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The l i tera ture  data touching upon the synthesis of thiapyrylium salts  and the stability of the 
thiapyryl ium cation as compared  with its isoelectronic  analogs, as well as the nueleophilic, 
oxidation, anion-exchange, and other react ions of the salts with substituted and unsubstituted 
thiapyryl ium cations are examined in this review. 

Thiapyryl ium sal ts  became access ible  a lmost  a half century la ter  than, and up to now have been less  
extensively studied than their isoelectronic analogs, pyryl ium salts. 

The thiapyrylium cation, like the pyryl ium cation, is descr ibed as a resonance hybrid of a thionium 
and three carbonium s t ruc tu res  [1-5]. 

| 1 6 9 1 6 9  -0--0 
The limiting s t ruc tu res  reflect  the principal  p roper t i es  of the thiapyrylium cation - its a romat ic  c h a r -  

ac t e r  and its ability to reac t  with nucleophilic reagents  (H20 , H2S , amines,  Grignard reagents,  etc.) to give 2- ,  4 -  
o r  6-sub st ituted thiopyrans and also with organoli thium compounds to give 1-sub stituted 1-thiabenzenes [6-12 ]. 
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It should be noted that the electron densit ies and bond o rde r s  had been calculated and conclusions r e -  
garding the direct ion of nueleophilie react ions  had been drawn [3, 4] for the unsubstituted thiapyrylium ca -  
tion pr ior  to its synthesis .  In the opinion of Konteeky and Zahradnik, the relat ively high deloealization 
energy (46 kcal /mole)  and the bond o rde r s  [4] indicate the aromat ic  cha rac te r  of the thiapyr~clium cation. 

S Y N T H E S I S  OF T H I A P Y R Y L I U M  S A L T S  

F r o m  P y r y l i u m  S a l t s  

In 1954, Wizinger and Ulrich [13, 14] established the possibi l i ty of convers ion of pyryl ium pereh lo-  
ra tes  to thiapyrylium perch lora tes  by the successive action of sodium sulfide and perchlor ic  acid: 

[ ] �9 NO3 + �9 
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Pyrylium salts are also capable of undergoing similar transformations with other anions (11-, BF4-, 

etc.) [15]. The Wizinger reaction was one of the important methods for the preparation of sails with a thia- 
pyrylium cation [6-19, 16-19]; however, it is evidently not a general reaction [13, 14, 20]. 

F r o m  Thiophene 

An unsubstituted thiapyryl ium cation was synthe sized for the f i rs t  t ime by expansion of the thiophene ring [21 ]: 

N. G. Chernyshevskii  Saratov State Universi ty.  Transla ted from Khimiya Geterotsiklieheskikh Soe- 
dinenii, No. 2, pp. 147-161, February ,  1975. Original ar t icle  submitted November 12, 1973. 

�9 Plemtm Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. Arc) part o f  this publication may be reproduced, 
st~,red in a retrieval system or transmitted, in any ]brm or by any means, electronic, mechanical, photocopying, microfilmi,tg, 
recording or otherwise, without written perrnission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

125 



4-N2CHCOOC2H 5 ~ ~>'--COOC2H 5 ~ ~NCO' - ' - . "  

HX . ~ HY Q 

X- Y- 
X:C|,BP ; Y : CIO.'-, I 

F r o m  3 , 5 - D i k e t o t e t r a h y d r o t h i o p y r a n  

The same thiapyryl ium salts  are  also formed as a result  of a number  of t ransformat ions  of 3 ,5-dike-  
to te t rahydrothiopyran [2]: 

O ~ O  LIAIH4 ~/OH {C6HS} ~'C'O4" ~ _  

1. H 2SO/, 
4, $. HClO 4 
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F r o m  T h i o p y r a n s  a n d  1 , 5 - D i k e t o n e s .  D i s p r o p o r t i o n a t i o n  o f  T h i o p y r a n s  

The formation of thiapyryl ium salts f rom 2H- and 4H-thiopyrans is possible by means of splitting out 
of a hydride ion. Just  as  in the salt formation of 1,5-diketones, the problem of hydride-ion acceptors  dur -  
ing the salt formation of thiopyrans seems of great  interest  and has a common solution. The formation of 
pyryl ium salts  by reaction of 1,5-diketones with protic and aprotic acids (perchloric acid, sulfuric acid, 
fe r r ic  chloride,  stannic chloride, and phosphorus oxychloride) has been considered to be (for example, see 
[23, 24]) a redox p roces s  in which the acid acts as an oxidizing agent. However, it was found that pyryl ium 
salts can also be generated by the action of polyphosphoric acid, to which the role of an oxidizing agent can-  
not be ascr ibed,  on 1,5-diketones. It was la te r  found that the yields of salts  are lower in acetic acid or  in 
e ther  than in acetic anhydride. It  was found that acetic anhydride reac t s  with perchlor ic  acid to give acetyl 

perchlora te  (CH3CO- C104), which acts  not only as an anion donor but also as a hydride-ion acceptor  (for 
example, see [25-27]). The role of the acetyl cation as a hydride-ion acceptor  is confirmed by the de tec-  
tion of acetaldehyde in the react ion mixture [25]. Chalcones,  which are  added to the react ion mixture in 
the prepara t ion of sal ts  f rom 1,5-diketones, pyrans,  and thiopyrans [27-29], also may act as hydride-ion 
aceeptors .  It is assumed that in this case the carbonyl group of the chalcone is protonated to give a stable 
hydroxyallyl  cation, which acts  as a hydride- ion acceptor  [27]: 

RCH=CH--C--C6Hs~ RCH-- C H = C ~  C_.6H $ 

OH OH 

The yields of pyryl ium salts  reach 95 % in the react ion of perchlor ic  acid [27] or  boron tr if luoride 
[28] with 1,5--diketones when an equimolecular  amount of the chalcone is present ,  whereas  the yields do not 
exceed 40'~c when the chalcone is absent. 

Triphenylmethyl  perchlora te  [29-33] and ter t -butyl  chloride [27], which readily give carbonium ions 
that act as hydride- ion aceeptors ,  are widely used as reagents  to obtain pyryl ium and thiapyrylium salts 
f rom diketones [28-33], pyrans ,  and thiopyrans [24, 34-36]. 
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(C6H5)3 C CIO 4 {C6H5) 3 CClO& 

CH3CN CH3CN 
R R CH 3 

CtO~- 

Trityl  perchlora te  is not only a hydride-ion acceptor  but also a strong dehydrating agent, as evidenced 
by its ability to conver t  thiacyclohexanes to thiapyrylium salts  [20]. 
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Thiapyry l ium hal ides  a re  fo rmed  in high yie lds  in the reac t ion  of PC15, Clz, and 12 with 4H- th iopyrans  
[34, 37, 38]. In con t r a s t  to chlor ine  and iodine, b romine  adds to double bonds [38]. 

p c i .  5 

CI 2 ,~ 12 
X 

X. : C I t  ]. 

The p rob l em  of the nature  of the hydr ide- ion  accep to r s  during the sa l t  format ion  of 1,5-diketones,  
pyrans ,  and th iopyrans  by reac t ion  with pro t ie  acids  in e ther ,  acet ic  acid, and o ther  solvents  has  r emained  
unc lear .  Balaban [27] has  p roposed  that in this case  the format ion of pyry l ium sa l t s  may  occur  through 
d ispropor t iona t ion  of the diketone to a py ry l ium sal t  and a dihydropyran:  

X 

The d ispropor t iona t ion  of 2H-ch romenes  and th iochromenes  with i n t e rmolecu la r  t r a n s f e r  of a hydride 
ion was  obse rved  in the reac t ion  of pe rch lo r t c  and polyphosphoric  acids  [39, 40]: 

R' R ~ R' 

R ~R 

R ~ 

The format ion  of th iapyry l ium sa l t s  and th iacyclohexanes  was obse rved  in a study of the react ion of 
1 ,5-diketones  with hydrogen sulfide and prot ic  acids ,  as well  as with P4S10 [41-47]. It  was found that 2H- 
or  4H- th iopyrans  a re  fo rmed in mos t  c a s e s  in the reac t ion  of hydrogen sulfide and prot ic  ac ids  in 2-3 h, 
whe rea s  mix tu re s  of th iapyryl ium sa l t s  and th iaeyclohexanes  a re  fo rmed when the reac t ion  is c a r r i e d  out 
for  longer t imes  (more  than 24 h). These  r e s u l t s  const i tute  evidence for  the abil i ty of the 4H-  and 2H- 
th iopyrans  ini t ial ly fo rmed  f rom the 1 ,5-diketones  to undergo d ispropor t ionat ion  with i n t e rmo lecu l a r  t r a n s -  
f e r  of a hydride ion [44-48]. The behav io r  of th iopyrans  with r e spec t  to prot ic  acids  was  studied in o r d e r  
to substant ia te  this  abil i ty [45]. The reac t ion  of 4H- th iopyrans  with hydrogen chlor ide  and pe rch lo r i c  and 
t r i f luoroace t ic  acids  gave m i x t u r e s  of the co r respond ing  th iapyryl ium sa l t s  and th iacyclohexanes .  

Oc tahydrobenzo-4H- th iopyrans  [49, 50] undergo a s i m i l a r  d ispropor t ionat ion  on reac t ion  with f e r r i c  
chlor ide,  pe rch lo r i c  acid, and hydrogen chlor ide.  Thus the carbonium ions that a r i s e  on protonation of the 

bonds of th iopyrans  and dihydrothiopyran are  hydr ide- ion  accep to r s  in the sal t  fo rmat ion  of 4H- th iopy-  
t ans  with prot ic  acids ,  as  a r e su l t  of which th iacyclohexanes  a re  formed along with th iapyry l ium sa l t s  [44- 
481. 

~'0 0;"" HX ~ H+ 

2 ,6 -Dipheny l -3 ,5 -d imethy l -4H- th iopyran  undergoes  d ispropor t ionat ion  under  the influence of p e r -  
ch lor ic  and t r i f luoroace t ic  acids  [43, 47]. 1 ,5-Diketones  r eac t  with phosphorus  pentasutf ide in pyridine to 
give only 4H- th iopyrans  [51], w h e r e a s  th iapyry l ium sa l t s  a re  fo rmed  in high yield [52] in hydrocarbons  
(toluene, xylene,  etc.)  o r  when the reagen t s  a re  s impty  mixed in equ imola r  amounts  and heated to 90-100 ~ 
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This dependence of the degree  of t r ans fo rma t ion  of 1 ,5-diketones  with P4S10 on the nature  of the solvent is 
explained by the fact that the acidic products  of the convers ion  of phosphorus  pentasulf ide a re  tied up in 
pyridine,  and weak -base  ca ta lys i s  evidently takes  place.  In the reac t ion  of 1 ,5-diketones with P4St0 in to-  
luene and xylene,  the products  of convers ion  of P4St0 - s t rong th io-  and dithiophosphoric acids - act  as  
ca ta lys t s  and reagen t s  of acidic c h a r a c t e r .  As a resul t ,  a mix ture  of th iapyry l ium sa l t s  (probably phos -  
phates and thio- and di thio-phosphates)  is  formed [52, 53]. 

In the c ase of 1 ,3 ,5 - t r i pheny l -2 -me thy l -  and 1 ,3 ,5- t r iphenyl -2 ,4-d imethyl -1 ,5-pentanedione  s, the c o r -  
responding 4H- th iopyrans  a re  detected in the reac t ion  mix ture  along with th iapyry l ium sa l t s  [51, 52]. 

F r o m  T h i o p y r o n e s  a n d  T h i o p y r a n t h i o n e s  

Thiopyrenes  undergo nucleophilic r eac t ions  with Gr ignard  r eagen t s  to give hydroxyl-conta ining thio-  
pyrans ,  which r eac t  with pe rch lo r i c  acid or  t r iphenylmethyl  pe reh lo ra t e  to give th iapyryl ium sa l t s  [14, 20]: 

R w 0 HO R' 

"4- R~MgX �9 J. L 

R R R R R R 
clo~" 

The reac t ions  of th iopyrenes  with oxalyl  chlor ide  [54], phosgene,  and thionyl chloride [55] give 4 -  
ch lore th iapyry l ium chlor ides .  2 ,6 -Dipheny l - l - th i a -4 -cyc lohexanone  r e a c t s  with phosphorus  pentachlor ide  
to give a mixture  of 2 ,6 -d ipheny l -4 -ch lo ro -  and 2 ,6-d iphenyl -3 ,4-d ich loro th iapyry l ium sa l t s  [54, 55]. 

Thiapyry l ium chlor ides  a re  v e r y  hygroscopic ,  and they are  the re fo re  usual ly not isolated but a re  con-  
ver ted  as  a resu l t  of exchange reac t ions  to p e r c h l o r a t e s  and o ther  s table sal ts .  

O CI O 

COCl 2 ,,,, PCl5 

RI,.~:-. S .J~ R 1 (COCI) 2 R~-,~.~'/L.. R t C6 H C6H $ 
x -  

2H-Thiopyrenes, 4H-thiopyrones, and 2H-thiopyran-2-thiones are readily reduced by aluminum hy- 
dride [34, 37] and lithium aluminum hydride [56] to the corresponding pseudobases - 2H- or 4H-thiopyranols. 
The latter react with perchloric and hydriodic acids to give thiapyrylium salts. 

Of the other methods for the preparation of thiapyrylium salts that are of interest, one should note the 
reaction of fl-chlorovinylmethineammonium perehlorate with substituted thioacetamtdes, which proceeds 
under the influence of triethylamine in acetic anhydride [57]: 

c~o E 
"4" i i  I 

/CH=NR2 ( 

CHcll + ~H2--R'c �9 ~ R  

R le / \ \ . NR 2 
R c~ s// N~ cio2. 

P R O P E R T I E S  OF T H I A P Y R Y L I U M  S A L T S  

R e l a t i v e  S t a b i l i t y  o f  t h e  T h i a p y r y l i u m  C a t i o n  

The re la t ive  s tabi l i t ies  of th iapyryl ium,  pyryl ium,  se lenapyry l ium cat ions  and the i r  benzo and di-  
benzo de r iva t ives  have been studied qual i tat ively by means  of invest igat ions  of equi l ibr ium reac t ions  of the 
type: 

�9 0 +0 
X : O , Y  : STSe;  X=Se , " = O , S  

It was  found that the reac t ion  of py ry l ium and se lenapyry l ium cat ions with thiopyran p roceeds  quanti tat ively 
to give th iapyryl ium pe reh lo ra t e ,  whe reas  the r eac t ions  of the pyry l ium cation with se lenopyran  and the 
se lenapyry l ium cation with pyran  lead to approx imate ly  equal amounts  of pyry l ium and se lenapyry l ium sa l t s  
[5]. These  r e su l t s  a t tes t  to the h igher  s tabi l i ty  of the th iapyry l ium cation as  compared  with the pyry l ium 
and se lenapyry l ium cat ions.  The qual i tat ively e s t ima ted  s tabi l i t ies  inc rease  in the following o r d e r  for the 
same he t e r ea tom in s e r i e s  of the cor responding  benzo and dibenzo der iva t ives :  

X =O~S,Se 
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However, quantitative investigations of the stabilities of benzo- and dibenzothiapyrylium cations by mea- 
surements of the constants of the equilibrium R + + HzO~---ROH + H + by a spectrophotometric method provide 
evidence for the greater stability of the xanthylium cation as compared with the chromylium cation [58]. 

The conclusion regarding the greater stability in each series of the cation that includes a sulfur atom 
as compared with cations that include oxygen and selenium atoms is confirmed by the results of quantitative 
investigations [58] (Table i). 

The thiapyrylium cation is more stable than the isoelectronic carbocyclic tropylium cation [59] (pK+ 
4.7). The reasons for the increase in the stability of sulfur-containing cations is evidently the fact that the 
system is a conjugate base that has 7r-electron bonds of considerably lower energy than those in the hydro- 
carbon system of tropylium [59]. 

H y d r o l y s i s  o f  T h i a p y r y l i u m  S a l t s  

An analysis  of the products  of hydrolys is  of thiapyrylium perchlora te  by UV spect roscopy showed that 
up to pH 6 the thiapyryl ium cation remains  unchanged, hydrolys is  commences  gradual ly  only at higher pH 
values, and the bands charac te r i s t i c  for the thiapyryl ium cation (}'max 245 and 284 nm in 70 '~c perchlor ic  
acid [60]) d isappear  and two new bands appear  at 235 and 395 nm [36, 60, 61]. At pH 9, the thiapyryl ium 
salt is hydrolyzed completely,  and gradual es tabl ishment  of equil ibrium between the tautomeric  fo rms  is 
observed at pH 6-11. No changes whatsoever  are observed in the spec t rum above pH 11 [36, 60]. It should 
be noted that Pettit  and co -worke r s  [59] p resen t  a PKR+ value of 8.7 for the thiapyryl ium cation ~ pseudo- 
base equil ibrium, whereas  Degani and Fochi consider  this resul t  to be unreliable [60]. In cont ras t  to py-  
ryl ium perchlora te ,  the hydrolys is  of thiapyryl ium perchlora te  is completely revers ib le  [61]. The band at 
395 nm that appears  in the UV spect rum of the product of hydrolys is  of thiapyryl ium perchlora te  is ascr ibed 
to the absorption of anion d, which a r i s e s  in s trongly alkaline media f rom 1 - f o r m y l - 4 - m e r c a p t o - l , 3 - b u t a -  
diene (c) [61]. It is in terest ing to note the data that ref lect  the effect of a heteroatom during the hydrolys is  
of chromyl ium and thiachromylium perchlora tes .  Oxygen-containing chromyl ium pseudobases have PKR+ = 
1.86, which is considerably  lower than the value (3.15) for the thiachromylium pseudobase;  this evidently 
should be explained by the different degree  of part icipation of the e lec t rons  of the he teroa toms in conjuga- 
tion [62]. 

�9 -- . ~O �9 110 
OH $- C~'H 

a b c d 

Electron-donor substituents in the aromatic ring of the benzothiapyrylium ion stabilize the thiapyry- 
lium cation, whereas electron-acceptor substituents destabilize it [63]. 

TABLE 1. PKR+ Values for Heterocycl ic  Cations That 
Include an Oxygen, Sulfur, or  Selenium Atom [58] 

| 
pKR+ (X=O) pKl~+ (X=S) pKR+ (X=Se) 

- 1 , 9 6  

- 0',83 

-- 5,96 

>-1-6 

+ 3 , 1 5  

-1-t-2,,17 

--0,21 

-- 1,67 

�9 1.1,20 

--,1,67 

--4,28 
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In the hydro lys i s  of th iachromyl ium perch lo ra te  one might  have expected the format ion of 4 -hyd roxy -  
4H- th iochromene  (a ~/-pseudobase). The r e su l t s  of expe r imen ta l  s tudies a t tes t  to the format ion  of only 2- 
hydroxy-2H- th iochromene  (an c~-pseudobase ) [63]. 

The hydro lys i s  of th iapyryl ium sa l t s  init ially gives  pseudobases ,  which, depending on the react ion  
conditions, undergo secondary  t r ans fo rma t ions  of different  types  [36, 60, 63-66]. Under  s t rongly alkaline 
conditions, the pseudobases  a re  conver ted  to open desmot rop ic  fo rms ,  which a re  r econver t ed  to t h i apyry -  
l ium sa l t s  in acidic media.  In aqueous solutions or  in organic  solvents  the pseudobases  a re  capable  of un-  
dergoing spontaneous convers ion  to e the r s  [63]. 2 ,6-Diphenyl thiapyryl ium and 2 ,6-d iphenylpyryl ium p e r -  
ch lora tes  r eac t  with a half equ imolecu la r  amount of  water  under  the influence of organic bases  (pyridine, 
hexamethylene te t ramine)  o r  under  the influence of sodium bicarbonate  with excess  wa te r  to give t e t r a -  
phenyldipyranyl  o r  te t raphenyldi th iapyranyl  e t he r s  [64]. 

C6H5 C6H 5 

C6H C6H 5 = C6Hs ;'(' " - - ' ~ - -  ~ C6H5 
c~ o~ 

X.: O~S 

The avai lable data regard ing  the r eve r s ib i l i t y  of this react ion  are  con t rad ic to ry  [63, 64]. 

o~,~'-Dithiochromenyl e ther ,  which, according to the data in [63], is readi ly  conver ted  to a benzothia-  
pyry l ium sal t  in acidic media,  is readi ly  fo rmed by hydro lys i s  of benzothiapyryl ium pe rch lo ra t e  with 0.1 N 
sodium carbonate  solution. 

~ X -  CH3OH ,OH- =- 

HX 

S~S'~c H O 
X=CIOz, ,r [ 

~S~OCH3 

The so lvolys is  of th iapyryl ium pe rch lo ra t e  and iodide in methanol  under  the influence of sodium b i -  
carbonate  leads to 2 -me thoxy-2H- th iopyran  [36], which is conver ted  by pe rch lo r i c  acid to the s ta r t ing  th ia-  
pyry l ium pe rch lo ra t e ,  w h e r e a s  2-formyl thiophene is formed by oxidation with manganese  dioxide. Thia-  
pyry l ium iodide is  also conver ted  to 2-formyl th iophene by refluxing with manganese  dioxide in ch lo ro fo rm 
[36, 60]. It  was found that under  s i m i l a r  conditions th iachromyl ium p e r c h l o r a t e s  form th iocoumar ins  (75- 
93 %) and th iochromanones  [65, 66], thiaxanthylium pe rch lo ra t e  f o r m s  thioxanthone [66], and only 2 ,6 -d i -  
phenyl th iachromyl ium perch lo ra te  undergoes  a t r ans fo rma t ion  s i m i l a r  to that of th iapyryl ium pe rch lo ra t e  
[66] upon oxidation with manganese  dioxide. 

O 

R R + R 

c,oE o 

C o n d e n s a t i o n  o f  

c,o/ 

GH5 

C6H5 MnO2 

CtO; 

T h i a p y r y l i u m  S a l t s  

O 

~ C6H5 

C-- C6H $ 
O 

Thiapyry l tum sa l t s  containing a methyl  group in the 2 or  4 posit ion, like the pyry l ium sal ts ,  under the 
influence of acet ic  anhydride condense with aldehydes,  ketones,  and thiopyrones  to give methine cyanine 
sa l t s  [14, 20, 67]. 
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C 6 H 5",..,, - 

c,oz z ~ _ J .  c"~ 
C6H 5 

APCHO 

C6H5 

C6H5S~ - ~  

C6H5 S + ~  CH = C H Zi.r.. 

c-' oZ 2--=-' 
C6H 5 

C6115"~--~ /F-~ C6H~ 
~,- ~ St '>'- CH =::~ - 

C6H 5 

C6H 5 / C61"I s 
CH(OC2H5) 3 ~ C H= C H_CH = = ~ .  S 

i,,- ClOc~H 5 ' ' / ~  ~=/~ CsH. " 
S 

Thiapyryl ium sa l t s  that do not contain subst i tuents  in the 2 and 4 pos i t ions  undergo condensat ion (in 
acet ic  acid in the p r e s e n c e  of  sodium acetate)  with indanedione,  barbituric  and rhodanlc acids ,  methy l -  
phenylpyrazolone  [20], th iazo l idones  [67], etc .  

O II 

-t- H2C 
\C ' ' ' ' ' ~ "  O O 

C6H5 C6H5 II 
c,o~ o 

6H C6Hs 

The react ions  with th iazo l idones  give high y ie lds  when so lut ions  of the reagents  in acetoni tr i le  or di-  
methy l formamide  are s imply  re fluxed [67]. 

Under s imi lar  condit ions ,  2 ,6-diphenyl thiapyryl ium perch lorate  undergoes  condensat ion with malonic ,  
g lutaconic ,  and p ipery l idenecarboxyl ic  acids .  The p r o c e s s  is accompanied  by "dual" dehydrogenation and 
decarboxylat ion.  As  a result ,  m o n o - ,  t r i - ,  and pentamethine cyanines ,  respect ive ly ,  are  formed [20]: 

C6H s -  C6H s 

C6Hs. , . ' ~  "-~-'~ C6H S 
n=O7112 

The same monomethine cyanine was also obtained b~ condensation of 2,6-diphenyl- and 2,6-diphenyl- 
4-methylthiapyrylium perchlorates in the presence of sodium acetate [20]. 

Thiapyrylium salts that are unsubstituted in the 2 or 4 positions are capable of undergoing reaction 
with nucleophilic reagents (aniline, dimethylaniline, N-methyldiphenylamine, and antipyrine) [20]; this re- 
action is similar to pyrylation [68]: 

R)~. / R 
N 

S . ~  ~ ~ N/R 
C6H C6H5 CI \R' 

croz 

2,6-Diphenyl th iapyryl ium bromide,  l ike the pyry l ium and e h r o m y l i u m  sal ts  [69], undergoes  the A r -  

buzov  r e a r r a n g e m e n t  [70] with tr iethyl  phosphite.  The product of the react ion is  thiapyranylphosphonic 
acid, which is  converted  to the perch lorate  of a thiapyryl iumphosphonic  acid e s t e r  on re  fluxing with trityl  
pe rchlorate .  

s• -I- 
C6H C6H S 

BP- 

P (OC2H5)3 

O=P(OC2Hs)2 O=P(OC2Hs). 

c,o z 

Thiapyryl ium sa l t s  containing chlor ine ,  bromine,  alkoxy,  or  thioalkyl  groups in the 2 or  4 posit ion 
readi ly  undergo exchange reac t ions  [55, 71-73].  Thus m o n o -  and diafomic  a l coho l s  and phenols  react  with 
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4 - c h l o r o -  or  4 - b r o m o t h i a p y r y l i u m  pe rch lo ra t e  or  chloride when solutions of them in po la r  aprotoic  solvents  
(ni tromethane,  ace toni t r i le ,  etc.) a re  s imply  heated [55, 71, 72]. 

Cl OR' 

R R R R 
X -  Y-  

R~= C2Hst CH2CH2OH ~ C6H 5 ; X=CltCIO 4 ; Y=CIO 4 7SbCI 6 

In the reac t ion  of 4 -eh lo ro th iapyry l ium and 4 -ch lo ro -2 ,6 -d ipheny l th iapyry l ium chlor ides  under  the 
same conditions with anthrone,  as  a r e su l t  of subsequent  t r ea tmen t  of the reac t ion  product  with pe rch lo r i c  
acid one obtains a sal t  that is  conver ted  to a "quinonemethidine" on reac t ion  with t r ie thylamine  [55]. S imi -  
l a r  r eac t ions  a re  cha rac t e r i s t i c  for  4 -ch lo ropyry l ium and c h r o m y l i u m  ch lor ides  [55]. 

OH 0 

ctog 
R =H~CBH 5 

2 ,6 -Dime thy l -4 -me thoxy-  and -4 -me thy l th io th iapyry l ium p e r c h l o r a t e s  readi ly  undergo se l f -conden-  
sation to give monomethine cyanines  [73]: 

XCH 3 

4 ~ , C H  3 
X=O~S 

The action of sodium benzoylacetate in reEluxing ethanol on 2,6-diphenyl-4-methyl th io-  and 2,4-di-  
phenyl -2-methyl th io th iapyry l ium iodides gives  4-  o r  2-phenacyl ideneth iopyrans ,  r e spec t ive ly  [72]: 

.SCH 3 C H CO CSH S 

S ~ ' ~ I  "C6H$COCH2COONo 5 ~  

C6H - C6H5 C6H C6H 5 

Nucleophilic r eac t ions  of py ry l ium sa l t s  that a r e  accompanied  by facile r ep l acemen t  of the r ing oxy-  
gen by ni t rogen and carbon to give more  stable h e t e r o -  oi~ ca rbocyc l ic  compounds are  well  known (for ex -  
ample ,  see [74-76]). Th iapyry l ium sa l t s  a re  cons iderab ly  m o r e  stable compounds,  and until recent ly  it was  
a s sumed  that they a re  incapable of exchanging a sulfur  a tom for  a carbon a tom in reac t ions  with n i t rome th -  
ane, ace ty lacetone ,  and malonic e s t e r  and that they exchange a sulfur  a tom for a ni t rogen a tom very  slowly 
and with difficulty [74]. Informat ion  regard ing  the abil i ty of th iapyryl ium sa l t s  to reac t  with these reagen t s  
to give ca rboeye l i c  compounds recen t ly  appeared  [77, 78]. Thus,  in the case  of the reac t ion  of 2 ,4 ,6 - t r i -  
phenyl th iapyryl ium t e t r a f luo rebora t e  with n i t romethane  in the p re sence  of alkali ,  2 , 4 , 6 - t r i p h e n y l - l - n i t r o -  
benzene is formed,  whe rea s  1 ,3 ,5- t r iphenylbenzene is fo rmed  in the p r e sence  of an acid [77]. 2 , 4 , 6 - T r i -  
phenyl th iapyryl ium te t ra f luorobora te  r e a c t s  with compounds having an act ive methylene group under  the 
influence of po ta s s ium ter t -butoxtde  in butyl alcohol to give subst i tuted t r iphenylbenzenes  [77]. 

/ X  
CH2.. " i* 

Y 
C6H 5 ~ C6H 5 C6H C6H 5 

SF; 
X = CN 't Y = CN f CONH 2 y COOC2H 5 ; 
X=COCH3 9 Y=COOC2H 5 ~ X =NO2,~ Y=H ; X :H ~,Y=NO 2 

The reac t ion  of malonic acid dini tr i le  with 2 ,4 ,6 - t r iphenyl -  and 2 ,4 ,6 - t r i (p -methoxyphenyl ) th iapyry-  
l ium perch lo ra te  in the p re sence  of e thyld i i sopropylamine  p roceeds  s i m i l a r l y  [78]. In the l a t t e r  case ,  the 
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TABLE 2. 7T-Electron Densit ies (qr), Hyperdelocal izabi l i t ies  (St) , 
and Localizat ion Energ ies  (Lr) for the 2 ,4 ,6-Triphenyl thiapyryl ium 
Cation [77] 

q~ 
S, 
L~(-p) 

[,603 
1.423 
2,452 

0,857 
1,893 
2,085 

1,008 
1,021 
2,421 

0,887 
1,809 
2,396 

thiocyanate ion is detected in the react ion products  [78], and this in some measure  sheds light on its mecha-  
nism. A study of the react ion showed that the attack of the nucleophile is descr ibed only to the o~ position of 
the cation, despite the fact that the ~-e lec t ron densit ies (qr) in the 2 ,4 ,6- t r iphenyl thiapyryl ium cation ca l -  
culated by the Htickel method indicate that the maximum positive charge is concentrated on the sulfur atom 
{ Table 2) [77]. However, the react iv i ty  indexes, as well as the hyperdelocal izabil i t ies  (St) and the localization 
energ ies  (Lr), conf i rm that nucleophilic attack is directed exclusively to the carbon atom inthe ~ posit ion [77]. 

' CH 2(CN)2 ~ _~(.C6H s 

C6Hs C6H5 B -  C6H( _~,~ ~.~c.CN 
ClO~" H / "CN 

C6H 5 

s ~  CH~ 
C6H C(CN) 2 

, .C-6H 5 C6H 5 C6H5 

CN 
f! 

- N  

Thiapyryl ium pe rch lo ra t e s  containing a dialkylamino group in the 2 position react  with nucleophilic 
reagents  in the presence  of t r ie thylamine with retention of the sulfur atom in the ring [57]. 

4" CH2~ " J-. 

R . R '  2 Y ~ C~/X 
c~o2" v 

X=CN 4Y =COOCH 3 ~CN ; R=C6H 5 ~ CGH4CH 3 -p ~ C6H4OCH3- p 

The thiapyryl ium cation is cons iderably  more  stable than the pyryl ium cation. It is distinguished by 
g rea te r  delocal izat ion of the positive charge and by the ability to give cha rge - t r an s f e r  complexes  with o le-  
fins in which the thiapyryl ium cation acts  as an e lec t ron accepter  [79-81]. Two absorption bands in the 
visible region of the UV spect rum are observed for the thiapyryl ium cation-olefin system; these bands are 
explained by the existence of two closely situated vacant  orbi ta ls  and e lectron t ransi t ions from the higher 
occupied level of the olefin to the lower and second lower vacant levels of the thiapyrylium cation [81]. 

The PMR spec t ra  of thiapyrylium, pyryl ium, and pyridinium cations attest  to considerable  pecul iar i ty  
of the e lect ronic  s t ructure  of the thiapyryl ium cation [79]. The PMR spect ra  of t r i f luoroacet ic  acid solu- 
tions are  cha rac t e r i zed  by the following chemical  shifts (5): 

thiapyr]I/um cation a-H 10,20 ~-H 9.11 v-H 9,11 
pyrylium cation 9,70 8.53 9.36 
pyridinium cation 8.81 8.82 8.60 

The spec t rum of the thiapyryl ium cation differs  f rom the spec t ra  of its isoelectronic  analogs with r e -  
spect to the resonance  of the c~-hydrogen a toms at too weak a field (6 10.20) and coincidence of the shifts of 
the signals of the fl- and y-hydrogen  a toms (6 9.11). The f i rs t  difference is explained by the effect of mag-  
netic anisotropy of the sulfur atom, and the second difference is evidently a consequence of the cons ide r -  
able decrease  in the e lectron density of the f i-carbon atom of the thiapyrylium cation due to its migrat ion 
to the sulfur atom, The dec rease  in the e lectron density on the fi-carbon atom can be explained by ove r -  
lapping of the 2p orbi tals  of the o~-earbon atoms with the 3d-unsub situ~ed orbi tals  of the sulfur a tom [(p-d) It] [79]: 

Calculations by the Hfickel MO method provide evidence that the charges  on the C 3 and C 4 atoms differ 
l ess  when 3d orbi ta ls  are  included in the basis  than when the 3d orbi ta ls  are d is regarded  and that the o rde r  
of the bonds of the ~-carbon  atoms with the sulfur atom also increases  [79]. The considerable increase  in 
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the o rde r  of the sulfur  a t o m - c ~ - c a r b o n  a tom bond as a consequence of the inclusion of the 3d o rb i ta l s  may 
se rve  as  an explanation of the high s tabi l i ty  of the th iapyryl ium cation. 

P h o t o o x i d a t i o n  a n d  O t h e r  R e a c t i o n s  o f  T h i a p y r y l i u m  S a l t s  

The r e su l t s  of photooxidation of 2 ,4 ,6- t r iphenyl th iapyry l ium pe reh lo ra t e  at room t e m p e r a t u r e  in me th -  
anol a t tes t  to the cons iderable  contr ibut ion of ca rbon ium s t r u c t u r e s  to the ground state of the th iapyryl ium 
cation. I t  is  a s sumed  that the cation in the exci ted t r ip le t  s tate r e a c t s  with oxygen in the ground valence 
state to give an in te rmedia te  hydroperoxide ,  which undergoes  secondary  t r a n s f o r m a t i o n s  leading to the 
format ion  of a mixture  of benzyl  alcohol,  phenol, and benzaldehyde [82]. 

As in the case  o[ the reduct ion of 2 ,4 ,6 - t r iphenylpyry l ium sa l t s  [84] with magnes ium,  zinc, copper ,  
and s i lver ,  the format ion  of a 2 ,4 ,6- t r iphenyl th iapyryl  rad ica l  is obse rved  in the reduct ion of 2 ,4 ,6 - t r iphe -  
nyl th iapyryl ium pe rch lo ra t e  with zinc in cyclohexane [83]: 

A~ At' 

AP'~.~r" Zn ~ A t t A r  
c~o~" 

E x c h a n g e  o f  A n i o n s  o f  T h i a p y r y l i u m  S a l t s  

The synthes is  of th iapyry l ium sa l t s  with different  anions is of in te res t  in connection with the study of 
the effect  of the nature  of an anion on the d i rec t ion of nucleophilic r eac t ions  [9, 12, 86] and the s tabi l i t ies  
of the sa l t s  [55, 71] and in connection with the p rac t ica l  applicat ion of th iapyryl ium sa l t s  [57, 85-89]. Th ia -  
py ry l ium pe rch lo ra t e s ,  which are  capable  of exchanging the C104- anion for  o ther  anions under  the influence 
of acids  and sa l t s  (KI in acetone,  HBF4, FeC13, etc.) ,  a re  the mos t  widely known. The mix tu r e s  of th iapy-  
ry l ium phosphates  and th io-  and di thiophosphates  that a re  formed in the reac t ion  of 1 ,5-diketones  with 
phosphorus  pentasulf ide a r e  capable  of undergoing exchange reac t ions  with pe rch lo r i c  acid, po tass ium io-  
dide, and fe r r i c  chlor ide [52, 53, 90]. 

Exchange reac t ions  of 2 ,4 ,6- t r iphenyl th iapyry l ium iodide, per iodide,  and te t ra f luorobora te  with v a r i -  
ous sa l t s  (potass ium ni t ra te ,  b romide ,  chloride,  and iodide, and s i lver  cyanide and te t ra f luorobora te ) ,  p e r -  
chlor ic  acid, and halogens to give the cor responding  sa l t s  and sa l t s  with mixed anions a re  well  known [15]. 

The poss ib i l i ty  of the appl icat ion of th iapyryl ium sa l t s  as  dyes  for  p o l y m e r s  and pho tosens i t i ze r s  in 
photography is indicated in the patent  l i t e ra tu re .  Th iapyry l ium sa l t s  i nc rease  the sensi t iza t ion zone to 
720 nm and improve  the sha rpness ,  t r anspa rency ,  and con t ra s t  of the image [85-89]. 

groups in the cation, 2H- or  
sti tuted th iabenzenes  of low 
the usual  conditions [6-12]. 

N u c l e o p h i l i c  R e a c t i o n s  o f  T h i a p y r y l i u m  S a l t s  

Some c h a r a c t e r i s t i c  nucleophilic reac t ions  of th iapyryl ium sa l t s  a r e  reduction with l i thium a lu mi -  
num hydride [9, 12, 16, 17, 53, 60, 91] and reac t ion  with Gr ignard  reagen t s  [17-19, 53, 60, 91, 92] and o r -  
ganoli thium compounds [6-12]. 

In the case  of r eac t ions  with Gr ignard  r eagen t s  and l i thium aluminum hydride the reagent  a t tacks  and 
adds at the 2 and 4 posi t ions  [9, 12, 17-19, 53, 60, 91, 92]. Organol i th ium compounds [6-12] r e a c t  with th ia -  
pyry l ium sa l t s  at the sulfur  atom. In the f i r s t  case ,  depending on the number  and c h a r a c t e r  of substi tuting 

4H- th iopyrans  or  m ix tu r e s  of them are  formed.  In the second case ,  1 - s u b -  
stabil i ty a re  formed.  The la t t e r  a re  conver ted  to 2H- or  4H- th iopyrans  under  

RMgHal ,, ~ and (or) 
LIAIH 4 

LIRI X- 

I 
R 

All of these reac t ions  a re  valuable methods  for  the p repa ra t ion  of th iopyrans .  
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