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Informat ion  on methods  for  the p repa ra t ion  of and on the physical  and chemica l  p r o p e r t i e s  
of monocycl ic  th iopyrans ,  a s  wel l  ~s the i r  spec t r a l  c h a r a c t e r i s t i c s ,  is co r r e l a t ed .  

One of the new fields of the c h e m i s t r y  of he te rocyc l ic  compounds is the c h e m i s t r y  of th iopyrans .  The 
f i r s t  a t t emp t s  to syn thes ize  the s imp le s t  4H- th iopyrans  were  under taken in 1886 [1, 2], but these  studies 
did not undergo fu r the r  development ,  apparen t ly  because  of the long-standing concept  of the instabi l i ty  of 
such s y s t e m s  [3]. Only in 1961, when informat ion regard ing  the synthes is  and some p r o p e r t i e s  of 2 ,4 ,6-  
t r i pheny l -4H- th iopyran  appea red  [4], did this c l a s s  of compounds become  the subject  of sy s t ema t i c  study. 

P R E P A R A T I O N  OF T H I O P Y R A N S  

T h i o p y r a n s  f r o m  G l u t a r a ] d e h y d e  a n d  I t s  S u b s t i t u t e d  D e r i v a t i v e s  

The s imp le s t  4H- th iopyran  was synthes ized  in 1962 by the act ion of hydrogen sulfide and hydrogen 
chlor ide  on glutara ldehyde and subsequent  heating of the mix tu re  in vacuo in the p r e sence  of diethylanil ine 
[5]. This  r eac t ion  was extended to the synthes is  of subst i tuted th iopyrans  and the i r  analogs  [6-12]. 

R I 

~ R H2S~HC L 

H H 

RpRI=H ,AL~ 

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

R I 

(C 2H5) 2 NCIIH 5 

R 1 

Depending on the i r  s t ruc tu re ,  t h i apy ry l ium sa l t s  a r e  reduced  by LiA1H 4 to give mix tu re s  of 4H- and 
2H- th iopyrans  in va r ious  ra t ios  [4, 10, 13-15]. 

Thus,  a mix tu re  of 2H- and 4H- th iopyrans  in a ra t io  of 1 : 9 was obtained f r o m  2 ,4 ,6 - t r iphenyl th ia -  
py ry l ium iodide [16, 17]. 2 ,4 ,6 -Tr ipheny l -4H- th iopyran  containing the 2 H - i s o m e r  was obtained by reduc-  
t ion of 2 ,4 ,6 - t r iphenyl th iapyry l ium pe rch lo ra t e  (I) [4]. 

R3 R 3 R 3 

�9 L; At H 4 -I-- 
R 2 ~  R4 ,,- R2"~ R4 R 2 ~  R4 

R~ ~ SY\ R5 RL-/'~" S/'~.. R 5 R I .-/~-S7 ~- R5 

R = H , alkyl, aryl; x = Ct , I  ,CL04 

As in the reac t ion  with LiA1H4, the addition of Gr ignard  reagents  to th iapyry i ium sa l t s  g ives  m i x -  
t u r e s  of 4H- and 2H- th iopyrans .  As in the case  of pyry l ium sa l t s  [18-20], the d i rec t ion  of a t tack  of the 
nucleophile depends on the nature  of both r eagen t s .  A mix tu re  of the cor responding  2H- and 4H- th iopyrans  
in a ra t io  of 3 : 1 is f o rm ed  in the r eac t ion  of me thy l -  o r  e thy lmagnes ium bromide  with I (or the t e t r a -  
f luorobora te)  [13]. 
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A mixture  of i somers  (56% 4H-thiopyran and 17% 2H-thiopyran) was also obtained f rom benzylmag-  
nesium chloride and perch lora te  I [21, 22], while react ion with 2 ,4 ,6- t r iphenyl th iapyryl ium iodide gives 
only the 4H-thiopyran [23]. The format ion  of only the 4H-thiopyran has also been noted in other  cases  
[13-151. 

p3 R3 R6 R3 

•  

R~, RS : alkyl, aryl; a ~, R 4 =H, alkyl, aryl; R3tR5=H ,~aryl; x =CL,I , 
CL04~, B~ ; M : C / , S r , l .  

If the thJapyrylium sal t  does not contain a substi tuent in the 4-posit ion,  only 4H-thiopyrans a r e  ob- 
tained by the act ion of a Grignard  reagent  [14]. In the reac t ion  of th iapyryl ium iodide with methylmagnes i -  
urn iodide [10], 4 -methyl -2  H-thiopyran and 2 H- and 4H-thiopyrans [10] a r e  detected along with the expected 
4 -methy l -4H-  and 2-methy l -2H- th iopyrans .  4-Methyl -4H-th iopyran  apparent ly  i somer izes  under the r e a c -  
tion conditions to give 4 -methy l -2H- th iopyran  [6]. In addition, the th iapyryl ium cation undergoes reduct ion 
due to t r a n s f e r  of a hydride ion. 

Q_",'0' Cc., - o- o -  
I j I J 

8 : 1 : 2 

T h i o p y r a n s  f r o m  1 - S u b s t i t u t e d  1 - T h i a b e n z e n e s  a n d  1 - T h i a b e n z e n e  S - O x i d e s  

In cont ras t  to Grignard reagents ,  organoli thium compounds on react ion with thiapyryl ium salts a t tack 
the sulfur  a toms to give one alkyl-  or  1 - a r y l - l - t h i a b e n z e n e s  [4, 13, 24-29].  1 -Alky l - l - th iabenzenes  a r e  
ex t r e me ly  unstable and a r e  readi ly  conver ted  to 2 H- or  4H-thiopyrans  [13]. 4 -Buty l -2 ,4 ,6- t r iphenyl -4H-  
and 2-eyc lopentad ienyl -2 ,4 ,6- t r iphenyl -2H- th iopyrans ,  respec t ive ly ,  a r e  fo rmed  in the reac t ion  of butyl-  
and cyelopentadienyll i thium with pe rch lo ra te  I [13]. 

C6H5 C6H5 R C6H 5 C6H5 

p ~  L'R ~ . ~  3 L r . ~ R  
#k C6H 5 Ar C6H 5 i r  C6H 5 A C6H 5 

CLO 4- R 
R = ary% cyclopentadienyl, alkyl 

1-Aryl th iabenzenes  a r e  re la t ive ly  stable and can be s tored  in an iner t  medium for  weeks and even 
months,  but in light at room t empe ra tu r e  they a r e  i somer ized  to 4H-thiopyrans [4, 13, 16, 17, 24-29]. 
1 -Pheny l - l - t h i abenzene ,  which does not change on prolonged s torage in light and in the p resence  of oxygen, 
is dist inguished by high s tabi l i ty  [16, 26]. The dec rease  in the stabil i ty of substi tuted 1 - a r y l - l - t h i a b e n -  
zenes  as compared  with unsubsti tuted compounds [24] is explained by s te r ic  fac tors  [16], which disrupt  the 
conjugation in the thiabenzene ring.  The high stabil i ty of 1- (p-d imethylaminophenyl ) -2 ,4 ,6- t r iphenyl -1-  
thiabenzene (II) has been noted [28]. A peak corresponding to splitting out of a p-dimethylaminophenyl-  
mercap t ide  ion is observed  in its mass  spec t rum.  Cleavage of the S - A t  bond i s cha rac t e r i s t i c  for  o ther  
1 -a ry l th iabenzenes .  The high stabil i ty of 1- thiabenzene 1I may  be explained by the considerable  contr ibu-  
t ion of the ylid s t ruc tu re  of bent confo rmer  B [28]. 

C 6 H . ~ C ~ H  ~ A C6H S B CGH~C6H5 

"N (CH3) z N (CH3) 2 + N (CH3) 2 
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A continuous 7r orbi tal  of aromat ic  r ings conjugated through sulfur can be constructed for each con- 
f o r m e r  (A and B) while retaining the aromat ic  cha rac te r  of the thiabenzene ring. Par t ic ipat ion in the con-  
jugation of the 3p z orbi tal  of sulfur in the case of conformer  A and of one 3d x orbital  of sulfur in conformer  
B is cons idered  probable. Thus, the stabili ty of 1-aryl th iabenzenes  is associa ted with the presence  of a 
continuous conjugation chain including thiabenzene with retention of its a romat ic  charac te r .  This concept 
makes it possible to explain the unsuccessful  at tempts to obtain 1 -a lky l - l - th iabenzenes  [13] and 1-phenyl-  
e thynyl -2 ,4 ,6- t r iphenyl - l - th iabenzenes  [28]. In the latter case,  a mixture of 4-phenylethynyl-4H- and 2-  
phenylethynyl-2H-2,4,6- t r iphenyl thiopyrans in a rat io of 7 : 4  was obtained by the action of phenylethynyl- 
lithium on perchlora te  I. The s t ruc ture  of the 1-aryl th iabenzenes  is confirmed by their  cleavage (by the 
success ive  act ion of oxygen and hydrogen chloride in ether) to give an ylid and an aryl  mercaptan  [13, 
24, 28]. 

C6H 5 

C6 H 5~J~"C 6H 5 
b 

C=H 5 C6H 5 CsH 5 

0 2 HCL i- '~-~( xO HC:.O 4 

C6615 "S I - "C6H5 C61,.{~ "O" "C6H5 C6H C6H ~ 
Ar CLO~ 

Ar=C6Ns,  p - CH3C6H 4 ~ rn- CH~C6H 4 , p - (CH3)zNC6It~ 

E x t r e m e l y  stable 1- th iabenzene S-oxides (IID were obtained by reac t ion  of subst i tuted a , f l -acety len ic  
ketons with dimethyloxosulfonium methylide [30-32]. The hydrogen atoms of the S-CH3 group in III a re  ex- 
changed by deuter ium on refluxing in CH3OD-D20 containing NaOD, but are  replaced by methyl groups on 
t rea tment  with butyllithium and subsequent react ion with methyl iodide to give thiabenzene S-oxides IV 
and V [32]. 

Rc~C " C  R1 1 1.t-BuNe 1 
4- & . R ~ R  2 . C H 3 I  R ~ . ~ R  . R ~ R '  

CHz~/CH3 J - \  L ~" \ .- \ 
s o cH3 O C.%CH~ C C,CCH~) 2 

o c% ~ '2 S 
R , R I = alkyl, phenyl 

In cont ras t  to 1-aryl th iabenzenes ,  S-oxides Ill a re  not i somer ized  to thiopyrans in light and by heat-  
ing but give a mixture of 2H- and 4H-thiopyrans in a rat io of 3 : 2 on reduction with t r ichloros i lane  in r e -  
fluxing benzene [31]. Their reduction with lithium aluminum hydride did not give definite results [32]. 

C6H5~ c6H5 HS;CL 3 C6HsvC6H5 "+- C5H5~ C6H~" 

O f ~'CH 3 

The formation of an extremely unstable l-methyl-3,5-diphenylthiabenzene was proved spectroscopical- 
ly by careful hydrolysis of l-methyl-3,5-diphenylthiapyrylium tetrafluoroborate [31]. 

Thiopyrans from 1,5-Diketones 

The formation of 2H- and 4H-thiopyrans in the reaction of 1,5-diketones with H2S and P4Sl0 [14, 15, 
33-41] is more general in character, although some 1,5-diketones are readily condensed under these con- 
ditions to give carbocyclic compounds [42-46]. 

The nature of the solvent has a great effect on the degree of conversion of 1,5-diketones with hydro- 
gen sulfide under the influence of hydrogen chloride [14, 15]. Thus, mainly 4H-thiopyrans are obtained in 
methanol, while mixtures of thiacyelohexanes and thiapyrylium chlorides are obtained in acetic acid [34, 
35, 40]. 

R 1 RI R ! R ~ 

A r  UO Ar  A r  %" -Ar A r  " S- A r  A A r  
C[ R =H ~ CH 3 ; R 1 = CH 3 ~ aryl; R 2 = H TCH3 tC6H 5 

On brief standing, the reaction mixture also contains thiopyrans. After 48 or more hours, depending on the 
structure of the 1,5-diketone, the reaction products at 20 ~ are the corresponding thiapyrylium chloride and 
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th iacyclohexane [34, 36, 40], The degree  of convers ion  of diketones with hydrogen sulfide under  acid ca t a -  
lys is  conditions is also de te rmined  by the degree  of the i r  subst i tuted c h a r a c t e r  and the c h a r a c t e r  of the 
subst i tuent  [36, 41]. 1 ,5 -Diphenyl - l ,5 -pen taned ione  and the 3 -methy l  der iva t ive  r e a c t  in methanol  with 
H2S and HC1 to give mix tu re s  of th iapyry l ium sa l t s  and th iacyclohexanes .  1 , 2 , 4 , 5 -Te t r apheny l - l , 5 -p en t an e -  
dione does not r eac t  with the s ame  reagen ts  in e i ther  methanol  or  acet ic  acid [14]. 1 , 5 - D i a r y l - l , 5 - p e n t a n e -  
diones containing subst i tuents  in the 2-  and 4- or  2- ,  3- ,  o r  4-posi t ions  r eac t  with hydrogen sulfide and hy- 
drogen chlor ide in both methanol  and acet ic  acid to give th iopyrans .  

1 ,5-Diketones r eac t  with P4S10 to give 4H-th iopyrans  in pyridine [38]. In the absence  of a solvent,  the 
r eac t ion  p roceeds  in the s a m e  way as the reac t ion  of 1 ,5-diketones with hydrogen sulfide and hydrogen 
chlor ide in acet ic  acid [47]. T e t r a -  and pentasubst i tu ted 1 ,5-pentanediones  do not r eac t  with P4S10 in p y r i -  
dine [38]. The s ta te  of the e lec t ron  densi ty on the carbonyl  ca rbon  a tom and the weakly basic  c h a r a c t e r  of 
the ca ta lys t ,  which does not suff icient ly p romote  e i ther  enol izat ion of the ketones or  cyclodehydrat ion of 
the init ially fo rmed  unstable gem-hydroxy th io l s ,  a r e  apparen t ly  mani fes ted  in this case  [38]. 

New thianaphthene s y s t e m s  (VIII) with a t e t rava len t  sulfur  a tom a re  obtained by the act ion of phos-  
phosphorus  pentasulf ide in pyridine on 1 ,2 -d ibromo-5 ,6-d ibenzoylacenaphthene  (VI) and 1 ,4 ,5 ,8 - te t raben-  
zoylnaphthalene (VII) [48-51]. 

P2 S5 P255 \ 

Nfl 2 CP 20 7 

C6 HsCO COC6H 5 C6 H5CO COC6H i 

, V~ V.--~ a,b Vi__~l 

a R=Br ; b R=C6H 5 

Starting te t rake tone  VII is f o rm ed  in the oxidation of th iopyran VIIIb with sodium dichromate ,  while a 
mix tu re  of diketone IX and monothiodiketone X is obtained by the act ion of CrO 3 in pyridine.  Monothiodike- 
tone X r eac t s  with hydrogen chlor ide in e ther  to r e f o r m  thiopyran VIIIb: 

V--~b + 

C6H5CO COC6H5 C6H5CS COC6H 5 

Z 

S p e c i f i c  M e t h o d s  f o r  t h e  P r e p a r a t i o n  0 f  2 H - T h i o p y r a n s  

The a b o v e - d e s c r i b e d  methods lead to 4H- th iopyrans  or  to a mix ture  of the la t te r  with 2H- th iopyrans .  
Individual reac t ions  that  give only 2H- th iopyrans  a r e  known. 

2H-Th iopyran  XI is obtained by the act ion of hydrogen sulfide on a subst i tuted pentadienal  under 
bas ic  ca ta lys i s  conditions [52, 53]: 

HIS ~ pyridine 

fiH 3 

" ~ C 6 H  5 
• 

2H-Th iopyran  [11] and 2 - m e t h y l - 2 H - t h i o p y r a n  [9, 11, 12] were  obtained f r o m  1 - t h i a - 3 , 5 - c y c l o -  
hexanedione: 

O O HO_ _HO~ ~ ~0H KSH 

_ oo- 

R:H  ~CH 3 

The fo rmat ion  of 2H- th iopyran  XII in 15% yield by refluxing benzaldehyde with sodium sulfide in a l -  
cohol solution was unexpected [54, 55]. The ethanol is apparen t ly  oxidized to acetaldehyde,  which con-  
denses  with benzaldehyde:  
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C~HsCHO 
Na 2 S /CH CH2CHO 

+ CH3CHO .. C6H~CH=CHCHO - S...CHCH2CHS--~ 

C6H 5 .CHO C6 H 51~IHO O H C~CH2C6H 5 
! ~  C6H$CHO - S " 

Ci C6H ; HC6FI 5 C6H5 -- C6H5 
XJA 

p-Tolualdehyde  reac t s  l ike benzaldehyde with sodium sulf ide in a lcohol  [54]. 

D i th ioacry la tes  react  with male i c  anhydride in benzene  to g ive  adducts XIII, which  a r e  immedia te ly  
converted  to 2H-thiopyran XIV [56]. 

[56]. 

R 1 
NR z 

R2NHc//C~'c-SCH3,IS ~ O 0 ~ F ~ 1  ~--NHRT~ NHP~ " H O G C " ~  R~ 

+ ~ /  ~ .  ~ ~ - - - - - L S ; J .  ' + 
Oo:= ~ O • SCH3 R2N~'o XlV---~ "SCH3 

O 

The intermediate  format ion  of adduct XIII is conf i rmed  by the synthes i s  of its nitrogen analog (XV) 

CH 3 

H S o. CH 3 

+ C 6 H 5 : N ~ ~ S C H 3  

xv 
0 O 

C6H 5 

The thermal  cyc l i za t ion  of propargyl  vinyl  sulf ides  in hexametapol  or  dimethyl  sulfoxide (I)MSO) in 
the p r e s e n c e  of a m i n e s ,  which g ives  a mixture  of 2H-thiopyrans  and thiophenes,  is of great  interest  [57- 
59]. If there  is an a lkyl  substituent in the 4 -pos i t ion  of the thiopyran, a certa in  amount of 4 -a lky l idenedihy-  
drothiopyran is formed.  

4 -Ethy l -4H- th iopyran  is m o r e  great ly  inclined to give an "exo" i s o m e r  than 4 -methy l -4H- th iopyran .  
When benzene ,  a lkanes ,  and aliphatic a lcohols  are  used as  the so lvent  in this react ion,  vinyl  propargyl  su l -  
f ides  a r e  res inf f ied  on heating without a catalyst ,  whi le  mixtures  of the corresponding  thiopyrans and th io -  
phenes in low y ie lds  are  f o r m e d  in the p r e s e n c e  of a m i n e s .  The y ie ld  of thiophenes  i n c r e a s e s  in DMSO as  
the bas ic i ty  of the amine  i n c r e a s e s ,  and the yie ld of thiopyrans i n c r e a s e s  with the s a m e  amines  in hexa-  
metapol .  Only thiopyrans are  formed  in high yield in pure hexametapol  [59]. 

R 2 R 3 H R 3 
N3_ ~ I I I R2 - - ~ C  C---~_C--C\ H\/C=C=C 

H_C=C ~ R ~/ \C~S -- 

t 
R3 R 3 

R ~ ' ~  R~ R~%s - R~ R 2 

R4 J"--.S~ C H 2 R 2 R 4 R ~ 

P R O P E R T I E S  OF T H I O P Y R A N S  A N D  T H E I R  D E R I V A T I V E S  

The s i m p l e s t  2H-  and 4H-thiopyrans  and their  monoalky l - subst i tuted  der ivat ives  change rapidly in 
a ir  and can be s tored  for  a long ,Lime only in the so l id  state at t empera tures  below - 2 8  ~ in a ni trogen at -  
m o s p h e r e  [5, 7, 59]. The m o r e  subst i tuents  in the thiopyran ring, the more  stable the compounds are .  2 ,4 ,6 -  
T r i a r y l -  and t e t ra -  and pentaalkyl(aryl) thiopyrans are  stable,  but they darken in light in the p r e s e n c e  of 
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a i r  oxygen and "del iquesce."  2 ,6 -Dia ry l -4 -a lky l - subs t i tu te  d compounds a r e  less stable than 2 ,4 ,6 - t r i -  
a ry l th iopyrans  [14, 15, 39]. 

The dipole moment  of 2 ,4 ,6- t r iphenyl -4H-th iopyran  is 1.35 D [60]. The dipole moment  inc reases  by 
0.2 and 0.4 D, respect ive ly ,  on success ive  rep lacement  of the hydrogen a toms in the 3- and 5-posit ions by 
a CH3 group. If dipole moments  of 0, 0.4, and 0.4 D a re  adopted fo r  the Csp2 ~ H, H ~-~ Csp3, and CH 3 ~- 
Csp2 bonds, respect ive ly ,  it can be shown that the contribution to the total  dipole moment  of each CH~ 
group in the 3- and 5-posi t ions of thiopyrans a -e  will be 0.2 D [60]. 

5 ~ 5  C C6H5 .C6H5 

,j6 H 6H 5 C6H5 b C6H5C6M5 Call 5 C6H 5 CsH 5 

j/ 1,350 1,54 O 1,76 O 1,83 D 
a b r d 

S a l t  F o r m a t i o n  o f  T h i o p y r a n s  

One of the basic  p roper t i e s  of thiopyrans is the i r  capacity under  the influence of protic and nonprotic acids  
to undergo convers ion  to th iapyryl ium sal ts  with splitting out of a hydride ion. The thiopyran ring is fully 
conver ted  to the th iapyryl ium cation when a hydr ide- ion acceptor  is p resen t  in the react ion mixture .  Thus, 
the hydr ide- ion acceptor  in the reac t ion  of t r iphenylmethyl  perch lora te  is the t r iphenylmethyl  cation [8-12 ]. 

R2 ~2 

+" - R1 (C6H5) 3 CCLO, (C6H5) 3 CCIO4 ~ ,- 

CH 3 

c l o  4- 
~,~,Rz= H, alkyl 

4H-thiopyrans are converted to thiapyrylium salts by the action of PCI 5, C12, and 12 [7, 8, 61]. 
trasfl to chlorine and iodine, bromine adds to the double bond of 4H-thiopyran [61]. 

In c o n -  

Br Br Br2 �9 �9 
CL 2 e 12 

er Sr X -  

XVI 

Under the influence of protic acids (HC1, I-ICIO4, and CF3COOH) , substi tuted thiopyrans d i spropor -  
t ionate with in te rmolecula r  hydr ide- ion  t r a n s f e r  to give a mixture  of the corresponding thiapyryl ium salts  
and thiacyclohexanes [36, 37, 40, 41, 62-64]. 

. R 1 R 1 R ! 

HX = 2 + 

C6H ~ 5- "CeH 5 C6 H5 C6H~ =r C6H5 
X- 

R : H~ alkyl; R t,1~: alkyl, aryl 

Similarly,  sym-octahydrodibenzo-4II - th iopyrans  disproport ionate  under the influence of f e r r i c  chlo- 
r ide,  perch lor ic  acid, and hydrogen chlor ide [63-64]. The format ion  of thiacyclohexanes along with thia-  
pyryl ium sal ts  i n the  reac t ion  of thiopyrans with p ro f i t  acids' a t tes ts  to the fact that the carbonium ions 
that develop during protonation of the lr bonds of the thiopyrans and dihydrothiopyrans a re  hydr ide- ion 

accep tors  in the disproport ionat ion [40, 62]. 

' ~  HX HX . _p_ 

i H t -  

T 

H X  J 
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The carbonium ions are  stabilized as a resul t  of intermolecular hydride t ransfers .  

4H-Thiopyrans are  distinguished by high mobility of the hydride ion. Thus, a hydride ion is t rans-  
fe r red  in the reaction of pyrylium and selenopyrylium perchlorates  with 4H-thiopyran with the quantitative 
formation of thiapyrylium perchlorate and pyran or selenopyran [65, 66]: 

H 

o §  - 0 §  
Ct04" Ct04 

X=O~Se 

S u l f o n e s  a n d  S u l f o x i d e s  o f  T h i p p y r a n s  

Substituted and mono- and disubstituted H- and 4H-thiopyrans undergo profound transformations un- 
der the influence of oxidizing agents (hydrogen peroxide, peracids, and manganese dioxide). The nature of 
the oxidation products has not been studied [61]. 

Te t ra -  and pentasubstituted 4H-thiopyrans are capable of undergoing oxidation to give sulfones [4, 
13-15, 24, 37, 38]. 

R3 R2 R R3 R2 
~ 5 ~ i  H202 ,~ 4 ~  Rt 

C H 5 C6H 5"- ~U Z "C~15 
R ! ~ R 3 , R 4 = H ~ alkyl, aryl; R 2 = alkyl, aryl 

The different behavior of substituted 2H- and 4H-thiopyrans with respect to oxidation is well known. 
2,4,6-Triphenyl-4-methyl-4H-thiopyran is smoothly oxidized by hydrogen peroxide to the sulfone, while 
the isomeric 2,4,6-triphenyl-2-methyl-2H-thiopyran forms a sulfoxide under the same conditions [13]. An 
attempt to oxidize the latter to the sulfone was unsuccessful [13]. 21-I-Thiopyrans are apparently more 
stable than 4H-thiopyrans, and oxidation to the sulfone does not occur when two substituents are present in 
the 2-position because of steric factors. 

In connection with the fact that the oxidation of the simplest thiopyrans leads to disruption of the 
heteroring, a number of indirect methods for the preparation of their sulfones and sulfoxides have been 
developed [61, 67-76]. The sulfone of 2H-thiopyran was obtained as the result of oxidation and subsequent 
dehalogenation with zinc dust of 2,3,5,6-tetrabromothiacyelohexane (XVD [61] and also from l-thia-3,5- 
cyclohexanedione [68]. 

Br. Br 

_ _ [ X V.__!~ XVI__J (C2H5) 3 hi 

0 ~ 0 .  L;ALH c ~. OH ~ 2  CL 1. SOCL 2 . 
2. [o] 

Only the corresponding sulfoxide is readily formed in the oxidation of sulfide XVI with hydrogen 
peroxide. Oxidation to sulfone XVII proceeds with grea ter  difficulty [61]. Only the sulfone of 4H-thiopy- 
ran, which is apparently isomerized under these conditions to the sulfone of 2H-thiopyran [61, 68], could 
ar ise  initially as a result  of debromination of sulfone XVI. 

The synthesis of 2H-thiopyran &S-dioxides from dipropargyl sulfone by the action of secondary 
amines is of great  interest  [71]: 

/C H2"-C~-C H R2NH R 2 N ' ~ C H 3  C H 3 , ~ N R 2  
SO z ,- + 
~ CH~" C-~CH S02 SO 2 

Under the same conditions, dipropargyl sulfoxides form products of the addition of the secondary 
amines, which are  not cyelized [71]. 
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2H-Th iopyran  S,S-dioxides a r e  a lso  f o r m e d  in the cycl iza t ion  of a l lylsulfonyl  enamines  under the 
influence of t r i e thy lamine  and subsequent  deaminat ion at 220 ~ of cycl iza t ion product  XVIII [69~ 70, 72-76]. 

R. 502 R 2 

C ~CH 

R SO 2 R2 R. SO~ R2 

XVlll 

R,R2=H, alkyl; R'= atky], aryl 

Cer ta in  diff icult ies  have a r i s e n  in the solution of the p rob lem of the posit ion of the double bond in the 
th iopyran  ring [61, 67, 68]. In this connection, the synthes is  and spec t r a l  c h a r a c t e r i s t i c s  of 3 -pheny l -2H-  
th iopyran  S,S-dioxide (XIX), in the r ing of which the posi t ion of the double bonds was p r e d e t e r m i n e d  by the 
s t ruc tu re  of the s ta r t ing  diketone [69], s eemed  of g r e a t  in teres t :  

j- S~ CH3COO No SO2 I. Na B H 4 ~SOZ 

CO CO CH3COOH ~ 2,85alo H3PO 4 5 ~  
C6"H5 C~ 3 CsH 5 0 C6H 

XX XlX 

The properties of su/~ones of 2H-thiopyrans [67, 68, 72, 73] have been studied most completely. The 
high labi l i ty of the hydrogen atoms of the a-methylene group, as attested to by their complete deuterium 
exchange in the absence  of bas ic  ca ta lys t s  [77], was  es tabl ished.  S,S-Dioxide anions a r e  fo rmed  On t r e a t -  
ment  of sulfones of 2H- th iopyrans  with sodium or  sodium methoxide in DMSO [72]. The PMR spec t r a  con-  
f i r m  the benzoid c h a r a c t e r  of the s y s t e m . . T h e  d i rec t  obse rva t ion  of an anion a t tes t s  to extensive ~r-elec- 
t ron  delocal iza t ion  [72 ]: 

R ~ R 1 

R2 R DM$ O R R 

Like a , f l -unsa tu ra t ed  acycl ic  sulfones,  the sulfones of 2H- th iopyrans  add weakly basic  nucleophiles 
on ref luxing in c h l o r o f o r m  o r  benzene [67, 68, 70]. 

XR 
HXR 

XR=(C2Hs)2N; NHC4H9-n ; HNC6HH ; morpholino; 
pyrrolidino; s (C2H5) 2 ; S Cell 5 ; S C6H4CH 3 -p ;S C6H4Br 

Despi te  the obvious labi l i ty  of the hydrogen a toms  of 2 H- th iopyran  S, S-dioxides,  the act ion of diazo-  
methane  does not r e s u l t  in a lkylat ion in the 2-pos i t ion  but r a t h e r  in addition of the reagent  to give 1 - p y r a -  
zoline XXI, which is i s o m e r i z e d  to 2 -py razo l ine  XXII on refluxing in methanol  [73]. 

N : N  N - - N H  

SO2~I-~ ~ ether ~.s o2.J ~  

XXlll XlX XXI XXlt 

The fo rma t ion  of 1 -pyrazo l ine  XXI sugges ts  i somer i za t ion  of sulfone XIX to 5 -pheny l -2H- th iopyran  
S,S-dioxide (XXIII) [73]. It was found that  this so r t  of i somer i za t ion  is obse rved  when a methanol  solution 
of sulfone XIX is s imply  s tored .  As a resu l t ,  the poss ib i l i ty  of a t tack  by dipolar  r eagen t  CH2N 2 at  the "end" 
of the diene s y s t e m  of sulfone XXIII, which is apparen t ly  m o r e  r eac t i ve  than sulfone XIX, appea r s .  

Condensat ion of sulfone XIX and 3 -pheny l -6 -me thy l -2  H- th iopyran  S,S-dioxide (XXIV) with 1 - m e t h y l -  
4 - b r o m o p y r i d i n i u m  iodide gives  compounds of the XXV type [76]. 

BP 

ri 'f c'H - 
X IX ~ XX IV CH 3 

xl_.~_ R ~:H ; _ _  

R 1 F~ ! 

C6H 5 C6H 5 

XXIV F~ 1 = CH 3 XXV 
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The sulfones of 2H- th iopyrans  a r e  reduced  to the cor responding  sulfones of th iacyclohexane by  ca t a -  
lyt ic  hydrogenat ion on pal ladium [69], and the sulfo groups  a r e  a l so  reduced  on nickel  [71]. 

CH3OH 

R =C6H5 ~ I~l=R ; R I =CH 3 , R= p[peridino, N(CH3)2, mor]3hol~no 

R e a c t i o n  w i t h  D i c h l o r o c a r b e n e  

This  r eac t ion  of d ihydropyran  (or dihydrothiopyran) has genera ted  a g r e a t  deal of in te res t  in connec-  
t ion with the abi l i ty  of the resu l t ing  adducts  to undergo conver s ion  to an oxepine on refluxing in quinoline 
[78-80]: 

~ : c c L 2  ~ C C ~ z  t~ ~ cL 

X = O~S 

In con t ras t  to A2-dihydrothiopyran,  A3-dihydrothiopyran f o r m s  2-  and 4-d ieh loromethyld ihydro th io-  
py rans  [80]: 

:CC( 2 ~ CL2 

A s i m i l a r  d i f ference  with r e s p e c t  to d ich lo roca rbene  is mani fes ted  by 4H- and 2H-benzoth iopyrans  
[81]. The 3p o rb i ta l s  of the sulfur  a tom in A2-dihydrothiopyran and 4H-benzothiopyran appa ren t l y  in te rac t  
with the ~r bond and ac t iva t e  it; this  p rom o t e s  addit ion of d ich lo roca rbene  [80]. This  notion is conf i rmed  by 
the abi l i ty  of 4 - rne thoxy-2H-benzoth iopyran ,  in which the double bond is po lar ized  due to p-Tr conjugation 
of the f r e e  e lec t ron  pa i r s  of oxygen and the r bond, to give an adduct with d ich lo r0carbene  [77]. Dimro th  
has extended this r eac t ion  to pyrans  and th iopyrans  [82]. It was found that  4H- th iopyran  is capable  of add-  
tug d i ch lo roca rbene  a t  one and two double bonds to give mono-  and diadducts.  In addition, the reac t ion  m i x -  
tu re  contains 4 -d ich lo romethy l -4H- th iopyran .  

CHCl 2 

The poss ib i l i ty  of the fo rmat ion  of a carbanion  that undergoes  at tack by d ich lorocarbene  evidently shows 
up under  bas i c  ca ta lys i s  conditions due to spl i t t ing out of a pro ton  in the 4-pos i t ion .  

f B  
H CHC[2 

The fo rmat ion  of d ich lo romethy l - subs t i tu t ed  compounds in the reac t ion  of d ich lo rocarbene  with 2H- 
benzothiopyr~n and A3-dihydrothiopyrsn can be s i m i l a r l y  explained [81]. 

2 , 4 , 6 - T r i p h e n y l - 4 H - p y r a n  adds d ich lorocarbene  only a t  one double bond [82]. An a t t empt  to a c c o m -  
plish convers ion  of the monoadducts  of pyran  and th iopyran  to an  oxepine and a thiepine in analogy with the 
py ran  adduct was unsuccess fu l  [82]. 

I s o m e r i z a t i o n  a n d  O t h e r  T r a n s f o r m a t i o n s  of  T h i o p y r a n s  

When a solution of 2 , 4 , 6 - t r i pheny l : 4 -be nzy l -4H- th iopy ran  (X-XVI) in hexane is subjected to UV i r r a -  
diat ion in a n i t rogen a t m o s p h e r e  it is i s o m e r i z e d  to 2 ,4 ,6 - t r i pheny l -2 -benzy l -2H- th iopy ran  (XXVII) [21, 
22, 83]. The s t r u c t u r e  of i s o m e r  XXVII is conf i rmed  by conver s ion  to 1 ,3 ,5 - t r iphenyl -3-benzylpen tane  by 
desul fura t ion  over  Raney nickel.  Te t raphenylbenzene  is f o r m e d  when 2H- th iopyran  XXVII is heated with 
sodium ethylene glycoxide.  
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C6H 5 C H2C6H 5 C6H5 

C 6 H 5 ~ C 6 H  5 -- *"#' . ~ CHzC6H5 C 6H 5~S/~c6H5 

XXVI XXVII 

2,4,6-Tr iphenyl -4-benzyl -  and 2,6-diphenyl-4- (p-tolyl)-4-ben~yl-4H-pyrans are s imi la r ly  iso- 
merged  [83, 84]. 

The convers ion  of 2 ,4 ,6 - t r i pheny l -4 -benzy l -4H- th iopy ran  and pyran  by heating to  90 ~ with 70% p e r -  
cMoric  acid  is dif ferent  in c h a r a c t e r .  In this case ,  two para l l e l  p r o c e s s e s  - e l iminat ion of a benzyl  group 
to give 2 ,4 ,6 - t r iphenyl th iapyry l ium or  2 ,4 ,6 - t r ipheny lpyry l ium pe rch lo ra t e  and a substi tuted naphthalene 
and thioacetophenone - a r e  obse rved  [21, 22]. Dimro th  p roposes  the following mechan i sm for  the conver -  
s ion of 4 -benzy l -4H- th iopy ran  and pyrans  to 1 ,3-diphenylnaphthalenes  [21, 22]: 

~ CHZ%H 5 ~' 

• 2 1 5  
- -  A 

N ~ X 
--,. II ~ CH2CR 2 

, R 
c 

R~ R I_ 

~2 R 2 

B , 

~ C i 4 #  1 x R I X il 2 ~ II z 
2C~ ~ v ~ . -  "f" CH3CR 

R R 
X:O,5 XXXl 

According to the data in [21, 22 ], 2 -benzy l -2  H-py rans  and 2 -benzy l -2H- th iopy rans  do not f o r m  subst i tuted 
naphthalenes  with pe reh lo r i c  acid.  

H a l o g e n a t i o n  o f  T h i o p y r a n s  

2H-Th iopyran  XXVII undergoes  r ad ica l  subst i tut ion by the act ion of N-b romosucc in imide  (NBS) in the 
p r e s e n c e  of benzoyl  peroxide  to give mono-  or  d ib romo-subs t i tu ted  2H- th iopyrans ,  depending on the r e a -  
gent  r a t io  [23]. More than two b romine  a t o m s  cannot be introduced into the th iopyran molecule  under  these  
conditions [23]. 

: C6H5 
1:1 ~ . ~  B," 

jLC6H5 C6H5 -3" "CH2C6H5 
' :  ' . r ~  BPN< 

C6H5 1 3 Br"'C~BP 
C6H ~ -S" "CHzC6H S 

Simi la r  b romina t ion  products  a r e  f o rmed  by the act ion of NBS on 4 -benzy l -4H- th iopyran  (XXVI), but 
the r eac t ion  p roceeds  l ess  smoothly,  and only 3 - b r o m o - 4 - b e n z y l - 4 H - t h i o p y r a n  could be isolated p r e p a r a -  
t ively.  The halogenation of 2H-  and 4H-pyrans  with NBS proceeds  s i m i l a r l y  [23]. 

The chlor inat ion of 2H-and  4H- th iopyrans  XXVI and XXVII with N-ch lorosucc in imide  (NCS) or  
CCIsSO2C1 leads to a v e r y  complex  mix tu re  of r eac t ion  products ,  in which 3 - c M o r o - 2 , 4 , 6 - t r i p h e n y l - 2 -  
benzy l -2H- th iopyran  was detected only by s pec t r a l  methods  [23]. 

2 , 3 , 5 , 6 - T e t r a b r o m o t e t r a h y d r o t h i o p y r a n  is f o r m e d  in 75% yield by the act ion of a solution of b romine  
in ch lo ro fo rm a t  - 3 5  ~ on 4H- th iopyran  in the s ame  solvent .  Under s i m i l a r  conditions a t  - 4 0  ~ t h i a p y r y -  
l ium chlor ide  is f o r m e d  with chlor ine.  4H-Th iopyran  does not r eac t  with iodine under  the s a m e  conditions, 
but the iodine co lor  in the aqueous ace tone  solution vanishes  in the cou r se  of 1 h, and th iopyryl ium iodide 
is fo rmed .  It should be noted that  4H- th iopyran  did not give a th iapyry l ium bromide  with b romine  in 
aqueous ace tone  solutionl but the product  of the addit ion of b romine  and res in i f ica t ion  products  we re  

f o r m e d  in sma l l  amounts  [61]. 

S p e c t r a l  C h a r a c t e r i s t i c s  o f  T h i o p y r a n s  

The re  a r e  only disconnected data on the e lec t ron ic  and IR spec t r a  of unsubsti tuted and subst i tu ted 
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TABLE 1. UV Spectra of Thiopyrans 

Thiopyran k max, nm log 

4H-Thiopyran [5, 6, 111 
2 ,4 ,6 -Tr iphenyl -4H- th iopyran  [11, 13, 38, 60] 

2 ,4 ,6 -Tr ipheny l -3 -methy l -4H- th iopyran  [60] 
2 ,4 ,6 -Tr iphenyI -3 ,5-d imethyI -4H- th iopyran  [60] 
2 ,6-Diphcnyl -3 ,5-d imethyl -4H-th iopyran  [60] 
2 ,3 ,5 ,6 -Te t raphenyl -4H- th iopyran  [60] 
2 ,4 ,6 -Tr ipheny l -4 -benzy l -4H- th iopyran  [21, 23] 
2 ,4 ,4 ,6 -Te t raphenyl -4H- th iopyran  [13, 23 ] 
2 ,4 ,6 -Tr ipheny l -4 -methy l -4H- th iopyran  [13] 
2H-Thiopyran  [10, 57] 
3,5-Diphenyl-2 H-Thiopyran  [31, 32 ] 
2 ,4 ,6 -Tr  iphenyl-2-methyl-2  H-thiopyran [13] 

236-238, 278 
234 (235), 
312 (350) 
224, 310 
222, 2 82 
220, 280 
226,250-290 
233,237 
235 
235 
231, 324 
270, 304 
257, 347 

3.7, 3.4 
4.5 (4.46), 
3.4 (3.20) 
4.2, 3.3 
4.3, 3.2 
4.5, 3.7 
4.57, 4.25 
4.48, 4.45 
4.2 9 
4.4 
3.36, 3.29 
4.49, 3.69 
4.32, 3.75 

2H- and 4H-thiopyrans in the literature [5, 6, ii, 13, 38, 51, 57, 60]. The electronic spectrum of unsub- 
stituted 4H-thiopyran contains kma x bands at 236-238 nm (log e 3.7) and 278 nm (log 5 3.4) [5, 6, ii]. The 
following bands are presented for the most thoroughly studied compound, 2,4,6-triphenyl-4H-thiopyran: 
235 nm (log ~ 4.46), 350 nm (log ~ 3.25) [13], 234 nm (log ~ 3.95), and 312 nm (log ~ 3.30) (in hexane) [60]. 
The second band undergoes a bathochrornic shift. Substituents in the 3- and 5-positions have the greatest 
effect on the position of the bands in the electronic spectra of 4H-thiopyrans; substituents in the 4-position 
have virtually no effect on the UV spectra [13, 23, 26, 38, 60] (Table i). 

Judging from the data presented in [Ii, 57], the electronic spectrum of 2H-thiopyran differs only 
slightly from the spectrum of 4H-thiopyran. 

Two bands in the region of absorption of C-~C bonds are observed in the IR spectra of 2H- and 4H- 
thiopyrans [5, 14, 15, 38]. A shift in the absorption bands in the spectrum of 2H-thiopyran (VC= C 1535, 
1565 em -l) [Ii, 57] as compared with the IR spectrum of 4H-thiopyran [5, 6, ii] (~C=C 1600, 1640 cm -I) 
in the longwave region is observed. 

Resonance signals at 6 5.9 ppm (2-H, 6-H), 5.5 ppm (3-H, 5-H), and 2.8 ppm (4-H) are observed in 
the PMR spectra of 4H-thiopyrans; signals at 5.59 ppm (4-, 5-, and 6-H), 5.10-5.60 ppm (3-H), and 3.00- 
3.19 ppm (2-H) are observed in the spectra of 2H-thiopyrans [i0, 59, 82, 85, 86]. 
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