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Abstract: 3-(E)-Methoxycarbonyl-2,4,6-trien~d compound A was stereoselectively synthesized and 
found to show strong inhibitory activity toward phospholipase A 2 (PLA 2) from bovine pancreas. As the 
inhibitory mechanism of PLA2 by A, the irreversible lonnation of dihydropyridine resulting from the 
reaction of A with lysine residues in PLA_~ is proposed based on the model reactions. 
© 1998 Elsevier Science Ltd. All rights reserved. 

Recently, it has been reported that some unsaturated ,aldehyde terpenoids inhibit phospholipase A~ 

(PLA2) ' t which catalyzes hydrolysis of the ester linkage at the sn-2 position of glycerophospholipids. Since 

the release of arachidonic acid from glycerophospholipids is the rate-limiting step in the production of 

eicosanoid mediators of inflammation, 2 the inhibitory mechanism of PLA z by these ,aldehyde terpenoids has 

been of biochemical and medicinal interest. Among these `aldehyde terpenoid inhibitors, mano`alide and 

scalaradial, which are sesterterpenoids isolated from marine sponges, ~'4 are well characterized and their 

inhibitory mechanisms toward various PLA2s have been reported. 56 We independently studied to elucidate the 

inhibitory mechanism of bovine pancreatic PLA: by mano`alide, and found that two `aldehyde groups and the 

hydrophobic moiety of mano`alide were essential for the PLA~ inhibition. Furthermore, it was concluded that 

the irreversible modification of Lys-56 by mano`alide, which was thought to be included in the interfacial 

recognition site of the enzyme, was responsible for inhibition of this enzyme. 7 Unfortunately, we could not 

obtain a clear answer on what irreversible reaction proceeded between mano`alide and lysine residues of PLA 2, 

since the reaction of manoalide with a primary amine as a model for lysine residue gave unidentified insoluble 

polymers. In our program on the synthesis of new PLA~ inhibitors and elucidation of their inhibitory 

mechanisrm, we discovered that 3-(E)-methoxycarbonyl-2,4,6-trien,al A showed more powerful inhibitory 

activity than mano,alide toward bovine pancreatic PLA 2, while its Z isomer B showed no activity. Here, we 

report the highly stereoselective syntheses of both A and B, and show that the 3-(E)-methoxycarbonyl-2,4,6- 

trien,al function in A is essential for inhibition of bovine PLA2. In addition, as the inhibitory mechanism of 

bovine PLA z by A, the irreversible formation of a dihydropyridine derivative is proposed based on the 

reaction of A with a primary amine as a model for lysine residues in PLA 2, 

The stereoselective syntheses of both A and B are shown in Fig. 1. Conjugated ethynyl ,alcohol 1 was 

prepared from 13-ionone via enol phosphonate, s acetylene formation, and then one-carbon elongation (81% for 

three steps). The key step is highly stereoselective hydromagnesiation on the ethynyl 'alcohol with iso- 
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butylmagnesium chloride catalyzed by titanocene dichloride. '-J° The vinylmagnesium compound thus prepared 

was successively reacted with carbon dioxide to give the desired (E)-hydroxymethyl carboxylic acid 2 in 73% 

yield as the sole stereoisomer. Then, synthesis of the compound A was achieved by esterification of 2 with 

l, 1,3,3-tetramethylguanidine and methyl iodide j° followed by oxidation (71% yield for 2 steps). ~ Stereo- 

selective synthesis of the Z stereoisomer B ~2 was successfully realized from ~/-hydroxybutenolide 3 ~3 retaining 

its Z stereochemistry by treatment of 3 with methyl iodide (12 equivalent) in the presence of diazabicyclo- 

undecene (3 equivalent) in DMF (6 hr at 0 °C and then 1 hr at room temperature) in 82% yield. The ratio of Z 

to E stereoisomer was 98 to 2 by NMR analysis. ~4 Thus, stereoselective syntheses of both (E)- and (Z)- 

rnethoxycarbonyltrienal compounds were achieved. The various derivatives C-E were prepared by the above 

hydromagnesiation method or by photoisomerization of the corresponding Z stereoisomers. 

The inhibitory activities o f A - P  5 toward bovine pancreatic PLA 2 were tested and their results are shown 

in Fig.2 and 3.16 All 3-(E)-methoxycarbonyl-2,4,6-trienal compounds A, C, D, and E showed powerful 

inhibitory activities toward PLA 2. On the contrary, the Z isomer B, the derivatives F, G, H, and I showed no 

sufficient inhibitory activities toward bovine PLA 2. Obviously, the 3-(E)-methoxycarbonyl-2,4,6-trienal 

system is essential for the inhibition of bovine pancreatic PLA 2. Furthermore, by amino acid analysis of the 

PLA 2 reacted with A, it was found that A irreversibly modified six out of eleven lysine residues of bovine 

PLA 2 and inactivated its hydrolytic ability in 90-100%. Then, our interest was directed to investigating what 

irreversible products would be formed by the reaction. We used a primary amine as a model for lysine 

residues of PLA 2 and examined the reaction mechanism between A and lysine residues. 

Reaction of A with n-propylamine in dioxane quantitatively yielded 1,2-dihydropyridine derivative K 

within five minutes at room temperature, jT~s The reaction must proceed via 6~-electrocyclization of the 

intermediary azatriene J as shown in Fig. 1. ~9-~' The corresponding dihydropyridine derivatives were also 

obtained from the reaction of compounds C, D, and E with n-propylamines. On the other hand, the 

derivatives B, and F-I ,  which showed no significant inhibitory activities toward bovine PLA 2, only gave the 

corresponding Schiff bases within 60 minutes at room temperature. These results are the fin'st observation that 

both the C3 methoxycarbonyl group and the C6 double bond in the 3-(E)-methoxycarbonyl-1-aza-2,4, 6-triene 

significantly contribute to acceleration of the 6rt-electrocyclization reaction, ~9 and these required functional 

groups for rapid cyclization to give the dihydropyridine derivatives are in accordance with those for significant 

inhibition ofPLA 2 by A, C, D, and E. These assumed model studies were also supported by MALDI-TOF 

mass spectrum of the irreversibly modified PLA, by the analog D. The mass spectrum of the modified PLA2, 

which was prepared by the reaction with D for 60 minutes at 40 °C, showed a molecular weight ion at MH ÷ = 

13,960 (theoretical MH ÷ = 13,959) which corresponded to the modified PLA~ by one molecule of D to form a 

dihydropyridine derivative, along with a molecular weight ion at MH ~ = 13,782 (theoretical MH ÷ = 13,783) 

for the unreacted PLA~. Thus, the results of the model reactions between the derivatives A-I and n- 

propylamines were well compatible with those of their inhibitory activities toward the enzyme. 

In conclusion, 3-(E)-methoxycarbonyl-2,4,6-trien~ A, C, D, and E would inhibit the hydrolytic 

activity of bovine pancreatic PLA~ by the formation of the dihydropyridine derivatives resulting from the 

reaction with lysine residues of PLA: via 6~-electrocyclization of the intermediary Schiff bases. 
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