
B E N Z O I D - Q U I N O I D  T A U T O M E R I S M  O F  A Z O M E T H I N E S  

A N D  T H E I R  S T R U C T U R A L  A N A L O G S  

XXIII.* MERCURY DERIVATIVES OF ANILS OF o-HYDROXY AND 

o-MERCAPTO ALDEHYDES OF THE BENZO[b]THIOPHENE AND 

BENZO [b]FURAN SERIES 

V.  I .  U s a c h e v a ,  Z h .  V .  B r e n ' ,  
V .  A .  B r e n ' ,  a n d  V .  I .  M i n k i n  

UDC 547.735'867.4'814.07 : 541.623 

A number  of o r g a n o m e r c u r y  der iva t ives  of N-a lky l -  and N - a r y l i m i n e s  of 2- and 3 -hydroxy-  
(me reapto) formylbenzo [blfurans and 2- and 3-hydroxy (mercapto) formylbenzo [b ]thiophenes 
were  synthesized.  A conclusion regard ing  the posit ion of the C6H~Hg group in these  c o m -  
pounds was drawn f rom the v ibra t iona l  and e lec t ron ic  absorpt ion spec t r a .  

Metal lotropic  t a u t o m e r i s m  in o r g a n o m e r c u r y  and organothall ium der iva t ives  of a roma t i c  hydroxy 
aldehydes and the i r  imines  was proved by e lec t ronic  spec t roscopy  and luminescence  methods .  However,  
data on the poss ib i l i t ies  of meta l lo t rop ic  t r ans fo rma t ions  in o r g a n o m e r c u r y  der iva t ives  of o-hydroxy and 
o - m e r c a p t o  a ldimines  of the he t e roa roma t i c  s e r i e s  a re  not avai lable .  

The p resen t  r e s e a r c h  is devoted to a study of the capaci ty  of o r g a n o m e r c u r y  der iva t ives  of the benzo-  
[b]thiophene and benzo[b]furan s e r i e s  for  i n t r a -  o r  i n t e rmolecu la r  meta l lo t rop ic  r e a r r a n g e m e n t s  and to the 
c lar i f ica t ion  of the effect  of  r ep lacement  of a proton by anorganometa l l i c  res idue on the re la t ive  s tabi l i t ies  
of the benzoid and quinoid fo rm s .  

We obtained pheny lmercury  der iva t ives  of the A and B type and studied the i r  e lec t ron ic  and v ibra t ional  
spec t r a .  
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X=O, S; Y=O,S;  R=Ar,  Alk; R'=H, CH3 

The c h a r a c t e r i s t i c s  of the synthesized compounds and the R values are  p resen ted  in Table 1. 

The absorpt ion spec t r a  of compounds A and B (Y =O) contain a band at 400-460 rim, just  as in the 
spec t r a  of the cor responding  anils ,  which have k e t o n e - a m i n e  s t ruc tu re s  C and E (Y =O) [2] (Fig. 1 and 

* See [1] for  communicat ion XXII. 
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TABLE 1. Compounds A and B 

cr•Pe ICom.l 
[pound I 

 auma o. 

2 �9 
A 

A 

A 

a* 

Compound 

R R' 

C6Hs 
p-CHaOC~H4 
p-BrC6H4 
CH2C6H5 
CGH~ 
p-ClC6H4 
C6H6 
p-CHaOCsH4 
p-NO2CsH4 
C6H5 
p-CHaC6H4 
p-CHaOC6H4 
p-ClC~H4 
CHa 
C4H9 
C~Hs 
p-CHaC6H4 
p-CHaOC6H4 
p-C1CsH4 
CH=C~Hs 
CsHs 
p-CHaCOC6H4 
p-CHaOCsH4 
CH2CaH~ 

CHa 
CHa 
CHa 
H 

rap, ~ 

16~8r 

208--209 
144--145 
13q-~133 

162195163 
173--174 
177166178 

138 
178 
182 
132 
1t0 
132 
165 
t55 
125 
210 
238 

186--187 
177--178 

Empirical 
formula 

CmHIsNOSHg 
C22HlrNQSHg 
C=IH14NOSHgBI 
C2=H~rNOSHg 
CmH15NO2Hg 
CmHI4NO2HgCI 
C=2H~rNO2Hg 
C2aHIgNO3Hg 
C22H,aN204Hg 
C21HI~NS~Hg 
C22tt~rNS2Hg 
C_-eHI7NOS2Ilg 
C21H~4NS~HgCI 
CI6HI~NS~Hg 
C~gH~gNS2Hg 
C.~IHIsNOSHg 
C_~2H~zXOSHg 
CnHIrNO2SHg 

C2~H~4NOSHgCI 
C22H~rNOSHg 
CslHIsNOSHg 
C.~aH~rNO2SHg 
C22HwNO2SHg 
C_~.~H~rNOSHg 

Hg, % ~" 

f o ~  calc. 

37,6 37,9 71 
35,6 35,8 63 
33,2 32,9 68 
36,6 36.9 58 
38,8 39.0 79 
36,0 36,2 69 
36,8 37,2 8l 
36,1 36,0 74 
34,7 35,0 62 
36,4 36,7 60 
36,3 35s 53 
34,5 34,8 60 
34,2 34.6 66 
41,0 41;4 80 
37,8 38,1 78 
37,5 37,9 68 
36s 36,9 75 
35,6 35,8 70 
35,3 35,5 85 
36,6 36,9 61 
37,8 37.9 67 
34.8 35,1 70 
36,0 35,8 64 
36,8 36,9 78 

TABLE 2. Spectral  Charac ter i s t i c s  of  Compounds A and B 
Compound No. 
from Table I 

II 
11I 
IV 
V 

VI 

VII 

VIII 
IX 
X 

XI 
XlI 

XIII 
XIV 

XV 

XVI 

XVII 
XVIII 

XIX 

XX 
XX[ 

XXII 

XXIII 

XXIV 

UV spectra 
solvent ~.,,,ax, nm (e. 10 -a) 

] IR spectra in min - 
i exal oil, y,  cm "I 

DMF 
Benzene 
DMF 
DMF 
DMF 
DMF 
Benzene 
DM80 
Benzene  
DMF" 
Benzene  
A c e t o n e  
Methanol 
Benzene 
Benzene 
DMF 
Benzene  
DM$O 
DMSQ 
Benzene 
DM80 
Benzene  
DMso 
Benzene 
D~SO 
Benzene 
DMSO 
DMSO 
DMSO 
Benzene 
DMSO 
DMSO 
Benzene 
DMSO 
Benzene 
DMSO 
Benzene 

DMSO 
Benzene 

330 (14,3); 445 (21,7) 
335 (16,4); 460 (20,7) 
340 (15,0); 460 (18,9) 
338 (14,5); 460 (19,0) 
328 (lO,1); 435 (15,8) 
315 (9.6); 420 (16,7) 
330 (8,2); 435 (16.7) 
322 (9.4); 420 (25,2) 
328 (6.3); 430 (21,8) 
330 (11,9); 410 (28,8) 
328 (9.8); 418 (24,3) 
320 (9,4); 405 (20,2) 
335 (11,6); 417 (33,5) 
330 (10.9); 446 (18,8) 
345 (22.8); 440 (29,0); 
370 (18,2) 
368 (16,3) 
372 (20.7) 
375 (22,8); 390 (22,8) 
370 (17,4) 
312 (13,8); 355 (9,2) 
318 (11,4); 365 (5,6) 
314 (13,2); 355 (8,9) 
318 (11,4); 360 (5,9) 
322 (12,7); 380 (12,5) 
327 (18,6): 402 (16,1) 
325 (21,5); 405 (2t,3) 
330 (22,,t); 432 (22,3) 
325 (16,0); 388 (16,0) 
328 (19,4); 403 (19,0) 
315 {19,3); 322 (18,7); 
270 (20,3); 395 (40,3) 
278 (23,1); 400 (38,1) 
288 (2t,7); 415 (54,4) 
288 (t7,5); 415 (49.6) 
275 (11,4): 305 (7,9); 
280 (14,8); - -  
410 (19,7) 
275 (14,9); 365 (13,5) 
282 (13,8); 380 (13,0) 

460 (29,1) 

380 (11,3) 

395 (22,8) 

1590, 1625 

1590, 1640 
1585, 1610 
1595, 16t5 
1590, 1635 

1590, 1640 

1585, 1635 

1585, 1640 
1590, 1625, 1645 
1580, 1610 

1560, 1600 
1580, 1610 
1580, 1605 
1625 

1525 

1580, 1620 

1595, 1635 
1580, 1615 
1570, 1605 

1635 
1590. 1610 

1600, 1660 

1605 

15SO. 1605 
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Fig. 1. Electronic  absorption spec t ra  (in dimethylformamide):  1) 
2- {N,N-methylphenylaminomethylene)-3 (2H)~benz othiophenone; 2) 
phenylmercury  derivat ive of the anil of 2- formyl-3-hydroxybenzo[b] -  
thiophene; 3) anil of 2 -fo rmyl -3  -methoxybenzo [b ]thiophe ne. 

Fig. 2. Electronic  absorption spec t ra  (in dimethylformamide):  1) 
2- (N,N-dimethylaminomethylene)-3 (2H)-benzothiophenethione; 2) 
phenylmercury  derivat ive of the anil of 2 - fo rmyl -3 -mercap tobenzo-  
[b]thiophene; 3) anti of 2-formyl-3-methylmereaptobenzo[b] thiophene.  

Table 2). The polar i ty  of the solvent, the cha r ac t e r  of the substituent in the benzene ring, and a change in 
the t empera tu re  have pract ica l ly  no effect  on the position of this band. This indicates coordination of the 
CsH5Hg group at the nitrogen atom and the exis tence of compounds A and B (Y =O) in the quinoid form (b). 

The s t re tching vibrat ions of a conjugated carbonyl  group appear  in the IR spec t ra  of the compounds 
under  discussion at lower frequencies  (1600-1645 cm -1) than in the spec t ra  of the corresponding unsub- 
sti tuted anils C (1655-1715 cm -1) (Table 2). This const i tutes evidence for  additional in t ramolecula r  co- 
ordination of the carbonyl oxygen atoms with m e r c u r y  and a chelate s t ruc ture  for  compounds A and B. A 
decrease  in the double bond cha rac t e r  of the C =O group was also observed in the vibrat ional  spec t ra  of N- 
phenylmereury  der ivat ives  of 3 ,5-dichloro-2-pyr idone [3] and rece ived  a sire i lar  explanation. 

The e lec t ronic  absorption spec t ra  of compounds A (Y =S) differ  substantially f rom the spec t ra  of the 
corresponding anils C (Y =S) [4] (Fig. 2). The insensit ivi ty of the position and the intensity of the band at 
320-370 nm to the polar i ty  of the solvent and the cha rac t e r  of R (Table 2) makes it possible to conclude 
that the m e r c u r y  der ivat ives  under  discussion have a benzoid s t ruc ture  (a) and that exchange of the phenyl-  
m e r c u r y  residue between the sulfur and ni trogen atoms is absent.  

The IR spectroscopic  data confirm the conclusion regarding the imine s t ruc ture  (a) of compounds A 
(Y =S). The spec t ra  contain bands at 1605-1635 cm -1 (Table 2), which we assigned to the s t re tching v ib ra -  
t ions of the C =N group; this cor responds  to the vibrat ions of this bond in compounds of the D type [4] with 
a fixed benzoid s t ruc ture .  

The resul ts  are  in agreement  with the known tendency of the m e r c u r y  atom to form a bond with the 
sulfur  atom in sulfur-containing ligands and to the p r e f e r r e d  bonding with the sof ter  nitrogen cen te rs  in 
bidentate ligands containing nucleophilic nitrogen and oxygen atoms [5]. 

E X P E R I M E N T A L  M E T H O D  

Phenylmercury  der ivat ives  A and B were obtained by refluxing equimolecular  amounts of phenyl-  
m e r c u r y  hydroxide and the appropriate  anil in ethanol o r  propanol for  5-10 min and subsequent c rys ta l l i za -  
tion from isopropyl alcohol. The compounds are  powdery substances that are  only slightly soluble in o r -  
dinary organic solvents.  

The absorption spect ra  were recorded  with a Specord UV-Vis recording spec t rophotometer .  The IR 
spec t ra  were obtained with a UR-20 spec t romete r .  
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