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Abstract: &-)-Racemic phosphatidyl-2-O-methylinositol and phosphatidyl-2-0-heptylinositol were synthesized 

and tested as mechanism-based inhibitors of bacterial PI-PLC activity. 

Phosphatidylinositol (PI) is an important phospholipid in the cell membranes which participates in 

signal transduction and in variety of physiological functions. t PI undergoes two phosphorylation steps: PI- 

kinases first yield phosphatidylinositol-4-phosphate (PIP) which is further phosphorylated to phosphatidyl- 

inositol-4.5bisphosphate (PIP2). The latter, as a substrate for PI-specific phospholipase C (PI-PLC), is 

converted to diacylglycerol and inositol-1,4,Qrisphosphate, both secondary messenger products.l*2 The key 

event of the transduction mechanism is the hydrolysis of PIP2. There has been limited development of specific 

inhibitors of PI-PLC action. Two which have appeared include tetravanadad and a fluorophopshonate analog 

of myo-inositol-1,2-cyclic phosphate. 3 Both of these water-soluble inhibitors might also function to modify 

enzymes which process inositol phosphates.4 This paper deals with the design and synthesis of phosphatidyl-2- 

0-alkyl-inositols as amphipathic inhibitors of PI-PLC. These membrane-active compounds should specifically 

block early steps of the phosphoinositide cycle and as such may be therapeutically useful. 

The bacterial PI-PLC enzyme posesses both phosphotranseferase and phosphcdiesterase activities. In the 

hydrolysis of PI by PI-PLC, from either Bacillus cereus 4 or Bacillus thuringiensis 5, D-myo-inositol-1,2-cyclic 

phosphate is initially formed via the phosphotransferase activity of the enzyme. The same enzyme then converts 

the cyclic phosphate to D-myo-inositol-l-phosphate. The formation of the cyclic phosphodiester has been 

postulated to require the axial hydroxyl at the second position. Also consistent with the observation is that PIs 

having a palmitoyl group at the 2nd position of the inositol ring were highly resistant to the PI-PLC.~ Based on 

this mechanism for PI-PLC action, we designed compounds 9 and 10 (see scheme) as potential inhibitors for PI- 

PLC. Compound 9 has a methoxy group at the 2nd position while compound 10 has the more hydrophobic O- 

heptyl group at the inositol C-2 position. These groups will prevent the formation of the cyclic phosphodiester 

which is an essential intermediate in the hydrolysis process. These compounds will also provide information on 

how the size of the alkyl group is related to inhibitory activity. Heptanoyl chains were chosen as the fatty acyl 

linkages to generate a micellar rather than bilayer-forming PI. Synthetic short chain PI’s have been shown to be 

excellent substrates for bacterial PI-PLC.5 They are potentially deliverable to cells when packaged in short- 

chain phospholipid/long-chain phospholipid bilayer disks.7 

Short chain PIs were successfully synthesized by the H-phosphonate approach using NPCl as a 

condensing agent.5 The same phosphonate chemistry has been coupled with suitably protected inositol 

derivatives prepared as shown in scheme 1 to synthesize 9 and 10. 3.4,5.6-tetrabenzylinositol, 1. was readily 

obtained from myo-inositol in three steps (74% yield).* Selective 0-allylation at C-l of 1 was carried out using 

dibutyltin oxide in dry benzene with tetrabutylammonium bromide and allylbromide to yield I-O-allyl-3,4,5,6- 

tetrabenzylinositol, 2. which was purified on a silica gel colum as a colorless gum in 98% yield. Compound 2 

was initially treated with diazomethane in ether to form the methoxy derivative, but this was not successful. 
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Hence, NaH and CH3I or CH3(CH&jI in anhydrous DMF were used to give 1-0-allyl-2O-methyl 3.4.5.6- 

tetrabenzylinositol3 or l-O-allyl-2-O-heptyl3,4J~6-tetrabenzylinositol4 in 97% yield.9 

Scheme 1 
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i) diiutyl tin oxide, dry benzene 24h. tetrsbutylammonium bromide. allylbromidc; ii) NaH. DMF. methyl iodide; iii) Wilkinson’s 

catalyst, DABCO, 90% ethanol, 3h then acetic acid, water, THF, 4h; iv) 11. NPCI. pyrkiine; v) Iz-pyridine-water; ~0 10% I’d-C. 

ethanol, hydrogen. 

Compounds 3 and 4 were readily deallylatcd using tris(triphenylphosphine)-rhodium(I) chloride and 

DABCO in 90% ethanol followed by boiling in acetic acid-water-tetrahydrofuran to form 2-0-methyl-3.4.5,6- 

tetrabcnxylinositol. 5, and 2-O-heptyl-3,4,5.6-tetrabenxylinositol, 6. Both 5 and 6 were purified on silica gel in 

95% yield then mcrystallixed in alcohol to give white crystals. g-9 Compounds 5 and 6 were subsequently used 

to couple with the triethylammonium salt of 1,2-diheptanoyl-sn-glycero-3-H-phosphonate 11.5 5 and 6 were 

condensed with the H-phosphonate using 5,5-dimethyl-2-oxo-2-chloro-1,3.2-dioxaphosphorinan (NPCl) as the 

condensing agent in pyridine in the ratio of 12~4 eq (protected inositol: H-phosphonate: NXl) to give H- 

phosphonate diesters. These were subjected to in siru oxidation with I2 in 98:2 pytidine/water to give 

triethylammonium salts of phosphate diester 7 and 8. 9~0 The latter were purified on a silica gel column and 
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obtained as colorless gums in 78% yield. 7 and 8 were subjected to hydrogenolysis in ethanol with 10% Pd-C 

under 50 psi for 3h to yield diC7-2-O-methyl-PI, 9, and diC7-2-0-heptyl-PI. 10. These compounds were 

chromatographed on silica gel: 9 eluted with 25% methanol-chloroform, while 10 eluted with 5 to 8% methanol 

in chloroform. Fractions were pooled, evaporated under reduced pressure, and lyophilized to give white 

powders. The diC7-2-0-heptyl-PI, 10, insoluble in water, was characterized by NMR in CDCl3: CD3OD (1:1).9 

When assayed by JIP NMR spectroscopy neither 0-alkylated PI derivative was a substrate for PI-PLC 

from Bacillus thuringiensis.5 Furthermore, 9 was a more Potent inhibitor of D-diC7PI hydrolysis than 10 as 

monitored by 3lP integrated intensity (at 202.3 

0.6 - 

I ’ 1 - , ’ 1 ’ MHz using instrumentation and parameters 

described previously5) (Figure 1). The enzyme 

specific activities were 514. 520. and 275 umol 

mitt-* mg-* for D-diC7PI (4.5 mM) alone, mixed 

with 0.75 mM 10, and mixed with 0.75 mM 9, 

respectively. The low concentrations of inhibitors 

were chosen so that the heptyl derivative would 

form mixed micelles in the DdiC7PI (rather than 

phase separate). Under these conditions the 

0 m 40 60 80 100 inhibitory potency of both O-allcylated species 

Figure 1: 
Tii (mitt) could be compared directly. In conclusion, the 

Hydrolysis of D-diC7PI alone (0) and with 9 (c) and 10 -1. modification of the hydroxyl functionality at the 

inositol C-2 is clearly important in the development of inhibitors for PI-PLC. Furthermore, size of the 

modification at C-2 is also critical for fine-tuning amphipathic PI-PLC inhibitors. 
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O-1596 ethyl acetate in petroleum ether: 8~ (300 MHz: CDCl3. unless otherwise noted) 3.20-3.22 (dd, lH, 

Ins-H); 3.36-3.39 (dd, lH, Ins-H); 3.41-3.43 (m, lH, Ins-H); 3.59-3.61 (m, lH, Ins-H); 3.96-3.98 (m, IH, 

Ins-H); 4.15-4.18 (dd. lH, Ins-H); 3.62 (s, 3H, -0CH3); .4.74.90 (m, 8H, benzyl CH2 groups); 5.18-5.20 dd, 

5.22-5.40 dd, 5.60-5.80 m (5H, -O-ally1 protons); 7.2-7.45 (m, 20H, aromatic benzyl protons). 4 was 

purified on a silica gel column to a colorless viscous syrup: 8~ resonances at 0.78-0.82 (3H. t. heptyl o)- 

CH3); 1.18-1.38 (8H, broad m, heptyl (CH2)a); 1.40-1.50 (2H, broad m, heptyl lWI-I2); 3.18-3.20 (dd, lH, 

Ins-H); 3.30-3.32 (dd. IH, Ins); 3.90-4.1 (m, lH, Ins-H); 3.74-3.76 (t, 2H, heptyl -OCHz); 3.8 l-3.82 (t. lH, 

Ins-H); 3.90-3.94 (m. lH, Ins-H); 4.08-4.12 (dd, lH, Ins-H); 4.65-4.95 (m, 8H, benzyl CH2); X16-5.19 dd, 

5.24-5.28, dd and 5.85-5.97 (5H, -O-ally1 group); 7.2-7.4 (m, 20H, aromatic H). 5, eluted from silica gel 

with IS-308 ethyl acetate in petroleum ether, was recrystallized in absolute ethanol to yield white fluffy 

crystals. m.p.146O C. *H resonances included: 2.35 (bs, inositol-l-OH. exchangeable with D20), 3.40-3.42 

(dd, 1H. Ins-H); 3.44-3.46 (dd, lH, Ins-H); 3.48-3.50 (t, IH, Ins-H); 3.60-3.61(m, lH, Ins-H); 3.63 (s, 3H, 

-0CH3); 3.78-3.80 (t, lH, Ins-H); 3.96-3.99 (m, lH, Ins-H); 4.65-4.95 (m, 8H, benzyl CH2); 7.2-7.40 (m, 

2OH, aromatic protons). 6 was eluted from the silica gel column with 5-10% ethyl acetate in petroleum 

ether, it was recrystallized in absolute ethanol, m.p.44-460C. 1H resonances at 0.82-0.88 (t. 3H, heptyl w 

CH3); 1.2-1.38 (m. 8H, heptyl (CH&); 1.46-1.51 (m, 2H, heptyl p-CH2); 2.28-2.30 (bs, lH, Ins-OH, 

exchangeable with DzO); 3.39-3.41 (dd, IH, Ins-H); 3.42-3.44 (t, 2H, heptyl -0CH2); 3.58-3.61 (m, lH, 

Ins-H); 366-3.68 (t, 1H. Ins-H); 3.82-3.84 (m, lH, Ins-H); 3.86-3.88 (dd, lH, Ins-H); 3. 88-3.90 (t. lH, Ins- 

H); 4.64-4.93 (m, 8H, benzyl CH2); 7.20-7.41 (m, 20H, aromatic H). 7 was eluted with 5-154s methanol in 

chloroform. lH resonances included: 0.65-0.90 (t. 6H, o-CH3); 1.20-1.30 (m, 16H. acyl chain (CH2)n); 

1.38-1.52 (m. 4H, g-CH2); 2.12-2.25 (m, 4H, a-CH2); 3.24-3.27 (m, 1H. Ins-H); 3.40-3.42 (dd, lH, Ins-H); 

3.48 (s, 3H, -0CHq; 3.82-3.86 (m, 3H, Ins-H and sn-1-CH2); 4.05-4.11 (m, lH, Ins-H); 4.15-4.19 (m, lH, 

Ins-H); 4.22-4.27 (m, IH, Ins-H); 4.45-4.95 (m, lOH, benzyl CH2 and sn-3 CH2); 5.20-5.25 (m, IH, sn-2 

CH); 7.2-7.4 (m, 2OH, aromatic H). 8 was eluted with 5% methanol in chloroform; &.t resonances at 0.75- 

0.85 (m, 9H, acyl chain and -0-heptyl o-CH3); 1.12-1.38 (m, 24H, acyl and heptyl (CH&); 1.42-1.56 (m, 

6H, acyl and heptyl g-CH2); 2.18-2.28 (m, 4H, acyl chain a-CHZ); 3.25-3.4 (m, 2H, Ins-H); 3.7-3.78 (m, 3H, 

heptyl -0CH2 and Ins-H); 3.85-4.12 (m, sn-1 CH2, Ins-H); 4.18-4.22 (m, lH, Ins-H); 4.55-4.98 (m, lOH, 

benzyl CH:! and sn-3 CH2); 5.2-5.25 (m, IH, sn-2 CH); 7.1-7.42 (m, 2OH, aromatic H). 1H chemical shifts 

for 9 (in &O) included: 0.75-0.82 (t, 6H, o-CH3); 1.0-1.2 (m, 16H, (acyl chain (CH&); 1.5-1.7 (m, 4H, /3- 

CH2); 2.38-2.45 (m, 4H, a-CH2); 3.28-3.33 (m, IH, Ins-H); 3.5-3.75 (m, -0CH3 appears as singlet 

overlapping sn- 1 CH2 and Ins-H); 3.95-3.98 (m, 3H, Ins-H and sn-3 CH2); 4.05-4.11 (m, lH, Ins-H); 4.25- 

4.32 (m, lH, Ins-H); 4.41-4.48 (m, IH, Ins-H); 5.30-5.35 (m, lH, sn-2 CH); 31P chemical shift in D20 is 

-1.45 ppm with respect to external H3P04. tH chemical shifts for 10 in CDC13:CD30D (1:l) were 0. 8-0.91 

(m, 9H, acyl and 0-heptyl w-CH3); 1.40-1.80 (m, 24H, (CH2)n); 1.55-1.22 (m, 6H, g-CH2); 2.42-2.50 (m, 

4H, a-CH2); 3.05-3.09 (dd, lH, Ins-H); 3.12-3.15 (t, 2H, heptyl -0CH2); 3.41-3.44 (m, lH, Ins-H); 3.58- 

3.62 (m, lH, Ins-H); 3.75-3.80 (m, lH, Ins-H); 4.01-4.08 (m, 3H, sn-1-CH2 and Ins-H); 4.15-4.20 (m, lH, 

Ins-H); 4.35-4.44 (m, 2H, sn-3 CH2); 5.22-5.27 (m, lH, sn-2 CH). 
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