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Malathion (1) is one of the most widely used organophosphate insecticides considered rrlativcly safe 

to mammals due to rapid dcgrad:ltic)n by liver carboxylester’ases. It has been used effectively for the control 

of insects on grains. fruits, nuts, cr)tton, and tobacco including recent use for the control of the medfly 

outbreak in California. However, as a phosphorothionate, it is prone to thermal and possibly photochemical 

induced isomerization (Cq.l), leading to the more toxic phosphorodithiolate impurity, isomalathion (2’).‘-’ 

Isomalathion was implicated in 1976 for the poisoning of 2800 Pakistani spraymen resulting in 5 dcnths.” 

‘I’he toxicity of isom;llilthion (and other organophosphates) is primarily due to its ability to inhibit 

:li:etylcllalinesterase (AChE), the enzyme responsible tar hydrolysis of the neurotransmitter; acetylcholine.’ 

Is~~malathion is approximately IO00 times mom-e potent than malathion as an anticholinestcrasc,” owing to 

cnhilnced eleetrophilicity at the phosphorus atom. 
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A structurally significant feature of 1 is :rn asymmetric center at the succinate ligand. The chiral 

center at c&on would be maintained during the formation of isnmalathion. whereas a new chiral center 

is genrr:lted ;It phosphorus to provide four possible stereoisomers. The stereoselective inhibition of AC’hE 

by uhiral or_Sanopl”‘sphotcs is ~vrll documentetl,7-” although few studies have addressed specific P,C- 

tli;istr~eomer se.ts. I’ In tight of thrse facts and the global importance of malathion use. a synthesis r~f the 

chrral ixomers of isamalathion is nccdcd to assess their individual contributions to tht: modt: c~f action. A 

ncccssory first objective is a reliable synthesis of chiral malathion, which then will serve as a precursor to 

the isomatathion stereoisomers. 

fiassnn and Dautcrman first reported 21 synthesis of the QO-diethyl analog al’ 1 by reaction [of I- 

rlirtthyl bromosuccinatr (from I-;tspartic acid) with O,O-diethpl potassium ptiosphorodithioatc~l~ a sequence 
rrtluiring three stereochemic;ll princesses ;II carbon, Unfortunately, our attempts to prepare the malathion 

cmmtiomers (la, lb) by this method proceeded in low yield and reduced optical activity, :ind an alternative 

strategy was required. 

I-Maiic acid (3a) W:IS converted to dicthyl mnl:~te (EtOf I, fJCIc,,, 0 “C, 3f-1) in 90% yield.‘” ‘l‘hi: 

hydroxyl group WIS converted into a variety of leaving groups (Ts-, MS, CF,CO-) and reactions with 

purified I),C-dimethyl sodium phosphorodithic~~it~‘~ were attempted. However, only the triflate (generatrtl 

!rr rile: Tf,O, lutidine, -78 “C) was found to undergo the desired substitution resulting in the first synthesis 
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of R,.-malathion (la) in 72% overall yield from rnalic acid (Eq. 2). The same synthetic pathway was 

conducted with d-malic acid (3b) to form S,-malathion (lb) (Eq. 3). In contrast to the prior preparation 

of O,O-diethyl-1, this method uses only one inversion at the carbon center reducing the opportunity for 

racemization. l’ We were unable to effect stereoisomer separation with chiral shift reagents. 
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Diastereomeric mixtures of isomalathion with known stereochemistry at carbon and racrmic at 

phosphorus (R,R,/S,R, and R,S,/S,S,.) were prepared by a one-fl:lsk, phosphorus methyl ester de:rlkylatir)n 

(potassium ethyl xanthate, acetone, rel’lux, 211) and rcalkylaticnl with dimcthylsulfate (DMS) al the 

phosphorothioate sulfur (acetone, reflux, 3h, 65%)” All attempts at a pteparativc separation of these 

diastcrcomer sets failed. Partial analytic;11 sepamlion (approx, 90%1) was accomplished with chiral HPL.C: 

(d-phenylglycine; hcx:i-PA, 75~25, 1.0 mi./nrin) howcvcr, no se[~amtitrn was seen by chiral, capillary GK. 

Since there was a lack of discrimination of the physical prtlperties at phosphorus, we redirected our 

attention to a second resolution process. Our preliminary attempt intended to convert diasterenmeric proline 

amidcs’6 6 derived from S-methyl phnsphorodichloridate (4),” into the isomalathion stereoiscnnrrs by acidic 

mcthanolysis (Eq. 4). t8 Ilnwevcr, we were unable to find suitable conditions to convert 6 into 2.19 
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Several chiral phnsphorothioic acids have been resolved kJSing alkaloids such as cinchonindine, CL- 

phencthylamine, quinine, and strychnine thmugh fractional recrystallization of the dealkylated esters.2” 

1 lowevcr, far fewer phosphorodithioates have been resolved by this approach. Our initial studies attempted 

to form the desmethyl R,+alathion and desmethyl &-malathion phosphorothioic acid salts of strychnine 

or hrucinr. Alter reflux in methanol with Rc-malathion, both alkaloids deposited crystalline salts. The 

strychnine salts fractionally crystallizrcl from chlrm~form,!ethyl acetate/ether to furnish the first crop, 70% 

enriched in one isomer,” and therefore, this resolving agrnt was used for further separation (Scheme I; 

Table 1). The second crop was 77% enriched in the other isomer. Repeated fractional recrystallization 

furnished greater than 98% purity, dizlstcreomrric desmethyl Rr-malathion strychnine salts 7a,/7a,. Thhcse 

~1~s were converted to the Rc-isomalathion diastereomers with dimethyl sulfate in 79% yield. Dcsmethyl 

SC.-malathion strychnine salts 7b,/7b, were fractionally crystallized frclm methanol/ethyl ncetatelethcr and 

similarly converted to 2b,/2b2. Apprtrximately 10% malathion was formed during the alkylation reaction, 

which was easily separated by flash chromatography (pet ether/ether, 1:2).‘” Isomalathion diastercomcrs 
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tlrrivcd from a single malathion errnntiomer were >06% enriched hy “P NMK. The melting points and 
spectr;ll characteristics of the alkaloid salts support the eventual cnantiomeric relationships hetween 2a,- 

2bz. and 2a,-2h,. An X-ray investigation nl’ the absolute configuration nt phosphorus is currently underway 

to validate the tentative structural assignments. 
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nilring rcalkylntion with dimethylsulfilte, :I 3.5% loss in the strreochcmicnl integrity at carbon had 

occurred (hascrl upon the prior j’I’ NMK assessment of entichmcut at thr salt stage). Keducing the rrxtic,n 

trmperature to U “C (2 h) and KY’ (rwernight’) solved the prohlcm. Some ~acerniz:ltion at cathon is 
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promoted by the alkaloid base, freed upon reaction of the thioic acid with DMS. 

In summary, the first synthesis of the four chiral isomers of isomalathion and the enantiomers of 

malathion has been accomplished. With the individual stereoisomers of isomalathion available, it will 

now be possible to probe the interaction with AChE with particular attention upon the effect of cbirality 

at hoth carbon and phosphorus centers. 
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