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Synthesis and Biological Evaluation of Ether-Linked
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The synthesis of two novel glycero-3-phosphoinositol ether lipid analogues, rac-1-O-octadecyl-2-O-
methylglycero-3-phospho-myo-inositol 6 (an ether lipid analogue of rac-1-O-octadecyl-2-O-
methylglycero-3-phosphocholine; ET-18-OMe) and rac-1-O-octadecyl-2-O-acetylglycero-3-
phospho-myo-inositol 11 (an ether lipid analogue of platelet-activating factor), is described. The two
target compounds and the synthetic intermediates were evaluated for inhibition of HL60, BG1, and
BG3 human malignant cells in vitro and inhibition of protein kinase C. Tumor inhibitory activity was
found for compounds 6 and 11 in all systems but not for their synthetic intermediates. However,
compounds 6 and 11 as well as the synthetic intermediates 5 and 13, but not 9, exhibited protein kinase
C inhibitory activity.
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C; enzyme inhibitors.

INTRODUCTION

Ether lipid analogues of platelet-activating factor (PAF;
1-O-octadecyl-2-O-acetylglycero-3-phosphocholine) (1) have
recently attracted considerable attention since they are po-
tent inhibitors with a broad spectrum of biological properties
including antitumor activity (2-4). The range of biological
and pharmacological effects includes neutrophil activation
(5), macrophage activation (6), protein kinase C (PKC) inhi-
bition (7-9), alteration of phospholipid metabolism (8-11),
malignant-cell differentiation (12), membrane interactions
(13-17), and cytotoxicity and direct tumor-cell destruction
(2,3,18). The most often studied compound of this type is
rac-1-0O-octadecyl-2-O-methylglycero-3-phosphocholine
(ET-18-OMe), first reported by Munder ez al. (2,3).

The ability of these analogues to inhibit neoplastic cell
growth both in vitro and in vivo is of particular interest (2—
4,18), and compounds of this class appear to be promising
antineoplastic agents. The biochemical and biological prop-
erties enumerated could account for the antineoplastic ac-
tivity, but further research on the mechanism of antitumor
action is required.

In a collaborative program, we have designed, synthe-
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sized, and evaluated novel alkyl ether phospholipid ana-
logues (4,19-21) as improved antineoplastic agents, with the
empbhasis on glycero-3-phosphocholine analogues. We have
now extended this research program on the structure—
activity relationships of ether lipid analogues to include glyc-
ero-3-phosphoinositol ether lipids, in order to examine their
biochemical and biological properties and their potential as
antitumor agents.

Considerable emphasis has recently been devoted to the
possible regulatory role of the breakdown products of phos-
phoinositol 4,5-biphosphate, diacylglycerols, and inositol
1,4,5-triphosphate, through stimulation of protein kinase C
and regulation of intracellular calcium (22,23). We believe
that effective inhibitors of transmembrane signaling via the
phosphatidyl inositol (PI) cascade may be important phar-
macological agents in the regulation of neoplastic growth, as
expressed in an earlier publication (4).

Accordingly, we have synthesized two unique com-
pounds, rac-1-O-octadecyl-2-O-methylglycero-3-phospho-
myo-inositol 6 and rac-1-O-octadecyl-2-O-acetylglycero-
3-phospho-myo-inositol 11 (Fig. 1), the latter being the PI-
containing counterpart of PAF. This is the first report that
describes the synthetic approaches utilized for the prepara-
tion of these compounds.

The PI analogues and their intermediates were evalu-
ated in vitro against the HL.60 human leukemia and the BG1
and BG3 human ovarian adenocarcinoma cell lines, using a
cytotoxicity test (trypan blue dye exclusion) and an antipro-
liferative assay (semisoft agarose clonogenic assay), respec-
tively. Preliminary data concerning the antineoplastic activ-
ity of the two target compounds have been reported (21). In
this communication we report more extensive studies on the
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Fig. 1. Structural formulas of analogues of inositol phospholipids.

inhibition of human malignant cells and the activity of the
target analogues 6 and 11 against HL60-derived protein ki-
nase C (PKC).

MATERIALS AND METHODS

Materials

Melting points were determined on a Thomas-Hoover
capillary apparatus and are uncorrected. Routine proton nu-
clear magnetic resonance ("H-NMR) spectra were recorded
on a JEOL-JNM-Fx60 spectrometer (59.75 MHz). Proton
NMR spectra of the target compounds were obtained from a
Bruker Wm-250 spectrospin spectrophotometer (250.137
MHz). Chemical shifts are reported as & (ppm) units relative
to the internal reference tetramethylsilane. Thin-layer chro-
matography (TLC) plates (1 X 3 in.) precoated with silica gel
MKG6F (layer thickness, 200 pm) from Whatman were used.
Compounds were visualized with iodine vapors, 15% sulfu-
ric acid, or short-wave UV light (Chromato-Vue Model CC-
20). The preparative thin-layer chromatography plates used
in the purification of the final products were obtained from
Analtech Uniplates. These were precoated with silica gel GF
(20 x 20 cm,; layer thickness, 1000 wum). Column chromatog-
raphy was performed on silica gel 60 (70- to 230- and 230- to
400-mesh ASTM) from E. M. Science. Dimethyl sulfoxide,
tetrahydrofuran, and methylene chloride were dried over
molecular sieves. Benzene and toluene were dried over so-
dium metal. Pyridine was dried and stored over potassium

hydroxide pellets. Ethanol-free chloroform was prepared by
shaking with concentrated sulfuric acid, washing several
times with water, drying over calcium chloride, and finally,
distilling. Triisopropylbenzenesulfonyl chloride (TPS) was
recrystallized from n-pentane before use. Reagent-grade sol-
vents and reactants were used as obtained from suppliers
unless stated otherwise. Mass spectra (FAB-MS) were ob-
tained on VG7070EQ.

Chemistry

The myo-inositol phospholipid analogues shown in Fig.
1 were synthesized according to Figs. 2-5.

The problem of protecting the 2,3,4,5,6-hydroxy groups
of myo-inositol was resolved by following the procedure de-
scribed by Gigg and Warren (24) for the synthesis of rac-
2,3,4,5,6-penta-O-benzyl-myo-inositol-1-phosphate, com-
pound 1. This procedure involves the preparation of 1,2-
O-isopropylidene-myo-inositol followed by benzylation to
protect the remaining hydroxyl groups of myo-inositol. Acid
hydrolysis of 3,4,5,6-tetra-O-benzyl-1,2-O-isopropyl idene-
myo-inositol gave the desired 3,4,5,6-tetra-O-benzyl-myo-
inositol. Treatment of the latter with allyl bromide gave pre-
dominantly the monoallyl ether due to preferential allylation
of the equatorial hydroxyl group at the 1 position. Purifica-
tion and benzylation of the resultant compound produced the
1-0O-allyl-2,3,4,5,6-penta-0O-benzyl-myo-inositol, which was
in turn isomerized to the 1-prop-1-enyl ether derivative to
ensure the facile removal of this protecting group under



218

Ishaq, Capobianco, Piantadosi, Noseda, Daniel, and Modest

BzO OBz BzO 0Bz
BzO L~/ oBz BzO — 1"/ o8Bz
Icl’ PYRIDINE il)
- +
HO-P-O 0Bz NH 0-P-0 08z
i ~x |
~ [@:} :
& 2
1 2
OH O(CHa}17CHs
Octadecyl mesylate
CH30 CH30
OH OH
3 4
O{CHp)17CH3
TPS
_2_ + ﬂ' —_— CH3O
PYRIDINE
OR
<]
5 Pd O(CHg)17CH3
—_— = CH3O
94% EtOH
OR;
]
0Bz OBz OH OH
BzO 0Bz HO OH
(o] (o]
i OBz 0 OH
R= —rP-0 R,= —po
I |
OH OH

Fig. 2. Synthesis of rac-1-O-octadecyl-2-O-methylglycero-3-phospho-
myo-inositol: compound 6. TPS, 2,4,6-triisopropylbenzenesulfonyl chloride.

acidic conditions. Acid hydrolysis of the 1-prop-l-enyl-
2,3,4,5,6-penta-0-benzyl-myo-inositol followed by phospho-
rylation gave compound 1. Attempts to crystallize this com-
pound were unsuccessful. Accordingly, it was purified by
washing it thoroughly with hexane and oiling it out from
diethyl ether—petroleum ether in order to remove any resid-
ual impurity. This resulted in a clear oil whose IR spectrum
was consistent with the proposed structure. This 1-
phosphate derivative was then converted to the pyridinium

salt, compound 2 (Fig. 2), which served as the common in-
termediate for the synthesis of the desired analogues, com-
pounds 6, 11, and 13 (Fig. 1).

The preparation of rac-1-0O-octadecyl-2-O-methyl-
glycerol, compound 4, was accomplished as follows. Benzy-
lideneglycerol was converted to the methyl ether derivative
and the protecting benzylidene moiety removed under acidic
conditions to give the 1,3-dihydroxy-2-methoxypropane,
compound 3. This dihydroxy compound was then reacted
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Fig. 3. Synthesis of rac-1-O-octadecylglycero-3-phospho-penta-O-benzyl-
myo-inositol: compound 9. MEM, methoxyethoxymethyl.



Synthesis of Ether Lipid Analogues

O-(CHz)17CHa
O-R

£l 10

(o]
O-(CHy)17CH;
Pd " {CHz)17CHa
10 H3C-C-O
_— 94% EtOH
O-Ry

11
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with octadecyl mesylate to afford the rac-1-O-octadecyl-
2-0O-methylglycerol.

The condensation of the pyridinium salt of rac-
2,3,4,5,6-penta-0O-benzyl-myo-inositol-1-phosphate, com-
pound 2, with rac-1-O-octadecyl-2-O-methylglycerol, com-
pound 4, in the presence of freshly recrystallized 2,4,6-
triisopropylbenzenesulfonyl chloride (TPS) resulted in the
formation of rac-1-O-octadecyl-2-O-methylglycero-3-phos-
pho-penta-0O-benzyl-myo-inositol, compound 5 (Fig. 2) (25).
The reaction was carried out in a desiccator over Drierite. In
addition, all reactants were dried under vacuum for 48 hr.
The protecting benzyl groups were then removed by hydro-
genolysis in the presence of larger than normal amounts of
palladium black in aqueous ethanol to ensure complete de-
benzylation to the desired product rac-1-O-octadecyl-
2-0O-methylglycero-3-phospho-myo-inositol, compound 6
(26) (Fig. 2). Further, the percentage of water in ethanol is
determined by the extent of the solubility of the benzylated
and the debenzylated product in aqueous ethanol. It was
necessary at times to recycle the unreacted pentabenzyl de-
rivative and subject it again to hydrogenolysis in order to
ensure the complete removal of the protecting groups. Our
attempts to debenzylate compound 5 by using 10% Pd/C in
absolute ethanol and by catalytic transfer hydrogenation
were unsuccessful.

The synthesis of rac-1-O-octadecyl-2-O-[(methoxy-
ethoxy)methyllglycerol, compound 7, was accomplished by
following the procedure of Surles et al. (27). Condensing this
compound with the pyridinium salt of rac-2,3,4,5,6-penta-O-
benzyl-myo-inositol, compound 2, in presence of TPS as de-
scribed for compound 5, gave rac-1-O-octadecyl-2-O-
[(methoxyethoxy)methyl]glycero-3-phospho-penta-O-benzyl-
myo-inositol, compound 8. The methoxyethoxymethyl
(MEM) group was cleaved by the Lewis acid zinc bromide
selectively to give compound 9 (Fig. 3). The generated hy-
droxyl group was then acetylated to give compound 10 (Fig.
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4). The resultant acetylated compound was subjected to hy-
drogenolysis in the same manner as described for compound
5, yielding rac-1-O-octadecyl-2-O-acetylglycero-3-phospho-
myo-inositol, compound 11 (Fig. 4).

The synthetic pathway followed for the preparation of
the oleyl derivative, compound 13, the analogue of com-
pound 5, is depicted in Fig. S. It is synthesized as a precursor
for rac-1-0-[9,10-*H,-octadecyl]-2-O-methylglycero-3-phos-
pho-myo-inositol.

The purity of the target compounds, 6 and 11, was as-
certained by thin-layer chromatography; the NMR and mass
spectra (MS) were consistent with the proposed structures of
these compounds.

Experimental

rac-2,3,4,5,6-Penta-O-benzyl-myo-inositol-1-phosphate
(Compound 1)

The procedure of Gigg and Warren (24) was followed to
synthesize this compound.

Pyridinium Salt of rac-2,3,4,5,6-penta-O-benzyl-myo-
inositol-1-phosphate (Compound 2)

The pyridinium salt was synthesized according to the
procedure of Hermetter et al. (25).

2-O-Methylglycerol (Compound 3)

To pure 2-O-methyl-1-benzylideneglycerol (28) (25 g,
129 mmol) was added 112.8 ml of a solution of concentrated
sulfuric acid, water, and ethyl alcohol (1:7.5:5, respectively).
The reaction mixture was then magnetically stirred and re-
fluxed gently for 7 hr (29), after which it was cooled to room
temperature and 100 ml of H,O was added. The ethyl alcohol
was removed in vacuo and the aqueous layer was extracted
with ether to remove the benzaldehyde formed during the
reaction. The reaction mixture was then neutralized with
potassium carbonate and the H,O was removed in vacuo.
The residue was dissolved in 300 ml of ethyl acetate, filtered
to remove the potassium salts, and dried over anhydrous
magnesium sulfate. After removal of the ethyl acetate, the
oily residue weighed 7.8 g. Yield, 57.4%.

'H-NMR (3, CDCl;): 3.15 (m, 1H, CH,CHCH,); 3.5 (s,
3H, OCH,); 3.75 (m, 6H, CH,CHCH, and 2 x OH).

rac-1-0-Octadecyl-2-O-methylglycerol (Compound 4)

This intermediate was synthesized according to the pro-
cedure of Surles et al. (27).

'H-NMR (8, CDCl,): 0.87 (t, 3H, CH,); 1.25 (m, 30H,
C,sHy); 1.5 (m, 2H, OCH,CH,C,(Hs5); 2.3 (s, 1H, OH);
3.35 (m, 1H, CH,CHCH,); 3.4 (s, 3H, OCHs;); 3.6 (m, 6H, 3
x CH,0).

13

Fig. 5. Synthesis of rac-1-0-oleyl-2-O-methylglycero-3-phospho-penta-O-
benzyl-myo-inositol: compound 13. R is identical to that in Fig. 2.
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rac-1-0-Octadecyl-2-O-methylglycero-3-phospho-penta-O-
benzyl-myo-inositol (Compound 5)

The procedure of Hermetter et al. (25) was slightly mod-
ified. To a magnetically stirred solution of the pyridinium
salt of the rac-2,3,4,5,6-penta-O-benzyl-myo-inositol-1-
phosphate (2.5 g, 2.9 mmol) and 1-O-octadecyl-2-0-
methylglycerol (3.5 g, 10 mmol) in 20 ml of dry pyridine was
added 2,4,6-triisopropylbenzenesulfonyl chloride (6.1 g, 21.8
mmol). The stirring was continued at room temperature un-
der anhydrous conditions for 24 hr. The reaction mixture
was then immersed in ice, 0.5 ml of water was added, and
stirring was continued for another 10 min. The pyridine was
evaporated without heating in vacuo and 50 ml of anhydrous
diethyl ether was added to the residue.

The precipitated triisopropylbenzenesulfonic acid pyri-
dinium salt was filtered off and washed thoroughly with di-
ethyl ether. The ether was removed in vacuo and the residue
weighed 7 g. Purification of the crude product was accom-
plished by column chromatography on silica gel with a dis-
continuous gradient of CHCl,, followed by 95/5 and 8/2 (v/v)
CHCI/MeOH, resulting in 2.8 g of a viscous clear oil.

Further purification on silica gel preparative TLC plates
using 170/30/3 (v/v/v) CHCl,/MeOH/NH,OH as eluent gave
2.33 g of the pure clear semisolid product. Yield, 83% (based
on the pyridinium salt).

'H-NMR (8, CDCl,): 0.87 (t, 3H, CH,); 1.26 (m, 30H,
C,sH,o); 1.38 (m, 2H, OCH,CH,C,,H;); 3.13 (m, 2H,
OCH,C,;H;5); 3.23 (s, 3H, OCH,); 3.57 (m, 2H,
CH,0C3H;,); 4.03 (d, 2H, CH,0P); 3.65-4.20 (m, 5H, 5 x
CH-ring); 4.5-4.95 (m, 11H, 5 x CH,C¢Hs and 1 X CH-ring);
4.98 (m, 1H, CH,CHCH,); 7.22 (s, 25H, 5 X C4Hy).

rac-1-O-Octadecyl-2-O-methylglycero-3-phospho-myo-
inositol (Compound 6)

A solution of compound 5 (0.5 g, 0.48 mmol) in 145 ml of
94% aqueous EtOH was added to 0.75 g of palladium black
suspended in 10 ml of 94% aqueous EtOH (26). The flask
was connected to an atmospheric hydrogenation apparatus
and the reaction mixture was magnetically stirred overnight
at room temperature. After filtration and solvent removal in
vacuo, 0.27 g of a white solid was obtained. The crude prod-
uct was purified by column chromatography on silica gel
with a discontinuous gradient of 65/35/0.5, 65/35/1, 65/35/2
(v/v/v) CHCl,/CH,OH/NH,OH to give 243 mg of pure prod-
uct as a white solid. Yield, 84%. m.p., 185-190°C.

'H-NMR (3, CDCl,-D,COD): 0.816 (t, 3H, CH,); 1.18
(m, 30H, C,;H,); 1.48 (m, 2H, OCH,CH,C,H3,); 2.83 (s,
6H, 6 x OH); 3.33 (m, 2H, OCH,C,,H,;); 3.4 (s, 3H, OCH,);
3.5 (m, 2H, CH,0C;H;s); 3.58 (d, 2H, CH,0P); 3.74.0 (m,
5H, 5§ x CH-ring); 4.17 (m, 2H, CH,CHCH,, and 1 X CH-
ring). MS [(M + Dthioglycerol, MW = 601 m/z].

rac-1-0-Octadecyl-2-O-[(methoxyethoxy)methyl] glycerol
(Compound 7)

This compound was prepared according to the method
described by Surles et al. (27).

'H-NMR (3, CDCl,): 0.85 (t, 3H, CH,); 1.25 (m, 32H,
C,¢Hi,); 3.38 (s, 3H, OCH,); 3.42-3.9 (m, 12H, OH,
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OCH,CH,0, CH,CHCH, and OCH,C,,H,;); 4.8 (s, 2H,
OCH,0).

rac-1-0-Octadecyl-2-O-[(methoxyethoxy)methyl]glycero-
3-phospho-penta-O-benzyl-myo-inositol
(Compound 8)

To a magnetically stirred solution of compound 7 (6.5 g,
14.8 mmol) and the pyridinium salt of rac-2,3,4,5,6-penta-
O-benzyl-myo-inositol-1-phosphate (4 g, 4.6 mmol) in 80 ml
of dry pyridine was added 2,4,6-triisopropylbenzenesulfonyl
chloride (9.1 g, 30 mmol). The procedure described for the
synthesis of compound 5 was then followed to obtain 3 g of
the desired product. Yield, 57%.

'H-NMR (8, CDCl,): 0.88 (t, 3H, CH;); 1.25 (m, 32H,
C,6Hsy); 3.22 (s, 3H, OCH,); 3.3-3.7 (m, 8H, OCH,CH,0,
CH,0CH,C,;H,s); 3.7-4.3 (m, 7H, 5 x CH-ring and
CH,OP); 4.3-5.1 (m, 14H, 1 x CH-ring, 5 x OCH,C¢H,,
CH,CHCH, and OCH,0); 7.22 (s, 25H, 5 x C4HJ).

rac-1-O-Octadecylglycero-3-phospho-penta-O-benzyl-myo-
inositol (Compound 9)

To a solution of compound 8 (0.8 g, 0.7 mmol) in 10 ml
of dry CH,Cl,, anhydrous zinc bromide (0.79 g, 3.5 mmol)
was added and the reaction mixture was magnetically stirred
for 24 hr at room temperature (30), after which the reaction
mixture was extracted with 3 X 15 ml of H,O and the organic
layer was dried over anhydrous sodium sulfate. The drying
agent was suction filtered, and the solvent removed in vacuo
to give 0.8 g of the crude product. This was chromato-
graphed on silica gel with a discontinuous gradient of 170/3/3
(v/v/v) CHCL,/CH,OH/NH,OH to give 0.5 g of the pure lyso
product as a slightly yellow oil. Yield, 68%.

'H-NMR (8, CDCl,): 0.78 (t, 3H, CH,); 1.15 (m, 32H,
Ci6Hip); 2.75-3.2 (m, 4H, CH,O0CH,C;H;s); 3.2-4.2 (m,
7H, 5 x CH-ring and CH,OP); 4.2-5.1 (m, 12H, 5§ X
CH,C¢Hs, 1 X CH-ring and CH,CHCH,); 7.12 (s, 25H, § X
CeHs).

rac-1-O-Octadecyl-2-O-acetylglycero-3-phospho-penta-O-
benzyl-myo-inositol (Compound 10)

Compound 9 (0.5 g, 0.5 mmol) and 4-dimethylaminopy-
ridine (0.061 g, 0.5 mmol) were dissolved in a mixture of 2.4
ml of ethanol-free CHCl, and 0.6 ml of dry pyridine. To this
solution 5.6 ml of freshly distilled acetic anhydride was
added, the flask stoppered under a nitrogen atmosphere, and
the mixture magnetically stirred for 24 hr (27).

The volatile material was removed by a stream of nitro-
gen and the product was extracted with CHCl, and washed
with 5 x 50 ml of H,O using methanol to break the emulsions
formed during the extraction procedure. The CHCI, layer
was dried over anhydrous sodium sulfate, the drying agent
suction filtered, and the solvent removed in vacuo to give 0.4
g of a semisolid crude product. This was purified on silica gel
preparative TLC plates using 170/30/3 (v/v/v) CHCl,/
MeOH/NH OH as eluent to give 0.25 g of a yellow semisolid
product. Yield, 48%.

TH-NMR (3, CDCl,): 0.87 (t, 3H, CH,); 1.25 (m, 30H,
C,sH;p); 1.57 (m, 2H, OCH,CH,C,(H;;); 1.86 (s, 3H,
H,CCO0O0); 3.23 (m, 2H, OCH,C,;H;5); 3.36 (m, 2H,
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CH,0C4H;,); 3.5-4.4 (m, 7H, 5 X CH-ring and CH,OP);
4.5-5.03 (m, 11H, 5 x OCH,C-H;, and 1 X CH-ring); 5.17
(m, 1H, CH,CHCH,); 7.2 (s, 25H, 5 x C¢Hs).

rac-1-0-Octadecyl-2-O-acetylglycero-3-phospho-myo-
inositol (Compound 11)

A solution of compound 10 (0.3 g, 323.4 mmol) in 50 ml
of 94.5% aqueous EtOH was added to 0.45 g of palladium
black suspended in 10 ml of 94.5% aqueous EtOH. The flask
was connected to an atmospheric hydrogenation apparatus
and the reaction mixture was magnetically stirred overnight
at room temperature.

After filtration and solvent removal in vacuo, 0.11 g of
crude product was obtained. This was chromatographed on
silica gel using a discontinuous gradient of 65/35/0.5, 65/35/1,
and 65/35/2 (v/v/v) CHCl;/MeOH/NH,OH to give 40 mg of
pure product as a white solid. Yield, 39.3%. m.p., 190°C with
decomposition.

"H-NMR (3, CDCl,~CD,0D): 0.8 (t, 3H, CH,); 1.18 (m,
30H, C,sH;,); 1.45 (m, 2H, OCH,CH,C,¢H3;); 2.12 (s, 3H,
H,CCO0O0); 3.03 (m, 8H, 6 X OH and OCH,C,-H,;); 3.3-4.2
(m, 9H, 5 x CH-ring and CH,CHCH,); 5.10 (m, 2H,
CH,CHCH, and 1 X CH-ring). MS [(M+1) = 629 m/z].

rac-1-0-Oleyl-2-O-methylglycerol (Compound 12)

The procedure of Baumann and Mangold (31) was fol-
lowed to prepare this compound.

"H-NMR (3, CDCl,): 0.88 (t, 3H, CH,); 1.25 (m, 24H, 2
X (CH,)¢); 2.05 (m, 4H, 2 X CH,CH=CH); 3.45 (s, 3H,
OCH,); 3.3-3.8 (m, 7H, CH,CHCH, and OCH,C,,H,,); 5.35
(m, 2H, CH=CH).

rac-1-0-Oleyl-2-O-methylglycero-3-phospho-penta-O-
benzyl-myo-inositol (Compound 13)

This compound was prepared according to the proce-
dure described for the synthesis of compound 5.

"H-NMR (5, CDCl,): 0.83 (t, 3H, CH,); 1.1-1.4 [m,
24H, 2 x (CH,)¢]; 2.0 (m, 4H, 2 x CH,CH=CH); 3.11 (m,
2H, OCH,C,,H,5); 3.23 (s, 3H, OCH,); 3.33 (m, 2H,
CH,0C  H,,); 3.48 (d, 2H, CH,0OP); 3.85-4.05 (m, 5 X CH-
ring); 4.39 (m, 2H, CH=CH); 4.5-4.95 (m, 12H, § X
CH,C.H;, 1 x CH-ring and CH,CHCH,); 7.2 (s, 25H, 5 X
C¢Ho).

Biological Evaluation

Growth Inhibition of Malignant Cells

Cell lines of HL60 human leukemia (American Type
Culture Collection, Bethesda, Maryland) were cultured in
RMPI 1640 medium containing 10% fetal calf serum, 100
U/ml penicillin, and 100 g/ml streptomycin (all from GIBCO,
Grand Island, New York). Human ovarian carcinoma cell
lines BG1 and BG3 (32) were propagated as monolayers in
McCoy’s 5A culture medium (GIBCO) with 10% fetal calf
serum, 0.1% penicillin, and 100 pg/ml streptomycin. Serial
passage following mild trypsinization was done weekly in
culture flasks (Costar, Cambridge, Massachusetts).

Two techniques were used to evaluate the biological
activity of the compounds. The cytotoxic potential against
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HL60 was measured by trypan blue dye exclusion at differ-
ent concentrations of compound incubated with 5 x 10°
cells/ml in 24-well culture plates. Following incubation for 48
hr at 37°C in an atmosphere of 5% CO, and 95% humidified
air, viable cells were enumerated by hemocytometer as
those that retained a cell membrane permeability barrier
against trypan blue dye intrusion. Changes in the clonoge-
nicity of the BG1 and BG3 tumor cells as a result of treat-
ment with the test compounds were determined with a
modified two-layer semisoft agarose assay as described pre-
viously (32,33). rac-1-O-Octadecyl-2-O-methylglycero-3-phos-
phocholine 14 (ET-18-OMe) was the kind gift of Dr. Wolf-
gang Berdel, Technical University, Munich, Federal Repub-
lic of Germany, and served as a reference compound in all
experiments.

Preparation of Protein Kinase C

HL60 cells were grown in 750-ml flasks, harvested, and
washed with ice-cold normal saline. After centrifugation
(600g, 5 min, 4°C) the cell pellet was resuspended (20 mM
Tris-HCI, pH 7.5, 2 mM EDTA, 10 mM EGTA, 50 mM
mercaptoethanol, 2 mM phenylmethylsulfonyl fluoride) and
sonicated for 20 sec with a stepped microprobe sonicator.
Unbroken cells were removed by centrifugation as above
and the supernatant centrifuged (120,000g, 90 min, 4°C). The
supernatant from this step (cytosol) was then fractionated on
a 1 x 8-cm DEAE-Sephacel column after the addition of
sucrose to a final concentration of 10%. After equilibrating
the column (20 mM Tris, pH 7.5, 0.2 mM EDTA, 0.2 mM
EGTA, 50 mM mercaptoethanol, 10% sucrose), the sample
was loaded and unbound material was washed through with
40 ml of the equilibration buffer. Then protein kinase C was
eluted by a gradient from 0 to 0.5 M NaCl in the buffer.
Fractions of 1 ml were collected at 25 ml/hr, and 0.05-ml
aliquots assayed for protein kinase C as below. The fractions
with the highest activity were pooled and used in further
experiments.

Assays of Protein Kinase C Activity

The assays were done at pH 7.5 in a total volume of 0.25
ml and all tubes contained 25 mM Tris, 10 mM MgCl,, 40 pg
histone, 10 uM ATP (including 1 pCi of [y->*P]JATP), 0.1 mM
CaCl,, 20 pg ml phosphatidylserine, and 2.5 pM rac-

Table 1. Cytotoxic Effect of Analogues of Inositol Phospholipids
Against HL60 Human Leukemia Cells (Cell Survival)*

Dose (pM)
Compound 10 20 40 80
5 121 + 16 126 = 14 125 = 11 121 = 11
13 125 £ 25 137 = 17 109 = 14 125 = 27
9 96 + 2 85 + 14 55+16 61 £ 1
6 87+ 6 94+ 6 65 = 10 38+ 5
11 110 = 10 140 = 7 79+ 4 13+ 4

% Values are expressed as percentage of control and each represents
the mean = SD of three determinations of the same assay. The
corresponding control value is 1.044 + 0.128 x 10° cells/ml. IDs,
for compound 14 (ET-18-OMe) is 2.5 pM.
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Table II. Effect of Analogues of Inositol Phospholipids on Colony Growth of BG3 Ovarian Adeno-
carcinoma Cells®

Dose (pM)

Compound 1.25 2.5 10 20 40
14 66 =3 6x 3 1x£05 1+1 1+0.3 1+ .03
5 90 1 83+ 1 88 + 7 NA 101 = 8 103%
13 102 = 8 102+ 7 78+ 6 82 + 8 69 = 6 76 + 2
9 78 =8 85+ 15 68 £ 6 78 +2 67 £ S 63 +2
6 91 =2 90+ 9 113 =1 93 + 8 64 £ 2 47 = 4
11 120 = 3 109 = 11 94 = 8 105 = 3 107 = 8 49+ 3

4 Values are expressed as percentage of control growth and each represents the mean + SD of three
determinations of the same assay. The corresponding control value is 1965 + 236 (N = 18) colonies/

well. NA, not available.
EN = 2.

1-oleoyl-2-acetylglycerol (OQAG) plus 0.05 ml protein kinase
C. Enzymatic activity was determined as the incorporation
of 32P from [y->2P]ATP into histone in the presence of Ca2™,
phosphatidylserine, and OAG minus the incorporation in the
absence of OAG. Reactions were initiated by the addition of
protein kinase C and halted after 20 min at 30°C by the ad-
dition of 0.05 ml bovine serum albumin (10 mg/ml) and 1 ml
25% ice-cold trichloroacetic acid. The tubes were kept on ice
and then filtered in a Millipore vacuum box using Millipore
HA filters and washed with 25% trichloroacetic acid. The
radioactivity bound to the filters was determined by scintil-
lation counting in 5 ml Budget Solve. The amount of enzyme
used was shown to result in linear activity for at least 20 min
and the assay was linearly dependent on the amount of en-
zyme used.
rac-1-0-Octadecyl-2-O-methylglycero-3-phosphocho-
line (ET-18-OMe) or the analogue to be tested was added
directly to the reaction mixture before the addition of protein
kinase C. As a control for the small amount of ethanol from
the stock solution of ET-18-OMe, 0.1% ethanol was included
in the samples with the enzyme and without ET-18-OMe.

RESULTS AND DISCUSSION

The data obtained from the viability test with HL.60 hu-
man leukemic cells are shown in Table I. Compounds 5 and
13 are not cytotoxic in this system at any of the concentra-
tions tested. Compound 9 is poorly active, with a cell kill of
40% at 80 pM, while compounds 6 and 11 are active at high

concentrations (IDs, values of 62 and 57 pM, respectively).
The dose-response curve of ET-18-OMe, compound 14, in
this assay revealed an IDyy concentration corresponding to
2.35 = 0.47 pM, consistent with previously reported data
(2,21).

The clonogenic assay results obtained with the ovarian
adenocarcinoma BG3 are shown in Table II, where these
cells were insensitive to compound 5 and moderately sensi-
tive to compounds 13 and 9, while compounds 6 and 11
showed IDs, values of 37 and 40 pM, respectively. The IDs,
of ET-18-OMe in this assay corresponds to 1.45 * 0.4 uM,
as previously determined. Against the BG1 cell line (Table
III), of the compounds assayed, only compound 11 showed
inhibitory activity at the concentration tested, with an IDy,
of 25 pM.

In a previous article (21) a summary of in vitro inhibitory
data for the target compounds 6 and 11 has been given. In
this paper, we report and compare complete data, including
those obtained testing the synthetic intermediates. Interest-
ingly, only the final compounds 6 and 11 are active against all
the experimental tumors tested. Compound 9 is slightly ac-
tive against BG3 and HL60. These data suggest that the
removal of the benzyl groups from the inositol ring during
the synthetic procedure corresponds to the appearance of
activity against neoplastic cells.

Helfman ez al. (7) have shown that ET-18-OMe inhibits
PKC and suggested that this enzyme system may be the site
of action of the alkylphospholipids. In addition, rac-1-O-
alkyl-2-O-methoxyglycerol, a cellular metabolite of ET-

Table III. Effect of Analogues of Inositol Phospholipids on Colony Growth of BG1 Ovarian Adeno-
carcinoma Cells

Dose (pM)
Compound 1.2§ 2.5 S 10 20 40
14 59+ 2 9+ 1 3+ 3 3+0.2 3+x1 1= 03
5 105 = 12 95 + 12 95 + 14 103 =9 88 = 3 92 + 10
13 101 = 9 91+ 7 9% + 9 100 = 9 81 x4 98 = 1S5
11 86+ 9 83+ 9 Si+= 4 546 59+ 1 19+ 5

2 Values are expressed as percentage of control colony growth and each represents the mean + SD of
three different assays. The corresponding control value is 1210 = 111 (N = 12) colonies/well.
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18-OMe (34), has recently been shown to inhibit PKC activ-
ity (35,36). We have recently reported that 1-amido ana-
logues of glycero-3-phosphocholine inhibit PKC (20). There-
fore, PKC inhibition appears to be a common feature among
the ether lipid analogues and may be required for activity. In
order to extend the studies to determine the structural re-
quirements for PKC inhibition, we tested compounds 6 and
11 in an in vitro PKC assay system. Neither compound af-
fected the basal protein kinase activity in the presence of
Ca?™* and phosphatidylserine (Fig. 6). However, when PKC
activity was stimulated by diacylglycerol, in the form of
OAG, as described previously (36), the addition of either
compound 6 or compound 11 caused a dose-dependent inhi-
bition of PKC activity (Fig. 6). In the presence of 2.5 pM
OAG, compound 6 exhibited 64% inhibitory activity at a 10
wM concentration, while compound 11 exhibited 60% inhib-
itory activity at the same concentration. At the same con-
centration, compounds 5 and 13 exhibited PKC inhibitory
activity of 43 and 63%, respectively. However, the lyso de-
rivative compound 9 had no PKC inhibitory activity. Taken
together these studies indicate that the choline moiety is not
required for PKC inhibition and that the 1-alkyl (or amido)
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Fig. 6. Effect of compounds 6 and 11 on PKC activity. PKC activity
was measured using a partially purified preparation from HL-60
cells. PKC activity is defined as the total activity minus the basal
activity in the abscence of OAG. The data are presented as the
average of duplicate determinations from one of two similar exper-
iments. (A) Compound 6; (B) compound 11.
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group is required. Future studies will include the effects of
compounds 6 and 11 on phosphatidylinositol turnover and
inhibition of other enzymes in this transmembrane signaling
pathway (4).
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