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MICROBIAL OXIDATION IN SYNTHESIS: 
PREPARATION FROM BENZENE OF THE CELLULAR SECONDARY MESSENGER MYO- 

INOSITOL-1,4,!&TRISPHOSPHATE (IP3) AND RELATED DERIVATIVES 

Steven V. Ley* and Francine Sternfeld 
Department of Chemistry, Imperial College, London SW7 2AY, U.K. 

Summary: Following microbial oxidation of benzene with Pseudomonas putida the resulting cis-l,2- 

dihydroxycyclohexa-3,5-diene may be converted to the cellular secondary messenger myo-inositol -1,4,5- 

trisphosphate (IP3) and its 6-methyl derivative. 

The cellular secondary messenger inositol-1,4,Qrisphosphate IP3 (1) has stimulated intense interest owing to 

its involvement in many cellular processes. l In view of its low bioavailability and the urgent need for structural 

analogues several synthetic studies have been reported. 2-4 However, to date these syntheses have employed the 

logical application of myo-inositol as the starting material. 

We report here a conceptually different approach starting from benzene and making use of a microbial 

oxidation using Pseudomonas putida. We previously demonstrated the strategic importance of this microbial 

oxidation which affords cis- 1,2-dihydroxycyclohexa-3,5-diene (2)s as a key intermediate during the efficient 

synthesis of the natural product pinitol. 6 Here we show its pivotal role in the preparation of IP3 (1) and the 6- 

methyl derivative (3) (Scheme 1). 

~P(O)(OHlz 

Scheme 1 (2) (1) R=H 
(3) R=Me 

The cyclic carbonate (4) formed from (2) in 55% yield by treatment with phosgene and triethylamine in 

dichIommethane/toluene at low temperature (-300 to R’lJ7 was epoxidised with m-chloroperbenzoic acid to give the 

a-epoxide (5) as the major product together with the P-epoxide in a ratio of 4.6:1 in 95% combined yield. 

Regioselective ring opening of (5) with benzyl alcohol catalysed by camphorsulphonic acid gave (6) which upon 

benzylation produced the protected cyclohexene derivative (7) in excellent overall yield. In this way four of the 

required chiral centres were established. 

In order to set up the remaining hydroxyl substituents it was necessary to effect a hydroxyl group directed 

epoxidation of the cyclohexene bond. Removal of the carbonate group in (7) by hydrolysis with aqueous 

methanol/triethylamine followed by directed epoxidation and subsequent reprotection of the cis-glycol functionality 

as the acetonide produced (8) in 72% overall yield. A small amount (8%) of the undesired a-epoxy acetonide was 

also produced during this sequence of reactions but could be readily removed by silica-gel chromatography. 
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Epoxide opening of (8) with oxygen nucleophiles in which the oxygen protection was compatible with later 
synthetic steps proved to be much more difficult than anticipated. Consequently we have developed the use of 

sodium-2P-propoxy-5,5-dimethyl-1,3-dioxane (9) as a new hydroxide equivalent.8 This stereochemically 

unencumbered alkoxide was designed such that at a later stage in the synthesis acid hydrolysis would release a p- 

alkoxy aldehyde which would spontaneously undergo P-eliination under the acidic conditions to afford the free 

hydroxy group.9 Thus opening of (8) in HMPm solution at 95oC proceeded regioselectively to afford (10) as 

the only adduct in acceptable yield (Scheme 2). This product constitutes a key intermediate since the hydroxyl 
groups are now suitably differentiated to facilitate the final stages of the sythesis. 
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Scheme 2 

i) mCPBA.DCM. OQt, 956; ii) BnOH, CSA, DCM. 85%; iii)BnBr, AgzO, DMF, 81%; iv)a EtsN/MeOH/H20; 
b. mCPBA, pH8. DCM; c. 2.2dimethoxypropane. CSA, DCM. 72% overall; v) (9). HMPA/lXP, 95°C. 43%; 
vi)a. Hz. WC. EtOH; b. n-BSi, DIPA, tetmbenzylpyrophosphaate. THF, 629boverall. vii) Hz. W-C!. EtOH then 
TFA-H$, 74%. 
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Debenzylation of (10) by standard methods and subsequent phosphotylation with tetrabenzylpyrophosphatel0 

provided tire 1.45trisphosphate (11) in good overall yield.11v12 Removal of the protecting groups in (11) was 

readily achieved by hydrogenolysis and treatment with moist trifluoroacetic acid to afford inositol-1,4,5- 

&phosphate (1). identical with an authentic sample 13 (Scheme 2). Purification of (1) was accomplished by 
HPLC (Spherisorb SSSAX column, 0.2M ammonium formate buffer at pH4). 

The need to prepare novel analogues of IF’3 for biological evaluation led us to exploit further the epoxy acetonide 

(8). Thus nucleophilic ring opening using sodium methoxide gave alcohol (12) with the required myo-inositol 
stereochemistry in 75% yield but was also accompanied by formation of some of the alternative ring opened product 
(13) (21%). In a similar fashion to that used for preparation of (I) compound (12) was hydrogenolysed and 

phosphorylated to afford (14)14 which was then deprotected to produce the novel 6-methyl derivative of IP3 (3).15 

(Scheme 3). 

0 (13) iic (12) R’=Bn, R’=H 

(14) R’=R=F(O)(OBn~ 

. . . 
II1 

/ 

Scheme 3 

i) McOmNa+. MeoH. 65°C. combined yield 95% ii)a. Hz, W-C. EtOH; b. n-BuLi. DIPA, t&abenzylWrophosp~, 

THF, 62% ovaall; iii)Hz, W-C. EtOH then TFA-H20.456. 

We believe that the routes to inositol phosphates described above further exemplify the usefulness of the microbial 
arene oxidation process. Additionally we have developed a potentially very versatile sequence towards a range of 
novel P3 analogue compounds not readily available by the previously reported approaches from myo-inositol. 
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1H NMR: 6 (500 MHz, CDC13): 7.45-7.15 (30H. m, Ph). 5.11-4.98 (12H, m, PhC&O), 4.80 (lH, td, J 

=8.8 and 6.8 Hz, H5 or Hq), 4.67 (lH, td, J=8.2 and 3.8Hz, Hl), 4.52 (IH, dd, J=6.2 and 3.8 Hz, H2), 

4.47 (1H. td, J = 8.8 and 6.6 Hz, H4 or H5), 4.20 (lH, t, J = 6.4 Hz, H3). 

3.81 (lH, dd, J = 8.2 and 6.8 Hz, Hg) 3.38 (3H, s, k&O-). 1.51 (3H, s, -CM@. 1.24 (3H, s, -C&). 

1H NMR: 6 (500 MHz, D20, pH 9.1): 4.16 (lH, br s, HZ), 4.05 (lH, q, J = 8.5 Hz. Hq or H5), 3.88 

(H-I, q. J = 8.5 Hz, H5 or Hq). 3.80 (IH, t. J = 8.2 Hz, Ha), 3.49 (lH, br d. J = 8.5 Hz, Hg), 3.45-3.35 

(4H, m including s at 6 3.42, Hl and&O). Resonances quoted relative to XOD = 4.63. 
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