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Inositol 1,4,5-trisphosphate [I(1,4,5)Ps] is a second messenger 
that mediates the release of Ca2+ from intracellular stores.1 
Although the role of I(1,4,5)P3 is well understood, much less 
is known about the roles of its many metabolites, and there 
are increasing evidences that many of the metabolites 
possess important functions in their own right.2 In particular, 
I(1,3,4,5)P4, which is derived from I(1,4,5)P3 by the action 
of I(1,4,5)P3 3-kinase [IP3K], is of much current interests. It 
has been suggested that I(1,3,4,5)P4 regulates Ca2+-influx 
through the plasma membrane and mobilizes Ca2+ even from 
the intracellular calcium stores, although less potently than 
I(1,4,5)P3.3 Furthermore, putative I(1,3,4,5)P4 binding protein 
was shown to be a GTPase-activating protein (GAP) activity, 
suggesting a possible linkage between the PLC-mediated 
signaling and the ras signaling pathways.4 It is also an intri
guing question whether the IP3K catalyzed process is essential 
in the in vivo synthesis of higher inositol phosphates such as 
I(1,3,4,5,6)P5 and IP6 or simply one of many alternative 
routes.5 Thus, the full characterization of IP3K is critical in 
order to define the exact role of I(1,3,4,5)P4, and also to 
delineate the complex inositol phosphate metabolism.

The molecular level characterizations of IP3K have shown 
remarkable stereo- and regio-selectivities towards the recog
nition of substrate, I(1,4,5)P3, which are higher than that of 
either I(1,4,5)P3 receptor or 5-phosphatase, the other key 
metabolic enzyme.6 Recently we studied the binding affinity 
of IP3K toward all possible 38 regioisomers of inositol 
phosphates, and proposed an active site model for the 
enzyme on the bases of the binding data obtained by us and 
others.7 According to this model, apparently all the three 
phosphate groups of the substrate are needed for the efficient 
binding. It has also been noted that the enzyme has some 
vacant space both at the C-2 axial and C-3 axial directions, 
and that the C-3 space may be occupied by incoming ATP 
during the phosphorylation.

Several attempts have been made to replace the inositol 
ring of I(1,4,5)P3 with a hexopyranose,8 cyclohexane,9 and 
benzene ring.10 It was reported that benzene 1,2,4-trisphos- 
phate (BzP3) showed some inhibitory activity of IP3K despite 
its grossly simplified planar geometry. In addition, BzP3 dis
played somewhat higher affinities for I(1,4,5)P3 metaboliz
ing enzymes, I(1,4,5)P3 3-kinase and 5-phosphatase, than for 
I(1,4,5)P3 receptor.10 These observations have suggested to 

us that BzP3 may be utilized as a backbone structure of 
selective inhibitors of IP3K over the I(1,4,5)P3 receptor; 
some suitable modifications of the BzP3 structure based on 
the binding domain of IP3K may provide more potent inhi
bitors for IP3K. Thus it was envisaged that the negatively- 
charged pocket available in the C-2 axial direction may 
provide a space for an electrophilic moiety to be built onto 
the BzP3 inhibitor backbone. Based on juxtaposition of 
I(1,4,5)P3 with BzP3, a BzP3 derivative in which H5 was 
replaced by a suitable electrophilic group was expected to 
have the desirable geometry as inhibitors of the target 
enzyme. Designed structures of some possible inhibitors are 
shown in the Figure 1. Compound 2 is expected to be 
susceptible to the reversible attack by a nucleophile on the 
enzyme at the benzylic carbon. The a-chloroketone group as 
a good electrophile may provide an irreversible inhibitory 
property to compound 3,11 and compound 4 could possibly 
lead to inactivation of the enzyme through a rearrangement 
of a-cyanoketone to a-ketoketenimine.12 Similarly, BzPs 

derivatives tethered with a suitable adenosine moiety might 
also show inhibitory activity toward IP3K as transition state 
analogues. For example, compound 5, a structure in which 
the three phosphates of ATP are replaced with a tether of a 
similar length, may qualify as a transition state analogue for 
the phosphorylation.13 In the present report we wish to

Figure 1. Design of I(1,4,5)Ps 3-kinase inhibitors.
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Scheme 1. Reagents and conditions: a. (i) HC(OEt)3, AICI3, benzene (ii) 3N HCl, 52%; b. (EtO)2POCl, TEA, CH2CI2, 65%; c. 
NCCH2CONH2, piperidine, benzene, 57%; d. (i) TMSBr, CHzCh (ii) MeOH (iii) NH4OH (pH~9), 80%.

describe the synthesis of the most readily accessible compound 
2, and its inhibitory activity of IP3K.

The synthesis of compound 2 was carried out as outlined 
in Scheme 1. Commercially available 1,2,4-triacetoxyben- 
zene was hydrolyzed in acidic methanol to obtain 1,2,4- 
benzenetriol 6. The Friedel-Craft reaction of 6 with triethyl 
orthoformate in the presence of AlCl3, followed by acidic 
hydrolysis gave selectively 2,4,5-trihydroxybenzaldehyde 7.14 
The hydroxyl groups of compound 7 were phosphorylated 
with diethyl chlorophosphate and triethylamine in dichloro
methane to give 8. The Knoevenagel condensation of 8 with 
2-cyanoacetamide in the presence of piperidine provided 
compound 9. The configuration of the double bond was 
found to be E on the basis of the observation of long distance 
heteronuclear coupling constant, Jh-13co = 6.8 Hz (olefinic 
proton and carboxyl group) and Jh-13cn =13.8 Hz (olefinic 
proton and cyano carbon) determined by means of GATED 
coupling experiments.15 No trace of the Z isomer was found 
in the product mixture. The protecting groups of 9 were 
removed by treatment with TMSBr. The pH of the depro-

w

o

e

 
x

cod

(D>허

cr

Figure 2. Inhibitory Activities of I(1,4,5)P3, 2 and BzP3.

Table 1. IC50 Values of I(1,4,5)P3, 2 and BzP3

D-IP3 2 BzP3

IC50 (卩 M) 3.5 110 ~1000

tected product was adjusted to 9 with NH4OH, and lyophi
lized to give essentially pure product 2, which was fully 
characterized by spectroscopies.

Compound 2 was tested for its inhibitory activity of IP3K, 
and it was found to have about 30 times weaker affinity 
when compared to the substrate, I(1,4,5)P3, but 10 times 
more potent inhibitory activity than BzP3 itself which was 
also synthesized and tested for direct comparison (Figure 2 
and Table 1). However, no time dependent loss of the IP3K 
activity was observed after incubation of the enzyme with 2 
over a period of 6 hrs at 0 oC, indicating that 2 is not an 
irreversible inhibitor of IP3K. In sum, it has been shown that 
some simple structural modifications on benzene 1,2,4-tri- 
sphosphate (BzP3), based on the proposed binding domains 
of IP3K, could lead to inhibitors with significantly enhanced 
activity for the target enzyme, and further work along these 
lines is in progress.

Experimental Section

General methods. All reactions except hydrolysis were 
performed in oven-dried glassware under a positive pressure 
of nitrogen. All solvents were carefully dried and distilled 
prior to use. Melting points were determined on a Thomas 
Hoover mp apparatus and are uncorrected. IR spectra were 
recorded on BOMEN FT-IR M100-C15 spectrometer. 
Analytical TLC was carried out on Merck 60 F254 silica gel 
plate (0.25 mm layer thickness) and visualization was done 
with UV light, and/or by spaying with a 5% solution of 
phosphomolybdic acid followed by charring with a heat gun. 
Column chromatography was performed on Merck 60 silica 
gel (230-400 mesh). NMR spectra were recorded on a 
Bruker AM 300 or DPX spectrometer. Chemical shifts are 
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reported in 8 ppm, and tetramethylsilane and phosphoric 
acid (80%) were used as internal and external standard for 
1H-NMR and 31P-NMR, respectively. Mass spectra were 
determined on a KRATOS MS 25 RFA. Inhibition of IP3K 
activity by synthetic compounds was assayed as described 
previously.16

2,4,5-Trihydroxybenz지dehyde (7).14 Compound 6 (2.65 
g, 21.07 mmol) was dissolved in triethyl orthofomate (17.0 
mL, 100.2 mmol) and benzene (40 mL). AlCL (3.37g, 31.61 
mmol) was carefully added in portions to the reaction 
mixture under N2, and the mixture was stirred for 30 min. 
After cooling to 0 oC, 3 N HCl was added dropwise over 1hr. 
Then the solution was extracted with diethyl ether (x 2) and 
EtOAc (x 2). The combined organic layer was washed with 
brine, dried over MgSO4, and concentrated. After filtration 
through silica gel/cellite, the organic layer was concentrated 
to give a solid which was recrystallized from EtOAc/Hex to 
give 7 (1.71 g, 52.3%): mp 227-229 oC (lit. mp 223 oC); Rf 

0.4 (EtOAc : Hex = 1 : 1); 1H-NMR (Acetoned) 8 6.40 (s, 
1H, Ph-H, H-3), 7.10 (s, 1H, Ph-H, H-6), 9.68 (s, 1H, CHO); 
13C-NMR (Acetone-d6) 8 103.06, 113.99, 118.03, 139.15, 
155.11, 158.52 (benzene), 194.82 (CHO).

1-Formyl phenyl 2,4,5-tris(diethyl phosphate) (8). To a 
solution of 7 (300 mg, 1.94 mmol) in CH2Cl2 (10 mL) at rt 
were added triethylamine (0.86 mL, 6.19 mmol), and then 
diethyl chlorophosphate (0.95 mL, 6.38 mmol) with stirring. 
After 2 hrs, the reaction mixture was quenched with aq. 
NH4CL diluted with EtOAc, and washed with 1 N HCl, aq. 
NaHCO3 and brine. The organic layer was dried over MgSO4, 
concentrated, and chromatographed on silica gel (EtOAc : 
Hex = 2 : 1) to give 8 (709 mg, 65.0%): Rf0.2 (EtOAc : Hex 
= 2:1); Oil; 1H-NMR (CDCls) 8 1.23-1.42 (m, 18H, 
6CH2CH3), 4.12-4.36 (m, 12H, 6CH2CH3), 7.64 (s, 1H, Ph-
H, H-3), 7.86 (s, 1H, Ph-H, H-6), 10.29 (s, 1H, CHO); 13C- 
NMR (CDCh) 8 16.10-16.19 (CH2CH3), 65.59-65.16 (CH2CH3), 
114.22, 120.82, 124.52, 139.27, 147.07, 149.87 (benzene), 
186.36 (CHO); 31P-NMR (CDCh) 8 2.35, 1.71, 1.36.

1-(2-Carbamoyl-2-cyano-vinyl)-phenyl 2,4,5-tris(diethyl 
phosphate) (9). To a solution of 8 (497 mg, 0.882 mmol) in 
DMF (12 mL) and benzene (20 mL) was added a solution of 
2-cyanoacetamide (148 mg, 1.76 mmol) in DMF (1.0 mL). 
After addition of 3 drops of piperidine, the solution was 
refluxed with a Dean-Stark trap for 2 hrs. After cooling to rt, 
the reaction mixture was treated with water, diluted with 
EtOAc, and washed with 1 N HCl, aq. NaHCO3, and brine. 
The organic layer was dried, and concentrated to give a 
solid, which was recrystallized from EtOAc/Hex to give 9 
(319 mg, 57.4%): Rf 0.2 (MeOH : MC = 1 : 30); mp 67-69 
oC; IR (neat) 1697 (CO), 2218 (CN); 1H-NMR (CDCh) 8
I. 36-1.42 (m, 18H, 6CH2CH3), 4.23-4.36 (m, 12H, 6CH2CH3), 
6.43, 6.55 (2s, br, 2H, CONH2), 7.63 (s, 1H, Ph-瓦 H-3), 
8.30 (s, 1H, Ph-H, H-6), 8.56 (s, 1H, benzylic H); 13C-NMR 
(CDCl3) 8 16.40-16.49 (CH2CH3), 65.54-65.92 (CH2CH3), 
105.89, 114.49 (styrene), 116.58 (CN), 121.01, 121.30, 139.22, 
145.58, 145.84, 147.96 (styrene), 161.82 (CO); 31P-NMR 
(CDCl3) 83.76, 4.38, 4.67; MS (FAB) m/z 629 (M+ + H).

Ammonium salt of 1-(2-carbamoyl-2-cyano-vinyl)-phenyl 
2,4,5-trisphosphoric acid (1). To a solution of 9 (307 mg, 
0.488 mmol) in CH2Cl2 (6 mL) at 20 oC was added excess 
TMS-Br (2.71 mL, 20.45 mmol), and the solution was 
stirred for 2 days. The reaction mixture was quenched with 
MeOH (6 mL), and evaporated to dryness. The reaction 
mixture was redissolved in H2O (5 mL) at 0 oC, pH was 
adjusted to 9 with NH4OH, and lyophilized to give 
ammonium salt 2 (262 mg) in ca. 80% yield: IR (KBr pellet) 
2360, 2340 cm-1 (CN); 1H-NMR (D2O) 8 7.41 (s, 1H, Ph-H, 
H-3), 8.23 (s, 1H, Ph-H, H-6), 8.51 (s, 1H, benzylic H); 13C- 
NMR (D2O) 8 101.52, 111.83 (styrene), 117.49 (CN), 118.96, 
120.05, 139.70, 147.71, 150.44, 151.23 (styrene) 166.56 (CO); 
31P-NMR (D2O) d 1.68, 1.60, 1.41.
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