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A chemical synthesis of DL-1-O-(1’-palmitoyl-2'-oleoyl-sn-glycero-3'-phosphoryl)-
myo-inositol-4-phosphate (diphosphoinositide) is described. Selective phosphorylation of
DL-2,3; 5,6-di-O-cyclohexylidene-myo-inositol with diphenylphosphochloridate led to
the corresponding 1-diphenylphosphate which was transformed into silver DL-4-O-acetyl-
2,3; 5,6-di-O-cyclohexylidene-myo-inositol-1-(benzyl)phosphate. Condensation of the
latter with l-palmitoyl-2-oleoylsn-glycero-3-iodohydrin gave a phosphotriester which
after successive deacetylation, phosphorus oxychloride treatment and removal of the pro-
tective groups yielded diphosphoinositide. The intermediate DL-1-O-[1'-palmitoyl-2’-oleo-
yl-sn-glycero-3'-(benzyl)phosphoryl}-2,3; 5,6-di-O-cyclohexylidene-myo-inositol was used
also for a new synthesis of phosphatidylinositol.

1. Introduction

The phosphoinositides - phosphatidylinositol, phosphatidylincsitolphosphate
and phosphatidylinositoldiphosphate — are important constituents of plant and ani-
mal tissues. They have been found to be metabolized at higher rates than any other
phospholipid [1,2]. Recently the interest in these substances is growing rapidly since
they have been shown to be involved in such processes as nerve conductivity [3—5],
ion transport [6] and phagocytosis [7].

A high content of unsaturated acids is typical for many of the natural phospho-
inositides. As individual molecular species of these phospholipids can not be ob-
tained yet from natural sources, the elaboration of their chemical synthesis remains
an actual task.

Several syntheses of racemic “single-acid” phosphatidylinositol and its mono-
phosphate have been described [8--12]. Since all of them include a stage of hydro-
genolysis for the removal of blocking phenyl groups, they are not suitable for the
synthesis of molecular species with unsaturated fatty acid residues.

Recently the first total synthesis of an optically active unsaturated phosphatidyl-
inositol has been accomplished in our laboratory [13].

In this paper we describe the synthesis of “‘mixed-acid” phosphatidylinositol-
phosphate, with an optically active unsaturated diglyceride moiety of natural con-
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figuration. For protection of the phosphate linking the glycerol and myo-inositol
residues we used the benzyl groups which can be removed by anionic debenzylation,
without affecting double bonds.

11. Results

The pathway used for the synthesis of phosphatidylinositolphosphate is shown
on scheme 1. When DL-1,2; 4,5-di-O-cyclohexylidene-myo-inositol (I) [14] was
phosphorylated with diphenylphosphochoridata in dioxane, the 1-hydroxy group
reacted predominantly. The phosphotriester (II) was purified by re-crystallization
and acetylated by acetic anhydride in pyridine. The structure and homogeneity of
the resulting DL-1-O-diphenylphosphoryl-2,3; 5,6-di-O-cyclohexylidene-4-O-acetyl-
myo-inositol (I11) were proved by its transformation into DL-myo-inositol-1-(dihy-
drogen phosphate) (XVII) by platinum catalyzed hydrogenolysis and subsequent
basic and then acid hydrolysis. The phosphate obtained appeared to be identical by
paper chromatography with authentic 1D-myo-inositol-1-(dihydrogen phosphate)
[13] and differed distinctly from the isomeric DL-myo-inositol-4<(dihydrogen phos-
phate) (XVIII). This latter substance was synthesized from DL-1,4-di-O-benzyl-2,3-
5,6-tetra-O-acetyl-myo-inositol (XIIT) [15] by hydrogenolytic debenzylation over
palladium black and subsequent phosphorylation with diphenylphosphochloridate
(scheme 2). The main reaction product was DL-1-O-diphenylphosphoryl-2,3,5,6-
tetra-O-acetyl-myo-inositol (XV) which after removal of the protective groups
yielded DL-myo-inositol-1-(dihydrogen phosphate) (XVII).-A minor product of the
phosphorylation reaction was DL-4-O-diphenylphosphoryl-2,3,5,6,-tetra-O-acetyl-
myo-inositol (XVI) which was transformed into substance (XVIII) by successive cat-
alytic hydrogenolysis, alkaline deacylation and deionization (scheme 2).

The phosphotriester (IIT) was subjected to hydrogenolysis and subsequent treat-
ment with phenyldiazomethane forming the corresponding dibenzy! derivative (IV)
which was converted into the silver salt (V) by treatment with sodium iodide in
acetone and then with silver nitrate in acetone-methanol. Condensation of the silver
salt (V) with 1-palmitoyl-2-oleoyl-sn-glycero-3-iodohydrin [16] led to the fully pro-
tected phosphatidylinositol derivative (VI). As this substance appeared not to sepa-
rate easily from contaminants it was without purification deacetylated by hydrazine
hydrate to the compound (VII) with a free 4-hydroxy group. The latter was phos-
phorylated with excess phosphorus oxychloride in pyridine. After aqueous sodium
bicarbonate treatment of the phosphorylation product, the sodium salt (VII) was
obtained. After its debenzylation with sodium iodide, splitting off the ketal groups
by filtering through Dowex-50 cationite (H*-form) and subsequent potassium oxa-
late impregnated silica gel column chromatography, individual 1-palmitoyl-2-oleoyl
phosphatidylinositolphosphate (IX) was obtained in pure form as triammonium salt.

The synthetic phosphatide (IX) was undistinguishable from rat brain phosphati-
dylinositolphosphate [17], on silica gel TLC in different solvent systems. For the



97

V.P. Shevchenko et al., Chemical synthesis of diphosphoinositide

*(X) 1onsout-odui-(14304ydsoyd- ¢-0190 4]3-us-1A09]0
-, Z-1Aonured- 1)-0-T-1d pue (XI) 21eydsoyd-p-[onsour-odu-(jA10ydsoyd- ¢-0100 £13-us-1£0a10- z-jAonwred- 1 »0-1-10 30 SISOUIUAS T SWaydg

nx < x X
is€apy ¥y X mO_QNI ¥0 oy OomthFu :10 _n_on_vNI HO
OH
HO=J=H ' 100%0=H
Y€an15000d - ¥ 2 e 00¥HSIy 21y 2.l HO
i€y IX HO0(0)d0 HOO(0)d0 -
mn_u 40 M0 auap NAxayoydhgy - 7 ...ﬁ_u HO MO
X 2 Lz A 2 A
140%H Io 1d03%H 0 ; 1d02%H g
[ &£otn I odfolen } OH
:EVU - Jv aoo'wlx doovulx \ .
Z ,to::a 7 Nzuoajo quoarwo
C HO IO 1280 O/ \O 1280 O/ \O
Z 2
4 1A Lz A
1409%H 0 Y
! 0oy 0oV
- 1000w 5 .-
ZHD0(0)d0 - qu_ mqoavao T %0040
]
1280 o/N\o He uloG _umo /N o/N\o

quoi

2 e il
0oV OH
————————— - .
t4do)0do &yd0)0do
o O o o0

/N\ /N\ /N\



98 V.P. Shevchenko et al., Chemical synthesis of diphosphoinositide

AcO OAc AcO QAc
0Bzl QH
(e ) —
BzlO HO
OAc OAc
XM XV

-—

AcO QAc
ol=Tol{¢] ph)z

§!

OAc

AcO OAc
OH
(thzopo H
OAc
XVl

XV

OH  OH
OPO3H,

{

OH OH
OH
H,04P0
OH

xvi vl

Scheme 2. Synthesis of DL-#yo-inositol-1-(dihydrogen phosphate) (XVII) and DL-myo-inositol-
4-(dihydrogen phosphate) (XVIII).

OH

synthetic specimen, the phosphorus to fatty acid molar ratio was estimated as

1.00 : 0.91, and the oleic to palmitic acid ratio was found to be 1 : 1. The structure
of the synthetic diphosphoinositide (IX) was proved by its transformation into the
nonakis-trimethylsilyl derivative (XI) on basic deacetylation and subsequent exhaus-
tive trimethylsilylation of the formed glycerophosphorylinositolphosphate. The tri-
methylsilyl derivative (XI) and a substance, obtained in the same way from brain
diphosphoinositide were undistinguishable by GLC and had identical mass spectra
coinciding completely with the mass spectrum of XI described earlier [17].
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The intermediate phosphotriester (VII) was used also for a new synthesis of phos-
phatidylinositol. For this purpose VII was subjected to anionic debenzylation and
subsequent acid hydrolysis to yield phosphatidylinositol (X) which appeared to be
identical by TLC with a specimen of 1-palmitoyl-2-oleoyl-phosphatidylinositol syn-
thesized earlier [13]. The phosphatide (X) gave after basic deacylation and trimeth-
ylsilylation an octakis-trimethylsilyl derivative, which by retention time and mass-
spectrum coincided with the trimethylsilyl derivative (XII), obtained from authentic
1D-O<(sn-glycero-3'-phosphoryl)-myo-inositol.

1. Experimental
A. Materials and methods

Melting points were determined on a Kofler block and are uncorrected; optical
rotations were measured with a Perkin-Elmer 141 polarimeter at 18—22°C. TLC was
carried out on KSK silica gel containing 5% gypsum as a binder, the spots were de-
tected by charring with conc. HySO,4; TLC of the phosphomono- and diester was
conducted on silica gel without binder. The solvent systems used were (v/v): (A)
chioroform-ethyl acetate (10 : 3); (B) benzene-dioxane (5 : 1); (C) benzene-ethyl
acetate (5 : 1); (D) benzene-ethyl acetate (1 : 1); (E) chloroform—methanol—conc.
NH4OH (65 : 25 : 4). Column chromatography was performed on KSK silica gel
(100—150 mesh) or on activity IIl alumina (Reanal, Hungary).

1-Palmitoyl-2-oleoyl-sn-glycero-3-iodohydrin [16] [a]p, + 6.8° (¢ 0.3; dioxane)
and DL-2,3,5,6-tetra-O-acetyl-1,4-di-O-benzyl-myo-inositol [15] were prepared as
described previously.

1. Deacylation of phospholipids

A solution of phospholipid (5 mg) in 0.1 ml chloroform was treated with 1 ml of
0.1 M KOH in 98% methanol for 30 min at 40°C and then neutralized with 0.1 ml
of ethyl formate (40°C; 5 min). After cooling the hydrolysate was shaken with 5 ml
of a chloroform—methanol—-water (20 : 5 : 6) mixture and separated. The chloro-
form phase was analysed by GLC for fatty acid methyl esters. The phosphorus con-
tent of the upper phase was determined as described in [18].

2. Trimethylsilylation

Aliquots of solutions containing about 1 mg of glycerophosphorylinositol or its
phosphate were dried at 40°C/15 mm. The residue was treated with 0.5 ml of pyri-
dine-hexamethyldisilazane-trimethylchlorosilane (5 : S : 1) mixture at 70°C for
30 min and then analysed by GLC.

3. Gas-liquid chromatography
Analysis of trimethylsilylated phosphoglycerol derivatives was performed on a
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Pye-104 series 24 apparatus equipped with a flame ionization detector and a column
(1000 X 4 mm) packed with 1.5% JXR on 80—100 mesh silanized chromosorb W,
and operated with initial temperature of 150°C and programming rate of 8°C to an
upper temperature of 300°C.

GLC of fatty acid methyl esters was carried out on the same apparatus with a
column (2000 X 4 mm) packed with 10% EGS on 80—100 mesh silanized chromo-
sorb W, at 180°C.

4. Mass spectra

The mass spectra of trimethylsilylated derivatives were obtained on a LKB-9000
apparatus using direct insertion of samples into the ion source; the electron voltage
was 70 eV.

B. Synthesis of phosphatidylinositolphosphate

1. DL-1-O-Diphenylphosphoryl-4-O-acetyl-2,3; 5,6-di-O-cyclohexylidene-myo-

inositol (11}

To a stirred solution of 26.0 g of diketal (I) [14}in 150 m! dry dioxane and
12.1 ml pyridine, maintained at 0°C, 21.6 g of diphenylphosphorochloridate was
added over a 3 hr period. The reaction mixture was left to stand overnight at room
temperature, concentrated in vacuo, the residue was dissolved in ethyl acetate,
washed successively with 1N HCI, water, saturated NaHCO5 solution, water, dried
over Na, SO, and concentrated in vacuo. After five crystallizations of the residue
from ethyl acetate 21.4 g (49%) of chromatographically pure DL-1-O-diphenylphos-
phoryl-2,3; 5,6-di-O-cyclohexylidene-myo-inositol (1) were obtained (TLC in sys-
tems A and B). This substance was treated at 0°C with 50 ml pyridine and 12.0 ml
acetic anhydride and left at room temperature for 12 hr. Methanol was added with
cooling, the mixture was concentrated in vacuo, the residue was dissolved in ethyl
acetate, washed successively with 1N HCI, water, saturated NaHCOj5 solution and
water, then dried over Na; SOy, filtered and concentrated in vacuo. Crystallization
of the residue from ether gave 22.7 g (98.8%) of chromatographically pure phos-
phate (I1T), m.p. 167—169°C (TLC in system C).

Found: C62.7;H6.3;P 4.2

C32H39010P Calc.: C62.5;H6.4;P5.0

2. DL-2,3,5,6-Tetra-O-acetyl-myo-inositol (XIV)

DL-2,3,5,6-Tetra-O-acetyl-1, 4-di-O-benzyl-myo-inositol (XIII) [15] (0.5 g) was
hydrogenated in 5 ml acetic acid over 70 mg of Pd black for 6 hr, the catalyst was
fittered off andithe filtrate concentrated in vacuo. Crystallization of the residue from
ether gave 0.33 g (98.8%) of XIV, m.p. 183—185°C (TLC in system B).

Found: C47.9;H5.8
C14Hp4049
Calc.:. C48.3;HS.8
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3. DL-4-O-Diphenylphosphoryl-2,3,5,6-tetra-O-acetyl-myo-inositol (XVI) and DL-
1-O-diphenylphosphoryl-2,3,5,6-tetra-O-acetyl-myo-inositol (XV)
To a stirred solution of 2.0 g of the tetraacetate (XIV) in 6 ml pyridine a solution
of diphenylphosphorochloridate (1.9 g) in 50 ml dry chloroform was added over a
1 hr period at —20°C. The mixture was then maintained at 50°C for 8 hr, the course
of the reaction being checked by TLC in system D. The reaction mixture was con-
centrated in vacuo at 50°C, dissolved in ethyl acetate, filtered, washed successive-
ly with water, 1N HCI solution, water, saturated NaHCO3 solution and water, then
dried over MgSQ,, filtered and concentrated in vacuo. The residue was chromato-
graphed on a silica gel column using benzene—ethyl acetate mixtures as eluents
(control by TLC in system D). 150 mg (4.5%) of DL-4-O-diphenylphosphoryl-2,3,
5,6-tetra-O-acetyl-myo-inositol (XVI) were obtained first, m.p. 150—153°C (from
ethyl acetate—ether).

Found: C53.3;H5.3;P54
Ca¢Hp9O0y3P
Calc.: C53.6;HS5.0;P5.3

Subsequently 1.70 g (51%) of the isomer (XV) were eluated, m.p. 168—170°C
(from ethyl acetate—ether).

4. DL-myo-inositol-1{dihydrogen phosphate) { X VII) and DL-myo-inositol-4-{dihy-
drogen phosphate) (XVIH )}

A solution of 5 mg of phosphotiester (11I) in 0.3 ml of 80% acetic acid was main-
tained at 50°C for 2.5 hr and concentrated in vacuo. The residue was subjected suc-
cessively to hydrogenolysis, alkaline deacylation and deionization as described in
[19]. Samples of the phosphotriesters (XV) and (XVI) were worked up in the same
way. All the specimens of DL-myo-inositol-dihydrogen phosphate were submitted
to descending PC (Filtrak 3, DDR; solvent system iso-propanol—water—28% NH,OH
7:2:1,20°C, 20 hr, detection with Zinzadze reagent [20]) together with authentic
1D-myo-inositol-1-dihydrogen phosphate [13] and sr-glycerol-3-(dihydrogen phos-
phate) the latter being used as a reference substance to which relative mobilities
(Rgp) of other compounds were listed. The samples of DL-myo-inositol-1-dihydro-
gen phosphate obtained from Il and XV had identical mobility (Rgp 0.32) with
authentic 1-phosphate but differed noticeably from the 4-isomer (XVIII) (Rgp
0.44).

3. DL-1-0-Dibenzylphosphoryl-4-O-acetyl-2,3; 5,6-di-O-cyclohexylidene-myo-
inositol (1V)

7.0 g of diketal (I} were hydrogenated in 200 ml dioxane with 5% acetic acid
over Pt black (from 1.0 g of PtO,) for 16 hr (control by TLC in system E). The res-
idue was dissolved in chloroform and treated with phenyldiazomethane solution un-
til a pink colour persisted. Chromatography of the product on a column packed
with 75 g of alumina using benzene-ether mixtures as eluents (control by TLC in
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system C) yielded 5.27 g (72%) of phosphotriester (IV), m.p. 149—150°C (from
ether).

Found: C63.7;H6.7;P 5.0
C34Hy30¢0P
Calc.: C63.6;H6.7,P48

6. Silver salt of DL-2,3; 5,6-di-O-cyclohexylidene-myo-inositol-4-O-acetyl-1-benzyl)
phosphate (V)

A solution of 500 mg of phosphotriester (IV) and 146 mg Nal in 6 m! dry ace-
tone was heated in a sealed tube at 80°C for 2 hr and cooled to room temperature.
The precipitate was filtered off, washed with dry acetone, crystallized from chloro-
form-methanol and dried over POy yielding 440 mg (99.0%) of chromatographical-
ly pure (TLC in system E) sodium DL4-O-acetyl-2,3; 5,6-di-O-cyclohexylidene-
myo-inositol-1-(benzyl)phosphate, m.p. 322—324°C (decomp.).

Found: C55.7,H6.6,;P+Na 17.7
Ca7H360,0NaP
Calc.: C564,H6.3;P+Nal7.8

To a solution of the sodium salt (430 mg) in 5 ml methanol, a solution of
131 mg AgNO; in 0.5 ml water and 1 ml methanol was added, the mixture was di-
luted with 10 ml acetone and set aside for 30 min at room temperature. The precip-
itate was filtered off, washed with acetone and dried over P,O4 at 0.3 mm yielding
360 mg (73.0%) of silver salt (V), m.p. 249—251°C (decomp.). All manipulations
with the silver salt (V) were performed in weak diffused light.

7. DL-1-O-[ 1'-Palmitoyl-2'-oleoyl-sn-glycero-3'-{ benzyl)phosphoryl]-2,3; 5,6-di-O-
cyclohexylidene-myo-inositol (VII)

A mixture of 406 mg 1-palmitoyi-2-oleoyl-sn-glycerol-3-iodohydrin, 360 mg of
the silver salt (V) and 10 ml of dry toluene was boiled for 2.5 hr with vigorous stir-
ring in the dark, cooled, filtered and concentrated in vacuo. Chromatography of the
residue on a column packed with 60 g of silica gel using benzene-ether mixtures as
eluents (control by TLC in system C) gave 450 mg of DL-1-O-[1'-palmitoyl-2'-ole-
oyl-sn-glycero-3'«(benzyl)phosphoryl]-2,3; 5,6-di-O-cyclohexylidene-4-O-acetyl-myo-
inositol (VI} slightly contaminated with an unidentified substance. The above mix-
ture was dissolved in 20 ml of 95% ethanol and treated with 33 mg hydrazin hy-
drate overnight at room temperature. After evaporation of the solvent in vacuo the
residue was subjected to column chromatography on 50 g of silica gel with benzene-
ether mixtures as eluents (control by TLC in system A) to afford 218 mg of un-
changed acetate (V1) and 163 mg of the phosphotriester (VII) as a light-yellow gum,
falp +2.3° (¢ 2.0; CHCly).

Found: C68.2; H9.8;P 3.1
CeaH03013P
Calc.: C68.5:H9.5:P2.8
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8. DL-1-(1'-Palmitoyl-2"-oleyl-sn-glycero-3"-phosphoryl -myo-inositol-4-phosphate
(diphosphoinositide) (I1X)

To a stirred solution of 0.13 ml phosphorus oxychloride in 1 ml dry chloroform
a solution of 160 mg of phosphotriester (VII) and 0.3 ml pyridine in ml dry chloro-
form was added at 0°C for 30 min and left to stand overnight at room temperature.
The reaction mixture was evaporated at 0.2 mm, the residue stirred with 0.5 ml of
saturated NaHCOj5 solution for 10 min at 0°C and again concentrated in vacuo. The
residue was dissolved in 15 ml of chloroform, washed three times with water (phase
separation by centrifugation) and evaporated in vacuo. The residue was dried at
50°C/0.1 mm over P, 0, dissolved in 10 ml of dry methyl ethyl keton, boiled for
2 hr with 50 mg of dry Nal and cooled to room temperature. The precipitate was
filtered off, washed with dry acetone, dissolved in 25 ml of a chloroform —metha-
nol—water (10 : 10 : 1) mixture and stirred for 5 hr with 20 ml of Dowex-50 (H*).
The resin was filtered off and washed twice with 20 ml of the same solvent. After
evaporation of the filtrate in vacuo the residue was subjected to column chromato-
graphy on 7.0 g of silica gel impregnated with potassium oxalate [21] using mixtures
of chloroform—methanol—water (9 : 7 : 2) and chloroform—methanol—-4N NH,OH
(9 : 7 : 2) as eluents. Fractions were checked by TLC in the system chloroform-
4N NH,OH (9 : 7 : 2) (R, 0.54), diphosphoinositide from rat brain being used as a
reference substance (Ry, 0.54). 36 mg(25%) of pure phospholipid (IX) were ob-
tained as tri-ammonium salt, m.p. 187°C (sealed capillary; from CHCl3-methanol),
[a]p +1.8° (¢ 0.3; CHCly).

Found: C 534;H8.5;P 6.6
C43Hg1N30,6P,
Calc.: C533;H9.5;P64

C. Synthesis of phosphatidylinositol

The phosphotriester (VII) (5 mg) was debenzylated by Nal treatment as described
above, the reaction mixture was concentrated in vacuo, dissolved in 2 ml chloro-
form, filtered and evaporated in vacuo. The residue was treated with 2 ml of 80%
acetic acid for 2.5 hr at 50°C and evaporated in vacuo. The DL-1-O<(1"-palmitoyl-2'-
oleoyl-sn-glycero-3'-phosphoryl)-myo-inositol (X) obtained did not differ from yeast
phosphatidylinositol on TLC in the solvent systems chloroform—methanol—water—
28% NH4OH 130 : 70 : 8 : 0.5 (R¢ 0.37); chloroform—methanol—water—acetic acid
50:25: 8: 4 (R; 0.48) and chloroform—methanol—water 65 : 35 : 8 (R; 0.45).
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