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INTRODUCTION

Thianthrene {I) was first prepared by Stenhousel in the
year 1869 by distilling thiophenol from a copper retort.
Several other workers prepared the compound by different re-
actlions in the following twenty yaars,a"é but its structure
was established for the first time 1in the year 188§ﬁ7 The
name thienthrens was given to the compound in 1896 from its
structural aenalogy with antbraeama.g The other name commonly
used for thlanthrene is dliphenylene disulfide.

Since then & large number of derivatives of thianthrene
have been made, but in splte of the considerable smount of
work done in this field, the chemlcal knowledge of thlanthrene,
at present, is fragmentary. The Investligations described in
thls thesls were undertaken with & wvlew to collect, systematize

and extend the knowledge of the syntheses and orientation in

17, stenhouse, Ann., 149, 252 (1869).
C. Graebe, Ber., 7, 50 (187l).

3¢. craebe, Ann., 179, 180 (1875).

&E' B, Schmidt, Ber., 11, 1173 (1878).

56. Friedel and J. M. Crafts, Ann. ¢him. phys., 1, 530

6¢. Friedel and J. M. Crafts, Ann. chim. phys., Ll, L33
(1888).

TP, Jagobson and E. Ney, Ber., 22, 9ol (1889).
F, Kraft and R. E. Lyons, Ber., 29, 435 (1896).




the thianthrene system.
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Thianthrene and its derivatives have been uaed in the
preparation of vat dyes, disinfectants, insscticides, anti-
oxidants and plastlelgers. In contrast to dibenzothiophense,
dibenzo-p~dioxin and phenoxathlin, thianthrene has the addi-
tional, interesting mspect of being non-planar, which adds to
the possibility of stereolsomerism., Further, the presence of
the two sulfur atoms in thianthrene greatly increases the
posalbility of making & laerge number of derivatives by oxida~
tion to the sulfoxide, disulfoxide, monosulfone, sulfone«
sulfoxide and disulfone. The meta~directing influence of the
sulfoxide or sulfone group toward electrophllie attack 18 in
contrast to the ortho-, and para-directing influence of the
sulfide group. The poaslibllity of preparing selected deriva-
tives by dlirect substitution lg, therefore, increased by the
presence of these groups in the thlanthrene molecgule.

The numbering ay&tamv(lg) employed in this thesils 1is thsat

recommended by ?aﬁt@rsang, and which i1s used by the current

gA. M., Patterson and L. T. Capell, "The Ring Index",
Reinhold Publishing Corporation, New York, N, Y., 1940, p. 262.



Chemical Abstracts. The other numbering system wldely used
is (Ib).

The numbering of all thlanthrene compounds has been
adjusted to conform to the style (Ia) where necessary. The
oxidatlion products of thiasnthrene compounds, which are often
deseribed in the literature ms sulfoxide, diaulfmxi&a; mono«-
sulfone, sulfoxide-aulfone and disulfone have been described
in the following pages as ~5~oxlde, -5,l0~dloxide, ~5-dloxide,
-5,5,10=trioxide and «5,10«tetraocxide, respectively.



Iy

HISTORICAL

Thianthrene was used for the [irst time in this labora-
tory in a comparative study on the orilentatlon influence of
the hetero atoms, oxygen and sulfur, in metalatlion reaation&.lg
Later work on thianthrene was restricted to the preparation
of & few derivatives. t~ it

Although detailed informetion about the chemistry of

104, ciiman and C. 6. Stuckwisch, ds Am. Chem. 50¢C.,

65, 1461 (1943).

ll&, A. Martin, Jr., Unpublished Ph.D, Thesls, Iowa
State Collepe Library, 19L5.

a }{iza. A. ¥artin, Jr., Iowa State Coll. J. Sel., 21, 38
QL) e

13D. L« Bsmay, Unpublished Ph. Ds. Thesis, Iows State
College Library, 1951.

q 1y, Gilmen and D. L. Esmay, J. Am. Chem. Soc., 76,
5787 (195lL). D
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13 » 15”20
the sulfur~containing hsterocycles, dibenzothiophene,

phenoxathiinal 2226

and phenothiszine can be obtalned from
gseveral works, no attempt has besn made to compile and
systematlize the available knowledge of thianthrene.

The historlcsl sectlion of this thesis ineludes the known

153, aAvakian, Unpublished Ph. D. Thesis, Iowa State
College Libreary, 19LL.

163, K. Ingham, Unpublished Ph. D. Thesis, Iowa State
College Library, 1952.

17A¢ L. Jacoby, Unpublished Ph. D. Thesls, Iowa State
College Library, 1938.

187, F. Nobls, Unpublished Ph, D. Thesis, Iowa State
College Library, 1948.

19p. K. Pukushime in R. C. Elderfleld, "Heterocyelic
Compounds™, John Wiley and Sons, Inc., New York, N. Y., 1950,
Vol, t?.; Pe lél‘."‘l?gvl

201, D. Hertough snd L. S, Melsel, "The Chemlstry of
Heterocecyelice Compounds", "Compounda with Condensed Thiophene
Ringag, %ﬁtaraci&nca Puolishers, Inc., New York, N. Y., 1954
P 2‘? e 2&

26, L. Deasy, Chem. Revs., 32, 173 (1943).

22J¢ Fis Champalgne, Unpublished lMaster's Thesis, Iowa
State College Library, 1952.

233. We Diehl, Unpublished Master's Thesis, Iowa 3tate
College Library, 1953.

Zhs. P, Massle, Chem., Hevs., 5&, 797 (195l).

853‘ D. Nelson, Unpublished Ph., D. Thesls, Iowa State
College Library, 1951,

26D¢ Ae Shirley, Unpublished Ph. D. Thesis, Iowa State
College Library, 1943.
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methmas for the preparation of, and the pgeneral r&éctiona of
thianthrene and 1ts derivatives. References on thlanthrene
itself are listed separately in a bibliography at the end of
the hilstorical section, The known derivaetives of thlanthrene
have besn grouped in tables I~VII, The literature has been
covered completely through the year 1953, and as completely as
possible through May, 1955.

Steric Factors
The non-planar character of the thianthrene molecule,

27

firast gshown by Bergmann and Tschudnowsky ' from the dipole~
moment determinetion, makes i1ts chemistry interesting and
somewhst compllcated. The reportéd values for its dipole
moment range from 1.hLl ~ 1‘57D,27m3$ which are all too high
for & planar molecule. Crystallographic studles have con-
firmed the folded structure of thianthrene, and the angle of

the fold hasa been determined as about 1&00.31 Furthsr, in

27E~ Bergmann and M. Tschudnowsky, Ber., 635, 57 {1932).
28
(1934).

zglc'ﬁa 1N C&mpball, Co G Lﬁ?évrﬁy He Je W LsFéVre and
E. E. Turner, J. Chem. Soc., LOi (1938).

G, M. Bennett and S, Glasstons, J. Chem. Soc., 128

, »;>°w,. S. Walls and G. P, Smyth, J. Chem. Physies, 1, 337
1933).

( h ?lﬁw G, Wood and J. H. Gr&@gstﬁﬁg Phil. M&geg 2&; 68
i941). \ »




agreement with the rule that "analogously constituted dsriva-
tives of elements of simllar type form solld solutlons, pro-
vided that thelr spatlel structures are also alike", thian-
threnes forms solid solubtions with the other non-planar
heterocycles, phenothlszine and selenasnthrene, bubt forms only
sutectic mixtures with the planar heterocycles, phenoxszine
32,33

and dibengo-p-dioxin,’ The molecule has an axls of

symmetry through the two sulfur atoms . 27730:3k
In view of the folded structure of the molecule 1t may

be expected that & single substltuent on one of the two rings

of thianthrens would destroy the symmetry of the molecule,

giving rige to optical isomerism. However, attempts to re-

solve 2-thianthrenscarboxylic acist and 2~aminothianthrsna35’36

have proved unsuccessful., From this Keats has concluded that

the thianthrene mplacula oseillates so rapidly through a mean

planar position that 1t virtually possesses a plane of

32&. M. Cullinane and W. T. Rees, Trana. Faraday S50¢.,
;3___: 507 (1gl§~0)

33
No. M. Cullinene and C. A, J« Plummer, J. Chem. SocC.,

63 (1938).

man Prasad, J. Shanker and B. H. Peermohamed, J. Indlen
Chem. Soc., ll, 177 €1937).

35G, M, Bennett, M. S. Lesslie and E. E. Turner, J. Chem.
Soe., hhh (1937).

306G, H. Keats, ibid., 1592 (1937).
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symmatry;Bé The valence sngle of the sulfur atoms has been
shown to be about llQG,BT while in & planar form the angle
would be 120°, The energy reguired for the conversion from
a non=planar to & planar form would be only sbout 7000 celo-
ries. It is, therefore, very essy for the thianthrene mole=
cule to assume the planaf form., Optical mctivity 1s observable
only when the heat of racemization is more than 20,000 calo=-
ries per mola*36
The net effect of the oscllletlion, and therefore only &
glight resultant deviation from planarity, accounts for the
fact thet the dlpole moment of 2,7~dichlorothianthrens,
1.37 D, 18 not much different from that of thlanthrene, aince
the two C~Cl moments would cancel each other more or less
comp&@tsly,38
Thianthrene and a number of its derivetives give two
lsomeriec disulfoxides. The higheremelting disulfoxide is
designated as the (- and the other, the [3- form, The two

forms of thianthrene-5,10-dioxide melt at 284° and 2,49°,

37L. Be Sutton and G. €. Hampson, Trans. Feraday 350C.,

31, 9h5 (1935).

383‘ Bergmann and A. Welzmann, Chemistry & Industry,
36 (1938).
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rasgaetively.27’3g”h3 A third reported form, m.pP., ngo,g’ha
has been shown by Fries and Vagtkl to be an equimolecular
mixture of the (- and the [>- form. It has been found that
in the preparation of one form, the other 13 always present,
and that the f- form 1s more than three times as soluble as
the K- favm;Bg Bergmann and Taahu&nawaky27 determined the
dipole moments of the two forms, and found the values &g 1,7 D
for the o{-, and 4.2 D for the [-form. These muthors con=
cluded from this that the (- has & trans, and the p- has a
cis configuration. However, ?aylmth has shown that in view
of the folded structure of the molecule, the ¢is form is mors
symmetrlcal than the trans form., He has, therefore, assigned
the cis structure to the o~ form, aud the trans, to the other.
The two forms of the disulfoxides have been prepared for
2, 7=dichlorothianthrene«5,10«dloxide, 2,7~dimethoxythianthrens-
5,10-dioxide and 2,7~dimﬁ%hylthianthrenam5,lﬂwdioxida.39

BQH“ Baw, C. M, Bennett and P. Dearns, J. Chem. Soc.,

680 ,(193L).

h03~ RBoeseken and A. T. H. Van der Meulen, Hec. trav.

chim., 55, 925 (1936).
ulﬁ‘.v Fries and W. Vogt, mm, %’ 756 (1911)5

320. Hinsberg, J. prakt. Chemie, 23, 302 (1916).
hBT‘ W. J. Taylor, J. Chem. Soe., 625 (1935).
MJ& Je« Bs Deuss, Rec. trav. Ghm«; 2 s 1&5 (1908);
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trans

Condensation Resctlons

Condensations in the presence of anhydrous sluminum chloride

The use of anhydrous aluminum chloride as a catalyst in

various organlc reactions has been sdequately reviewed elsew

L5

where.,

discussed here.

Only those reactions of immedlate interest will be

Thianthrene has been prepared by condensing benzene and

6:h2:h6”43

sulfur,

L5

benzene and sulfur monochloride,

5:&03u9”51

C. A+ Thomes, "Anhydrous Aluminum Chloride in Organic

Chemistry", Reinhold Publishing Corporstion, New York, N. Y.,

1941,

16

I. Boeseken, Rec. trav. chim., 2L, 209 (1905).

u7?. Genvresse, Buli.

soc. chim. France, 15, 1038 (1896).

AQG. Dougherty and P.
117 (1935).

hg?. Genvregse, Bull.

D. Hemmond, J. Am. Chem. 3oc., 57,

goc. chim. France, 15, 1,09 (1896).

50k, Fleischer and J.

Stemmer, Ann., 22, 265 (1921).

51%; W. Hartman, L. A, Smith and J. B. Dickey, Ind. Eng.

Chem., 2L, 1317 (1932).
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henzene and sulfur dichlaride,S’ga diphaﬁyl saulfide 53,55 and
thiophan@l,ha ualng anhydrous aluminum chloride as the cabalyst
in esch case. The preparstlion from benzene and sulfur mono=-
chloride has been particularly recommended by Flelscher and
&tammer50 who obtazined thianthrene from the reaction in 66.5%
yield. Martin found that, for some unexplained reason, the
ylelds ranged from 35*6@%,13 while Shirlay has reported the
yields as 25‘30%‘5% The main by-products of the reaction are
thiophenol, dlphenyl sulfide and dlphenyl disulfllde.
Dougherty and Hammond have worked out condlblons favorable
for the formation of either thlanthrene or diphenyl sulfide
a3 the main product of the reaction between benzene and sul~
fur in the presence of the cataly&t;hﬁ

The methods involving the use of gulfur monochloride or
sulfur dichloride have been extended to prepare some disub-
stituted thianthrene derivetives of unknown structures from
ahlarmben%ane,ga ﬁitrobenﬁanaag and toluanﬂ.ug’gg

Some other catalysts such as aal@nium,g zineu and alumlnum

52g, Fries and W. Vogt, Ann., 381, 312 (1911).

533. J« By Deuss, Rec. trav, chim., g@, 136 (1909).

5kﬁ* A, Shirley, “Preparation of Organic Intermediates",
John Wiley and Sons, Inec., New York, N. Y., 1951, p. 276.

5Sﬁ‘ E.

Turner and A. B, 3hepperd, J. Chem. Sce., 127,
shly (1925).
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amalgamgé’g? have been used with sulfur and sulfur mono-
chloride in the preparabtion of thianthrene. The aluminum
amalgam had been used Iirst by Cohen and Skirrawgé in the
condensation of benzene, and toluene with sulfiur monochloride
to yield thlanthrene, and dimenthylthlanthrene, respectlively.
The Iinterest in this catalyst was revived by Ray, who used it
In devising a gensral method for the preparation of dl- and
tetrasubstituted derivatives of thiamthrene'g? The method

has been successafully used in the condensation of acetanlllde,
acetylbenzene, benzoyl chloride, chlorobenzene, o~chlorotoluene,
p~chlorotoluene, diphenylmethane and m@thaxylbanzame,ss and
with 2-hydroxytoluene and gwxylanegg to yield the corresponding
di- and tetrasubstituted thlanthrenes. In most cases the

structures of the derivatives remsin unestablished.
Thianthrene can undergo the Friedel-Crafts resction with

acetyl chlariée,éa chloroacetyl chloriéa,ée dlethylmalonyl
chloride50 and phthallie anhydridaéa to glve 2,7-discetyl-
thianthrene, 2,7~§§§(]chhloraacatyl)thianthrene, 2y2=dlethyl-
thianthrenindan~l,3~dione (50% yield), and thianthrenew

567, B. Cohen and F. W, 8kirrow, ibid., 75, 887 (1899).
577, §. Ray, ibid., 117, 1335 (1920).

585, W. Ray, ibid., 119, 1962 (1921).

59M. sen and J. N. Ray, ibid., 1139 (1926).

*%, Tomita, ge Eharm, Soc. Japan, 517 (in German
139) (1930) Le d.s BTt g 22 :

61R¢ Scholl and Chr. Seer, Ber., lh, 1233 (1911).
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diphthaloylic acid ()79 vield), respectively. The last men-
tioned compound is interesting in that it can give, through
ring closure, a polynuclear heterocycle with a thianthrene
sk@l&tﬂﬁ.él Y -0Oxo-2-thianthrenebutyric acld, obtained from
the condensation of thilanthrene with succinic anhydride in
the presence »f anhydrous aluminum e¢hloride, has been found
to be effective as a ahgleratiaﬁéla
Dimethylthlanthrene also reacts with phthallic anhydride
in the presence of alumlinum chloride to give 2,7~dimethyl-

thianthrene=3,8«diphthaloylic acid in 73% Yielé.él

¥iscellaneous Methods of Syntheses

Reaction between phenol and phosphorus pentasulfide

Some early methods for the preparsation of thianthrene
employed phenol and phosphorus penﬁasﬁlfide.zﬁg A mixture
of the two reagents was dlstilled to give thiophenol, diphenyl
gulfide, diphenyl disulfide and thianthrene. The usefulness
of the method cannot be evaluasted from the references, and
no attempt to extend the method to substitutasd phenols has
been reported.

Thermal decomposition of benszothledlazoles

An interesting method of more general spplication em-

ployes & benzothladiazole, which, upon heating, loses nitrogen

7,62

and forms thiasnthrene. The startling meterisl 1s obtalned

blay, s, Patent 2,480,220 [C. A., Lk, 1142 (1950)7 .
62p, Jacobson and E. Ney, Ann., 277, 232 (1893).
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from an ortho~aminothlophencl by the action of nitrous scid.

AN
S/N he.cd; D + Nl
S

Thianthrena,éa 2,7~dimabhaxythi&ﬂthrane,63 2y T=dimethyl-

62 and 1,3,6,8»t&tﬁ&m&thylthiaﬂthrsna?’62 have

thilanthrene ' *
been prepared by this method.

Action of sulfurie scid on thiophenols

Sulfuric acld resets with a thiophenol to yield a thian=
threne derivative and sulfur dloxlide. The method was [irst

bl

tives in 10-20% yieéld by treating thiophenol, p-thiocresol,

introduced by Friles and Vagt who obtalned thianthrene derivaw
Pwthionaphthnl, and 2,=dichloro~3~hydroxythiophenol with
fuming sulfuric scids Later workers have successfully employed
the method wibh;gchl@rethimphanml,Bg 3,hndimﬁthexyhhiephancl,65
uwmethaxythiophanclﬁéé and Ewtbigcreaolﬁéﬁ In the case of
p~chlorothlophenol and p-thiocresol the ylelds were as high

as 50%.

éBK‘ Fries and E. Engelbertz, Ann., 407, 194 (1915).

Olig, Fries and w. volk, Ber., L2, 1170 (1909).

GEK* Fries, H. Koch and H. Stukenbrock, Ann., 468, 162
(1929)

éé?a Rumpf, Bull. soc. chim. France, 7, 632 (1940).
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The main advantage of the reaction is that it lesaves no
doubt as to the structure of the thilanthrene derivative
obtained.

Litharge has been used In the reaction in the place of
sulfurle ascld, but the yleld of thianthrene was very amall,67

Krishne's method

All of the foregoing methods glve thianthrene derilvatives
with an even number of substituents, A method devised by
Krishna ylelds thlanthrene compounds wlith one or more sube

68 The intermediate used in the ﬁynthéaia is

stituents.
2~¢hloro-5=nltrobenzenssulfiniec acld which is first condensed
with & thiophenol by refluxing the agueous solution of the
sodium salts of the two f@agéﬂta Tfor about twenty minutes.
The resulting disulfide undergoes ring closure when it is
treated with sulfuric acid for 30 minutaa.69 The resulting
sulfoxide 1s reduced lmmedistely to the thiasnthrene deriva-
tive during the reaction. In some cases the ring closure

69

and reduction takes plasce in 3 hours.

6
7V« N, ¥, Cullinane and H., J. H, Pﬁ(ﬁfiﬁl&g gﬁ Cheme g@@t,

13L (1935).

685, Krishne, J. Chem. Soc., 123, 156 (1923).

693, Krishna, ibld., 123, 2786 (1923).
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7~ -NO
< CeHsSH @ M‘ty /Ij v
oN SO M ON 50,4 s

The starting materiesl ls obbtalned from 2-chloro-S-unitro-

benzene-sulfoniec acld whieh is converted to the sulfonyl
chloride by treatment with phosphorus pentachloride. The
sulfonylchloride is reduced to the sulfinic acld by the
action of sodium sulfite.

The method has & very general application and has bsen
successfully used in the syntheses of 2« nltro-3-ascetamldow
thianthrene,és 2~nitra»8~chlarothianthreﬂe,69 2=nitro=6H,9«=
dichlarathiamthvem@,ég 2»nitr0~7,3~dim&thoxythiamt&ren®,6@
E-nitroué,ﬂudimathyl%hianthraﬂe,&5’69 2~nltro=b-methoxy-9=
methylthianthren369 and Z2-nitrothianthrene-7 (Oryg)mcabboxylie
acid.ég The nitro group can be reduced to the amlno group
which can be subsequently eliminated by dlazotization and
treatment with absolute eth&nolaég

An interestlng mebthod for the preparation of thisnthrene

consists in heating tetraohenyltin with sulfur at 190° for 8

nours. '’ The yield of thianthrene is only about 20%, but

703. W. Bost and P. Borgstrom, J. Am. Chem. Soc., 51,
1922 (1929). T
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tetra~p«totyltin, under similar treatment, glves an 80% yield
of 2,7-dimethylthianthrene. -

Macallum has reported a synthesls which gilves a high
yield of thisnthrene, and which also confirma the constitution

Tla,b o cture of g¢-dichlorobenzene,

of the heterocycle.
calelum sulfide and sulfur ls heated in & sealed glass tube,
under vacuum, at sbout 30@0 for 20 hoursa. The reaction gave

a2 75% yleld of thianthrene.

Oxidation Reactlons
The presence of the two sulfur atoms in thlanthrene gilves,
upon oxidation under suitable conditions, thilanthrene-5~oxide,
thianthrene~5«~dioxide, thlanthrene-5,10~dioxlide, thianthrene~
5,5,10~trioxide and thianthrene-5,l0-tetreoxide., Since
thisnthrene-5,10~diloxide exists in two stereoisomeric forms,
a total of six oxidation products can be obtained from sach

gubstitutlion product of thianthrene.
Chlarinaz?’Bg“kl’és chromic aaiﬁ»B’é’ll’39’ug’58’68’72

"R, w. Bost and ©. R. Baker, ibid., 55, 1112 (1933).

?1&A. D. Macaellum, J. Org. Chem., 13, 154 (1948).

Tlby, 5. Patent 2,538,941 [C. A., L5, 5193 (1951)7 .

"2y, v, Kozlov, E. P. Fruktova and 0., M. Shemyakina,
J. Gen. Chem, (U. S. S. R.), 10, 1077 (1940) [ Original
not” available for exeminationj abstracted in C. A., 35,

11028 (1941) 7.
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p e - Y
1l§l£’39:J6160963 653?3 ?6P&Q$tiﬁ &ﬂia,hg

hydrogen peroxide,
potagsium parmamganataua’ég and nitrie aeida?,&O,hA,u9,53,Eé,
58-60,63-65,69,738 1446 811 been ugsed in the oxidation of
thianthrene and 1ts derivetives. From & comperison of the
different methods it appears that some of these oxidants are
reagents of cholece In the preparation of a particular oxide,.
Thus, nitriec acid {sp. gr., 1.2), chlorine, and hydrogen
peroxide (30%) mre excellent reagents for the preparation of
the S~oxides, the 5,l0~dioxides (KX~form), and the 5,10=
tetraoxides, respectively. Chromlic acid has been used, almost
exclusively, for the preparation of the 5,10«tetraoxides.

In the preparation of the 5,10~dloxides it has been
found that oxidatlon with most chlorine gives the ({~lorm
in good yields,2’ while prolonged boiling with nitric acid
(sp. gr., 1,2) ylelds the [5~farm in moderate yi@lda.&e

The action of chlorine on a thilanthrenes derivative in
hot, aqueous acetiec acid glves the 5;5;1G*t?19Xiﬁ6&6§ A
similar method has been reported for the prepsration of thian-
threnewﬁnﬁicxida,sg but later workers found the method to be

unsuﬁsaasrul«hg

738. Kambara, K. Qkita and C., ¥Muto, J. Boc. Rubber Ind.
Japan, 21, 158 (1948) [ ﬂri inal not available for examination;
abstracted in C. A., I3, 5622 (194 9k

738y, Tomita and T. Ikeda, J, Pharm. &ac¢ Japan, 58, 780
(in German 231) (1938) [C. A., 33, 2526 (1939)A
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Peracetic ae¢id has been used in the preparstion of thiane
threne-5«oxide and the two forms of thianthrene~5,10-dioxids,
but lts use was not found to be advantagaeus.ha

By using calculated gquantities of hydrogen peroxide (30%)
to give 1, 2, 3 or more gram atoms of oxygen, Swoxides,39’63’
65,73¢ 10-atoxides,3? S-dloxide,3? 5,5,10-trioxide,3? and

11, 12,50,63-65,73 have been prepared. Both

5,10-tetraoxides
hydrogen peroxide and chromic acid give excellent yilelds of
the 5,10-tetraoxides.

The S~dioxldes can be convenlently prepared from the

5,5,10-trioxides by reduction with zinc and acetic acid,39’52

2,6
52,05 The 5,5,10-~trioxides are easily

or hydrogen bromlde.
prepared by the oxldation of the 5,10-dioxldes with nitric
acid (sp. gr., 1‘k3,52

The 5~-dioxides and 5,1l0«tetraoxides are not reduced
with zine-scetie acld mixture, hydrogen bromlde or hydrilodic
aclds The reported reduction of the tetramxi&g with 3ulfur8
may actually involve displacement rather than reduction since
a similar treatment with selenium results In the formation of
salenanthren@.?sb

The oxidizing action of nitric acid dspends upon the gone

centration, and the temperature and time of the reachtlion,

Thus, the S~oxldes are best prepared by refluxing & solution

73bp, Krafft and A. Kaschau, Ber., 29, 43 (1896).
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of the thianthrene in glaclal acetlic acid wlth nitric acid

(sp. gr., 1.2) for about an h@ur.ho’§2’63ﬁés’é9 The yields

are very good. Concentrated nitric scid (sp. gr., 1.4} has

been succesafully used in the preparsation of the 5,10-dioxides,

63,65 S,S,lo~trioxid0352’65 and S,lOmtatracxidas.58*60’69

Fuming nitrie acid (sp. gr., 1.52) oxlidizes the thianthrene
}4(}:56 3‘65369

to the tetrsasoxides although the reaction cen be
arrested at the stage of the S,lO»dioxidawug
It 1s interesting to note that nitretion of thlanthrene
has not been successful, If the heterocycle ls dissolved in
fuming nitric sclid and the solution evaporsted to dryness, a
quantitative yleld of thianthrene-5,10~tetraoxide is abtain@&.sé
The actlon of & mixture of sulfuric and niltric acids does not
proceed beyond oxidation to the tatraaxiéa,A? Even where a
numbsr of activating mﬁthy156,55,59,6h,65 or mathoxy63'65
groups are present the treatment with nitric acld proceeds in

the same manner as the parent substance, thianthrene.

Sulfonation Reactlons
Thianthrene has been sulfonated with sulfuric acid,SS’Yh
49,53,7h o

fuming sulfurie acld and chlorosulfonie acid
vield mono- and digsubstitution products of unldentifled
atructures. The sodlium sslt of a monosulfonle acid obtained

by the actlon of sulfuric acid on dimethylthianthrene has s

Thy, 5. patent 1,589,390 [Chem. Zentr., 98 I, 360 (1927)/.
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strong antiphloglstic &ction.Ybr

Thianthrene-5,10~tetraoxide, wihilch 1s extremely unreactive
toward electrophllic reagents, has been sulfonated by heating
it with 624 fuming sulfuric acid in a sealed tube at 140° for

2 hours, The yleld of the thiasnthrene-Z-szulfonlic acld

5,10-tetraoxide was 5g%‘72

Halogenation Reactlons

Chilorinatlion

Direct action of ¢hlorine on thianthrene in benzene at
room temperature forms a dithionium chloride, which, on sube
sequent hydrolysls gives the {~form of thlanthrene-5,10-
ﬁioxide.gg However, by usling chloroform as the solvent,

Fries and Vogt obtained Z2~chlorothianthrene, in an excellent
yleld, by the action one molar equlvalent of chlorine on
thianthrene‘EE The same authors also obtained 2,8«dichloro=
thianthrene, m.p., 171°%, by using two molar equivalents of
chlorine Iin the above reaction, and also by the action of
anhydrous aluminum chloride on chlorobenzene and aulfur.sz
Later workers,Bg however, failed to obtain any 2,8«dichloro=-
thilanthrene but obtalned, instead, the 2,7-«dichlorothianthrene,
mepes 186%, from the Friledel-Crafts type resction. The
gtructure of thils isomer was established by its asyntheslis from

p=chlorothiophenol and sulfuriec acid.
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1,6-Dichlorothianthrene héa been praparad75 by a slight
modification of the method of Jacobson and Nay,7 as a by~
product in the preparation of L~chlorothioindoxyl. The
prool of the structure was not gilven.

Treatment of the potmssium salt of 2«thianthrenesulfonic
acld 5,10-tetraoxide with phosphorus pentachloride results
in the displacement of the sulfonic group by chlorine. The
resulting product, 2~chlorothisnthrene~5,l0-tetraoxide, is
obtained in 78% yiald.72

Reductlive naelogenation

The term reductive halogenation hes been applied to
the reaction in which a hydrohalle acid reacts with a
heteroeyclie sulfoxide to yleld the halogenated hetero-

cyclaa76

The reaction 1s usually very good with hydro-
chloric acid, 2«Chlorothianthrene has been prepared in
an excellent yleld by this method from thisnthrene-5S-oxide
and hydrogen chlorlde using gleclal acetic scid as the sol«

52 It can be expected that thisnthrene-5,10-dioxide

vent.,
may undergo & similar reductlve chlorinstion to give a diw

chlorothianthrene, but such an atbtempt has not besn reported,
It is interesting to note that the reactlion has been applled

to dibrominate, reductively, 2,7~dimethoxythianthreng~5,10~

75
(1945).
76Hw Ja Pﬂgﬁ and 3. Smileﬂ; ibld,, _9.2_3 1112 (lg}-G)i

C. EHs D&lgliﬁﬂh and F. G. Mann, }za Ql’l&ﬁin 30C s » 6‘93
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dioxide with hydrobromic acid to yleld 2,7-dibromo=3,8-
dim@thaxythianthrene.63

l-Bromothlianthrene has been prepared by the action ol
anhydrous aluminum chloride on Z-bromodiphenyl sulfide and
sulfur,10 The only reported bromination of thianthrene gave
a dibromothianthrene whose structure and physic&l constants
were not dascribad*7? It has been shown recently that this
product is a mixbure of the two isomers, 2,?~ and 2,8

&ibrmmathianﬁhran@‘78

Cleavage Reactions

Some of the early studies on thianthrene in this
laboratory were &iraatad with a view %o cleave thlanthrene-
5,10~tetraoxide with sodamide in liquld ammonia. Although
the tetrsoxide underwent cleavage, no identifiable product
was lsolated from the reactlon, except the smsll amounts
of tha starting matarialﬁll’lg

The tetraoxide has been cleaved successfully with phos~-
phorus pentachloride by heatling a mixﬁuré of the two, at
2,0-250° for 5 hours. The products, identified as g-dichloro=-

benzene and benzene-o-disulfonyl chloride, again confirm the

"swiss Patent 213,008 /T. A., L3, 5966 (1949)7.

"y, ¢1lman and D. R. Swayampeti, J. Am. Chem. Soc., 77,
in press (1955).
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ortho positions of the two sulfur atoms in thianthrene, '’

A basic reagent which cleaves the tetraoxides to give
identifiable products is alcoholic potassium hydroxide.
Thianthrene~5,10~tetraoxide gives with this reagent 2~ethoxy-
2V~gulfino~diphenyl sulfone using ethanol as the snlvent*ga
¥ethanolic potassium hydroxlde similarly gives the 2-methoxy-
b-sulfino-li! -methoxydiphenyl sulfone from 2,7-dimethoxy~
thianthrenauﬁ,lﬂ~tetraaxidegéz The cleavege has been carried
a stage further by Friles, Koch and Stukenbrock who obtained
2-athoxy=li,5=dimethoxysulfinic acid from 2,3,7,3-tetra~

m@thmxythiantnran&~5,1Q~tetra0xida.65

Reactionsa Involving Organolithium Compounds

It has been established that the heterocatoms, oxygen
and sulfur, have an prtho-directing influence in metelation
resctions with n~butyllithium, and that oxygen ls more reac-
tive than sulfur in these raaaﬁiansulB Ik'was in 8 compara~
tive study of the orlentation influence of oxygen and sulfur
that thianthrene was used for the first time in this labora-
tory. It was found then that thisnthrene, like 1lts oxygen-
analog, dibenzo~p-dioxin, was metalated in the 1~pasition.lg
- The yleld of the c¢rude l~thianthrenecarboxylic scld, obtained

upon carbonation of the reaction mixture, was 65%. The

195, 7. B. Deuss, Ber., L1, 2329 (1908),
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structure of the product was established by its synthesis
from l=-bromothianthrene through halogen-metal interconver-
sion and subsequent carbonation of the reaction mixture.

l-Aminothianthrens has besn prepared by the treatment
of the l~thianthrenyllithium with 0~methylhydraxylamine,10
Oxidation of l-thianthrenyllithium with oxygen In the presence
of a molar equivalent of n-butylmagnesium bromlde gave
l<hydroxythianthrene in & very small yi&léﬁlu

The "use of low temperatures in metalation has been
found to be interesting, and in some cases the method of
choice for successful metalation. Esmey observed that the
treatment of diphenyl sulfoxlde with nebutyllithium at -70°
followed by carbonatlon resulted in the cleavage of the
sulfoxide to give moderate yields of benzolc &cid.lB Diben=
zothlophene~5-0xlde was metalated successfully only when a
low temperature of =10° was used for the reactlon, giving
dibenzothlophene-li-carboxylic acid in & fair yialdagg The
other produect of the reaction was dlbenzothiophene, obtained
in small ylelds as a result of the reduction of the sulfoxide.
It has been shown that metalation preceeds reduction inthis

reaction. Thls conelusion has been recently supported by

Shirley and Lehto from the metalation studles of phenoxathilne

80 ‘
He Gllman and D. L. Esmay, J. Aw. Chem. Soc., 7
266 (1952). ’ Shem- See-s T
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10~axida.al However, no case has yet been reported in which
metalation of a sulfoxide has given an unreduced carboxylile
acid.

Low-temperature metslation of thianthrene-5~oxide
proceeds In an even more Inbteresting manner. Beslides re-
duction of the sulfoxide to thlanthrene, the other products
of the reaction are dibenzothiophene (about 50% yield) and

small amounts of 2,2'-dicarboxydiphenyl sulfiée¢82

Derivatives of Thianthrene

Tables I~VII include the known derivatives of thian-
threne which have been classifled according to the oxldetion

state of the sulfur atoms. Polynuclesr hetsrocycles con-

5@ ¢ 61 ,6[}.382@.

taining & thienthrene skeleton have not bheen

inecluded in the tablea,

819; A. Shirley and E. A. Lehto, 1ibid., 77, 1841 (1955).
82
(1955)

82ag, ppass and X. Helde, Ber., 57, 10L (1924).

H., Gilman and D, R. Swayampatl, ibld., 77, in press
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Table I

Derivetlives of Thianthrene

Name of Compound M.P.° Reference

MONOSUBSTITUTED THIANTHRENES

2-Acetamidothianthrene 185 {36,78)
l~ﬂ§Acetyl&ulfanilamidathianthr@na 15l (10)
2~N%Aeﬂtylaulfanylamidcthianthrene 163 {(10)
l-Aminothianthrene %22 » %éﬂ}

- 3
le-Aminothianthrene hydrochloride 231 (10)
2-Aminothianthrene’ 160 (35,36,83)
l-Bromothisnthrene 5 (10)
2-Bromothianthrene 89=90 (78,83)
1~Chlorothianthrene 87-8 (83)
2-Chlorothianthrene 8l (52,72,8l)
Bthyl l-Thianthreneoxyacetate 90~90.5 (83)
l-Hydroxythianthrene 117-8 (14,83)
2-Hydroxythlanthrene 145 (85)
l-Todothianthrene 187.5-8.,5  (11,12)

830n1s Thesis.

Shswiss Patent 188,816 [Chem. Zemtr., 108 II, 3409 (1937)7.
85 German patent 606,350 [C. A., 29, 143l (1935)7/.
*Phis product, m.p., 185° which was reported first

h
Krigshna as Z2-aminothisunthrene ég has been shown by Kaata?g to
be the 2-acetamidothianthrens.
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Table I (Continued)

Neme of Compound %‘P.G Reference
2-Nitrothlanthrene 128 (68)
Oxo=-2-~thianthrensbutyrie acid 167-9 {(61a)
N-Phenyl-2~thianthrenecarboxamide 200=1 (35)
l-Sulfanilamidothianthrense 120 4. (10)
2=3ulfanilamidothlanthrene 125 4. (10)
l-Thianthreneboronic acid 1l 7-3 (83)
l-Thianthrenecarboxylic acid 217-8 (10)
22l-5 (83)
2~Thianthrenecarboxamide 227 {35)
2-Thlanthrenecarboxyllc acld 22l {10,35)
227-8 (83)
1=Thianthreneoxyacetic acid 17l~5 (83)
2-Thianthrenephthaloylic acid 21921 (61)
x=Thianthrenesulfonic acid (7h,84)
1-Thianthrenyltriphenylsilane 190.,5-1.5  (83)
2«Thianthrenyltrimethylammonium
lodlde 190 (36)
DISUBSTITUTED THIANTHRENES
2-Acetamido=T-methylthianthrene 180 (65)
2-Amino~7 (or 9)=-carboxythianthrene
hydrochloride 239 (69)
2=-Amino~7=chlorothianthrens hydro-
chloride 272 (69)
2-Amino~7=methylthianthrene 130 {65)
2=Amino~Temethylthianthrene hydro- 256 {65)

chloride
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Table I {Continued)

Name of Compound MeP.° Reference
2=Amino~-8=methylthianthrene (8l)
2,7-Bls (N-Acetylsulfanilamido)

thianthrene 180 d. (86)
2,7-Bis{ =chloroscetyl)thisnthrene 177 (60)
2,7=Bia{ <hydroxy- =piperidylethyl-

thianthrene 11 (60)
2,7-Bis{methylmercapto)thianthrene  1il.5 (66)
2,7-Bis( -piperidylacetyl)thian=

threne 129 (60)
8«Chloro=-2~nitrothianthrene - (8l)
Xyx-Diacetamidothianthrene 198-200 (58)
2,7-Diacetylthianthrene (60)
x,x~Discetylthianthrene 8891 {58)
2,7-Diaminothlianthrene 120 (86)
2,8«-Diaminothlanthrene 192 (65)
x,x-Diaminothianthrene 102l (58,59)
%, x=-Di(li=benzamido~l~anthragquinonyl)«

thianthrene (87)
X,%x=Dibenzylthlanthrene 196 {58)
X,x~=Dibromothlanthrens (77.87)
1,6~Dichlorothianthrene 17L-5 (715)
2,7=Dichlorothianthrene 186 (39)

86

P. C. Guha sand V. M. Dokras, Current Sei., 12, 119 (1943)

87Swiss Patent 216,597 [:Q. A., 42, 5232 (l@k@};].
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Table I (Continued)

Name of Compound M.P.° Reference
2,8«Dichlorothlanthrene 171 (52,8L4)
x,x=Dichlorothlanthrene 17 (58)
x,x~Dicyanothianthrene (77)
2,7=Dihydroxythianthrene 233 {63)
2,7-Dimethoxythianthrene 131 {63,66)
x,x=Dimethoxythianthrense {58,8L)
2,7-Dimethylthianthrene 123 Egéégié i)

| (83,89~91)

88

H. J. Darber and S. Smiles, J. Chem. Soc., 1141 (1928),

89A. Fo Domanaki and K. D. Kostie, Bull. soc. chlm.
Belgrade, 12, 243 (1947) [Originel not availsble for examina-
‘E‘i“ﬂ"““on; abstracted in C. A., L6, 5051 (1952) 7.

Oswiss Patent 246,91L /T. A., L3, Lh20 (1949)7

911. N, Titgs-Skvortsova, A. 1. Leonova and 8, Y. Leving,
Doklady Aked. Nauk. U. S. 8. R., 80, 377 (1951) /[¢C. A., L6,
5000 (1

952) 7.
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Table I (Continued)

Name of Compound M‘P.Q Reference
x,x=Dimethylthianthrene bepe. 248-50/ (L9,50,56)
15 mm, (7h,92-96)

x,x-Dinitrothianthrene (49,84)
2-litro«8=~acetamldothianthrene 205 (65)
2-Nitro=8~aminothianthrene 198 (65)
2-Nitro=7 (or 9)=carboxythianthrene 272-3 (69)
2-Nitro=B-chlorothianthrene 215 (69)
2-Nitro-8-methylthianthrene 159-60 (65,69,8L)
2-Nitrothianthrene ferrichloride 223 (68)
Thianthrene~2,7~bis(diazoaminoben~

zene )=li~sulfonic ncid (59)
Thianthrene-x,x~dicarbonyl chloride {97)

ngi M. Dovis, R. ¥, Miller and W. F. Basse, J. Anm,
Chem. Soe., 63, 361 (1941).

QBE. R. Fitzgerald and J. D. Ferry, J. Colloid. Sci.,
8, 1 (1953).

9uﬁ. M. Gordon and K. Unsworth, Ann. Trop. Med., 37,
195 (1943) L Original not available for examination;
gbatrected in g; ﬁag ‘3_(23 365 (1‘923«5)‘7 »

95y, Rame, Dansk Tids. Farm., 13, 21 (1939) [Original not
?vailjg}a for examinatlon; eabstracted in €. A., 33, 5127
1939 .

%sm:as Patent 241,597 £C. A., L3, 6358 (1949) 7.
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Table I (Continued)

Name of Compound M.p,° Reference
Thianthrene-x,x~dicarboxylic ascid 20l (58)
(77,8L)
(97-112)
Thianthrene~2,7~diphthaloylic acid 14360 (61)
Thianthrens-x,x~disulfonlic acid (1L9,53)

97{}@ 5. Patent 2,583,448 /C. A., L6, Lal3 (195'2)_7.
Pprit. Patent 661,907 /C. A., 46, 5860 (1952)7 .
PVnrit. Patent 680,168 /C. 4., L7, L622 (1953)7.
*Pswiss Patent 236,231 [G. A+, 43, 8691 (1949)7 .
10l5y1ss Patent 238,628 /T. A., L3, 4Lk (1949)7 .
1023y155 Patent 238,629 [C. A. 43, L8l (1949)7 .
1035wiss Patent 238,630 [T. A., i3, 4% (1949)7 .
10hgyigs Patent 238,631 [C. A., 43, LLBL (1949)7 .
1035wiss Patent 238,632 [C. 4., 43, 448L (1949)7 .
106gy1ss Patent 240,129 [C. A., L3, 8391 (1949)7 .
1073wiss Patent 257,938 [T+ A., Lk, 6645 (1950)7.
10854158 Patent 275,438 [C. 4., L6, 6843 (1952)7.
mgﬁiwias Patent 279,532 [C. A., L7, 4098 (1953)]..
1O3wiss Patent 279,533 [T. A., L7, 14098 (1953)7 .
ly, s, Patent 2,453,232/C. A., 43, 8171 (1952)7.
112y, 3. Patent 2,598,587 [C. A., 46, 8866 (1952)7.

1
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. Table I {Continued)

Name of Compound 1.p,° Reference
TRISUBSTITUTED THIANTHREHES
2~Acetamido~T,8-dimethoxythianthrene 130 (65)
2~Amino=7,3~dimsthoxythianthrens 149 /(65)
2-Amino=bemethoxy=9=-methylthian~

threne hydrochloride 221 (69)
e=Amino~7-methylthianthrene=3=-

sulfonic acid >270 (65)
Xxsx~Dimethylthianthrene~x-aulfonic

acid (77)
2=Nitrow~b,9~dichlorothianthrene 220 (69,8L)
2-Nitro«7,8~dimethoxythlanthrene 19l (65)
2«Nitr0~6;B-dimathylthianthrana L2l (69)
2=Nitro-b~methoxy-9=methylthian~

threne 189-90 (69,8L)
TETRASUBSTITUTED THIANTHRENES
2,7-Diacetyloxy~3,8~dimethoxythian~

threne 165 (59)
2,7-Dibromo=-3,8-dimethoxythianthrene 235 (63)
li,6-Dichloro=1,9~dimethylthianthrene 195=7 (58)
2,8-Dichloro~3,7=-dimethylthianthrens (8L)
%sx=Dichloro=x,x~dimethylthianthrene 145 (58)
2, 7~Dihydroxy=3,3~dimethoxythian=

threne 202 (59)
2,7=Dimethylthisnthrene-3,8~diphtha~

loylic acid (61)
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Table I (Contilnued)

Name of Compound M.P.° Reference

1,3~Dinitro~7-methyl~8~aminothian~

threns : 203 {(113)
1,3=Dinitro~7-methyl-8-diascetamido~

thianthrene | 168 (113)
2,3,7,8~T@traaeetylaxythianthr&ne 22l (65)
2,3,7,8=-Tetrachlorothianthrene (8l)
2,3,7,8=Tetrahydroxythianthrene 273 (65)
2,3,7,8=Tetramethoxythianthrene 1756 (65,8l ,11l)
1,3,6,8«Tetramethylthianthrens 118 (7,62,8L)
1,4,6,9~Tetramethylthianthrens 22 (59)
253,7,8~Tetrame thylthianthrene 125-8 (89)

1,3,8-Triamino~7«me thylthianthrene (113)

HEXASUBSTITUTED THIANTHRENES

1,3,6,8~Tetrachloro~2,7~dihydroxy-
thianthrene > 300 (6h)

Lhg, vinkler and J. Szabo, Magysr Kém. Lapja, L, 708
(1949) Original not avallable for examination; abstracted
in C. A., 46, 8120 (1952) .
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Table II

Perivatives of Thianthrene~5-oxide

Name of Compound %.p,° Reference
Thisnthrene=5~oxide 143.5 (40,52,82)
<§&,115)
MONOSUBSTITUTED THIANTHRENE-5-0XIDES
2-Nitrothilanthrene~l0~oxide 166 (68)
DISUBSTITUTED THIANTHRENE-5-0XIDES
2,7+Dichlorothianthrene~5«oxide 235«7 d. {(39)

- 2,7-Dihydroxythianthrens-5~oxide 300 {63)
2,7=Dimethoxythianthrene-S-oxide 15l -5 (63)
2,7-Dimethylthianthrene-~5-oxide oly (6ly.)
TETRASUBSTITUTED THIANTHRENE-5-0XIDES
2,3,7,8-Tetraacetyloxythianthrene~

5-oxide 213 (65)
2:3,7,8-Tetranydroxythianthrene«~

S-oxide 200 d. (65)
2,3,7,8«Tetramethoxythianthrene~

S-oxide 196 (65)

115p, 7. Gibson, H. Graham and J. Reid, J. Chem. Soc.,

874 (1923).
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Table III

Derivatives of Thianthrene~S~-dioxide

Name of Compound M.P.° Reference
Thisnthrene-5-dioxide 159 (40,52,8l)
167-8 (78,83)

MONOS UBSTITUTED THIANTHRENE-S *ﬂIOXIﬁDﬁl_@
~Carboxythianthrene~S-dioxide 2567 (83)
DISUBSTITUTED THIANTHRENE-S«DIOXIDES
li,6=Dicarboxythianthrene-5~dioxide 36l 4. (83)
2,y T=Dichlorothianthrene~5-dioxide 215 {39)
2, 7=Dimethylthianthrens-5~dioxide 170-71 (39)
TETRASUBSTITUTED Tﬁi&ﬁ?ﬁﬁﬁﬂﬁ~§~DIQXEﬁﬁﬁ
2,3,7,8=Tetraacetyloxythlanthrene=

S=dioxide 203 (65)
2,3,7,8=~Tetrahydroxythianthrene~

S-dloxide 300 d. (65)
2,3,7,8«Tetramethoxythianthrens-

S-dioxide 253 (65)
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Table IV

Derivatives of Thianthrene~5,10-dioxide

Name of Compound ¥.p.° Referencs
Thianthrene-5,10~dioxide (o{~form) 28l (27,39,40)
(42,43)
Thianthrene-5,10-dioxide ( B~form) 249 (6,8,27)
(ig“%u:u7}
(45,52)
MONOSUBSTITUTED THIANTHRENE-S,10-DIOXIDES
2=-Nitrothianthrene~5,l0~dioxide 226 (68)
DISUBSTITUTED THIANTHRENE«S,l0«DIOXTIDES
2,7=Dichlorothianthrens~5,10-dloxide
(X =form) 301 (39)
2,7-Dichlorothisnthrene~5,10~dioxlide
(p~rorn) 256.5 (39)
2, 7=-Dimethoxythianthrens~5,10=
dioxide (A ~form) 2668 (39,63)
2,7=-Dimethoxythianthrene~5,10-
dioxide (IB»fwrm) 198-200 (39)
2y 7=Dimethylthianthrene-5,10~
dloxide (XA =form) 195,5 {39,6L)
2,7=Dimethylthianthrene=5,10~
-dioxide (3 ~form) 168.5 (39)
TETRASUBSTITUTED Tﬁlﬁﬁ?ﬁﬂ&ﬂﬁ»S,l@»ﬁIﬂXIDEﬁ
2,3,7,8~Tetramethoxythianthrene~5,10«
259 (65)

dioxide
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Table V
Derivatives of Thilanthrene~5,5,10«trioxide

Name of Compound M.P.° Reference

Thisnthrene=-5,5,10~trlioxids 216 {(52)
221,5-2.5 (78,83)

DISUBSTITUTED THIANTHRENE«S,S,10-TRIOXIDES

2,7=Dimethylthianthrene-5,5,10-trioxlde
223 (39)

TETRASUBSTITUTED THIANTHRENE-5,5,10-TRIOXIDES

2,3,7.,8«Tetramethoxythianthrene~ ‘
5,5,10~trioxide 275 (65)

X=HyAdroxy-x,x,X,~trimethoxy~thian=
threne=5,5,10«trlioxide 270 (65)
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Table VI

Derivatives of Thianthrene-5,10-tetraoxides

Name of Compound M“P*O Reference
Thianthrene=-5,10«tetraoxide 32l {3,5,6,11)
(i7,19:56)
(72,738-b)
MONOSUBSTITUTED
THIANTHRENE=5 , L0~TETRAOXIDES
2«Bromothianthrene~5,10~tetraoxidse 2278 (78,83)
l-Carboxybthianthrene~5,10~tetraoxide 307-8 (83)
2=Carboxythianthrene«~5,10«tetraoxide 3023 (83)
l-Chlorothianthrene~5,10~tetraoxide 22 (83)
2«Chlorothianthrene~5,10-tetraoxide 120 (72)
2-Hydroxythisnthrene-5,10-tetraoxide 159-90 (116)
2-Nitrothlanthrene~5,10-tetraoxide 255 {68)
2«=3ulfonamidothlanthrene~5,10~tetraoxide
178 (72)
2=-Thienthrenesulfonic acid 5,10~
tetraoxide 321 (72)
2=Tnianthrensaulfonyl chlorlde
5,10~tetraoxide 194 (72)
llév' V. Kozlov and H. I, 3takhovskaya, J. Gen. Chem.
(U v 80 B )y 165 115 (L048)  [Ce hes ldy B735TIETIS .
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Table VI (Continued)

Name of Compound M.p.° Reference
DISUBSTITUTED

THIANTHRENE~S , 0~TETRAOXIDES
2, 7=Dibromothianthrene~5,10«tetra~

oxide (83)
2,8-Dibromothlianthrene~5,1l0-tetra~

oxide (83)
2,7-Dicarboxythianthrene-5,10-tetra~

oxide >300 (60)
2,7-D1 (P =chloroacetyl)thlian~

threne-5,l0-tetraoxids 209-13 (73a)
2s7~Dichloreothlanthrene~5,10-tetra~

oxide 293 (39)
x,x~Dichlorothianthrene«5,10-tetra~

oxlde > 225 (58)
1,2-Dihydroxythlanthreng=5,10~

tetraoxide 197 (116)
2,7=Dimethoxythianthrene~5,10=

tetraoxide 279-82 (63)
2,7=Dimethoxycarbonylthianthrene-

5s10~tetraoxide 202 {60)
2,7=Dimethylthianthrene~5,10~tetra~

oxide 286 (6l,88)
Xxyx~-Dimethylthianthrene=5,10«tetra-

oxide 184 (49,56)
2-Nitro~7 (or 9)=-carboxythianthrens=-

5,10«tatraoxide 285 (69)
2=-Nitro-8-chlorothianthrene=5,10=

tetraoxide 251=3 (69)

2-litro-3-methylthlanthrene~5,10-
tetraoxide 256

(69)
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Table VI {Continued)

Neme of Compound MuP.g

Reference

TRISUBSTITUTED

THIANTHRENE-S,10-TETRAOXIDES

2-Nitro=6,9~dichlorothlianthrene=

5,10=tetraoxide 251-3

TETRASUBSTITUTED

THIANTHRENE=-5,10~TETRAOXIDES

liy6-Dichloro~1,9-dimethyl~thian~
threne~5,10-tetracxide >250

x,x=Dichloro«x,x=dimethyl-thiane
threne~5,10~tetraoxide

2,3,7,8«Tetraacetyloxythlianthrene~ )
5,10~tetraoxide 2L5

2+3,7,:8~Tetrahydroxythlan=~
threne~5,l0-tetraoxide > 310

233,7:8~Tetramethoxythian~
threne~5,10=tetracxide 296

1,4,6,9-Tetramethylthian~
threne«5,l0«tetraoxide > 290

HEPTASUB3TITUTED
THIANTHRENE=S,10~TETRAOX IDES

14l ,6~Tribromo=2,3,7,8~tetrahydroxy-
thlanthrene«5,10-tetraoxide  >340

OCTASUBSTITUTED
THIANTHRENE-S,10-TETRAOXIDES

1,4,6,9-Tetrabromo«2,3,7,8~tetraacetyl~
oxythianthrene-5,10~tetraoxide >300

1sli,6,9~Tetrabromo=2,3,7,3-tetrahydroxy~
thianthrens~5,l0~tetraoxide >350

de

(69)

(58)
(58)
(65)
(65)
(65,88)

(59)

(65)

(65)

(65)
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Table VII
Thionium 8Salts of Thianthrenes

Name of Compound %f?.m Refesrence
Thianthrene dichloride (L4L8,52)
Thianthrene phenetyl chloride (48)
2,7-Dihydroxythianthrene dichloride 118 (63)
2,7,Dinydroxythianthrense disulfate 198-202 (63)
2,3,7,waatrahjdrmxythiamthran&

bromide 250 4. (65)
253,7:8=Tetrahydroxybhianthrene

perchlorate (65)
2,3,7,;8=Tetrahydroxythianthrens

sulfate > 300 (65)
2,3,7,8-Tetramethoxythianthrene

chloride 16h=66 d.  (65)
2,3,57,8-Tetramethoxythianthrene

perbromide 220-22 a.  (65)
2,3,7s8-Tetramethoxythianthrene

perchlorate 2ks (65)
2,3,7,8«Tetramethoxythianthrene

sulfate 230=32 (65)
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EXPERIMENTAL

Reactions Involving Organometallic Compounds

Preparation of l-thianthrenecarboxylic acid
To a stirred suspension of 43.2 g. (0.2 mole) of thian~
50

threne” in 00 ml. of anhydrous ether was added, over a

perlod of 30 minutes, 300 ml. (0.3 mole) of n~butyllithium, %%
and the resulting mixture was stirred at room temperature for
20 hours, Color Test Illlg was posltive after this period,
but was found to be negative after a totsl resction period
of L0 hours. Color Test 1120 was positive throughout,

The organolithium Intermediate was carbonated by adding

it jet wise to & stirred slurry of Dry Ice and anhydrous

117&11 melting points reported herein are uncorrected,
Reactlions involving organometallic compounds were carried
out 1n an atmosphere of dry, oxygen-free nltrogen.

118Tha infrared apectira of the compounds described were
cbtained by use of the Balrd double beam Infrared spectro=~
photometer of the Instltute for Atomic Research, Iowa State
College. The writer wishes to thank MNessrs. Richard Hedges,
Robert Kross and Robert MeCord for the sctual determination
o'’ the spectra.

Unless otherwlse indicated, the spectra were deter-
mined on Nujol mulls of the compounds,

11881y, the preparation of n-butyllithium by the method
of H, Gilmm; Js A Bﬁﬁl; Ce G Brmzlﬁn; M. W }31111031{’ Ge B
Dunn and L., 8. Miller, 1bid., 71, 1499 (1949), it has been
found by Dr. K. Oita of thils laboratory that an 85-92% yield
can be consistently obtsined by using a temperature of =30°
for the reaction,

llgH. Gilman and J. Swiss, J. Am. Chem. Soc., 62, 1847
(1940).

220, Gilman and P. Schulze, ibid., L7, 2002 (1925).
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ether. When all carbon dioxide had evaporated, water was
added to the mixture and the two layers were separated. The
ethereal layer was dried over anhydrous sodium sulfate and
filtered. Removal of the solvent left 8.0 g. of a soft,
yellow solid from which was obtained, after several recrystal-
lizations from chloroform, 3.0 g. (7% recovery) of pure
thianthrene identified by its mixed melting polnt.

The agueous layer was wafmed to expel the dissolved
ether, treated wlth Norit-A, filtered and acidified with 10%
hydrochloric acid. The yellow product which separated was
filtered, washed and dried to give 43.0 g. (33%) of the crude
acid melting over the range 185~220°. The product was ex-
tracted three times with 500-ml. portions of hot benzene,
and the combined extract was allowed to cool, The product
was recrystallized once more from the same solvent to yileld
14.5 g. (28%) of the pure acid melting at 224,-225°, The
values 257 snd 250 obtained for the neutral equivalent are
in agreement with the calculated value of 260 for the mono-
‘carboxylic acid,

The compound has been prepared by Gllman and Stuckwlsch
in 65% crude yleld by the same reaction and shown to be
l-thianthrenecarboxylic acld. However, they report its
melting point as 217-218°, and the yileld of the pure product
was not repartaﬁ.la

Preparation of lwcarboxythianthrenanﬁ,lOwt&ﬁraoxide

This derivative of the above acid was prepared for later
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use 1in the structursl preoef of another carboxylic ecid of
thianthrene,

To & hot solution of 5.2 g« (0.02 mole) of l«thianthrene-
ecarboxylic acid in 50 ml. of glacial acetlc scld was added a
gsolution of 18.1 g, (0.16 mole, 100% excess) of hydrogen
peroxide (30%) in 20 ml. of glacial acetic acid. The yellow
color of the solutlon disappeared in epproximately 10 minutes.
The colorless solubtlion was refluxed for 3 hourg and allowed
to cool, The white crystalline product which separated
during a period of 2l hours was filtered and dried to gilve
1,13 g. of the pure acid melting at 306«7° with decomposition.
The mother liquor upon dilution gave another l.l g. ol the
slightly impure acid meltling at 302-304°., The totel yileld
of the acid was 5.53 g. (85.3%).

Anal. Caled. for C33Hg0.S8,t neut. equiv., 323 8, 19.75.
vFound; neut. equive, 327, 3263 S, 19.39, 19.37.

Preparation of l-hydroxythisnthrene

To & stirred suspension of 108 g. (0.5 mole) of thian=
threne in 250 ml. of snhydrous ether was added 500 ml.
(0,625 mole, 25% excess) of n-butyllithium and the mixture
was refluxed for 2l hours. To the stirred suspension was
added slowly an etheresl solution of 0.5 mole of n~butyl-
magnesium bromlde. The mixture was stirred vigorously while
oxygen was allowed to sweep over its surface at a gentle
rate. Color Test I was negative in 1l hours. Cold 10%

hydrochloric scld was added until the squeous layer was
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acidic, The layers were separated, and the ethereal layer
was exbtracted with 5% sodium hydroxide solution several
times and the extracts combined.

The @thereél layer was evaporated to dryness and the
residue crystallized from chloroform to gilve 0.0 g. (374
recovery) of thianthrene (mixed m.p.).

The agueous layer was treated with Norit-A, Illtered
and acidified with 10% hydrochloric acid, The syrupy, dark
liquid which separated wes extracted wlth ether. Evapora-
tlon of the solvent left a dark, gummy mass which did not
become hard on standing. Distillation under reduced pressure
gave 2.0 g. of the crude phenol melting over the range
110*1156. Recrystallization of the product from petroleum
ather {b.p. 77~115°) gave 21.3 g. (18.3%) of the pure
l-hydroxythianthrene melting at 117-118°.

The yleld of the pure product, based on the unrecovered
thianthrene, was 29%.

Preparation of lw~aminothlanthrene

To the l-thlanthrenyllithium solutlion prepared, as
described before, from 3.2 g, (0.2 mole) of thlanthrene and

0.y mole of n-butyllithlum was added an ethereal solutlon of
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9J; g. (0.2 mole) of O-methylhydroxylaminer?l in 60 ml, of
anhydrous ether, The addition of the base was carried out
a2t O*SO over a period of 15 minutes. The reaction mixture
was stirred for 1 hour after whieh the Color Test I was
negative, Dilute hydrochloric acid was added until the
aqueous layer was aclidlc., The ethereal layer was separated
and dried over anhydrous sodium sulfate, Hydrogen chloride
wag bubbled through the reddish solution for 1 hour after
which no more crystals separated. The cream-colored product
was filtered and dried to yleld 23 g. of the hydrochloride
which softened at 220° and melted at 231° wlth decomposition.

The free base was obtalned by werming the hydrochloride
~with 107 sodium hydroxide solution. The crude l~aminothian-
threne weighed 18.0 g. It was recrystallized from 70%
ethanol to give 12;6 #s+ of the pure l»amincthianthreﬁe meltw
ing at 120-121°,

From the resction mixture and the ethereal mother liquor,
left alfter the preplclpitation of the hydrochloride, was
recoverad a total of 23.0 g. (53% recovery) of thlanthrene
(mixed msp.)« The yields of the crude and pure l-amlinothian~

threne, based on the unrecovered thianthrene, were 833% and

lngha free base was obtained by the drop-wise addition

of & 50% sodium hydroxide solution to the hydrochloride. _The
reactlon flask was immersed in a bath malntained at 60-70°,
and the vapor wasg passed through potassium hydroxide pellets
before being condensed.
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55%, respectively.

Ansl. Caled, for CIQHQN“Q: N, 6,06, Found: K, 6,03,
5.96. |

The reported melting point of this compound 1s fﬁgc,lo
however, a ¢lose examlnatlon of the experimental pa%t of the
reference showed that the reported analysis of the product
was far from satisfactory, and the purity of the product was

not, therefore, dependable.

Preparation of l-thianthrenyltriphenylsilane

To the lnthianthrenyilithium golution prepared, as
described before, from L3.2 g. (0.2 mole} of thianthrene
and 0,23 mole of n-butyllithium was added a solution of 68.7
ge (0,23 mole) of triphﬁnyichlmroailane in 700 ml. of anhy~
drous ether. The mixture was stirred at room temperature for
48 hours, after which Color Test I was negative.

The suspension was cooled, treated with water and fil-
tered. The residue was washed and dried to glve 50.0 g. of
a white product melting over the range 170~200Q. Sevaral
recrystallizatlions, alternately from benzene and xylane;
finally gave 9.0 g« (9.5%) of pure l-thlanthrenyltriphenyl-
silane melting at 190.5-191.5°,

Anal. Caled. for Cqgf558,81: 81, 5.91. Found: 5.90, 5.90.

The other white product from the recrystalllzatlons
ﬁalt&d over the range 330~33?Q and was not identified.

Preparation of l-~thisnthrensboronlec acld

To a stirred suspension of 5.0 g. (0.25 mole) of thian-
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threne in 300 ml. of anhydrous ether was added 220 ml. (0.25
mole) of an ethereal solutlon of n-butyllithium, and the
mixture was stirred at room btenpersature for 30 hours. Color
Test II was negative after this perioed.

The above susapension was transferred to a graduated
separatory funnel and subsequently added slowly to a stirred
solution of 57.5 g« (0.25 mole) of trisn-butyl beratalgg in
200 ml, of anhydrous ether which was maintained at -70°
during the addition, The low temperature was malintalned for
an additional period of 6 hours, after whilch the mixture was
allowed to warm up to room temperature.

Te the stirred clear solution was added slowly 10% sul~
furie acid until the aqueous layer was distinctly aecldic
(Congo Red). The ethereal layer was separated and extracted
with a slight excess of 10% potassium hydroxide solutlon.
The extract was washed with ether and subsequently warmed to
expel the dlssolved ether. It was observed that the product
decomposed rapldly upon warming. The remaining dilssolved
ether was removed using the water-pump vacuum. The mixbure
wag treated for a short time with Norlt-A, filtered, cooled
and acidified by the slow addition of 10% hydrochloric acid.
A cream-colored product whlch separated was flltered and dried

to give 0.5 g. (62.5%) of erude lethianthreneboronic acid.

123The reagent was kindly supplied by Mr. Ralph Ranck of

this laboratory. ’
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Recrystallization from benzene gave 17.5 g. of nearly pure
product melting at 16-148°, Another recrystalllzation from
benzene gave 1.l g, (22.2%) of the pure l-thianthreneboronic
acld melting at 1l47-148°.

“Anal. Calcd. for ClEHQBQQ o} meut. equiv., 260, s, 2.6k,
Found: neut. equiv., 263, 26l; 5, 2445, 24.L0.

Cleavage of thisnthrene-S5-oxide with n-butyllithium

Run I, To & stirred suspension of 18.6 g. (0.08 mole)

of ﬁhianthrenawsﬁmxidasg

in 200 ml., of anhydrous ether st
~40° wes adced slowly 215 ml. (0.2l mole, 3 equivalents) of
an ethereal aolutlion of n~butyllithium. The resulting mix-
ture was stirred at =40 to =~45° for 5 hours. Subsequently
Color Test II was negative,

The olive-green solution was poured jJjet-wise into a
stirred slurry of Dry Ice and anhydrous ether. When all the
carbon dloxlde had evaporated the mixture was warmed to expel
the ether, and the dried residue was extracted with benzene
in & Soxhlet extractor. The yellow extract was evaporated to
dryness and the reslidue was filtered to remove moat of a
yellow oily meterisal. The lmpure solid was recrystallized
from 90% acetic acid to give 9.2 g. (50%) of crude dibenzo=
thiophene melting over the range 38~9&9» Recrystalllizatlion
of the product from ethanol, methanol, acetliec acid and petro=-
leum ether (b.p. 77-115%) did not raise the melting point.
This was probably due Yo the formatlion of a mixed crystal

system of dibenzothlophene and the reduction-product,
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thianthrene. The mixture was sublimed under reduced pressure
keeping the oll bath st AE*SGQ. The subllimete was recrystal-
lized from methanol to give 5.0 g. (34%) of pure dibenzothio=
phene melting at 98-99%, The identity was established by

the method of mixed melting point and the comparison of the
infrared sgpectra.

The residue from the sublimation was recrystallized from
methanol to yield 0.7 g. (L%) of thianthrene melting at 156=
1570‘ Its admixture with an authentlic gpecimen melted
undepressed.

Run II, To a stirred suspension of 23.2 g. (0.1 mole)
of thianthrene-5-oxide in 200 ml. ol anhydrous ether at w?GO
was added slowly 195 ml. (0.3 mole, 3 equivalents) of an
ethereal nolution of n-butyllithium over a period of 30 min=-
utes, and the reasction mlxture was stirred at this tempera=~
ture for 7 hours. Subsequently, Color Test I was positive
and Color Test II was negative, The olive-green solutlion was
poured Jet-wise into a stirred slurry of Dry Ice and ether.
When all carbon dioxide had sveporated water wes added to
the mixture. The ethereal layer was drled over anhydrous
sodium sulfate. BEveporation of the gsolvent left a white
erystalline product contaminated with a small amount of a
yellow oil. The mixture was flltered and most of the oily
material was pressed out. The residue was washed once with
a small amount of petroleum ether (b.p. 60-70) to yileld 10.1

(55%) of crude dibenzothiophene melting at 96~98°, Re~
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erystallization of the crude product from methanol gave 9.55
g« {52%) of pure dibenzothlophene melting at 99°,

The aqueous layer was warmed to expel the dissolved
ether. 4 small amount of a white product separated as the
sther was removed. The mixture was filtered and the residue
was recrystallized from methanol to yield 0.7 g. (3.2%) of
thisnthrene (mixed m.p.)

The filtrate from above was treated with Horit-a, filtered,
cooled and mcidified with 10% hydrochloric aeid. The result~
ing solid was filtered, washed and dried to yleld 0.7 g. of
e yellow acid, The orude material was recrystallized twlce
from aqueous acetone to yield slightly yellow crystals melt-
ing over the range 220-226°, Another reerystallization from
glaclal acetic acid gave 0.20 g. of the acid melting at 229«
230°, The velues obtained for the neutral equivalent, 14O
and 1l1, were in a fair mgreement with the caleculated value
of 137 for 2,2'-dicarboxydiphenyl sulfide. The melting polnt
of an authentic apecimen of this acid was not depressed by the
product obtalned from the above rescilon. The ldentity of the
two was further established by the comparison of their Iinfra-
red spectra. The yield of the pure acid was 1%.

Run ITI, This run differed from run II in that 1,1
equivalents of n-butyllithlum were used for the reaction.

From the ether layer was obtained 9.2 g. (50%) of pure di-
benzothiophene, The aqueous layer gave & small amount of

acldiec material which was discarded.
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Run IV. This run differed from run II in that the rs~
action was carried out at 5-10° with 2 equivalents of n=-
butyllithium., The reaction mixture was worked up in the same
way to yield 1.91 g. {10.4%) of pure dibenzothiophene and
2,85 g. (13.24) of thianthrene. The agueous laysr gave a
yellow acid which was dilssolved in 10% potassium hydroxide
solutlion, treated with Norit-A, llltered and acidified with
10% hydrochloric acid. The yellow product which separated
was Piltered, washed and dried to vield 3.38 g. (13%) of
l=thianthrenecarboxylic acid melting over the range 205~2160‘
The crude acid was recrystallized twice from 90% acetic acid
to give 2.1 g. (8.1%) of the pure product melting at 225=
226°, An sdmixture of the product with an suthentic specimen
of l-thianthrenecarboxylic mcid was not depressed.

Run V. To a stirred suspension of 11.6 g. (0.05 mole)
of thianthrene-5-oxide in 100 ml, of anhydrous ether at m?OG
was added, over a period of 10 minutes, 36 ml. (0.055 mole,
1.1 equivalents) of n-butyllithium., Color Test II was nega«-
tive lmmediately after the addition of the gwbutyllithium was
complete., The pale green suspension was filtered thrcugh' |
glags wool into & stirred slurry of Dry Ice and anhydrous
ether, When all the carbon dioxide had evaporated, water was
added, and the layers were separated. The ethereal layer was
evaporated to dryness to give a white residue which wasg
crystallized from methanol to yleld L.22 g. (l46%) of pure

dibenzothiophene (mixed m.p.).
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The agueous layer was warmed to expel the dissolved
ether and the white product which separated was f{iltered,
dissolved in methanol, treated with HNorlt-~A and flltered.

The filltrete was cooled, and the white crystalline product
was flltered and dried to yleld 0.51 g. (L4.7%4) of thianthrene
{(mixed meDs)a

The aqueous filtrate was cooled and acidified with 10%
hydrochloric acid to give a cream~colored product which was
too small to work up. '

‘Run VI. To a stirred suspension of 11.6 g. (0.05 mols)
of thianthrene«5-oxide in 100 ml. of anhydrous ether at ~7ﬂa
was added, over a period of 3 minutes, L2 ml. {0.055 mole)
of n-butyllithium which had been previously cooled to ~700,

A sample of the solubtion was wiihdrawn for Color Test II
which was found to be negative, and the remaining solutlon
was carbonated as before,

The reasidue in the flask was recrystallized from methanol
to give 2.0 g. (17.6% recovery) of thianthrene-5~oxide, iden-
tified by the method of mixed melting polnt,

The remaining procedure for working up the reaction was
identical with that in run V. The etheresl layer gave 2,50
g. (27.1% of pure dibenzothiophene. The aqueous layer, upon
warming, geve 1.0 g. (9.3%) of pure thianthrene. Acidifica-
tion of the agueous layer, after filtrstion, gave & small
smount of a gummy material which dild not solidify upon long

standing, and was dliscarded.
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Run VII. Thils run differed from run V in that 3 squi-
valents of n~butyllithlum were added, over a period of 30
minutes, for the remction. Color Test II taken at 0, 15,
ané 25 minutes after the addition of the n~butyllithium was
found to be poasitive. At the end of a total reactlon period
of 1 hour, Color Test 1II became negatlive.

The reaction mixture was carbonated and worked up in
the same menner. The ethereal layer gave L+9 g. (53.2%) of
pure dibenzothiophene. The agueous layer was warmed and
filtered to yield 0,86 g, (8%) of purs thianthrens. Acidifi-
cation of the aqueous layer gave a small amount of a colore
less oil, which did not solidify upon standing and was dig-
carded. |

Preparation of methyllithium

Methyl bromlde (Dow Chemical) vapor was bubbled through
a stirred suspension of 8.1 g. (1.17 g. atom) of lithium wire
cut into sbout S5-mm. pleces., All lithium had dissolved during
a period of Iy hours. After stirring for an sdditional period
of 30 minutes the solution was transferred to a graduated
separatory funnel. The yleld, as debtsrmined by tiltration
against standard hydrochloric acld, was 80%.
Metalation of thianthrene~S-oxide with methyllithium

Run I. To a stirred suspension of 23.2 g. (0.1 mole) of
thianthrene-5~oxide in 150 ml. of anhydrous ether at -70°
was added, over a perliod of 10 minutes, 93 ml. (0.11 mole)
of the methyllithlum solution. After an additional period
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of 5 minutes the mixture was carbonated by adding 1t to a
stirred slurry of Dry Ice and anhydrous ether., When all tha
carbon dioxide had sevaporested the mixture was {lltered., The
ethereal layer was concentrated and cooled. The white
product whieh separasted was flltered and dried to yleld a
total of 7.7 g+ of crude thianthrene~5-oxide melting over the
range 124-127°. Two recrystallization from methanol gave l.9
g. (21.1%) of pure thianthrene-5-oxide (mixed m.p.).

The aqueous layer was warmed to expel the dissolved
ether, A white product which separated was filtered and re-
erystallized from methanol to yield 1.50 g. (7%) of thian-
threne, identiflied by its mixed melting point.

The mother liquor from the recrystallization of the
crude thianthrene-5-oxide gave an additional 1.1 g. of thian-
threne. The total yleld of thianthrene obtained from the
reaction was 2.71 g. (12.5%).

The aqueous filtrate was cooled and acldified with 10%
hydrochloric acld. No acidie materlal was obtained.

Run II. This run was identical with run I except that
a period of 16 hours was allowed for the reaction. The mix-
ture was carbonated and worked up as before. The yleld of
the recovered thianthrene-5-oxide was 10.6 g, (Ij6%) and that
of thianthrene was l..5 g. (21%)., No acidiec product was
obtained by the acidification of the aqueous layer.

Run III, To a stirred suspension of 11,6 g. (0.05

mole) of thianthrene~S5~oxide in 100 ml. of anhydrous ether
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was added, over a period of 30 minutes, 180 ml: {(0.15 mole,
3 equivalents) of methyllithium solution. The addltion was
carried out at room temperature and the mixture was gubse~
guently stirred for a period of 16 hours. The sulfoxide had
not dissolved after two equivslents of methyllithium had
been added, and a partisl solution was effectsd only aflter
the addition of the third equivalent was completed. An
orange~brown color developed slowly,

The reaction mixture was carbonated and worked up as
before, No thianthrene-~b5-oxide was recovered in this run.
The total yleld of pure thianthrene cobtained from the recrys-
tallization of the residue in the flask, the produet from
the evaporatlon of the ethereal layer, and the material
which had separated upon warming the aqueous layer, was 6.5
g. (60%).

The aqueous filtrate was cooled and acldified with 10%
hydrochloric acld to yield 0.19 g. of a brown powder melting
over the range 205-215°, Rscry&taliiéatian from glacial
scetic acid gave 0.1l g. (1%) of pure l-thianthrenecarboxylic
acid, identified byibs mixed melting point.

Cleavage of thianthrens-S5-oxlde with methylmagnesium iodide

(attempted)

To a stirred suspension of 11.6 g. (0.05 mole) of thlan~
threne-5-oxlde in 100 ml, of anhydrous ether at =70° was

added, over & period of 15 minutes, 90 ml. (0.1 mole) of
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methylmagneslium iodide., The mixbure was stirred at the low
temperature for 20 hours.

The suspension was carbonated and worked up as usual.
The ethereal layer gave 7.32 g. (63% recovery) of thian-
threne~5-oxide (mixed m.p.). The aqueous layer failed %o
yield any product upon acidification.
Cleavage of thianthrene-S-oxide with ethylmagnesium bromide

Run I. To a stirred suspension of 23.2 g. {0.1 mole) of
thlanthrene-5~oxide in 200 ml., of anhydrous ether at -70°
was added 120 ml. (0.11 mole) of an ethereal solution of
ethylmagnesium bromlide, and the mixture was stirred at the
low temperature for a period of 20 hours. Carbonation was
carried out as usual by adding the‘auapanaion jat~wise to
a stirred slurry of Dry Ice and anhydrous ether. When all
the carbon dioxide had evaporated water was added, and the
layers were separated. The ethereal layer was evaporated to
dryness. The white crystalline residue weighed 19.4 g. and
melted over the range 140-143°. Recrystallization of the
crude materlal from methenol gave 17.2 g. of white crystals
melting at l&B*Emlhhpﬂ An admixture of this product with
an authentic specimen of thlanthrene-bw-oxide melted unde~
pressed. The ylelds of the crude, and pure thianthrene-5-
oxide recovered were 88%, and 7L%, respectively.

The aqueous layer was warmed to expel the dlssolved
ether, treated with Norit-A and filtered. The filtrate was
cooled and acidified with 10% hydrochloric acid. The white
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product which separated was flltered, waashed and driled to
give 2.9 g. of an acldic material which melted with decom-
position over the range 150-154L°. Recrystallization from a
mixture of ethanol and petroleum ether (b.p. 60-70%) gave 2,32
ge of whlte crystaels melting at 158-159° with decomposition.

The infrared spectra showed absorption bands at 5,95 &,
9.8l 4 end 13.76 4, indicative of the carbonyl group, the
sulfoxide group and 1l,2«dlisubstitution., The acld has been
tentatively esteblished as 2-ethylsulfinyl-2!'-carboxydiphenyl
sulfide,

Ansl. Caled. for C)gH;) 0,5,: neut. equiv., 30638, 20.91.
Found: neut. equiv., 310, 310; 5, 20.85,

The ylelds of the crude and pure acid, based on the un=-
recovered thianthrene~b-oxide, were 36% and 29%, respectivaly.
Run IT. This run differed from run I only in that 3

equlvalents of ethylmagnesium bromide were used for the
reaction, The reaction mixture was carbonated and worked up
in the same manner. The ethereal layer gave a total of 17.83
g« (76.8% recovery) of thianthrene~5-oxide. The aqueous
layer gave 0.8 g. of the pure acid melting at 157-158° with
decomposition, The yield of the pure acid, based on unre-~

covered thianthrene~Seoxide, was 11.2%.

Preparation of 2-ethylmercapto=-2!'~carboxydiphenyl sulfide
A mixture of 0.8 g. (0.0026 mole) of the Emathylaulfinylm
2t-carboxydiphenyl sulfide, 15 ml. of 90% acetic acld and

2 g. of zine dust was refluxed for I, hours. The supernatant,
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colorless solution was flltered into an excess of water, and
dilute hydrochloric acid was added until the mixture was
distinetly acidic (Congo Red)}. The product which separated
was filtered, washed end dried to yield 0,48 g. (64#) of
white crystals melting at 195«1@60* Further recrystaellliza-~
tion of the product from benzene falled to ralse its melting
point.

Anal. Caled. for ClSKlMOQSQ‘ neut, eguiv., 290; 3,
22.,2. Found: neut. equiv., 29k, 295; 8, 22.1.
Cleavage of thianthrene-S~oxide with n~bubylmagnesium bromide

Run I. To a stirred suspension of 23.2 g. (0.1 mole)
of thianthrene~5~oxide in 100 ml. of anhydrous sther at *700
was added 85 ml. (0.1 mole) of an ethereal solutlon of n-
butylmagnesium bromide, The resulting mixture was stlirred
at the low temperature for 16 hours. At the end of this
period, the cooling bath was removed and stirring was con-
tinued for 15 more minutes. FPowdered Dry Ice was added slowly
to the mixture. When all the carbon dioxide had evaporated
water was added, and the layers were separated. The residue
in the resction flask and the ethereal laysr together gave
5.y e (23% recovery) of thianthrene-5~oxide (mixed m.p.).

The aqueocus layer was warmed, treated with Norit-a,
filtered and acidified with 10% hydrochloric acld. A sticky,
white materisl which separated, solidifled in & short time.
The product was flltered, washed with water and dried to
give 11,3 g. of white crystals melting over the renge l&l~l@&g
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with decomposition. HRecrystallization from squeocus methanol
gave 6.25 g. (25.4%) of the product, tentatively established
ag 2-n~butylsulfinyl-2'-carboxydiphenyl sulflde, melting at
149-149,5° with decomposition.

The infrared spaatrum showed absorption bands at 5.9 A,
9.5 wand 13.2 «, indicative of the carbonyl group, the
sulfoxide group and 1l,2-subatitution, respectively.

Anal, Caled. for 0173180332’ neut. equiv., 3343 S,
19.1. Found: neut, equiv., 336, 336; 3, 18.9.

Run II., This run differed from run I in that 2 equl~
valents s£4§wéutylmagnesium bromide were used for the re-
action. At the end of 16 hours the reaction mixture was
carbonated and worked up as belore. HRecrystallizatlon of
the residue in the reaction flask and the solid obtalned
from the ethereal layer gave a total of 12.55 g. (54.1%
recovery) of thianthrene~5~oxide (mixed m.p.).

The aqueous layer gave, after the customary treatment
and scidificatlon with 10% hydrochloric acid, 6.1 g. of the
crude 2-n-butylsulfinyl-2'-carboxydiphenyl sulfide. Haéryaw
tallization from benzene gave 5.l g« of the pure product
melting et 1L9-149.5° with decomposition. The yields of
the crude and pure acld, based on the unrecovered thlanthrene-
S-oxide, were L0% and 35.3%, respectively,

Run III. This fua differed from run I in that 3 equl~

valents of n~bubtylmagnesium bromlde were used for the reaction,
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and that the resction perlod was 6 hours only. The mixture
was carbonated and worked up as before. The residue in the
reactlon flask, and the solid obtained from the setherseal
layer together gave, after recrystallization from methanol,
a total of 15.03 g. (6l1.8% recovery) of thiesnthrene-5-oxide.
The aqueoua layer yialdad,‘after the usual treatment and
acidification with 10% hydrochloric acid, 1.2 g. (10.3%,
based on the unrecoverad thianthrene~S~oxlide) of the pure
2-n-butylaulfinyl=-2t«carboxydiphenyl sulfide melting at
149-149.5°,

Run IV. To & stirred suspension of Lb.l g, (0.2 mole)
of thisnthrene-S-oxide ln 300 ml. of anhydrous ether at =70
was added, over a period of 15 minutes, 99 ml. {(0.22 mole)
of n-butylmagnesium bromlde., The resulting mixture was
stirred at the low temperature for a perlod of 418 hours.
Carbonation was carried out by the Jjet-~wise addition of the
cold suspension to a stirred slurry of Dry Ice and ether.
When all the carbon dioxlde had svaporated water was addgd,
and the layers were aeparatad¢ The two layers were worked
up as before. Hecrystallization of the residue in the re-
acblon flask and the solld obtsined from the dhereal layer
rgave a total of 31.6L g. (68.2% recovery) of pure thianw
threne~S5«oxide. |

. The aqueous layer yielded 9.0 g. (L2.4%) of the crude
and 7.4 g. (34.8%) of pure 2-n-butylsulfinyl-2'~carboxydi-
phenyl sulfide melting at 149-149.5°, The ylelds are based
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on the unrecovered thianthrene-5~oxide.

Run V. To & stirred suspension of 34«8 g. (0.15 mole)
of thianthrene~5«oxide in 150 ml. of anhydrous ether at
«70° was eadded, over a period of 15 minutes, 108 ml. {0.15
mole) of an ethereal solution of n~bubtylmegnesium bromide.
The reasction mixture was stirred at the low temperature for
a period of 16 hours. The cooling bath was subsequently
removed, and ollve-green guspension was allowed to warm up
during & period of 1 hour.

Powdered Dry Ice was added carefully to the reactlon
fla&k, When all the carbon dioxide had evaporated, water
#as added and the mizbture was worked up as before. The
recovered thianthrene-S-oxide weighed 20,8 g. (59.8%). The
aqueous layer gave 11.0 g, of the crude acid melting over
the range 1&2*1&8”. Recrystallization from 90% acetlic acid
gave 10«01l g, of the pure acid. The ylelds ol the crude and
pure 2-n-butylsulfinyl-2'~carboxydiphenyl sulfide, based on
the unrecovered thlanthrene-5-oxide, were 5l.7% and 50%,
respechively.,

Preparation of Z2-n-bubtylmercapto-2'-carboxydiphenyl sulfide

To & hot solution of 10.01 g. {0.0302 mole) of 2 =n=
butylsulfinyle2'-carboxydiphenyl sulfide in 90 ml. of 90%
acetic acid wes added 6 g. of zinc dust, and the resulting
mixture wag refluxed for a period of i hours. The clear,
¢colorless solution was decanted into an excess of water,

The zine lumps in the resction flask were washed with acetic
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acld, and the weshlngs were added to the above solutlon,
which was gubsequently made dilstinetly acidic (Congo Red)
with hydrochloric acid. The mixture was filtered and the
residue was washed with water and dried to give 8.6 g.
(91.3%) of the pure product melting at 137-138°. If the
melting point was determined at a very small rate of rise
of the bath~temperature, the product melbted at 1h2. If
the melt obtained at 137»1380'Wa3 allowed to cool and its
melting point determined sgain, it melted at 142°, |

“ The infrared spectrum of the acld showed sbsorption
bands at 6.05 4 and 13.L 4, indicetive of the carbonyl group
and 1,2~gubstitution, respectively.

Anal, Caled. for leﬁlaﬁgszz neut. equiv., 318; 8§,

20,1. Found: neut. equiv., 321, 322; 3, 20.1, 20.h4.
Preparatlion af 8~n~buty1su1fonyl~E¥~earbexy&iphenyl sulfone

To a hot solution of 3.34 g. (0.01 mole) of 2-n-
butylsulinyl-2'~carboxydiphenyl sulfide in 15 ml, of glacial
acetlic acld was added a solution of 18 g. of hydrogen per-
oxide (30%) in 10 ml., of glacial acetic acid. The resulting
solution was refluxed for 2 hours. No crystals separated
after 1t was kept in the refrigerator for L8 hours. The
solution was diluted to spproximetely 100 ml. with water.

A white, sticky product 8a§aratad which hardened in a short
time. The product was filtered and dried to give 3.48 g.
(91%) of the pure 2-n~butylsulfonyl=-2!w-carboxydiphenyl sul~
fone melting at 15@’5*160,5a with decomposition.
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The infrared spectrum showed absorpilon bands at 5.9 .44,
8.7 AL and 13,1 A, indicative of the carbonyl group, the
sulfone group end l,2-gubstitution, respectively. The band
indicative of the sulfoxide group had disappeared.

Anal, Caled. for €1 7Hy 80gSy: neut. equiv., 382; 3, 16.75.
Found: neut. equiv., 380, 379; s, 16.58, 16.62.

Metalation of thianthrene-S~dloxide with n-butyllithium

Run I. To a stirred suspeansion of 9.92 g. (0.0l mole)
of thianthrena~5mﬁioxiﬁa78 in 200 ml, of anhydrous ether
was added over a period of 15 minutes, Ll ml. (0.04l mole)
of en ethereal solution of n-butylllithium. The reaction
flask was lmmersged in an ice~bath during the addition of
the n~butylllithlum and for & subsequent period of 2 hours.
The color of the suspension changed to orange durlng this
perlod, The ice-bath was removed, and the mixture was
stirred for an additional period of 30 minutes. Carbonation
wag effected by the Jet-wige addition of the suspension to
a stirred slurry of Dry Ice and ether. When all the carbon
dioxide had evaporated, the mixtuwre was warmed on the steam-
plate to remove the ether.

The dry resildue was treated with water and flltered.
The yellowish residues was washed and dried to gilve 3.7 g.
(374) of the crude thilanthrene-S5-dioxide melting over the
range 150-170°., Recrystallization from acetic acld gave
2.1 g. (21% recovery) of the pure product, m.p., and mixed

Melo 167”168011
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The filtrate from above was treated with Norit-aA, filtered
and acidified with 104 hydrochloric acid. A grey, sticky pro-
duct separated which hardened on standing., The material was
filtered, washed and dried to yield 7.8 g, of a white pro-
duct. Part of it melted over the range 239~23§0, ané the
ramainder melted betwsen 290 and 300°, Separation of the
mono~ and the dlcarboxyllc acld was effected by fractional
crystallization from methanol, The crude monocarboxylic aecld
was [inally recrystallized from agueous acetone to give 2.0
re (21.7%) of pure acid, identified as lL-carboxythianthrene-
S-dioxide, melting at 255-256%, The yield is based on unre=
covered thianthrene~S«dioxide,

The infrared spectrum showed absorption bands at 5.9 4L,
8.7 AL and 13.8 A, indlcative of the carbonyl group, the
sulfone group and 1l,2-substitution, respectively.

Anal. Celed. for 613389A$33 neut., equiv., 292; 8, 21.92.
Found: neut. equiv., 296, 296; 8, 22.35, 22,19,

The other pure product, later ldentifled as thianthrene-
li;6~dicarboxylic acld, weighed 0.25 g. (2% based on the un=-
recovered thianthrene-S«dioxide).

Run II. To & stirred suspension of 2.8 g. (0.1 mole)
of thianthrene-S~dioxide in 200 ml. of anhydrous ether at
-0 to »QSQ was added 261 ml. (0.3 mole, 3 equivalents) of
an ethereal solution of n~-butyllithium. The mixture was
stirred at the low temperature for a perlod of 5 hours.

Color Tests I and II were positive. Carbonatlon was effected
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by the Jet-wise additlon of the suspension to & stirred
slurry of Dry Ice and ether. From the reactlon mixture and
the ethereal layer was isolated 7.7 g. (31%) of pure thiane
threne~5-dioxide (mixed Mmspa.).

The agueous layer was treated with Norit~A, [iltered
and acldifisd with 104 hydroehloric acld. The grey, sticky
product which separated hardened on standing to give 15.3 g.
of the dried product. Fractional crystallization from eth-
anol gave 3.1 g. of the l,6~dicarboxythianthrene~5-dioxide
which melted at 36L° with decomposition. The yleld of the
pure product, based on unrecovered thianthrene-~5-dioxide,
was 12%.

The infrared spectrum showed absorpiion bands at 5.9 L
and 8.7 A, indicative of the carbonyl and sulfone groups,
respectively. The absence of & band between 13 W and 1l A
ghowed that substltution had taken plesece in both rings.’

Anal. Caled. for Q13ﬁ80é52: neut. squiv., 168; 3, }9.03¢
Found: neut. squiv., 167, 1673 8, 19.02, 18.98.

Run III. To a stirred suspension of 22.3 g. (0.09 mole)
of thianthrene-5-~oxide in 200 ml. of anhydrous ether at room
temperature was added, over a periled of 15 minutes, 75 ml.
(0.099 mole) of an ethereal solution of n~butyllithium. At
the end of 1 hour, Color Test I was positive and Color Test
IT was negative.

The mixture was carbonated and worked up as in run II.

The ethersal layer gave only a small amount of an oil which
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had an odor of n-butyl merceptan. The unreacted thianthrens-
S-dloxide left in the reaction flask was recrystallized from
ethanol to give 13 g« (58.3% recovery) of the pure product,
m,p., and mixed m.p, 167-168°, The aqueous layer was treated
with Norit-A, filtered and acidified with 10% hydrochloric
acid to glve L..0 g. (36.5%) of the crude l~carboxythianthrene-
5-dioxide melting over the range 835~8&G°. Recrystallization
from aqueocus acebtons gave 2.5 g. (22.7%) of the pure acid
melting at 255-256°,

Run IV. To a stirred suspension of 24.8 g. (0.1 mole)
of thianthrene~5«~dioxide in 200 ml. of anhydrous ether at
-70° was added, over a period of 30 minutes, 225 ml. (0.3
mole, 3 equivalents) of an ethereal solution of n~butyl-
lithium. The brown suspension was stlrred at the low temper-
ature for 16 hours.

At the end of the reaction period, the mixture was
aarbohatad and worked up as in run II. Recrystallization of
the residue left in the reaction flask and the product
obtained from the evaporetion of the ether laysr save a total
of 11.95 g« (4B.2% recovery) of pure thianthrene-5-dioxide
(mixed m.p.}. The aqueous layer gave 8.2 g. of the crude
liecarvoxythianthrene-5-dioxide melting over the range 230=
2&60. Recrystallization of the product from ethanol gave
6,15 g. of the pure acld melting at 255*2560. The ylelds

of the crude and pure acid, based on unrecovered thianthrene-~
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S~-dioxide, were SL% and L1%, respectively.
Metalation of thianthrene-5,10-dioxide (cX~form) (attempted)

Run I. To a stirred suspension of 2.8 g. (0.1 mole)

of thiauthr&ma~5,10~ﬁiax1de@1

at ~-70° was added 80 ml. (0.1 mole) of an ethereal solution

in 200 ml. of anhydrous ether

of n~butyllithium. The resulting mixture was stirred at

the low temperature for 3 hours. Color Test I was positive
and Color @eatlllg negative. Carbonatlion was effected as
usual by the Jet-wlse addition of the suspension to a stirred
slurry of Dry Ite and ether.

From the residue left in the reaction flask was re-
covered a total of 19.3 g. (80%) of thianthrene-5,l0-dioxide
{mixed m.ps). The resction mixture was treated with water
and the layers were separated. The ethereal layer left a
very small amount of a yellow oll which did not solidify on
long standing. The agueous layer was treated with Norit-a,
filtered and acidified with 10% hydrochloric acid. A small
smount of an unidentified yellow oll separated which did
not solidify on long standing.

Run II. This run differed from run I in that 3 equi-
valents of n-butyllithlum were used and the reaction perilod
wag 12 hours. The mixture was carbonated and worked up as
before. The only identified product was the starting material
thisnthrene=5,10~dioxide obtained in 65% yleld. The yellow,
oily, acidic product from the aqueous layer 4id not solidify

on long standing.
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Metalation of thianthrene-5,10-dioxide (/2-form) (attempted)

To a stirred suspension of 9;92 e {Qtéu mole) of
thianthrene~5,10~dioxide in 100 ml. of anhydrous ether at
«70° was added 110 ml, (0.1 mole, 2.5 equlvaients) of an
ethersal solutlon of n~butyllithlium, and the resulting mlx-
ture was stirred for 16 hours., Carbonation was effected by
the jet-wise addition of the =muspenslon to a stlrred slurry
of Dry Ice and anhydrous ether, and the reaction mlxture
was worked up as usual,.

The starting material, thianthrene-5,10~dloxide, was
recovered in 87% yield. The agueous layer geve only traces
of oily, acidic materisl,

Cleavage of thlanthrene-b,5,10-trioxide

To a stirred suspension of 26. g. (0.1 mole) of thianw
threne-5,5,10«~trioxide in 200 ml. of anhydrous ether at »790
was added 300 ml. (0.3 mole) of an ethereal solution of
n~butyllithium. The resulting mixture was stirred at the
low tewmperature for 3 hours. Color Test I was positive and
Color Test II was negative. The brown solutlon was added
Jet-wlse to a stirred slurry of Dry Ice and anhydrous ether.
When all the carbon dioxide had evaporated water, was added
to the mlixture, and the laysrs were separated.

The ethereal layer upon svaporation left a white pro-
duct which was erystallized from methanol to give 0.43 g.
of white crystals melting at 23&9§ An admixbure of the

product with an suthentic specimen of dibenzothiophene«H-
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~dioxide melted undepressed. The Infrared spectra of the two
wers identical.

The ether-insoluble residue which was left in tﬁe re-
sction flask was recrystallizea from 90% acetic acld to
yield 0,65 g. of pure dibenzothiophene-5~dioxide, identiried
by 1ts mixed melting point. The total yleld of dibenzo-
thiophene~5-dioxide from the reaction was 1.08 g. (5%).

The agueous layer was warmed with Hoprit-~A, filtered,
cooled and acidified with 10% hydroehlorilc acid. A colorless
oll separated. After standing for 7 days 1t bhecame & white,
soft, sticky mass. The small amount of an olly material
was removed from it by distillstion under reduced pressure,
keeping the heating bath at 100°. The residue was washed
with hot benzene and dried to yield 8.0 g. of a white powder
melting between 213 and 217°. The product was recrystallized
from water to yleld 5.1 g. of the pure acid melting at 218~
219°,

The value obtained for neutral equivalent, 155, 155 are
in agreement with the caleulated valus for 2,2'~dlcarboxy~
diphenyl sulfone. The Infrared spectrum showed absorption
bands at 5.9 M, 3.7 M4 and 13.2 U, characteristic of the
carbonyl group, the sulfone grmu@ and 1,2-substitution.

The product did not depreass the melting point of the
suthentic apgaim&n of 2,2'=-dlcarboxydiphenyl sulfone prepared
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by Gillman and Esmay. 23 The infrared spectra of the two
products were ldentical, The ylelds of the crude and pure
products were 26% and 16.6%, respectively.

Metalation of thisnthrene-5,10~-tetravxlide (attempted)

Run I. To & stilrred suspension of 56,0 ge (0.2 mole)
of thianthrene-5,l0~tetraoxide in 400 ml. of anhydrous ether
was added, over a period of 30 minutes, 187 ml (0.22 mole)
of an ethereal solution of n-butyllithium. The reactlon
flask was immafse& in an ice~bath during the addition of
the g—butylli%hium. Alter an additional reaction period of
. 30 minutes, Color Test II wes negative. The dark red solu-
tion was added jet-wlse to a stirred slurry of Dry Ice and
anhydrous ether. When all the cerbon dloxide had avaparated
water was added, and the layers were separated., The etheresal
layer was dried over anhydrous sodlium sulfate, and the sole
vent was subsequently evaporated to dryness to leave a mixe
ture of a whlte solld and a yellow oil. The mixture was
filtered and the oil was pressed out, The residue was crys-
tallized from methanol to give 3.6 g, of an unidentified,
sulfur~containing product melting over the range 66-69°,
Repeated recrystallization from methanol falled to yleld a
sharp-melting product.

From reslidue left in the reactlon flesk was recovered

123H, Gilman and D. L. Esmay, J. Am. Chem. Soc., 75,
278 (1953).
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20,0 g. (36%) of thianthrene«5,l0-tetraoxide melting at
322«32ha¢ A mixed melting polint with an authentlc specimen
was not depresged.

The aqueous layer was treated with Norit-A, filltered
and acidified., The gummy, yellowish product which separated
d1d not so0lidify on long standing.

Run II. To a stirred suspension of 28,0 (0«1 mole) of
thianthrene~5,10~tetraoxide in 200 ml, of anhydrous ether at
~-70° was added, over a period of 10 minutes, 71 ml. (0,11
mole) of an ethereal solution of n=-butyliithium. The result-
ing mixture was stirred at the low temperature for 2 hours.
At the end of this period Color Test I was positive and Color
Test II was negative.

The dark green solution was asdded jet-wise to a stirred
alurry of Dry Ice and anhydrous ether. The reaction mixture
was worked up in the same manner as in run I. The etheresnl
layer upon evaporsation left & small amount of an olly materi-
al. The aqueous layer was treated with Norit-A, flltered
and acidified with 10% hydrochloric acid, to yield 0.9 g.
of an aclidic produect melting over the range lOGalGSo. Two
recrystallizations from benzene gave 0.2 g. of a yellowilsh
product melting at 109«110°., The amount of material was btoo
small to identify. Its low melting point indicates that it
is a product of cleavage rather than metalation, _

From the resldue in the flask was recovered 2.0 g.

(86%) of thianthrene=-5,l0-tetracxide, identified by its
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melting polnt and mixed melting point.

Preparation of 2~thianthrenscarboxyllic agld

To a solution of 5.90 g, (0.02 mole) of 2-bromothian=

threna78

in 100 ml, of anhydrous ether at -70° was sdded,
over a perioed of 5 minubtes, 17 ml, (0.02 mole) of an ethereal
solutlon of n~butyllithium. The reactlon mixture was stirred
at the low temperature for 20 minutes. Color Test II was
negative alter thils éarind, Carbonation was effected by the
jet-wise addition of the mixture to a stirred slurry of Dry
Ice and anhydrous ether. Water was added after all the carw
bon dioxide had evaporsted, and the layers were separated.
The ethereal layer was drled over anhydrous sodium sulfate,
and the solvent was removed by sveporation. Only a very
small amount of white residue was left.

The agueous layer was warmed to expel the dissolved
ether, and subsequently treated with Norlit-A, filtered and
acidified with 10% hydroechloric acid, The white product
which separated was filtered, washed and dried to yield 3.58
ge (70%) of nearly pure scid melting at 226-228°., Recrys-
tallization from glacial acetie acid gave 2.68 g. (51%) of
the pure product melting at 227.228°,

The acid fluoresces under ultraviolet rays, and 1is
white. The other isomer, l-thianthrenscerboxylic acid is
yellow,.

Anal. Caled. for C,;HgO,8,: neut. equiv., 260; 8, 2ii.6.
Found: neut. equiv., 258, 258; 3, 2L.4, 2L.2.
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Preparation of Z2-sminothianthrene

To a stirred solution of L. g. (0.015 mole) of 2-bromo-
thianthrene in 50 ml. of enhydrous ether was added, over a
period of 5 minutes, 13 ml., (0.015 mole) of an ethereal
solution of n-butyllithium, The mixture was malntained at
0-5° during the addition of the n-butyllithlum solution,
and was subsequently allowed to warm up to room temperaturs.
After & total reaction period of 20 minutes Color Test II |
was found to be nagatiﬁa.

To the above stirred mixture was added a solution of
0.2 g. (0,005 mole) of O-methylhydroxylamine o> in 20 ml.
of anhydrous ether., After a stirring period of 15 minutes
Color Test I was found to be negatives The mixture was
hydrolyzed with cold water, the layers were separated and
the aqueous layer was extracted with ethsr. The comblned
ether extract was dried ava? anhydrous sodium sulfate,
Hydrogen chloride was bubbled through the ethereal solution
until no more crystals separated., The product was flltered
and dried to glve 1.91 g. of the hydroechloride, which was
subsequently warmed with 5% sodium hydroxide solution. The
liverated free bgse was filltered, washed wlth water and re-
crystallized from 95% ethanol to give 0:72 g (63%) of white
erystals melting at 160°, The melting point of the product
was not depressed when it was mixed with Z2-aminothianthrene

36

obtained by the method of Keats. The ldentity was estab-

lished further by the ildentical infrared sp&ﬁtra,lia which
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showed absorpticen bands at 12.3 wand 13.3 U, charscteristic
of 1,2,h~ and 1,2-substitution, respectively.

Anal, Calcd. for Glzﬁgﬁszz S, 27.7+ Found: 27.5, 2?a3.

The mother liquor from the precipltation of the hydro=-
chloride was evaporsated in a current of dry air, and the
yellowish residue was recrystallized from methanol to yield
1.6l g, (76%) of thianthrens, ldentifiled by its mixed melting
point. The yields of ths two products are based on the
following equation:

3 RLL + CHy0NHp —> RNH, + 2RH + L10CH

2 3

Halogen Derivatives

Preparation of l«chlorothianthrene

To & stirred suspension of 6.93 g. (0,03 mole) of

l-aminothianthrene, 7.5 ml., of hydrochloric acid and 15 ml.

of water, cooled to OO, was added & solution of 2.1 g+ of
sodium nitrite in 10 ml., of water., The temperature of the
mixture was maintained at Gmso durlng the addition of the
sodium nitrite soluti&h. After a period of 10 minutes, 30 ml.
from a total of 90 ml, of & solution of copper (I) chloride
in hydrochloric acld was added to the mixture. The copper

(I) ehloride solution was freshly prepared from 62.5 g. of

copper (II) sulfate pentahydrate in accordance with ths
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lowed the addition of the catalyst, and the red dlazotlzed

procedure descrlbed by Vogel. A vigorous resctlon fol-
mixture became brown, The voluminous mass was subsequently
heated on the steam-bath for 30 minutes and allowed to cool,
The supernatant llquid was decanted off, and thé brown
reslidue was treated with hydrochloric scid and washed.

The black tarry materlial obtalned was sublimed under
reduced pressure to give a total of 3.0 g. (LO%Z) of crude
l-chlorothianthrene melting over the range 70~78°, Recrys-
tallization from methanol, after treatment with Norit-A
from the same solvent, zave 1.4 g. (18.6%) of the nearly
pure product melting at 79.5~81.50‘ The analytical sample
melted at 85-85,8°,

The infrared spectrum showed absorption bands at 13.0 .U
and 13.l A, characterlstic of 1,2,3- and 1,2~subatitut1§n,
reapectively.

Anal, Calcd. for C;,H,C18,: S, 25,5, Found: 25.l, 2l.9.

- Preparation of Z«-bromothlanthrense

Method I. A solubion of 23.2 g» (0.1 mole) of thian-
threne~5~oxide in 250 ml, of glacial acetlc amcid at room tem~
perature was saturated wlth hydrogen bromide. The orange
erystals which separated dissclved, upon heating, to give a

red solution. A slight yellow color persisted at the end of

12&A¢ I. Vogel, "A Textbook of Practical Organic Chem=
istr Z, Longmans, Green and Company, New York, N. Y., 1948,
Pe 100,



83

a reflux period of 2l hours. The reaction mixture was
allowsed to cool and diluted with 2 liters of cold water. A
wnite product which sepsrated was flltered and recrystalllized
from methanol to give 17.6 g. of & white solid melting over
the range 86*969‘ Two recrystallizations of the product from
methanol gave 3.2 g. (11%) of 2-bromothianthrene, m.p.,
88*890. The analytical sample melted at 89-90°. The product
gave a qualitative test for bromine.

The infrered spectrum showed absorption bands at 12.4 4
and 13.4 4, charscteristic of 1,2,~ and 1,2-substitution,
respectively, and the spectrum was similar to that of 2«~chlo=
rothianthrane;ga

Anal. Calcd. for Gy H.Brs,: S, 21.69, Found: 21.89, 21.66.

Method II. A mixture of 11.6 g. (0.05 mole) of thian-
threne-S-oxide and 100 ml. of [8% hydrobromic acid was refluxed
for 10 hours. Bromine was llberated as soon as the mixture
became warm, and s red oll separated. At the end of the
reaction perlod the contents of the flask were cooled, and
the mixture was extracted with ether. The ether extract was
washed successively with dilute sodium hydroxide and water,
and dried over anhydrous sodlium sulfate, The solvent was
removed in & current of dry air, and the olly residue was crys-
tallized from glscial acetic acld to give 2.9 g. (204) of
whita crystals, malting over the range 8&~87Q. Recrystalliza«-
tion from the same solvent gave 2.5 g. (17%) of the pure

2=bromothianthrene, m.p., 89~900.
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The use of a 32% solutlon of hydrobromic acld in the
above method gave a better yield (35.8%4) of 2-bromothian~
threne, More dilute {(16%) solution of the acid pgave only
traces of 2-bromothianthrene, the main product of the resac-
tion being thlanthrene.

Method III, To a hot solution of 21.6 g. (0.1 mole)

of thianthrene in 200 ml. of glaclal acetic acid was added
a solution of 17.6 g¢ (0.11 mole) of bromine in 50 ml. of
glacial acetic acid, and the resulting red solution was
refluxed for 7 hours, after which only a slight yellow color
persisted., The mixture wss allowed to cool and kept ab
room temperature for 2l hours, but no product separated
during this period. Beeding was effected by the addition
of' & few cryatals of Z2-bromothisnthrene. In a few minutes
avhlte, crystalline product separsted, which was filtered
and dried to give 13.75 g. (47%) of crude 2-bromothianthrene
melting over the range 3Q~8h§. Recrystallization from
glacial acetic acid gave 9.65 g« (33%) of ths pure product
melting at 88*890. A mixed melting point with the Z2~bromo-
thianthrene, obtained from the method I was not depressed.
The mother liquor from the reactlion mixture was concenw
trated and allowed to cool. A white product separated, which
alter several recrystalllizatlons from glaclal acetic acid

gave 0.9 g, (LL.2%) of thianthrene (mixed m.p.).
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Preparstion of 2,7~ and 2,8~-dibromothianthrene

Method I. A mixture of 10.8 g. (0.05 mole) of thian~
thréna, 17.6 g. (0.11 mole) of bromine and 60 ml. of glacial
acetic acid was refluxed for 16 hours after which e slight
yellow color persisted in the solution, The mixture was
allowed to cool, and the white product which separated was
filtered and dried., The product, later shown to be a mix-
ture of 2,7~ and 2,8«dibromothianthrene, weighed 15.4ly g.
(82.6%), and melted over the range 115-130°, Attempts to
obtain a sharp-melting product from this mixture were unsuc-
cessful, Pour recrystallizations from glacial acetic acid
gave 7.3 g« of the white amorphous product melting over the
range 140-149°,

Anal. Caled. for C,,H¢Br,8,: S, 17.11; Br, L2.78.
Found: S, 17.20, 16.74; Br, L2.71, 42,60,

The infrared spectrum showed an absorptlon band at
12.1 Ay characteristic of 1,2,l-substitution, but the band
at 13.3 A, characteristic of 1,2-substitution, which was
present in the spectrum of Z2-bromothlanthrene, had disappeared,
indicating that substitution had taken place in both rings.
The spectrum did not show & band indicative of 1,2,3-sub-
stitution. It is considered from these data that the disub-
stitution had taken place in the 2,7 and/or 2,8 positions.
Since neither the product itself, nor its tetraoxide could
be obtained In sharpe-melting forms, it is inferred that both
of the 2,7~ and 2,8~dibromathianthrena‘ara present in the
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product.
The reported dibromothianthrene of unknown structure and

physical c@natanta7?

was prepared in essential accordsnce
with the procedure described in the reference. The product,
after several recrystalliizations from glaclal acetle acid,
melted over the range 140-150°, Its infrered spectrum was
ldentical with that of the dibromothlanthrene obtained by
Method I.

Method II. A mixture of 9.92 g. (0.0 mole) of thianw
threne~5,10-dioxide (K=form) and 100 ml., of 32% hydrobromiec
acid was refluxed for 16 hours. Bromine was liberated as
gsoon as the mixture became warm, and a red cil separated as
a heavier layer. At the end of the reflux period the
agueous layer retained s slight yellow color. The mixture
was cooled and extracted with ether. The ether extract was
washed successively with dilute sodium hydroxide and water,
treated with Norit-A, flltered and dried over anhydrous sodium
sulfate. Upon evaeporation of the solvent a c¢olorless oll was
left as the residue which soon solidifled. The dried product
melbed over the range 110~1250. Four recrystallizations from
glacial acetle acid raised the melting range to 142-151°,

The infrared spsectrum of this ﬁraduct was ldentical with that
of the isomeric mixture‘nbtainsd by Method I,

Method III. To a suspension of 11.6 g. (0.05 mole) of

thianthrene-S~oxide in 60 ml. of glacial acetic acid was added
8.8 g« (0.055 mole) of bromine., The sulfoxlde dissolved
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immediately to give & red solution. The mlxture was subse~
quently refluxed for 16 hours after which a supernatnat,
yellow acetic acid solutlon, and a heavier, yellow oil re-
mained in the reaction flask. A whlite product whlch separated
upon cooling was filtered and dried to give an emorphcus
powder meltlng over the range 110~125@, Pour becrystalliza*
tlons from gleeial acetle acld raised the melting range to
l39u1u9w¢ The infrared spectrum of this product was lden=~
tical with that of the isomerlec mixturs obtained by Method I.
The yield of the crude product was 15.0 g. (80.2%).
Bromination of thianthrene-b~dioxide (attempted)

A solution of 2,48 g. (0.01 mole) of thlanthrene~5-
dioxide and 1.6 g, (0,01l mole) of bromine in 10 ml. of glaclal
acetic acid was refluxed for 16 hours. A slight yellow color
of' the solutlon persisted, The mixture was cooled, filtered,
washed and dried to give 2.28 g. (92%) of the unreacted

thianthrene-5-dioxide (mixed m.p.).
Oxidation Reactions

Preparation of Z2ebromothiasnthrene-5,1l0-tetraoxide

To a hot solution of 2,06 g. {0.007 mole)} of 2-bromo=
thianthrene in 10 ml. of glacial acetie scld was added &
solution of 6.3 g. (0.056 mole) of hydrogen peroxide (30%)
in 10 ml. of glacial acetic acid. Another 10 ml. of the
solvent was added to effect a complete solution which was

subsequently refluxed for 2 hours. A white, crystalline
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product whilch separated upon cooling wes filtered and dried
to give 2.20 g. (B88%) of 2«bromothianthrene~5,l0-tetraoxide,
mepe, 226-227°, Recrystellization of the product from
glacial acetlec acid did not reise the melting point,

The mother liquor, upon dilution, gave another 0,23 g.
of the impure product melting over the range 200~213°‘ Two
recrystallizations from glacial scetic acid gave 0.12 g. of
the pure product melting at 226-227°. The total yield of
the pure product was 2,32 g. (92.1%).

The infrared spectrum showed bands at 11,9 «, 13.1 U
and 8.65 4, indlcatlive of 1,2,l~ and 1,2-substitution, and
the sulfone group, respectively.

Anal, Caled. for C,,H,Br0)Sy: S, 17.83. Found: 8,
17.63.

Preparation of 2,7~ and 2,8-dibromothianthrene~5,10«tetracxide

To a hot solution of 3.7 g. (0.0l mole) of the isomeric
mixture of dibromothianthrens in 40 ml. of glacial acetic
acld was added a solution of 9.0 g. (0.08 mole) of hydrogen
peroxide (30%) in 10 ml. of glacial acetic acid, and the
resulting solutlion was refluxed for 2 hours., The mixture was
cooled, and the white product which separated was Tiltered
and dried to give 3.08 g. of the tetraoxide melting over the
range 237-264,°. From the mother liquor was obtalned, upon
dilution, another 1.17 g. of white product melting over the
range 219~2&Q0. Attempts to separate the mixture into sharp-

melting products were unsuccessful. After several recrystal=
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lizations from glaclal acetic acid the product melted over
the range 2&6~2800. The total yield of the tetraoxide was

Anal. Caled. for ﬂleﬂéﬁrzeasa: S, 14.61; Br, 36.53,
Found: S, 14.6L, 1L.L3s Br, 36.59, 36.4lL.

Preparation of l-eghlorothlanthrene-5,l0~tetraoxide

To a hot solution of 0,25 g« (0.001 mole) of l-chloro-
thianthrene in 2 ml. of glacial acetic acid was added 0.4b
g. of hydrogen peroxide (30%) in 2 ml. of glacial acetic
acld, and the resulting solution was refluxed for 2 hours.
The mixtﬁre was cooled, and the crystalline product which
had separated was filtered and dried to yield 0.26 (8L4%)
of l=chlorothianthrene-5,l0-tetraoxide melting over the
range 236-239°., Recrystallization from glacial acetic acid
gave .20 g. (65%) of the pure product melting at 2i2.

’§ﬂ§&¢ Caled. for CypH,010;8,: 8, 20.38. Found: S,
20.67.

Preparation of Bfaarboxyﬁhianthrane«S,10~ﬁatraoxide

To & hot solutlon of 0.9 g. (0.9035 mole) of 2-thian=
threnecarboxylic acld in 20 ml, of glacial acetic acid was
added 5 ml. of hydrogen peroxide (30%). The solution became
colorleas in a few minutes. The mixture was refluxed for
2 hours. A white product which separated upon cooling was
filtered, and dried to yield 0.95 g. (87%) of 2-carboxythian=
threne=-5,10-tetraoxide melting at 302-303°,

Anal. Calcd. for C;3Hg0gSy: neut. equiv., 323 8, 19.75.
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Found: neut. equiv,, 320, 319; 3, 19.76, 19.61.

Oxidetion of li~carboxythianthrene-5~dioxide

To a hot solution of 1.6 g. (04005 mole) of li-carboxy=
thianthrene~5-dioxidas, obtalined from the metalation of thian=-
threne-S«dioxide, in 20 ml. of glaclal acetle acid was added
9,0 of hydrogen peroxide (30%) in 10 ml. of glscial acetic
acid., The resulting solution was refluxed for a period of
2 hours., The white product which separated upon ecooling was
filtered and dried to yleld 1.35 g. (83%) of the pure product
melting at 306-307°,

The mother llquor was concentrated to a volume of 25
ml. and allowed to cool, The white product which crystalw
lized out was filtered and dried to give 0.25 g, of the scid
melting at 307-308°, The total yield of the pure product
was 1.60 g. (99%).

An admixture of the product with l-carboxythianthrene-
5,10-tetraoxide, obtained from the oxidation of l~thian-
threnecarboxylic acid, was not depressed. The identity was

established further by the comparison of the infrared spectra,

Preparation of thianthrene-5,5,10-trioxide

| Chlorine was bubbled at a rapld rate through a suspen-
sion of 129.6 g. (0.6 mole) of thianthrene in 1500 ml. of
boiling 904 acetle amcid. In a few minutes all of the thianw
threne éisaolvad to give a pink solution, At this stage the
golution was allowed to cool, while the addition of chlorine

was continued. Heating was resumed as soon as white erystals
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began to separate. The pink color of the solution disap~
peared, aﬁé a clear, yellow aolution resulted during a period
of 1 hour. The solution was allowed to cool, and a small
sample of the whité needles which separated was taken out.
It did not.melt below 230°. This indicated that the product
was thianthrene~5,10-dloxide, since both the oX=-and the

fSafwrm of the dlsulfoxide melt above the melting point of
the trioxlde (221,5-222,5%). The mixture was cooled to room
temperature, and more chlorine wes added for approximately
15 minutes. Upon heating & clear, yellow solution resulted.
A white product separsted in the form of small prlsms as
the solution cocled. Addition of chlorine was discontinued
at this stage, and the mixture was dliluted to 3 liters with
cold water. The product which separated was [iltered,
washed successively with dilute sodlium sulfite solutlion and
water, and dried to yield 1L5 g. (91.5%) of the crude product
melting over the range 215-220°. Recrystallization from
90% acebic acld gave 132 g, (83.3%) of the pure product
melting at 221.5-222.5°. Fries and Vaatsa have reported the
melting point of this compound as 216°,

The infrared spectrum showed bands at 8.63 U, 9,8 AL

and 13.1 4, characteristliec of the sulfone group, the sulf-
oxide group and 1l,2~-substlitution, respectively.

Anal., Caled, for Qlaﬂgﬂ

t 8, 2.2, Pound: 8, 24.18,
2h.15. ‘

352
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Preparation of thianthrene~5~oxide

Fries and Vogt obtained thianthrene-S-oxide in 83%
yield by the oxidation of thianthrene with nitric acid
(sp. gr. 1,2),53 A slight modifilcation of the method gave
excellent ylelds of the product.

To a stirred refluxing solution of 86,4 g. (0.l mole)
of distilled thianthrene in 1400 ml, of glacisl acetic acid
was added drop-wise 150 ml. of the dilute nitric acid over
a period of 1.5 hours, and the mixture was refluxed for an
additional period of 15 minutes. The yellow solution was
diluted with 5 liters of ilce-water. The product which
separated In the form of very fine nsedles was fllbered,
washed with water and dried to yield 90.5 g. (98%) of the
pure 5-oxide melting at 1k3-113.5°.

Reduction Resctlions

Preparation of thlanthrens-5-dioxide

Reduction with zinc and scetic acld. To & solution of

105,6 go (0. mole) of thianthrene=5,5,10~trioxide in 500
ml. of hot 90% acetic acid was added 60 g. of.zinc dust, and
the mixture was refluxed for 3 hours. The hot solution was
decanted into 1.5 liters of cold water. The white product
which separated was filtered, washed and dried to yield 9.0
g (95%) of thianthrene~S-dioxide melting at 167-168°.
Recrystallization from glaclel acetic acld ralsed its melting

point to 168-169°,
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The infrared spectrum showed bands at 85.65 A and 13.2 4,
characterlistic of the sulfone group and 1l,2-substitution,
respectively.

Anel. Celed. for Cy,Hg0,8,: 8, 25.80. Found: 8, 25.50,
25.52.

Fries and Vmgtsz have reported the melting polnt of
this product as 159°,

Reduction with hydrobromiec acld. A mixture of 7.92 g.

(0.03 mole) of thianthrene-5,5,l0-trioxide and 60 ml. of
32% hydrobromic acid was refluxed for 16 hours. Free bromine
was llberated as soon as the mlxture became warm, and the
color of bromine slowly disappeared leaving a slight yellow
color 1n the suspension at the end of the reaction period,
The mixture was cooled, flltered, washed and dried to
vield 7.41 g. {99.6%) of thilanthrene-5-dloxide melting over
the range 162-165°, Recrystallization of the crude product
from 90% mcetic acid pave 6.87 g. (92%) of the pure product
(mixed mePe)s
Reduction of 2-ethylsulflinyl-2'-carboxydliphenyl sulfide

A solution of 0.8 g. (0.0026 mole) of 2=ethylsulfinyl=
2'-~carboxydiphenyl sulfide in 30 ml. of glacial acetic acild
at room temperature was saturated with hydrogen bromide., A
yellow solution resulted after which yellow crystals began
to separate. The mixture was left at room temperature for
Iy days and subsequently diluted with water. The white

prmduct was filtered, washed with wabter and dried to yield
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0.7 g2+ (93%) of crude 2-ethylmercapto-2'~carboxydiphenyl
sulfide melting over the range 165-190°., Successive recrys=-
tallizations from benzene, aqueous acetone and 90% acetilc
acld gave product melting at 191*193a¢ It did not depress
the melting polnt of the product obtalined from the reduction
of the seme starting material with zinc and acetic acid,

Reduction of 2-p~bubylsulfinyl«2'-carboxydiphenyl sulfide

A solution of 0.9 g. (0,0027 mole) of 2-n-butylsulfinyl-
2'=carboxydiphenyl sulfide in 10 ml., of glacial acetic acid
at room temperature was saturated with hydrogen bromide.
After allowlng the mixture to stand for 1 howr it was diluted
with water, and the product which separated wag Ciltered and
recrystallized from 90% acetic acid to give 0.4 g. (L6%) of
white crystals melting over the range 128-132°. Two addi-
tional recrystallizations from the same solvent falled to
ralse the melting point. The product did not depress the
melting point of the pure 2-n~butylmercapto-2'~-carboxydiphenyl
sulfids, ebtaina@ from the reduction of the same starting
materlal with zinc and acetlic acid.

Reduction of 2-nitrothianthrene with tin and hydrochloric acid

A mixture of 1.03 g. (0,005 mole) of aniﬁrothi&nthranaﬁs
10 ml, of hydrechlcric acld, 7.0 g« of tin and 3 ml. of etha-
nol was refluxed for l hours. The yellow color of the 2-
nltrothianthrene disappsared in a few minutes and a white
solid remained in the reactlon flask, The mixture was cooled

and filtered. The reslidue was warmed with 104 sodium
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hydroxide solutlon, filtered, washed and recrystalllzed from
ethanol to yield 0.6 g. (52%) of Z2~aminothianthrene melting
&t,lé@e. A mixed meliing polnt with an authentle spacimenBé

wes not depressed.
Condensation Reections

Preparation of 2-scetamidothlianthrene

A solution of 0.23 g. (0.001 mole) of 2«aminothian-
threne in 3 ml., of acetlc anhydride was boiled for 5 minutes,
dlluted with water, cooled and filtered. The whlte residue
was recrystallized from dilute ethanol to give 0.20 z. (73%)
of white flakes melting at 182-183°, A mixed melting point
with the product obtained by reducing 2-nitrothianthrene
according to Krishna's mathodég was not depressed, and the
infrared spectra of the two products were identical,

Preparation of ethyl l-thianthrensoxyacetate

To a solutlon of 0.92 g. (0.0 g. atom) of sodium in
50 ml, of absolute ethanol were added 9,28 g. (0.0l mole)
of l-hydroxythianthrene and 6.68 g. (0.0l mole) of ethyl
bromoacetate. The mixture was refluxed for 2 hours, and the
resulting red solution was diluted with exceas of water. The
mixture was extracted with ether, and the extract was dried
over sodlum sulfate. The solvent was evaporated to lsave an
0il which solidified on standing. The crude product weighed
11,05 g. (87%4). Several recrystallizations from methanol
gave 3.0 g. (23.6%) of the pure ester melting at 90-90.5°,
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Anal. Calcéd, for cléﬁluﬁBSZ: 8, 20.1. PFound: S, 20.2,
19.8.

Preparation of l~thianthreneoxyscetlc acid

To a solution of .53 g. (0.113 mole) of sodium hydroxide
in 60 nml., of water were added 11.6 g. (0,05 mole) of 1=
hydroxythiasnthrene and 5.92 g. (0.063 mole} of chloroacetic
aclid, The mixture was refluxed for 13 hours, alfter which it
was diluted with water and filtered. The filtrate was
acldified with 10% hydrochloric acid. The cream-~colored
product was flltered and washed. The crude, dried product
weighed 13.3 g. (92%) and melted over the range 1L5-155°,
After several recrystallizations from 90% acetic scld was
obtained L.3 g. (30%) of the lwthianthreneoxyacetic acid
melting at 174-175°,

Anal. Calcd. for Oluglﬁngﬁz neut. equiv., 290; 3,
20,07, Found: neut. equiv., 288, 287; s, 22.57, 22.61.



97

DISCUSSION
Reactions Involving Organometallic Compounds

Metalation of heterocycles such as dibenzofuran and
dibenzothlophens usually procesds satlsfactorily with n-
butyllithium. In sach case the substitutlion takes place in
the pésitiﬂn,ggggg to the hetero atom, Although dimetalation
has besen observed in a few cases, the reasctlion usually re-
sults in mommmatal&tian.l3 It has been found that éxygen has
a’greater orientation influence then sulfur. Thils conclu=-

125 First, metala~

sion has been based upon several facts.
tion of a mixture of dibenzofuran and dibenzothiophene with
insufficient amount of n~butyllithium resulted in the
mataiatiam of dibenzofuran only. Second, dibenzofuran
metalated more readily than dibenzothlophene, Third, dil-
benzothlenyllithlum metalated dibenzofuran, but dibenzo-
furyllithium did not metalate dibenzothlophene. Fourth,
phenoxathlin metalated in the &*p@&itian (ortho to oxygen
atom).

In agreement with these {indings thlanthrene metalated
less readily than ﬁib@nzafgwéioxin.lc The acid obtained from

thianthrene upon carbonation melted at 21?«2189, and was

shown to be lethlanthrenscarboxylic acid.

12 | |
5}{: @ilm&n, Me Wo Van Eﬁg, He B, Willis and €. G,

Stuckwisch, J. 4m. Chem. Soc., 62, 2606 (1940).
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The above work was checked axp@rimantally.‘ The yellow
acid melted at 22&*325”. Its neutral equivalent showed 1t
to be a monocerboxylic acid, which was confirmed as the
l~isomer since the only other isomer, 2-thlanthrenecarboxylie
acid, is white and melts at 227-228°, The 2~thlanthrene=
carboxylle acid was preparsd from 2~br0mathianﬁh@em@78 through
halogen~-metal interconversion with n-butyllithlum and sub-
sequent cafbomatian of the reactlon mixture.

The reported melting point of leaminothianthrene,
prapared by the action of O-methylhydroxylemine on l-thlan=~
threnyllithium, is 1390.10 4 close examination of the ex~
perimental part of the reference revealed that the analysis
for nitrogen did not show a sebsifactory agreement. The
amine prepared in the course of this investigation melted
at lZOulElG, and the theoretlecal and expsrimental values for
the percent of nitrogen sgreed very well. The reported
product was, therefore, lmpure.

The oxldation of an organclithium compound by oxygen in
the presence of n-butylmegnesium bromide results in the for.
mation of the corresponding phenol. l-Hydroxydibenzofuran
has been prepsred by this reaction in L5«52% yielﬁﬁlaﬁ The

corresponding dibenzothlophene derlvatlive was obbtained In

126}{' Gilmen, Le C, Cheney and H, B. Willis, 1lbid., ‘é&,

951 (1939).
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33%1£7 and 21%138' The reaction gave poor yilelds of l-
hydroxyphenoxathiin (15%) and l-hydroxythlanthrene (2.5%)¢1u
The reported method of the preparation of l-hydroxythianthrene
was slightly modified. The oxidation of the l-thianthrenyle=
lithium was carried out at room temperasture iLnstead of at
-2°, The erude product was distilled under reduced pressure
to give the pure l-hydroxythlanthrene in 29% yleld.

The other two derivatives, l~thianthrenyltriphenylslilane
and l-thianthreneboronic sascid, prepared by‘the action of
l-thianthrenyllithium on triphenylchlorosilene and tri-n-
butyl borate, respectively, are the [irst reportsd thian-
threne compounds contalning silicon or boron atom, and may
prove to he of interest for other studies.

Although the orientation influence of the sulfur atom
in mebtalation reactions 1s less than that of oxygen, the
oxidation yroéucﬁs, sulfoxides and sulfones, have much greater
influence thaﬂ’eiﬁh@r sulfur or oxygen. Thus, 1t has been
foumd that dibenzothiophene-S-oxide can be metalated at -10°
at which tempsrature dibsnzothlophene does nat,80 and
dibenzothiophene~5~dioxide can be metalated at ~300 to yleld,
upon carbonation, l~carboxydibenzothiophene~5-dioxide and

&,6~diaarbsxydibenzethiopheﬂenS«dicxide.123 Thisnthrene-5-

1274, Gilmen and A. L. Jacoby, J. Org. Chem., 3, 108
(1938).

128K. B. Lentz, Unpublished M. 8. Thesls, Iowa State
College Library, 1949
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dloxide could be metalated with n-butyllithium even at &
lower temperature to give, upon carbonation, both the mono=
and dicarboxylic aclds, The monocarboxyllc acld upon oxi-
dation ylelded a product which gave anslysis corresponding
to monocarboxythianthrene~5, lO0-tetrsoxide. The product
did not depress the melting point of authentic lwcarboxy-
thienthrene«5,10~tetraoxide obtalned from l-thianthrenecarw
boxylie acid by oxidation with hydrogen peroxide (30%).

The comparison of the Infrared spectra eéstablished further
the ldentity of the two products. This proved that the
metalation of thianthrene~b-dicxide took place in either
the 1~ or the l=position. The l~position is ruled out from
consideration in view of the fect that the sulfone group 1s
much wmore reactive than the sulflde group as shown before.
Thiasnthrene ltselfl, which contalng two sulfide groups, could
not be metalated at -70° under the condltions under which
thianthrens-S-dioxlde was., Phenoxathlin metalates in the

125 but phenoxathliln-l0-dloxlde metalates in the
81 ,123&

li~position,
l«position. The monocarboxylic acld is therefore
established as li-carboxythianthrene-5-dioxide., By using a
low temperature of -70°, the reaction could be restricted to
monometalation. At higher temperatures & nixture of the
mono~ and a dlcarboxylic acid was obtalned. The Infrared

gspectrum of the dlcarboxylic acid indlcated that substitution

1208y published studles of r. S. Hidt of this laborabory.
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had taken place in both of the bhenzene rings. One of the two
carboxylic groups must be in the l~position since the reaction
would be expected to proceed in stages. The other group must
be in the b-position since the dimetelation, followed by
carbonatlon, of diphenyl sulfone, éibanzothiaphena~§~éimxiﬁa
and phenoxathliin~l0~dloxide results in the formation of 2,
2t-dicarboxydiphenyl aulfanﬁ,la} ly,b6=dicarboxydibenzothio~
phene-5=diox1del23 and 1,9-dlcarboxyphenoxathiin-10-dloxide o s
respectively. The best conditlons for monometalation re
guired stirring thilanthrene-5-dioxide with 3 equivalents of
n-butyllithium for 16 hours at -70°. The i=carboxythianthrene~
5=dioxide was obtained in 1% yield upon carbonation of the
reaction mixture. The dicarboxylic acld was obtained in 12¢
yield when the metalation was ecarried out at ~LO to «45° for

5 hours and the mixture subsequently carbonsted. The reaction

obviously proceeds in stages.
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The study of the reactlions of thianthrene-S-oxide with
organometallic compounds proved to be most Iinteresting. The
first successful metalation of a sulfoxide was that of di-
benzothiephene~§~0xi&&ise Gilman and Hasmay found that metalaw
tion of thils sulfoxide with n-butyllithium followed by
carbonation gave li~-dibenzothlophenecarboxylic acid in 35.7%
yialé‘ The other product of the regsction was dlbenzothio=-
phene, formed as a raﬁult of reduction., It was shown that
metalation preceesded reduction in the reaction. HKsumay
observed that treatment of diphenyl sulfoxlde with n~butyle
1ithium at low temperaturea resulted in cleavage, and
benzole acid was formed a# a result in falr yields upon

carbonation of the reaction mixtura.l3

Schénberg observed
that the action of sodamide on diphenyl sulfoxide in boilling
toluene resulted in the formastion of dibengothiophene in

129

25% yield as a& result of cyclization and reduction, Sub~

stitution of toluene by benzene in the above reaction ime
proved the yileld of dibenzothlophens to 3@-33%a130
In the present invesatigatlon it was fouﬁd that treatment
of thianthrene~S5~oxlde with n~butyllithium at low tempera=-
tures resulted in cleavage, reduction and metalation. The

main product of the reaction was dibenzothiophene obtalned

129,. Schonberg, Ber., 56, 2275 (1923).

1300. Courtot, Ms Chalx snd L, Wlcolas, Compt, rend.,
190, 1660 (1932).




103

in about 50% yield. The other products of the reaction were
thianthrene, 2,2'-dicarboxydiphenyl sulfide and l-thianthrene-
carboxylic acid. The products of the reaction with n-

butyllithium and with methyllithium are summarized in table
VIIiI.
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Table VIII

Reaction Products of Thianthrene~5-oxide with
n-Butyllithium and with Methyllithlum

Equive- Time of  Temper- Yield Yield Yleld Hecovery
lents of reaction ature of of of of

alkyl- dlbenzo~ thian- acld starting
lithium thiophene threne materlial

REACTION WITH n-BUTYLLITHIUM

1.1 3 minutes =70 27.1% 9.3% 17.6%
1.1 10 minutes =70 W64 o 7%

1.1 7 hours -70  50%

3 30 minutes =70 53.2% 84

3 7 hours =70  52% 3.2 1%

3 5 hours «}0 3% 1A

2 7 hours  5-10  10.4% 13.24 8.1%°

REACTION WITH METHYLLITHIUM

1.1 15 minutes =70 12.5% 21.1%
1.1 16 hours -70 21% L6%
3 16 hours  20-25 60F 147"

*rhe acid was 2,2'=dicarboxydiphenyl sulfide.

it

The acid was l-thlanthrenecsrboxylic acid.
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The starting material, thianthrene-5=~oxide, could be
partly recovered only when the reasction time was limlted to
3 minutes st m?OQ‘ The conversion of the sulfoxlde to
dibenzothiophene is nesrly completed in about 10 minutes.
The reaction thus resembles a typilcal halogen-metal Inter~
conversion and may be termed "sullfoxide-metal interconverw-
sion", Metalatlon 1s favored at higher temperature, while
cleavapge 1s preferred at low temperatures. The cleavage
reaction apparently proceeds in stages. The intermediate
could undergo a “sulfcxiﬁ@&matal interconversion®” in an
intermolecular, and a ring closure in an Iintramolecular
manner. The latter would explain the formation of dibenzo=-

thiophene, and the former, that of 2,2'w-dlicarboxydiphenyl

gullide.
r ~——
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The expected by*pradugts, dl-n~butyl sulfoxide, GL=p-
bu%yl sulfide or n-butanesullenlc acid, were not isolated.
The intramﬁl@aular reaction 1s appearently favored since
dibenzothiophene is formed in ebout 50% yield irrespective
of th@‘axcaﬁa of n-butyllithium. If the intermolecular re=-
gction was preferred, more of 2,2'~dicarboxydiphenyl sulfide
should be formed,.

The formation of l«thisnthrenecarboxylic acid at higher
temperature shows that metaletion 1s accowmpanied by raéﬁction.
Whether metalation precedes reduction in this reaction is
not established. It may be that the two processes take place
simulﬁanacuély.

The reaction took a different course when mebthyllithium
‘was used. The amount of reduction was much greater., Thianw
threne was obtalned in 60% yleld by stirring thianthrene=-5-
oxide at room temperature with 3 equivalents of methyllithium
for 16 hours, This fact indlcates that methyllithium could
be profiltably employed as & reducing agent for sulfoxldes.
The extent of metalation at best was small. No dibenzothio~
phene was 1isolated. INo acldic product indlicating cleavage
was obtained.

Ethylmagnesium bromide has besn found to effectively
reduce dibenzothiophene-5S-oxlde, but phenylmagnesium bromide

showed no reaction, 308 Thianthrene-5-oxide was cleaved by .

130a

\ ¢. Courtot and C. Pomonis, Compt. rend., 132, 893
(1936)” * s ) ool 93
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ethylmagneslum bromide to yileld a white scld which ls essigned
the structure 2~ethylsullinyl-2'-carboxydiphenyl sulfide.
n-Butylmagneslium bromide similarly cleaved the sulfoxide to
glve the corresponding preoduct, Z-n~butylsulfinyl-2'-car-
boxydiphenyl sulfide in good yields. The reactions were

carrled out at n?ﬂe.

N RMSBY 0
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Table IX

Reactlions of Thianthrene-~5-oxide with Alkylmagnesium Halides

Bguivalents Time of Temper Yield - Recovery of
of alkyle reaction ature of startiag
magnegium acid - material
halide

METHYLMAGNES TUM IODIDE

2 20 hours -70 ~ 63%
ETHYLYAGNESIUM BRONIDE

1.1 20 hours -70 29.,0%" h%

3 - 20 hours -70 11.2% 7%
n-BUTYLMACGHESIUM BROMIDE

1 16 hours ~70 25 g H 23%

1 16 hours™® .70 50.04 60%

2 16 hours ~70 35.3% sh%

3 6 hours =~ =70 10.3% 65%

1

.1 I8 hours -70 3li.8% 68%

“The acld obtained with ethylmagnesium bromide was
2=gthylsullinyl-2t«-carboxydiphenyl sulfide.
*¥he acid obtained with n-butylmagnesium bromide was
2=-n~butylsulfinyl-2t-carboxydiphenyl sulfide.

%18 was followed by a stirring period of 1 hour
during which the cooling bath was removed and the reaction
mixture allowed to warm up.
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Attempts to syntheslze Z-n~butylsullinyl-2'=-carboxy-~
diphenyl sulflde were unsuccessful. The correctness of the
agasigned structures to the two acids rests upon several
factg, First, the analytical and spectrel data show satis-
factory agreement, Second, the acids could be reduced to
the sulfides, while Z2w-n-butylsulfinyl-2!'=-carboxydiphenyl
sulfide could be oxidlzed to the corresponding tetraoxide.
Third, no thianthrene was isolated in any run with the
alkylmagnesium bromldes, indicating that reduction of the
gulfoxide group during the formetlion of the organomagnesium
compounds was unlikely. Fourth, cleavage 1s the main re-
action of n~butyllithium with diphenyl aulfoxid@lB and
thiauthrmna*Swaxiﬁe83 at u?QG, with the formation of ben-
zole acld and dibenzothiophene, respectlvely. It can be
imagined that with nebutylmagnesium bromide which is less
reactive than n~butyllithium the reaction does not proceed
beyonid the stage of the intermedlate postulated in the
cleavage of thianthrene~5-oxide with n~butyllithium.

From the preceeding results it was anticipated that
thianthrene~5,10-dioxide would give eyeclobutadibenzene when
treated with n-butyllithium at »?GQ. No such pfeduct was
isolated with elither of the two forms of the disulfoxide,
probably due to the extreme insolublility of the product in
ether particularly at low temperatures, The starting
material was recovered in 65-87% yield.

The cleavage reactlon, however, was successfully applied



110

to thianthrene~5,5,10-trloxide. The action of 3 equivalents
of n-butyllithium at ~70° for 3 hours resulted in the for-
metion of dibenzothiophene-S-dioxide in 5% yield, and of
2,2'~dicarboxydiphenyl sulfone in 16.6% yield.

The only identifiable product from the attempted
metalation of thianthrene~5,l0-tetraoxide was the starting
material obtained in 36-86% yield.

Halogenation Reamctions

l1-Bromothlanthrene has been syntheslzed from 2«bromo=
diphenyl sulfide by condensatlion with sulfur in the presence
of anhydrous sluminum chlnride‘la No successful monobromiw~
nation of thianthrene has been reported. 4 dibromothian-
threne has been prepared from thianthrene and bromine, but
its physical characteristics and structure were not reparted?7
In the course of the present investigation Z-bromothiasnthrene
was prepared in fair yields by the action of one molar
equivalent of bromine on thianthrene and of 32% hydrobromie
aclid on thianthrene-5~oxide.

The structure of Z2-bromothianthrene was established by
1ts conversion to the aminothlanthrene which was identical
with thaéauthentic 2wgminothlanthrene obtained by Keata!

3

method, Erishne reduced 2-nlitrothianthrene with zine and

90% amcetic acid, and reported the product he obtained ans
68

2-aminothiantirene, Keats showed that Krishna's product

was actually 2~acetamiﬁcthi&ntﬁrene_Which could be hydrolyzed
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to 2~amlnothianthrene with ethanol and hydrochlorie aaiﬁ.36
The structural proof of Zwbromathianthrana incidentally
substantiated the finding of Keats., It was further found
that acylation of the Z2-aminothlanthrene gave a compound

which was 1dentlcel with Krishna's product.
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The action of two molar equivelents of bromine on thian-
threne gave & product which was ldentical with the product
obtained by the action of hydrobromic acld on thlanthrene~t,
10~dioxide. The same product was also obteined by refluxing
a solution of thilanthrene-5-oxide and one molar equivalent

of bramin@ in glaelal scetic acid. Attempts to obtain a
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sharp-melting substance from 1t were unsuccessful., From its
analyslis, the examination of its infrared spectrum, asnd the
comparlson With.thﬁ dibromination of dibanzmthioph&na,lBl’13e
it is considered to be & mixture of 2,7-and 2,8~dibromothian=~

threne.

48s

/ S B Bv

BV \5/
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In the case of dibenzothlophene the sulfur satom has only
one palr of para posltions, therefore dibromination gives only
one product, 2,5-dibromodibenzothiophene. In the thianthrene
molecule, on the other hand, positions 2 and 8 are para to

the suliur stom 5., At the same time positions 2 and 7 are

1319. R. Neumoyer and E. D. Amstutz, J. Am. Chem. 50C.,

69, 1920 (1947).
132y, Giimen and R. K. Ingham, ibld., 73, 4982 (1951).
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0<®

para to the sulfur atoms 5 and 10, respectively. Thus, two
products of dibromination, 2,7~ and 2,8~dibromothianthrene,
are possible with thianthrene. Attempits to separate the
mixture Iinto the two isomers through oxidation to the tetra~
oxides and subsequent recrystallizatlons were unsuccessful,
The reductive chlorination of 10-methylphenothiazine=
S~oxide with hydrochloriec acid to give 3«chloro«lO-methyl-

6 has been recently investigated further by

133

phenothiazine
Schmalz and Burger. These aubhors have suggested two
mechanisms for this reaction. According to one mechanism,
the chloride lon attacks the positively charged Intermedlate
phenazothionium ion. The other mechanism Involves the initial
reductlion of the sulfoxide to the sulfide. A mole of the
free @élcgen, libverated in the process, subseguently attacks
the heterocycle,

Other experimental studles from these laboratories

favor the second ﬁ@chaniam.IBh The present investigation in

the thianthrene system also indlcates that the second mech=

133a. c. schmalz and A, Burger, ibid., 76, 5455 (1954).
IB&H. Gilmen and J. Eisch, ibid., 77, in press (1955).
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anism is more probable. With sll the three sulfoxides,
thianthrene-5-oxide, thianthrene-5,10-dloxlde end thian=~
threne~5,5,10~trioxide, hydrobromle amecld first gave free
bromine as evidenced by the color of the solution and of

the vapor sbove the solution. The presence of a sulfone
group, which would deactivate the benzene rings toward slec-
trophilic attack, was expected to hinder brominatlion, Thiane
thrense~5~dioxide was not brominasted with bromine under the
experimental conditions, while hydrobromic acld reduced
thianthrene-~5,5,10-trioxide quantitatively to thianthrene-
S~dioxide, but no bromination product was obtained from the

reaction.

0o
*
— ——> veaction
ZQN Zﬁ
C © o N

Oxidation Reectlions

The tetrasoxides are convenlent derivatives of substls
tuted thisnthrenes. Accordingly, l-carboxythianthrene,
2~carboxythianthrene, l-carboxythianthrene-5~dioxide, 1~
chlorothianthrene, 2«bromothianthrene, 2,7~ and 2,8«dibromo~
thisnthrene and 2-n~butyl sulfinyl-2!=-carboxydiphenyl sule
fide were oxldized with hydrogon peroxide (30%) to the corres-

ponding tetraoxides. The identity of the tetraoxlides obtalined
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from lethlanthrenscarboxylic acid and li-carboxythianthrene-
S-dioxide established the fact that metalation of thlanthrene-
5-dioxide took place elther in the l- or in the li-position.

Thianthrene-5,5,10~trloxide was prepared in excellent
vields by the actlon of chlorine on thianthrene in bolling
90% acetlic acid. Thianthrens-5~oxide was prepared by a
modification of the method of Fries and chtgz in improved
ylelds,

Heduction Reactlons

The reagents used for reductlon durlng the course of
this investigation were zinc and 90% amcetic acid, tin and
hydrochloric acid, hydrobromic scid and sodium sulfite. The
reduction of a sulfoxide was better carried out with zine
and 90% acetic acid, 2-Alkylsulfinyl-2!-carboxydiphenyl
sulfides gave Impure products when reduced wlth hydrobromie
acid probably due to accompanied bromination, but reduction
of these products with zinc and 90% acetic acld gave very
pure Z2-alkylmercepto~2'-carboxydiphenyl sulfides.

Reductlion of thianthrene«5,5,10-trioxlide gave excellent
yields of thianthrene-5-dioxide both with zinc and 90% acetic
scid and with hydrobromic acid.

Reduction of 2-nitrothianthrene with zine and 90% acetic
acid has been shown to result in the formatlon of 2-acetamldow
thianthrane‘36 Direct reduction of the nltro compound to the

2~aminothianthrene was accomplished with tin and hydroehloric
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aclid.

Condensetion Reactions

Treatment of Z2-aminothlanthrene with acetic anhydride
gave & product which was id@nticallwith Krisbna'aégpreduct¢
This agein confirms the finding of Keats that reduction of
2-nitrothianthrene with zinc and 90% acetic acld results in
the formation of 2~acetamidothianthrene instead of 2-amino-
thianthrene.

l1=Thlanthreneoxyacetic acid and lts ethyl ester were
prepared Ifrom l-hydroxythianthrene. These products may havs

interesting possibilities as plant hormonss,
Suggestions for Further Research

The cleavage of thilanthrene-S5-oxide with organometallic
compounds has been a&n Interesting study. The use of solvents
other than ether, such as petroleum ether (b.p. 28-36°)
should be attempted.

The cleavage reactions were carried out usually at =-70°.
Lower temperatures may have interesting possibilities,.

It was found that methyllithium gave a 60% yield of
thlanthrene when thianthrene-5-oxide was stirred at room tem-
perature with the organolithium compound for 16 hours. This
gstablishes the Importance of methyllithium as a reducing
agent for sulfoxides, and should be attempted for the reduc-

tion of diphenyl sulfoxide, phenoxathlin-lO~oxide, and
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dibenzothlophene«5«-oxide.

The cleavage of thianthrene-5-~oxide with n-butyllithium
gives dibsnzothiophene in about 50% yield., The reaction
probably could be carriled a step further to obtain ecyclo=
butadibenzene from dibenzothiophene~S~oxide. ‘The possibllity
of obtalning this interesting hydrocarbon from thlanthrene-
5,10~dioxide is not ruled out, although the few attempts in
that direction were unsuccessful,

Bromination of thianthrene~5-oxlide with bromine gave
an isomeric mixture of 2,7-and 2,8~dibromothlanthrense. The
bromination of thianthrene-5,1l0-dloxide may result in the
tetrabromination of thianthrene.

The preparstion of 2«bromothlanthrene from thianthrene
and thianthrene-5-oxlde opens a fleld for rasear&h, A
number of subgtituted thilanthrenes could be preparsd through
halogen~metal interconversion and subsequent trostment of
the intermediate organometslllic compound with sultable reagents.
One such product would be Bahydfoxyhhianthrane, which could
be converted to the 2Z2~thianthreneoxyacetiec acid. This deriva«
tive, like the l~isomer, méy have interesting possibilities
as & plant hormone. Both of the products should be chlori~
nated. The ehlorination products agaln must be examined for
activity as plant hormones.

Substituted thianthrenes should be oxidized to the mono=-
sulfoxides, which upon treatment with n-butyllithlum at n?Do

may glve the corresponding dibenzothiophens derivatives, For
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example, l~hydroxythlanthrene upon oxlidetion would give a
sulfoxide which mey be the H~oxide or the l0-oxide. The
S-oxide would result in the formation of l~-hydroxydibenzo-
thiophene, while the 10-oxide would give l~hydroxydibenzoe
thiophene. This resction would enable one to determine

the position of the oxygen atom In & monosulfoxlide of thian~
threns, which would be otherwise very diffieult, if not
impossible.

The cleavage of thlanthrene-~b5-oxide with other alkyle
magnesium bromldes should be investigated with a view to
obtain the corresponding Z2-alkylsulfinyl«2!'=carboxydiphenyl
sulfldes,
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SUMMARY

A survey of the literature was made for the purpose of
collecting and systematizing the avallable knowledge about
thianthrene. The known derivabtives of the heterocycle were
classgifled according to the Ox%dﬁtisn state of the sulfur
atoms and grouped In the tables I-VII.

l1-Thianthrenecarboxylic ecid and 1~aminmthiamthrena
were obtained from l-thianthrenyllithlium in gr&atar purity,
A modiflcation of the method of preparation of l-hydroxy-
thianthrene geve the product in an lmproved yleld, 1l-Thian-
threnyltriphsenylsilane and l-thianthrensboronic ascid were
prepared by the sction of triphenylechlorosilane and tri-n-
butyl borate, respectively, on l-thianthrenyllithium.

The reaction of soms organometalliec compounds on thiane
threne~-S~oxide at low temperatures was investigated. With
n-butyllithium the sulfoxlde was cleaved to glve dibenzo-
thiophene as the main product of the resction. Hethyllithium
gave a 60% yield of the reduced product thianthrene when the
reactlon was carried out at the reflux temperature of ether.
The sulfoxide was cleaved by ethylmagnesium bromide at w?QQ
to give & fair yleld of 2wethylsulfinyl-2'-carboxydiphenyl
sulfide, while n-butylmegneslum bromide gave the corresponding
product, 2-n~butylaulfinyl«2!-carboxydiphenyl sulfide in a
good yleld., Methylmagnesium lodlde feiled to glve any acidic
product. With all the three Grignard reagents the starting
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materiel was recovered in good ylelds, while none of then
gave any reductlon of the sulfoxlde,
Thienthrene~5-dloxide was guccessfully metalated with
n-butyllithlum to yield l-carboxythianthrene-5-dloxlde and
ly ,6=dicarboxythlanthrene-5«dloxide.
Thianthrene=5,5,10-trioxlde was cleaved with n~butyllith-
ium at ~?0° to yleld 2,2'«dicarboxydiphenyl sulfone.
2=Bromothlanthrene was prepared in falr yields from thian-
threne by the action of a molar squivalent of bromine, and
from thianthrene-5-oxide by the action of hydrobromic acid,
An isomeric mixture of 2,7~ and 2,8-dibromothianthrene was
obtained by the action of 2 molar equlvalsnts of bromine on
thianthrene, of hydrobromic acid on thianthrene-5,10-dloxids,
and of & molar sgyuivalent of bromines on thianthrene~5-oxide,
Attempts to separate bhe isomers or bthelr tetraoxides were
unsuccessful. l=-Chlorothianthrene was prepared from leaminoe
thianthrene through dlagotization and Sandmeyer reactlons.
2-Aminobhianthrene was prepared from Z2«bromothianthrene
and also from 2-nltrothianthrene by direct reductlion with tin
and hydrochloric acid.
Oxidation to the tetraoxides of a number of thlanthrene
derivetives wes carried out with hydrogen peroxide (30%).
Reduction of sulfoxides with zine and 90% acetlc acid
gave purer products than with hydrobromic selid.
l-Thianthreneoxyacetic acid and 1ts ethyl ester were

prepared in falr yields,
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