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Sulfenic acid as reactive intermediate during thienopyridines activation : Comparison of sulfenic acid trapping methods. Chemical method of formation

Introduction: Thienopyridine antiaggregants are activated into a thiol metabolite that inhibits the ADP platelet receptor P2Y12. This activation proceeds through an 2-oxo-thienopyridine (a thiolactone) further oxidized by cytochrome P45O, into an unstable thiolactone sulfoxide reactive intermediate, that hydrolyses to a sulfenic acid further reduced by reductase or excess reductant (GSH, thiols, DTT, Ascorbate, Phosphines (TCEP) or Arseniate) into the active thiol (1,2).

In presence of a sulfenic trapping agent like dimedone one can isolate an adduct. In presence of reducing agents, formation of thiol competes with the trapping reaction.

The aim of this study is to compare newly introduced sulfenic acid trapping agents (3) and to show the formation of the sulfenic acid by chemical oxidants.

Oxene Donors : 2-oxo-ticlopidine (100 µM) was incubated in presence of microsomes with 1mM dimedone and oxene donors. The dimedone adduct was formed for tBu-OOH (0.5, 1 and 2 mM; yield 6%, 10% and 15% respectively), for Cu-OOH (0.5 and 1mM; yield 22% and 17%). PhIO and incubation in absence of microsomes gave no adduct. Chemical oxidation : 2-oxo-ticlopidine (100 µM) and dimedone 1mM in pH7.4 buffer plus 20% EtOH and NaIO4 (2 mM) for 30 min gave a low yield of dimedone adduct. Oxidation of 2-oxo-ticlopidine in CH 2 Cl 2 with mCPBA and dilution with 1mM dimedone in buffer gave small amounts of the adduct. Further oxidation methods should be tested.

Electrophilic probes :

Strained Alkenes: N-ethylmaleimide (NEM) and N-methylmaleimide were tested at 0.1-2mM. Two Sulfoxide adducts of NEM were found at m/z = 491 (in presence of 18 O 2 only 5% 18 O incorporation) and another product at 473 (37% 18 O) that could be the Diels Alder (DA) adduct of the hydroxy-thiophene sulfoxide (OH-TSO) or of a conjugated thione? (6). N-Methylmaleimide gave similar results. These adducts decreased at the same rate with nucleophilic competitors (GSH or dimedone or indanedione) thus derive probably from the same intermediate.

The norbornene carboxylic acid, carboxamide and diacid were tested (1-8 mM). The acid gave the best results, with the expected sulfoxide adduct at m/z = 504 plus another at 486 : (the OH-TSO DA adduct ?)

Strained alkyne: Only BCN was tested. It gave two adducts at m/z = 498 (possibly the OH-TSO DA adduct) and a broad peak at 514 (dehydrogenated from the expected SO adduct 516 (unknown)).

References: 1) Dansette PM, Libraire J, Bertho G, Mansuy D. Metabolic oxidative cleavage of thioesters: evidence for the formation of sulfenic acid intermediates in the bioactivation of the antithrombotic prodrugs ticlopidine and clopidogrel. Chem Res Toxicol. 2009; 22(2):369-373. 2 Methods : incubations of 2-oxo-prasugrel (100 µM) in presence of rat or human liver microsomes (1mg/mL) NADPH (1 mM) were done accordingly to reference 2. In absence of NADPH, oxene donors were tested (tBuOOH, CuOOH) in absence or presence of microsomes. For chemical oxidation 2-oxo-thienopyridines were reacted with diverse oxidants in presence of dimedone. The trapping agent were nucleophiles: thiols, cyanide, thiocyanate, dimedone, cyclopentane-1,3dione, and analogs or strained alkene or alkyne (ethyl-maleimide, norbornenes and BCN). Several concentrations (0.1-20mM) were tested and competition with 1 mM dimedone were also done. After 30 min incubation the reaction was stopped with half a volume of AcCN/AcOH 9/1 and centrifuged. The supernatant was analysed by HPLC/MS and MS 2 using a Thermo LCQ Advantage or an HRMS Exactive Orbitrap (2).

Results : New sulfenic acid probes have been described (Scheme 2, (3-5)). All were tested with oxo-prasugrel and oxo-clopidogrel. Nucleophilic probes: Thus prasugrel or 2-oxo-prasugrel metabolised by liver microsomes in presence of dimedone and NADPH gave the expected adduct (2). Experiments with KCN and K 13 CN (0.2-20 mM) gave the expected thiocyanates (SCN) at m/z = 375 and 376 respectively and small amount of an endo isomer. The spectra, MS and MS 2 of the major adduct and its endo isomer are shown (below). Cyanide in competition with 1 mM dimedone decreased the dimedone adduct 50% at 12 mM.

Similarly thiocyanate gave the Sulfo-thiocyanate adduct. (S-SCN : m/z = 407, not shown). 
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  -Methyl-cyclohexane-1,3-dione gave two adducts (diastereo-isomers) (m/z = 474) at level similar than dimedone (m/z = 488), cyclopentene-1,3-dione gave low level of adducts (m/z = 444, not shown) and Indane-1,3-dione gave two adduct at m/z= 494 and was twice as efficient as dimedone. Piperidine-2,4-dione, two adducts at m/z = 461, was 20 time less efficient than dimedone.

  Scheme 1 : Metabolic bioactivation of thienopyridines N