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SYNTHESIS OF 2-FLUORO-2-DEOXY-MYO-INOSITOL
1,4,5-TRISPHOSPHATE AND SCYLLO-INOSITOL
1,2,4-TRISPHOSPHATE, NOVEL ANALOGUES
OF THE SECOND MESSENGER MYO-INOSITOL

1,4,5-TRISPHOSPHATE |

Dethard Lampe and Barry V.L. Potter®

School of Pharmacy & Pharmacology and Institute for Life Sciences, Umva';ﬁy of Bath,
Claverton Down, Bath BA2 7AY, U.K.

Abstract: The novel myo-inositol 1,4,5-trisphosphate receptor agonists, 2-fluoro-2-deoxy-
myo-inositol 1,4,5-trisphosphate and scyllo-inositol 1,2,4-trisphosphate, were synthesised in
racemic form from suitably protected inositol precursors.

D-myo-inositol 1,4,5-trisphosphate [(1), Figure] is a second messenger which releases Ca2t from
intracellular stores!:2 via an isolated®, cloned* and sequenced’ receptor which when reconstituted, mediates
Ca2+ release in response to Ins(1,4,5)P;5. A major challenge is now the eludication of the structural basis
for interaction of Ins(1,4,5)P; with its receptor and the metabolic enzymes, Ins(1,4,5)P; 3-kinase and 5-
phosphatase, and the rational chemical design of agonists, antagonists and enzyme inhibitors. Recent
progress in inositol phosphate chemistry”-# and molecular recognition has been reviewed®.

A (1) A=OH, B=H
E @) A=H, B=F

2 (5) A=B=F
2.0,P 0,% (@) A=F, B=H
&  OH & 5 A=H, B=OH

Ring- and phosphate-modified  analogues have been synthesized’®. Isosteric replacement of a
hydroxyl group with fluorine has led to fluorinated myo-inositol analoguesi®-1?, derivatives!s, inositol
phosphate analoguesi%-24 and lipids ‘including 2-fluoro-2-deoxy-1-phosphatidyl-scyllo-inositol?$ and 3-fluoro-
3-deoxyphosphatidylinositol?s, D-3-fluoro-3-deoxy-myo-inositol inhibits cell growth!? and S;ﬂiloro-S-deoxy-
myo-inositol is incorporated into phospholipid by PtdIns synthase?”, although 5,5-difluoro-5-deoxy-myo-
inositol is a much poorer substrate!s. We reported the synthesis?® and biological evaluation of the
fluorinated inositol phosphate analogues, 2-fluoro-2-deoxy-scyllo-inositol 1,4,5-trisphosphate (2)2, 2,2-
difluoro-2-deoxy-Ins(1,4,5)P; (3)2 and 3-fluoro-3-deoxy Ins(1,4,5)P,2° with the Ca’*-releasing receptor

2365



2366

H 0,CF3

B ) B
(]
n g n 7
1(")

B - B "

AR (|
n 9 n 8

(]
Bi B
H (i)
ST £~
n 10 n 11

) IM)
o § B
(BnO),l P(OBn),
(8nO); I rop
n 12 n 13
o) I(i,
B
T R
2. P rop
2_0202P C2 Bn 14
OH 5
l (Vi)
F F
8 (iii) 8
H : rop
n 16 n 15
IM i -
Bl HO
o] o | g,
(BrO), (OBn), 2 0>
E n 17 025 O 4

Scheme: Reagents and conditions i, (CF,80,),0 (1.75 equiv.) - pyridine-CH,Cl,,

0°C; ii, cesium acetate (1.5 equiv.) - DMF, i, YVORT M He) (5:1, viv), reflux: iv,

MeOH-lM NaOH (5:1, viv), reflux; v, (a) (BnO)zPNPﬂz (9 equiv.) - tetrazole (12 equiv.)

%%(b) Buw'OOH (70% in H,0); vi, Na-lig. NH,; vii, ButOOK-DMSO, 50°C; viii,
All compounds are racemic.
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and enzymes 5-phosphatase and 3-kinase. L-2,2-difluoro-2-deoxy-Ins(1,4,5)P; is a potent inhibitor of 3-
kinase and 5-phosphatase30.

While the value of fluorinated derivatives of Ins(1,4,5)P, has clearly been demonstrated, it has not
yet proved possible to synthesise what is arguably the most important 2-fluorinated Ins(1,4,5)P; analogue, 2-
fluoro-2-deoxy Ins(1,4,5)P, (4), which possesses an axial 2-fluorine atom. An attempt was made to
synthesise the corresponding fluorinated Ins(1,3,4)P; analogue®, but was unsuccessful as a result of
decomposition of the intermediate during deblocking. Fluorination of a protected scyllo-inositol precursor in
an approach to (4) gave unexpectedly the product of retention of configuration!’®. We now report the
successful synthesis of (4) and a related novel analogue scyllo-mosxtol 1 ,2,4-trisphosphate (5)*!, where the
unique axial hydroxyl group of (1) has been inverted.

1-0-Allyl-3,6-di-O-benzyl-4,5-O-isopropylidene myo-inositol (6)*2 (Scheme) was converted to the
corresponding triflate (7)3 (yield quantitative by tic, compound not isolated) and the 2-position was inverted
by reaction of (7) with cesium acetate to give (8) (yield 91%). The isopropylidene group of (8) was
removed with acid and the acetate (9) saponified to yield the triol (10) (yields 83% and 87%, respectively).
Phosphitylation of (10) with N,N-diisopropyldibenzy! phosphoramidite-tetrazole34 followed by oxidation of
the resulting trisphosphite gave the fully protected trisphosphate (12) (yield 58%). Treatment of (12) with
sodium in liquid ammonia removed all protecting groups including the allyl group’s to give trisphosphate
(5), which was purified by ion-exchange chromatography on Q Sephadex Fast Flow using a gradient of
triethylammonium bicarbonate as eluant (yield 91%).

In order to synthesise (4), acetate (8) was saponified and the allyl group isomerised* to give (13)
(yields 85% and 95%), which was converted to the corresponding triflate (14). Inversion of configuration at
C-2 by displacement of triflate using tetrabutylammonium fluoride gave (15) (yield 69%). Observation of
3J4r = 29.5 Hz in the NMR spectrum of (15) confirmed the assignment of an axial 2-fluorine atom.
Removal of the isopropylidene and prop-1-enyl group generated triol (16) (yield 69%). Phosphorylation of
(16) (yield 76%) and deblocking of the protected trisphosphate (17) as above gave (4) (yield 41%) which
was purified by ion-exchange chromatography?’.

Racemic (4) and (5) bound to the Ins(1,4,5)P; receptor with high affinity and were Ca2*-mobilising
agonists with potencies very similar to Ins(1,4,5)P; itself?®. These compounds will be useful in exploring
structure-activity relationships and molecular recognition at Ins(1,4 5)P3 binding proteins. Biological results
will be reported elsewhere.
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