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Abstract - Sodium ethanethiolate reacts at the S-2 position of substituted 
1,2dithiole-3-thiones to give various products depending on the substi- 
tuents at the C-4 and C-S positions. In particular, the presence of a py- 
rimidinyl substituent induces some noticeable changes in the reaction 
pathway, yielding a novel heterocycle whose synthesis has not been pre- 
viously reported. 

This work is part of a program to elucidate the mechanism of the pharmacological action of 

4-methyl-5-(2-pyrazinyl)-l.2-dithiole-3-thione (OLTIPRAZ, 35972 R.P.)'. This drug exhibits schisto- 

somicidal activity2 and is metabolized in mice to inactive pyrrolop,2-qpyrasine derivatives 
3 . In 

previous papars. a mechanistic interpretation of the biochemical process was proposed. These stu- 

dies show that the same pyrrolo !,2-a]pyrasine derivatives can be obtained in vitro by the use of 

nucleophiles 
4 

or by an electrochemical-reduction process'. 

It is notable that the major metabolites of OLTIPRAZ result from a 4e-reduction process and it 

is possible to distinguish several reduction steps which yield transient species that could be en- 

dowed with schistosomicidal activity. Thus, the isolation of such species is of particular interest 

from a pharmacological point of view. 

The present paper deals with the chemical reactions of OLTIPRA2 analogues 1, 2 and 2 with sodium 

ethanethiolate , present in excess or in limited amounts, especially with respect to isolation of 

the transient metabolite and determination of its schistosomicidal activity in vitro. 
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1: R5 - 2-pyridyl, R4 - COCC2H5 
2: R5 - 2-pyridyl, R4 - CR3 

3: R5 - 5-pyrimidinyl, R4 - CR3 

* 
2 is devoid of schistosomicidal activity. 

RRSULTS AND DISCUSSION 

The progress of the reaction was followed by U.V.-visible absorption 

involved in the transformation are discussed according to the nature of 

C-4 and C-5 positions. 

spectrometry. The processes 

the substituents at the 

4-Ethoxycarbonyl-5-.(2-pyridyl)-l,2-dithiole-3-thione 1 and 4=thyl-5-(2-pyridyl)-1.2-dithiole-3- 

thione 2. -- 

The ability of 4-methyl-5-(2-pyrazinyl)-l,2-dithiole-3-thione (OLTIPRM) to produce the pyrrolo 
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E,2-a]pyrasine derivatives quantitatively in the presence of sodium ethanethiolate 

previously reported4. 

The corresponding reactions of 1 and 2 give similar results. After methylation, 

(EtS-) has been 

the pyrrolo 

[,2GJpyridine species i and 2 (see scheme I) are isolated in 80 and 50% yield respectively (see 

experimental section). Thus, replacement of pyrasine by pyridine at the C-5 position does not modi- 

fy the reactivity of the dithiole-thione ring. 

However, with limited amounts of EtS-, the reaction of 2 gives three products all of which 

possess a pyrrolon,2_a]pyridine skeleton, as confirmed by ‘R N.M.R. and U.V.-visible absorption 

spectra (see experimental section). The major product, 5, is isolated in 70% yield. In addition, 

the reaction also gives compound 2 and the corresponding disulphide 1 in 10% yield (see scheme I). 

Compound J_ behaves similarly producing compounds 2. fi and 2 in 5, 35 and 25% yield respectively. 

‘II N.M.R., U.V.-visible absorption and mass spectroscopic data are consistent with the presence of 

pyrrolop,2_a]pyridine species. 

It is also worth mentioning that the reaction of OLTIPRA2 with a small amount of EtS-, followed 

by methylation, gives similar results (see experimental section) and affords the same kind of com- 

pounds lo, 11 and 2 in 35, 40 and 5X yield respectively. - 

Reaction pathway: 

From these experimental results, we can conclude that attack by EtS at the S-2 position 

Ceqn. (1). scheme 11 affords a convenient route to pyrrolop,2_a]pyridine (or pyrasine) species, a 
4 result which has been previously reported together with the alternative attack at the C-4 position. 

We can now confirm that attack occurs at the S-2 position, since we have isolated compounds 2, i 

and lJ, which could not have arisen from attack at the C-4 position. This attack is followed by in- 

tramolecular xing closure of I’E (or 2’E) uith elimination of molecular sulphur {eqn. (2) and (3)) - - 
yielding, after methylation, compound 2 (or s), accompanied by compounds 2 and z (or 5 and 2). 

Ccmpound 5 (or 5) most likely results from the reduction of 6 (or s) with EtS-. The fact that 5 

(or 3) is the major product when using an excess of EtS- is consistent with this hypothesis. Under 

these conditions, 5 (or s) constitutes a transient species which is further reduced by EtS- to give 

2 (or 2). A homolytic cleavage of the disulphide bond may account for the formation of the disulphi- 

de 1 (or 2) Eeqn. (611. 

4-methyl-5-(5-pyrimidinyl)-l,2-dithiole-3-thione 2. 

In this case, intramolecular ring-closure (eqn. (211 can no longer occur and quite 

haviour can be expected in comparison with 1.2-dithiole-3-thiones 1, 2 and OLTIPRdZ. 

distinct be- 

After addition of an excess of EtS to the ethanolic stock solution of 3 at 2O’C, a decrease of 

the absorption band at 425 nm, due to the starting material 3, is observed whilst two new bands 

develop at 345 and 510 nm. The absorption at 345 nm is compatible with a thiocarboxylate species6. 

Spectral changes show two isosbestic points at 390 and 480 nm, indicating that a simple reaction 

has taken place. However, after allowing the mixture to react for 20 min. a decrease of the 

absorption bands at 345 and 510 nm is observed and the isosbestic points disappear, indicating 

that the transient thiocarboxylate species 3” - undergoes subsequent chemical reaction. 

The reaction was stopped after 10 min in order to isolate the transient thiocarboxylate ion. 

Compound 13 was isolated, after methylation, as the E isomer, in 60% yield. 1 B and 13C N.H.R., 

mass spectroscopic and U.V.-visible absorption data are consistent with structure 13 (see ex- - 
perimental section). 
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Scheme 1. 

7: R4 = CH3 

2: R4 - COOC2R5 

Aassuming that the replacement of pyrazino or pyridine by pyrimidine does not strongly modify 

the reactivity of the dithiole-thione ring, nucleophilic attack at the S-2 position provides a 

satisfactory interpfetation of these experimental results. This attack affords the transient spe- 

cies 31 {eqn. (7)) which cannot be isolated owing to its rapid reduction by excess EtS- to give 

the thiocarboxylate transient species 3” {eqn. - (8)). Methylation of 3” yields 13 (scheme 2). - 

A different capound is isolated when the reaction is driven to completion at 35’C. After allo- 

wing the mixture to react for 5 min, a decrease in intensity of the absorption bands at 345 and 

510 nm, characteristic of the transient thiocarboxylate ion 2, is observed vhilst two new bands 

develop at 295 and-305 nm. Change in spectra show an isosbestic point at 375 nm indicating that 

a simple reaction has taken place. 
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(8) EtS- 
(excess) 

13 - 211. (Z/E) 

Schema 2. 

The reaction progresses slowly and is consistent with the folloving kinetics: 

v--dA 5,O nm/ dt - kexp(xI); kexp - k(EtS-)- 0.065 mic’ at :;“C. 

After methylation, the final compound was isolated in 80% yield. B and C N.M.R. and mass 

spectroscopic data are in agreement vith structure 14. Raney Nickel desulphurization affords com- - 

pound g {eqn. (14)) and allows us to confirm the structure of the final compound 14 which has - 

not been previously described in the literature. 

Reaction pathway: 

Prom these experimental results, it can be deduced that 2 is transformed via attack by EtS- at 

the S-2 position, according to the mechanistic pathway reported above (scheme 2). This attack 

yields the transient thiocarboxylate ion 3” - which can exist as an E/Z mixture {eqn. (7) and (8)). 

Intramolecular‘ring-closure of 211 (E) involves nucleophilic attack by the negative charge of the 

thiocarboxylate group to afford the Spiro cycle {eqn. (IO). scheme 3) which then undergoes a 

rearrangement {eqn. (II)}. Note that an analogous rearrangement is observed in the Smiles trans- 

position7 . After methylation, rearrangement yields compound fi {eqn. (12) and (13)). 

It is possible to distinguish two kinds of behaviour, in the reaction of 1,2-dithiole-3-thiones 

1, 2, 2 and OLTIPRAZ with sodium ethanethiolate in alcoholic medium: 

1) Using 1, 2 or OLTIPRAZ as starting material, attack by EtS- occurs at the S-2 position, pro- 

viding a convenient route to pyrrolob,2_a]pyridine (or pyrazine) species 5 and 2 (or IO). 5 and - 

10 constitute the inactive metabolites of 1 and OLTIPRM respectively. - It is worth mentioning that 

the transient species 2 and 11 which have not been previously described in the literature, are en- - 

doved with schistoscmicidal activity in vitro. In contrast, the transient species 2 which is pre- 

pared from the inactive 1,2-dithiole-3-thione 2 is devoid of such activity. These results are of 

interest from a biological point of view as they may contribute to the understanding of the phar- 

macological activity of OLTIPRAZ. 

2) Using 2 as starting material, attack by EtS- occurs at the same S-2 

by a specific rearrangement affording compounds 14 and 15 whose syntheses - - 
ported, to the best of our knowledge. 

position but is followed 

have not yet been re- 
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EXPERlMENTAL 

General: 1,2-dithiole-3-thiones I_. 2, 2 and OLTIPRAZ, substituted at the C-4 and C-5 positions, 

were supplied by RRONR-PODLgNC-SANTR. 
The solvents used for extractions and cbrooatography wre obtained from S.D.S. (puran purity 

grade). Methyl iodide was a MRP.lX product aud Raney Nickel was obtainat from Au)RU.X. Sodium 
ethauethiolate (RtS ) was prepared by a previously described procedure - 

D.V.-visible absorption spectra were recorded usiog a VARIM DKS 90 spectrophotmter. 
D.V.-visible absorption spectra data of substituted l,Z-dithiole-3-thiones at 2O'C (IDOR ethauol): 

1: A,, (Ek-lcm -1j: 220 (13ODO), 235 (10000, sh), 278 (IISOO), 312 (14000). 445 (7500); 

2: 224 (12500), 240 (9000, ah), 275 (9500), 310 (12500). 435 (8500); 
p: 225 (11.506), 235 (10500, ah), 275 (10500), 320 (50001, 425 (8500); 
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1 H NJLB., 270 w, ~n80 d6’ 6: 2.25 {dd, 3H, CR (7)). 6.80 {quintuplet, 1% R (6)). 7.05 id, 18, 
H (a)), 7.25 (bd, lH, E (4)5, 7.65 {bd, 18, R (231, 10.70 {be, 18, NRM). 

13C N.Y.R., 50.3 MEz. DHSO d6, 6: 16.1 {q, p3 (7)), 114.3 Id, C (a)}, 119.2 Id, C (a)), 125-l Id, 
c (4)). 135.8 {d, c (2)). 135.1 (8, quaternary 21, 136.8 (6, quaternary gls 138.6 {es quaternary 21 
maee epectrum (E.I.): m/Z - 164 (n *); m/z - 137 (n - ECN); m/2 - 131 (M - SR); m/e - 124; 
m/z = 110; n/z = 69. 
U.V.-vieible (100% ethanol), 1, (k-1 -1): 282 (9350, m&mUm). cm 
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