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A GENERAL NETHOD FOR THE SYNTHESIS OF TRICHLORO- 
1,4-BENZOQUINONYLSUBSTITUTED SULFUR CONTAINING 

HETEROCYCLES 

RAIMONDS VALTERS, GATIS KAEILIVmS, JIJRIS GULBIS, 
M&RIS UTINmS, AND AUSMA BWCE 
Riga Technical University, Faculty of Chemical 
Technology, LV-1048, Riga, Latvia 

Abstract On the basis of easily obtainable 3,4,6,7- 
t etrachloro-2 5-dihydroxy-2 3-dihydrobenzo [b] furan 
as an universal synthone a general method for the 
synthesis of a large variety of trichlorobenzoquino- 
nylsubstituted sulfur or selenium containong hetero- 
cycles has been elaborated. An intense intramolecu- 
lar charge transfer between the electrondonating 
heterocycle and electronaccepting quinone moiety in 
the molecules of the synthesized compounds has been 
detected. 

INTRODUCTION 

Extensive treatments of chemical and physical properties 
of quinonoid compounds are available 192. Recently some of 
quinone derivatives are intensively studied because many 
of them have found an application as electronacc-epti-nff 
components in the synthesis of ion-radical salts and 
charge transfer complexes, which can be used as materials 
in molecular electronics. There are many wellknown me& - 
thods3 f o r  the synthesis of benzoquinones fused with a 
heterocycle but there is no a general method in the lite- 
rature allowing t o  obtain 1,4-benzoquinones C-C linked to 
the heterocycle moiety. 
The aim of the present work is to synthesize chloro-sub- 
stituted 1,4-benzoquinones C-C linked to the su l fu r  or 
selenium containing heterocycle. The presence of elec- 
trondonor (S-heterocycle) and quinonoid acceptor in the 
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molecule of these compounds creates an intense intramole- 
cular charge transfer. 

RESULTS AND DISCUSSION 

We have elaborated a general method for the synthesis of 
such cornpounds on the basis of 3,4,6,7-tetrachloro-2,5- 
dihydroxy-2,3-dihydrobenzo cb] furan (2.) (cis/trans ratio 
17:83 in DMSO-d6, ’H-NUR), which can be in 
two step synthesis starting from tetrachloro-1,4-benzo- 
quinone. Furan (I.) represents the cyclic herniacetal of 
(3,4,6-trichloro-2,5-dihydroxyphenyl)-~-chloroacetalde- 
hyde. In reactions with thiourea and its variously sub- 
stituted derivatives6 as well as with selenoureas7 furan 
(1) - produced corresponding (3,4,6-trichloro-2,5-dihydroxy- 
pheny1)substituted heterocycles (2a-c) with excellent 
yields (80-95%). The title compounds (3aac) were obtained 
by oxidation of (2a-c) with ferric chloride in aqueous 
DMF. Apparently, the reaction proceeds via substi- 
tution of the chlorine atom with su l fu r  (or selenium) in 
the first stage and further opening of the hemiacetal 
ring with subsequent closure of the corresponding hetero- 
cycle. When this reaction was carried out with N,N,Nt- 
trisubstituted thioureas8” the intermediate (4) was iso- 
lated a n d  its recyclieation proceeded in conc. sulfuric 
acid leading to the thiazolium salts (2d). Treatment of 
the salts (2d, R = Me, Ph) with hydrogen sulfide led to 
the corresponding thiazoline-2-thiones (&), which were 
obtained a l s o  in the reaction between furan (1) and tri- 
e t hylammonium N-methyl of N-phenyldithiocarbamat es’. The 
reaction of furan (2.) with sodium N,N-diethyldithiocar- 
banate led to the substitution product (s), however, af- 
ter its cyclization in conc. sulfuric acid the mixture of 
compounds (h) and (1) were obtained. Therefore the com- 
pound (2f) could not be synthesized in such a way. The 
structure of products obtained in the reactions of furan 
(2.) with thiosemicarbaeidea depends on the substitution 
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pattern in thiosemicarbaside moiety: unsubstituted thio- 
semicarbazide produced the mixture of  compounds (s, 
R 5: H, R = NH2) and (2c, R = H, R1 = MI2),  4-phenylthio- 
semicarbasi.de in acetone solution gave the compound (2, 
R = N=CMe2, R1 = Ph), the reaction with 1-phenylthiosemi- 
carbazide, carried out in ethwol solution, ledlo to 4H- 
1,3,4-thiadiazine derivative (a), but with 4,4=dialkyl- 
thiosemicarbazides the reactions proceeded with extrusion 
of sulfur and the formation’’ of pyraeole derivatives (2hb 
The quinones (&-g,g,&) are deeply colored: f rom red to 
blue or violet. The longwave band in their electronic 
spectra can be associated with charge transfer from the 
electrondonating to the electronaccepting part of the mo- 
lecule. That was confirmed by molecular orbital calcula- 
tions in PPP approach. On the table below one can see 
that increasing electrondonating ability of the heterocyc- 
lic substituent at benaoquinone moiety gives rise to the 
longwave shift of this band. 

1 

Longwave Band in Electronic Spectra of Trichloro- 
benzoquinonylsubstituted Heterocycles (2) in Ethanol 

a H  H 597 (3.67) 
a H  Me 620 (3.73) 
a H  MeCO 513 (3.53) 
b H  - 650 (3.60) 
b Ph - 668 (3.94) 
C Ph Ph 660 (3.48) 
c Me2C=N Ph 702 (3.48) 

e Me - 578 (3.50) 
Q - - 482 (3.93) 

d Me - 537 (3.56)+ 

h Et Et 593 (2.80) 
+ In MeCN solution 
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