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ABSTRACT 

( f )-myo-Inositol 1-(3-aminopropyl hydrogen phosphate) 3,4-bis(disodium phosphate) (5) and (+ )- 
myo-inositol 2-(3-aminopropyl hydrogen phosphate) 4,5-bis(disodium phosphate) (11) have been synthe- 
sized by conventional procedures. Each derivative has been immobilized on a polymeric resin in order 
to give a bioaffinity matrix. 

INTRODUCTION 

The discovery that lo-myo-inositol 1,4,5trisphosphate (1,4,5-IP,) acts as an 
intracellular second messenger and mediates the release of Ca2+ from non- 

mitochondrial stores’ has generated a plethora of research on biological studies of 
this molecule2. Several other lD-myo-inositol polyphosphates have also been 

implicated in the regulation of calcium levels, for instance, the 1,3,4,5tetra- 
kisphosphate (1,3,4,5-IP,) which is formed in mammalian cells by phosphorylation 
of 1,4,5-IP, by a 3-kinase3, and the 1,3,4-trisphosphate (I,3,4-IP,) formed by the 
action of a 5-phosphatase on 1,3,4,5-IP,. In order to elucidate the biological 

functions of these molecules, we have prepared racemic, P-l w-aminoalkyl phos- 
phodiester derivatives of 1,4,5-IP, (ref. 41, 1,3,4,5-IP, (ref. 5), and IP, (ref. 6), and a 
chiral 1,3,4,5-IP, derivative’. These “tetherable” ligands have been used to prepare 

bioaffinity matrices to aid in the purification of receptor proteins4,‘, and radioiodi- 
nated photoaffinity analogs in order to allow the identification of specific-binding 
subunits’?“. 

Increasing attention is being paid to the use of reactive analogs and resin-im- 
mobilized derivatives of inositol polyphosphates. Ballou and Tegge” have used a 
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chiral analog of a P-l tethered aminopropyl IP, derivative4T” to prepare an affinity 

resin and azidosalicylamide photolabel. Jina et a1.13 have synthesized (+)- 
(lR,3R,4R)-trans-N-(2-aminoethyl)-3,4-bis(phosphonylo~)~clohexane-l-carbox- 

amide and used it to prepare an affinity matrix and a photolabel. Hirata et a1.14 

have described the synthesis and biochemical affinities of several 1,4,5-IP, pho- 
toaffinity labels and two immobilized derivatives for affinity chromatography. A 

phosphonate analog of myo-inositol l-phosphate was used15 to prepare an affinity 
matrix for phospholipase C. Two photolabile arylazido analogs were synthesized 

from lo-1-O-(2-aminoethylphospho)-myo-inositol 4,5-bisphosphate16, obtained 

semi-synthetically from lo-1-0-(sn-glycer-3-ylphosphol-myo-inositol 4,5-bisphos- 
phate17. 

Many researchers are actively investigating how 1,4,5-IP, is removed from the 

cell by the 5-phosphatase and 3-kinase processes”. The product of the 3-kinase 
pathway is 1,3,4,5-IP,, which is metabolized” by a 5-phosphatase to 1,3,4-IP,. The 

synthesis of the tetherable 1,3,4-IP,, derivative 5 would provide access to a series 
of potential probes for these phosphatase and kinase enzymes. In addition, 

non-physiological 2,4,5-IP, is a good inhibitor of the binding of [3H]-1,4,5-IP3 to a 

1,4,5-IP, receptor in isolated olfactory cilia of the catfish”. Chiral 2,4,5-IP, causes 
the release of Ca2+ from rat basophilic leukemia cells . *’ Therefore, it is desirable 
to synthesize the tetherable 2,4,5-IP, derivative 11 for use in preparing an affinity 

matrix in an attempt to isolate putative binding proteins. 
We now report the preparation of 5 and 11 and the corresponding bioaffinity 

matrices. The biochemical results will be described elsewhere. 

RESULTS AND DISCUSSION 

The vicinal 4- and 5-phosphate groups, at least in 1,4,5-IP,, are required for the 
calcium-mobilizing effect 2’ The l-phosphate, or at least a negatively charged . 

group, while not essential, enhances this activity. We elected to append the tether 
at the isolated P-l or P-2 phosphate, via a phosphodiester linkage, and leave the 
vicinal phosphates and the remaining hydroxyl groups unencumbered. 

For the synthesis of the P-l tethered 1,3,4-IP, derivative 5, a convenient starting 

material was 2,4,5-tri-0-benzyl-myo-inositol** (0, which was converted into the 
known23 3,4-0-isopropylidene derivative 2 (92%). Treatment of 2 with 
benzyloxy(3-benzyloxcarbonylaminopropoxyXdiisopropylamino)phosphine4 fol- 
lowed by oxidation with m-chloroperoxybenzoic acid gave the l-phosphate deriva- 
tive 3 (84%). The isopropylidene group was removed easily from 3 by miId acid 
hydrolysis and the hydroxyl groups exposed were phosphorylated by reaction with 
dibenzyloxy(diisopropylamino)phosphine 24 followed by oxidation with m-chloro- 
peroxybenzoic acid to yield the trisphosphate derivative 4. Catalytic hydrogenolysis 
(Pd/C) of 4 removed the nine benzyl groups to give the target 1,3,4-IP, derivative 
5 in quantitative yield. 
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The 2,4,5-3P3 derivative 11 was prepared in a slightly different manner. 5,6-Di- 
0-allyl-1,4-di-0-benzyl-myo-inositol (6), available from the synthesis of myo-ino- 
sitol 1,4,5-trisphosphate2, was reacted with 1 equiv of benzyl bromide in the 
presence of sodium hydride to give 51% of the 1,3,4-tri-0-benzyl derivative 7. The 

phosphitylation of the 2-hydroxyl group in 7 with benzyloxy(3-benzyloxycarbonyl- 

aminopropoxyXdiisopropylamino)phosphine followed by oxidation with m-chloro- 
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peroxybenzoic acid involves two modifications from the usual protocol_ First, 
because the axial HO-2 is hindered, the phosphitylation was allowed to proceed 

overnight instead of the usual 3-4 h. Second, the use of a low temperature and a 

short oxidation time allowed the phosphite to be oxidized to the phosphate without 

affecting the ally1 groups. Thus, 8 (80%) was prepared from 7. The ally1 groups 

were removed by isomerization to the prop-Zenyl ethers, using Wilkinson’s cata- 

lyst, followed by hydrolysis with dilute acidz6 to give 9. Phosphorylation of HO-5 
and HO-6 in 9 was effected with dibenzyloxy(diisopropylamino)phosphine and 

oxidation with m-chloroperoxybenzoic acid to give 10 (95%). Catalytic hydrogenol- 
ysis removed the nine benzyl groups in 10 to yield the target 2,4,5-IP, derivative 11. 

Affinity columns were prepared from both 5 and 11 using an N-hydroxysuc- 

cinimide-activated resin (Affi-Gel 10). Applications of these new tethered IP, 

regioisomers for the purification of catfish olfactory receptors’” and in the isola- 

tion of other IP,,-binding proteins is in progress. 

EXPERIMENTAL 

General methods. -The ‘H (300 MHz) and 13C NMR (75 MHz) spectra were 
obtained with a GE QE-300 spectrometer on solutions in CDCl, (internal Me,Si). 

31P NMR spectra (101.3 MHz) were obtained with a Bruker AC-250 spectrometer 

(external aq 85% H,PO,). Mass spectra were measured on a Kratos MS-80 RFA 

spectrometer. Combustion analyses were performed by Atlantic Microlab, Nor- 
cross, GA (USA). Column chromatography was performed on EM silica gel 60 

(230-400 mesh), using HPLC grade solvents, and TLC was performed on silica gel 

G (Machery Nagel) plates with detection by UV light or with 10% phosphomolyb- 
die acid in EtOH followed by heating. Dichloromethane was distilled from P,O, 
and stored over 4A molecular sieves. The phosphitylating reagents were prepared 

by published procedures 4*24 The 10% Pd/C catalyst was obtained from Johnson . 

Matthey (Catalog No. 11702). Affi-Gel 10 resin was obtained from Bio-Rad 
Laboratories. Solvents were evaporated at < 30” (40 mmHg) or were removed in 
vacua at 20-25”. All the compounds described below are racemic. 

2,5,6-Tri-O-benzyl-3,4-O-isopropylidene-myo-inositol (2).-2,2-Dimethoxypro- 
pane (9 mL1 and p-toluenesulfonic acid monohydrate (90 mg> were added to a 
solution of 2,4,5-tri-0-benzyl-rnyo-inositol (1; 0.90 g, 2.0 mmol) in dry acetone (30 

mL). The solution was stirred at 25” for 3.5 h, then neutralized with triethylamine 
(0.9 mL) and NaHCO, (0.9 g). The solvent was evaporated under reduced pressure 
and finally in vacua. The residue was extracted with ether (2 X 50 mL) and the 
combined extracts were concentrated. The residue was chromatographed on silica 
gel (60 g) with diethyl ether-light petroleum-triethylamine (100: 100: 1) to yield 2 

(0.91 g, 92%) as a colorless oil. ‘H NMR data: 6 1.41 (s, 3 H, CH,), 1.44 (s, 3 H, 
CH,), 3.43 (dd, 1 H, J 1.44 and 10.9 Hz, CH of inositol), 3.61 (m, 3 H, 3 CH of 

inositol), 4.13 (m, 2 H, 2 CH of inositol), 4.61 and 4.94 (ABq, 2 H, J 10.9 Hz, 
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PhCH,), 4.69 and 4.88 (AESq, 2 H, J 11.6 Hz, PhCH,), 4.75 and 4.85 (ABq, 2 H, J 
11.4 Hz, PhCH,), 7.3 (m, 15 H, 3 Ph). 

Benzyl (3-benzyloxycarbonylaminopropyl) (2,5,6-tri-0-benzyl-3,4-O-isopropyli- 
dene-myo-inosit-I-yZ) phosphate (3).-Tetrazole (0.60 g, 8.5 mmol) was added to a 
solution of 2 (1.15 g, 2.3 mmol) in CH,Cl, (50 mL). The mixture (tetrazole is not 
completely soluble) was stirred at 20“ and a solution of benzyloxy(3-benzyloxycar- 

bonylaminopropoxyXdiisopropylamino)phosphine (1.5 g, 3.4 mmol) in CH,Cl, (2 

mL) was added. After stirring at 20’ for 5 h, the mixture was cooled to -40” and 

m-chloroperoxybenzoic acid (1.25 g, 7.3 mmol) was added. Stirring was continued 
at -40” for 5 min, 0” for 30 min, and finally 20” for 30 min. The solution was 

diluted to 125 mL with CH,Cl,, washed with aq 10% Na,SO, (2 X 25 mL), aq 5% 
NaHCO, (2 x 25 mL), and water (40 mL), dried (MgSO,), and filtered, and the 

solvent was evaporated. The residue was chromatographed on silica gel (70 g) with 

EtOAc-light petroleum-triethylamine (50 : 50 : 1) to yield 3 (1.70 g, 84%), isolated 
as a colorless oil. NMR data: ‘H, S 1.41 (s, 3 H, CH,), 1.42 (s, 3 H, CH,), 

1.45-1.62 (m, 2 H, CH,CH,CH,), 2.90-3.10 (m, 2 H, CH,CH,N), 3.35-3.45 (m, 1 
H, CH of inositol), 3.58-3.72 (m, 1 H, CH of inositol), 3.75-3.95 [m, 3 H, CH of 

inositol and P(O)OCH,], 4.20 (t, 1 H, J 9.6 Hz, CH of inositol), 4.24-4.35 (m, 1 H, 

CH of inositol), 4.35-4.45 (m, 1 H, CH of inositol), 4.58-5.01 (m, 8 H, 4 X PhCH,), 

5.01 [s, 2 H, PhCH,OC(O)], 7.15-7.50 (m, 25 H, 5 Ph); 31P (‘H decoupled), 6 0.10 
and 0.41 (pair of diastereomers). 

Benzyl (3-benzyloxycarbonylaminopropyl) 2,5,6-tri- 0-benzyl-3,4-di-O- (dibenzyl- 
oxyphosphoryfj-myo-inosit-l-yl] phosphate (4X-A solution of 3 (1.70 g, 2.0 mmol) 
in MeOH (27 mL) was stirred at 40”, 1 M HCl(3 mL) was added, and the reaction 

was monitored by TLC (EtOAc-hexane, 1: 1). After 10 min, 3 (RF 0.30) had 

disappeared and only a single spot at R, 0.06 was observable. The solution was 
cooled in an ice bath, then neutralized with NaHCO, (1 g), the solvent was 

evaporated in vacua, and the residue was stirred with CH,Cl, (2 x 50 mL, 5 min 

each time). The combined extracts were filtered and the solvent was evaporated, 
leaving a colorless gum (1.54 g). A solution of the gum in iV,N-dimethylformamide 
(3 mL) was evaporated in vacua to remove any remaining MeOH or water. The 

residue was dissolved in CH,Cl, (30 mL), and tetrazole (0.70 g, 10 mmol) and 

(dibenzyloxyXdiisopropylamino)phosphine (1.90 g, 5.3 mmol) were added. The 
mixture was stirred at 20” for 5 h (after 30 min all of the tetrazole had dissolved). 
The solution was cooled to -40” and a solution of m-chloroperoxybenzoic acid 

(2.0 g, 11.6 mmol) in CH,Cl, (10 mL) was added. The solution was stirred at - 40” 
for 5 min, 0” for 30 min, and 20” for 30 min, then diluted to 150 mL with CH,Cl,, 
and worked-up as described for the preparation of 3. The crude product was 
chromatographed on silica gel (90 g), using EtOAc-hexane (2 : l), to yield 4 (1.86 g, 
70%), isolated as a colorless oil. NMR data: ‘H, 6 1.60-1.72 (m, 2 H, 
CH,CH,CH,), 3.00-3.12 (m, 2 H, CH,CH,NH), 3.32-3.46 (m, 1 HI, 3.85-4.00 
(m, 2 HI, 4.15-4.30 (m, 2 H), 4.60-5.10 (m, 21 HI, 5.60-5.70 (m, 1 H, NH), 
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7.10-7.50 (m, 45 H, 9 Ph); 31P (‘H decoupled), 6 -0.49, -0.44, -0.13, 0.26, and 

0.73 (mixture of diastereomers). 

( + )-myo-Irwsitl I- (3-amirwpropyl hydrogen phosphate) 3,4-bis(d&dium phus- 

phate) @.-To a solution of 4 (1.38 g, 1.0 mmol) in 95% EtOH (150 mL) was 
added 10% Pd/C (0.60 g), and hydrogenolysis was allowed to proceed at 50 psi for 

7 h. The mixture was filtered through Celite which was then washed with 2: 1 

EtOH-water (60 mL) and water (20 mL). The combined filtrate and washings were 
basified with coned ammonia (2 mL) and evaporated to dryness in vacua at 20”. A 

salution of the residue in water (5 mL) was applied to a column (8 x 1.4 cm) of 

Chelex 100 (Na+) resin, and the product was eluted with water (60 mL). The 
eluate was concentrated to dryness in vacua to afford 5 as a white powder in 

quantitative yield. NMR data (D,O): ‘H, S 1.88 (quintet, 2 H, J 6.2 Hz, 

CH,CH,CHZ), 2.99 (t, 2 H, J, 6.9 Hz CH,CH,NH& 3.43 (t, 1 H, J 9,O Hz, CH 
of inositol), 3.70 (t, 1 H, J 9.6 Hz, CH of inosital), 3.75-3.95 [m, 4 H, 2 CH of 
inositol and P(O)OCH,], 4.06 (q, 1 H, J 8.4 Hz, CH of inosital), 4.44 (s, 1 H, H-2 

of inasitol); 31P (‘H coupled), 6 1.60 (m), 5.11 (d, J 7.1 Hz), 6.64 (d, J 8.5 Hz). 

Anal- Calcd for C,H,,NNa,O,,P, - 4 H&k C, 16.97; H, 4.11. Found: C, 16.79; 

H 4.00. 

5,6-Di-0-allyl-I,3,#-iri-0-benzyZ-myo-inositoZ (7).-5,6-Di-0-aIIyJ-1,4-diGben- 
zyl-myo-inositoI(6; 2.20 g, 5.0 mmol) was dissolved in benzene (60 mL), and benzyl 

bromide (0.86 g, 5.0 rnmal) was added. The solution was added to NaH (1.20 g, 50 

mmol), the mixture was stirred and heated under reflux for 90 min, then cooled to 
raom temperature, and the excess of NaH was destroyed by dropwise addition of 
water (foaming!). The solution was diluted to 120 mL with benzene, washed with 

satd aq NaCl (3 x 35 mL), dried (MgSO,), and filtered, and the benzene was 

evaporated. The residue was chromatographed an silica geI (100 g) with ether-light 
petroleum (3: 2), yielding 7 (1.35 g, 51%). An analytical sample, prepared by 

crystallization from ether-hexane, had mp 50-51”. NMR data: ‘H, S 3.15-3.30 (m, 
3 H, 3 CH of inositol), 3.74 (t, 1 H, J 9.5 Hz, CH of inasitol), 3.85 (t, 1 H, J 9.5 Hz, 

CH of inositol), 4.13 (t, 1 H, J 2.6 Hz, CH of inositol), 4.22-4.35 (m, 4 H, 
CH,=CHCH,), 4.64 (s, 2 H, PhCH,), 4.63 and 4.67 (ABq, 2 H, J 11.8 liiz, 

PhCH,), 4.79 (s, 2 H, PhCH,), 5.08-5.30 (m, 4 H, 2 CH,=CH), 5.86-6.03 (m, 2 H, 
2 CH,=CHCH,), 7.20-7.50 (m, 15 H, 3 Ph). 

Anal. Calcd far C,,H,,O,: C, 74.69; H, 7.22. Found: C, 74.70; H, 7.24. 
Benzyi (3-benzy~~~carbony~aminopropyl) (5,6-di- O-ally&I,3, Q-tri- O-benryl-myo- 

inosit-2-~2) phusphate (8).-Tetrazole (0.31 g, 4.5 mmol) and benzyloxy(3-benzyl- 
oxycarbonylaminopropoxy)(diisapropylamina)phosphine (O-80 g, 1.8 mmol) were 

added to a solution of 7 (0.64 g, 1.2 mmol) in CH,Cl, (25 mL). The mixture was 
stirred at 25-30” for 16 h, then cooled to - 40”, and m-chloroperoxybenzoic acid 
(0.52 g, 3.0 mmol) was added. The mixture was stirred at - 40” for 3 min then at 0” 
for 12 min. Excess of m-chloroperoxybenzoic acid was destroyed by the addition of 

aq 10% Na,SO, (20 mL), and the mixture was worked-up in the usual way. The 
crude product was chromatographed on silica gel (60 g) with light petroleum- 
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EtOAc (2 : 1) to afford 8 (0.88 g, 80%), isolated as a colorless gum. NMR data: ‘H, 

6 1.50-1.63 (m, 2 H, CH,CH,CH,), 2.92-3.14 (m, 2 H, CH,CH,NH), 3.20-3.40 

(m, 3 H, 3 CH of inositol), 3.64 (t, 1 H, J 9.3 Hz, CH of inositol), 3.72 (dt, 1 H, J 

2.8 and 9.5 Hz, CH of inositol), 3.86-4.05 [m, 2 H, P(O)oCH,l, 4.12-4.35 (m, 3 H, 

CH of inositol and CH,=CHCH,), 4.50-5.30 (m, 16 H, CH,=CHCHz, 5 PhCHz, 
and 2 CH,=CH), 5.82-6.03 (m, 2 H, 2 CHCH, in allyl), 7.20-7.50 (m, 25 H, 5 Ph). 

Benzyl (3-benzyloxycarbonylaminopropyl) (1,3,4-tri-0-benzyl-myo-inosit-2-yl) 
phosphate (9).-Diisopropylethylamine (26 mg, 0.2 mmol) and tris(triphenylphos- 

phinehhodium chloride (93 mg, 0.1 mmol) were added to a solution of 8 (0.88 g, 
1.0 mm00 in 95% EtOH (50 mL). The mixture was stirred and heated under reflux 

under N, for 90 min. The EtOH was evaporated in vacua and the crude residue 
was chromatographed on silica gel (50 g) with EtOAc-light petroleum-triethyl- 

amine (100 : 100 : l), to yield the isomerized intermediate as a light-brown oil (0.9 
g). The prop-1-enyl ether groups were removed by heating the oil in MeOH (20 

mL) and 1 M HCl(2 mL) at 45” for 45 min. Sodium hydrogen carbonate (1 g) was 

added, the solvent was evaporated, and the residue was extracted with CH,Cl, (40 
mL). The solvent was evaporated and the crude product was chromatographed on 

silica gel (40 g) with EtOAc-light petroleum (1: 1 then 2 : l), to give 9 (0.42 g, 

52%), isolated as a colorless gum. NMR data: ‘H, 6 1.45-1.62 (m, 2 HI, 2.97-3.10 
(m, 2 H), 3.20-3.30 (m, 1 H), 3.30-3.56 (m, 3 H), 3.60-3.80 (m, 2 HI, 3.85-4.00 (m, 

2 HI, 4.5-5.5 (m, 14 HI, 7.1-7.5 (m, 25 HI. 

Benzyl (3-benzyloxycarbonylaminopropyl) [1,3,4-tri-0-benzyl-5,6-di-O- (dibenzyl- 
oxyphosphoryl)-myo-inosit-2-yl] phosphate (lo).-Tetrazole (0.18 g, 2.6 mmol) and 

dibenzyloxy(diisopropylamino)phosphine (0.45 g, 1.3 mmol) were added to a solu- 
tion of 9 (0.42 g, 0.5 mmol) in dry CH,Cl, (15 mL). The mixture was stirred at 20” 

overnight (14 h), then cooled to -4O”, and m-chloroperoxybenzoic acid (1.0 g, 5.8 

mmol) was added. Stirring was continued at -40” for 5 min, 0” for 30 min, and 20” 
for 30 min. More CHzCl, (50 mL) was added and the mixture was worked-up in 

the usual way. The syrupy product was chromatographed on silica gel (40 g) with 
EtOAc-light petroleum (1.5: l), to yield 10 (0.68 g, 95%), isolated as a colorless 

syrup. ‘H NMR data: 6 1.54-1.78 (m, 2 H), 2.95-3.16 (m, 2 HI, 3.32-3.48 (m, 2 H), 
3.76-4.11 (m, 2 H), 4.40-5.14 (m, 22 H), 6.92-7.50 (m, 45 HI. 

( f )-myo-Irwsitol 2-(3-aminopropyl hydrogen ptisphate) 4,5-bis fdisodium phos- 
phate) (11X-10% Pd/C (0.25 g) was added to a solution of 10 (0.62 g, 0.46 mmol) 
in 95% EtOH (60 mL) and hydrogenolysis was allowed to proceed at 50 psi for 7.5 
h. The mixture was filtered through Celite which was then washed with EtOH (30 
mL), 2: 1 EtOH-water (30 mL), and water (30 mL). The combined filtrate and 
washings were basified with coned ammonia and the solvent was evaporated in 
vacua at 20”. The residue was applied to a column (7 X 1.4 cm) of Chelex 100 
(Na+) resin and eluted with water (30 mL). Concentration of the eluate in vacua 
gave amorphous 11 in quantitative yield. NMR data (D,O): ‘H, 6 1.91 (quintet, 2 
H, .I 6.3 Hz, CH,CH,CH,), 3.04 (t, 2 H, .I 6.9 Hz, CH,CH,NH,), 3.50 (d, 1 H, .I 
7.7 Hz, CH of inositol), 3.63 (d, 1 H, J 9.8 Hz, CH of inositol), 3.72-3.82 (m, 2 H, 
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P(O)OCH,], 3.90-4.11 (m, 3 H, 3 CH of inositol), 4.41 (d, 1 H, J 8.3 Hz, H-2 of 

inositol); 13C, 6 27.5, 37.2, 63.7, 70.4, 70.5, 72.5, 76.3, 77.5, 78.3; 3’P (‘H coupled), 
S 2.50 cm), 6.31 (d, J 5.2 Hz), 6.58 (d, J 7.7 Hz). FABMS: m/z 565.9 (M + H)+. 

Preparation of affinity matrices from 5 and Il.-Affi-Gel 10 resin (25 mL) was 

washed free of the storage solution following the manufacturer’s instructions, then 

added to an aqueous solution of 5 or 11 (120 mg) in ice-cold 0.1 M NaHCO, (20 
mL). The slurry was stirred at 5” overnight, then filtered, and the resin was washed 

well with ice-water and stored at 5” as a suspension in water. From the combined 

filtrate and washings N 70 mg of unreacted 5 or 11 was recovered after chromatog- 
raphy on DEAE cellulose, indicating the binding of N 2 prnol of the ligand/mL of 

gel. 
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