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The action of some organometallic compounds on thianthrene-5-oxide w m  studied. The reported conversion of this sul- 
foxide to dibenzothiophene, by the action of n-butyllithium a t  low temperature, was found to be a very rapid reaction. 
Methyllithium reduced thianthrene-5-oxide to give a 60% yield of thianthrene, while ethyl- and n-butyl-magnesium bro- 
mide cleaved the sulfoxide to give, upon carbonation, 2-ethylsulfinyl- and 2-n-butylsiilfiny1-2'-carhoxytliphen~~1 sulfide, 
respectively. 

Aromatic sulfoxides have greater reactivity to- 
ward metalating agents than the corresponding sul- 
fides and ethers. Thus, dibenzothiophene (I) did not 
react appreciably with n-butyllithium a t  - lo", a 
condition under which dibenzothiophene-5-oxide 
was successfully metalated to give upon carbona- 
tion, a 35.7% yield of dibenzothiophene-4-carbox- 
ylic acid.' Phenoxathiin (11) metalates in the 4-posi- 
tionj2 hut phenoxathiin-10-oxide metalates to give, 
upon carbonation, 1-phenoxathiincarboxylic acid. 3 9 4  

The metalation of the sulfoxide is accompanied by 
reduction in these cases. 

I I1 

In  the present work the action of some organo- 
metallic compounds on thianthrened-oxide (111) 
was investigated. An interesting reaction of I11 
with n-butyllithium has been reported5 in which 
the products were I, thianthrene (IV), l-thian- 
threnecarboxylic acid, and 2,Z'-dicarboxydiphenyl 
sulfide. 

0 1'1 1 

111 IV + 1 + 1-Thianthrenecarboxylic acid + 2,2'-Dicarboxy- 
diphenyl sulfide 

This reaction was studied further and we found 
that the conversion of I11 to I is a very rapid reac- 
tion. The results of these experiments are given in 
Table I, from which i t  is seen that the conversion is 
almost complete in approximately 10 minutes. The 
starting material, 111, could not be isolated except 

(1) H. Gilman and D. L. Esmay, J .  Am. Cheni. Soc., 74, 

(2) H. Gilman, hl. IT. Van Ess, H. 13. Willis, ant1 C. C. 

(3) D. A. Shirley and E. A.  Lchto, J .  A m .  Cham. Soc., 

(4) Unpublished studies of S. Eidt. 
( 5 )  H. Gilmnn nnd D. R. Swawmpati, J .  A m .  Chem. Soc., 

266 (1952). 

Stuckwisch, J .  Ani. Chem. Soc., 62, 2806 (1930). 

77,1841 (1955). 

77,3387 (1955). 

TABLE I 
REACTION PRODI-CTS OF THIAXTHRENE-~-OXIDE WITH n- 

BUTYLLITHIVM 

Equivalents 

n-bu t yl- 
lithium reaction T,' C. I I V  Acid 111 

1 1  3min. -70 27 1 0 3 - 17 0 
I 1  10min. -70 46 0 4 7 - - 
1 1" 7 hoiirq -70 50 0 
3 0  30min. -70 33 2 8 0 - - 
3 0" 7 hours -70 52 0 3 2 I 0" -- 
3 0" jhours  -40 34 0 4 0 - -- 
2 0" 7hours 5-10 10 4 13 2 8 1' - 

of Timc 
of Yield or recovcry, yo 

- __ 

The values are taken from reference (5). The acid 
The acid mas l-thinn- was 2,2'-dicarboxydiphenyl sulfide. 

threnecarboxylic acid. 

when the reaction time was limited to a total of 
three minutes a t  -70". 

In  the reported5 conversion of I11 to I, i t  was not 
established whether the carbon atoms Ivhich were 
holding the sulfoxide group were those which be- 
came linked directly. Our experimental studies seem 
to indicate that this is actually the case. The sulfox- 
ide group is unstable to the action of n-butyllithium 
a t  low temperatures. Thus, Esmay6 observed that 
diphenyl sulfoxide reacted with n-htyllithium a t  
-70" to give fair yields of benzoic acid. WTe found 
that diphenyl sulfide, under similar conditions did 

T C o o I 3  eya w \ H O +  

1 nuL1 

0 

not react Fvith n-butyllithium. Similarly, thian- 
threne which has two sulfide groups, did not react 
with n-butyllithium when the mixture was stirred 
a t  -70" for 16 hours. These facts illustrate the 
stability of the sulfide over the sulfoxide group un- 
der these conditions. 

A reasonable mechanism for the conversion of 
thianthrened-oxide to dibenzothiophene may in- 
volve the initial formation of the intermediate 
species V, which may undergo an intramolecular 
elimination to give I. The intermediate (1') may 
also undergo further cleavage with morp n-hutyl- 

(F) IJnpuhlishecl studics of n. 1,. Esmay 



lithium to give a dilithio derivative, which would 
give 2,2'-dicarboxydiphenyl sulfide upon carbona- 
tion. Obviously the intramolecular reaction of the 
intermediate proceeds a t  a far greater rate than the 
other reaction. 

TABLE I1 
REACTIOK PRODUCTS OF THIANTHREXE-5-OXIDE WITH 

ALRYLMAGNESIURI HALIDES 

Alkyl- Equiv. of Reaction Yield or 
magnesium Grignard time, recovery, % 

halide reagent hrs. T,"C. Acid I11 

1 BuLi 

3 H,O 

-li__ co * 2 "-Dicarboxydiphenvl Sulfide 

With alkylmagnesium bromide the reaction 
could be arrested a t  the stage of the intermediate V, 
since, upon carbonation, the corresponding 2-alkyl- 
sulfinyl-2'-carboxydiphenyl sulfides mere obtained. 
This is attributed to the weaker carbanion of the 
intermedia,te V when Grignard reagents are used 
for the cleavage of the sulfoxide 111. A significant 
difference in the reaction of the alkylmagnesium 
bromides with thianthrene-5-oxide was that no re- 
duction TXM observed. During metalation of a sul- 
foxide with n-butyllithium, the sulfoxide is partly 
reduced to tlic sulfide. If nietalation takes place i t  
is invariably accompanied by reduction. An unre- 
duced carboxylic acid has not been obtained from 
the metalation of a sulfoxide with n-butyllithium 
and subsequent carbonation. Methylmagnesium 
iodide did not have any significant action on 111, 
probably due to the insolubility of the Grignard rea- 
gent in ether a t  -70". The results of these experi- 
ments are given in Table 11. 

The structures of the cleavage products obtained 
from the action of the Grignard reagents on thian- 
threne-5-oxide are based on their analytical data, 
and their capacity of being reduced to the corre- 
sponding alkylmercapto derivatives and of being 
oxidized to corresponding sulfones. Attempts a t  
synthesizing these 2-alkylsulfinyl-2'-carboxydi- 
phenyl sulfides by an independent method were 
unsuccessful. The cleavage of I11 with Grignard 
reagents provides a general method for the prepara- 
tion of thr 2-alkylsulfinyl-2'-carboxydiphenyl sul- 
fides. 

With methyllithiiim the reaction mas mainly that 

CHJ4gI 
C2HsMgBr 
CzHjhlgBr 
n-C4HgMgBr 
n-C4HgMgBr 
n-C4HgMgBr 
n-C4Hg31gBr 
n-C4HgMgRr 

2 . 0  
1 . 1  
3 . 0  
1 .o  
1 . 0  
2 . 0  
3 .0  
1 . 1  

20 -70 
20 -70 
20 -70 
16 -70 
l G d  -70 
16 -70 
6 -70 

48 -70 

a The acid was 2-ethylsulfinyl-2'-carbosydiphenyl sulfide. 
* The yield is based on the unrecovered thianthrened-oxide. 

The acid was 2-n-butylsulfinyl-2'-carbosydiphenyl snl- 
fide. This was followed by a stirring period of 1 hour 
during which time the cooling bath was removed and the 
reaction mixture allowed to warm up to room trmpernture 
hcfore carlionation. 

AcOH 
-f 

AcOH 
T S  H ~ O Q  S 

, ,--+ COOH 

of the reduction of the thianthrene-5-oxide to  thian- 
threne. Only traces of 1-thianthrenecarboxylic acid 
mere obtained when a mixture of I11 with three 
equivalents of methyllithium was stirred a t  room 
temperature for 16 hours and subsequently car- 
bonated. However, under these conditions, the re- 
duction of I11 to thianthrene occurred to the extent 
of GO%, a fact which established the importance of 
methyllithium as an agent for reduction of a sulfox- 
ide. The results of these experiments are given in 
Table 111. 

TABLE 111 

METHYLLITHIUM 
REACTION PRODUCTS O F  THI.4iYTHRENE-5-OXIDE WITH 

Yield or 
recovery, yo 

Equiv. of 
methyl- Reaction 
lithiirm time T,"C. I V  Acid I11 

~ ~ 

1 .1  15 min. -70 12.3 - 21.1 
1.1 16 hours -70 21.0 - 46.0 
3 . 0  16 hours 20-25 60.0 1" - 

a Sec footnote c, Table I. 
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EXPERIhfENTA4L7 

Thzanthrene-5-oxide (111) and n-butyllithium. Run I .  To a 
stirred suspension of 11.6 g. (0.05 mole) of 1116 in 100 nil. of 
anhydrous ether a t  -70" was added, over a period of 10 
minutes, 36 ml. (0.055 mole) of n-butyllithii~m.~ Color Test 
I19 was negative immediately after the addition of the 
n-butyllithium was complete. The pale green suspension 
~ 1 " s  filtered throiigh glass wool into a stirred sliirry of Dry 
Ice and anhydrous ether. When all the carbon dioxide had 
evaporated, water m-as added and the layers were separated. 
The ethereal laver was evaporated to dryness to give a n-hite 
residiie \I hich mas crystallized from methanol to yield 4.22 
g. (46%) of pure dibenzothiophene (I), identified by the 
method of mixture melting point. 

The aqueous laver was warmed to expel the dissolved 
ether and the white product which separated x a s  filtered, 
dissolved in methanol, treated with Xorit-h, and filtered. 
The filtrate T m s  cooled, and the nhite, crystalline prodnct 
was filtered and dried to yield 0.51 g. (4 7 % )  of thianthrene 
(IV),  identified bv the method of mixture melting point. 

The aqueoiis filtrate from the above was cooled and aridi- 
fiecl with lor& hydrochloric acid to give a cream-colored 
product mhirh was too small to nork lip. 

Rrcn I I .  To a stirred siispension of 11.6 g. (0.05 mole) 
of I11 in 100 ml. of anhydrous ether at -70" was added, 
over a period of 3 minutes, 42 ml. (0.055 mole) of an ethereal 
solution of n-biityllithiiim which had been previously cooled 
to -70". A iample of the solution was withdrawn for Color 
Test 11, whirh \vas found to be negative, and the remaining 
solution \vas immediately carbonated as before. 

The rrsidiie in the reaction flask was recrystallized from 
methanol to give 2.04 g. (17.6%) of 111 (mixture m.p.). 

The remaining procedure for the working lip of the reac- 
tion mixture wras identical with that in riin I. The ethereal 
layer gave 2.50 g. (27.1%) of pure I. The aqueous layer, 
upon wxming and subsequent filtration, yielded 1.0 g. 
(9.37,) oi pure IV. Acidification of the aqueous filtrate, after 
removal of the thianthrene, gave a emall amonnt of a 
gummy material which did not harden iipon long standing 
and m-as discarded. 

Run ZII. This run differed from run I in that 3 equivalents 
of n-butyllithium were added to the reaction mixture over 
a period of 30 minutes. Color Test I1 iyas examined a t  0, 
15, and 25 minutes after the addition of the n-hutyllithium 
solution and was found t o  be positive. I t  became negative 
a t  the end of a total reaction period of 1 hour. 

The reaction mixture was carbonated and worked up as 
before. The ethereal layer gave 4.9 g. (53.27,) of pure I. 
The aqueous laver was warmed and filtered to yield 0.86 g. 
( S 7 c )  of pure 11'. Acidification of the aqueous filtrate gave a 
small amount of a colorless oil, which did not harden upon 
standing and was discarded. 

Thianthrene-&oxide and mdhylmagnesium iodide. To a 
stirred suspension of 11.6 g. (0.05 mole) of I11 in 100 ml. of 
anhydrons ether a t  -70"  as added, over a period of 15 
minutes, 90 nil. (0.1 mole) of an ethereal solution of methyl- 
magnesium iodide. The mixtiire was stirred at  the low tem- 
perature for 20 hoiirs. 

The siispension K:LS carbonated and worked up as before. 
The ethereal laver Yielded 7.32 g. (63%) of 111 (mixtiire 
m.p ). S o  product was isolated from the aqneous layer 
upon acidification. 

l'hianthrmr-5-oxide and ethylmagnesium bromide. Run I .  
To a stirred suspension of 23 2 g. (0.1 mole) of I11 in 200 

(7) All melting points reported herein are uncorrected. 
Reactions involving organometallic compounds were carried 
out in an atmosphere of dry, oxygen-free nitrogen. 

(8) H. Gilnian, J. A. Beel, C. G. Brannen, M. W. Bullock, 
G. E. Diinn, and I,. S. ltliller, J .  Am. Chem. Soc., 71, 1499 
(1949). 

(9) H. Gilinnn arid ,J. STviss, J .  Am. Chcnz. Soc., 6 2 ,  1847 
(1940). 

ml. of anhydrous ether a t  -70" was added 120 ml. (0.11 
mole) of an ethereal solution of ethylmagnesium bromide, 
and the mixture was stirred a t  the low temperature for a 
period of 20 hours. Carbonation was carried out as usual by 
the jet-wise addition of the suspension to a stirred slnrry of 
Dry Ice and ether. When all the carbon dioxide had evapo- 
rated mater was added and the layers n-ere separated. The 
ethereal layer was evaporated to dryness. The white, crys- 
talline residue weighed 19.4 g. and melted over the range 
140-143". Recrystallization of the crude material from 
methanol gave 17.2 g. of white crystals melting at  143.5- 
144". An admixture of this product with an ailthentic speci- 
men of 111 melted undepressed. The yields of the crude and 
pure 111 recovered were 887,, and 7 4 ' 3 ~  respectively. 

The aqueous layer was warmed to expel the dissolved 
ether, treated with Sorit-A and filtered. The filtrate was 
cooled and acidified with 10% hydrochloric acid. The white 
product which separated n'as filtered, 75-ashed and dried to 
give 2.9 g. of an acidic material which melted with decom- 
position over the range of 150-154'. Recrvstallization from 
a mixture of ethanol and petroleum ether (b.p. 60-70" j gave 
2.32 g. of white crystals melting a t  158-159" with decom- 
position. 

The infrared spectrum showed absorption bands at  5 . 9 5 ~ ~  
9.84p, and 1 3 . 7 6 ~ ~  indicative of the carbonyl group, the 
sulfoxide group and lJ2-substitution, respectively. The acid 
has been tentatively established as 2-ethylsulfinvl-2'-car- 
boxydiphenyl sulfide. 

Found: Seut.  eauiv.. 310. 310: S. 20.85. 
Anal .  Calc'd for ClsH140&: Neut. equiv., 306; S, 20.91. 

, ,  
The yields of 'the crude and pure acid, based on the un- 

recovered 111, were 36% and 29Yc, respectively. 
Run I I .  This run differed from run I only in that 3 equiva- 

lents of ethylmagnesium bromide were used for the reac- 
tion. The reaction mixture was carbonated and worked up 
as before. The ethereal layer gave a total of 17.83 g. (76 8%) 
of 111 (mixture m.p.). The aqueous layer gave 0.8 g. of the 
pure acid, melting at  158-169' v-ith decomposition. The 
yield of the pure acid, baeed on the unrecovered 111, was 
11.2 7,. 

2-Efh ylinercapto-2'-carboxydiphenyl sul$de. A mixture of 
0.8 g. (0.0026 mole) of the 2-ethylsulfiny1-2'-carboxydi- 
phenyl sulfide, 15 ml. of 907, acetic acid, and 2 g. of zinc 
dust wap refluxed for 4 hours. The supernatant, colorless 
solution Tvas filtered into an excess of ivater, and dilute 
hvdrochloric acid was added until the mixture %as dip- 
tinctly acidic (Congo Red). The product which separated 
was filtered, inshed, and dried to yield 0.48 g. (64%) of 
2-ethvlmercapto-2'-carboxydiphenyl sulfide, melting a t  
195-196". Further recrystallization of the whitc product 
from benzene did not raise its melting point. 

Anal. Calc'd for ClsHl40&: Seut.  equiv., 290: S, 22.2. 
Found: X'eut. equiv., 294, 295; S, 22.1. 

Thianthrened-oxide and n-butylmagnesiu?n bronizde. R u n  I .  
To a stirred suspension of 23.2 g. (0.1 mole) of I11 in 100 ml. 
of anhydrous ether at -70" was added 85 ml. (0.1 mole) of 
an ethereal solution of n-bnti lmagnesium bromide. The re- 
siilting mixtwe was stirred a t  the low temperatiire for 16 
hours. A t  the end of this period, the cooling bath was re- 
moved and stirring was continued for l;i more minutes. 
Powdered Dry Ice was added slo~~--lv to the mixtiire. Khen 
all the carbon dioxide had evaporated nater wns added, 
and the layers were Reparated. The residue in the reaction 
flask and the ethereal laver together gave 5 4 g. (23%) of I - 
I11 (mixture m.p.). 

The aaueoiis laver was warmed. treated with Sorit-A, 
filtered, &d acidified with 10% hydrochloric acid. A sticky, 
white material which separated, solidified in a short time 
The product was filtered, washed ivith water, and dried to 
give 11.3 g. of n-hite crystals melting over the range 141- 
144', with decomposition. Recrystallization from aqueous 
methanol gave 6.25 g. (25.4Yc) of the product, tentatively 
established as 2-n-biitylsulfinyl-2'-carbosydiphcnvl sulfide, 
melting a t  149-149.5", with decomposition. 
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The infrared spectrum shomd absorption hands a t  
5.9p,  9 . 5 ~ ~  and 13.2p, indicative of the carbonyl group, the 
sulfoxide group, and 1,2-substit,ution, respectively. 

4naI .  Calc'd for C17H1803S2: Neut. equiv., 334; S, 19.1. 
Found: Neiit. eqiiiv., 336, 336; S, 18.9. 

Run ZI. This riin differed from run I in that 2 equivalents 
of n-butylniagnesium bromide were wed for the reaction. 
At the end of 16 hours the reaction mixture was carbonated 
and worked t i p  as before. Recrystallization of the residue 
in the renct ion flask and the solid obtained from the ethereal 
1:tyer gave :L t~otal of 12.55 g. (54.1y0) of I11 (mixture m.p.). 

The aqueous layer gave, after the usual treatment wit,h 
Sorit-A and acidification, 6.1 g. of the crude 2-n-butyl- 
siilfinyl-2'-carbosydiphenyl sulfide. Recrystallization from 
benzene gave 5.4 g. of the pure product melting a t  149- 
149.5', wit,h decomposition. The yields of the crnde and 
piire acid, based on t,he unrecovered 111, were 407, and 
35.3yc, respectively. 

Run ZZZ. 'This run differed from riin I in that 3 equivalents 
of n-hutylniagnesinm bromide m-ere used for the reaction, 
and that the reaction period was 6 hours only. The mixture 
was carbonated and worked up as before. The residue in 
the reaction flask, and the solid obtained from the ethereal 
layer together gave, after recryst,allization from methanol, 
a total of 15.03 g. (64.87;) of 111 (mixtiire m.p.). The 
aqueous la!w yielded, aft,er treatment Tvith ATorit--4 and 
:Lcidificatiors, 1.2 g. (10.3%, based on the unrecovered 111) 
of the piire 2-n-i)iitylsiilfinyl-2'-carboxydiphenyl sulfide, 
melting at 149-149.5". 

nun, ZV. To :L stirred suspension of 46.4 g. (0.2 mole) of 
111 in 300 nil. of anhydroiis ether a t  -70" was added, over 
a period of 15 minutes, 90 ml. (0.22 mole) of n-hutylmag- 
nesium bromide solution. The resulting mixture was stirred 
a t  t>he loiv tc.mperatiire for a period of 48 hours. Carbonat,ion 
was effected by the jet-\vise :iddit,ion of the cold siispension 
to a stirred sdwry of Dry Ire and ether. The reaction mixture 
\\-as siibseqiiently worked lip as before. Recrystallization 
of the residue in the reaction flask and the solid obtained 
from the ethereal layer gave a total of 31.64 g. (68.2y0) of 
I11 (mixture m.p.). 

The aqueous layer yielded 9.0 g. (42.4%) of the crude 
and i.4 g. (34.8%) of the piire 2-n-biitylsiilfinyl-2'-rarhoxy- 
diphenyl sulfide, melting at 149-140.5". The yields are hased 
on the unrecovered 111. 

Run 8. To a stirred suspension of 34.8 g. (0.15 mole) of 
I11 in 150 ml. of anhydrous ether a t  - io"  was addcd, over 
a period of 15 miniites, 108 ml. (0.15 mole) of n-buty1ma.g- 
nesium bromide solution. The reaction mixture  vas stirred 
a t  the low temperature for 16 hours. The cooling bath was 
subsequently removed and the olive-green snsprnsion was 
allowed to warm iip diiring a prriod of 1 hoiir. 

Powdered Dry Ice \ ~ B S  added carefully to the reaction 
flask. When a11 the c:trbon dioxide had evaporated, lvatcr 
was added and the mixtiire \vas worked lip as before. The 
recovered I11 weighed 20.8 g. (50.8Tc). The aqiieoiin layer 
gave 11.0 g. of the crude acid melting over the range 142- 

1liz:ttion from 9Oy0 acaetic acid gave 10.01 g. 
of the pure acid. The j-ields of the criide and  pure 2-n-butyl- 
sulfinpl-2'-cnrboxydiphenyl siilfide, based on unrecovered 
thianthrene-5-oxide,  ere 54.77, and c50C;;, respertively. 

~-n-But~lniercupto-2 ' -cnrbor! /r l ip~en~~l  s i i l j ?dp .  To a hot 
solut,ion of 10.01 g. (0.0302 mole) of 2-7i-hutyls~ilfin~l-2'- 
carboxydiphenyl siilfitie in 90 nil. of 90y0 acetic acid was 
added 6 g. clf zinc diist, and the resiilting mixture  vas re- 
fluxed for a period of 4 hours. The clear, colorless solution 
was decanted into an excess of water. The zinc himps in 
the reaction flask ivere washed with acetic acid, and the 
washings mere a d d d  to the ahove solution, which T T ~ R  sith- 
sequent,ly m d e  acidic (Congo Red) with 10yO hydrochloric 
acid. The mixtiire was filtered and the residue Tvas washed 
with water :tnd dried t,o give 8.6 g. (91.3%) of the pure 
product, meiting at  137-138". If the temperatiirc of t'he 
melting-pin t bath was :~llo\vctl to rise very slowly the 
product meltad at  142'. 

The infrared spectrum of the product shoved absorption 
hands at  6.05, and 13.4p, indicative of the cnrbonl-1 groiip 
and l,2-substitutionJ respectively. 

Anal. Calc'd for C17Hl6OZS2: Nent. equiv., 318; 8, 20.1. 
Found: Keut. equiv., 321, 322; S, 20.1, 20.4. 

d-n-Butylsiilfonul-Z'-carboxydzphenyl suljone. To a hot 
solution of 3.34 g. (0 01 mole) of 2-n-butvIsulfin?1-2'- 
carboxydiphenyl sulfide in 15 ml. of glacial acetic acid mas 
added a solution of 18 g. of hydrogen peroxide (30C;) in 10 
ml of glacial acetic acid. The resulting solution \vas re- 
fluxed for 2 hours. S o  crybtals eeparated after keeping the 
solution in a refrigerato1 for 48 hours The \ohition was 
dihited to approsimatelv 100 ml. ni th  mater A \\bite, 
stichr. product separated which hardened in a short time. 
The product was hltered and dried to give 3.48 g. (9lC:) of 
the pure 2-n-hutyleulfony1-2'-carbo.igdiphen11 sulfone, 
melting a t  159.5-160.5", with decomposition. 

The infrared spectrnm shomyed absorption Iiands at  5.9p, 
8 7 p ,  and 13.1fi, indicative of the carbonyl group, the sul- 
fone group and 1,2-substitiition, respertiveli-. The hand in- 
dicative of the sulfoxide groiip in the 2-n-but! l d f i n >  1-2'- 
earboxvdiphen) 1 enlfide had disappeared 

Anal. Calc'd for C,;H,,O&: Seut .  eqiiir , 382; S, 16 75. 
Found: Kent. eqiiiv., 380, 3i9;  S, 16.38, 16 62. 

X e t h  yllzthzzrni. LIeth) 1 bromide vapor rrnq biihhleti 
through a stirred suspension of 8.1 g. (1.17 g.-atoms) of 
lithium mire, cut into approximateh- 5-mm. pieces. The 
lithium dissolved diiring a period of 4 hour'. After stirring 
for an additional period of 30 minutes the sollition was 
transferred to a graduated separatory funnel The vield, a4 

determined bv titration against standard hvdl ocliloric acid, 
was 80%. 

Yhmnthrene-5-oxzde and niethyllzthzunz. Run I .  To a 
stirred suspension of 23 2 g. (0.1 mole) of I11 in 150 ml. of 
anhvdroiis ether a t  -70' was added, over a period of 10 
minutes, 93 ml. (0.11 mole) of the methyllithium yolution. 
After an additional period of 5 minutes the mixture mas 
carbonated bi- adding it slowly to a stirred slurry of Dry Ice 
and ether. When all the carbon dioxide had evaporated the 
mixtwe was filtered. The ethereal lave1 n-aq concentrated 
and vooled. The iyhite product M hirh separatcid was filtered 
and dried to vield a total of i . 7  g of crude 111, melting over 
the range 124-127". T n  o recnrstallizations from methanol 
gave 4.0 g. (21.175) of piire 111 (mixture m p ). 

The aqueous layer was warmed to expel the dissolved 
ether. A white product R hich separated ~ i a '  filtered and 
recrgetalli7ed from methanol to rield 1.50 g. (7yG) oi 117, 
identified by its mixture melting point. 

The mother liquor from the recrystallization of crude I11 
gave an additional 1.1 g. of IT'. The total vield of thianthrene 
ohtained from the reaction was 2.i1 g. (12. 

The aqueous filtrate vas  cooled and a 
hydrochloric acid No acidic material mas isolated. 

Rim ZI.  This run was identical vi th  run I except that  a 
period of 16 hours was allon-ed for the reaction The mixture 
\vas carbonated and worked up as before. The ~ i e l d  of the 
recovered I11 \vas 10.6 g. (46YC) and that of IT- was 4.5 g. 
(21Y6). No acidic product was isolated from the aqueous 
lax er after acidification. 

Rztn ZIZ. To a stirred suspension of 11 6 g. (0 05 mole) of 
I11 in 100 ml. of anhydrous ether was added, over a period 
of 30 minutes, 180 ml. (0.15 mole) of the methvllithium 
solution. The addition was carried out at room temperature 
and the mixture was subsequently stirred for a period of 16 
hours. The sulfoxide had not dissolved after two cquivalents 
of methvllithium had been added, and a partial solution R as 
effected onlv after the addition of the third equivalent had 
heen completed. An orange-brovin color developed slom-ly 
in the mixture which waq carbonated and worked up as be- 
fore No thianthrene-5-oxide was recovered in this run. 

The total yield of pure IT- ,  olhined from the recrystalli- 
zation of the residue in the reaction flask, the product irom 
the evaporation of the ethereal layer, and the m:iteri:d whirl1 



had separated upon warming the aqueous layer, was 6.5 g. 

The aqueous filtrate was cooled and acidified with 1Oyo 
hydrochloric acid to yield 0.19 g. of a brown powder melting 
over the range 205-215 '. Recrystallization from glacial ace- 
tic acid gave 0.14 g. (1%) of pure 1-thianthrenecarboxylic 
acid. The identity of the product was established b s  corn- 
parison of the infrared spectrum and mixture melting point 
determination with an authentic specimen.lo 
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