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THIATION REACTIONS. 111. 
THIATION OF CERTAIN DICARBONYL 

COMPOUNDS 

A. A. EL-KATEB, I. T. HENNAWY, R. SHABANA and F. H. OSMAN 

National Research Centre, Dokki-Cairo, Egypt 

( Received February 4, 1984; in final form March 27, 1984) 

1,3,2,4-Dithiadiphosphitane-2,4-bis(4-methox~henyl)-2,4-disulfide (1) reacts with acenaphthenequinone 
(2) to give acenaphthenenone-2-thone (3). Compound 1 also reacts with isatins (6a, 6b) to yield 
isoindigotine (7a) and dimethylisoindigotine (7b) respectively. Isoindigotine upon reacting with 1 gives 
[ A3.5-biindoline]-2,2’-dithione (8). Thiation of anthraquinone (9) with 1 leads to the formation of 
10-monothioanthraquinone (10). [ A9~9’(10H~10’H~-Bianthracene]-10,10’-dithione (11) is obtained via tlua- 
tion of 10-diazoanthraquinone (12) or bianthraquinone (13) with 1. Structural assignment are based on 
analytical, chemical and spectroscopic evidence. 

INTRODUCTION 

Unsuccessful attempts have been made for the preparation of monothioquinones.’.’ 
A literature survey revealed that the first recorded example is monothioanth- 
raquinone, whch was prepared via the action of sulfur on lO-diaz~anthraquinone.~ 
Recently, we have reported on the reaction of 1,3,2,4-dithiadiphosphitane-2,4-bis(4- 
methoxyphenyl)-2,4-disulfide (1) with diazoketones, leading to the formation of 
thiadiazole or dimeric dithione  derivative^.^ The present investigation was under- 

1 

taken with the object of examining the action of the effective thiation agent 15-’ on 
acenaphthenequinone, isatins, anthraquinone and diazoanthraquinone. 

RESULTS AND DISCUSSION 

We have found that when compound 1 was allowed to react with acenaph- 
thenequinone (2) in refluxing benzene, acenaphthenequinone-2-thione (3) was 
isolated in good yield. The identity of product 3 was established from correct 
analytical data, IR and mass spectrometric molecular weight determination. The IR 
spectrum (KBr, expressed in cm-’ showed bands at 1780 (C=O), 1220 (C=S) not 
recorded in the parent compound 2, 1580 (C=C aromatics). The mass spectrum of 3 
gave a prominent ion peak at m/e 198 (60%), loss of a C=S group from the parent 
ion gave the radical cation at m/e 154 (99%), further loss a C=O group from the 
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latter gave the radical cation at m/e 126 (100%). Compound 3 undergoes some 
of the reactions of other thio-carbonyl compounds. Thus it reacted with 2- 
diazoacenaphthenone in refluxing toluene in the presence of copper-bronze to afford 
[ A19"-biacenaphthene]-2,2'-dione (5). Compound 5 was also obtained from the 
reaction of 3 with triphenylphosphine in the same solvent. The dimeric dione 5 was 
identical (m.p., mixed m.p. and comparative IR spectra) with an authentic sample.' 
The formation of 5 may occur through ejection of sulfur from the intermediate 
thiirane (4)" 

2 

5 
X t 2-diazorccnaphthcnonc 

Treatment of isatin (6a) and N-methylisatin (6b) with reagent 1 in refluxing 
benzene or toluene leads to the formation of isoindigotin (7a) and N, "-dimethyl- 
isoindigotin (7b), respectively (identified from elemental analysis, comparative IR 
spectra with authentic samples and molecular weight determination)."-'* Further 
thiation of isoindigotin with 1 in toluene afforded [ A3.3'-Biindoline]-2,2'-dithione (8). 
Compound 8 has the same m.p., mixture m.p. and comparative IR spectra with 
authentic sample prepared via thiation of 3-diazooxindole with l.4 

6 a , R = H  7 a , R = H  
b , R = CH3 b , R r C H 3  

8 

Next, the reaction of anthraquinone (9) with reagent 1 was carried out in toluene 
to give monothioanthraquinone (10). Structure 10 was verified by m.p., mixture m.p. 
and comparative IR spectra with an authentic  ample.^ Thiation of 10 with 1 gave 
[ A9~9'('oH~'oH~-bianthracene]-10,10'-dithione (12). The dimeric dithione 12 was also 
isolated with the same m.p., mixture m.p. and comparative IR spectra upon reacting 
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10-diazoanthraquinone (11) with 1 in refluxing benzene or bianthraquinone (13) 
with 1 in refluxing xylene. Additional evidence for structure (12) was also gained 
from analytical data, IR and molecular weight determinations (cf. Experimental). 

The results of the present investigation may allow certain conclusions to be stated. 
Whereas the reaction of compound 1 with acenaphthenequinone and anthraquinone 
gives stable monotluoacenaphthenone and monothioanthraquinone, respectively, its 
reaction with isatins leads to the formation of isoindigotins. Thus, the isolated 
products depend on the stability of the thione derivatives under the experimental 
conditions. If the tluone is stable, it can be isolated and characterized, whereas the 
unstable products eject sulfur to produce the corresponding dimeric dione, through 
the formation of the respective carbene or thiirane intermediates. On the other hand, 
the dimeric dithione could be directly obtained via thiation of the respective 
diazoketones or the corresponding dimeric dione with 1, but not from the respective 
dicarbonyl compounds, even when 1 is used in excess. 

EXPERIMENTAL 

All melting points are uncorrected. Pet. ether solvent was used (b.r. 40-60"). All solvents must be dried. 
The IR spectra were taken in KBr with a Carl Zeiss Infracord Spectrometer Model UR 10. The mass 
spectra were run at 70 eV on Varian MAT 112 Spectrometer. The reagent 1 was freshly ~ r e p a r e d . ~  

Reaction of Acenuphthenequinone (2) with Reugent 1. A mixture of acenaphthenequinone" (2) (1.82 g, 
0.01 mole) and reagent l7 (2.0 g, 0.005 mole) in dry benzene (80 ml) was refluxed for 30 hr. The volatile 
material was evaporated under vacuum. The residue left was eluted with a mixture of benzene-alcohol 
(50 : 50) on a column of silica gel. The solvent was evaporated in L~UCUO, the precipitate that formed was 
crystallized from benzene-ethanol to give monothioacenaphthenone (3) as dark yellow crystalline product 
m.p. 280 in cu, 709 yield. Calcd. for C,,H,SO: C. 72.72; H, 3.03: S. 16.16 Found: C. 72.69; H, 3.04; S. 
16.1356. 

Reaction of 3 with 2-Diutoucenuphthenone. A mixture of compound 3 (0.39 g. 0.002 mole), 2-di- 
a~oacenaphthenone'~ (0.38. 0.002 mole) and Cu-bronze (0.4 g) in toluene (25 ml) was refluxed for 20 hr. 
The mixture was cooled. and filtered while hot. On cooling, the dimeric product 4 precipitated, 
crystallized from toluene to give m.p. 290°C in 604 yield. and on admixing with authentic sample showed 
no depression in the m.p. Copper sulfide was detected in the filtrate by t.1.c. 
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Similarly, the dimeric compound 4 was also obtained (m.p., mixture m.p. and comparative IR spectra) 
in 55% yield from the reaction of 3 with triphenylphosphine in refluxing toluene for 24 hr. Triphenylphos- 
phine sulfide was detected by t.1.c. in the filtrate. 

Thiution of Isutin (6a). A mixture of isatin (6a) (1.47 g, 0.01 mole) and compound 1 (2 g, 0.005 mole) in 
benzene or toluene (70 ml) was refluxed for 30 hr. The volatile materials were removed under reduced 
pressure, elution with a mixture of ethanol-benzene (60-40) on a column of silica gel gave isisondigotin 
(7a) which crystallized from methanol in cu. 65% yield with m.p. over 360°C. The IR spectra was identical 
with an authentic sample." 

Similarly, dimethyl isoindigotin (7b) was isolated (70% yield) from the reaction of N-methylisatin with 1 
in toluene for 24 hr. Elution solvent was ethanol-benzene (60-40) and it was crystallized from ethanol 
(m.p. and mixed m.p. 288"C)." 

Formution of Compound 8. Thiation of isoindigotin with 1 as described above in toluene for 40 hr gave 
the dimeric dithione (8) after elution with chloroform-petroleum ether (30 : 70) in 50% yield as a gray 
crystalline product (m.p. and mixed m.p. 270-272°C and comparative IR spectra with an authentic 
sample).4 

Reucrion of Anthruquinone (9) with Reagent 1. A mixture of anthraquinone (2.08, 0.01 mole) and 
compound 1 (2.0 g, 0.005 mole) in toluene (80 ml) was refluxed for 30 hr. Removal of the solvent and 
elution with methylene chloride-petroleum ether (70 : 30) gave monothioquinone (10) as a green product 
which crystallized from chloroform with m.p. and mixed m.p. 214215°C in cu. 65% yield. Compound 10 
has an identical IR spectra with an authentic ~ a m p l e . ~  

Thiution of Monothiounthruquinone (10). Thiation of 10 with 1 as described above and elution with 
benzene-petroleum ether (80 : 20) gave the dimeric dithione (11) whch was crystallized from benzene as 
yellow crystalline material, m.p. 19Cb192"C in 70% yield. Anal. Calcd. for CzsH,,Sz: C, 80.76; H, 3.84; S, 
15.40. Mol. Wt., 416, 404. Found: C, 80.66; H, 3.82; S, 15.34. Mol. Wt. (MS), 416. IR spectra (expressed 
in cm-I), no carbonyl band was recorded, 1210 (C=S), 1620 (C=C conjugated), 1530 (C=C aromatic). 

Similarly, compound 11 was obtained from the reaction of 10-diazoanthraquinone in benzene or 
bianthraquinone (13) in xylene with 1 in cu. 70% and 65% yields, respectively, with the same m.p., mixed 
m.p. and comparative IR spectra. 
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