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A bsrract: A phosphaddylethanolamine (1) containing two 9-thiastearyl groups was prepared by chemical synthesis. 

This compound and its methylsulfonium dcrivatiw were found IO be inhibitors of the cyclopropune fatty acid synlhase 

from the parasidcprotozoan CMhidia fksciiulata. 

Dihydrosterculic acid (9,1@methyleneoctadecanoic acid) is a widely distributed cyclopmpane fatty acid found 

in the phospholipids of various backia, plants, and parasitic protaoa. I-3 In recent years we have shown that 

sulfur-substituted derivatives of stearic acid m potent inhibitors of dihydmsterculic acid biosynthesis in 

trypanosomatid protozoa, including many pathogenic strains, and that the same compounds inhibit the growth of 

these organisms at comparable concentrations.46 Dihydxosterculic acid is formed by an S-adenosylmethionine- 

dependent methylenation of oleyl groups in the Zposition of phosphatidyletbanolamines (PEs),’ and our working 

hypothesis has been that the inhibitory thiastearic acids a~ incorporated into the protozoan PEs, and the resulting 

sulfur-substituted PEs are the actual inhibitors of the cyclopropane fatty acid synthase.4 We report herein the 

synthesis of one such sulfur-substituted PE and its inhibition of cyclopropane fatty acid synthase partially purified 

from the parasitic protozoan Crithidkajkicukam. 

The preparation of bis(thiasteary1) phosphatidylethanolamine 1 is illustrated below. The first stages of the 

synthesis are patterned after the method of Bruzik et al.’ except that the photochemically removable 2-nitrobenzyl 

protecting group was employed (instead of a benzyl group) to avoid the need for catalytic hydrogenation in the 

presence of thioethers. Thus the fully protected glycerol 2 was formed by alkylation of commercial 2,2_dimethyl- 

I ,3-dioxolane-4-methanol with 2-niuobenzyl bromide, and then the isopropylidene group was removed with acid to 

give diol3. Acylation of 3 with two equivalents of 9-thiasteatyl chloride gave 4, and photochemical cleavage of the 

nitrobenzyl group yielded the diacylglycerol5. All numbered intermediates were characterized by their ‘H and 13C 

NMR spectra and low and high resolution mass spectra. 13-l 1 Our initial attempts to convert 5 fo the desired 

bis(thiasteary1) PE 1 gave only complex mixtures or material of inferior quality. Ultimately, however, we found 

that the simple sequence of Eibl12 followed by one recrystallization of the product from methylene chloride provided 

I in high purity. l3 
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Scheme 1. Conditions: (a) n-B_, 2-nitrobenzyl bromide; 40% yield; (b) 10% aqueous 

HOA& ‘C; 70%; (c) 9-thiasteatyl chlorkle/pyrldine; 90%; (d) Wbenzene; 55%; (e) POCl.&,HCl,; 

(t) ethanolamitm/E~N/l’T-@ (g) 10:4:1 i-PrOH:water:HOAc; 40% overall e-g; (h) CH31/CHCl@ICl. 

Cyclopropane fatty acid (CFA) synthase was partially purified from C. fmciculata by using Method A of 

Taylor and Cronan (who described the purification of this enzyme from E. c&).14 The resulting lipid-free 

preparation must be reconstituted with phospholipid vesicles to obtain active enzyme. Our most consistent results 

were obtained with vesicles containing phosphatidylcholine (PC), dioleyl phosphatidylethanolaine (OPE), and 

distearyl phosphatidylethanolamine (SPE) in a 4:2:3 ratio. The OPE is the olefinic substrate for the enzyme, and 

various concentrations of the inhibitor were introduced by substituting all or part of the SPE with 1 during the 

reconstitution procedure. The enzyme was assayed by the method of Taylor and Cronan,14 which monitors the 

incorporation of tritium from [merhyl-3H]-S-adencayl-~-methionine (SAM) into the phospholipid, except that the 

assay was conducted at 26 “C (the growth temperanne of C.fmcicuhru) rather than 37 “C. In the standard assay 

mixture the SAM concentration was 2.0 mM, the total phospholipid concentration was 2.0 mM, and the inhibitor 

concentration (a part of the total phospholipid) was varied from 0 to 0.67 mM. The assay was linear for at least 90 

minutes. Under these conditions, compound 1 gave 30-5096 inhibition of the CFA synthase at 0.67 mM, and the 

IS0 for this compound was estimated to be 0.79 f 0.20 mM. l5 Intetestingly, when CFA synthase was preincubated 

for 40 minutes with inhibitor-containing pbospholipid in the presence of unlabeled SAM before initiating the 

radioassay, the degree of inhibition was roughly twice as great. Preincubation with the standard phospholipid had 

no effect on enzyme activity. 

Vk have previously proposed4 that inhibition of dihydrostetculic acid biosynthesis by various thiastearates is 

due to the formation of thiastearyl PEs such as 1, followed by methylation of 1 by CFA synthase to give the 

sulfonium compound 6. This species resembles the presumed cat-ionic intermediate in the normal methylenation 

reaction (7)16 and should bind tightly to the enzyme active site. Ator et al. l7 have discussed related mechanisms 
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of inhibition of sterwidal SAM-dependent methyltransferases by thioethers, and other sulfonium compounds have 

been shown to be potent inhibitors of SAM-dependent methyltransferases.17~18 Thus we prepared compound 6 l9 

by treatment of 1 with methyl iodide in the presence of HCI (to prevent possible methylation of the amine and 

phosphate). Compound 6 is a more effective inhibitor of CFA synthase than 1, and the 1, was determined to be 

0.47 + 0.09 mM.15 However, compound 6 is undoubtedly a mixture of isomers, probably including the two 

possible sulfonium regioisomers (and four diastereomers) that may result from methylation of 1 at sulfur, and it is 

unlikely that all of these species are inhibitors of CFA synthase. Thus the active component(s) may be a much more 

potent inhibitor than 1. 

The precise mechanisms of inhibition of CFA synthase by compounds 1 and 6 nmain to be elucidated. The 

finding that preincubation of 1 with the enzyme gives greater inhibition suggests the possibility of slow-binding 

inhibition or mechanism-based inactivation, but a mom precise method for the assay of CFA synthase, and possibly 

also enzyme ptepamtions of higher purity, will be required to addtess this issue. 
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