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ABSTRACT

This study deals with an investigation of the synthe~
sis of benso{d)thicphenesulfonsmides, and the synthesis
£rom them of benso{d)thicphenssulfonyluress, This study
was undertaken £or the purpose of preparing the sulfenyle
uress for pessidble use in ths erel control of diadbetes,
hese sampounds may be represented by the gensrel fosrmuls,

3 oga-hms

R = pheny) or n-dutyl,

The dense({b)thiophenssulfonamides, 2-dbonse(b)thiephene«
sulfonsmide, 3-methyl-2-dennes{d)thisphenssuifeonamide, 3,5
dimethylbenso(d) thisphenesulfonamide and 3,7-4imethyle
bense{d)thicphenesulfonamide, were prepared by the metala~
%1 of the apprepriate deuso{d)thisphens derivasive with
n-dutyl Jithium, and subsequent ressticn with snhydreus
sulfur dlexide, then gasecus ehlorine $0 yleld the orude
sulfonyl ¢hloride which on intersction with excess smmonis
gave the sulfonamide, The gensrel resstion scheme 18
$1lustrated fer the proparation of 2-benso(bd)thiophens~
sulfonamide,
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The tsamerie 3~bense(d)thiephenssulfovanide was pre-
pared by & series of resstiens semswhat aimilar to these
Seserided fer the synthesis of 2-beanss{d)thisphenesulfene
smide. Esploying a Orignaxd reastien starting with 3-
»remobenso{d)thicphans, the several staps involved iz the
synthesis cen de mamarised as,






An gltermative method for the preparstion of S-denwo~
{v)thiophenesulfenanide invelves the resstien of denve{b)-
Shiophene with osncentrated sulfurie asid in asetie anhy-
€ride as a resstiem nedia. The generel resstien seheme is
$1lustrated £3¢ the preparmtion of J-benso{d)thicphens
sulfonsmide, |
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By blocking the three pesition with a methyl group, the
two-iatners wore produced,

The sulfenylutens were prepared by the iunterwetien of
ths spprepriate sulfonamide wish eithsr phenyle or n-butyl
isocyanate in an aquecus o non-aquesus medium. The reese
Sion my be represented as,
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where R is egqual 0 phenyl or B=butyl, All the sulfune
amides prepared were exployed in this reastion,
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INTRODUCTION

Benne{b)thiophane was initially prepared by
Sattermann and Loekharts ia 1853 (1). Since then mmercus
investigations dealing with the chemistry of benso{b)thio=
phene have been re¢ordsd in the lissreture. The majority
of these studies has dealt with the hydroxybense{d)thie-
phenes and quinenes which are essential intermediates in
the synthesis of the sammercially important thioindige
dyes. As 8 sonsequense; Other phases of benss(d)thisphene
chamistry are 5811l in need of investigation,

One sueh phase that has received very limited work 10
that of the sulfur deriwatives of denso{d)thiophens. %o
dats, ne sulfides, sulfoxides or sulfenes have besn re-
ported in the literature, and only a few rendem eases of
sulfonation have deen pudblished. REense{d)thiophensthiels
were £irst prepared and desorided dy Reyd (2).

The main objective of the presens investigatien was
%0 develop aynthetic methods $0 obtain benso{b)thiophens«
sulfonemides and %o utilize the sulfonamides in the prepare~
tion of sulfenyluress which ¢ould de useful in the orsl
trvataent of diadetes.



HISTORICAL

Although & few isolated examples of sulfonylureas are
recorded in the earlier literaturs, a more systematie
study of the chemistry of sulfonyl derivatives of urca and
thiourea is of rather recent origin. About 1240, ine
creased interess in this e¢lass of compounds was aroused by
the expectation that sulfanilylures{(I) and sulfanilylthioe=
urea(Il), decause of thair elose structural resemblance to
sulfanilamide(I11), were compounds of potontial chomoe
therapoutio value, A formal analogy, no leas striking,
exists Detweon the highly sctive sulfathiasole(IV) and
sulfanilylthiopseudoureas({V),

e
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Xurser {3) reviewed the literature on sulfonylureas
snd related compounds through 1951. He later contribduted
a ehapter en sulfonylureas in & book on organio sulfur
eompounds edised by Kharaseh (3).

Sulfanilylures and sulfanilylthicures are effective
as bastericstatis agents; their astivity ecupares faveredbly
%0 the related sulfenanide drugs, and their clinieal use,
particularly in the treatasnt of urinary infestiowns is well
estadlished (5,6). Resent ganerel and comparative studies
of sulfanilylurea and sulfanilylthisures,; partisularly the
atter, emfimm thelr usefulness as dWsterisstatie ageute
againss & dresd spestrum of microerganimms (7).

Investigations en the ehemetherepeutis aspects of
beth sulfanilylurea and sulfanilylthicuves heve recently
been evershadewed by the discovery that l-sulfanilyle (8)
and i-petolusnssulfonyl-3-a~dutylurea (9) pessess hypo-

a-nzum,

snd are of definite wmlue in the ol treatment of eertain
sases of diadetes. 7The annvunsemsnt areussd widsspread
interess and resulted, in a shert span of time, in the
pudlication of esnsideradle literature on these malterials.
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The drugs have besn successfully introduced into elinieal
prectice and have supplestented o even replaced, in sene
forms of diadetss, treatment by insulin injeotion, Of
the two ecmpounds axtensively studied, the p-tolyle
hamologue appears 90 be the more favored product, Zeeause
ef the adsence of the sulfanilyl moiety, 1t has no bae~
tericstatic action and thus does not arfect the bacterial
flera of the intestine during the inevitably prelonged
w. 8ince 1% is exereted a» the soludle sarvexyliec
0014 (HO0C.CgMy . SOMMCONE.Callg) s the danger of erystalluris
socsasionally asscoiated with sulfememide therapy is
abeent,

T™he mede of astion of this drug is neS fully under-
5%008, Mw 18 sufficient information aveilable for ecr-
relating its shamical structure with its bloed-sugar
dowering astion. There ean de no douds, however, that the
onsouraging aperiences in this important field will
stimulate further investigations, in whieh the properties
of the sulfonylureas will be held in foous.

A Tather vwide wvariety of sethods £0* the synthesis of
sulferyluress is availadle, In contrest to the N-eare
donyluress

vhish are easily prepared by the interaction of aeid
halides or anhydridea with the appreopriste urea, the
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sulfonylurens, unexpectedly, have nos been ebtained by
the amalogous resction invelving the sulfonyl halides (10).
Howsver, sonvenient altsrmative methods for ebtaining the
sulfenylureas have besn developed; they sre based on the
numerous senventienal ures syntheses and presens, in sere
Sain eases, featurss of rether apecial interess,

Sulfonyl isecysnates san de prepared, with suitadle
experimental precsutions, frem sulfenyl chlorides and
silver oyanate, Thay resst readily with amines 6 yield
the csrresponding sulfenylureas., In 1908, Billeser (11)
studied the internction ¢f bonsemesulfenyl iscsysnate with
amonia, amines, ethanel, and phensl, and odtained a series
of sulfenylureas and sulfonylurethens. This werk was the
first reported systomatie investigation dealing with
sampounds of this genaxel type. Owing te the difficulties
of preparing sulfenyl isecyanates, hewever, this methed
has not found wide applieatien.

o
@so,u-e-o + ReJp —9@—80,-'0'“

In the anly sther axmmple reperting the experiasntal use
of sulfenyl isecyanatas, the pressture was simplified by
mitting the isclation of the inteammediate sulfonyl ise~
eyanste (12); the nitrodbenzens selution in whioh 19 hed
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bveon formed was usod ilmmediately in the condonsation reas~
tion with the anine,

Sulfonyluress are odtained from sulfonmatdos by the
methods generally used for converting amines into uress,
The reagents used for thls purpose are cyanio acid, 180~
cyenic estars, or compounds which dscompose inte thess
profducts undar the reaction conditions of ths synthasia,
Ures, nitrourea, urethan, and carbamyl chloride sy serve
88 sources Of she elaments of cyanis avid, while their
Nealkyle and f-aryle-sudstitution preduets, and certain
azides and bronomnidas, have been employed in place of the
Leocyanates, :

The wall-known extension oOf Wohlerts synthesis, ine
volving the intersction of cyanie acid with anines, has
not bean successfully spplied $e the prapamtion of
sulfonylureas. The first campounds of this type desorided
in tha literuture waro, in facs, prepaved by this methed
{13). In contress to smines, which ccndense repidly with
eyanalies in soid modia, sulfonamides f3il to interwct
under these conditions, This $s 1llustrated By ths ress-
tion of sulfanilsmide with cyanie a0id, in which p-sulfene~
smidophenylures is produced, while the sulfonsmide greup
remains unchanged (34). Sulfonamides are thorefore sone
densed 1in neulral or allaline media, dut the reaction
Gsours consideradly more siowly than with smines, Proe-
dongsd boiling of sither densenee or petolumesulfonamide
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with an alkall eyanate in aquecus ethanol, for example,
gives good yields of the apprepriate arylsulfonylures (10).

Sulfonylureas oan often be prepered from ures itself
by its interesticn with sulfemamides, Owing to the asidis
charester of the latter reagents, the presence of an
alkeline medis is again necessary., Prolonged doiling of &
mizturs of prssstanincdensenssulfonamide, ures, aad sedium
sarbonate in squesus ethnnel afferds & nearly thesretical
yield of ssetylsulfanilylures (15).

“3“""‘@“2"2 ”2"°"‘z =2

° s
-c-n«@-soaum)-o-n, ¢ (my)g00,

A convenient methed of preparing substituted uress
with the aid of nitreurea has besn used for synthesising
sulfenyluress (16). The sulfemsmide is refluxed with sodium
nitroures, ef with sedius sarbtonate and nitroures, in 80
per sent ethansl until the evelution ¢f nitrous xids
seasos, The deslired sulfonylureas are usually odtained in



exoellent yields (17).
0

M-S0ty + MOg-i(Me)-Gnl, —

I
Ri'«S0H(M)=C-Mly; + N0 + HO

Urethans resdily decamposs inte oysnic acid or 180~
symaic estars and aloohols under suitable reaction sondie
tions and in this way have besn successfully used in the
preparmtion of sulfonylursas. In prectice, the resetion is
carried ous by heating the sulfensmide with urethan in the
absence of & selvent to 100°C., until the evolutien of
ethencl is cesplete (17). In an alternate precedure using
this methed, the resctants are stirred in glyocol monomethyl
ether a% 110-120°C. for prolonged perieds (12).

o
I

RI-SOQME, + R-Mi=0-OCoH

o
I'M+W

R' w» alkyl, ary) or heteresyolis
A=k, slkyl o aryld

V

Carbamyl chlsride and related compounds readily eeme
dense with sulfonamides €0 preduce sulfonylureas. Per
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example, p-nitrovensenssulfenamide resacts with cardemyl
chleride in s dicxane solution, in the presence of pyrie
dine as s catalyst, 0 yield p-nitrobenscnesulfonylurea
(17). Cendonsatien of the sane anide with dialkyloarbamyl
chlorides in nitrobenzens at 140-150°C. affords the trie
substituted sulfonylureas (18). In & wariation

0 0
RO-S0 M, + Rgi-GeBl —> RYe30, MGy + BCL

R' « alkyl or ary}
R =} oralkyd)

of thia generul method, use is mede of phosgsus and the
appropriats samine, without isalating the intermediate sar-

0 0
I )
ERelll, + C1e0eCl — > Relle0-Cl + Re-iip*NCL

n-mﬁn

T™The eondensation of 1s0syanis eaters with sulfen-
mmides is & eonvenient method by which & great majority
of sulfonylureas bearing a sudbstituent on the amido nitre-
gen has been prepared,
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0
RfaSOMI, + RelinCed —> !l'-SOQB—g-ﬂ-R

A' e alkyl, aryl or heterocyslic
R = alkyl or ary}

™ie roastion may be carried eut under s variesty of experis
mental conditiens with beth aliphatie and aromatic Lso-
cysnates. Alkall metal salts of sulfonanides reass ia
nitrobensene (12), acetons (12), or ethansd (19), while
fres sulfonsmides have been condensed in ethanolic sodium
hydroxide (12) o in She adsense of sclvents (10), In the
3atter cass, the addition of tristhylsmine, particularly
in relatively large quantities, greatly accslerates the
resstion resulting in improved yields (10). The catalysing
influsnse of tertiary asines in the emdsnsation of 190
syanates and hydrexyl-centaining easpounds is well knewn
and 165 kinetiss have desn studied in detail (20). The
interactim of iscoysnates and amines, en the ether hand,
normally prosesds 50 readily that ne attempts te employ
tertiary amines a8 astalysts appear to be on resend (21).
It my b pointed out that in this resction one of the
seastanis, the amine, is a dase and 18 likely %0 Ve Pespia-
s1ble for subesatalytis offests. With sulfonsmides of
essantially acidis sharecter, howmver, the eatalytis
influense of & Sertiary base besomes significant,
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The greas Sifference in the velocity with which smine and
sulfonamido groups resst with fsocyanio esters is clearly
11lustrated by the observetion of Roth and Degering (1A)
that spproximately equimdlar proportions of sulfanilamide
and isocyanates react to form l-aryle or alkyle3-p-sulfone
amidophenyluress. The isoccyanate is preferentislly used
P by the primary aminge group of the molscule, while the
sulfonamide group remains unaffected,

ne--@waﬂc + Relt=0=0
i
nm@sog.,

Substituted axides, sapable of giving rise $0 180~
oyanates with attendant loss of nitrogen under suitadble
reastion conditions, provide still another method of adde
ing the slements of Lisccysnates S0 sulfonmmides. Fer this
purpose the aside may be prepared ia situ and nesd nes be
isclated, Thus, if phenylasetyl chlorids is allowed ¢
reget with sodium axide in anhydrous bensens until the
ewlution of nitregen csases, follewed by treatment of She
Fesulting selutien with sodium p-nitrodbensenesulfeanide
and sontinued heating, it yields 1-denzyl-3J-penitrodensens~
sulfenylurea (12).

\V/
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0
RY-S0ME, + a-&;—% n'-sogm-g-m-a + uzT

R? = peatitrophenyl
R = bensyl

Siailarly, sulfinyluress are obtalnadble by the reae~
tion of sulfenamides with N-bromosmides in the presense of
axcess alkali. The N-halosmide, R«CO-ii-Br, first undere
doss the Hofmamn resrrangement on heating in an alkaline
solutiaon, alimlli bremide is simultanecusly loat, and the
1socyanats thus fermed reacts with the sulfonemide, Jor
aanple, R-bramtphenylacstunide has desn used $e prepare
1-aryisulfenyl-3-benzylureas (12).

0 0
RY-S0M, + R-G-ii-Br —> a'-sogm-g-u-i

R* » aryl
R = benzyl

Singe both the bdensens and the thiophens nucles (22)
have been insorporated separetely inte arylsulfenylureas
with chemotherapeutic uses, it was snticipated that the
preparation of sulfonylures derivatives contalning dbeth
these strusturel features in & single molaculs, as
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found in benso(b)thiophans, eould have medicinal walue in
the oral control of diabetes.

Benso{b)thiophene s the name currently used by
Shemigal Abstrgots 0 designate ths ring system{l). The
slternate ring system{3X) is found eccasionally reported
in the ssrly itterature. Benso{b)thicphene is slse called
thiansphthene, thiovaphthens, thicooumarane and bensethie-
furen, The mmbdering system used in this theslis repers

1s that new in sosmon ussge by Chemieal Absirgsts, and
shomm in X,

Detailed descriptions of the chemistry of benso{d)-
thicphene may De found in Docks by Steinkopf (23), end
Pushios (20). A fairly ressnt and excellsnt ceverage
by Hartough and Neisel (25) has been publizhed ecntaining
the majority ef referenses to bense{b)thiophene threugh
the firet Malf of 1952, This sulfur heterecycllies sesurs
msturally in etal tar (26) and can be separated frem the
so-called "pure” ecumercisl eosl $ar naphthalens (27).

the £ires derivative of bense{d)thiophons, S-hyérexy-
benso{d)thicphens, was prepared in 1886 by Biedermenmn (28)



olfe
through the condensation of thiephene~2-aldehyde with
sodium sueeinate. This resction is similar teo that used
$0 prepare e~naphthel from densaldehyde,

I
C - CH
/ acetie
'Gla * | lﬁ ydride >
C-H
R [s:L
¢ o
0
0 on

0
ol (T — e
8 | 8

Banse{d)thiocphene was obtained synthetieally prier so
1% isclation frem natural seurces, Inisially, i% was
prepared by heating an alaline aloehelic sclution of
o-mereapie-p-ehlorostyrens at its reflux tesperature (1).

CileCi-C1 e
(2™ B, (L Jom
8
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Is was net wmtil 1902 thas Boes (29) was able te ise-
l1ate benso{b)thiophene £rom ¢oal tar, separating i frem
the nephthalene fresticn s 1ts piorets deriwsive,
Bense(b)thicphens ean de preduced dy the denhydrogenatioa
of ethyl bensens and subsequent reastion of the styrene
with hydrogen sulfide (30) or from styrene and hydregen
sulfide (31).

Frieflander (32) prspared benso(d)thicphens by the
oxidation of o-merceptesinnemie asid with potassium
ferrieyanide.

Ja— =
l

petassium
ferrisyanide @m
s

P
| <

Ne

A widely used synthesis of benso{b)thiephene invelves
the reductien of 3J-hydroxythiophens by sins dust (26).
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The benso{d)thicphenes underge ths usual srematiec type
substitution resctions, with the fecwmation of the Y-isemer,
in eontrest t0 thiophens, which undergoes subdbstitutiom in
the 2-position. Two resonsnce strustures (I end II) ine
volving the heterccyslise ring ¢an be written for bense{d)-
thicphens. The stable Kekule strusture present in I sesme
t0 coutrel the orientation of sudstisution resstions to the

3-position,
‘ / \ te
8 8
+ +

b 4 b ¢ 4

I% 1 reported (33) that sysnoethylation, iodinatien
with fedine monochloride, formylation and the Mamnich

reastion are umsuccessful with benso(b)thiophens, dus
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thay 60 take plase with thiophene itself indicating the
mers resstive shareoter of thiephens,

1f present, & J-subatituent determines the positiem
of further substitution, When the 3-substituent 1s O,p«
diresting, furthar subatistution ocosurs st the 2-position.
Thus, aitretion and bromination of 3-acetaminobense{b)«
thiophene yields the 2-nitre« and the 2-drumo-deriwatives,
respsctively (34).

However, ths prssence ¢f & msta~directing substituent
in ths 3-positien, such as & nitre grouw, 4irests the
entering group nto the A-position, The nitietion of 3=
nitrebense{d)thicphens with an egual molar gquansity of
potassium nitrate in sulfuris asid yields & mizture of
dinitro derivatives from which the 3,8-dinitre seupound
has beon 1d4entified; ths use of & S-molar exovss of
petassius nitrate results in the formation of the 3,4,7«
trinitre derivative in en 65 per sent yield (35). e
strusture of the Srinitre derivative has not Lesn Getere
mined and the appesrencs of a third nitrs growp in s
pesitien pars $0 ene already presens is unusual if the
trinitro sampound sctually has the strusture sasigned S
is.
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Netalation of benze{d)thiophens with sodemide in
3iquid smmonis (27), or with n-butyl lithium in ether (35)
oosurs in the two=position. That metalatien oscurs in the
two-pesition has deen verified by the fact that the R
sethylbenze{b)thicphens obtained frem the resction of
bemso{b)thienyllithiun with methyl p<toluenesulfenate, and
the 2-methyldense{b)thicphens prepared by Noth and Kise
(37) ia she fellouwing unequivesal aynthesis are idensieal,
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Xomppe (38) was the £iret o repors the chlerinatien
of deuso{b)shicphane, He cdbtained a dichlorcdense({b)thie-
phens, premmably she 2,3-derivative, Schleainger (39)
oblained 3-chlsredenso{b)thicphene in low yield by the
direct shlerination of denso{d)thiophene in sarben Setve
shloride as & solvent. The perehlore derivative af denso-
(b)shiocphene, 2,3,%,5,6,7-hexachiorobenso(b)thicphens, was
prepared by Barger (50) assording to the equition,
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Bremination of banzo{b)thiophens yields a veriety of
produsts depending upon the resstion sonditions, The nono-,
@i, trie, and Setrabromo derivatives are imown, T™he
aonobrone derivative, 3-bromodenso{d)thiophens, wes firss
prepared (38) by treating benmo(b)thiophens with bremine
in chloreforwm as & solvent at & resstion tesperesure of
30°C. The 2-bremsbenso{b)thiophens resulted from the iatere
astion of 2-bemme(d)shienyliithiun with dremine in ether
selution (41),

Only three 10do derivatives are reported in the
shenical literature, The 2-10dcdenso{b)thiophsne was ode
tained from the treatment, in an ether solution, of
2«benso(d)thienyllithivm with todine (42). The 3-iedo
derivative results from tho treatment of benxo{b)thiophens
with fedine and mercuric exide (&2),

The alkylbenso{d)thiophenes are forwed by either a
ring closure resction or by the direct alkylation of the
bense(d)thicphene nucleus. The monemethyl deriwative,
2-methyldenso({d)thicphene, is obtained fram the resstion
of 2-bense(b)thienyllithium with methyl p-toluenssulfonate
(41). 1% has alse been prepared in low yields by the
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wpor phase dehydrogenation of e-n-propylbensenethiel (43),
The alkyl derivative, 3-methylbenszo{bd)thiocphene, was obd-
tained by Vermer (44) by the Gehydration of phenyl asettny)

fhe alkylbenso(b)thicphens, 3-8-butylbenso(d)thice
phens, reperted by Corsen (45), was prepared Ly the asid
eatalysed resstim of benso(b)thicphens with isobutylens.
T™he strusture of this derivative of benwo(d)thicphens wes
established by desulfurisation with Ransy nicked (46,47)
t0 yield a Mnown alkyl beasens,

-
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Only & very limited smount of work has been repovted
on the sulfur derivatives of denso{d)thicphens, Neyd (2)
was the Lirst $0 prepare the 2- and 3-thicls by the ress~
Sion of sulfur with the 2-1ithium derivative and the
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3-Grignard reagent. ERlemental analysis of the liquid
thiols prepared in this study was carried out on their
2,8-dinitrophenyl sulfide derivatives since the thiols
themselves were observed to be quite unstable., Komppa (38)
treated benso(d)thiophens with 75 per cent sulfuric acid
and obtained & monobenze{b)thicphens sulfecnic scid, 1so-
lated as its sodium salt. He also reported some disulfonioc
acid was formed during the reaction, However, he reported
no structure studies on any of these campounds,

Only a single benszo{b)thiophene derivative containing
a sulfoniec aeid group in the benzene ring has been re-

ported prior to 1961. PFieser prepared it by the following
sequence of resctions (48),
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Nore recently, sulfonic acid derivatives have been

reported. Paller and Ramberger (49) have synthesized
several derivatives of methylbenso(b)thiocphenes. Using 95
per cent sulfuric acid in acetic anhydride as & reacticn
solvent, the following methyl derivatives were sulfonated,
2-methyle, 3-methyl~, 5-methyl-, and the 2,3-dimethyl-
benso(b)thiophenss, The sulfonyl chlorides, sulfonamides
and sulfonanilides of these sulfonic acids were also pre-
pared, The reactions involved are illustrated with

2-methylbenso(d)thiophenes.
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EXPERIIENTAL

Preparation of Acetonyl Phenyl Sulfide

Q
I
@’Mw@vﬂ%

In & one-liter three-nocked flask fitted with a
stirrer, reflux condenser, and dropping funnel was placed
50 g. (1.0 mole) of sodium hydroxids dissolved in 100 ml,
of diatilled water, Ths allmline solution was cooled to
£5%°¢. and 310 g. (1.0 mole) of thiophenol was guickly added,
A 92.5 g. (1.0 mole) quantity of 1-Chlara-2-propancoe Was
then edded during & half~hour period to the sodium thie~
phenalate solution shile the reaction temperature was main~
tained in the range 20-25°C, Following the additiem of
the I~chloro-2-propanine, the resstiom mixture was atirred
for an hour to complete the reactiom, The product was
eztraotad into 200 ml, of ether, scparated from the agqueous
Jayer, washed with 100 ml, of water, and dried over
calaium chloride, Following remcval of the ether on A
stesm bath, the residus xas wacuum distilled to obtain
134 g, (o.mm.mu-mnunmu@u
boliling at 139-140°C./16 sm. The reported doiling poind
(45) of soetenyl phenyl sulfide is 342°C./A7 mm,



This eampound was prepared by utilizing the sxperie
mental precedure descridbed above for the synthesis of
asetonyl phenyl sulfide. The amounts of the seversl re-
sgenta used were, 40 g. (1.0 mels) of sodizm hydrexide
dissolved in 100 ml. of distilled water, 124 g. (1.0 mols)
of o-teluensthicl, and 92.5 g. (1.0 mele) of 1-ehlopro-2-
propanons, Vasuum dlstillation of the arude predues gave
140 g. (0.778 mols, 77.8%) of a pale yellow solowed 1iguid
having & bedling point of 154-155°C./15 mm, The reported
boiling point (2) of scetonyl-o-solyl sulfide is 154~
155°C./1% sm, T™e 2,8-dinitrephenylhydrasons of this
Retosulfide wes prepared and after recrystallisation frem
sthanol it melbed as 114-115%C,
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Preparstion of Asetonyl-p~Tolyl Sulfide

0
cur@ $uCH=C-Clly

This scmpound was prepared Following the experimmntal
procedure previously @sscrided for the synthesis of
scetonyl phenyl sulfids, The quantities of the severald
reagents used were, 40 g. (1.0 mole) of sodius hyéroxide
dissolved in 100 m}, of dissilled water, 123 g. (1.0 mole)
of pesaluenethiol and 92.5 g« (1.0 mole) of 3-chioro-2-
propsnone, Vacmm distiliation of the eruds aryl Reto-
sulfide gave A g. (0.80 mole, 80K) of & puls yellew
solored liquid dolding &S 151+153%C./15 sm. The reported
bolling poins (50) of this ketosulfide is 150-151°C./A5 mm.

Prepuration of 3J-Nlsthyibenso{b)thicphene

@%

In & 500 ml. three-necked flask fitted with &
stirser, veflux oondenser and dropping funnel, was plaeed
28.4 g. (0.20 mele) of phesphesrous pentexids, Ia the
dropping funnel was placed 78,0 g. (0.45 mole) of ssetonyl
phenyl sulfide. Approximstely & quarter of the sulfide
was added fnitiaglly and then the reastion mixture wes
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sautiously heated with s Lunsen bdurner to initiste the
reastion. Resotion was initiated when the mizture resched
& temperature of abous 100°C, The exothernis resstion
saused the reastion tesperature $0 rise $0 about 200°C,
eauaing it $0 take on & very derk colovetion. After sllowe
ing the reasticn tanpersture to fall to 170°C,, the re-
mainder of the sulfide was added dropwise, sfter whish the
reastion minture was heated at 160-180%C, for an sddistionad
thros.quarters of sn hour, The dark colored resstien
aixture was sooled to room temperature and £50 mil. of
water wmas wdded. The reaction mixture was then extrssted
with four 100 ml, portions of ether, The ombined extsnets
were washed with water and dried over magnesium sulfade.
The ether was removed o & stesn Dath and the residml oil
distilled under reduced pressure $0 yield 42.3 g. (0.29
mole, 64.47) of a pale yellow colored liquid boiling as
75+78°C./2 mn. e boiling point reported in the literse
ture (43) for 3-methylbenszo{b)thicphene is 63-72°C./0.3 mm.

Prepamation of 3,5-Dimethylbenso(d)thiophene

g

This material was pivpared eploying the experimental
procedure previously deserided for the synthesis of
S-nethylbenso{b)thicphene. The reagents used were,
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70.0 g. (0.45 mola) of phosphorous pentoxide and 140,0 g.
{0.778 mole) of acetonyl-p-tolyl sulfide, Diastillation
of the orude product under reduced pressure gave 87.0 g.
(0.5% mole, 69.4%) of a pale yellow colored 1iquid boiling
at 118-120°C./9 mm. The reported boiling point (51) of
SoS-MBbilbéud (b)thiophens is 118°C./ pm.

A plorate of this sompound was pi\apcred and after
recrystallisation from sthanol it melted at 112-113%C,
The melting point (51) reported in the literaturs for thls
plerate is 113-114°C,

Preparation of 3,7-Dimethylbenso{d)thicphenes

S

Giy

Preparstion of shis substance was scoamplished by
following the experimental method used for the synthesis
of 3-mothylbenso(b)thiocphens. The following quantities of
msmtl were used, 56,8 g. (0.20 mole) of phosphorous
pentoxide and 340.0 g. (0.77 mole) of acetonyl-o-tolyl
sulfide. Distillation af the impure product under veouum
gave 98.0 g. (0.61 mole, 79.2%) of a nearly colorless
11quid which boiled a$ 127-129°C./12 mm. (2).
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A picrate of the proeduct was prepared and after ree
erystallisation frem ethanol it melted at 113-114%¢C, Its

Feported melting point is 114-115°C. (2).

Preparation of 3-Bromobenso{d)thiecphens

@&-

in & two-liter flask £itted vith a stirrer, drepping
funnel and reflux sondenser with an attashed drying sube
was placed 71.9 g. (0.5 mole) of denmo(d)thiophens, 73.0
g. (0.89 mele) of anhydrous sodium scetate and 360 mi, of
shleroform, A solution of bremine (28 ml. of dremine
dissolived ia 70 ml, of chleroform) was added dropwise 0
the stirred bdbenzo(b)thiophene selution during s 35 minute
period, Intermittent external cooling was required to oon-
trol the reastion, When the reasticn had sudbsided, stirring
ms eontinued for an hour, and 100 ml, of water was added
to dissolve the inorganie salts. The shloreform layer wms
separeted, washed with 200 ml. of water, nex$ with 100
al. of 5 per cent sodium hydremids, again with 200 ml, of
vater and fimally with 200 ml. of & saturated sodium
shleride solution, 7The chloreform layer was dried ever
sphydrous sedium sulfate, 7The ehloveform was remeved by
distiliation at atmospheric pressure and the residue wmas
wowus distilled to obtain 84,0 g. (0.39 mole, 78.0%) of
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8 light yellow colored o1l boiling at 94-96°C./1.5 mm,
The reported doiling point (52) of 3-bromobdenso{bd)thicphens
is 95'3./‘0’ .,

‘ Preparation of 2-Benmo{b)thiophenesulfonamide

©\_31‘°2"a

Bense{d) thicphene was metalated according to the
method of Shirley and Cameren (41).

A 500 ml, three-netked flask was fitted with a stirrer
and two Y-adapter arms., Ons of the adeptors carried a
mmmmmmmmmmw
other was fitted with a dropping funnel and & nitregen gas
inles tude, Xn the regetion flssk wmas placed 4.5 g.
(0.65 mole) of 1ithium metal chips and 100 ml, of ary
ether. A sclution of 41.1 g. (0.3 mole) of redissilled
n=butyl btremide dissclved in 60 ml, of &ry ether wes
gredually added, As soen a8 reaction sommsnced, the reas-
Sien flask was ismersed in an Lsopropyl alochol-~dry ice
bath $0 lower the temperature of the resstion sixture %
«10°C, The remsinder of the m=butyl dremide soluties was
added during en heur, after which the resstisn selutien
was stirred for an additicnal hour end & half at -10"C,
The nebutyl 1ithius solution was £1ltered Shrough glase
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wool into & 500 ml. thres-neeked flank previously swept with
nisrogen and precotied in an 108 dath, The filtered i~
butyl lithium solusion was cooled to -10°C, and 26,9 g.
(0.2 mole) f denso{b)thicphene dissolved in 50 ml, of &ry
other was added during s Swenty minute period after whioh
the reaction mixture was stirred for sn additional heour and
8 half as -10°C. Anhydreus sulfur dicxide gas was budbled
slowly in%o the resstion mixture for 2 hours during whish
the resstion Sesperature was keps areund 0°C, Then &y
chlorine gas was budbled slowly 1nso the resctien mixture
for an additicnal 3 hours after which the reactien mixture
s stirred at reom taporature for antther 2 hours, About
200 ml, of water was added cautisusly to She reaction %o
dissolve inorganic salts and exeess sulfur dioxide and
shlorine, %The ether layer was separated and the ether re-
noved on & stesm dath, The residue was oeoled and 150 ml,
of soncentrated ammonium hydroxide was sdded to 1% with
rapid stirring. The stirred ammenieal resdtion mixture
s heated on & steam bath for 2 heurs, cooled $0 reem
taperature, and set asids overnight, with stirring deing
maintained. AdeuS 150 ml. of 10 per oent sedium hydrexide
ws added to the reaction mixture, and any inssludle
material was remgved by filtration, The filtered basie
selution was desclorised twise with nerite and asidified
with 10 per oent B01, precipitating the product as & white
solid. This was allowed to digsst for 2 hours, after whiech
1% was resovered by filtration and recrystallised from
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dilute ethanol, The white solid product, 24.0 g. (0.313
mole, 56.9%), had a melting peint of 206-207°C. Elemental
amalysis for Cgli;i0o8, gave the following n;mlu.
Caloulated: C, 45,055 X, 3,313 N, 6.57; 8, 30.07, Founds
¢, ha,98; 1, 3,43; N, 6.61; 8, 30.05.

Preparetion of 3-Benso{d)thiophenssulfonamide

I: l ] S0kt
3
Method As

In & one-liter three-necked flask fitted with a stireer,
reflux condenser and Grepping fumnel was placed 24,3 g.
(1.0 mole) of magnesium chips and 100 ml, of déry ether.

% this mixture was sdded dropuise 176.5 g. (0.83 mole) of
3~bremobenso{d)thiophens disselved in 200 nl. of &vy ether,
Reaction was initiated with 8 drops of ethyl bromids, and
the reaction solution was heated at its reflux temperature
for 2 hours following the addition of 3-bremobsase{b)thioe
phene, The reaction solution was sooled, then filtered
threugh ootten, to remove unreacted magnesium, inte another
ons-iiter flask equipped as above axeept for the substitu-
tion of a gas inlet in plase of the Grepping funnel. An~
hy€rous sulfur diexide was bubbled into the stirred
Grignard solutiss at reom temperature for 2 hours,
followed by 4ry shlorine gas fer 3 hours. The resstion
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nixture was stirred for ancther hour efter ths addition of
the gases had been comlated, About 200 ml, of water was
added to the reaction miature to disszolve any incrganis
salts, excess sulfur dlaxide and chlorine, The ether layer
wes scparated f£rom the aqucoua layer and the ether wes re-
moved by distillation on a stean bath., The sollid residue
was stirred and hested on & etean dath for 2 hours with
£50 ml, of oonocentratad ammonium hydrexide snd then set
aside overnight at roon tamperature with contiruvous stir-
ring. About 200 ml, of 15 per cent sodlum hyérexide solu~
tion was then added to the alkaline reaction sixture and
the whole was treated with norite and filtered, The file
trats was coolaed and on acidification with dijute NC1
caused a white precipitate te furm, This was allewed %
digest for R hours, then recovered by filtration and
wshed with water on the filter, The s0lid was recrys~
tallised from dilute othanol $o obtain 82.0 g. (0.38 mele,
85.6%) of & white 80114 which hed & mslting point of
158-160°C. Elemental analysis for Cgiirli0oS, gave the
following results. Caloulateds €, 25.,05; B, 3.31;
N, 6.5T; 3, 30.07. Pounds €, 33.12; N, 3.26; N, 6,60;
8, 30.02.
Nethod B

Inte & 500 ml. three-necked flask fitted with g stir-
vor, eondenser and Gropping Numel was placed 50.0 g.
(0.37 mela) ef vemso(d)thicphens dissolved in 50.0 g. of
asetic anhydride, The reattion mizture was cooled to
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5°C. by immersion in an ice-sslt bath, To the stirred
ehilled resction mixture, £8.2 g. {0.37 mole) of 95 per
eent concentrated pulfurie scid was carefully added, The
reaction temperature was held in the renge 5-15°C, Guring
the addition ef the acid, When this had been conpleted,
the eooling bath was removed and the reactiocn mixture was
allowed 50 wm 30 rodm temperature and stirred at thas
Saaporeture for an hour, The resstion mixture was agsin
so0led by immersion in an fee-sals dath, and 25 g, of
erushed ice was added t0 the resstiem flask, which eaused
the temperature to rise to about 25°C. Then 100 ml, of
water was 8ddad and the reastion mixture was extrmoted with
twe 75 nl. pertions of chlorefors. The squecus layer was
trenaferred to a distillation flask and 1t was cencentrated
0 about ene~-quarter of its volume by the removal of water
under wouum, 70 the aquecus residus, 55.2 g. {0.70 mels)
of potassium chleride as & warm saturated solution was
added. The resction slurry was stirved for 10 ninutes,
oetled ¢o 10°C. and filtered, The 201148 was &iied in an
oven $0 yield 90.0 g. (0.357 mols, 96.5%) of the potassivm
sals of 3-benso(b)thiophens sulfonic asid,

Ia & 500 ml, three-nesked flask fitted with s stirver,
sendenser and thermmmeter was placed 90,0 g. (0.357 mele)
of potassium 3-beuso({d)thiophene sulfonate and 108.0 g.
(0.50 mole) of phosphorous pentachloride, The resstica
mizture was stirred 4t retm tempereture until it besame
1iquid, and then it was heated at 100°C, for 2 hours,
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gently heatsd until it became liquid. The reaction mixture
wes then stirred and heated at 100°C, for seven hours,
The phosphorous oxychloride formed during the rcaction was
removed under vacouum distillation. After oooling the reae~
tion flask by fsmarsion in an ice dath, 150 ml, of ioe
wtor was cauticusly added to the stirred ocontents followed
by 100 ml, of bensens; stirring was oontinued for 15 mine
ubes after adding the densens. The bensene layer was
ssparated and the aquecus layer was extrasted with 100 mi,
of bdenzene,. The bensens extrasts and eriginal bensene layer
were oomdined in & flask and the bensene was removed by
distillation en & steam dath. The residue was cocled and
200 ml, of eoncentrated mmenium hydroxide was added $0 1%
with sepid stirring. The ammonisal mixturs was heated on
8 steam Dath for 3 hours and then stirred as roem Seapere~
ture for a day. A solution of 150 ml. of 10 per eens
sodius hydrexide was noxt added S0 the resction flask, The
mixture was heated gently and them filtered 0 remove in-
soluble material. The basis soluSion was decolorised
twice with charecal and acidified with diluts EC1 Se
pwesipitate a pale yellow colared 20116 which was sslleeted
on g filter and washed with water. The srude Profuet was
recrystallised from dilute ethancl %o yield 53.9 g.
(0.242 mole, 72.75) of an aff-whits calcred solid which
molted at 200-202°C. A mixed melting poiat with material
prepared in Nethod A above showed no depression indlcating
that the two emspounds were identical,
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Preparetion of 3,5-Dimethyl-2-Benso{d)thiephenesulfonamide

g~ S0
Nethod As

A 500 ml. three-tecked flask was fitted with a stirver
and two Y-adaptors, One of the sdaptors carried a ealeium
shleride drying tube and thermemeter; the ether was fitted
with a Gropping funnel and a nitregen gas inles, In the
flask was plased 5.21 g. (0.7% mole) of lithium ehips and
125 ml. of éry ether, A sclutien sentaining 68.5 g. (0.5
mele) of redistilled m-butyl bromide dissclved ia 70 ml.
of dry ether was added slowly to the lithium ether suspen~
sion. As soon as reastion hed started, Whe reastiem flask
was immersed in an 180prepyl alechel-dry iee dath t0 lowes
the tesperature of the reastica mizture %0 <10°C. The
remainder of the n-butyl bromide selution was then added
during an hour after which the reastien was stirred for
an additisnal heur and & Malf at -10°C. The n-dutyl
11thium selutien was filtered through glass weol direstly
inte a 500 ml. three-necked flask which had been previocusly
swept with nitregen and prechilled in an i6¢ bath, The
f£iltered n-dutyl 3ithium solution was sooled te -10°C. and
2.0 g. (0.26 mole) of 3,5-8imethyldense(b)thiephens
dissclved in 60 mi. of dry ether wvas added Quring twensy
minutes after whiech the resotion mixture was stirred foo
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en additicnal 2 hours at «10°C. Anhydrous sulfur dioxide
$88 Was Shen bubbled slowly inte the resstion mixture for
3 hours. BNext, dry chlorine gas was dudbbled slowly inte
the reaction mixture for 5 heurs, after whieh it was
stirred at room Semperature for an additiensl 4 hours, Twe
hundred nl. of water was added cautiously to the mixture be
dissolve inerganis salts, exssss sulfur Qlaxide and
ehlorine. The sther layer was separsted and the ether
removed by @istillation on a stesm bath, The residue was
sosled and 200 ml. of oensentrated ammonium hydvexide was
added with repid stirring. The stirred ssmonical resstion
aixture was heated on & steam dath for £ hours, then st
aside.at roem temperature for 12 heurs with esnSinucus
stirring. Adeus 150 ml. of 10 per et sedium hydrenide
solution was added te the resstion mixture and inselubdle
saterisl was remeved by filtretion. The basis solutien was
treated with norite and asidified with 10 per eent NC1 S0
presipitate & pale tan colored solid; this was sollested
on & £ilter and washed with ¢old water. The srude sulfon-
smide was reerystallised frem boiling water to give 26.2 g.
(0.12 mele, A5,15) of & pale tan soleved selid melting

at 208-209°C. Xlemental azalysis for C)gi;W0,8; gave the
fellowing results. Caleulateds G, 49.77; K, 4.60;

N, 5.82; 8, 26.58. Pound: O, 50.03; K, 8.72; N, 5.89;

8, 26,50,
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Nethod B:

Inte & 500 ml, three-necked flask fitted with a stire
rer, sondencer and dropping funnel wes placed 50,0 g.
(0.32 mole) of 3,7-dimethylbenso(d)thiophene dissolved ia
50.0 g. of soutic anhydride. %The ressction mixture was
se0led $0 5°C. by immersion in an ics-salt bath. ¥o the
ehilled resstien mixture, 31.3 g. (0,31 mole) of 95 per
et soncentrated sulfurie acid wes addod slowly with
stirring. The resction tamperature was kep$ belew 20°C,
Suring s4dition of the seid. Pellowing addition ef She
asid, the reastion nixturs was stirred at »oom temperature
for $wo hours éduring which sems solid formed in the reac~
tim nixture, The resction was evcled dy izmoersion in sn
ic0-2818 bath and R5 g. of erushed Lce was added ¢o e
resction flask holding the reastion temperaturs delew 25°C.
Then, 100 ul, of water was added and the reaction mixture
ws extrasted with twe 75 ml, portisns of ehlsrofem. The
aquetus layer wis separeted and transferred to & flask and
about thres~guarters of the water removed by distillation
woder vaswmum, 0 the squesus cencentrate, 46.2 g. (0.62
mole) of petassium chloride as & WM sstureted agquesus
solution was added, The rwastion alurry was stirred for a
half hour, eooled $e 10°C, and filtered. ¥The sclid wmas
dried Sn an oven $0 yiedd T4.9 g. (0.267 mele, 86.25) of
the potassium mlt of 3,7-4imsthyl-2-bense{b)thiophens
sulfonie soid. | '
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In & 500 ml. three-necked flask fitted with s stirrer,
eondenser and thermemeter was placed 74.9 g. (0.267 mele)
of potassium 3,7-dimethyl-2-benso{b)thicphens sulfonate
and 78.0 g. (0.37 mele) of phosphorous pentachloride. The
8501143 were stirred at room temperature for adout 10
minutes, after whish the resstion mixture was heated at
100°C, for seven hours, The phospherous oxychloride formed
m:-ing the resction was remeved dy distillation. %o the
residue, 150 ml, of ice watser was added; the aguesus sglu~
Sion wes extrasted with twe 75 ml. portions of denzens,
The benzens extracts vere eombined and the densens removed
by Glatillation on & stean bath leaving & solid residue,
With vigorous stirring, 200 ml, of ecneentrated ammenium
hydroxide was added to the residue. The ammoniocal solution
was stirred and heated ou & steam dath for two heurs and
then set acide At reom temporature for eight heurs with
continueus stirring. It wes @lluted with matar and
£iltered. The selids ccllected on the filter were disselved
in 10 per cont sediun hydroxide asclution, troated twise
with nerite and the allaline solution was soidified with
10 per eent BC1 %0 presipitats the crude product, tThe
pals yellow oolored 201id weighed 51.1 g. (0.212 mole,
63,5%) and had & melting point of 211-213°C. after a single
resrystaliisatien from dilute ethanol, A mixed melting
point of shis campound with msterisl prepared in Nethod A
abeve showed no depreossion indicating that the two ocome
pounds were identical,
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Preparation of leButyle3~/ 3-Benzo{b)thienylsulfonyl Fures
0

i
| SO Ml =0~} = CH 5 ~Clw Cl=CHy

8

In & %00 ml, thres-nscke@ flask fitted with a conden~
ser, stirrer and dropping funnel was placed 21.3 g. (0.10
mole) of 3-benso{b)thiophenesulfonsmide, 29.0 g. (0.23
mole) of ground anhydrous potassium sardbomate and 200 sd,
of 4ry acetons. This mizture was stirred and heated at 1its
reflux temperature for an hour, T this mixture at its
reflux tempersture, 9.9 g. {0.10 mole) of n-butyl ise-
cyanate dissslved in 20 ml, of dry scetane wes slowly
added during & half hour, After sdding the iscocysnate
solution, the resstion mixture was stirred a¢ 1%s refiux
temperature for an additional five hours to complete the
reaction. The scetone was removed by distillatien under
vaocuun, The dry reaidue was dissolved in 250 nl, of &ls~
tilled wateor, and filtered to remove insciudls material,
The filtrate was treated with charceal, cooled and
aeidified with very dilute HC1, giving a white flocculans
precipitate. The fine sumspension was set 8side overanight
and filtersd, The 50114 was dissolvred in 5 per sent
amonium hydrexide solution and filtered t0 remove any
insoluble material, %The filtrate was acidified with
dilute BC1 ia the 0014 and again filtered. The solid wms
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washed with 50 ml, of 60ld water and dried in an even &t
210°C. Reerystallisatica of the srude product frem abses
lute ethenod gave 20.1 g. (0.064 mole, 64.05) of & white
80114 which melted as JA5-247°C, ERlemental analysis fer
G133642035 gave the following results, Calculated:

e, 49.98; X, 5.36; N, B.97; 8, £0.53. Found: ¢, 50,03;
B, 8.96; W, 9.01; 8, 20.88, [

Preparetion of lePharyle3«/ 3~Benzo{b)thienylsulfonyl Fures L

SV

In & %00 m). thres-neciced flask fitted with stirver,
drepping fumnel and condenssr was placed 10.6 g. (0,03
mole) of I-denso(d)thisphenssulfenamide and 60 ml. of
scstons, An allmlins solutisn eentaining 2.0 g. (0.05
mole) of sodium hydrexide disselved in 100 ml, of water
was added 30 the mmide solusion in the flask. The resstien
mixture was eooled B¢ 20-25°C, snd 5.95 g. (0.05 meole) of
phenyl isesyanste dissolved in 20 ml, of scetons was
slowly added with stirring. After adding the isocyanate
selution, the reaction sixture was stirred at reems tempere-
ture until fscoystats 0dor had disappeared. The reaction
aizture was poured into a iiter erleamwyer flask, diluted
with abous 500 ml, of water and hsated to about 65°C.
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e hot solution was filtered end the £iltrets was esoled
and acsidified with dilute HC1, The predipitate was
s0lleoted on & filter, washed with water and then sven

dried, The erude produst was purified by several reprecipie

tations te give 11.2 g. (0.0338 mole, 67.6%) of a white
powder melting as 153-155°C. Elemental analysis for
Cy5flygiz0+3; Gave the following results. Caloulateds

¢, Sh.20; H, 3.64; K, B,43; 3, 19.20. Pounds €, 58.11;
H, 3.60; ¥, 8,58; 8, 19.06.

Preparation of l-Butyle3e/ 2-Benso(t)thienylaulfonyl Awes

In s 500 n), threo-pscked flaak fitted with a stirver,
sondenser and dropping funnel was placed 10.6 g. (0.05
mols) of 2-bense{d)thicphencsulfonamide, 13.8 g. (0.0
mols) of ground anhydrous potassiua carbonate and 200 ml,
of dry acetons. The stirred mixture was haated at it
reflux temperature for eue hour. To this aixture at its
reflux tamperature, was added 5.9 g. (0.06 mole) of ne
butyl 1sosyamate dissqlved in R0 ml. of 4ry acesone
during & helf heur, After adding the isocyanats sslution,
the resotion mixture was stirred and heated at its refiux
teuperature for an additional five hours $0 conplete the
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resction. The acetone was removed by distillation under
vasuum, The dry residue was dissolved in 300 ml, of dis-
tilled mater and filtered o remove insoluble material.
The f1ltrate mas acidified with dilute HCl S0 yield a
white precipitate, This precipitate was ¢ollected on a
£ilter, wvaahed with water and recrystallized from abseluss
ebthanol t0 give 10.3 g. {0.033 mole, 66,0%) of & white
solid melting ad 186-188°C. EKlemental amalysis for
C13816%20382 @ave the following results. Oslculated:
¢, 43.98; K, 5.16; N, 8.,97; 8, 20.53. Pound: &, %0.28;
B, 5.27) W, 9.32; 8, 20,30,

Preperetion of A-Phenyle3«~/ 2-Bonso{b)thienylsulfonyl Jures

In a 500 ml, three-nocked flask £itted with & stirrer,
dropping funnel and cndenser was placed 15.0 g. (0.071
mole) of 2-bemse{d)thiophenesulfonsmids and 60 ml. of ase-
toue, A basis solution oontaining 2.82 g. (0,071 mele) of
sodium hydroxide dissolved in 100 mi. of wmater was added te
the resstion flask. The reastion mixture was cooled 0
15-20°C, and 8.9 g. {0.75 mele) of phenyl isccysnate wmas
slonly added S0 the cooled reastion mixture. A solid
formed in the resstion mixture after all the isdcyanate
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had beon added, The reaction was stirred at room tempere~
Sure until the edor of iscoyamate had dlissppeared., A 100
al. volune of water was 8dded to the resction flask and
the reastion sass was poured into & liter erlemmeyer flask
and the mizxture was further dtluted with water to & fimal
volume of abous 600 ml, The diluted solution was heated
S0 abous 60°C, and filtered $0 remdve any insoludble
saterial. The £1ltrate was ecoled t¢ romm Semperature and
filtered again, The filtrate wis added slowly %o axoess
ies 0014 10 per oent EC1 solutien, The white floesulens
preoipitate which formed was sollected on & filter and
washed with mter, T™he srude preduct was resrystallised
frem dilute methanel to yisld 15.8 g. (0.048 mele, 67.2%)
of sn eff-ubite eclored nolid which melted at 150-192°¢,
Elemental snalysis for O3 sfloli;0:89 §8Ve the follewing
resulta, Caleulated:s €, 54.20; N, 3.64; N, 8.43; 8, 19.29.
Pounds €, 58.30; H, 3.65; M, 8.49; 8, 19.13.

Preparetion of l-Butyle <iethyl-2-Beneo{d)thienyl~

In & %00 ml, thres-necied flask fitted with a stirrer,
scndenser and dropping fumel was placed 31.35 g. (0.03
mole) of 3-methyl-2-benso(d)thiephenssulfenamide, 13,8 g.
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(0.10 mole) of ground anhydrous potussium carbdonats and 200
al. of ary acetone. The reastion was stirred and heated
48 its reflux semparature for an hour, 79 this stirred
aixture at Lts reflux tanperuturs was cautisusly added
5.0 g+ (0.05 mole) of n-butyl isecyanate during a helf hour,
¥hen the isecyanate hed been added, the resstion was
stirred at 1ts reflux teupsrature for snother five hewe ;
o complete the reaction. The acetons was renoved by dise
tillation under vacuum. The residus was dlssolved in 300
nl, of water, dsoolorized with charconl twice end aeidified
with @llute NC1 in the 0old $0 presipitate the crude preduct. -
This was oolleoted on & £11%er, washed with distilled mater
and reqarystallised from methanol e give 10.1 g. (0.03
mole, 62.05) of an off-uhite oolered s6lid which meltad
8% 170-172°C. Xlemental anmlysis for CypHygN-043, gave
she following results. Caleulased:s C, 51.53; B, 5.565
%, 8.58; 8, 19,65. Pounds O, 51,30; R, 5.47) N, 8,70;
8, 39.53.

! B -
Preparation of m ‘}:g‘mwwb)w

In ¢ 500 ml, thres~necked flask fitted with a
stirrer, sondanser and dropping funnel was placed 11.35 g.
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(0.05 mole) of 3-methyl-R-benso{b)thiophenesulfonsmide and
80 ml. of acetons. A solution sensaining 2,0 g. (0.05
mole) of sodium hydroxide dissolved in 100 ml, of water
uas added to the flask. The reaction mixture was cocled
to 15-20°C. and 8.9 g. (0.075 mole) of phenyl isccyamate
wes slowly added $0 the preccoled reacticn mixture, A
precipitate formed in the resstion mixture when all the
isocyanate tad been added, The ressction was stirred until
the odor of Lesocyanate had disappeared. It was then
d1luted with mter, heated te 80°C, and filtered, The
£11trate was decolorised with oharecal twics, cceled snd
poured into ice 0old dilute HC1, The precipitate was
eollected en & filter, water washed and air dried. The
oerude product was purified by several reprecipitations.
The pure product weighed 8.9 g, (0.026 mole, 51.56), was
sream ¢olored and had & melting point of 156-158°C,
Elamental analysis £or CicHyp¥:0q8c gAve the following re-
sults. Calsulated:s C, %5.47; H, 3.07; W, 8.03; 8, 18.%1.,
Founds €, 55.37; B, 4.34; R, 8.30; 8, 18.64,
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Preparation of x-a:m-;;[s.hmmwm-mm)mmx-

I
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In & 500 a1, three-necked flask fitted with 8 stirser,
eondenser and dropping funmsl was placed 12.05 g. (0.05
mols) of 3,7-éimethyl-2-bense({d)thiepheneeulfonamide, 13.8
£, (0,20 mole) of ground snhydrous potessium carbenate and
200 ml, of dry ssstons, The stirred resctien mixture was
heated as$ its reflux tamperature for two hours. %o the
refluxing mixture, 5.0 g. (0.05 mole) of n-tutyl isecysn~
ate vas slowly added during & half hour. Fellowing the
sddision ef the isocyanats, the reaction was stirred for
nine hours a$ 188 reflux tanperature t0 complete the
reaction, The asstons was remeved by distiliatien under
vaouun snd the dry residue was taken up in 300 mi. of water,
treated with charcosl and filtered, fThe filtrate was
acidified with @ilute HC1 and the precipitated preducs
ws collested on & £ilter, washed with water and thea
dried in an oven. The product was recrystalliised frem
motheanel $o obtain 10.3 g. (0.031 mels, 62.0%) of a white
00114 melting &% 158-200°C. Elemental snalysis for
GyufiggMo0335 SAve the following results. Caloulated:

G, 52.91; K, 5.92; M, 5.23; 8, 18.88. Pomd: ¢, 52.84;
B, 5.97) %, 8.33; 2, 19.03.

—
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Preparation of 1-%17&.&:“ 1-2-Benso{b)~

In & 500 ml, three-necked flask fitted with a stirrer,
sondenser and drepping furmel was plased 12,05 g. (0,05
sole) of 3,7-4imethyl-2-bense{d)thiophenesulfonanide and
30 ml. of acetons, A solution eontaining 2.0 g. (0.05
mols) of sodium hydroxide dissolved ia 100 ml. of wbter
was added t9 the flask, The resstion mixture was sooled
80 20°C. and 6.55 g. (0.055 mede) of phenyl Lsceyarmde was
added slowly during & balf hour, After sdding She 1se-
oyanate, the reastion mixture was stirred at room Sempese~
ture for three hours to caaplate the resdtion, e read~
tion mixture was then diluted with 100 ml, of wmter and
filtered. The filtrute was decolorised Swice with ehar~
conl and a0igified with dllute NCI o precipitate the srude
preduct, This was collected on & filter, washed with
water and dissolved in 5 per oent ammonium hydroxide and
filtered again, The filtmate was addod to 1ce c0ld asetie
asid, The presipitated preduct mas collected on & filter
and washed with water, dried in an even and recvystallised
from dilute ethanel, %The yield cdtained was 8.4 g. (0.0234
nole, 46.6%) of a pale yollaw colored 30114 melting as
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139-230°C, Elemental analysis for °1751532°332 gave the
following results, Calculated: C, 56.64; H, 4.47;
B» T.773 8, 17.79. Pounds C, 56.54; B, 8.59; ¥, T.64;
8, 17.62,
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Tadle IIIs Propertics and Amalysis of 2-Benzo{d)thiophenesulfonyluress
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DISCUSSION

The preparation of 3-bense(b)thicphenesulfonsmide was
seoouplished by the resetion of 3-benso{bd)thicphens mag=
nesium bremide with snhydrous sulfur dioxids to obdtaim
brontmagnesiun-Sebense{b)thicphene sulfonate, Treatasnt
of the latter with gaseous chlorine ylelded the orude
sulfonyl chloride which on interection with excess ssmonia

g AT

=
@\—sijé A @m

e O

@:jeoa-e

fhis general sequence of reactions is similar to those e~
ployed by 8¢ots (53) to prepare seversl aliphatis sulfenyl

oehlerides, Ia utilizing 3-bremcbense{d)thicphens, an
sppreciadls smount of unreasted magnesium was always

2
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present at the sompletion of the Grignard resstion. The

use of 3-bremodbenso{d)thiephene in preparing the Srignard
reagent requires the presensce of a simple alkyl halide S0
promote the resstion. Attempted distillation of the erude
sulfonyl chloride leads to its desampositicn with an stten~
dant lowering of the yield, The sulfonsmide was resadily

prepared from the crude sulfenyl chloride by reactiom with
smmonia yislding the hetareayolic sulfomamide 89 & white

erystalline solid,

An altermative preparation of 3-benso(d)thiophens-
sulfonamids invelves the reastien of benze{db)thicphene with
95 per cend ecncentrated sulfurie aeid in acetis antydride
88 & resotion medis. The yield of the denso{b)sthicphene~
sulfenic 8014 dy this method was good and the positien of
sulfonasion (55) was fixed., Im the sulfematien

Suk-SSuy
Aozd 8
S
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of benzo{d)thiophens the resction is conducted in the
presance of sufficient acetic anhydrids to combine with
the total water presant in the resstion system, that is
in the sulfuric scid used and the water formed during the
resotion. The J-denso{d)thiophenssulfonic acid is a
viscous mess, srystallisable with difficulty, The aeid ws
isclated as its potazsium salt which orystallized ia the
form of eclorless platelets, The sulfonamide was prepared
by the usual method from the potassium salt via 168
sulfenyl chioride,

thes preparation of the isomerie 2-benso{d)thicphene~
sulfonsmide was scctuplished by & series of reastions
scmovhat similar t0 those deserided for the synthesis of
3=benso{d)thiophenssulfonamids. Bense{b)thicphens was
netalated according to the method of Shirley and Cameren
(31). 7The several stops involved i the synthesis can be
sumArised as,
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:

Thres additional substituted bense(d)thiephenesulfonamides
were prepared by this gensrsl precedure, namely, 3-methyle
2-benso{d)shisphenssulfonamide, 3,5-inethyl-2-denne{d)
thidphenesulfonanide, and 3,7-dimethyl-2-bense{b)thiophens~
sulfonsmide, In these cascs, the three position of the
mwu-mmmwwum:m. |
and thus, on direst sulfonation with eonsentruted sulfuric
8cid 1n scetic anhydride only the two isomer was produced. l

A similarity noted in all of these resotions wms the
large amount of tarry residus resulting in the sulfonation
stop, Ne atteapt Was made %0 investigate the residues
DUt 18 ocan de reasdnavly scsumed they contained some
sulfones. The yields of products sdtainmadls were falr in
the majority of the resctions,
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ummmtmmcmmmw
mmwumuaam¢mmm
umamuwuwwumneudmm
producs on scidification, Purification of the ervude
sulfonemides was 80complished by their recrystallimation
from dilute ethanecl, The sulfonsmides prepared in this
investigation are susmarised in Tabdle I, Preparation by
Nethod A refers t0 either the Srignard or lithium proce-
dures while Nethod B refers to the precedure invelving
direst sulfemation with eoncentrated sulfuris acid in
acetic anhydride medis.

The 3-alkylbenso(b)shisphenes used in the preparetien
of the 3eaikyle2+benso{b)thiophenesulfonsmides were pro
pared by 8 Ting s10sure Fesstion uUsing PHeSEHATOUS PRt~
exide with the approprists soetony) pheayl sulfides. The
experinental presedure desaribed by ¥ermer (M) wes
utilised for the synthesis of the alkyldenso(d)thisphenes
used in this study, The ring closure ressticn was slwmys
anmamum
of the resstiom mixture with seme apparent decomposision.

The sulfonyluress descrided in this investigasion were
memumcmwuw
with either phenyl or B-butyl isosyamate in sn Aquedus &
non~aquesus medium, The reastica involved may be indi.
«wmmtanm“.mnmmmx
or nebutyl.

“-mT
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T™The sulfur heterooyclie sulfenyluress preparsd for the first
time and charscterised in the course of this investigation
are summmrised in Tadle IX and Table III. All of the uress
obtalned were white orystallins compounds. The sulfonyl
urea dsriwative of 3,5-dimethyldense(d)thiophenssulfonumids
oould not de iselated in a pure form, The erude produst
was an 01l which tended to revert to the sulfonamide and
isooyanate en attespted purification. Bilute methanol o
ethanol were found to be satisfastory solventa for the
recrystallisation of the majority of the hetsrocysliie
sulfonylureas.

These smpounds have deoen sutmitted $0 an iadependent
ladoretory for pharmacelogieal evaluation, and Shese
results will be reported elsowhere,
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