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FLUORINATED ANALOGS AND TRITIATED ENANTIOMERS OF INosiTOL (1,3,4)-TRISPHOSPHATE
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Summary: The total syntheses of 2-fluoro- and 2,2-difluoro-2-deoxy analogs of bL-myo-Ins (1,3,4)P3 are described. Resolution
of a key intermediate followed by borotritide reduction and phosphory!ation provided both D- and L-{1-3H]-Ins(1,3,4)P3 enantiomers
with specific activities 15 Ci/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 phosphatidy! inositol 4,5-bisphosphate to Ins(1,4,5)P3 and a diacy!glycerol.2 The second
messenger Ins(1,4,5)P3, which activates release of intracellular Ca++, is a substrate for a specific 3-kinase, yielding Ins(1,3,4,5)P4,
followed by a 5-phosphatase to give Ins(1,3,4)Pa;3 phosphatases and kinases also operate on Ins(1,3,4)P3.4 Recently, specific
high-affinity receptors for ins(1,4,5)P3 have been purified from brain tissue5, but no receptors for the putative second messenger
Ins(1,3,4)P3 have been characterized. indeed, the lack of a commercial source of high specific activity [3H]-Ins(1,3,4)P3 is the
primary reason that this has not been examined in detail.6 We describe herein the preparation of both enantiomers of
radiolabeled [1-3H]-Ins(1,3,4)P3 via reduction of a suitably protected 1-keto intermediate. A related 2-keto intermediate was also

employed for the production of 2-fluorinated 2-deoxy analogs? of racemic {ns(1,3,4)P3 as probes for binding site characterization.
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Scheme 1 summarizes the preparation of the radiolabeled enantiomers of Ins(1,3,4)P3 (L-myo enantiomer is shown).
The known 2,4,5-tri-O-benzyl inositol8 was converted to 2,5,6-tri-O-benzyl-3,4-O-isopropylidene inositol 4 and resolved by
separation of the diastereomeric camphanate esters 5 by a combination of HPLC and crystaliization.2 Hydrolysis followed by
oxidation (DMSO-Ac20) afforded ketone L-6 (or p-6). Reduction with sodium borotritide (65.4 Ciy/mmol) in ethanol (20 oC, 2 h)
proceeded to give the [1-3H]-alcohol L-7 {or D-7) in a 3:1 eq:ax ratio, and the desired equatorial alcohol was deketalized to give
the triol L-8 (or D-8). The trianion (NaH, DMF, 0 oC) of triol 8 was treated with tetrabenzylpyrophosphate to give the perbenzylated
species L-9 (or p-9), and hydrogenation followed by titration to pH 9 with NaOH afforded the hexasodium salt L-1 (or D-1).
31P-NMR of the unlabeled compound L-1 (or b-1) showed three peaks at the reported chemical shiftsé for the three nonequivalent
phosphates. Optical rotationsé of the Ins(1,3,4)P3 sodium salts {c (¢/100 mL) = 3.4, H20) were [a]522 +7.5¢ ({L-myo) and
[a]p22 -7.20 (D-myo). Using the assay proceduressS.10a which demonstrated specific binding of [3H]-Ins(1,4,5)P3 and
[3H]-Ins(1,3,4,5)P4 to membrane receptor proteins in rat brain, no specific binding (i.e., displaceable by Ins(1,3,4,)P3
or Ins(1,3,4,5)P4) of either [3H]-D-1 or {3H]-L-1 to rat forebrain or cerebellum proteins could be detected.10b

The synthesis of fluorodeoxy analogs is fllustrated in Scheme 2. Reaction of protected alcohol 10 with DAST in CHCI3 at
0 oC resutted in mono-fluorination to give 11. Removal of allyl groups of 11 with 10% Pd/C and p-TsOH in EtOH gave the triol 12
as a white solid; spectral data was consistent with the expected equatorial fluorine.t1 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



5219

Scheme 2
OH
OAIl
> l (90%) 1
BnO OAIL (70%) o OH (66%)
oasT_ OA"!——Y 10%PAC  BaQ Y e
OAlll pmsorac,0 n N
CHCI; BnQ QAll pTSA BnQ CH TBPP
104 (78%) Dai ETOHM,0 HO DMF.0°C
OAll/ Tefiux
Br 11 x=HY=F 12 x=h,v=F
OAIll CHEl =YY=
BnQ Cli% 60%) 46 X=YeF 17 X=vY=F
OAll 15
BnO
o ?, | s
0 Y 10% PAIC NaOH
- —
BnO o ~p _~ OB H, HO
0 S EtOH
AN 0Bn o \OBn
BnO" }t -
o]
13 X=H,Y=F 2 X=H,Y=F
18 x=Y=F 3 x=Y=F
Ms F
OAll (45%) OAll__ pc{91%) (60%) OAll
Bn NaOAc _ Bn “NaOH  DAST Bn
BnQ OAll ——p BnO OAll “_p ——» Bn0Q OAll
DMSO
o 0All OAll
OAll 20 95°C 21 22

titration of the filtrate with 1N NaOH gave the deprotected mono-fluorinated phosphate as the hexasodium salt 2 in
quantitative yield.13 19F-NMR and 31P-NMR indicated the presence of the 2-fluorine and three nonequivalent phosphates.
The geminal coupling (2JrH = 52 Hz) and small vicinal coupling (3JrH = 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 folfowed by basic hydrolysis.14 Fluorination with DAST led to the protected
compound 22, which could not be selectively deprotected using 10% Pd/C, p-TsOH. isomerization of the allyl ether with
RhCI(Ph3P)3 followed by HCI hydrolysis also failed to provide a homogeneous product. Nonetheless, the 19F-NMR of 22
showed 2JrH = 52 Hz and a vicinal coupling of 3JrH = 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 10 with DMSO/Ac20,
followed by reaction of ketone 15 with 2 equivalents of DAST at ambient temperature for one day, which gave the difluoro
compound 16. Deprotection of the allyl groups with 10% Pd/C and p-TsOH in refluxing EtOH afforded triol 17; phosphorylation
(to 18), reductive debenzylation, and titration with NaOH gave the 2,2-difluoro-2-deoxy-Ins(1,3,4)P3 as the hexasodium salt 3.
19F-NMR and 31P-NMR confirmed the presence of two fluorines with geminat coupling of 257 Hz and three nonequivalent

phosphates.13
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