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Abstract

Hydroxybenzob]thiophene is an important benbithiophene derivative because of its role as an intermedi-
ate in the synthesis of condensed sulfur heterocycles. The hydroxyl group can be conver@dairtamate

and the latter utilized in the regiocontrolled introduction of substituents through directed metallation. In the
present review, synthesis, properties and reactions of various hydroxybghoghenes are described.
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1. Introduction

Benzop]thiophene, second in importance to thiophene among sulfur heterocycles and discov-
ered soon after the latter’s discovery, has attracted scant attention at that time, apart from some
interest shown towards thioindigo dyes. The scenario has, however, changed with the advent of
bioisosterism when organic chemists started showing interest in bihimgjhene since it is a
bioisoster of indole. Indeed, the main area of activity in the chemistry of ldthiaphene, in

the sixties and seventies of the last century, centred around the synthesis of its derivatives that
are analogues of bioactive indole derivatives including indole alkaloids.The synthesis of several
sulfur analogues of bioactive furanochromones and furanocoumarins are also reported in the
literature. These analogues, consisting of a béithdgphene core, are usually obtained from

the latter through suitable annulation reactions. This line of work continues till date and its
literature up to 1980 has been revieWédn the present review, an account is given of the
chemistry and uses of hydroxybenzjtfiiophenes. The interest which this class of compounds

has received, among the bertdtijiophene derivatives, is principally due to their usefulness in

the (a) synthesis of sulfur analogues of several important bioactive indole derivatives, viz. sero-
tonin, and (b) annulation of oxygenated rings onto the béfthajphene core.

Hydroxyl function has been incorporated at 2-, 3-, 4-, 5-, 6- and 7-positions in lglenzo[
thiophene, though not all the hydroxyberjtjiophenes have received equal attention. Rela-
tively easily accessible ones were better exploited. Among these, 2- and 3-hydroxybenzo[
thiophenesi and?2) exist principally as tautomérand have been variously called as bebjo[
thiophene-2(Bl)-one, 2,3-dihydrobenzblthiophene-2-one, thiooxindole, benbtihiophene-
3(2H)-one, 2,3-dihydrobenzblthiophene-3-one and thioindoxyl.

"Dedicated to Prof. S. C. Bhattacharyya.
* Author for correspondence.
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2. Spectroscopy

Spectroscopic studies on the parent bebjtbjophene and various substituted bermto[
thiophenes have been exhaustively reported in the literature. These studies, which incl-
ude UV, IR, NMR and photo electron (PE) spectra, have thrown important light on the molecular
structure of benzb|thiophene derivatives.

Thus, evidence for the existence of thiooxind@lg and thioindoxyl 2) as tautomers in
solution came from UV spectral studies. The UV spectrurh @bsely resembléghat of the
thiolactone 8). Similar conclusion about thioindoxy®)Ycame from a comparison of its UV spec-
trum with that of the methyl ether of its erfdlhe UV spectrum o2 has been assigneon the
basis of molecules-in-molecules (MIM) calculation. Pariser-Parr-Pople method has bee# utilized
to calculate the electronic spectrum of the 2-benzylidene derivatenafto find evidenéehat
it exists as tautomer. UV spectrum of 5-hydroxybenjojophene-4,7-quinone was also recoréled.
Spectroscopic measurements were utifizedalculate the thermodynamic ionization constants
of several hydroxybenzbJthiophenes.

Further evidenc&**of the existence of 2- and 3-hydroxyberjtiiiophenes came from their
IR spectra, which also showed that when an adjacent carbonyl function is present, the enolic
form predominate¥ ¢ It was also showthat 3-hydroxy-2-nitrobenzbJthiophene-1,1-dioxide
exists as a mixture of keto and enol forms. Another application of spectr&séapin studying
hydrogen bonding in several substituted 5-hydroxybdijtopphenes.

Detailed studies ofH22 and*C?22® NMR spectra of variously substituted berte[
thiophenes have been published which deal at length with the substituent effect on chemical
shifts. Like UV and IR spectroscopy, NMR spectroscopy was also used té*sftaiytomerism
of 3-hydroxybenzdjJthiophene. It was showhthat 3-hydroxy-2-methyl- benzdhiophene
exists largely and the corresponding 2-phenyl derivatives exclusively as enol.

3. Preparation

Treatment of 2-benzb[thienyl lithium with oxygen affords thiooxindold)¢*-%3 which was also
obtained from 2-aminoben#sjfhiophené! through acid treatment on the diazonium salt derived
from it or on itself. Alkali treatment of ethyl 2-acetamidobenzo[b]thiophene-3-carboXixlsy|
2-aminobenzdj]thiophene-3-carboxylattor 3-bromobenzo[b]thiophefteesults in the forma-

tion of thiooxindole {). The last of the three reactions proceeds via the formation of 2,3-
dehydrobenzdjthiophene and is accomplished by the formation of considerable amount of
benzop]thiophene. Acid-mediated ring clostfref ortho-mercaptophenylacetic acid also af-
fords (L).

Thioindoxy!l @) is obtained by ring closure of thiophenylacetic adjd Base-induced ring
opening” *®of 4-hydroxy-2-oxopyrano[3,}benzop]thiophene ) also affords thioindoxyl de-
rivatives. There is an early rep8ron the synthesis of 4-hydroxybenkfthiophene 6) from
thiophene-2-carboxaldehyde (Scheme 1).

Both 44%and 74! hydroxybenzdj]thiophenes§ and7) are obtained from the keton@¢R =
H) and9 (R = H). Dehydrogenatidh**of 6,7-dihydrobenzdilthiophene-4(5)-one (R = H) with
sulfur in hot diphenyl ether was practised earlier. We obs&rvitht the two-step process
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Scheme 1.

consisting of bromination & (R = H) followed by dehydrobromination with LiBr and,CiO; in
dry DMF affords a clean&in better overall yield. Consequently, we prepar&dm9 (R = H) in
the same way.
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The widely applied general method of synthesis of basjupphene, consisting of
cyclization of intermediate mercaptoacrylic acid was utilized in the synthesis of 4-, 5-, 6- and 7-
hydroxybenzdj]thiopheneg?-“® Synthesis of the last compound consists of conversion of 7-
chloro to 7-hydroxy function.

The process as shown in the synthesis of 5-hydroxyblgjtiziojphene derivative (Scheme
2) consists of condensation of either a hydroxybenzaldehyde or the corresponding ketone with
rhodamine followed by alkaline hydrolysis of the benzylidene rhodamine to afford the
mercaptoacrylic acid. Cyclization of the latter, accomplished with iodine or chlorine, affords the
hydroxybenzd]thiophene-2-carboxylic acid. Decarboxylation with copper-quinoline gives the
desired hydroxybenzblthiophene.

S
H-
it COOH

S R | R
HO cHo HO HO “c=Csn OH R OH
T ae, o S L,Hoocjsj@/i,@ |
(a) rhodamine; (b) NaOMe; (c) NaOH; (d) 1,/1,4-dioxane and (e) Cu/quinoline/A.
Scheme 2.

Both 5- and 6-hydroxybenZgthiophenes were prepared from the corresponding amino com-
pounds via diazotizatiofd.*°Fries rearrangement of 4-acetoxybebjtbjophene affords 4-acetyl-
5-hydroxybenzdj]thiophene® Similarly, Claisen rearrangement of 4-allyloxybertifiophene
gives 4-ally1-5-hydroxybenzblthiophene’?
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(a) dimethyl thicarbamyl chloride; (b) A (Newman-Kwartz reaction); (c) NaOH; (d) CICH,CO,Me/NaOMe; (e) NaOH/Cu/quinoline/ then BBrs.
Scheme 3.

Synthesis of 7-hydroxybenzijfhiophene ) was earlier accomplished through circuitous
routes® 3The product obtained by demethylation of the corresponding methyl ether was said to
be unstable. 7-Hydroxy-3-methylbenbfihiophene was obtain&drom 7-chloro compound via
Grignard reagent through entrainment method.

The first practical synthesis @fthrough demethylation of the methyl ether was reported by
Rahman and Scrowstth{Scheme 3) starting fromvanilin. We have developed three expedient
routes to/7. As stated above it was obtained through bromination—dehydrobromination of 5,6-
dihydrobenzdp]thiophene-7(#)-one O, R = H). Compound9, R = H) was earlier obtained
through lengthy and expensive routes. We devised a shortef’rtmuthis compound from
commercially available starting material (Scheme 4).
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Scheme 4.

Two other routes to 7 (Schemes 5 and 6) used 2-trimethylsilylbebithjophene and 2-
methoxycarbonylbenzb[thiophene, respectively. In the first of these, introduction of CQNEt
function in the freex-position of 2-trimethylsilylbenzd]thiophene was followed by directed
metallation in the position adjacent to the amide and then transmetatatization
protocol. The third route to/ (Scheme 6) involves base-catalyzed reaction of 2 methoxy-
carbonylthiophene witly-butyrolactone (Scheme 4) and the product upon alkaline hydrolysis
afforded the keto alcohol, which was oxidized with PTBe resulting keto aldehyde was cy-
clized with boron trifluoride-methanol to afford 7-methoxyberihiiophene which was
demethylated to give 7-hydroxybenbkfihiophene.
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(a) n-BuLi/THF/-78°C; (b) TMSCI; (c) CICONEt;; (d) t-BuLi/TMEDA/THF/-78°C to 0°C; (e) CuBr.SMe; (f) CHZ—CHCHzBr; (G) LDA; (g) BusNF.
Scheme 5.
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(a) y-butyrolactone; (b) NaOMe; (c) 1,4-dioxane; (d) NaOH; (e) PCC (f) BF3-MeOH, MeOH, (g) BBr3.

Scheme 6.
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Flash vacuum pyrolysis of the condensation prod@6y ¢f 3-methylthiophene-2-
carboxaldehyde and isopropylidinemalonate affords 5-hydroxybgttziophene in 96% yieléf,
and 6-hydroxy-2-methylbenzdgfhiophene was similarly obtained in near quantitative yield. Alkali-
induced ring opening—ring closure of the pyrilium s&l) ¢esults in the formation of 6-R-substi-
tuted-7-hydroxybenzjthiophene.

Demethylatiof’ of 5,6-dimethoxybenzdfthiophene-2-carboxylic acid, obtained by cycliz-
ing®” %8intermediate mercaptoacrylic acid affords 5,6-dihydroxybéijtopphene. Catalytic re-
ductior?® of benzop]thiophene-4,7-quinone gives 4,7-dihydroxyberibiiophene, which is
unstable.

4. Reactions

Thiooxindole () reacts with diazomethane to give a spirooxadiaZéiermylation of ) in the 3
position is accomplished by alkaline hydroly$isf the anil formed by condensation with
diphenylformamidine and of the condensation product between indoxy1 andijtémaphene-

2,3 quinone by Gatterman reactid.he yield of the last reaction is mediocre. Thiooxinda)e (
undergoes base-catalyzed condensation with the formyl derivatives. Fusibnaofd(N,N
diphenylacetamide affords an anil which can be hydrolyzed to 3-acetyl thiooxihidibieindoxyl

(2) and substituted thioindoxyl undergo formylation in the 2-position by Gattermann refction.
Vilsmeier reaction on thioindoxyl affords 3-chlorobenzjpiophene-2-carboxaldehyde.
Thioindoxyl and substitued thioindoxyls are reduced to the coresspondinglfjtniaphene
with zinc or tin and acid or with sodium borohydrid&. Reduction by Wolff-Kishnét¢or
Clemmensefi methods afford 2,3-dihydrobenzijfhiophene. Thioindoxyl undergoes
Reformatsky reaction with ethyl bromoacet&t€he reactive methylene group in the 2-position
of thioindoxyl undergoes various condensation reactions, viz. with aromatic ald€hyades
with p-nitro-N,N-dimethylaniline. In the presence of sodium methoxide, 2-(aryl)thioindoxyls are
alkyaled in the 2-postion and also unde@alkylation’®

Among the hydroxybenzblthiophenes with hydroxyl groups in the benzene ring, 4- and 5-
hydroxybenzd]thiophenes are used in the preparation of sulfur analogues of bioactive natu-
rally occuring indoles like psilocifior serotonin’? through incorporation of side chain in the
thiophene ring. These hydroxybengjtfiiophenes undergo smodihalkylation with alkyl hailde.
O-sulfonylatiori®has been reported for 5-hydroxy berbjtifiophene which also reaétsvith
epichlorohydrin to afford 5-(3-chloro-2-hydroxypropoxy)bergtjiophene O-carbamates de-
rived from those hyroxybenzdthiophenes are used as pesticides, viz. mold&which has
low mammalian toxicityO-carbamates derived from 4- and 5-hydroxybebjtbjophenes are
useful in the regiocontrolled introduction of functionalities in the benzene rings (see later). Alky-
lation of 4- and 5-hydroxybenzdgfhiophenes with chloromethyl methyl ether affords 4- and 5-
OMOM derivatives which serve as donors in electron transfer reaétidfeshave reportétian
interesting and somewhat unusual reaction of the phenoxide anion derived from 4-hydroxybenzo-
[b]thiophene withy-butyrolactone (Scheme 6) leading to alkyl oxygen ring fission of the latter
affording (L3). This compound is a synthetic intermediate in the annulation of a seven-membered
oxygen ring on to the beni}fhiophene core. Epichorohydrin reaétsith 4-hydroxybenzo-
[b]thiophene in the same way it does with indoxyl.
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Electrophilic substitution reactions on those hydroxybdnjtuipphenes often give mono
and disubsituted derivatives. Thus, 4-hydroxybebitbjophene&® upon bromination with
molecular bromine and nitration gives 5,7-disubstituted products. Bromination of 5-hydroxybenzo-
[b]thiophene gives 4,6-dibromoderivativédlitration of 5-hydroxybenzdfthiophenes with cold
nitric acid gives 4-nitro derivative. Bromination and nitration of 6-hydroxybdijtopphene
gives 7-bromo as well as 2,7-dibromo derivatives and both 5-nitro and 2-nitro der#%ative.
Hydroxy-3-methylbenzdi]thiophené?® gives 6-bromo derivative upon bromination with molecu-
lar bromine and 4-bromo derivative wikhbromosuccinimide. Nitration of this compound affords
6-nitro and 4,6-dinitro derivatives along with 4,7-quinone. Both 4- and 5-hydroxybenzo-
[b]thiophene undergo modified Gattermann reaéticsing anhydrous zinc cyanide and HCI gas
leading to formylation in 5 and 4 postions, respectively.

5. Use of hydroxybenzdiJthiophenes in directed metallation

Heteroatom-directedrtho-metallation, popularly termed directed metallation is recognized as a
versatile weapon in the armamentarium of organic chemist and is particularly useful in
regiocontrolled introduction of functional groups in aromatic and heteroaromatic mof&cules.
Surprisingly, this methodology remained practically unsused for a long time in bthiogfhene
chemistry. The use of standard directed metallation—transmetallation—allylation—cyclization pro-
tocol leading to an expedient synthesis of 7-hydroxybduapphene is described above.
Reported below is an account of our endeavor of regiocontrolled introduction of functionalities
in benzop]thiophene molecule using directed metallating groups (DMG) derived from hydroxyl
functions in hydroxybenzo]thiophenes.

We used methoxy an@-carbamate functions as DMGs, easily obtainedvalkylation of
the hydroxyl groups in 4-, 5- and 7-hydroxybenitifiophenes. Regiocontrolled functionalization
of the benzene ring in bentjthiophene is difficult because of the greater reactivity okthe
position in thiophene ring. Introduction of a suitable functionalitiio to the DMG is important
to obtain intermediates that can be used for annulating a third ring on to thebfibimaliene
core. Of the two DMG<)-carbamate has more powerful directing pofter.

Under standard directed metallating condifiofsecBuLi or t-BuLi/TMEDA/THF/-78°C)
benzop]thiophene with methoxy o®-carbamyl functions in 4-, 5-, 6-, or -7 positions are
deprotonated exclusively in the 2-positi#® When this position is suitably protected,
deprotonation occurs under identical conditia#ho to the DMG. It is surmised (see later) that
deprotonation to the ring sulfur atom is kinetically controlled while directed metallatitimo
to the DMGs in benzdjthiophene is controlled thermodynamically. Towtho deprotonated
molecules have been quenched with representative electrophiles like methyNodidimet-
hyl formamide and tributyltin chloride. Not unexpectedly, directed metallation of methoxy com-
pounds was comparatively sluggish. It is interesting to note tkat&bamate deprotonates
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exclusively in the 4-postiéhand the deprotonated species can be quenched with electrophiles
leading to 4-substituted products. This is in contrast to the normal electrophilic subsitution
undergone by 5-hydroxybendthiophene in which both positiomstho to the hydroxyl group

are attacked leading to disubstitution (see above).

An ortho-lithio derivative obtained by directed metallation of @rcarbamate undergoes
intramolecular anionic Fries rearraangerffeaffording salicyl amide, if the lithiated species is
not reacted with an electrophile. Such rearrangement has been carfiédooud-, 5- and
7-hydroxybenzdj]thiophenes. No protection of theposition to the ring sulfur atom was nec-
essary during these rearrangements. It is therefore surmised thaOwiaebhamates derived
from the hydroxybenzdjthiophene are subjected to directed metallation, deprotonation pre-
sumably occurs both at the positianto the ring sulfur atom anortho to the DMG. While the
kinetic acidity of the protona to the ring sulfur atoms leads to substituted products upon
electrophile quenching, in the absence of an electrophile, the thermodynamically controlled spe-
cies,orthoto the DMG, predominate. More experiments are needed to verify this conjecture.

Salicyl amides obtained via anionic Fries rearrangement are useful synthetic intermediates
since a fresh DMG, viz. CONEs generated during the course of this rearrangement. We have
utilized®*#78this phenomenon for annulating 6-membered oxygenated rings on to the existing
benzop]thiophene core (Scheme 7).

EtzNO Et2NOC
t: : S
OMe l
Et,NOC
l
S

(a) s-BULI/TMEDA/THF/-78°C; (b) -78°C-RT, 12 h; (c) Mel/K,COs; (d) n-BuLi/TBDMSCI;
(e) Mel; (f) LDA/PhCHO; (g) NaOH; (h) CuBr.SMe,;; (i) CH,=CHCH,Br; (i) HCI.

OMe

OCONE,

Scheme 7.

6. Hydroxybenzop]thiophenes in annulation reactions

Hydroxybenzop]thiophenes are used as intermediates in reactions for annulating an oxygenated
ring on to the benzb]thiophene core either on the benzene or on the thiophene ring. Annula-
tions can be carried out either through introduction of a suitable functiowality to the
hydroxyl group, followed by reaction with an annulating agent @-aylylation-[3,3]sigmatropic
rearrangement—cyclization protocol.

Synthesis of compounds formed by annulation of a 5- or 6-mermbered oxygen heterocycle
either linearly or angularly to the benzene ring of bejgmpphene began for making sulfur
analogues for bioactive furanochromones or furanocoumarins. This expectation is pertinent in
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view of the marked higher biological activity shown by sulfur analogues of biologically inactive
tricyclic compounds consisting of benbfiirans with condensed isoxazole, thiazole or pyrazole
moities. The furocoumarins and furochromones, which inspired the synthesis of their sulfur
analogues, are naturally occurring compounds, showing pronounced biological activities. Syn-
thesis of sulfur analogues of furochromones and furocoumarins from hydroxytijénaphenes

was first reported by Mustaé al 3! who synthesized 2-methylthieno[¥]pibenzopyran-4-one

(14) and thieno[3,4}[l]benzopyran-2-onel’).

Chapman and coworkéfaised von Pechman reactiorsynthesize thienocoumarins which
consist of reaction of the corresponding hydroxybemnifiofophene with ethylaceto acetate.
Compound46-19were thus synthesized from 5-hydroxybetuthiophene® 4-hydroxybenzo-
[b]thiophene®®aand 4-hydroxy-3-methylbengthiophené®@and 7-hydroxy-3 methylbenzdf
thiophenes$! respectively. A number of thieno[2t8f]]benzopyranone<20) and thieno[3,4Y[I]-
benzopyranone2() were synthesized by De and coworRefiom 4- and 5-hydroxy benzof
thiophenes carrying an aldehyde functiotho to the hydroxyl group. A detailed NMR stuély
was also carried out on these compounds.

Among the tricyclic compounds consisting of furan ring fused to bétthajphene, ethyl
thiero[3,2-€][[]benzolb]thiophene-2-carboxylate2®) and ethyl thiend],3-g][1]benzop]thiophe-
necarboxylate 23)5! were obtained by the reaction of 4-hydroxybengtiiophene-5-
carboxaldehyde and 5-hydroxybenilthiophene-4-carboxaldehyde with diethyl bromoma-
lonate. De and coworkers prepa¥&#t and25 by reacting 4-hydroxybenzofthiophene-5-carb-
oxaldehyde withp-nitrophenacyl bromide.

Reports on tricyclic compounds obtained by annulation of oxygenated rings to the thiophene
ring of benzadp]thiophene are fewer in number. Chatterjea and Sabkgnthesized H[1]
benzothieno[3,Z]pyran and H[1]-benzothieno[2,3]pyran @6) systems from dimethyl
benzop]thiophene-2,3-dicarboxylate. There is a reffoon the synthesis of 4-phenyl-
2H[1]benzothieno[3,B]pyran-2-one 27) from thiosalicylic acid and 3-phenylpent-2-enedioic
acid. Elegant use of [1]benzothieno[2]pyran-3-one and [1]benzothieno[3¢Rpyran-3-one by
Jackson and MoodYyin cycloaddition reactions through situ thermal generation of quino-
dimethane and use of [1]benzothieno[B]@yran as an additive in fuel &iand of [1]benzothieno-
[3,2-bJfuran as antidepresséhhave been reported.

Annulation of a 6-membered oxygen heterocycle through [3,3] sigmatropic rearrangement—
cyclization protocol on to the benzene ring of behltbjophene has been investigated in our
laboratory?? Reaction of 4-hydroxy and 5-hydroxybenizgiiophene with 3-chloro-3-methylbut-

I-yne in the presence of anhydrous potassium carbonate and heating of the resulting ether
underwent sequential Claisen rearrangement and cyclization to @Badd 29. Interesting
observations were made® during the annulation reactions through the alkylation of the hy-
droxyl function with allyl and propargyl bromide followed by rearrangement and ring closure.
Both 4-allyloxy @0) and 7-allyloxybenzdjjthiophene 83) underwent smooth thermal rearrange-
ment and the rearranged products afforded 2-methy1-2,3-dihydrothiegiiid#=nzofuran 82)

and 2-methyl-2,3-dihydrothieno[2@}{1]benzofuran 85), respectively, through PPA-mediated
cyclization (Scheme 8).
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20 23, R = Me, R = COOEt
R = CN, COOEt, CONH, 24, R = H; R' = 4-nitrophenyl
R'=H, Me, Br 25.R = Me; R' = 4-nitrophenyl
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Scheme 8.

Propargyloxybenzdjfthiophenes 6 and 39) underwent one-pot thermal rearrangement—
ring closure. The ring closure step could be modulated by proper choice of dditinelation
of 6-membered rings resulted from the rearrangement in the absence of additives or in the pres-
ence of CsCl. Use of CsF however resulted in the annulation of 5-membered ring (Scheme 9).

The role of additives in the Claisen rearrangement of primary ethers was earlier highlighted by
Japanese chemist§The «¢-allenylketone 42) formed during the sigmatropic rearrangement
undergoes enolization followed by hydrogen shifts and ring closure. CsC1 apparently facilitates
this process. CsF, on the other hand, abstractg-thelrogen atom from the allenylketone to
afford 43 which then undergoes ring closure.
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Scheme 9.

We have reported the openingsdbutyrolactone ring with the anion derived from 4-hydroxy-
benzop]thiophene leading to the oxoaciti3j. PPA-induced cyclization of the latter results in
tricylic system ¢4) consisting of a 7-membered oxygenated ring fused to the benzene ring of
benzop]thiophenet®
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