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Abstmck Exposer8 of 34x0 dithioic acids to a 8oh1tion of poly6ulfanes in liti hydrogen soIf& gives 3%15% 
dithiole-3-thionesinyieldsvaryingfmmpoormexcelknt. ‘Ihtmethodtolexatesthepraenceoffunctionalgroops 
which aie probkmatkal for aher muhods of syntksis. 

A number of compounds having the 3H-l&dithiole-3-thione (dithiolethione) ring system 2 display marked 

biological activity. Oltiprax (2, R’ = pynuinyl, Rz = methyl) was originally marketed as an antischistcsomal 

drug, although more effective agents are now available for this purpose.’ The 5-(4-methoxyphenyl) derivative 

(2. R’ = 4-methoxyphenyl, Rz = H)isCUMltlyuSedinCanadaand~~~acholereticandtostimulate 

salivary secretion? More recently, the dithiolethiones as a class have been shown to have potent chemoprotective 

activity against a variety of carcinogens in a number of animal model sy~tems~ with the parent compound, 3H- 

1,24iithioled-thione (2, R’ = R* = H), being among the most active of those tested.4 With a view to its 

eventual use as a chemoprotective agent in man, oltiprax is currently undergoing Phase I cliiical trials in the 

United Statess In addition, a large scale intervention trial of oltiprax as a chemoprotective agent is underway 

in areas of China and Africa having a high incidence of liver cancer6 A very recent development is the finding 

that oltiprax inhibits replication of the HIV-l (AIDS) virus7 The wide spectrum of biological activity displayed 

by the dithiolethiones as a class, snd the resulting need for puparation of various substituted derivatives, have 

led us to embark on a program to develop new methods for synthesis of this ring system We report here effotts 

which have culminated in a new synthetic method having some advantages over those previously used. 

One of the most commonly employed methods for preparation of the dithiolethiones involves thiation of 

39x0 esters? Typically, P& with or without added elemental sulfur, has been used as the thiiting reagent. 

More recently, Lawessen’s reagent in combination with elemental sulfur is claimed to give yields superior to 

P,S,e.9 Botb reagents require prolonged reaction at elevated temperamm and ate incompatible with some 
functional groups such as carboxamido. In addition, the high equivalent weight of Lawesson’s reagent snd the 

need to use it in excess leads to a crude product grossly contaminated with byproducts which must be removed 

by cluomatography. Other methods for synthesis of ditbioletbiones employed in the past either lack generality, 

require several steps, or proceed in low overall yield.* 

3703 



3704 

In considering new approaches to synthesis of dithioledkmes, we were attmued to the possibiiy of 

wnstmckg the dithiolethione ring by the addkion of disulfane @I&), or its eqoivalent, to a 3-0~0 ester, or 

equivalent. Unfortunately, disolfaoe is an uostable substance whose pmparatkm and pur&adon require special 

apparatos.lo We reasoned that the mixture of polyrulfanes, H.& pmdoced by addition of oxidants to liqoid 

hydrogen s~lflde,~* although consisting principally of polysulfan~%? with x > 2, might serve as an in situ SOUNX 

of disolfane via rapid dispmpotionation of tbe higher polysulfanes. Indeed, similar pmcedmes have been used 

for the pnparation of 1,2-dithiolium salts from d&tones. polysolfaw, and strong acids.” lo the event, when 

3-ox0 dithioic acids 1. readily prepared from ketones and carbc~ disuEde,13 wem added to a solution of 

polysulfanes in liquid hydrogen suliide, the expected dithiolethiones 2 wete produced (Eq. l).” The results 

obtained for a variety of substrates ate shown in Table L” 

Table I. Preparation of 3H-l,2-Dithiole-3-thiones 

Entry 

1 

2 

3 
4 

5 
6 

7 

8 
9L 

ICY 

Yields (%Y Melting Point (“c) 

R’ 3 HPLcb L901atedc Observed Lit 

CH, H 62 42 33-34 33” 
Cd% H 62 52 125-126 1251261’ 

K%hC H 70 64 69-70 701s 
CH, a9 29d - - - 

cd-& w 85 71 104105 103-w” 
PyrazinYl a3 2 - - - 

-(a&.- 50 35 102103 10219 

-V.w,- 21 18 121-122 122-123’9 
H co&t 20 15 63-64 -20 

CH, (%Et 79 68 69-70 682’ 

%sed on starting ketone. bChromatographic yield determined on a Beckman Ultrasphem 
ODS column with water-methanol mobile phase. ‘Yield of pmi!ied mate&l. *A small 
amount (lx 2%) of komeric S-ethyl compound was detected. %action with CS, carried 
out under phase @an&r conditi~ns.~ 

The polysulfane twction may be conducted either by adding bromine to liquid hydrogen sulfide, followed 

by a solution of the 3-0~0 dithioic acid in dichloromethane, or, alternatively, by adding bromine to the 3-0~0 

dithioic acid dissolved io a mixtme of liquid hydrogen sulfide and dichlommethane. No consistent difference 

was noted in the yields obtained by the two pro&ores. Bromine can be replaced by sulfur monochloride, but 
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~yiel&suffu. Evmincaseswhnetheyieldswenonlymoderate,the~ditfiiolethione~~ 

workup was mmarkably free of bypmducts, as companxl to similar ptupamthms millsing P&e or Idwesson’s 

magent. As a rule, simple bulb-to&lb distillation or flltmtlon through silica gel, followed by tec~stal&adon, 

gaveproductofgoodpuritywithverylittlemamriallosr lhemthodtoleratedthepmsUtce0fanestergr0up 

(Enuie.s 9 and lo), in contrast to preparations involving P,S,, which gave thiono esters as bypmductaP 

Unfortunately, the preparation of oltipraz (Entry 6) by this procedure was na successful, only a trace of 

prcduct being detected cbromatographically. The masons for this failute ate mxutain However, we have 

observed that the yields of didtiolethiones seems to depend markedly on the quality and stabii of the 

intermediate 30x0 dithioic acids. In the case of oltipraz. the crude 30x0 dithioic acid pmcumor gave NMK 

spectra suggestive of a complex mixtute, so it seems likely that the preparation failed at the first stage. 

Details of the cotuse of the reaction between the 3-0~0 dithioic acid and the polysulfane mixtme leading 

to dithiolethione formation ate not clear at this time. The condiions used for this ring closure are similsr to 

those employed to convert 30x0 esters to gem-dithiols and methiols by tea&m with Hs!l.” It is tempting, 

therefore. to propose (I!q. 2) that the polysulfats% in an acidcatalyzed maction. converts the 3-0x0 dithiok acid 

1 to sn enepolysulflde 3. which then cyclizes to the ditbiolethione 2 by an intnunoibcular thioldlsuhlde 
interchangemaction 

While the use of liquid hydrogen s&l& has obvious drawbacks with tegaui to toxicity and d%icuhy of 
scale-up. we have found the method ccnvenient for the pmparation of didtiokmbmes on a 1 - 100 mmol scale. 

Methods which avoid the use of large quantiks of hydrogen sulfide 

bemportedinduecourse. 

srecunentlyunderinvest@ionsndwill 
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