
3-METHYLT~I~-l~~-~~T~~OLYLIUM SALTS 

REACTION WITH 4-HYDROXY-6-METHYL-2~-PYRAN-2-ONE 

AND QHYDROXYCOtrMARIN 

S-Aryl-3-methyllhio-1.2dilhiolylium salts condense with 

compounds containing an activated methylenc group to 
give ~-if’,2’dithiot-~-yIi~~~keto~s. Salts with a ter- 
riaq aikyt group attached to C atom 5 react as the ary! 
substituted compounds. whereas salts with a primary or 

scconda~ alkyl group give rise to intensively coloured 
selfcondensation products of unknown struclurc.~ Reac” 

tions of salts without a suhstituent in position 5 have 
hitherto not been reported. 

We have studied the reaction of t and 5-aryl-3- 

methyithio-1.2-dithinIylium iodides with d-hydroxy-6. 

methyl-t&pyranG?-one (It and 4hydroxycoumarin (21. 
4-Aryl-l.?dithiolylium iodies (3) gave rise lo 3-aryl.7- 

mflhg~-2-lhiox~~?~,~~-pyrano~3,2-~~py~an-~~ne~ (4 
and 3-aryl-2-thioxo-?)!.S~-pyrano~3,2-~~Jtrenzo~e]pyran- 
Soncs 6). respectively. whereas S-aryt-3-mcthyllhio-1.?- 
dith~t~ly~~um iodides (5) yietded 3-iS’-aryl-I’,?-dilhiol-J’- 
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ylidcncWnethyl-2ij-pyran-2&dioncs (7) and 345’~aryl- 
1’,2’-dithioi-J’~ylidenc)_ZH-benzolblpyran-2. Qdioncs ($1.’ 
7 and 8 may he useful starling material for preparation of 
the rather inaccessible cxtcndCd structures related to 
trithiapenlalcncs (see Ref. If. 

Rearlion of daryl-3-methylthio. I &difhiolylium io&des 
with Chydnrxy~methyf-2Y-pyran-2-one and 6 
kyd~~yf~urn~~~ 

The 3-methylthin-I,,‘dithiolyfium cation can be re- 

garded as a hyhride of several mcsomcric forms such as 9 
and 9a (Scheme I). 5-Aryl-substituted salts hear the most 
bulky subrtitutcnt at C atom S (CS) and the reaction 
course of these salts can be predicted on the basis of 9,’ In 
contrast. salts with a H atom attached to C5 should from 
stcric arguments prc~erent~a~ly react according to 9r. In 
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agreement with this assumption, we have found that the 
reaction of 3 with I and 2 gave rise to 4 and 9. respectively 
(see Scheme I). 

The reactions were performed in N.Ndimethylfor- 
mamide (ca. 25”. method A), glacial acetic acid (rcflux, 
method B) and d~~orometh~ (regux. method C) with 
pyridinc as base. Whereas 5 was isolated in good yields 
when either of the methods A. B or C was used. only 
method A gave satisfactory yields of 4 (see Ex- 
perimental). 

II 12 

A French group has studied the reaction of 4aryl-1.2. 
dithio~e-~thio~s (IO) with some carbanions and 
cnamincs. Mollier and Lozac’h’ assigned structure 11 to 
the product from the reaction of 10 with acenaphthone. 
bum later studies by Kim Son ei al.’ showed that the right 
structure was the isomeric 12. In a similar reaction Patris’ 
prepared some substituted 2lj-thiopyran-2-thioncs from 
10 and the anion derived from ethyl cyanoacetate. Finally, 
lshii er al.’ found that the reaction of 10 with enamines 
&We r&C 10 ?~hiiopyMI-2-thionCs. 

In these cases the formation of the products could be 
explained by assuming (i) a nucleophilic attack at C5 in 
the dithiole ring and cleavage of the U-S bond, (ii) 
sulphur extrusion with formation of a dithioacid anion and 
(iii) attack of this anion at a CO or masked CO group. 
The formation of 4 and 5 can be explained by a similar 
reaction mechanism (see Scheme 1). (i) and (ii) give the 
intermediate 13 which by elimination of mcthanethiol is 
converted to 4 and 5.’ 

Rtwtion of S-oryl-3+nefhylfhio- I ~-~fhio~y~ium iodide 
with 4-hydroxy-bm~hyl-ZY-pyran-2-on~ on4 4- 

hy~~xyc0um~n.n 

Normally. condensation of S-aryl-3-methylthiol2di- 

thiolylium iodidcs with compounds containing an ac- 

*A related reaction has been reported for 4-iuyt-l.?diIhiolytium 
Qlafrs ” 

!Probbly the iodide ion acts as nuckophik. 

tivated methylene group has been performed in rtfluxing 
glacial acetic acid with pyridinc as base.’ In addition to the 
condensation reaction. dcmethylation initiated by 
pyridine is reported to occur. During this investigation it 
was observed, that refluxing three salts (6b.d and e) in 
glacial acetic acid without pyridine rcsuhed in conversion 

of the salts to the corresponding thiones within 0.5-2 hr.t 

The progress of the demethylation was easily followed by 
TLC and quantitative yields of the thioncs were isolated. 

Thus. three reactions have lo be considered under the 
reaction conditions normally employed. When the salt is 
unsubstituted in positron 4. the condensation reaction 
apparentty is favoured (Table 1, fr, 7b, 8s and 8b). 
However, under these reaction conditions 4,5diphtnyl-3- 
methylthio-l&dithiolylium iodide gave unsatisfactory 

yields of the condensation products (Table 2). Probably 
stcric interaction between the 2-CO group in the pyrone 

molecule and the 4-Ph group in the salt favours the 
de~thy~tion reaction at the expense of the condcn- 

sation reaction. In dichloro~tha~ and K,Ndimcthy)- 
formamide the side reactions proceeded slower than the 

condensation reaction and good yields of the desired 
products (7e and &) were isolated (see Table 2). Other 
Csubstituted salts also gave rise to high yields of the 

condensation products when the reaction was performed 

in ~chloro~t~ne (Table 1). 

IS 

Two isomeric structures 14 and 1s may be assigned to 
the reaction products. In view of the known preference 

for kctonic oxygen to participate in ~tera~ntalcne 
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Table I. 3-(~‘-~I-l’.2’dithiol-2’-ylidenc~methyl_!Y-p~n~2.~~~s rnd 3~!‘-a~l-I’.!‘dtthlol-3’-ylidc~)~2H~ 
benzo[b]pynn-2.4diones 
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Table 2 A comparison of different reacttin condrtions for 
preparation of 3-(~.~‘d~phenyl-I’.Yd~thiol-3’-yldeneMmerhyl- 
2tj-pyran-2.4drones (7r) and 3-(4’.c’-diphenyl-l’.Y-dithiol-3’. 

ylidene)-?Y-benzo[bJpy~n-!.d-diooc t&J 
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formation when ester oxygen is also available.’ structure 
14 is considered most likely. 

The almost identical frequency (cu. 17OOcm ‘, see 
Experimental) of the lactonic band in 7. 8. 3-aryl4 
hydroxy&ncthyl-?Ij-pyran-2-o& and 3-aryl4 
hydroxycoumarins’O excludes structure IS as a distinct 
displacement of the carbonyl vibration is observed in all 
ca.ses where a carbonyl group is situated cis to tbc dithiole 

‘In dicthyl 24!‘4p-mcthoxyphenyl). I’Ydithiol-3’-ylidene~ 
malonate the cir CO group absorbs a~ 1605 cm ‘I and the rmnr 
al l677cm I.” 

ring and the established &-interaction is operative (14s 

and 16).+ 
The contribution of the mesoionic form exemplified 

with 16 in the description of a-(1’,?-dithiol-3’-ylidenc)ke- 

tones has been discussed.’ Recently. I.indberg ef al.” 
have established that a correlation between ~hc “F NMR 

chemical shifts of S-(4’-fluorophenyl)1.2dithiole com- 
pounds and the S2p electron energies measured by FSCA 

exists. Therefore, a convenient evaluation of the positive 
charge taken by the dithiole ring in 7 and 8 might he 

obtained by measuring the “F chemical shifts of 
compounds 7c and 8c. The values found are 107.5 and 

107.2 ppm. respectively. For compounds 17.18 and 19 the 

“F NMR chemical shifts reported” are 109.6. 109.1 and 
107.R ppm. Accordingly. the charge distribution in 7.8 and 
19 is similar. On the basis of an IR investigation it is 

concluded.” that the non-polar resonance form 19a only 
contributes slightly (co. 8%) to the description of 
2.(5’~aryl-I’.2’-dithiol-3’-ylio)phenolates (19). However. in 

contrast to 19 it is possihle IO convert 7 and 8 IO the 
corresponding 1.6,6A’-trithiapentalenes (20) by reaction 

with phosphorus pcntasulfidc’.” and this observation 
indicates that the non-polar form is more important in the 
series 7 and 8. A difference in importance of the non-polar 

form can be expected since the ?lj-pyrdn-2-one and 
coumarin ring syslcms are only quasiaromalic. 

KWeatMMAt. 

Misroamlysir were carried OUI by Mr. P Hansen. Microanaly. 
tical Departmen of the University of Copenhagen. 

Inrfrumenrofion. IR: Pcrkm Elmer 457 MS: AEI MS.902 ‘H 
NMR: JEOI. JNM-Fx 60. 9’ NMR. Br-ukcr Hx fr0 

The m.ps arc uncorrected. 
The 3-methylrhio-l&_lithiolylium rodides wcrc prepared from 

the appropnate 1,2dithiole-3.thiones.” 

Mtihod A. The appropriate Caryl-?.merhylthro-I.?dlthrolylium 
ioddc (5 x IO ’ mol). ehydroxyrrmethyl-?Y.pyrdn-2~lnc or 
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Chydroxycoumarin (5 x IO ’ muI) and pyridine f4ml) tn S.N. 

dimethylformam& (80 ml) wtrc \tirrcd at room temp. for co 24 hr. 
‘The mixture was poured on water and the uparatcd crystals were 

collected. 
Method 8. 4-Aryl-3mcthylthio-l.?dithiolylium i&de (2 x 

10 * mol). Chydrorycoumarin (2 x IO ’ mol) and pyndine WI ml) 
in glacial AcOH (625 ml) wcrc relluxcd for I hr. The precipitated 

crystals were colkc~cd and recryrtallircd. 
,Uerhod f (cf. Method Bl. The reactants 15 x IO ‘molt and 

pyridine 6 15 ml) m dichloromct~~ (250 ml) were refiured for 
I hr Evaporation in ~ocuo gave cr)%tals which were rccry 

stalhrcd. 

Method A. Purified by prcparativc layer chromatography (silica. 
chloroform, 3 umcs) Orange crystal5 (yield L 49%. m.p - 216 

2IW d) ‘H NMR (60 .UHr. (WI,). 2.40 (3H). 6.31 (IHI. 7 41 
(5H) and 7.62 (IH). IR (KBrl. 1720cm ‘. MS, mlr (R) = 270 (62. 
M’). 269 (100). 242 (4) and 227 (22). (Found: C. 66% H. 3.70; S. 

II 68. C‘,,H,$O, requires: C. 66.67; H. 3.73; S. II 8%). 

.wCrhodA. Purified hy preparative layer chromatography (silica. 
chloroform. 3 tlmcs) Orange crystal\ lyrld = 4%. m p - ?4?- 
ZJPC d f ‘H NMR (60 MHz. CiXl,): 240 l6H1, 6.33 (IHI, 
?.l_L?.% (411) and 7.63 (IH). IR (KBr): 1735cm I MS: m/c 
(5%) - 284 1100. M’f, 283 (W, 269 (721. 256 fXt and 241 122). 
(Found. C. 67.85; H. 4.55; S, 11.42. C,,H,,SO, requires: C, 67.61; 
H. 4.??; S. 1126%). 

.U<lhod A. Rand C 0rangc crystals (yields - 72% (A). 77% (B) 
and 74% ((‘I) Recrystallized from ?.methuxyethanol or bcnrenc 
(m.p - ZV+ZCPC). ‘H NMR (60 MHz. (‘IXI,)~ 7.s7.9 (9H) and 
lL2ll (IH) IR (KHr). 172Ocm ’ MS: m/c 1%) z 306 W M’). 305 
(14) and 288 (100). (Found. C. 70.59; H, 3.29: S. 1045 C,.li,$O, 
reqturcs. C. 70.55; H. 3.28; S. lO.53c;E). 

Wf~hod A and R Orange crystals (yields = 81% (A) and 65% 

(Wl. Rccryctalhzcd from !-methoxycthanol or purified b) 
preparative layer chromatography (sdrca. chloroform. 3 I,mes) 
(m.p. = 262-260. ‘H NMR W MHr. C’IX’I,): 2.40 (3H. 7 l-7.8 
(8H)and 828lIHl. IRfKBr): I73Ocm ’ MS: m/r (cK)-: 320(100. 
M’). 319 (84). 305 (92) and 292 (53). (Found: (‘. 71 I!; H. 3.92; S. 
9.77. C,Ji,$O, require\- C. ?I.?!. 11. 3 7$; S. lO.O@%l. 

M&od A’ The appropnatc S-ar)l-3.methylthio.I.2-dithioly- 

lium iodide (2 y 10 ’ moi). 6-mc1hyl~-hydroxy-?~-pyran~?-ont or 
dhydroxycoumarin (2 x IO ‘_mol) and pyndinc (f&ml) in glacial 
acc~tc acid 1625 ml) were rcfluxcd for ra. 2.: hr. If cr)\rrls 

separated on cooling to room temp. ~hcy were collected The 
filtrate was evaporated and the residue uas cxtractcd oath ~,dmg 
cyclohcxanc (250 ml) followed by boiling bcnrcnc (2 x 250 ml). In 
some casc~ cry%& scparatcd from the cyclohexanc toln and they 
wcrc colkcted. The benzene \olutlon ua\ cuaporatcd rnd the 
re\iduc togcthcr with the cry\tal$ prc\-cou%ly colkctcd were 
rccr)‘~talhJcd lscc Table I I. 

.Wbod 8’ lrte Method .A’) The reactants (5 x IO ’ mol) and 
pyridtne (I< ml) in dichloromcthanc f?Wmmlt were rcRuxcd for 
6 hr Purification as above 

,Werhtd (” A\ method B’. but the rcfluxmtt time was extended 
to cu. 21 hr 

Mcfhod 0’ fscc Method A’l The reactants (’ x IO ‘mall and 
pyridmc (2 ml) m N.N-dimcthylformamtdc (40 ml) YEW sttrred at 
room ttmp for 48-72 hr. .Aftcr fihrabon the mixture was poured on 
water (160 ml). The crystals wcrt collected. ua5hcd wrth water. 
dried and recry~tallizcd (see Tabk I) 

IR (KBr), In both series 7 and 8 the lactomc (‘0 band wa\ 
ohscrved wIthin the range l7Ml7l~cm ‘. ‘ll NNR (6OMlir. 
IN4SO.d.1: ‘The signal from the 4.ditluok proton in compounds 7r 
tr, 7c (6 . c-a. 9.0 and tr IO UC (d : co 9. I I win found at unusually 
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k~w field due to ani~olropic deshielding from the lactonic CO 
group. The positions and couplings of the other protons were as 
expected for compou~s with structur¢~ 7 and 8.' MS: The 
m~.~Iccular ions gave ri~ to the ba~¢ peaks in most ca~,~. 
Anal)ses: 7- (Found: C. 59.35; H. 3.48; S. 21.10. (:.H,oS~(), 
requires: C, 59.61; H, 3.34; S, 21.19~). "Po (Found: C. 57.95; H. 
3,77; S, 19.29. C..H)~S:O, requires: C. ~7.8,4; H, 3.64: S. 19..~/%). 
7c (Found: C. 56.20; H, ,1.00: S. 19.9Q C.,H,,.S~O,F requir¢~: (', 
.%.2fi; H. 2.81; S. 20.00%). ?d (Found: (', 60.90; H. 3.71; S, ~.Z0. 
C,.H,,S~O, requires: (', 60.76; H, 3.82; S, 20.25%). 7e (Found: C, 
6655; H, 3.75; S, 16,80. C~.,H,.~(), requires: (', f'~.67: It, 173; S. 
16.93%}. 7f (Fk~und: (, 56.35; H, 2.95; S, 22.93. C,,H,S:O, 
requ~re,,: C. %.53; II. 2.q2; S. 23,18%}. ~ (Found: C, 64,00; H, 
103; S. 19,O5. (',,,H,oS,O, requires: ('. 63.91; H, 2.98; S, 18.9~%), 
$b {F~nd: (', f~Z00; H, 132; S, 17.48 C,.H,..S:O, require~: C, 
61,%; H, 3.~; S. 17.38%), 11¢ (Found: ('. 60~,0; H, 2.71; S, 17.95. 
(',,H.S,O,F requires: C, 60.67; |L 2,53; S, 17.98~1. lid (Found: C, 
64.80; H, 158; S. 18.12. (',~H,:S..(), requires: C. 64.77; H, 3.4}; S. 
lS.18ek). Ik IFound: C. 69.75; H, 3_14; S, 15.40. ('~,H,.S:(), 
require,,: (', 69,56. H. 3.41; S, Pi 46%) and gl (Found: C. h1.65; H. 
2.74; S, 20.~3. C,.H,S:O, rcquh'cs: (', 61.55; H, 2.58; S. 20JI%} 
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