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0.1 mol), 50 g of KOH, and 300 ml of EtOH was heated under re- 
flux for 2 hr and poured into water. The clear solution was acidi- 
fied (HOAc), cooled, and filtered, and the precipitate was washed 
with water and recrystallized from EtOH, mp 236-238’, yield 16.3 
g (76%). 

Anal. Calcd for C12H~N03: C, 66.97; H, 4.22; N, 6.51. Found:, 
67.27; H, 4.26; N, 6.72. 
3-o-Hydroxypheny1(2-lH-pyridinon-3-y1) Ketoxime (3). A 

solution of 21.5 g (0.1 mol) of ketone 10, 10.4 g (0.15 mol) of 
HONHyHCl, and 36 g of KOH in 200 ml of EtOH was refluxed for 
2 hr, poured into 250 ml of HzO, and acidified (HOAc). The pre- 
cipitated product was recrystallized from EtOH, mp 257-258’. 

This same product was obtained from 10 (0.1 mol) by refluxing 
with 0.15 mol of WONHyHCl in 200 ml of pyridine and 100 ml of 
EtOH. 

4-Azaxanthone 5-Oxime. One gram of 4-azaxanthone, 0.5 g of 
HONHyHCl, 20 ml of pyridine, and 40 ml of EtOH were refluxed 
on the steam bath for 6 hr. The excess solvents were removed in 
vacuo and ice water was added. The product was filtered, washed 
with HzO, and recrystallized from dilute EtOH, yield 0.8 g, mp 
152-154’. 

Anal. Calcd for C12H~N202: C, 67.92; H, 3.80; N, 13.20. Found 
C, 68.30; H, 3.78; N, 13.47. 

2-Azaxanthone 5-Oxime. This compound was prepared by 
same method as above, yield 0.6 g, mp 259-260’. 

Anal. Calcd for C12H~N202: C, 67.92; H, 3.80; N, 13.20. Found: 
67.88; H, 3.66; N, 13.21. 
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Thioxanthen-9-ol lo-oxides react with 96% sulfuric acid to produce, after quenching, thioxanthone (85%) as the 
major product. The mechanism, studied by NMR, absorption, and fluorescence spectroscopy, involves the loss of 
&O+ from sulfinyl-0-protonated thioxanthen-9-01 10-oxide. Minor components arise via a hydride transfer from 
starting material to 0-protonated thioxanthone. Based upon isotope exchange studies, a thiaanthracene analog of 
thioxanthenol sulfoxide is considered an unlikely intermediate in this dehydration. 

The course of t h e  reaction of derivatives of thioxanthene 
(1) with acids depends upon t h e  na ture  of bo th  t h e  deriva- 
tive and t h e  acid. For  example, 1 and its 9-alkyl and  9,9- 
dialkyl derivatives react with “magic acid” t o  produce the 
corresponding S-protonated thioxanthene derivatives (and 
not thiaanthracenes).2 Sulfuric acid converts 9,g-dialk- 
ylthioxanthenes into t h e  corresponding radical  cation^.^ On 
t h e  other  hand,  1, thioxanthenol (2), and thioxanthene 
sulfoxide (3) react with concentrated sulfuric acid t o  pro- 
duce  the thioxanthylium cation (4).4 In contradistinction, 
trifluoroacetic acid converts 2, b u t  no t  3, into 4.5 

As p a r t  of ouir continuing s tudy of the chemistry of t h e  
thioxanthene ring system a n d  of the reactions of organosul- 
fur  compounds in  acidic media,6 we now present an account 
of t h e  behavior of t h e  isomeric thioxanthenol sulfoxides 
(5)7 and related compounds in concentrated (96%) sulfuric 
acid.8 

I 
0 

3 

1 2 

Results 
cis- or  trans-thioxanthenol sulfoxide ( 5 )  reacts with con- 

centrated sulfuric acid (or its deuterated analog) t o  pro- 
duce, after 1 hr, a solution whose NMR spectrum is similar 
to ,  b u t  not  identical with, that of thioxanthone (6) in t h e  
same m e d i ~ m . ~  A salient difference is t h e  presence, in  solu- 
tions of 5,  of a highly s t ructured group of absorptions in the 
aryl region and a sharp  singlet at 6 9.98. Both  of these fea- 
tures  a re  characteristic of solutions of the thioxanthylium 
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cation, 4, in concentrated sulfuric acid.1° These NMR re- 
sults suggest, therefore, that the major species present in a 
solution of cis- or trans-5 in 96% sulfuric acid are 4 and 0- 0 0 2  
protonated thioxanthone, 7 (eq 1). The relative integrated 8 9 

5 

%% H,SO, 

OH H 
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intensity of the singlet a t  6 9.98 compared to the integrated 
intensity of the aryl protons (1:18) implies that the concen- 
tration of 4 is slightly less than the concentration of 7 in 
these solutions. 

To test this view, a solution of a mixture of 1 and 6 in 
96% sulfuric acid also was examined. (Such a solution is ex- 
pected to produce a mixture of 4 and 7.) The NMR spec- 
trum of an approximately equimolar mixture of 1 and 6 in 
96% sulfuric acid is different from that of either pure 1 or 
pure 6 in 96% sulfuric acid but is very similar to that of cis- 
or trans-5 in this medium. This, therefore, supports our 
contention. 

The presence of 4 and 7 in solutions of 5 in 96% sulfuric 
acid is further supported by ultraviolet spectral data. A so- 
lution of both 1 and 6 in 96% sulfuric acid (0.25 X and 
0.5 X M ,  respectively) exhibits an ultraviplet spec- 
trum which, after 24 hr, is almost indistinguishable from 
that of a solution of 6 in 96% sulfuric acid and also is very 
similar to a 24 hr old solution of 5 in sulfuric acid. At con- 
centrations of 0.75 X M ,  cis- and trans-5 react with 
96% sulfuric acid to produce solutions with a weak, broad 
absorption band (219-223 nm) which disappears with 
time.ll In addition to this change, weak bands at  242 and 
349 nm, and a strong band at  275 nm, appear with time. 
(The electronic absorption spectrum appears to be nearly 
constant after 3 hr.) Using a 5 X M solution, three 
bands appear in the visible region with time (381, 448, and 
469 nm). All of these are ascribable to either 4 or 7. The 
changes in the ultraviolet spectrum of 5 pass through an 
isosbestic point at  236 nm. 

The fluorescence excitation spectrum of either cis- or 
trans-5 (0.75 X M )  in 96% sulfuric acid initially has 
peaks corresponding to the absorption spectrum (275, 350, 
380,450, and 470 nm). The peaks grow with time but even- 
tually reach maximum intensities. The fluorescence emis- 
sion spectrum also changed with time and appeared even- 
tually to correspond closely to that of 7 obtained from solu- 
tions of 6 in 96% sulfuric acid. 

Quenching a solution of either cis- or trans-5 in 96% sul- 
furic acid with water produces about 85% 6 and lesser 
amounts of 1 and thioxanthone sulfoxide (8) (eq 2 ) .  In ad- 
dition, trace amounts of what appeared to be thioxanthone 
sulfone (9) also were detected (TLC). 

Dilution, with water, of a 10% solution of 1 in 96% sulfu- 
ric acid, which was 24 hr old, produces a mixture of 1, 6, 
and three trace components (eq 3). One of these was iden- 

(3) 

1 1 6 

tified (TLC) as 8. As already noted,g 6 is recovered quanti- 
tatively from solutions of 6 in 96% sulfuric acid. 

Because they were detected as minor products of the 
reaction of water with solutions of 5 in 96% sulfuric acid, 
the behavior of 8 and 9 in 96% sulfuric acid also was exam- 
ined. Dilution, with water, of a 10% (w/v) solution of 8 in 
96% sulfuric acid which had been stored for 15 min at  2 5 O  
produces a very large quantity of starting material along 
with a small amount of 6. A third, trace component was 
identified (TLC) as 9. The NMR spectrum of 8 in 96% sul- 
furic acid, taken immediately after preparation of the solu- 
tion, is not unlike that of 8 in deuteriochloroform or in deu- 
teriochloroform containing 10% of 96% sulfuric acid. Thus, 
a 10% (w/v) solution of 8 in 96% sulfuric acid exhibits two 
structured multiplets at  6 7.9-8.4 and 8.4-8.8 (external 
Mersi). In deuteriochloroform 8 exhibits the corresponding 
multiplets at  6 7.6-8.1 and 8.1-8.5 (internal Me4Si). 

M )  in 96% sulfuric acid exhib- 
its an initially strong absorption a t  246 nm, a weak absorp- 
tion a t  274 nm, and a very broad band at  320 nm. The spec- 
trum changes slowly with time-the peak at  246 nm dimin- 
ishes slightly, the absorption at  320 nm increases slightly, 
and the maximum a t  274 nm increases greatly. Absorptions 
a t  445 and 469 nm appear in the visible region with the 
passage of time, using solutions of 5 X 

Dilution, with water, of a 5% (w/v) solution of 9 in 96% 
sulfuric acid which was 24 hr old produces essentially pure 
(TLC) starting material. A solution of 9 (0.5 X M )  in 
96% sulfuric acid possesses an absorption spectrum with 
broad bands at  268 and 305 nm. Electronic absorption 
spectra of such solutions are time-invariant. 

Discussion 
The data presented above indicate that either cis- or 

trans- thioxanthenol sulfoxide ( 5 )  is dehydrated by 96% 
sulfuric acid to produce, after dilution with water, thioxan- 
thone (6) along with lesser amount of thioxanthene (l), 
thioxanthone sulfoxide (8), and traces of thioxanthone sul- 
fone (9).12 Both absorption and fluorescence spectra and 
the NMR data indicate that the major species present in 
solutions of 5 in 96% sulfuric acid are 0-protonated thiox- 
anthone (7) and the thioxanthylium ion (4). The isomers of 
5 may be viewed as hydrates of 6 and their dehydration in 
sulfuric acid is not, therefore, unexpected.13 However, the 

A solution of 8 (2.5 X 

M. 
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formation of 1 and 8 is somewhat surprising and suggests a 
process which has a competing redox component. 

The sequence presented below (eq 4-6) accounts for the 
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formation of the major species (Le., 4 and 7) observed in so- 
lutions of 5 in sulfuric acid and, when considered in light of 
eq 7 ,  accounts for the major product isolated when these 
solutions are quenched with water. While this scheme re- 
quires the presence of 0-protonated thioxanthone sulfox- 
ide (10) in solutions of 5 in 96% sulfuric acid, the spectral 
properties of 4 and 7, when coupled with the large quantity 
of these present, make i t  difficult t o  establish unequivocal- 
ly that a small quantity of 10 is present in these solutions. 

The 6 which is formed upon addition of water to these 
solutions has a t  least two origins. First, there is the depro- 
tonation of 7 (eq 4) with water. Second, 4 reacts with water 
to produce 2, which is known to disproportionate under a 
variety of conditions,14 including the presence of acid,4 to 
yield 1 and 6. The disproportionation of 4 (eq 7 )  also ac- 

H 

4 

1 6 

counts for the formation of 1 upon addition of water to so- 
lutions of 5 in sulfuric acid. 

A hydride transfer between 5 and 7, similar to that be- 
tween 4 and 2,4 lleads to 10 (eq 5) and deprotonation of 10 
by water affords 8. The production of traces (<1%) of 9 is 
more difficult to explain and we are not yet able to set out 
reliably the way in which it was formed in these systems. 

One may view thioxanthone sulfoxide as a thiaquinone, 
Le., as a sulfur analog of an th raq~ in0ne . l~  This idea is sup- 
ported by the formation16 of the radical anion of 8. This 

same species also is presumed to be formed during the 
base-catalyzed dehydration of 5.l3 One might, as an exten- 
sion of this idea, suggest that thioxanthenol sulfoxides are 
isomeric tautomers of the corresponding hydroquinone, 11. 
Thus far we have not been able to detect 11 in solutions of 
either isomer of 5 in a variety of organic solvents or in the 
solid ~ t a t e . ~ ? ~  The NMR spectra of solutions of 5 in solvents 
such as CC14, CS2, CDC13, and C& display characteristics 
of a secondary diarylcarbinol (a methine proton and, where 
detectable, an 0-H resonance). One might, however, 
suggest that  in a strongly acidic medium 5 could be proton- 
ated a t  the sulfinyl oxygen6 and, by deprotonation a t  C-9, 
convert to 11 (eq 8). 

b 
OH 
I 5 

I 
OH 
11 

Our observation that the NMR spectrum of 5 in D2S04 
exhibits the C-9 H resonance characteristic of the thioxan- 
thylium ion (4) suggests that 11 is not in rapid equilibrium 
with 5 in this medium. Had the equilibrium depicted in eq 
8 been established rapidly, the 4 produced in the reaction 
of 5 with deuterated sulfuric acid should have lacked a pro- 
ton a t  C-9. 

To the extent that 11 can be precluded in this equilibri- 
um, it seems reasonable that 11 does not serve as a signifi- 
cant precursor to 7 in sulfuric acid even though one can 
construct a pathway for converting 11 to 7 (eq 9). This is 

OH OH 

I 
OH 
11 OH 

I 

7 

consistent with the view that compounds such as 11 should 
not be viewed as aromatic (Le., highly stabilized) sulfur an- 
alogs of anthracene.17 

Experimental  Section 
Syntheses. All of the compounds employed in this study have 

already been d e s ~ r i b e d . ~ , ~ , ~  
Electronic Spectra.lS The various compounds were dissolved 

in 95% ethanol and diluted to an appropriate concentration. An al- 
iquot was pipetted into a volumetric flask and evaporated to dry- 
ness to leave a film of substance on the surface of the flask. Sulfu- 
ric acid was added to the mark and the solutions were transferred 
to 1-cm, ground-glass stoppered cells. Absorption spectra were re- 
corded on a Beckman Model DK-2A or a Cary Model 15; fluores- 
cence spectra were recorded on an Aminco-Bowman spectrofluo- 
rometer. 

Nuclear Magnetic Resonance Spectra. Solutions were pre- 
pared by dissolving the sample directly in the solvent in the NMR 
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tube. Spectra were recorded (Varian Models A-60, T-60, and Ha- 
100) within 5 min of the preparation of the solution unless other- 
wise indicated. 

Thin L a y e r  Chromatography .  Thin layer chromatographies 
were performed employing glass plates coated with 0.25 mm of 
Kieselgel (A. H. Thomas Co.). Elution was accomplished with ben- 
zene, chloroform, ethyl acetate, and chloroform-ethyl acetate (5:l) 
mixtures. Substances were identified by comparing their Rj values 
with those of authentic compounds on the same chromatogram. 
Visualization was achieved using both ultraviolet light and iodine 
vapor. 

In a typical experiment, 80-100 mg of a substance was dissolved 
in 0.3 ml of sulfuric acid and, after 5 min, the resulting solution 
was diluted with water. The resultant solid was removed by filtra- 
tion and dissolved in chloroform, and the solution was analyzed by 
TLC as described above. An alternate work-up procedure, involv- 
ing extraction of the aqueous phase with methylene chloride, pro- 
duced identical results. 

R e a c t i o n  o f  T h i o x a n t h e n o l  S u l f o x i d e  (5) with 96% S u l f u r i c  
Ac id .  P r o d u c t  Study. A 10% solution of 5 in 96% sulfuric acid was 
maintained a t  26' for 7 days. The solution was diluted with water 
and the resulting solid was removed by filtration. A solution of this 
solid in methylene chloride was analyzed by TLC as described 
above, using several eluents including ethyl acetate. The major 
component was found to be thioxanthone (S), with other spots 
being ascribed to 1, 5, and 8. A uery weak spot bad an Rf value 
similar to that of 9 and is assigned to 9. Several different reactions 
afforded 80-85% 6 after recrystallization from ethanol. 

R e a c t i o n  o f  cis-5 with 96% S u l f u r i c  Acid. NMR Analysis. A 
small amount of cis-5 was added to frozen sulfuric acid in an NMR 
tube. The sample was placed in the probe and spectra were ob- 
tained periodically. Initially, the solution contained an aryl multi- 
plet extending from 6 7.66 to 8.49 and a singlet at 6 6.88. After 1 hr, 
the structure of the multiplet had altered and its position "shift- 
ed" to 6 7.84-9.02. This was accompanied by the disappearance of 
the singlet a t  6 6.88 and the appearance of a singlet a t  6 9.98. The 
singlet a t  6 6.88 is ascribed to C-9 H of the starting material while 
the singlet at 6 9.98 is ascribed to C-9 H of 4. 
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