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INTRODUCT ICH

Sewveral years ago, in the sourse of the extensive study of furan in
this lsboratory, an investigation of dibenzofuren was underteken with a
view to eventually obtalning from it degradation produots which would aid
in the solution of the problem of orienmtation in furen. Furthermore, the
fact thet s reduced dibenzofuran nucleus foms & part of the morphine
molecule stimmlated the study of dibenzofuran chemistry in the hope that
such work might assist in throwing light on the problem of morphine addictiom.
Coincidentally it was noted that the proocess of netalation’ leads te‘
d#ri'utim of certain aromatioc nuclel with substituents in positions not
ordinarily affected by the commoner substitution processes such as halo-
genation, nitretion, sulfonation, and the Friedel-Crafts reaction. 4
natural step further, then, was to an investigation of dibensothiophens,
the sulfur snalog of dibensofurmm.

Dibensothiophene

The study of this sulfur eompound 1s of immediate interest for two other

reasong: the replacement of oxygen by sulfur in certain organic compounds

(0+g+, the barbiturates®) has been obmerved to produce desirable charecter-

{1) Metalation is the term applied to the replacemsnt of hydrogen attached
to carbon by a metal to give a true organometallic linkege. Gilman snd

Young, J. Am. Chem. Soc., 56 1415 (193‘).
(2) Tabermn ma'vum:r;'r Am, cm. Soos, 57, 1961 (1935).
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istics in their physiologieal action; and the sulfur atom, on account of the
possibility of oxidation to sulfoxides and sulfones, presents the oppor-
tunity to greatly inoresse the mumber of interesting compounds for test
purposse .

The grest differences in relative resctivity of organometallie compounds,
which, in & certain sense, are practically equiwalent to differences in
kind of resction &s well as rate of reaction, have warranted the prediction®
that selective, preferential reactions of organometallic compounds might be
found by sxercising ths proper cholce. Substantiation of this prediction
came when it wes shown? that, while dibensofursn is metalated in the 4~
position by organcalksli compounds, phenyloalcium iodide, and merourie
acetate, the anslogous heterceyocle carbazole is mstalated in the 4=position
by organoalkali compounds end in the 2-position by mercuric acetate. This
renarkable behavior, resulting from the mere changs from oxygen as the hstero
atom to nitrogen, leut impetus to the investigation of the effect of verious
organometallic compounds on dibsnsothlophens.

¥any of the dibenzothiophene derivatives prepared wsre tested for
toxiclity and their ability bto produce hypmosis in the white mouse by Dr.
We Go Bywnter of Parke, Davis and Company. Dre. Oliver Kamm of the sams
company kindly tested several of the compounds for thelr activity egainst
ztmptWie infections. Several compounds were eynthesiszed in oonsider=
ation oé the possibility of their possessing estrogenio activity, and thanks
are due to Dr. Edward A. Doisy, of the University of St. louis, who oconducted
the biologioal assays. Toward the oleose of this research several compounds

(3) Gilman and Nelson, Eoo. trav. chim., 55, 526 (1936).
(4) Gilman end Kirby, J. Org. Chem., 1, 148 (1936).
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wore sent to Dr. Isabella Perry of the University of Californis to be tested
for poasible mﬁemie‘wﬁﬁty.

Even bafore ths structure of the estrogenic hormones had been com=
pletaly elucidated, Cook and co~workers® set about to examine certain syn=
thetie compounds for their ability to produces the estrous responss. Sines
ovidence then in hand indicabed that the estrogenic hormones were hydre-
gamted phensnthrenss containing oxygen, a mmmber of compounds bearing s
superficial resemblance in one or both of thess respeets wers submitted to
tests. It soon became apparent that estrogenic sotivity is not specifie
in any degree and that eompounds ranging fram completely aromatie hydro-
carbons to partislly hydrogenated hydrocarbons end the diols prepered from
various snthracenes are all represented among the estrogenioc types. Totally
unrelsted to the natural hormonss, 1,9~dimethylphenanthrene, S-ethylphen=
anthrene®, and the carcinogenic hydroearbons 3,4~benzpyrene end S;»Q-qyoié-

pentenow1,2-bensanthrecens were found to be active in producing estrus.
| Many oxygenated compounda containing the phemanthrens ring system were found
to be active. Important representatives of this type include l=keto-1,2,3,
4~tetrahydrophenanthrens, G-hydroxy- and 6,7-dihydrexyel,2,3,4,9,10,11,12=
ectakydrophenanthrene=1],12«d1carboxylic acid anhydrides and the corres-
ponding methyl ethers, and Z-phenanthreneacetic acid.® |

Two ysars lster, Dodds end Lawson’ reported the activity of a wide
varisty of compounds which did not contain the phensnthrens ring system.

The list included 1,2-dihydroxyel,2-di- « ~naphthylacenaphihene; IJ-éi~K-

{8) Cook, Dodds, Hewett, and Lawson, Proc. Boy. Scc. (london), 114 B,
272-256 (1934).

(6) Reported by Thayer, MacCorquodale, aud Dolsy, J. Pharm. Exp. Ther.,

B9, 48-53 (1937).
(1) 'ﬁ&a end lewson, Nature, 137, 986 (1936).
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naphthylacenaphthene; diphenyl- A -nephthylearbinels di-(p-hydroxyphemyl)-
dimethylmethane, di-(4=hydroxy-3-methylphenyl)=l,l-cyclohexans, 4,4'=di=
hydroxybenzophenone, snd 4,4*~dihydroxybiphenyl.

In their first reportS, Cook and eo-workers reported the activity of

several diols related to the sarcinogenic hydrocarbon 1,2,5,6-dibentanthracene.

HO R

9,10«Dialkyl«9,10-dihydroxy-9,10=dihydro-
1,2,5,6=~dibenzanthrecens

An interesting relation was found to exist between the activity and molecw
ular weight where the alkyl groups were normal hydrocarbon chains. While
the methyl derivative was imactive, the n-propyl derivative was the most
potent, comparing favorably with estriocl, and the activity dropped markedly
in the m-butyl dérivative snd disappeared completely in the n~amyl compound.
Following the lead established in their earlier work, Cook snd co=

workere® preparsd several other alkyl derivatives and the phenyl derivetive
of the above, Aetivity was noted where the R groups were cyclopentyl and
phenyl. They them extended their investigation to include derivatives of

|
1,2-dihydroxy~1,2-dihydrochrysens (I), 9,10-dihydroxy-9,10-dihydrophenanthrens

(8) Cook, Dodds, mnd lawsen, Proc. Roy. Ses. (lLondon), 121 B, 133~141 (1836).



(11), 9,10=-dihydroxy«$,10=-dihydro=1,2«~benzanthracene (III), and 9,10-di-
hydroxy=9, 10=dihydro=2, S=bensanthracsne (IV).

R OH
R
HO
H
HO R
1 I
R OH OH
HO R HO R
I v

Aotivity of s low order was noted in 1,2-diphenyl~I,Z=diliydrochrysens

(I, R = phenyl) and 9,10=diphenyl=9,10~dikydro=1,2«~benganthrecene (III,

R = phenyl). A few months prior to the second report® of Cook, Bachmenn
and Bradbury® synthesized and reportsd the astivity of the 9,10-diethyl,
the S=phenyleg,10-diethyl, and the 5-phenyl-9,10-di-n=propyl derivatives of
9,10=dihydroxy=9,10=~dihydro-1,2«bonzanthrasens (I1I).

The most common methodl¥s 11 5 testing synthetic compounds for estro-

(9) Bmchmenn end Bradbury, J. Org. Chem., 2, 1756-182 (1937).

{10) Munch, “"Blosssays", Williems and Wilkins Co., Baltimore (19351), pp.
654-6568; Burn, "Methods of Bislogical Assay®, Milfowrn, New York
(1928), pp. 96~108.

{11) Private eommunication to Dr. Henry Gilman from Dr. B. A. Doisy.
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gonic aotivity consists of Injecting f.ho material, eithsr subsutaneously or
intraperitoneally, in o1l or in water, into ovariecstomized mice or rats.
After removal of the ovaries from medium-sised female mice, vaginal smears
are mde for two to three wweks to be sure of ths completenegs of ths re~
moval. The animals are them prined with a quantity of socme standard estro-
genic material (e.g., theelin) sufficient to produce estrus in the average
ovariectomized mouse. A week later slightly less than this dose is ad-
ministered and those showing negative tests are discarded as lscking in
susceptibility. A week later a third injection is made, this time using
slightly less than the average minimum effective doss. MNice showing &
positive test under these conditions are diwcarded as being hypersusceptible.
The remaining mice are then considered suitable for test purposes.

As & preliminery survey in the testing of new material, two to five
mice are injected with 25 mg. of the compound. If the compounds are not
sotive in that dosage it is felt that further assay is not justified. How-
ever, if the compounds are found active, the complete assay requires the
injection of from 25 to 50 snimals. In the preliminary survey, the 25 mg.
of materiasl is injected in three equal guantities on successive days, the
total solvent being ome cubic osntimeter of oil or water where the solubility
permite. The contents of the vagina are then examined under the microscope
52 hours after the last injection and then on each momding snd evening for
three days. The stete of estrus is identified by the skilled obssrver by
the types and relative amounts of the varioua cslls takem in the smear.

The possibility of derivatives of dibensothiopheme posseasing ocarcino-

genic activity has also been considered, incidental to this resesrch, and
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several compounds have boen sent to Dr. Isabella Perry of the University of
California, who kindly consented to conduct the physiological tests. It is
appropriste to state at this polnt that some of the earller mrkm fyron this
mn%ﬂ has dealt with a consideration of oompounds, particularly of the
organclead typs, which might be useful in the treatment and ocure of cancer.

It is unlikely that dibenszothiophene itself would be found to be &
caroinogen sinee dibensofuran is inactive and, in general, more complexity
of strusture exists in those compounds which have been foumd to be sarcino-
genic. However, polynuclear compounda containing the dibenzothiophene nucleus
are of interest sinee both 1,2,6,7- and 1,2,8,%dibengsoarbazole have been
shown to be activelS,

o %

1,2,8,7-Dibenzcarvascle 1,2,8,9=Dibenscarbazole
3,4,6,7-Dibenzcarbazole is less active, and the simpler compound, 3,4~
benzcartasole, produces eplthellal growtha which, however, have not definitely
been identified as epitheliomas or cancer of the skin. Other synthetie
carvinogenic agents containing nitrogen in their ring system ineclude
(12) Towne, Doctorel Thesis, Iowa State College (1982), pp. 56-58;

Robinson, Dectoral Thesis, Iowa State College (1929), pp. 6~18.
(13) Cook and co-workers, Am. J. Cancer, 28, 224 (1837).
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1,2,6,6= end 8,4,5,6-dibensacridine’® sand 2-(p-aminostyryl )-6(p-asetamino-
bengamino J~l-methylquinolinium scetate (V)w.

CEs

1,2,5,6«Dibenzsacridine 3,4,5,6-Dibensacridine

0-COCH,

CHSCO-NHOCO— NH mCH =CH C>NHz
' N
CH,

\"

The searech for synthetiec carcinogenic compounds was initiated in 181§
when Yemagimwa and Ichikewal®, studying the high incidence of cancer emong
chimney sweeps end workers with coal tar, discovered that the repeated
application of coal tar to the ear skin of the rabbit produced skin canoer.

Nine years sarlier, in Germany, B. Fischerl? had noted the cell prolifer—

(14) Barry and coeworkers, Proc. Roy. Sce. (london), 117 B, 318-351 (1935).

§1s) Browning, Gulbransen, and Wiven, J. Path. Baot., 4%, 156-150 (1936).

16) Yamagiwe snd Ichikews, Mitteil. med ‘mmr ﬁm. Univ. Tokyo,
15 295 (1915)/Cock, Chem. Week., 32,

o (o8,
(17) Flecher, Mlnchen. med. Wohnsohr., 'ss 2041-47 (1906)/ sthear, Am. J.
Cancer, 29, 269 (1937)/.




- 14 -

ation eaused by injeeting a solution of the dye scarlet red into the ear of
& rabbit, At that time he suggested the commection betwsen his experiment
and the produetion of cancer but,since the cell proliferation noted wes not
thought to be malignant, scarlet red, and later the active part of the
molecule, 2-amino-Geazotoluene, were ueed in salves to promote the healing
of wounds. It was nob until 1952 that Yoshidel® demonstrated the fact that

Z-aminc~G=grotoluens is definitely oaminogenic‘ to sxperinental animals.

Hy H, H, H,
N=N N=N N=N NH,
OH

Soarlet red 2~=inino=-S-agotoluene
Following the dissovery of the carcinogenic sotion of coal tar, there

was begun an extensive investigation of mmerous aromatie hydrocarbonsl?,
notably by Kennewsy and Cook at the Research Institute of the Cancer
Hospital, london, and by Fleser and Shear of Harvard University and the
U. S. Public Health Service, working on the idea that any incresse in our
knowlsdge of the cause of cancer would prove of valus in studying the cure.
To Cook and Kennewsy and their co-workers belongs the distinction of dis-

(18) Sasaki end Yoshida, Aroh. path. anat. (Virchow's), 205, 175-200
he, 30, T195 (1986]/7 Miude, Bull. assoe. frane. #tude ocancer, 24,
8 (1936)/C.A., 80, 5290 (198€)/.
(18) The resder is rm;'ﬂ' to the following reviews covering the work on
the hydrocarbons. Cook, Chem. Weelk., 32, 563-66 (1935); Cook and co~
workers, Am. J. Cancer,29, 219~569 (1987); Fieser, "Chemistry of
Raturel Products Reisted to Phenanthrene”, Reinhold Pub. Corp., New
York (1588), pp. 81=110.




- 15 =

covering the first synthetic hydrecarbon of known structure to produce
cancer. BEarlier observations that the mixtures of hydrocarbons obtained
either by heating isoprens and acetylene to high temperatures in the
pressnce of hydrogen or by treating tetrahydronaphthalene with aluminum
ehloride were carcinogenic convinoed these investigators that the active
agent of coal tar was probably a hydrocarbon. Further work resulted in the
discovery of the sarcinogenic compound, 1,2,5,6~dibenzanthrecene. Sub-
sequent developments showsd that warious derivatives of 1,2-benzanthracene
are oarcinogenic, and, indeed, the most potent carecinogens known todey fall
into this category.

Although 1,2~bensenthracens (VI) itself is practically without activity,
nany of its derivatives were studied and it became apparent that substituents
in the 5« or G~positions were especially effective in producing earcino=- |
genicity. Methyleholsnthrene (VII), and cholanthrene (VIII) are two of the
most potent carcinogens known and emch is a derivative of 1,2-benzanthracene

with substituents in the 5- (and 10~) position.

‘ CH;

CH?__ CH:

CH, —CH,
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Substitution in both meso positions of 1,2-bensanthracens led to complete
sbsence of activity and ocsused Cook to corolude thet the meso hydrogens
played some part in the production of cancer. Iater work by Fieser, Shear,
and oo-workers on the effect of modifications of the oholanthrene molscule
shmd that substitution in one of the meso positions sontributed to the
potency of 1,2-benganthracene, since 10-methylel,Z-bensanthracene is
practically as sctive as sholanthrens itself. Therefore, cholanthrens owee
its sotivity not to the five-mambered ring as originally supposed by coek.
but merely to the fact that it conbains a carbon substituent in the meso
position 1C. 3,4~Benspyrene, the only careinogenie hydrocarbon to be
isolated from coml tar and identified, may be regerded as a derivative of

1 ,2~benzanthracens with & substituent in the meso position 8. The sctivity

of 3,4~bentpyrene is oomparable to that of cholanthreme.

0 0

10-lethyl=],2=~bensanthracene S;hhmw
Evidence appearing up to 1986 indicated that for a ydrooarben to be
earcinogenic it must contain a mmp’d ring system of four or five rings or
the phenanthrene nucleus (e.g., 3,4-benzphenanthrens). However, in 1936,
Morton, Branch, snd Clapp®” amounoed the discovery that sym-triphenyl-
benzens and tetraphenylmethane are carcinogenic. The former was tested

both by injection and painting; the latter was tested only by peinting.

(20) Morton, Braneh, and Clapp, Am. J. Cencer, 26, 754 (1936).
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Both compounds were inferior in potemey to 1,2,5,6~dibenzanthrecens. Ilater
work by Shear has oast soma doubt on the carecinogenicity of triphenyl-
benrene sinoce a specially purified sample injected suboutanecusly gave no
tumors in 13 months. Today, with an increasing knowledge of synthetic
erganic compounds capable of inducing malignency, it can only be said that
the featurs common to all is the presence of at lesst two benszens rings.

The production of waterwsoluble carcinogenic agents for injection has
been eagerly sought after by many investigators. Ths first to be found was
the sodium ealt of 1,2,5,6-dibensenthracene=9,10~ende= o , 3 ~sucoinic acidls,
formed by the condensstion of maleic anhydride with the dibensmnthrecene.
The styryl ecmpoumd which was mentioned above is also injected in water
solution, being soluble to the extent of two per cent. The most recent trend
in this study has beem the synthesis of various hydroxy derivatives. 3=
Hydroxy=-l,2«-bensanthracene and its methyl ether were found to be active
although somewhat irvegular in their action. 4'=~Hydroxy-3,4-benzpyrens,
having its hydroxyl group in the position corresponding to position 5 of the
1,2=benzanthracene system, is inactive.

In the earliest work with the hydrocarbons, testing was sccomplished
by painting the skin of the test animal with a benzene solution of the com=
pound being tested, the comcentration of the solution being usually about
0.8 per cent and the applications being repeated frequently for a certain
period of time. Later msthods which have been developed include the sube
cutensous Injection of the compound in lard or ecme oil. One of the sasiest
and most relisble methods in use at present consists of the subcutanecus

ingection of the eorystalline compound, lubricated with a small amoumt of
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glyosrol. The applicetion to the skin gemerally results in epitheliomas

or skin cencers, while the mjoctionis lead to the formation of sarcomss or
cancer of the connective tissues, and often metastases are obssrved, wherein
the malignent cells have migrated to another portion of the body and there
set up new tumors. One of the most decisive tests for the malignency of a
tumorcus growth is the susccessful tmnlplanking of the cencerous growth to
& site in snother animal.

In the work with the high-molecular weight hydrocarbons it has been
shown that s quantity of 1,2,5,6~dibensanthracens as small as 4V, injected
suboutaneocusly in a pellet of cholesterol, was capable of producing a
sarcoma?l, Therefore, the idea arises that some minute trace of impurity
common to all the high-moleeular weight hydrocarbons which were found to be
carcinogenic is responsible for their activity. However, this theory is
woakened by the discovery of the carcinogenicity of the styryl compound and
the aminsazotoluene, since the methods of synthesis of these latter may be
gupposed to exclude the pressnce of compounds which might accompany the
hydrocarbons.

As was suggested before, the pogsibility of oxidation of the nuclear
sulfur of dibemzothliophene opens a wide field of investigation unsttainable
with the analogous dibenzefurans and carbazoles. Since some of the most
interesting sulfoxides end sulfones now being studied are those which are
found to possess strong entistreptocsoceic activity, attention has also been
directed towsrd such possibilities in this research. A brief view of some

of the latest discoveries in this fieid will make readily apparent the

(21) Shear, Am. J. Cancer, 26, 322 (1936).
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sinilarity between already known agents and the possibls dibenzothiopheme
oxidation producta.

Sulfanilemide (p-aminobenzenesulfonamide) was at first considered to
be the most important agent in the cure of strepbocoocie infeoctions and the
theory has besn advanced that other active agents owe their antistrepto~-
coocic activity to the fact that they underge conversion in the body to
sulfani_lmidazzg Recent developments of more immediate interest to this
research opst doubt upon the walidity of this theory as to the mode of
action. Buttle and co-workers<® have lately demonstrated the high degree
of potency of 4,4'-dinitro- and 4,4'-diaminodiphenyl sulfone. The former
was less toxic and equally s active in mice as sulfanilamide. The diamino
compound was found to be 100 times as active as sulfanilamide and 25 timew
as toxie, giving 1t en effectivensss of about four times that of the older
agent. The corresponding sulfoxides have been studied by Andre and Guy emd
co-workers®®, These investigators found maximum activity in the compounds
studied to be in ﬁitm&‘-amimdiph‘nyl sulfoxide and the corresponding
sulfone. In either cess this activity was reported as Being about 100 times
that of sulfsnilemide.

(22) Trefousl, Trefouel, Nitti, and Bovet, Prosse. med., 45, 839 (1957,
C. 4. 31, 8695 (1937
(28) e ‘and co-workers, lancet, 1937 (I), 183i.
(24) sndre., Andre, and Guy, Hsture, 140, 283 (1987); Levadite, Andre,
Vaimn, Andre, end Guy, Compt. rend., 208, 1018 (1937).
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Ocourrence and preparation. Dibenszothiophene, frequently referred to

as diphenylens sulfide, was first isolated by Stenhouse®S who prepared it
by passing the vepor of diphenyl sulfide through & hot iron tube ﬁlhd with
nails. The product erystalliszed from aloohol in small white needles and
melted st 9¢°. However, he incorrectly snalysed the substance and regarded
it a8 an isomer of the starting material and called it “"pare phenyl sulfide”.
The sulfone which he obtained by heating his product with potassium di-
chromate and dilute sulfuric acid melted at 230° and also gave him analyses
 which led hin to believe it was of the formula CysHyoSOz. The correct
‘structurel formala of dibenzothiophene appears below, togethesr with the
nunboriﬁg system approved by the International Rules for the Numbering of
Orgenic Ring Systems. |

)

This mumbering system is used throughout this thesis, although the ‘nﬁnrxbm
of French, English, and German workers most frequently employs the older
systea. |

Four years after the work of Stemhouse, Grasbe®S, while studying the
behevior of various biphenyl compounde and the synthesis of phenanthrens

end carbazole, repeated the experiment of Stenhouse and showsd that the
product actuslly hed the formula C)gHgS and, in the light of his other work,

(35) Stﬂnhoa”, MCQ 156' m (1870)-
(26) Grasbe, Ber., 7, BO (1874); &mn., 174, 185-69 (1874).
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was undoubtedly dibensothiophene. Grasbe's product melted st 97°, boiled
unchanged st normal pressures at 352-333°, and geve the sulfons of melting
point 230° which waz also analyzed correctly.

Dibensothiophens oeccurs naturally in the liquid coal tar fractions, as
was shown by Mr and Welsagerber®? , and Kruber2S, end can be removed
from orude phenanthrene, in whioh it appears me a contaminant, by treating
an acetic acld solution of the phenanthrene with hydrogsn peroxide, causing
the difficultly soluble sulfone to precipitate.

The first preparative method for the ﬁroduction of dibenzothiophene to
appeer in the literature wes that desoribed in a patent®®. By this method,
2,2*=dihydroxybiphenyl, oblained by alimli fusion of dibenszofursn, is heated
to a high temperature with phosphorus pentasulfide. The resulting dibemzo~
thiophene is distilled from the mixture in "ocommercially satisfactory” yields
and, after rearystalliszation from glecial acetic acid or dilute aleohol,
melts at 98.5°.

Following this, in 1952 there appeared a method by Schoenberg"® in which
he trested diphenyl sulfoxide in boiling toluene solution with powdered
sodamide. The melting point which he reported waz 97-8%, and the yields by
this process were poor, renging mbout 25 per cemt. Leter, Courtot, Chaix,
and NicolasSl reported an in@rment in this process by replacing the toluene
with bengens, thus obtaining a 32 per cent yield of dibensothiophene.

(27; Ersemer snd Weissgerber, Ber., 34, 1665 (1901).
(28) Kruber, Ber., 53, 1866 (15B0). — ' :
(29) Lange, Widmarn, and Wennerberg, D. R. P. 380, 8353 /Chem. Zentr.,
1921 11, 265/.

(80) Scheenberg, Ber., 56B, 2276 (1923).
(31) Courtot, Chalx, leolss, Compt. rend., 194, 1660 (1932).
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The best method imown todsy for the synthesis, and the one used with
slight revision, throughout this investigation, is the one deseribed in e
German patent of 1983°%. By this method as high as an 80 per cent yield of
the product has been reported by heating together the theoretical quantities
of biphenyl and sulfur, with a small emount of anhydroua aluminum chloride
to act as a ostalyst. During the heating, which eventually reaches 240°,

. hydrogen sulfide is evolved and when the cooled mass is extracted with water,
followed by alecohol, the alcohol extrecta yleld a erule product of a light
tan eolor which is entirely satisfactory for many synthetie purpeses without
any further trestment. Sinve many of the syntheses dealt with in this work
involved the treatment of the dibensothiophene with sn orgsnometallio come
pound, it was necessary to purify it beyond the state which ie atteinsd by
recrystallizations alone. Distillation under diminished pressure, followed
by & single recrystallization from aloohol, gives beautiful, long, ooi#rl&n
needles, m.p. 89°. This materisl gives maximum yields of mstalation products
when trested with &gmomtalnc compounds, and is pure enough so that a
sample kept in the laboratory was repeatsdly used, with excellent results,

to cheek the apparatus and mganfs used in the determination of ocarbon,
hydrogen, and sulfur.

One other method for the preparation of dibenzothiophene which is of
interest more from a theoretical standpoint rather than as a method of
synthesis is the reaction of sulfur with dibemzothiophene-S-dloxide, de=
veloped independently in the course of this work and by Cullinene and Devies3S
in 1938. A relatively rich source of dibensothiophene~5~dioxide, and the

(52) Techunkur and Himmer, D. R. P. 579, 917 (1033) /C. A., 28, 1053 (1934)/.
(88) Cullinene and Davies, Res. trav. chim., 55, 881 1 .
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one drswn upon by Cullinane, is the tetrasotiseation and removal of the

amine groups of bensidine sulfone, a readily available material. It will
be seen that this resstion is an unusual one, namely, the conversion of &
sulfone to the corresponding sulfide. The possible remifieations of the

reaction will be diseussed further on.

Substitutien in dibensothiophsme. It was mot until 1926 that any ex~

tensive study of the chemistry of dibensothlophene was umderteken. In that
yoar Courtot published the firat of his series of articles relating to
orientation in the heterocyele and sinece has done much to clarify the
problem. It has been shown by Courtot and his co-workers that nitration®,
halogenation 35, and sulfonstion>® involve the seme position in the mucleus.
By carefully reguleting the conditions of the reaction, Courtot and Pomonis>t
found that dibensothiophene could be mononitrated in 40 per cent yield.
Reduction of the nitro derivative with zinc in boiling alcoholie ammonia
gave the corresponding smine. Further nitration of the menonitre derivative
gave a dinitrodibensothiophens. This ocould be reduced to the sorresponding
dinnino_écri‘ruﬁiva by the use of tin end hydrochloric acid,

Bromination3® of dibensothiophens ws found to give either a mono- or a
dibromo deriwmtive, depending upon the amount of bremine employed. These
bromo compounds were then shown to be identieal with the brome compounds
obbained from the products of mono~ and dinitration of didensothiophens, by
reduetion, éiazotization, and replacement of the amino groups by bromine.
Furthermors, the same bromowmitrodibsnsasthiophene was obtained by the
(34) Gourtnt end Fomomie, Compt. yemnd., 182, 951 (1926).

d-ﬁg > t

(38) Courtot, Nicolas, en , 1bid., 186, 1624 (1s28).
(36) Courtot and Keluer, ibid., 158, 984) .
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brozination of nitrodibensothiophene or the nitration of bromodibenzo-
thiephense.

In order to show that sulfonation involves the seme position in the
nucleus as nitretion, the sulfonic acid obtained by the treatment of die
benzothiophene with shlorosulfonic acid was converted through the sulfinie
acid to the corresponding thiol. This, then, was shown to be identieal
with the thio} obtained from nitrodibenzothiaphene by reduction of the nitro
group, dlasotization, trestment with ethyl xanthate, and hydrolysis of the
resulting ester with potassium hydroxide. HNitration of dibenzothiophene-
sulfonic acid or sulfonation of nitrodibentothiophene led to the seme nitrodi-
benzothiophenesulfonic acid in each case.

Having shown that nitration and halogenation involve the same positions
in the nmucleus end that disubstitution oscurs to give products in which the
substituents ocoupy positions symmetrical to each sther with respect to the
sulfur atom; Courtot' then showed that monoeubstitution of dibenzothiophens
occurs elther orthe or para to the sulfur linksge. Alkaline fusion of
dibensothiophene~5~dioxide normally leads to the formation of 2-hydroxye
biphenyl. By careful handling of this resction, it was shown that it was
possible to stop it at an intermediste stage and isolate biphenyl-2-sulfonie
acid. By applying this prooedure to the sulfone formed by the oxidetion of
the dibromodibensothiophsne described sbove, a new dibromobiphenyl-2-sulfonio
scid was obtained. This acid, when treated in a sealed tube with concentrated

hydrobromic acid, gave 3,3'~dibromobiphenyl. Thus it was demonstrated that
the bromine atoms in the original dibenzothiophene derivative were in

(37) Courtot and Chaix, Compt. rend., 192, 1667 (1931).
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positons mete to the biphenyl bridge.
In order to decide between positions 2 or 4 as the ons involved in

monosubstitution, Courtotsa

diazotized the emine group of Z-amino-5-bromo-
biphenyl sad replsced it by the sulfinic acid group. This wes then oxidized
to the corresponding sulfonis acid, converted to the seid chloride, and
treated in nitrobensens solution with anhydrous aluminum ohloride. This
progedure resulted in an intramolecular ocondensation of the Frisdel«(rafts
type to give authentic 2-bromodibensothiophene~5-dioxide. Whenm this compound
was shown to be ldentical with the sulfone of the product of momobromination
of dibensothiophene it was definitely established that the substitution
processes thus far dealt with affect the 2- and 2,8-positions of the nucleus.

The constitution of Z-nitrodibenzothiophene was confirmed in 1956 by
Cullinane, Davies, and Daviea®®. Starting with 2,4-dinitrediphenyl sulfide,
these investigators reduced the 2-nitro group, dlasotized the resulting
smine, and closed the ring between the 2« and 2*~positions to give 2-nitro-
dibensothiophens,

This Mhn is simller to & preparation of dibensothiophene reported
by Sohwechten®®, who tetraszotised 2,2'~diamivodiphenyl sulfide and thus
formsd the biphenyl linkaege to give dibenzothiophens.

In nwdyiag further the orientation in the dibenzothiophene nucleus,
socetylation by the Friedel-Crafts method was investigated. When dibenso=
thiophene in ecarbon disulfide sclution 1s treated with the esloulated amount
of soetyl ohloride, in.the presencs of anhydrous aluminum chloride, & 70
(38) courtet, C . 198, 2260 (1934).

(ssg Cullinsne, ms, and Tavies, J. Chem, Soc., 1435-37 (1936).
(20 smun, Ber., 85, 1608 (1987).”
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per cent yield of a monoacetyldibensothiophene is obtalned. The structure
of this material was established &s being 2-scstyldibensothiophene by
oxidation with iodine axd sodium hydroxide after the method of Fuson and
Tullock®!. It was thus converted to & dibensothiophenscerboxylie acid
which was identified with the seid first prepared by Courtot>® from 2-
bromodibenzothiophene by treatment with magnesium followed by carbon di-
oxide. A mixed melting point of the corresponding methyl esters showed no
depression.

Dibensothicphene was found to undergo metalation when treated with
verious organclithium compounds in ether solution. Carbonstion of the re-
action mixture from the metalation with n~butyllithium gives a high yield
of & monobasic ssid of dibenzothiophene. When this aocid and its methyl ester
were both found to be unlike the corresponding Z2-derivatives, steps wers
taken to determine whether metalation might not have involved the 4-poaition,
a8 is tho cese in the related nuclei dibengofuran and carbasols. Dibenge~
thisnyllithium, prepared as in the synthesis of the carboxylic acid, mas
treatad u’iﬂ: mothyl sulfate. The resulting mtt;yldibemothiophem we
separated from its homelog by resson of its greater solubility in alcohol,
from which the starting material may be made to separate while the desired
product is retained in solution. This methyldibensothiophens was then eam~
pared with authentic 4~methyldibenzothiophens and found idemtical by the
method of n&x&d melting points. The authentic material was ﬁnpﬁmﬂ by ring
closure, starting with S-methyl=2,2'=-dihydroxybiphenyl and heating with
phosphorus pentasulfide until the oyclic product distilled.

(41) Fusen end Tulloek, J. Am. Chenm. Soe., 56, 1688 (1934).
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Not enly was the dibensothiophene-i-carboxylic acid obteinsble by
metalation with n~butyllithium, but other organolithium compounds were also
faunﬁ to metalate the nuecleus in the 4~position. Ths ylelds of acid obtained
from n-butyl=,” phenyl=, «=paphthyle, and p-anieyllithium were found to be
approximately §5, 12, 7.6 and O per ovent, respectively. In the case of
pranisyllithium, sn anomolous behavior of the metalating agent was noted
which might be assumed to have some influence on the failure to obdbtain sny
metalation of dibengothiophene. It wes found that, while the reaction of
p-bromoaniscle and lithium in ether medium proceeds smoothly to give
Pronisyllithium, as evidenced by ths production of p-anisic &cid and 4,4'-
dimethoxybenzophenone on carbonation of the reaction mixture, prolonged heat=
ing of the ether solution of the organometallic compound, followed by car-
bonation, leade to an unknown acid, melting at 120-21°. which has not yet
been identified. However, even if the p-snisyllithium were not thus altered
during the reaction, the yisld of scid by this metalation would be predicted
to be very low on account of the position of the pesnisyl redical in the
slectronegativity series of Xharaseh®2,

Pm:.uieixm fodide metalates dibenzofursn in the ssme position as do
the ergmlalltﬁim compounds. However, treatment of dibensothiophens with
phenyloalcium iodlde followed by carbonation gives a third monobasic di-
benzothiophens acid, different from the 2- and 4-acids. It is found to melt
or decompose at about 500-305%, and its methyl ester also melts ecnsiderably

higher than the corresponding 2- and 4-esters. By a comparison with the

* Mr. H. A. Pacevits has obtained as high as 65% yleld of the cruds dibense~
thiophene~4~carboxylic acid by metalation with n~butyllithium.

(42) Kbarsech and Flemner, de Am. Chem. Soec., B4, 674 (1932).
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malting points of the knowm dihmcMlite acide, the high melting
point of this new acid would indicete that it is probably dibenzothiophene-
S~carboxylic acid. Deearboxylation gives dibensothiophene. This 1z the
firat instance in which orgsnolithium and organvealcium compounds have been
observed to metalste the same nucleus in different positions.

By tresting 4=dibensothienyllithium with oxygen, 4~hydroxydibenzo-
thiophene is obtained. This phenol is e solid of melting point 167° and
when & concentrated solution of it in aloohol is trested with 1 per cent
ferric chloride solution a green color is observed. When & warm aocetis
acid solution of the phenol is treated with concentreted nitric acid s di=
nitro derivative is obtained, m.p. 204° (dec.). Methylation of ths phenol
with methyl sulfate gives 4-methoxydibenszothiophens.

¥hen é~hydroxydibenzothiophene is treated with sodium bisulfite snd
concentrated ammonie in the Bucherer resction, 4-sminodibemzothiophene,
BeDe 110°, is obtained. What is perhaps a better synthesis of this amine
consists of treating 4~dibenzothienyllithium with bromine and eminating the
resulting mixture of orude 4~-bromodibenzothiophene and starting materisl
with concentrated aqueous mmonia in the presence of cuprous bromide in a
boxb. By this method & sabisfactory yleld of the amine may be obtained
without the neesessity of isolating the intermediate bromo derivative. The
- aoetyl derivative is prepared in bensene solution in quantitative yleld
when the smine is treated with a slight exvess of acetio anhyirids.

8ince it is supposed that the dibemsothiophenecarboxylie acid obtained
by metalation with phenyloaleium iodide is the 3-acid, and since the 2- and

4-acids are knowm, the synthesis of the remaining monocarboxylic acid (the
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l-ecid) was planned. Our knowledge of the orlenting influence of substit-
uents in the dibenszofuran nuecleus may be assumed to mrﬁm in the case of
dibensethiophene. Therefors, bromination of é-asstaminodibensothiophens
should yield l-bromo-4-scetaminodibensothiophens. Hydrolysis of the acetamino
group followed by dissotisation and removal of the smino group would then
give l-bromodibensothiophens. The Grignard resgent derived from this bromo
compound, when carbonated, would then lead to the desired l-acid.

Astually, the complete synthesis of the l-tcid‘ was not eccomplished
for lack of time, but bromination of the 4-aostamincdibenzothiophens in
iaetie acid gave & bromo derivative of sharp melting poimt in high yleld,
indicating the absence of isomers. At the time of writing, the remaining
steps of the synthesis had not been performed.

" Mercuration with mercuric acetate results in the substitution of di-
benzofuran in the 4-position and carbazole in thé 2-position. Mercuration
of dibenzothiophene has not been aecompxum in any solvent, but by fusing
the remctanta together ameostic scid is liberated and mercuration avideziﬂy
tekes place. Howsver, no satisfactory acetoxymercuri deriwvative has boen
isolated from the reaction in & sufficlently pure state to give a satis-
factory analysis. $he product which is obtained, when analyzed for mereury,
shows a meroury content of about 2 per cemt too much. It is belisved that
this compound 1s actually scetoxymercuridibensothiophene which is contemina~
ted with a 1ittle dimercurated material.

Dlbenzothiophene is best prepared by the action of aluminum chloride on
a mixture of sulfur and biphenyl. In a search for various methods of structure

proof by synthesis, the posaibility of obtaining substituted dibemzothiophenes
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by applying this reaction to substituted b;phonyls was investigated. The
polymerizing effect of the catalyst seems quite marked, howsver, under the
conditions necessary to produce an svolution of hydrogen sulfide, and from
p-bromobiphenyl the only preduct which could be isolated after heating with
sulfur and aluminunm chloride was dibengothiaphene, in 15 per eent yield. A
large smount of insoluble, resinous material remained in ths resotion flask.
The use of a milder condensing agent is apparently not practicable, but
there were some indications which point toc the success of the method when
ehlorobiphenyls and e lower temperature are employed. It is felt that this
investigation was not as tﬁorough as the possibilities of ths reaction
deserve.

With s view to obtaining alkylated imidazoles which might be found of
value for their physiological action, the nitration of 2-scetaminodibenzo-
thiophene was investigated. This compound, which hes been previously
reported®® as melting et 165°, was found to melt at 178°. Because of the
difficulty of obtaining 2-nitrodibenzothiophens in satisfactory ylelds for
conversion into the desired amine, two new routes to the acetaminn de-
rivative were developed. The first involves the bromination of dibenszo«
thiophene, aminetion of the bromo derivative with strong ammonia in a bomb,
and acetyletion of the resulting amine. The other method consists of
scetylating dibenzothiophene, maldng the oxims of the resulting ketone, and
treating the oxims with phosphorus pentachlorids teo effect the Beckmann
rearrengement to the desired product. The latter method is perhaps the
faster, on account of the slow reaction between bromine and dibsnsothiophens,
and by either msthod the overall yleld of scetamino compound, based on the
dibenzothiophene, is at least 88 per cent.
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As would be expected froem a study of dibensofuran chemistry, and other
considerations, the influence of the acetaminoe group in the dibemsothiophens
nucleus is to facilitate further substitution in the same ring. Therefore,
nitrating conditions may be employed sufficiently mild to avoid attack of the
sulfide linksge, and by treating with fuming nitric scid in acetic snhydride
solution at 20° s 67 per eent yileld of a nitro-2-acetamino derivative is
obtained, melting at 209°., A small amount of a nitroesminodibemzothiophene,
melting with wsc%o&«wg at 248-50°, is also produced during the nitration.
With a view to obtaining the nitro-amino derivative from the nitro-acetemino
compound, in order to prepare the imidezole, the nitro-scstaminodibenso-
thicphens was refluxed an hour and a half 1»»& e mixture of sgual voelumes of
absolute aloohol end concentrated hydrochloric acid. Contrary to ex
pectation, the enly product which was isolated was & nitrogen~free ﬁg&bw
of melting point 88°., Although analywes of this msterial were g& out,
1t was not identified and other methods of hydrolysis were not attempted.

The Friedel~Crafts roaction was again employed in the synthesis of
polyeyeclic derivatives to be used for physioclogical testing: The first of
such derivatives to be prepared wes a tetrahydrothiobrasen. Caloulated
smounts of dibensothiophens and succinic anhydride wers suspended in a
mixture of tetrachlorvethene snd nitrobensene and, while the reaction wss
kept in an lee bath, anhydrous aluminum chloride was added to effect m ocon~
densation to give the dibensothenoylpropionic acid. In the light of the
other Friedel~Crafte resctions with dibensothiophene, this propionic acid
chain is probably in the 2-pesition of wwbvuﬁaunﬁ.. Reduetion of the
propionic acid derivative to the corresponding butyric acid was accomplished
by the met od of Clemmensen as modified by Martin®’. Cyolizetion of the

L B E s
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dibenzothienylbutyric acid to the tetrahydrothiobrazan was effected by the
use of 88 per cent sulfurie acid. Assuning the side chain before cyclize~
tion to have been in position 2, ring closure could lead to either the g~
or Y-thicbrasan. There is no evidence to allow us to chooss between the
tw paa:ibilitm, the first of which is illustrated in the following re-
action.

CH,CH,CH, CO,H H,

——n T

-Hzo Hl

l-Keto~1,2,5,4~tatrahydrothiobratan

The Friedel~-Crafts ocomdensation between dibemzothiophens and phthalic
anhydride, carried out in much the same way as in the oase of sueciniec
sahydride, gave what appears to bs a hydrate of 0-2«dibenzothenoylbenszoic
acid. The ethyl ester was prepared and amalysed correctly. Treatment of
the bensoic scid derivative with sulfurie acid wnder varying conditions 4id
not lead to ring olosure, but the method of Fleser and Fisser®®, using a
fusion with aluminum chloride and sodium chloride effected oyolodehyiration
to the thionaphthenoanthraquinone. The melting point of the erude product
gave soms evidente that isomers are formed in the cyclization but ane
product only was isolated after reerystallisation from sacetic acid or chloro-
bensene, As in the cese of the thiobraszan, two compounds could be expected
to result from ring closure and there is no evidence which permits us to

choose one structure as that of the product obtained. The linsar compound

(44) Fieser and Fieser, J. Am. Chem. Soc., b4, 3749 (1932).
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is shown in the follewing reaction.

Q
c
D
-H;_O
:::::: N 7
s HOC
0

Sulforide and sulfone types. Oxidation of the sulfur atam of dibenso=

Q=

thiophens leads to the sulfoxide (dibenzothiophene~G-oxide) and, finally,
to the sulfome (dibensothiophene~5-dioxide). Very little study has been made
of the sulfoxides and their mention will, of neceesity, be brief.

When Courtet and Pomonis>® first sought to nitrate dibenzothiophens
they employed a nitrating mixture of 38 parts of nitrie acid, 5O parts of
sulfuric acid, and 12 parts of water, this mixture having been observed te
convert benzeme to nitrobenseme in quantitative yield. With dibensethiophene,
however, the previcusly unknown sulfoxide was the principsl product. This
sulfoxide was found to bshave toward ethylmagnesium bromlde like diphenyl
sulfoxide, being readily reduced to the original sulfide again. This ease
of oxidation of the sulfur linkage made it neecessary for Courtot and Pomonis
to materially alter the conditions of nitration, and in spite of their control
of the reaction the yield of 2-nitrodibengothiophene never exseeded 40 per
eent and an sgual yisld of ths sulfoxide amcompanied the desired product.

In the most recent article deeling with dibenzothicphene, Courtot®®

has sumpariszed the methods of obtaining dibensothiophene-f~dioxide az followss

(45) Courtot and Rocheboust, Bull. soc. ohim., (5) 4, 1972 (1987).




1. Oxidation of dibensothiophene by various oxidizing agents.

2. Removal of the amine groups from bensidine sulfone (3,7-diamino-

dibensothiophene~f~dioxide).

3, Cyclization of biphtnyl-angulfunic acid chloride by means of

alumimum chloride.

These methods will be dealt with in the order given above. The first
method, invelving the oxidation of the sulfur atom, has already been briefly
mentioned in conneetion with the proof of structure of the substitution
products arising from halogenation, nitration, etc. Where no substituents
are present on the nuscleus, or whoré they eare stable enough to withstand the
action of the reigonta, oxidation is smoothly and rapidly effected by sodium
dichromate in dilute sulfuric acid. By this method many of the dibenzo-
thiophene derivatives prepared by Courtot and co-workers have been oonverted
to the corresponding sulfonss. In some osses, especially where the nature
of the substituents makes it inadvisable to use dichromate and sulfurio
acid, oxidetion is cerried out with hydrogen peroxide. Hydrogen peroxide
doss not appsar to have been used for the preparation of sulfoxide typos
in eny case.

4 discussion of the second method referred to by Courtot, involving
the removal of saine groups from benzidine sulfone, requires soms mention
of the latter meterlal at this point. When bensidine ie treated with fuming
sulfuric acid 3,7-diaminodibengothiophens~b~dioxide results. This reastion
ie showm in the following equations



H,50,
HaN NH, ———
H,N NH,
o/s*o

BEvidently, in sulfuric acid solution, the positions msta to the axine-
sslt groups are labilized and sulfonstion ocenrs in ons ring, to be quickly
followed by cyclodehydration wnder the influenee of the fuming sulfuric acid.
The proximity of the Z'-position in the second ring, togesther viﬁh the faot
that the amine-salt group has sctivabted it oauses ring olosure to cocur
there. That the labilizing group in the second ring is necessary is in-
forred fram the bshavior of p-xenyl amine under similar conditions. ¥hen
added to fuming sulfuric acid xeityl amine is mulfonated but continued son-
tast with the sulfuric acid did not result, in cur sxperiment, in the for-
mation of any non-acidie material. Notwithstanding the supposition of
Carnslley end Sehleselman®s t&t sulfonation oecurs in the 4'-position, it
is belisved guite possible that sulfonation actually ocoure in the position
meta to the amine~salt group, as in benszidine, and oyelodehyirstion to the
3-eminodibensothiophene~5-dioxide fails to take place omsocount of the
absence of e suitable labilising group in the second ring.

Conversion of the amine groups of bentidine sulfone to other s&b-
stituents (or to hydrogens) leads to derivatives of dibenzothiophene«tm
dioxide 4in which the substituents are always in the 3= or §,7-positions,
wheress the oxidation of substituted dibensothiophenes (method 1 above),

leada, in most cases, to sulfone derivetives having substitueats in the 2«

(46) Carnelley end Schleselman, J. Chem. Soc., 49, 380 (1886).



or 2,8«positions.
The third method has already been referred to in the section on the
proof of structure of the substitution products resulting from halogenation,

ete. This method permits of the synthesis of the four theoretically possible

Br
Soq, 'S
d o

monosubstituted derivatives of dibensothiophene~b-dioxide, depending upon

which biphenyl-2-sulfonic scid is started with. By it, Courtot4® reports

the synthesis of the first disubstituted dibensothiophens~b-dioxide having
both substituents in the sawe ring. This is a 2,4~dihalogeno derivative,

obtairied from the 3,5-dihalogenobiphenyl-2-sulfonie acid.

A fourth route to substitutad diphenylene sulfones which was overlooked
by Courtot is that reported by Cullinane, Davies, and Davissi?. By treat-
nent of diphenylene sulfone with fuming nitriec acid and ooncentrated sul-
furic acid, these investigators obtained 3,7-dinitrodibensothiophene-5e
dioxide, identified by reduction to benzcidine sulfone. Ihe corresponding
dibromo derivative was obtained by refluxing diphsnylene sulfons in seversl
molecular gquantities of bromine. This latter route merits further study in

an effort to obtain monosubstitution products through the use of milder con=
ditions.

(47) Cullinepe, Davies, and Devies, J. Chem. Sos., 1435~37 (1936).



- 37 «

It will be remembered that all the methods of synthesis of dibenszo=~
thiophene derivatives of known constitution for use in proof of structure
which heve been used by other workors lead to the sulfoms types. Because
of the frequent high melting points and low solubilities of these diphenylene
sulfones, it wuld be desirable to be able to convert them to the lowex-
melting sulfides. While the oonversion of sulfides to sulfones by strong
oxidizing agents is & femiliar and smooth reaction, the reverse process is
rarely met with. The discovery that diphenylene sulfone can be converted
to dibenzothiophems by heating with sulfur was a natural outgrowth of the
observation by Courtot3 that heating a mixture of selenium and diphenylens
sulfone ylelds dibenzoselenophene. A study of the applicability of the
reaction between diphenylene sulfone and sulfur to the case in which the
diphenylene sulfones bear substituents would be of interest for purposes
of structure~proof.

Reduction studies on dibemsothicphene. When dibsnzothiophens is treated

with sodium in liquid ssmonia solution, a dihydro derivative is obtained
which, by analogy to the bshavior of nephthalene, phenanthrene, and di-
benzofuran®®, is probably 1,4~dihydrodibenzothiophene. The dihydro compound,
when treated with bromins in chloroform solution at 0°, absorbs a mole of
bromine without evolution of hydrogen bromide. Attempts to recrystallize
the resulting oil lead to the loss of hydrogen bromide and the formation of
dibenzothiophene. The instability of the bromine sddition product is
analogous to that of the corresponding 1,4~dihydronaphthalens.

(48) Courbot and Motamedi, C rand.. 199, 551 (1934); private come

munication te Dr. Henry
(49) C. W. Bradley, Dootoral rmu, Iowa State College (1837).
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When the dihydrodibensothiophene is treated with phenyllithium under
conditions identioal with those employed in metalations, dibensothiophene
is obtained in an almost quantitative yield, along with an sppreciable
quantity of benzene and & solid meterial which behaves like lithium hydride.
This dahyﬁmgmting effect of phexyllithium hes bean noted alsoc with 1,4~
dihydronaphthalene and 1,4-dikydrodibensofuran®®. It wes subsequently shown
that phenyllithium is cleaved by hydrogen in the absence of a catalyst to
give benzens and lﬁhium hydride. The readily obtainable phenylisopropyl=-
potassium exerts e similer effeot on dihydrodibenzothiophene.

Earlier work on the reduction of crganometallie compounds has been
done in this country by Adkins®l. In 1932 he established & series of ore
genometallic ocompounds in the order of their deoreasing ease of reduction as
follows: RglMg, RpZn, RgPb. The compound RIA (phenyllithium) was found to
spparently underge reduction with greater facility than repoerted for the
magnesium compound, thus bringing it into this series before ths others.
This series, it will be noticed, is then in the order of devreasing re-
activity as established by other methods®2.

(50) C. W. Bradley, Unpublished results.

(51) Zartwann end Adkins, J. Am. Chem. Soo., 54, 3398 (1932). ,

(62) Gilman, "Organic Chemletry", John Wiley snd Sons, New York (1938),
PP 406-438 .
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Results of physiologicel tests. DBecause of the tims required for the

testing of the dibenzothicphene derivatives sulmitted, especially those
testad for estrogenio and carcinogenic activity, the results given here are
not complete.

Tests on dibenzothiophsne~d=carboxylic acid, l-keto-l,2,3,4~tetre-
hydrothiobrasan, and 2-acetaminodidensothiophens failed to show any analgesioe
action when the compounds were administered intraperitomeally to white mioce
er orally to guinea pigs, although there was slight evidence of hypnotie
action in the acetaminc compound. The minimum lethal dose (M.L.D.) of eash
compound was found to be 0.15 mg. per g. of body weight for mios.

Tests on 2-aminodibenzothiophene amnd the dihydrochloride of benzidine
sulfone showed no indieation of any antistreptosoccic activity. In thess
‘tests the compeunds were given orally to white mice infeeted with Strepo-
e#ema hemolyticus. Ths M.L.D. for the dihydrocbloridé of bensidine

sulfons, under these conditions was found to be 1.25 mg. per g.
The follewing compounds were found to possess no estrogenic activity
when 25 mg. of the substance was injected suboutansously in sesame oil:
(;g 1,4~dihydrodibensothiophene
(b) dibenzothiophene
(e) 1-keto«1,2,3,4~tetrehydrothiobrazan

Five mice were used for each compound.
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EXPERIMENTAL
Proguaﬁon of Dibensothiopheme.

Dibenzothiophens was prepared essentially according to & method outlined
in the patent literature®?. In a typioal preparstion, 500 g. of techniocal
biphenyl and 208 g. of sulfur wore melted together in a 5-L. round=bottomed
fluk, fmnersed in an oil bath., While the tempersture of the bath mas main-
tained at 115—1305, 25 g. of powdered, enhydrous aluminum chleride was added
over s period of one and s quarter hours. The temperature was kept the same
until the end of the third hour and then gradually sllowsd to rise, reaching
240° st the end of the eighth or ninth hour. When cool, the mass in the re-
action flask was extracted three times by boiling gently with 500 cc. of
wabter, cocling, and desanting the water. Then eight alcohol extractions were
mde, boiling each time with a liter of alcohol and decanting hot. The com-
bined extracts were digested with norite and filtered through a hot Bliohner
funnel immediately. Upon cooling, almost colorless needles separated from
the filtrate. Conecentration of the liquora ylelded sdditional dibenszothio-
phene. This orude compound usually melts as high as 98° and is suitable for
many purposes. Yield, 65«70 per cent of the theoretical. Distillation in
vacuum {(bup. 152—15&"/3 m_.) followad by crystallization from alcohol gives

beautiful solorless needles, m.p. 99°.

Piorate af Bimthiepm .

One gram (0.008 mole) of dibenzothiophene dissolved in 20 oc. of hot
aloohol was treated with a hot solution of 1.4 g. (0.006 mole) of ploric acid
in 11 oo. of alechol. Upon ecoling, l.1 g. of yellow nsedles, m.p. 124-125°,
asparated. Reorystallization from alcohol gave yellow needles, constant m.p.



of 125°.

Resotion of Sulfur with Dibenzothiophene~5-dioxide.

In & 25-c0. Claisen flask was placed 5 g. (0.023 mole) of dibengothio-
phene~5~dioxide and 0.9 g. {0.028 g.-atom) of sulfur. A thermometer was
dipped into the resction mixture and the flask heated in a metal bath. The
nass mslted at 160~200" and was kept at 520° for 23 hours while sulfur di=
oxide and hydrogen sulfide were evolved. The tamperature was then raised to
240° for another half hour, causing gentle boiling, and then heating was in-
creased unktil 2.3 g. of distillate was collected, m.p. 94-95°, This was re-
orystallized and identified (mixed melting point) as dibengothiophene. Yield
54 per cent.

Preparation of 2-Acetyldibenzothiophene.

In a 500=cc. three-necked flask wes plsced 30 g. (0.16 mole) of dibenzo-
thiophene, 225 oc. of dry carbon disulfide, and 60 g. of powdered, anhydrous
aluminun chloride. With stirring 13 g. (0.16 mole) of scetyl chloride was
added dropwise over a 20-min. 'mricl)d, causing gentle refluxing of the solvent.
After addition was complete the mixture was heated and stirred for two hours
longer, then gooled and poured over a kilogrém of ice~H’l. Nearly all the
mixture was soluble in the two layers. Insoluble material wis removed by
filtration and the carbon disulfide layer was separated and thoroughly washed
- with water and sediunm bicarbonate solution and then dried over sodium sul-
fate. After drying, the carbon disulfide solution was freed of solvent and
the residue distilled under reduced pressure from & small Claizen flask. A
exall forerun (1-2 g.) was taken off below 170°/i-2 mm., and the product,

which distilled as a pinicish, slow~orystallising liquid, was collected between
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170° and 196° at 1-2 mm., the larger part of ths fraction distilling at
193+196°. Weight 26 g. or about 70 per eent yield. Reerystallisation from
aleohol gives a product suitable for most purposes (m.p. 108-108°) but
_several more recrystallizetions will give a product melting at 111°.

Anal. Caled. for Cyglyo0Ss S, 14.2. Founds 8, l4.l.

Oxime qrf %Autgldimmopm.

The method of oximation of Bachmann and Bostner®S was employed. The
kotone (€8.5 ge or 0.215 mole) was treated with 31.2 g. (0.46 mole) of hydro-x-
ylemine hydrochloride in & mixture of 150 oc. of sbsolute alochol and 60 ec.
of pyridins, by refluxing for 3 hours, About half the solvent was then
evaporated off and the mixture poursd into 300 eo. of cold mter. A nearly
quantitative yield of crude oxime results, which is dried and recrystal-
lised from alechol. M.p. pure oxime, 160-161°.

Anal. Calod. for C3gMyjONSs H, 5.81. Found: N, 5.66 and 6.59.

Oxidation of 2~Acetyldibensothiophene.

Uaing the method of Fuson and Tullock™, eme grem of Z-scetyldibensoe
thiophene was dissolved in 50 oc. of technical dioxane and 10 cc. of 10 peyr
cent sodium hydroxide solution was edded. Iodine~KI solution was added in
agcordance with the prescribed procedure until a brown oolor wes persistent
for one minute at 60°. Excess sodium hydroxide solution was then added end
the solution eocled and filtered from the icdoform. The filtrate was extract-
ed once with ether and scldified with hydrochlorie acid to preeipitate 0.15 g.
of acid which was reorystellised from methanol, m.p. 253°. Treatment with
dlasonethane gave the methyl ester, m.p. T5°, Which gave no depression in

{53) Bachmann and Boatner, J. Am. Cheu. Sec., 58, 2099 (1936).
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when magnesiun activated by heating with iodine was added to the magnesium
already in the flask. When cool, the Grignard solution is carbonated with
golid cerbon dioxide. After removal of the dry ice, dilute sodium hydroxide
was added, the ether was evaporated, and the mixture filtered. Acidification
of the alkaline filtrate gave 1.35 g. of dibenzothiophens-2-carboxylic acid,
m.p. 266°. This is a 17 per cent yield.

Preparation of Methyl Dibensothiophene-2=carboxylate.

Ireatment of the dibemsothiophene«~2~carboxylic acid obtained by
Courtot’s method from the eorresponding bremo derivative with excess dimso
methane gave an oil whiech slowly orystalliszed. Reerystallization of this
ester from methanol gave methyl dibenzothiopheme=Z~carboxylate, m.p. 74-75°.

Anal. Calod. for CygHjo0sS: S, 13.2. Foundt S, 18,5

Prcpnti_on of Dibmothiophano-é-urboqruo Acld by Hetalation.

A, With p-butyllithiumt Ten grams (0.054 mols) of dibensothiophene was
metalated by treating 1% in 75 oo. of ether with nearly 0.1 mole of n=butyl-
iithium in 76 ce. ether. The reaction mixture was refluxed gently foi' 18
hours and then carbonated by pouring over solid carbon dioxide. After
removal of the exocess carbon dioxide the mixture was extracted with water
and the water layer aecidified with hydrochloric aclid to yleld 6.7 g. of
white solid, melting from 255 to 246°. Yield of crude acid 54 per cent. Two
reorystellizstions from methanol gave & white preduct melting st 282-253°.

Anal. Calod. for C33Hs09S1 N.BE., 228.13 C, 68.38; H, 8.54;1 S, 14.1.
Found: N.E., 2873 C, 68.183 H, 3.80; S, 14.0.

B. With phenyllithium: Temn grams of dibsnzothiophens, metalated as

above, but using this time phenyllithium, in about the same excess, gave,
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upon earbonation, a 12 per cent yleld of dibemzothiophene~i=carboxylic acid.
Even more strikingly, in the case of phenyllithium, is shown the necessity
of using distilled dibensothiophsne in the mstalation. When using butyle
lithium the use of dibenzothiophene a8 obtained directly from the alcohol
extracts, before distillation, results in a greatly diminished yield. In
the case of phenyllithium the yield is reduced to elmost nothing. Frobably
the low yields are due to the preuneo“o‘f, sulfur in the dibenzothiophene
which has not been distilled and recrystellised.

C. With o&-uapk&lqllithimz KBWien of redistilled dibemsothiophene
with a large excess of o-maphthyllithium results in the formation of only &
7.6 per cent yield of dibenscthiophene-é~carboxylic acid. The latter is
readily freed from neaphthoic acid by treetment with boiling water in whiech
dibenzothiophene-4~carboxylic acid is insoluble.

D. With p-snieyllithium: Ths preparation of p-anisyllithium was carried
out in the manner customary for the organolithium compounds by edding 28 g.
(0.16 mole) of p-bromoamisole in 30 cc. of ether to 2.1 g. (0.30 g.~atom)
of finely cut lithium in 45 cc. of ether at a rete sufficient to csuse noady
boiling. After addition was complete, stirring was continued for 30 minutes
longer without heating. The ether solution was then strained free of un-
reacted metal into another flask containing 16 g. (0.082 mole) of dibenszo-
thiophens in 76 cc. of ether. The resstion mixture was then nﬂw for
20 hours and carbonated Ly pouring onto solid carbon dioxide. Working up
the resulting mixture in the usual way gave, upon saaidificetion of the
alkaline, agqueous layer, a precipitate of eoclorless crystals. After one
recrystallization from boiling water the moidic material melted at 120-121°

and weighed 2.2 g. Qualitative tests for sulfur were negative and a mixed
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melting point with benzcic acid was depressed. No sparingly soluble di-
bensothiophenecarboxylic acid ws found. Another idemtical run gave 5.2 g.
of the above acid melting at 116=120° before recrystallisation. As before,
no dibensathiophens meid was obtained.

Since no metaiation of the dibenzothiophene ococurred with E-mtsyllithium.
the expected acid would be p-anisic acid. When the acid actuslly obtained
was found not o correspond to any of the anisic acids, a fmrther investi-
geation afv the reaction was undertaken. p-inisyllithium was prepared es
desoribed above and carbonated immedistely after the thirty-minute perlod
of stirring at room temperature, Vorking up the reastion mixture in the
usual way then gave 2 g. of moid, m.p. 182-182.5° after recrystallisation
from water. A mizmed melting point with ;uthuntic pranisic acid showed no
depression. Tield of panisic acid, 8.7 per cemt of the theorstical. From
the ether layer of the reaction mixture wes obtained 2.2 g. of 4,4'~di=
methoxybenzophenons, m.p. 144°. This ketome was identified further by the
oxine, which was found to melt at 138°, in agreement with the 1itersture®®.
Tisld of ketone, 12.2 per cent of the theoretical.

Having thus shomn that p-snisyllithium astually is formed in the re~
agtion between p-bromvenisole and lithium, another run was made to deter=
mine What effect, if any, would be found by refluxing the ether solution of
the organolithium compound, as was done in the metalation esperiments. This
preparation was carried out with the same gquentities of materials as used
in the preceding rums, Afbter the period of stirring at room temperature,
the ehher sclution was strained free of metal into a second flask and

diluted with 75 ec. of ether. It was then refluxed for 21 hours and

(5¢) Sohmacksnberg and Scholl, Ber., 36, 654 (1903).
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sarbonated and worked up as before. Yield of orude acid, 5.2 g« A smmll
amount of olly material was obtained from the ether layer but attempts to
ecause it to orystallize were futile. The acidic material was recrystal-
lised from water and found to be the eame sold, of m.p. 120=121°, as
obtained in the metalation expeirinents. FKeutral equivalent determinations

gave values of 201 and 202. The &acid has not yet been idemtified.

Deearboglation of Dibonzathiw-mrboqlic, acid.

About 0.1=0.2 ge of the acid was mixed with an equal quantity of copper
powder and 2-3 co. of quinoline and heated in a test tube immerssd in &
metal bath. Gas evolution was apparent et 120°. The bath was kept at
about 2009 for an hour. The reaction mixture was then cooled and trans-
ferred to a 125-cc. distilling flask, with 2«3 cc. of concemtrated sulfurie
acid and 40-50 cc. of water. Distillation yilelded a orystalline solid in
the distillate, mep. 97-98°, mixed melting poimt with authentic dibenzo~
thiophens the same.

Freparation of Methyl Dihonmthiophamwmxyht‘.
Treatment of 0.2-0.8 g« of dibenzothiorhene~4«carboxylic acid with

excess diazomethsne in ether, and allowing the resotion mixture to stend
over night, gave the methyl ester, m.p. 95° after tw recrystallisations
from methanol. '

Preparation of thldimow.
A. By metalation:s n-Butyllithium was prepared in ether solution in

the usual way by adding 205.5 g. (15 mole) of p~butyl bromide in 300 cc.
of dry ether to 21 g. (5 ge.~atoms) of finely cut lithiwm in 500 cc. of
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sther, This solution was then transferred through & strainer of glass wool
to another flask containing 140 ge of dibenzothiophene in 400 o¢. of ether.
The reaction mixture was refluxed and stirred over night and then cooled in
an ice bath while 126 g. (1 mole) of dimethyl sulfute in 100 occ. of ether
was slowly sdded. Stirring the mixture for an additional thirty minutes at
room temperaturs completed the reaction so that a oolor test was negative.
Exoess dimsthyl sulfate was dsstroyed by the ceutious addition of 500 cc.
of 10 per cent sodium hydroxide solution, followed by stirring for o few
hours at room temperature., The ether layer was them separated, washed with
dilute hydrochloric acid and with wter, and dried over caloium chlorids.
The extract waz then freed of the ether and the residual solid distilled
under reduced pressure. Thirty zrams of solid was colleoted et u7~150°/
25 mm. and 20 grams was collested at 160-165 at the seme pressure. Whils
both fractions undoubtedly conteined the methyl derivative, only the higher-
boiling one was verked ups By taking this fraction up in alechol and allowe
 ing the dibensathiophens to orystallise out slowly, the liguors eould be
made to yisld srude 4-msthyldibenzothiophene of mep. 54=56°. Reorystal-
lisation from dilute methanol gave & product of mep. 65°.

Anal. Caled for C1gHypBs 5, 16.0. Found: 8, 16.1.

B. By ring elosure: In a small Claisen flask was pleced a mixture of
2 ge of Semethyl=2,2'=dihydrexyZbiphenyl and 1 g. of phosphorus penta=
sulfide. The flask was heated in & metal bath, the tempersture being grad-
wally raised from 165° (at which evelution of hydrogen sulfide began) to
400° in 45 mintes, after which heating was increased umtil a emall smoumt
of colorless liquid dietilled. The liquid solidified and was recrystal-
iiua once from & little methanol to give smmll nesdles, m.p. 66.5°. A
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nixture of this material with the methyldibensothiophens obtained Ly metale
ation (see above), m.p. 65°, melted at 85.5°.

Preparation of Dibensothiophene-3-carboxylie acid.

Fhenylealoium iodide was made in the customary mamner using 122.4 g.
(0.6 mole) of iodobentene, 48 g. (1.2 gratom) of caloium turnings, and 300 cc.
of ether. After the preparation, th_e mixture wes allowsd to settile over
night and then the ether solution of phenylealeium icdide was decanted into
& 1-L. flask contsining 27.6 g. (0.156 mole) of dibensothiophene and 250 co.
of ether. The mixture was then refluxed gently for 24 hours end carbonated
with solid earbon dioxlde. After removal of exvess carbon dioxide the mixe
ture was treated with 200 cc. of dilute hydroohloric ecid and extrasted with
ether. The combined ether extracts were then extrasted with dilute sodium
hydroxide solution and the acidic materials precipitated from this Ly
uetdifiettién with hydrochloric acid. The heavy precipitate of yellow
acidie material was digested with 600 oc. of boiling water and filtered hot,
leaving the desived dibensothiophenie acid on the filter. This brownish acid
weighed three grams and was recrystalliszsd from methanol to giﬁm an almost

white solid which appearsd to decompose or decarboxylate at about 300-806°,
but whish had no sharp melting point.

Neutral equivalents Caled, 228. Found, 234.

Dcmqhtien of Dibensothiophsne~3-carboxylie Aaid.

About 0.1=0.2 g. of the acid was heated in 2-3 co. of quinaline at
200° with an equel smoust of coppsr powder for an hour. Evolution of gas
was noticed as low as 120°. The mixture was then ecoled and trensferred to

e amell distilling flask where it was mixed with 40-50 oc. of water and 2=3
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oo« of oconcentrsted sulfuric acid. Distilletion gave a yellowlish, orystal-
line soclid in the distillate which, after sublimation, melted at 97-98° and

geve no depression with authentic dibsnzothiophens.

Preparstion of Methyl Dibensothiophene-S-carboxylate.
One~half gram of the acid obteinsd from metalstion with phenylesleium

fodide wne treated with a large excess of diasomsthane in ether and allowsd
to stand over night in the refrigerator. Bvaporation of the ether then left
@ white solid which was taken up in aloohol, treated with norite, snd filtered
hot. From the filtrate deposited small, colorless orystals, m.p. 128°.
Another recrystallization of this ester from a mixture of methanol and
ethanol (1:2) gave ‘a_ colorless product, m.p. 129=130°.

Anal, Caled. for CpgH30,5t 8, 13.2. Founds 8, 18.1.

Preparation of 4-Hydroxydibensothiophens.
One~half mole of dibenszothiophene wes metalated in the usual way with an

ether solution of p-butyllithium preparsd from 1.5 moles of n-butyl bremide
and 3 g.=etoms of lithium. After the metalation was completed, 0.5 mole of
ethylmagnesivm chloride in 500 cc. of ether was added, the flask was lmmersed
in s freezing mixture, and oxygen was led in over the stirred surface &t
about 10 mn, heed of pressure. The temperature was kept below 3° by reguls-
ting the intske of oxygen and e negative color test after 5 hours showed that
reaction was complete. The reaction mixture was transferred to & large separ-
story funnel with about 600 cc. of water containing 180 ec. of conoentrated
hydrochloric acid. The water layer was discardsd and the ether layer washed
with water. The prodmst was then extvacked from the ether mlutim ly mveral
washings with § per oent sodium hydmxide solution. The combined alkaline extracts
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were then digested warm with norite, filtered, and soidified with hydro-
chloric acid., Yield of almost white product, 33 g. or 33 per cent of the
theoretical. Melting point, 157-169°. Recrystallization from dilute
methanol gave fine, colorless needles, m.p. 167°. A green color is obtained
with ferric chloride solution.

Anal. Caled. for C3,Hg0S: S, 16.0. Found: 8, 15.9.

Preparation of Dinitro-d~hydroxydibenzethiophene.

One-half gram of 4~hydroxydidenzothiophene was dissoclved in 8 ec. of
glacial scebic acid at about 50°. To this was added a mixture of 2 cc. of
glacial acetic acid and 1.3 ec. of concentrated nitric acid. The resction
nixture baeam dark red and a dark, erystalline precipitate separsted
immediately. -Tha mixturs was cooled and filtered to yleld a dark orange,
orystalline powder, m.p. €04° (dec.). Reorystallization from glacial acetic
aclid did not raise tha‘mlting point. Yield 0.56 g. or 77 per cent of the
theoretical.

Anal. Calod. for CypHgOgNsS: N, 9.65. Found: N, 9.45.

Preparation of mthogdibonuthicppom .

In a 250=cc. flask was placed a solution made from 100 oc. of water,
8.5 g. (0.088 mole) of sodium Mydroxide, and 15 g. (0.075 mole) of 4=
demaqrdibemotﬁiophsno. With cooling, 12.6 g. (0.1 mole) of dimethyl
sulfate was added over a S-minute period with atirring. Stirring m then
continued 25 minmutes after which the flask was immersed in a bath of boil-
ing water and 2 g. of sodium hydroxide was added to destroy the excess
dimethyl sulfate, thirty minutes being allowed for this. Cooling and filter-

ing then gave 15 g. or & 94 per sent yleld of erude methoxy compound:
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Two recrystallisations from aloohol gave heavy, oolorless needles, m.p. 123°.

Anal, Csled. for Cyslyo0Ss S, 15,0. Found:r S, 14.9.

Preparation of 4-Aminodibensothiophene.

A. By the Bucherer reaction: Following a proosdure for the Bucherer
reastion given hy Fieser and co-workers®S, 1,6 g. of 4-hydroxydibenzothio-
phene, 7.5 g. of sodium bisulfits, 15 co. of water, 15 ec. of concentrated
agusous ammonia, and 7.5 ec. of dioxsme were sealed up in & Carius tube and
heated for 11 hours at 200-210°. Upon opening the tube no pressure was
found and there was no evidenoe of darkening of the contents. The mixture
was tru;sforrod to a separatory funnel with a 1little more than an egual
volume of water and the mixture extracted with ether. The ether extracts
were combined, washed, and dried over solid sodium hydroxids. When dry, the
otﬁar solution was satureted with dry hydrogen shloride, osusing the pre-
cipitetion of 0.4 g. (25 per cent yleld) of almost white amine hydrochloride.
After one recrystellisation of the hydrochloride the free baze was obtained
by treatment with ammonia. Melting point, 110°. Reerystallliszation of the
amine from methanol failed to raise the melting point.

%. Caled. for C3gHgRS: N, 7.04. PFound: N, 7.02.

B. By smination of é~bromodibenszothiophene: Ninety-two grams (0.5
mole) of dibensothiophene was metalsted with m-butyllithium as in the
preparstlion of 4~hydroxydibsnsothiophene. The mixture was then cooled in
an ios~-salt bath while nitrogen was passed slowly over the stirred surface.
The nitrogen first passed through a washpbottle mmus% about 80 g. of

bromine, and a slight pressure was maintainsd on the system by allowing the

(55) Fieser and co-workers, J. Am. Chem. Soc., §9, 474 (1837).
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amm nitrogen to escape through the condenser against & 10-mm. head of
mreury. In two and ome-half hours the reaction was complete, as indicated
by a negative eolér test. The product was obtained S.n ether solution, excess
bronine wea 'rnmovtd by a bisulfite wash, and the ether solution was freed
of aolvenﬁ by distillstion. The orude product remaining weighed 90 g.
The 4-bromodibensothiophene was not separated from the contaminating di-
benzothiophene but was emineted directly in portions as desoribed below.
Into a stesl bomb of about 500wcc. capacity was introduced 25 g. of
orude 4-bromodibensothiophene, 20 g. of freshly prepared cuprous bromide,
and 500 oc. of concentrated aqueous ammonia. The bomb was heated for 10-~1l
hours at 210-220°. When eoo0l, the contents were transferred to a separs~
tory funnel and extructed with ether. The washed and dried ether extract
gave 8.3 g. of amine hydrochloride when ssaturated with dry hydrogen
chloride. This crude selt representsd a yield of 37 per cemt of the the-
oretionl on the basis that the starting material was pure 4-bromodibenzo-.
thiophens. The free base was oblimined by treating the orude hydrochloride
with agusous smmonia. The erude amine thus produced was recrystallized
by treating a hot methanol solution with norite and a pinch of sodium hydro-
sulfite (to prevent darkening by oxidetion). | The methanol solution was then
filtered hot and diluted with hot water Just to the point of turbidity.
Slow conling gave a colorless product which was identical with that obtained
by the Bucherer reaotion on 4-hydroxydibenzothiophene.

Preparation of 4-Asetaminodibenzothiophene.
In 200 oc. of benzene was dissolved 8.7 g. of 4~aminodibenzothiophens.

An excess (10 oc.) of acetic anhydride was then added and the solution
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allowed to stand over night. The white, erystalline acetanino derivative
which separated was obtained in almost quantitative yield. BRecrystalliza-
tion from bensens gave a product of oqas'bant melting point, 198°.

..i."l"i‘ Caled. for C34M3ONS: N, 5.82. Found: K, 5.98.

Bromination of 4-Acetaminedibensothiophsns.

Five grems (0.02]1 mole) of 4-aceteminodibensothiophene wes dissolved
in 175 oc. of glacial acetic acid nd treated with 22 e¢c. of & O.l molar
solution of bromine in moetic mcid. The addition required 30 minutes and
the solution was then stirred an additional hour before pouring into 800 cc.
of mater to which & little sodium bisulfite had been added. The white,
precipitated solid weighed 5.75 ge ahnd represented an 86 per cent yield.
Two recrystallisations gave a pure product melting at 254°,

snal. Celod. for CygljoQNSBrs KN, 4.38. Found: N, 4.28.

Mercuration of Dibenzothiophens.

Two attenpts to mercurate dibenzothiophene by refluxing an alecholie
solution of dibenzothiophene and merouric acetate gave no mercurial.
Merourocus acstate was formed to some extent and & large proportion of the
original dibenw&hiophnna was recovered unchanged.

Mercuration appeared to be effected vwhen the calculated quantity of
mercuric acetate was slowly added to a melt of dibensothiophene at 140-1485°.
A quuié., having the odor of acetic acid, distilled out of the reastion mass.
The melt was stirred and heated for 13=2 hours and then poured into hot
propanol, in which it formed & milky suspension. If the mass is allowed to
cool before pouring into the solvent it becomes extremely viscous but does

not harden. The milky suspension was filtered while hot and from the milky
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filtrate & white #0l1id separated upon cooling. This s0lid, which was
probably crude mercurial, was obtained on a filter. Upon standing, it
changed to an amber, glassy resin. A more stable solid was obtained when

the material precipitated from the propencl was digested briefly with boile
ing chloroform. The curdy, white solld dissolves in the ohloroform upon
sontimued bailing ‘and will not seperate whan the solutien is cooled. There~
fore, digestion was only continued long enough to coagulate the solid material
and then discontinued. This material melted with decomposition at 215° and

was snalyszed as follows.

Anal. Calcd. for CygfyOpSHgs Hg, 45.5. Founds Hg, 47.7 and 48.5.

Brom of Ahmim Chloride.

A melted mixture of 11.7 g. (0.05 nolo) of gwbrombiph'nyl and 3.2 ge
(Cel ga~etom) of sulfur was treated with 0.5 g. of powdered, snkydrous
aluminum ohloride at 110%. &4 vigorous evelution of hydrogen sulfﬁe osourred
snd heating was conducted in the same way as desoribed f;n- the preperation
of dibensothiophene. The sooled mass was extracted three times by boiling
with 20 ec. of water, oocoling, and deoanting the water. The mass was then
extracted four times by boiling with 25~cc. portions of alecohol end de~
canting hot. From the combined alcoholic extracts, after treatment with
norite and filtration, wes obtained 2 g. (a 15 per cent yield) of dibenzo~
thiophens, identified by a mixed melting point. A large quantity of e tarry
material remained in the reaction flask after the alocohol extractions and
this wes extracted further with benzene bu'!: ne asolid material could be
obtained from the bensene extracts. |
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Other Attempted Reactions between Sulfur and Substituted Biphenyls in the

Presance of & Camw_.

Using the same amounts of sulfur and p-bromobiphenyl as in the preced-
ing experiment, the effect of other con&onsing agents was investigated.
¥When 0.5 g. of anhydrous zinc chloride was used no svolution of ges could
be detected. When 1 g. of anhydrous stanniec chloride was tried ths same
result was obtained. The use of 0.5 g. of anhydrous ferric chloride ecaused
soms reaction and the evelution of both hydrogen sulfide and hydrogen
halide, but, when the resction was oarried out in the manner described
above, no product was obtained except & tarry material.

Then & mixture of 9.5 g. (0.06 mole) of o-chlorobiphenyl and 3.2 g.
(0.1 ge=atom) of sulfur was treated with 0.5 g. of aluminum chloride as
outlined in the first experiment with p-bromobiphenyl, no solid product was
obtained .

An squally discoursging result was obtained when the resotion was tried
using p-chlorobiphenyl, sulfur, and aluminum chloride. Kydrogen sulfide
and hydrogen chloride were copiocusly evolved and the ounly product was a
tarry mass. However, vhen the seame reactants were employed but heating
wae done on the steam bath (8 hours), the aleoholic extract of the reaction
mixture ylelded sulfur and a white crystalline solid. The sulfur separated
first and the white solid was obtained by concentration of the liquors. It
was found to melt at 170-200°. On sccount of the dwindling emount of
material in hand this was not further investigated but it appears highly
possible that, by keeping the temperature of the reaction low enough and by
& suitable choice of solvents for recrystalliretion, the desired 3-chloro-

dibenzothiophene might be obtained.
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Prepuration of 2-Acetaminodibensothiophens.
Ae By nitration, reduction, and acetylation: This is the way in which

Courtot and Pomonis™® first prepared the 2-ecetaminodibensothiophens but,
sines the experinental details were not published by those authors, and since
the melting point whioh was obtained in their work does not agrse with that
which is given here, the mothod of synthesis will be desoribed. Dibenzo=
thiophens wes nitreted aeeording to the directions of Courtot and Pomonis™
and the resulting 2-nitrodibenzothiophene reduced to 2-aminodibenzothiophene
by treating a suspension of the amine in alcoholic ammemia with ginc dust
and emmonium chloride. A solution of 1l¢5 g. of the amine thus obtained, in
80 cce of benzene, was treated with 1 oc. of acetic anhydride. Upon stand-
ing, the mcetamino derivetive separated and was filtered out. Melting point,

_after one recrystallization from benzems, 178°.

o _Aval. Calod. for Cy4H))ONSt N, 6.81. Found: N, 5.64 and 5.72.

B. By amination of Z-~bromodibenzothiophene followed by acetylation:

Into & Carius tube wes introdused 2 g. of 2-bromodibenzothiophens, 2 g. of
oupraua bromide, and 15 cc. of concentrated :Euaous amonia. The tube was
sealed and heated for 8 hours at 200-225°. Whem cool the contents of the
tube were weshed out, extracted with ether, and the ether extract washed
and saturated with guaouc hydrogen chloride. The precipitated emine
hydrochloride weighed l.1 g. and mprountcd & 62 per cent yield. By
digesting the hydrochloride with aqueous ammonia the fres amine was obgsiﬁ;d.
After recrystallization from methyl aledhel it melted at 126° and was showm
to be identical with ths amine obteined by reduction of &the nitro derivative,
by the method of mixed melting point. Acetylation was carried out as de~

soribed above.
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C. By the Beckmann rearrangement of the oxime of 2-scetyldibensothiophens:

In 50O cc. of dry bemsene, warmed to ebout 40°, was suspended 40 g. of the
oxime. Then an equal quantity of powdered phosphorus pentsachloride wvas
sdded rapidly, esusing boiling of the benzens. When the boiling appeared
to aubside but before the phosphorus pentachloride was all dissolved the
mixture was poured over ice, made alkeline with sodium carbonate, and the
benzene steam-distilled off. A guantitative yleld of orude socetamino
compound resulted whioh, when reorystallized from bentene with the addition
of a few drops of acetic enhydride to reconvert any free base to the acetyl
derivative was white and melted at 178°. The yleld of pure acetamino-

dibenzothiephene was above 70 per cent.

Hitration of Z-Acetaminodibenzothiophene.

Twenty grams (0.083 mole) of Z-acetaminodibenzothiophene was dissolved
in 800 cc. of mcetic anhydride by werming slightly and then sooling to 25°.
Some solid separsted during the cooling. Then with stirring, 16 oc. (0.36
mole)} of fuming nitric acid (d. = 1.5) was ad}cd, keeping the tempereture
at 26-27°, The addition required 5 minutes. The red solution was then
allowsd to stand 25 minutes and then poured inte about 3=L. of ice and water.
After slow hydrolysis of the acetic anhydride, the solid product was
obtained on a Bchner fumnel and pressed as dry as possible. It was then
recrystallized from msthenol, with the use of a little norite. TYield of
nitro-acetanino ecompound, m.p. 208.5-208°, 16 g. or 67 per cent. In several
runs, & less soluble material separated first from the methancl, and was
obtaimsd as yellow needless, melting point after reerystallization from acetie

acid, 250° (dec.). This materia}, which gave an analysis for a nitro-amino
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compound, was obtained in 3-4 per cent yleld.
é_m_;_l_. (Compound, m.p. 208.5-208°): Celed. for CyH, OgN,St N, 5.79.

Found: N, 9.74 and 9.80. (Compound, m.p. 250°)t Calod. for CyoHgOpHoS3

N, 11.5. Found: N, 11.3 snd 11.6.

Attempted Hydrolysis of Nitro-Z-acetaminodibengothiephene. ;-

Five-tenths of a grem of nitro~2-acetaninodibenzothiophene (m.p. 206.5-
209°) was refluxed for one and one=half hours in a mixture of 20 cc. of
absolute alcohol and 20 cc. of concentrated hydrochloric acid. At ths start
8]l of the material was in solution but gredually the mixture becanme
turbid. An odor somewhat resembling acetaldehyde was noticeable at ths top
of the condenser. The mixture was next peurd into cold water, mde
 alkaline with ammonium hydroxide, and the reddish solid filtered out.

This »as digested in methanol with norite and filtered hot. The filtrate
deposited yellow needles upon cooling, m.p. 85-86°. Two recrystallizations
from dilute acetioc acid gave a colorless product melting at 68°. Several
qualitetive tests for nitrogem, including combustion in the miocro=Dumas
apparatus, were all negative. IR

Anal. Found: S, 22.4 and 22.43 C, 65.74 and 66.78; H, 3.29 and 3.32.

Preparation of p-2-Dibensothenoylprepionis Acid.
In & 3«L. three-nscked flask was placed 92 g. (0.5 mole) of dibenszow

thiophene and 56 g. (0.56 mole) of succinic anhydride, mispcnded in & mixe
ture of 400 oc. of tetrechlorcethane and 200 ec. of nitrobensene. The flask
wts immersed in a deep iee bath, and the temperature of the reaction mixture
ws measured by & thermometer dipping into the solvent. With stirring, 150 g.

(1.1 mole) of powdered, anhydrous aluminum chloride was added over a period
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of an hour. The resction mixture was stirred at 0-5° for & hours, pecked
in ice over night without stirring, and then stirred again the next day at
0-5° for 12 hours. Hydrolysis was then effected at as low a temperature
a8 possible (0-26°) with 250 g. of ice and 150 cce of comsentreted hydro-
ehlorie acid. The mixture was then s teamw=distilled until 450 cc. of mixed
solvent had been collested. The residue was then chilled to solidify the
cako, the water was decanted, and 55 g. of sodium earbonste in 300 cc. of
water was added and steam—-distillation renswed until nearly all the organie
solvents had been removed. The mixture was then filtered and the filtrate
digested with norite for several hours and refiltered. Acidification of the
| filtrate with hydrochloric acid gave & coplous gummy precipitate which
slowly hardened and was recovered on a filter, It was redissolved in sodium
carbongate solution and treated egein with norite, filtered, and repre-
eipitated. The orude produet, when dry, was almost white and weighed 112 g.
(m.p. 150=156°). It was recrystallized from a largs volume of ethyl acstate
to give 74 g. or a 66 per cent yield of pure product melting at 160.5-161°.
_Anal. Caled. for C1gHjp0sS: N.E., 284.2; S, 11.5. Found: N.E.,
2853 S, 1l.1.

Preparation of Ye=2-Dibenzothisnylbutyric Acid.

The procedure of Martin®® was used for this reduction. Fifty grams
of mossy zinc was amslgemated by his methed and placed in a 1-L. three~
necked flask. Then 25 g. of the dibenzothemoylprepionie acid was added,
along with 38 oc. of wmter, 88 cc. of concentrated hydrochloric acid, 75 cc.
of toluene, and 3 coc. of glacial acetic acid. The mixture was brought to a

boil and refluxed for 30 hours. At epproximetely 6ehour intervals, three



- 6l ~

85«=co. portions of concentrated hydrochloric acid were added through the
condenger, After refluxing was stopped the tolueme was removed by steam
digtillation and the mixbure allowed to cool. The caks was broken up,
dried, and resrystallised from dilute methanol. Yield of ecsolorless needles,
m.p. 131%, 16 g. or 67 per oent of the theorstieal. Recoversd starting
material uighnd about 3§ grams.

_&i}‘. Calod. for C3gHyg0pSt N.E., 270.2; S, 11.9. Found: N.E.,
2703 S, 1l.4.

Cyelisation of Yaa-mbumtmwnc acid.

Four grams of dibemsothienylbutyric acid was diseolyed in 100 cc. of
88 per ocent sulfuric acid and stirred for 15 minutes at room temperature.
The deep red solution was then poured over ice and, after standing, the
dilute acid wes decanted from the green, tarry precipitate. The precipitate
was washed with dilute sodium hydroxide, filtered, and dried. Weight, 1.5 g.
By digsolving in hot alecohol and treating with neorite, silvery leaves of l-
keto-1,2,3,4~tetrahydrothiobrazan, mepe 176.6+176.6° were obtained. Further
recrystalligation raised the melting point to 178°. |

Anal. Caled. for cle&zwi S, 12.7. Found: 8, 12.6.

Preparation of o~2-Dibenzothenoylbenzoic Asid.

In a 4~L. fiask was placed a mixture of 92 g. (0.5 mole) of dibenzo-
thiophene and 82 g. (0.56 mole) of phthalic anhydride in 500 oc. of & R:1
mixture of tetrachlorcethane and nitrobenzens. The flask was imnersed in
an ice bath and, with stirring, 100 g. of powdered anhydrous aluminum
chloride was sdded over a period of two hours. Stirring was continued for

10 hourn and the reaction flssk was then well packed in ice and left aver
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night. In the mming the mixture was ageain thoroughly cooled and hydro~
lysed with 250 g; of ice and 150 cc. of hydrochloric acid et as lowa
temperature as possible (0=25%). Most of the mixed solvent was then steam
distilled off and the reaction mixture a.llmd to ocool. The water layer was
then decanted from the oeke end the ceke washed with water and finally
treated with a solution of 100 g. of sodium cerbonate in 750 ec. of water.
Stesnm distillation was then contimmed until very little more solvent would
distil and the rest was then removed by ether extraction of the cooled sodium
oarbonate solution. Acidification with hydrochloric scid preoipitated 135 g.
of crude acid, melting, with considerable frothing, at 120-126°. This
material is doubtless an unstable hydrate of the desired product and no
attenpt was made to pgriry it for analysis. Instead, the ethyl ester was

made and anslysed (see below).

Preparation of Ethyl o-2-Dibenzothenoylbenzoste.

A gram of the powdered benzoic acid derivative was treated in ether
suspension with excees disgoethane. After standing for about 5§ hours in the
refrigerator, the other solution was evaporsted to dryness. The resulting
0il was washed with sodium carbonate solution and reerystallized by treating
with petroleum ether (b.p. 60-68°). The colorless, orystalline product
melted at 105-106°.

Anal. Calod. for CpeHyg0gS: S, 8.91. Found: S, 9.04.

Cyelization of o-2-Dibenszathenoylbentoic Agid.

The method of cyclization is one used by Fieser and Fieseri®, . pix-

ture of 4.16 g. of sodium chloride and 20,83 g. of anhydrous aluminum chloride
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wes fused over a free flame and, while at 100-110°, 5 g. of o-2-dibenso-
tmyibemoic acid was added with stirring. The mixture was kept at

150° for thirty minutes with constant stirring and then was poured onto
ice. Digestion of the resulting fine emulsion near the bolling polnt
caused coagulation and easy filtration. Yield of crude, derk green soligd,
2.6 ge, insoluble in sodium oarbonate solution. The erude product was ex-
tracted with boiling bensene, whrich was filtered hot. Ewaporstion of the
benzene left e yellow product which, after seversl res:ystallizations from
glacial acetic acid melted at 285-286°.

Anal. Caled. for CppH;,0,8: §, 10.2. Found: S, 10.2.

Sulfonation of p-Xenylamine.

The ssme procedure was followed as given by Courtot end EveinS6 for
the preparation of benzidine sulfons. In & 250=cc. three-necked flask was
placed 150 ec. of fuming (20 per cent) sulfuric scid. With stirring, 20 g.
of p-xenylamine was slowly added, causing the temperature to rise to 70°.
The mixture was then stirred at 80° for five hours, after which it was
eoolo& and ponud‘mr ecracked ice. The only produst which was obtained
was an acidie material which answered the desoription of the sulfonic acid

obtained by Carnelley and Schleselman®®,

Preparation of l1,4-Dihydrodibensothiophene.

About 600 oc. of liguid ammonis was put in & 1-L. three-necked flask
and in it was dissolved 10 g. (about 40 per cent excess) of sodium. Slowly,

and with stirring, 30 g. (0.16 mole) of dibenzothiophene was added. The

(56) Courtot and Evain, Bull. soc. chim., (4) 49, 827 (19381).
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mixture was stirred an additional 40 minutes with the addition, from time to
time, of more liquid smmonia a8 required. The excess sodium and reaction
products wers then aumonolyzed by the ocautious addition of 50 g. of solid
amuoniun nitrate. When the ammonis had all evaporated, the solid residue
was separsated into its ethere and water-soluble parts and the ether solution
was dried over calcium chloride. The sther solution was then freed of
solvent and the product distilled under reduced pressure. The orude product,
woighing 26 g. and representing an 85 per eent yleid, was collseted at
180-165°%/6 mn. Lomees upon resrystallizetion are largs, but after re-
orystellisetion from methanol the melting point wes T6°.

Anal. Caled. for CygHypS: C, T7.36; H, 5.42. Found: C, 77.44; H,

5.50.

Picrate of 1.4~Dihydrodibensothiophens.

One grem (0.0054 mole) of dihydroBibensothiophene was dissolved in 15
ec. of hot alcohol and treated with a hot solution of 1.4 g. (0008 mole)
of pieric acid in 11 ec. of aleohol. The solution bsoame red and, upon
cooling, deposited 1.3 g. of beautiful red needles. lelting point after one
recrystallization from aleohol, 106°. Treatment with agqueocus amnonis re-
generated the dihydrodibenzothiophens.

Reaction of IJmeﬁW%pm with Bromine.

Ono~-half gram of dihydrodibemszothiophene dissclved in 10 cc. of chloro~
form was cooled in an ice bath and cautiously treated with a carbon tetra=-
chloride solution of bramine until the faint color of bromine persisted.
Nearly the theoretical amount of bromine was sabsorbed end no hydrogen bromide

was evolved (smmonia test). In one experinzent, when the solvents wers removed
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under diminished pressure and the residue recrystallized from methanol,
nearly a quantitative yﬁeld of dibensothiophene (mixed melting point) was
obtained. In nnothsé exporiment the solvents were carefully removed and
the oil remaining waz kept eool for & long period of time without orystal=-
lising. Evidently the bromine addition product is umstable and loses

hydrogen bromide easily, as in the case of dihydromaphthalene®’.

Reaotion of 1,4~Di!qdmdibmzothiaghem with Fhenyllithium.

FPhenyllithium wag prepared in the ususl manner from 23.6 g. (0.15 mole)
of bromobengene mnd 2.1 g. (030 g.~atom) of lithium. The resulting solution
of phenyllithium in 75 oc. of ether was strained into a flask containing
10 g. (0.054 mole) of dihydrodibenzothiophene dissolved in 75 cc. of ether.
The mixture was kept at 0° under nitrogen and immediately becams red in
oolor, becoming darker during the first hour. After two hours a fine pre-
cipitate was visible and after three hours the ice bath was removed and the
mixture allowed to come to room temperature and remain there for an hour.

It was then heated to reflux gently for four hours, ecoled, and oarbonated.
Before carbopation the mixture had a pink appearance on ascount of the heavy
white precipitate suspended in it. The mixture remaining after removal of
the carbon dioxide was extracted with dilute sodium hydroxide sclution. From
the water leyer was obtained 6 g. of bemzoic aoid after purification, and

no trace of the sparingly soluble dibensothiophenecarboxylie acids. Dis-
tillation of the ether layer, after drying, gave a gram of benzens which

ﬁs identified through its dinitro derivetive. Probably more benzene was

present, judging from the odor and the behgvior of the remining mass upon

(67} Bamberger and Lodter, Ber., 20, 1706 (1887).



- 68 =

attempts to sublime it. The solid material left wes distilled under dim-
inished pressure to give § g. of solid melting at 92-94°, which, when re-
crystallised from aleohol, was identified as dibenzothiophens (mixed melting
point).

Reaction of 1,4-Dihydrodibenzothiophene with Phenylisopropylpotassium.
Phenylmagnesium bromide was prepared fyom 27 g. (1.1 g.-atom) of
magnesiwi, 181 g. (1.15 mole) of bromobensens, and 450 ec. of ethsr socord-

ing to direections in "Organic Syntheses"58, To ths solution of Grignard
reagent was added an excess of dry acetene. Hydrolysis of the product was
effected by a cold aqueous solution of smmonium chloride. Distillation of
the crudé, dried product gave 113 g. of wter-clear «,A=dimethylbenzyl
aleohol, b.pe 98=97°/15-20 mu.

The esrﬁinol was converted to the corresponding ehloride and then to
2-phenylisopropyl methyl ether socording to the direstions of Klages®?, as
modified by Ziegler end co-workersSO,

| ~ Phenylisopropylpotessium was prepared by adding 5 ec. of sodiume
potassiun alloy (1:5) to a solution of 5.25 ge (0,035 mole) of 2-phenyl-
| isopropyl methyl ether in 175 cc. of anhydrous diethyl ether. The reaction
started at once and was jJudged ocomplete after stirring the mixture for 16
hours at room tempersture.
The deep~red solution was then trensferred to another flask containing
3 ge (04016 mole) of 1,4~dihydrodibensothiophene. This mixture was then
refluxed for 7 hours, earbonsted, and worked up in the usual menner. From
(68) Gilman, "Organic Syntheses, Collective Volume I", Johm Wiley and Sons,
New York (1932), p. 221.

(59) Klages, Ber., 35, 2638 (1902).
(60) Ziegler and co-workers, Ann., 473, 18-21 (1928).
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the ether layer was obtained one gram of dibensothiophens, identified by

the method of mixed melting point. From the water layer there was obtalned
2.8 g. of a orude mcidic mmterial which could not be reerystallized to a
constant melting point. It appears quite probable that dehydrogenation of
the dihydrodibenszothiophene cocurred first, to be followed Ly metalation of
the resulting dibenzothiophene by the excess organometallic compound present.
On aocount of the high.aativity of the organopotassium compounds, it might
be assumed thet mono= and polymetelaetion ococurred, giving a mixture of

diffieultly separsble ecids.

Hydrogenolysis of Phenyllithium.

Fhenyllithium wes prepared in the eonventional apparatus from 23.5 g.

| (0.15 mole) of bromobengene, 2.1 g. (0.30 g.~atom) of finely owut lithium,
and 75 cc. of ether. It was then filtered into the bottle of a hydro-
genation epparatus, under protection of nitrogem, and the ether svaporsted
off. Then about 50 oce. of redistilled petroleum ether, b.p. 115-180°, was
added to the bottle and the mixture subjected to & hydrogen pressurs of
100 1b. (gauge) with shaking for about 70 hours, when the absence of &
color test showed reduction to be complete. The bottle was then removed
from the shaker and the mixture carbonated with solid carbon dioxids, and
wrked up by adding ether and water (cautiously) and separating in the usual
mamner. From the ether layer, by distillation through & Widmer column, was
isclated in a single fractionation, about 4 g. of benzens. From the water
leyer no benzole acid oould be obtained. In another similar experiment,
before any water was added after carbtonation, some of the white, powdered

801id under the pstroleum ether was carefully removed and placed in ths flask
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of a Kohler Grignerd mechine under dry dioxane. Water wes then cavefully
sdded end the ges evolved msasured and the alkall subsequently titrated.
One measurement gsve 0.00072 moles of hydrogenand required 0,00078
equivalents of standard acid. A second determination gave 0.,00027 moles
of hydrogen and required 0.00024 equivelents of acid. Thh was taken as
evidence that the white solid from the hydregenoclysis 3s lithium hydride.
The gas evelved was explosive, vhen mixed with air, and behaved like

hydrogen.
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SUMMARY

The chemistry of furan analogs has been extended inm the foregoing work
on the sulfur anelog, dibensothiopheme. A review of the natural oscurrence
and methods of preparation of dibenzothiophene, and of seweral general
methods for the ring closure synthesis of dibenzothiophene derivatives has
been mede.

The orientation of the dibenzothiophene nucleus in nitration, halogena-
tion, and sulfonation has been discussed, and it has been shown that
acetylation affects the same position.

Dibenzothiophene has been found to underge metalation by several organo-
lithium compounds in the 4-position, by phenylecalcium iodide in a different
position, probably position 3, and by mereuric mtata in an unestablished
position. By metalation with nebutyllithium the carboxylic acid and the
methyl and hydroxy derivatiwes have been preparsd. From the latter the
corresponding methoxy and smino compounds have been synthesized.

Some polycyclic compounds obtained through the Friedel~Crafts resction
of dibenzothiophene and acid anhydrides, followed by oyeclisation, have been
described. .

The preparation of 1,4~dihydrodibenzothiophene and its reactions with
bromine and some organometalliec compounds have bsen reported. In this con-

neotion the hydrogenolysis of phenyllithium has also been discussed.
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