
CARBONYL AND THIOCARBONYL COMPOUNDS 
I a. REACTION OF 9-DIAZOXANTHENE WITH 0-QUINONES 

b. THE DIRECT PREPARATION OF HALOGENATED CYCLIC ETHERS FROM 
CERTAIN THIONES AND THEIR MOLLUSCICIDAL ACTIVITY1 

ABSTRACT 

The preparation and properties of 9-diazoxanthene are described. I t  reacts with tetrachloro- 
and tetrabromo-o-benzoquinone, 4-triphe1iylmethyl-1,2-benzoquinone, and phenanthraqui- 
none to  give the cyclic ethers I I I a ,  IIlb,  IV, and V respectively. The action of hydrochloric 
acid - dioxane solution on the products is stressed. 

Tetrachloro- and tetrabromo-o-benzoq~1iiio11e react with xanthione forming the halogenated 
cyclic ethers I I I a  and I I I b  respectively. A l,2-benzopyran derivative I X  is obtained by the 
action of tetrachloro-o-quinone on cou~uarin-2-thione. I X  is toxic to Riomphalaria boissi snails 
in high dilution. 

lieaction of 9-Diazoxantlzene with o-Qz~inones 
The reactions of diazomethal~e and d iphe~ly ld iazomet t~ :~~~e  \\rith o-quillones have been 

described by various authors (1). Schonberg and Latii (2) investigated the action of 
9-diazofluorene on o-qui~lolles and found that it reacts readily with o-benzoquinone and 
/3-naphthoquinone derivatives to give methylenedioxy derivatives in good yield, but it  
fails to react with phenanthraquino~le under the same conditions. 

9-Diazoxanthene has not been described before. I t  could be prepared by the oxidation 
of xanthone hydrazone with ~nercuric oxide in the presence of alltali a t  room tempera- 
ture. However, ~nicroanalysis could not be carried out,  since the substance decomposes 
a t  room temperature with the formation of the ketazine. In contrast to diazofluorene, it 
reacts readily with phenanthraquinone to give the cyclic ether V. I t  also reacts, but 
more vigorously, with tetrachloro- In, and tetrabromo-o-benzoquinone IB, and 4-tri- 

I a ;  R = CI 
Ib;  R = Br 

I I I a ;  R = C1 
I I I b ;  R = Br 

phenylmethyl-l,2-benzoqui1~01~e 11, to give, in excelle~lt yield, the analogous products 
1110, IIIb, and IV, respectively, according to scheme A (2). 

lillanuscript received Deceinber 0, 1958. 
Contributioit f r o ~ z  lhe Orgawic Chemistry Departn~ent ,  National Research Celttre, Dokki ,  Cairo, Egypt ,  

U.A .R. 

Can. J. Chem. Vol. 37 (1959) 
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'The constitution of the products formed is based on the following facts: 
( a )  they are colorless or nearly so, 
(b) they are readily hydrolyzed by acids, and 
(c) I I Ia  and IIIb call be obtained by the reaction between 9,9-dichloroxanthene and 

the corresponding tetrahalogenocatechol according to  scheme B. 
The  identity of the products obtained from reactions A and B is established by analysis, 
melting point and mixed melting point, and by their identical infrared spectra. 

I t  is observed tha t  all the cyclic ethers obtained in this reaction are readily and quanti- 
tatively cleaved by hydrochloric acid in dioxane; for example, when I I Ia  or IIIb are 
boiled for 30 minutes with a mixture of concentrated hydrochloric acid and dioxane 
( I :  5 ) ,  xanthone and the corresponding catechol are obtained in quantitative yield. In 
the case of V, santhone and phenalithraquinone are obtained after air oxidation. This 
is rather remarkable as  the analogous products VI and VII obtained by the action of 
cliphenyl- (3) and cliphenylene-diazomethane (2) on tetrachloro-o-quinone are not similarly 
attacked. This may be explained by assuming tha t  the proton attacks first the ethereal 

VI VII VII I  

oxygen atom and this is followed by the heterolytic fissioil of the C-0 bond, to give a 
carbonium ion which is stabilized by resonance with the unshared electron pair of the 
oxygen of the xanthyl residue (4) (cf. VIII  for IIIa).  However, i t  is observed tha t  these 
products are not appreciably cleaved by concentrated sulphuric acid a t  room tempera- 
ture, as  usually happens with the other methylenedioxy derivatives obtained by the 
action of diazomethanes on o-quinones. This may be attributed to  the formation of an 
oxonium salt which is rather stable under the conditions of the experiment, a property 
generally shown by xanthenes. 

The Direct Preparation of Halogenated Cyclic Ethers from Certain Thiones 
Several reactions of thioketones have been described (5), but  i t  is believed tha t  nothing 

is mentioned about the action of o-quinones on cyclic thiones. I t  is found that  the high 
potential quinones, tetrachloro- and tetrabromo-o-benzoquinoile, react with xanthione 
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in clry benzene a t  room temperature with the formation of IIIa and IIIb, respectively, 
according to scheme C. 

However, the reaction is slow a t  room temperature, but is remarkably accelerated 
by heat. Thus when Ia and xanthione are boiled in dry benzene for 1 hour, an 80y0 
yield of IIIa is obtained, whereas, at room temperature, a 75y0 yield is reached only 
after 5 days. The reaction of Ib with xanthione is affected by temperature in almost a 
similar way. IIIa can also be obtained by heating Ia and xanthione without a solvent 
in a carbon dioxide atmosphere. 

The identity of the compounds obtained in this reaction with those obtained by 
either reaction A or B is established by analysis, melting point and mixed melting 
point, and by similar infrared spectra. 

I t  is found also that tetrachloro-o-quinone reacts similarly with couniarin-2-thione in 
boiling benzene with the formation of a I ,2-benzopyran derivative IX in good yield. The 
constitution of the procluct obtained is based on analogy, as well as on the fact that 
it is colorless and easily hydrolyzecl by hydrochloric acid in diosane to coumarin and 
tetrachlorocatechol. The absence of sulphur and of the characteristic frequency band 
of a d-lactone (1755 cm-' nujol) (6) shown by coumari~l excludes structure X of a 
1,4-dioxane, which may result by the addition of the quinone to the double bond of the 
lactone ring. Addition of o-quinones to the double bond in ethylenes, be~xzofurans, 
isocou~narins, etc. is well linown. However, it is reported that coumarin fails to react 
with phenathraquino~~e (7). 

The Molluscicidal Activity of Halogenated Cyclic Ethers 
Halawani and Latif (8) found that halogenated o-benzoqui~xone and benzodioxole 

derivatives are toxic to Biomphalaria boissi snails-the intermediate host of Schistosoma 
mansoni in Egypt-in high dilutions. The toxicity of the above-mentioned halogenated 
cyclic ethers has been investigated. I t  is found that I X  kills the snails in concentrations 
as low as 20 p.p.m. in water during a 24-hour-exposure period to the drug followed by 
a 72-hour-observation period in fresh water. I IIa ,  IIIb, IV, and V could not be tested, 
since they are almost i~lsoluble in the solvents usually used for the test. Details of these 
experiments will be published separately. 

EXPERIMENTAL 

Melting points are not corrected. Microanalyses were carried out by A. Bernhardt, 
Germany. 

Preparation of 9-diazoxanthene.-Xanthone hydrazone (4 g),  mercuric oxide (7 g), and 
anhydrous sodium sulphate (1 g) were ground together in a dry mortar, and transferred 
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to a dry 100-ml R.B.F. guarded with a calcium chloride tube and contaiilii~g 50 ml dry 
ether. One milliliter of a freshly prepared saturated solution of potassium hydroxide in 
absolute alcohol was added while shaking the mixture for 2 minutes a t  room tempera- 
ture (20" C),  then stirring for 30 min~ltes a t  10'. The green ethereal solution was filtered 
off and the residue washed with dry ether. The combined ethereal solutions were con- 
centrated under reduced pressure in the cold, when green crystals of 9-diazoxanthene 
separated, and filtered. The compound is soluble in most organic solvents in the cold, 
melts with decomposition a t  about 60" C (red melt), and turns orange-red when left 
a t  room temperature for a few ho~irs. 

Xanthone ketazine.-9-Diazoxanthene (0.1 g) was left in a watch glass exposed to air 
for 24 hours. The orange-red crystals formed were washed with ether and recrystallized 
from benzene when xanthone ltetazine was obtained (m.p. 285" not depressed when 
admixed with an authentic sample prepared according to Schonberg and Stolpp (9)). 

Iieaction of tetrachloro-o-qziinone with 9-diazoxanthene.-Teti-achloro-o-quii~one (10) 
(0.8 g) was added slowly to a dry ethereal solution of diazoxanthene (1.1 g). A vigorous 
reaction with evolution of gas took place and after a few seconds a yellowish crystalline 
solid separated. On recrystallization from xylene 9,9-(tetrachloro-o-p11eny1ei1edioxy) 
xanthene I I Ia  separated in colorless  crystal^,'^ m.p. 286" (yield almost quantitative). I t  
is diffic~lltly soluble in cold alcohol, acetone, or benzene. Calc. for ClgHsOsC1,: C ,  53.52; 
H ,  1.87; C1, 33.3. Found: C,  53.43; H ,  2.17; C1, 32.87%. I t  dissolves in concentrated 
sulph~iric acid with a deep yellow color and when the solution was kept overnight a t  
room temperature (20" C) and then poured into ice, above 75y0 of the substailce was 
recovered unchanged. 

Hydrolysis of IIIa.-To a solution of concentrated hydrochloric acid (sp. gr. 1.19) 
(1 ml) in dioxaile ( 5  ml) was added I I Ia  (0.15 g), the mixture boiled for 30 minutes, and 
then left to cool. I t  was then poured into ice and the colorless precipitate fornled was 
filtered, dried, and dissolved in the least amount of boiling methyl alcohol and left to 
cool. The colorless crystals separated proved to be xanthone (m.p. aitd mixed m.p. 
174"). On addition of dilute hydrochloric acid to the mother liquor a white precipitate 
was formed. After filtering, drying, and refluxing with acetic anhydride for 30 minutes, 
the mixture was left to cool, and then poured into ice. The  solid formed was recrystallized 
from methyl alcohol and proved to be the diacetyl derivative of tetrachlorocatechol 
(meltiiig point and mixed melting point). Using inethyl alcohol insteacl of dioxaite, 
hydrolysis was partial and about 50% of the substance was recovered unchanged. 

Reaction between tetrachlorocatechol and 9,9-dich1oroxanthene.-Tetrachlorocatechol (0.1 
mole) and 9,9-dichloroxanthene (0.1 mole from thionyl chloride and xanthone) were 
heated together in a test tube protected from moisture a t  150" (oil bath) for 1 hour. 
The reaction mixture was left to cool, washed several times with acetone, and recrystal- 
lized from xylene when I I Ia  was obtained (m.p. 286" undepressed when admixed with 
an authentic sample prepared by the action of diazoxanthene on tetrachloro-o-quinone) 
(yield about 80%). The product and the authentic sample have identical infrared spectra. 
Calc. for C19H*O3C14: C, 53.52; H ,  1.87; C1, 33.3. Found : C, 54.32; H ,  2.08; C1, 32.6%. 

Reaction of tetrabromo-o-quinone with 9-diazoxanthe7ze.-Tetrabromo-o-quinone (11) 
(1 g) was added to a crude ethereal solution of diazoxanthene (from 2 g of xanthone 
hydrazone). A vigorous reaction took place with evolution of gas and the immediate 
separation of a yellowish deposit. This was filtered off, washed with boiling acetone, 

* I n  a parallel experiment carried out using the crude ethereal solution obtained fronz the oxidation of xantltone 
hydrazone as described above, instead of diazoxanthene crystals, the same yield of I I I a  was obtained. In the 
coming experiments this crude ethereal solution will be generally used. 
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LATIF AND FATHY: CARBONYL AND THIOCARBONYL COMPOUNDS. I 867 

and recrystallized from xylene (using charcoal) when 9,9-(tetrabromo-o-phenylenedioxy) 
xantheile IIIb separated in almost colorless crystals, m.p. 280' (decomp.). Yield almost 
quantitative. The compound dissolves in coilcentrated sulphuric acid with a yellow 
color and most of it  was recovered unchanged when poured into ice as in the case of 
the chloro-analogue. Calc. for ClSH803Br~:  C, 37.74; H ,  1.32; Br, 52.98. Fou~ld :  C,  37.68; 
H, 1.75; Br, 53.24%. When IIIb was boiled with concentrated hydrochloric acid - dioxane 
as in the case of the chloro-ailalogue, xanthone and tetrabromocatechol (identified as  
its diacetyl derivative) were obtained. 

Reaction of tetrabro~nocatechol with 9,9-dichloroxant1zene.-Tetrabromocatechol (4 g) and 
dichloroxanthe~le (from 2 g of xanthone and thionyl chloride) \\rere dissolved in dry 
benzene (20 ml), and a few drops of piperidine added. The mixture was refluxed for 3 
hours, concentrated, and left to cool. The solid separated was washed with boiling 
acetone and recrystallized from xylene (using charcoal) mhen IIIb was obtained in 
colorless crystals, m.p. 280' (decomp.). Its infrared spectrum is identical with that of 
the product obtairled from diazoxanthene. 

Reaction of ~-triphenylmet7zyl-l,2-be1tzoqzii~zone with 9-diazoxant7~ene.-The quinone (12) 
(1.2 g) xvas aclded in very small portions to a crude ethereal solution of diazoxanthene 
(from 2 g of xanthoile hydrazone). A new portioil was only added when the reaction 
from a prcvious addition had subsicled. After all the quinone was added, the reaction 
mixture \vas left for 2 hours a t  room temperature with occasioilal shaking. The color 
of the quinone clisappearecl and a colorless solid was formed. This was recrystallized 
from uylene mhen 9,9-(4-triphenylinethyl-o-phcnylenedioxy) xanthene IV was obtained 
in colorless crystals, m.p. 264' (yield a b o ~ ~ t  60%). Calc. for C38H2603: C,  86.01; H ,  4.94. 
Found: C,  86.-15; I-I, 5.28%. 

Reaction of phena?zthmqz~inone with 9-diazoxant1zene.--The quinonc (0.5 g) was added 
in very small por~ions to a crude ethereal solution of cliazosanthene (fro111 2 g santhone 
hydrazone) with ~nilcl stirring a t  3'7'. \T7hen all the quinone had bcen added, stirring of 
thc I-eaction mixture ~ v a s  contin~~ecl for 2 l~o i~ r s .  The ycllo~vish solid for~ncd was washed 
several times with boiling acetone and recrystallizecl from xylene when (V) \\'as obtained 
in al~nost colol-less crystals, 1n.p. 298'. I t  is insoluble in most organic solvents ancl gives 
a dcc11 yellow color with conce~ltrate:l sull~huric acid. C~xlc. for C2,1-1,,03: C, 83.5; 
I-I,4.1;5. Founcl: C ,  81.1; H ,  4.35%. V (0.2 g) was refluxed with hydrochloric acid - dioxane 
solution as above, the reaction nlixturc mas left to cool ancl then poured into ice. The 
ycllowisl~ solicl formed was filtcred off  sing the pump and suction was allowed to con- 
tinue for 1 hour to facilitate air ~xid~xtion. The product was then pressed ou a porous 
plate ant1 reel-~rstallizccl fro111 benzene. The resulting orange crystals proved to be phenan- 
thraquinone (melting point and mixccl melting point). I t  gives olive green color with 
concentrated sulphuric acid. 

Reactio?~ of tetrac7zloro-o-qzii~zolze with .~anthio~zc.-iMet1zod "a". The quinoile (2.4 g) 
and santhione (2.2 g) in clry benzene (13 ml) were refluxed together for 1 hour on the 
water bath. The red color of the quinone disappeared and the solution became dark 
brown; it was left to cool. The crystalli~le solid formed was filtered off and the mother 
liquor concentrated to obtain another crop of crystalline solid." The whole crude reaction 
product was washed with acetone several times and recrystallized from xylene in colorless 
crystals which proved to be IIIa  (m.p. 286' undepressed when ad~llixed with an authentic 
sample prepared in the above experiments. The product and the authentic sample have 

*When the nzother liquor was evaporated to dryness under reduced pressure and the residue heated i n  a carbon 
dioxide at?nosphere at 160' (oil bath) for 1 hour, sulphtrr collected on the cooler parts of the reaction vessel. 
Xanthione i s  stable when heated alo?ze under the same conditions. 
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identical infrared spectra.). Yield above 80%. Calc. for C I ~ H ~ O ~ C ~ ~ :  C,  53.52; H ,  1.87; 
Cl, 33.3. Found. C, 53.51; H,  2.07; CI, 33.04y0. Method "b". Tetrachloro-o-quinone (0.61 g) 
and xanthione (0.5 g) were mixed together in a dry test tube protected from moisture. 
The mixture was heated for 2 hours a t  200° (oil bath) while passing carbon dioxide, 
and then left to cool. The solid mass obtained was ground well, washed with acetone, 
and recrystallized from xylene (using charcoal) when I I Ia  was obtained in colorless 
crystals, m.p. 286" (yield about 50y0). 

Reaction of tetrab~omo-o-qui~zo~ze with xanthione.-The quinone (I g) :und xanthione 
(0.5 g) in dry benzene (20 ml) were refluxed together for 1 hour on the water bath. The 
reaction mixture became dark brown, and yellowish crystals separated. These were 
filtered off, ancl the filtrate concentrated ancl left to cool when another crop of crystals 
was obtainecl. The combined crude product was washed with boiling acetone and re- 
crystallized from xylene (using charcoal) when 1112, was obtained in almost colorless 
crystals, m.p. 280' (decomp.). Its infrared spectrum is identical \xith that  of the products 
obtainecl by reactions A and B. 

When the cluinone ancl the thione in dry benzene were kept a t  room temperatu~-e 
in a carbon clioxide atmosphere for 3 days about 73y0 yield of IIIb sepal-atecl. 

Reaction oj" tetrachloro-o-qz~inone with counzarin-2-t1zione.-The quinone (1.2 g) and 
the thione (0.8 g) in dry benzene (10 ml) were reflused for 3 hours. The  reaction ~ n i x t ~ ~ r e  
was filtered while hot, concentrated, and left t o  cool. The  cr)~stals that separated were 
washed with acetone and recrystallizecl from benzene when 2,2-(tetrachloro-o-phenyl- 
eneclioxy) benzopyran I X  was obtainecl in colorless crystals, n1.p. 214" C. I t  is soluble in 
hot acetone, benzene, and chloroforn~, difficultly soluble in alcohol. Calc. for C15H603C14: 
C,  47.87; H,  1.59; Cl, 37.7. Found: C,  47.88; H ,  1.64; Cl, 37.38y0. 

IIydrolysis of IX.-IX (0.2 g) was refluxed with a solution of hydrochloric acid in 
dioxane as usual. The reaction mixture was then pourecl into ice and filterecl and the 
filtrate left to concentrate slowly a t  room temperature. The separated colorless crystals 
were recrystallizecl from petroleum ether (30-50') and proved to be coumarin (melting 
point and ~nixecl n~elting point). Diluted hydrochloric acid was added to the mother 
liquor and the white solid obtai~led was filterecl off, dried, and refluxed with acetic 
ailhydricle when the diacetyl derivative of tetrachlorocatechol was obtained. 

The authors wish to express their appreciation to Dr. E. Bickert, Max-Planck Institut 
fur Biochemie, Miinchen, and to Professor F. G. Bacldar, Faculty of Science, A'in 
Schams University, Cairo, for the determination of infrared spectra. 
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