P3 

or Ins(l,3,4,5)P4) of either [sH]-D_1 or [sH]-L_1 to rat forebrain or cerebellum proteins could be detected.tob 

The synthesis of fluorodeoxy analogs is illustrated in Scheme 2. Reaction of protected alcohol a with DAST in CHCls at 

0 oC resulted in mono-fluorination to give 11. Removal of ally1 groups of 11 with 10% Pd/C and pTsOH in EtOH gave the trio1 12 

as a white solid: spectral data was consistent with the expected equatorial fluorine.tt The trianion of 12 (NaH, DMF, 0 oC) was 

treated with tetrabenzyl pyrophosphate to give the perbenzylated precursor 13.12 Debenzylation (HZ, 10% Pd/C, EtOH) and 
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titration of the filtrate with 1 N NaOH gave the deprotected mono-fluorinated phosphate as the hexasodium salt 2 in 

quantitative yield.13 tsF-NMR and st P-NMR indicated the presence of the 2-fluorine and three nonequivalent phosphates. 

The geminal coupling (s&H = 52 Hz) and small vtcinal coupling (s&t+ = 13 Hz) supports the assignment of the fluorine to the 

expected equatorial position. 

In order to confirm the configuration of the fluorine atom, we prepared the axial C-2 fluorine analog by the SN2 reaction 

of the 2-mesylate 20 with NaOAc/DMSO followed by basic hydrolysis.14 Fluorination with DAST led to the protected 

compound 2, which could not be selectively deprotected using 10% Pd/C, pTsOH. lsomerization of the ally1 ether wfth 

RhCI(PhsP)s followed by HCI hydrolysis also failed to provide a homogeneous product. Nonetheless, the tsF-NMR of 22 

showed z&H = 52 Hz and a vicinal coupling of s&H = 28 Hz, allowing assignment of the axial fluorine substituent. 

The 2,2-difluoro-2-deoxy-inositol triphosphate analog was synthesized by oxidation of the alcohol s with DMSO/AcaO, 

followed by reaction of ketone 15 with 2 equivalents of DAST at ambient temperature for one day, which gave the diiluoro 

compound 16. Deprotection of the ally1 groups with 10% Pd/C and gTsOH in relluxing EtOH afforded trio1 l7; phosphorylation 

(tom, reductive debenzylation, and titration with NaOH gave the 2,2-difluoro-2-deoxy-Ins(l,3,4)Pa as the hexasodium salt 2. 

tsF-NMR and 31 P-NMR confirmed the presence of two fluorines with geminal coupling of 257 Hz and three nonequivalent 

phosphates.13 
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Compound 12: tQF-NMR (CDCls) 6 -192.7 (ddd, J = 52 Hz, J= 13 Hz, J= 13 HZ, Fe4); tH-NMR (CDCls) 6 2.49 
(d, J= 2.4 Hz, -OH), 2.57 (bs, -OH), 2.67 (d, J= 2.1 Hz, -OH), 3.43-3.83 (m, -CH-), 4.29 (ddd,J= 51.9 Hz, J= 9.3 Hz, 
J= 9.3 Hz, -CHaxF-), 4.79-4.97 (m, Bz-CHQ-), 4.78-4.97 (m, Bz-H); mp = 161-163 oC. Rf I 0.25 (ether). Compound=: 
‘QF-NMR (CDCls) 6 -113.6 (d, J= 244 Hz, F,9), -126.5 (ddd, J= 244 Hz, J= 22 Hz, J= 22 Hz, Fax). tH-NMR (CDCl3) 
6 2.32 (d, J= 4.2 Hz, -OH), 2.45 (d, J= 2.4 Hz, -OH), 2.59 (bs, -OH), 3.43-3.86 (m, -CH-), 4.80-4.98 (m, BzCH2-), 
7.36 (bs, Bz-H): mp = 175-177 oC; Rf = 0.23 (ether). s1P chemical shifts are referenced to external 85% HsP04 
(6 = 0 ppm) and 1QF chemical shifts are referenced to CFCls (8 = 0 ppm). Downfield shifts are positive. 

Compound 2: tQF-NMR (CDCla) 8 -198.1 (ddd, .I= 48.7 Hz, Feg); sf P-NMR (CD&) 8 -0.87, -0.95, -1.53; 
Rf = 0.29 (ether). Compound 2: tQF-NMR (CDCIQ) 6 -110.4 (d, J = 248 Hz, F,n), -125.1 (ddd, J = 248 Hz, J = 20.3 Hz, 
J= 20.3 Hz, Fax); 31 P-NMR (CDCls) 6 5.59, 6.71,6.99; Rf = 0.30 (ether). 

Compound 2: tQF-NMR (DQO) 8 -196.8 (ddd, J= 50.5 Hz, J= 13.1 Hz, J= 13.1 Hz, Fen); 31 P-NMR (DQO) 6 4.15, 
5.28,5.54. LRFAB-MS, 554.2 + 0.5; calculated for CsFHsNaQCt4Ps 553.85. Compound 3: fQF-NMR (DzO) 5 -108.6 
(d, J= 247 Hz, FBq), -125.0 (ddd, J= 247 Hz, J= 21.5 Hz, J= 21.5 Hz, Fax), 31P-NMR (DQO) 6 -0.46, -0.52, -1.12. 
LRFAB-MS, 572.2 + 0.5; calculated for CQFaH7NasCt4Ps 571.84. 

The Mitsunobu reaction (DIAD, PhsP, MeCOzH) failed. The SN2 reaction described is also extremely sluggish, affording 
45% yield of acetate 21 in 48 h. 

The preparation and biological activity of the tritiated and fluorodeoxy analogs of the lns(1,4,5)Ps isomers will be 
described elsewhere: G.D. Prestwich, J.F. Marecek, S. Supattapone, and S.H. Snyder, in preparation. 
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