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D epartment оf  Organic Chem istry, Polytechnical U niversity, 00664 W arszawa

Badano reakcję 2-m etoksy-l,3-ditioli (1) z kw asam i, w której w yniku 
otrzym uje się sole 1,3-ditioliowe (2) lub 2,2'-bi(l,3-ditiolilideny) (3), lub 
też ich mieszaninę. Stwierdzono, że czynnikam i w yznaczającym i k ierunek 
tej reakcji są moc użytego kw asu oraz jego względna ilość. Zapropono­

wano i przedyskutow ano mechanizm  reakcji.

The reaction of 2-m ethoxy-l,3-dithioles (1) w ith acids, yielding 1,3- 
-dithiolium  salts (2) or 2,2'-bi(l,3-dithiolylidenes) (3) or both, was studied.
It was found th a t the direction of th is reaction was determ ined by the 
strength  and the proportion of the acid used. The proposed m echanism  

of reaction has been discussed.

The cleavage of 2-m ethoxy-l,3-dith ioles (1) by acids has been the 
Principal method of generation of 1,3-dithiolium carbenes (4) used in our 
Judies on reactivity of these carbenes 1). Therefore we w ere interested in 

more detailed knowledge of the course of the reaction of compounds 
'vith acids. The literature data on this subject are scarce and m ostly they  

^°ntain only information of general character2_4>. Moreover, some of 
ePorted results w ere not fu lly  confirmed by us. Therefore, we submitted  
everal d ifferently substituted 2-m ethoxy-l,3-dith ioles la —<1 to treatm ent 

J'ith mineral and organic acids (HC104, CCl3COOH, CH3COOH) or w ith  
everal 1,3-dithiolium salts. In this paper we wish to present the results 

.. these experim ents and compare them  w ith  the literature data. We would  
moreover, to discuss the course of the cleavage of 2-m ethoxy-l,3 -

The experim ents presented in this paper were performed on: 2- 
'?}ethoxy-4,5-dim ethyl-l,3-dithiole ( l a)> 2-m ethoxy-4,5-d iph en yl-l,3- 
jithiole (lb), 2-m ethoxy-4-phenyl-l,3-d ith iole (lc) and 2-m ethoxybenzo- 

. '3-dithiole (Id). These compounds were treated w ith the following acids: 
erchloric acid, trichloroacetic acid and acetic acid.

^ithioles by acidic reagents.

RESULTS

S c h e m e  1

or/and

1a-d 2a  -d 3a -d

4 Cl°4 , CCI3 COO, C H 3 COO
4. £  ==R2 = CH3, b: R ' = R 2 = C6HS,

* R2 = —CH = CH—CH=CH—.
c: R‘= C 6H5, R2 = H,
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We have noticed that the conversion of compounds la —d in °̂ c . e 
responding 1,3-dithiolium 'perchlorates 2 a — d  (X =  СЮ4) does not req^ 
an excess of strong acid as has been suggested previously for va^1?rr\Oi 
-a lk oxy-l,3 -d ith io les2_4). Treatment w ith  an equimolar quantity of-H ,eS 
causes a com plete transformation of compounds la — d into P e  0iar 
2 a — d. On the other hand, in the reaction w ith smaller than 
quantity of НСЮ4 compounds 1 are partly transformed into 2,2 - 
thiolylidenes) 3 * and partly into perchlorates 2 , the q u a n t i t y ’ °  eCj; 
perchlorate formed being exactly  equivalent to that of the ac • a^ve 
the latter experim ents were performed only w ith 4,5-diphenyl deri g  ̂
lb . Results of reactions w ith  perchloric acid are presented in i a

T a b l e  i
Results of reactions of 2-methoxy-l,3-dithioles la —d with perchloric acid 70%  in  С Н з

2-Methoxy-
-1,3-dithiole

Moles of HCIO* Yields of p roducts______
per 1 mole 

of 1
1,3-dithiolium

perchlorate
V/0 dimer %

la 1 2a ca. 100 —
lb 1 2b 97 — 51
lb 0.5 2b 42 3b

79
ib ca. 0.1 2b 12 3b

lc 1 2c 91 —-
Id 1 2d 91 —

dr 0
Thus, our results do not confirm the experim ents reported by ^ 0ху- 

and P o l a c z k o w a '1 who exam ined similar reactions with qforined 
-4 ,5-d iphenyl-l,3-d ith iole (lb), finding that this compound was tran

T a b l e  2
Results of reactions of 2-methoxy-l,3-dithioles la —d with trichloroacetic acid

2-Methoxy-
-1,3-dithiole

la
la
lb
lb
lb
lb
lb

lc
lc
Id
Id

Moles of acid 
per 1 mole 

of I

0.1
1
1
0.1
0.1
0.1
1
0.1
I
0.1

Solvent

CH.,CN
C6H„
CH3CN
CH3CN
CH3CN
CH3CN
C6H6
CHjCN
C6H6
CH3CN
C6H6

Time of 
reaction 

hrs .

1
1
1
2 
1 
5 
1 
1 
1 
1 
1

* Compounds of this type are commonly defined as dimers 
carbenes 4.

Yields o f P r0< û

dimer %  _  

49
3a 95
3a 44
3b 55
3b 34
3b 62
3b 90
3b 6
3c 36
3c

ca- 1 
63d

3d
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‘nto dimer 4b w ith the theoretical yield, on treatm ent w ith  an equimolar 
Quantity of HCIO,.

The results of our experim ents concerning the treatm ent of 2-m etboxy- 
'^3-dithioles la — d w ith trichloroacetic acid, presented in  Table 2, do not 
differ essentially from the literature data 3): the products obtained in these 
faction s are dimers 3a— d, respectively. As can be seen from data in Table 

the transformation of compounds 1 into dimers 3 occurs more readily in  
benzene than in an acetonitrile solution. Furthermore, it appeared that the 
^action was distinctly influenced by substituents in  the 1,3-dithiole ring 

compound 1: it is evident that dim ethyl derivative la  is the more 
^active and benzo derivative Id is the less reactive one. Compounds la  and 

are quantitatively converted into dimers 3a or 3b by refluxing for 1 hr 
111 benzene solution w ith a catalytic quantity of trichloroacetic acid.

Our next experim ents have confirmed previous su ggestion sS) that 
j?cetic acid m ay also transform 2-m ethoxy-l,3-d ith ioles la — d into dimers 

d (Table 3). However, each of these compounds reacts w ith  acetic 
9cid considerably more slow ly than w ith trichloroacetic acid.

T a b l e  3
Results of reactions of 2-methoxy-l,3-dithioles la—d with acetic acid

2-Methoxy-1,3-dithiole Moles of acid per 1 mole 
of 1

Time of 
reaction 

hrs

Yields of product

dimer %

la 1 1 3a 19
lb 1 1 3b 18
lb 1 2 3b 26
lb 0.1 3 3b TLC
lc 1 1 3c 9
Id 1 1 — .

j We have also shown that 2-m ethoxy-l,3-dith ioles la — d can be trans- 
?rrned into respective dimers 3a— d by treatm ent with 1,3-dithiolium per­
fo ra tes  2a—d; the results of these experim ents are presented in Table 4.

T a b l e  4
Results of reactions of 2-methoxy-l,3-dithioIes la —d with 1,3-dithiolium perchlorates 2a—d

(X =  CIO4)

Substrates Moles of Time of Yield of Salt 2
Methoxy- 1,3-Dithiolium salt 2 per 1 reaction dimer 3 recovered
>3-dithiole perchlorate mole of 1 hrs o/*/о /о

la 2a 1 1 97 79
lb 2b 1 1 98 94
lb 2b 1 0.25 98 83
lb 2b 0.1 1 98 97
lb 2b 10 1 71 98
1 с 2c 1 1 91 79
Id 2d 1 1 39** 96

In relation to compound 1 used.
Unchanged Id was shown by TLC and JH NMR.

° lis h  J o u r n a l  o f C h e m is try  7-9/84
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S c h e m e  2

1 a -d  2 a -d  З а -d  2a -d

The salts 2 are, seem ingly, not consumed during this reaction a poUnd 
are quantitatively recovered from the reaction products. For the c°  0̂p0r- 
lb  additional tests w ere performed in which the following molar p ^ eCi 
tions of reagents lb  and 2b were used: 10:1, and 1:10. No eV er|jServed.
on the degree of conversion of compound lb  into dimer 3b was о ___  ̂ jp

The following NMR spectra of 2-m eth oxy-l,3-dithioles -^olar 
acetonitrile-D 3 solutions were recorded: (a) la —d w ith НСЮ4 m eq a 
proportion, (b) lb  w ith  CCl3COOH in equimolar proportion, (c) are
tenfold molar excess of CH3COOH; results of this measurern 5)
reported in Table 5. The spectra with perchloric acid (Nos *777’ +ftis acid 
have confirmed that compounds la — d react im m ediately with j^ ts .  
yielding 1,3-dithiolium  perchlorates 2a— d as the sole reaction P co0. 
Spectrum No 5 (Table 5) demonstrates that compound lb  is Pa ..c acid. 
verted into 1,3-dithiolium  salt (2b, X  =  CCl3COO) by t r i c h lo r ° aC jt is, 
The second product, formed together w ith  this salt, is the SPeC'
however, precipitated from the solution during m e a s u r e m e n t  ot
trum  and for this reason it does not contain the signals derived и- .ng the
3b. Sim ilarly, precipitation of dimer 3b has been observed ^ jjle  5)-
m easurement of spectrum of lb  with acetic acid (spectrum No 1 s[gn^s
This spectrum  contains only signals derived from lb , w hile n o n e   ̂ j^ay
corresponding to 4,5-diphenyl-l,3-dithiolium  cation is observed. ^yt its
assume that in  this case the salt 2b (X =  CH3COO) is also f°rrne ’ aSure' 
concentration is too low to be detectable by *H NMR spectrum  
ment.

DISCUSSION
• g t i f y

We think that the results of the foregoing e x p e r i m e n t s  j u  ^  4-  
advancem ent of the following two-stage course for the c le a v  
-m ethoxy-l,3-d ith ioles 1 by acids. У grouP

The first stage of this cleavage involves protonation ° f .m T ^ eth a ^0 
of compounds 1 by an acid and an instantaneous elimination о reacti°n 
m olecule w ith formation of 1,3-dithiolium  salts 2 (Scheme 3). Tni

S c h e m e  3

Y X "  =  Х . = " Х | С - И Х . . С Н , 0 Н
r 2 s o c h 3 r 2 s '  ОСНз R2 5

1 a - d  H 2 a -d

,  t e r t o ^ e
is reversible and the position of equilibrium state is primarily геас& 
by the strength of the acid used. Such a strong acid as H pel"
instantaneously w ith  the whole quantity of compounds 1 to tfte
chlorates 2. Thus, in presence of an equimolar quantity ot
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cleavage of 2-m ethoxy-l,3-d ith ioles stops at the stage, as d e m o n s t r a t e d ^  

’H NMR s p e c t r a  (Table 5) as w ell as by isolation of p e r c h lo r a t e s  a 
(Table 1). .

Acids of moderate strength ( C C l 3C O O H )  or relatively w e a k  ^ 
(C H 3 C O O H ) , on the other hand, react only partially with compounds 
a certain equilibrium  is established. In such a  case 2-methoxy- 
-dithioles 1 and 1,3-dithiolium salts 2 exist in  the reaction mixtur 
proportion arising from the equilibrium  position, i.e. depending ^
strength of HX, as demonstrated by *H NMR measurements (Tab  ̂ ^ 
Then, the second stage of cleavage of compounds 1 may be r e a liz e  , ^  
begins by the reaction betw een compounds 1 and 2 ( S c h e r n  

We believe that the 1,3-dithiolium carbenes 4 are generated during 
second stage of the reaction, which probably involves the f01 °jea(js 
sequence of steps. First, the protonation of compounds 1 by salts , ± eS 
to formation of carbenes 4 and protonated compounds 1, which e ,I(rU„j< 0f 
a methanol m olecule to form salts 2. Next, the nucleophilic atta t0 
carbenes 4 on salts 2, followed by elimination of HX molecule, lea 
formation of the final products, i.e. dimers 3.

The validity of the above pathway of cleavage of 2-methoxy-' jg 
thioles I by acids HX, particularly of the second stage of this reac 1 ,^ 0 
confirmed by experim ents resulting in the conversion of compounds g 
dimers 3 by treatm ent w ith salts 2 (Table 4). In those reactions tne  ̂ ^ at 
used are nearly quantitatively recovered, probably owing to the fa j imers 
perchloric acid eliminated in the last step of the reaction leading to oCjs 
3 (cf. Schem e 4), as a very strong acid, reacts im m ediately w ith corn^nUOus
1 to yield perchlorates 2 (cf. Scheme 3). In consequence, despite con 
consumption of perchlorate 2, the concentration of this salt in the re 
m ixture remains constant during the reaction, due to its p e r m a n e  

very fast regeneration. molar
The transformation of compounds 1 in presence of less than ûjjy 

equivalent of perchloric acid used (Table 1) should be considered & ^  js 
analogous to the reaction of these compounds w ith perchlorates ■ ^ аП 
obvious that HC104) as a very strong acid, reacts instantaneously ere- 
equivalent quantity of compounds 1 to form salts 2 (Scheme 3), 
after the reaction proceeds according to Schem e 4.

S c h e m e  4

3a -d
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Evidently, 2-m ethoxy-l,3-dith ioles undergo fairly com plex transforma­
tions in presence of acids, involving undoubtedly formation of salts 2 as 
'''’ell as that of carbenes 4. The generation of carbenes 4 takes place when  
Protonation of compounds 1 by 1,3-dithiolium  salts is possible at least at 
the same degree as protonation by acid HX used to initiate the cleavage 
of compounds 1. Thus the acid used should not be so strong as perchloric 
acid, since in this case a certain quantity of the dithiole substrate is trans­
formed into 1,3-dithiolium perchlorate, but also not so weak as acetic acid 
because then the reaction runs very slow ly. Trichloroacetic acid seem s 
*-0 be a suitable catalyst of the cleavage of compounds 1.

EXPERIMENTAL

Ш NMR spectra w ere determ ined on a Jeol JNM  MN 100 spectrom eter, using 
JM s (6 =  0 ppm) as in ternal standard. A cetonitrile used w as refluxed over and 
^'stilled from  P 2O5 and stored over m olecular sieves.

Starting; materials and standard samples

2-M ethoxy-l,3-dithioles la —с w ere prepared  by m odification of the procedure 
^escribed in 3).

A solution of 0.01 mole of 2-piperidine-4,5-dim ethyl-l,3-dithiole 5) (or 2-piperidine- 
' 4,5 -diphenyl-l,3-dith io le6) o r 2-p iperid ine-4-phenyl-l,3 -d ith io lee)) in  20 ccm of 
Methanol, 10 ccm of acetic acid and 30 ccm of benzene w as stirred  and heated to 
^0°C for 3 hrs. Acetic acid was neutralized w ith triethylam ine. A fter dilu tion w ith  
ea. 30 ccm of benzene the reaction m ix ture was washed w ith  w ater several tim es 
a*id dried over M gS04. The solvent was evaporated in vacuum . The crude 2-m ethoxy- 
' 4>5-d im ethy l-l,3-dithiole (la) and purified by distilla tion  under reduced p ressure to 
Jield 1.3 g (81®/o) of colorless oil, b.p. 70°C/1 mm  Hg. *H NMR (ССЦ), 6 : 1.91 (s, 6H),

(s, 3H), 6.45 (s, 1H).
Analysis:
For C6HJ0S2O — Calcd.: 44.4% C, 6.2% H, 39.5% S;

found: 44.3% C, 6.1®/» H, 38.6% S.
The crude 2-m ethoxy-4,5-diphenyl-l,3-dithiole (lb) and 2-m ethoxy-4-phenyl-l,3- 

'd ith io le (lc) w ere crystallized from  hexane to afford 2.3 g (80%) of colorless crystals, 
Jft-P. 75—76°C (Lit.3): m.p. 78°C) and 1.8 g (87%) of yellow crystals, m.p. 60—61°C 
'Lit.2): m.p. 61 °C), respectively.

2-M ethoxybenzo-l,3-dithiole (Id). A solution of 6.3 g (0.025 mole) of benzo-1,3- 
'd ithiolium  perchlorate (2d, X =  CIO4) in 80 ccm of m ethanol w as stirred  a t room 
ernperature for 1 hr. Then 0.025 mole of trie thylam ine and a little  of charcoal w ere 

added to the reaction m ixture. A fter filtration , the solution was slowly added drop- 
^ ise  to ca. 200 ccm of ice w ater. The m ix ture was left standing in a refrigerato r for
* hr. The p recip ita te was filtered  off, w ashed w ith  ice w ater and dried over P 2O 5. 
xne crude product was purified by crystallization from  hexane to yield 4 g (86%) of 
'•olorless crystals, m.p. 37—38°C (Lit.4): colorless oil solidified in a refrigerator, 
b-p. 80°C/0.5 mm Hg).

4.5-D im ethyl-l,3-dithiolium  perchlorate (2a, X  =  СЮ4) was prepared  as described 
ltl5>; m.p. 119—120°C.

4.5-D iphenyl-l,3-dithiolium  perchlorate (2b, X  =  CIO4, m.p. 186—187°C (decomp.), 
Lit.®): m.p. 181°C) and 4-phenyl-l,3-dithiolium  perchlorate (2c, X =  СЮ4, m.p. 182— 
183°C (decomp.), Lit.6): m.p. 179—180°C (decomp.)) w ere prepared  by a modified 
Procedure described in e).

Benzo-l,3-dithiolium  perch lorate (2d, X =  СЮ4, m.p. 186—187°C (decomp.), 
Lit.’): m.p. 185°C (decomp.)) was p repared  by analogy to 8).

S tandard  samples of dim ers 3a—d w ere prepared  by trea tm en t of respective 
L3-dithiolium perchlorate w ith trie thy lam ine in acetonitrile solution: 2,2'-bi(4,5- 
^irriethyl-l,3-dithiolylidene) (3a), m.p. 240—243°C (Lit.9): m.p. 244—245°C); 2,2'-b i(4,5-
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-d iphenyl-l,3-dithiolylidene) (3b), m.p. 262—263°C (Lit.t0): m.p. 262—263°C); 2,2 -bi(4 
-phenyl-l,3-dithiolylidene) (3c), m.p. 196—198°C (Lit.11): m.p. 202—206°C); 2,2'-bi(benzu 
-1,3-dithiolylidene) (3d), m.p. 236—238°C (Lit.*): m.p. 236—240°C).

Reactions of 2-methoxy-l,3-dithiolcs la—d

(a) W i t h  p e r c h l o r i c  a c i d .  A solution of 1 mmole of compound 1 in I®
of acetonitrile w ith a definite quan tity  (Table 1) of 70% НСЮ4 was re^ uxe?-mer
1 hr. In  the reactions of lb  w ith  0.5 mmole and 0.1 mmole of HCIO4 crystals of d ^  
3b w ere precipitated. A fter cooling to room tem perature , the solid was filtered ^  
and w ashed w ith  acetonitrile. The filtra te , or the reaction m ixture, w as concen"j oUS 
to half its volum e under reduced pressure and diluted w ith  ca. 100 ccm of a n h y d  ^ 
diethyl ether. The precip ita ted  perchlorates 2a—d (X =  CIO4) w ere filtered of-* jq 4) 
w ashed w ith d iethyl ether. The obtained dim er 3b and perchlorates 2a—d (X =“ ted 
w ere identified by com parison w ith standard  samples. Yields of products are 
in Table 1. H 1 i°

(b) W i t h  t r i c h l o r o a c e t i c  a c i d .  A solution of 1 mmole of c o m p o u n d  _
10 ccm of su itable solvent and a definite quan tity  of trichloroacetic acid was re ^ as 
ed. O ther experim ental data  are collected in Table 2. The reaction mixtiire 
concentrated to half its volume under reduced pressure. P recip itated  cr^Sj-luted 
dim er 3 w ere filtered  off and w ashed w ith acetonitrile. The filtra te  was di• 
w ith  benzene, w ashed w ith  w ater several tim es and dried over MgS04 . A fter ev’ P Qj 
tion of solvent, to the residue 2 ccm of acetonitrile was added. The next p°x ^ e 
dim er 3 was filtered  off. The filtra te  was analyzed by TLC and 1H . ene 
reaction  m ix tures of compounds la  and lb  w ith  0.1 mmole of CCI3COOH in be ^ еГе 
unchanged substra tes 1 w ere not observed. I n  other reactions c o m p o u n d s  
stated, bu t not isolated. The obtained dim ers 3 w ere identified by c o m p a r i s o  
standard  sa m p le s  (m.p. and TLC). Yields of dim ers 3 are listed in T a b le  2. d in

(c) W i t h  a c e t i c  a c i d .  Compounds la—d were treated with a c e t i c
th e  sa m e  m a n n e r  a s  a b o v e . D e ta i le d  e x p e r im e n ta l  d a ta  a r e  l is te d  in  T ab le  • ^ 0Ił

(d) W i t h  1,3- d i t h i o l i u m  p e r c h l o r a t e s  2a—d (X =  CIO4); "  s cjn of 
of 1 mmole of compound 1 and 1,3-dithiolium  perchlorate 2 (X =  CIO4) in 1° reac- 
acetonitrile was refluxed (other experim ental details are listed in Table 4). T-1? s0jid 
tion m ix ture was concentrated to half its volume under reduced pressure. T- ,jj‘uted 
of dim er 3 was filtered  off and w ashed w ith  acetonitrile. The filtra te  was
w ith  anhydrous diethyl ether to p recip ita te perchlorate 2. The solid was fm e ,e(j by 
washed w ith d iethyl ether. A fter evaporation of solvent, the residue w a s te . ^ aS 
TLC and ]H NMR. Only in the reaction of Id  w ith 2d unchanged s u b s t r a t e  '.gained 
stated. M oreover in all cases traces of dim ers 3a—d w ere observed. The . ntjard 
dim ers 3 and recovered salts 2 w ere identified by com paring them  w ith s 
sam ples (m.p. and TLC). Yield of products are listed in Table 4.
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