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Dibenzothiophene-S-oxides - an .Overview

Thies THIEMANN, Kazuya ARIMA, Shuntaro MATAKA

In this review on the class of dibenzothiophene-S-oxicb the preparation, the structural and
physical properties as well as the reactivity of these molecules are presented Moreover, their
importance as intermediates into the microbial transformation of environmentally harmful
dibenzothiophenes is highlighted. Possible technical applications are also discussed.

Preparation

Scheme 1 and Table 1. Preparation of DBTO from DBT by Oxidation

Halogenation, i. e. chlorination or bromination of
dibenzothiophenes in CC14 with subsequent aqueous

RU:VR_2__R'~'
S 6 f 4

o 2

work-up yield dibenzothiophene-S-oxicb in high
yield;. (2.3) Oxicbtive chlorination has also been reported
for dibenzothiophene-S-oxire as a slurry in w;ner. 14J At
70°C the major prodIct was the sulfone, however.
Nevertheless, this method can be seen as an interesting
alternative to the oxidation with m-CPBA, (5) especially
for compound; with easily oxidizable functional groups.
The use of BF3 as a Lewis acid allows the oxidation
reaction to be run at lower temperatures than with m
CPBA alone. [6) Here, it can be expected on the one hand
that the Lewis acid activates the peracid, on the other hand
that it protects the sulfur of DBTO by complexation[9J to
the oxygen against further oxidation to DBT02• This
procedure has been used advantageously in preparing
thiophene-S-oxides"[IO) In the case of the DTBOs, however,

the yield; of both variants are comparable. Halogenated,
e.g. brominated or iodinated, dibenzothiophenes can be
oxidized unrer the same conditions. (6) Here the use of
BF3"Et20 as Lewis acid catalyst allows for better yields of
the DBTO renvatives. Dibenzothiophene-S-oxire itself
has also been prepared from dibenzothiophene by
oxidation withH20 2 in the presence of TiCl3 as a Lewis
acid catalyst[lI) and by iodosylbenzene diacetate. [(2) A

further preparation of interest is the oxygen transfer to the
sulfur of DBT with 5.10,15,20-tetraphenylporphinato
iron (m) chlorire (TPPFe(m)CI) as catalyst and BunNI04

as the oxidant;[16J this way DBTO can be prepared in good
yield To this end, Mansuy et al. [17) have reveloped a
catalytic system that uses oxygen directly, Le., a P-450
morel system. Mn(TPP)CI is the catalyst, where 1
methylimidazole is used as a cocatalyst. The reaction is
run in an acidified (acetic acid) solvent mixture of
acetonitrile and dichloromethane, and zinc is used as the
electron donor in the catalytic cycle. Yield;, however, are
only moderate. (17J
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Introduction
This overview is the first of a series of three reviews on

the preparation, the physical properties and the chemical
reactivity of benzothiophene-S-oxi<b, dibenzothiophene
S-oxides and thiophene-S-oxides.

The sulfur atom in dibenzothiophenes (DBTOs) is
much less prone to oxicbtion than that in normal organic
aryl sulfires. Thus, perbenzoic acid oxidizes diphenyl
sulfire 100 times faster than dibenzothiopheneyl
Nevertheless, a number of preparations of DBTOs via the
oxicbtion of the corresponding dibenzothiophene have
been devised.
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DBTO by Friedel Crafts reaction
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Scheme 2 DBTOs by base catalysed hydrolysis of dibenzothiophenium salts

direct oxidation of DBTO-rerivatives, is the fonnation of
5 from 2-[(trifluoromethyl)sulfinyl]biphenyl (4), its

nitration to 6 and the subsequent base catalysed hydrolysis
of 6 to the corresponding DBTO 7 (Scheme 2). [34J In order

to appreciate this method better, it must be stressed that
very often suitably substituted DBTs, neered as starting

material for the oxidation reactions to the DBTOs, are
commercially not available and are very frequently
prepared by ring closure reaction from the thio-substituted
biphenyls.

A second, related but earlier method based on the ring

closure of the central fi ve-membered heterocyclic system
starts from 2-diphenylsulfinyl acid 8, which is

transfonned to the corresponding sulfinyl chlorire 9

(thionyl chlorire). The sulfinyl chlorire is subsequently
ring-closed by Frierel Crafts reaction (tetrachloroethane,
O°C, 24h) to give DBTO in 51 % yield (Scheme 3).1351

presence of oxygen and water) DBT is recomposed
photochemically via DBTO to DBT-dioxire,
dibenz[c,e] 1,2]oxathiin-6-oxire 3 (Figure 1) and aromatic
sulfinates and sulfonates. [30] It has also been reported that

the photoirradiation of a charge transfer complex of
dibenzothiophene and tetranitromethane yields DBTO[33).

Dibenzothiophene-S-oxire has been found to be one

of the prochJcts in the metabolic oxidation of
dibenzothiophene by Pseucbmonads isolated from crure
oil, further prochJcts being 3-hydroxy-2-
fonnylbenzothiophene and 3-methylbenzothiophene

carboxylic acid (see the subpart on the environmental
aspect of DBTO [see also ref. 64]).

One preparative method that cbes not involve the

:':0;, Q;O
i e

5 CF:! TlO (75%)

.~ aq.1MNaOH

02N~_~02 1h,O°C 02N

, (61%)

°7 T. Umemoto, S. Ishihara 1993(3413

o (dibenz[c,e]oxathiin-S-oxide)

metaperiodate in basic aqueous DMF, a bromine complex
of Troeger's base,[19] and N02 (0.3 mol%) with O2 as a

co-oxidant,120! a sulfonic peracid prepared in situ from p
toluenesulfonylimidazole and H20 2 in the presence of aq.
NaOH (yield of DBTO 8%),121 ] and cesium fluoroxysulfate
(CsS 04F, CH3CN, rt, 1h, Y. 35%), [22] but these methods

are not always easy to handle and often tend to be non

reprochJcible. More exotic methods inclure the oxidation
with XeF2 in CH2Cl2 or acetonitrile in the presence of HF,

BF3 or C6F5SH.
The kinetics of the oxidation of dibenzothiophene to

the corresponding S-oxire have been studied24] and a
mechanism has been forwarded. [24b] Thus, the chlorination

in aq. acetic acid foIIows a regular second-orrer kinetics,
first orrer in Cl and in DBTO. [24a) Neither the prochJction

of HCI nor the presence of LiCI affects the rate constant.
NaOAc shows a very strong accelerating effect. [24a]

Oxidation with iocbsylbenzene diacetate is acid catalysed,
but zero-orrer with respect to the oxidant.124bJ Kinetic data

is also available for the oxidation of DBT with
MoOs'HMPT.125] A measurement of the kinetic constant k

with DBT at [O.IM], Mo05'HMPT at [0.005M] in

Figure 1

dichloroethane at 40°C gives a value of 0.042 M-IS-I. For

comparison, the value for the oxidation of diphenylsulfide
is with 34 M-Is- I almost by a factor of 1000 larger unrer
the same conditions. [25)

Interestingly oxidations of dibenzothiophenes with
peracetic acid (H20/HOAc),[trifluoroperacetic acid
(H20/CF3COOH [TFAD, [7) peroxymaleic acid (maleic
anhychicb'90% H20 2). [26] air in the presence of a

ruthenium catalyst on alumina (l00°CI12h)[8] all lead to

the corresponding dibenzothiophene-S,S-dioxires,
although it is possible with very careful control of the
reaction conditions to prepare DBTO by reaction of DBT
with H20/HOAc.1271

Photooxygenation of arylsulfides is known. 1281 DBTO

is fonned when DBT is photoirradiated in the UV range in
the presence of oxygen. [29) While the method cannot be

used preparatively, as DBTO itself is not photostable
(Jenks et al. have noted that DBTO photoreoxygenates
even at 77K at IJlM concentrationp21, this has been

forwarded as the basis of a desulfurization process for light
oil, where DBT is one of the sulfur-containing
contaminants. [30.31) The process consists of a liquid liquid

extraction of DBT from the light oil to a water-soluble
polar solvent, in which under these conditions (i.e., in the
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Structural and Physical Properties

calculated according to: A = 1 - (225/n)rrs(1-(~sI~ean)r

where n= number of bonds; d,s= individual [averaged] CC bond lengths;
~ean =averaged CC bond length of all CC bonds of the structure

131211

aromatlclty of DBTO. It is known, however, that the
non-areno anellated thiophene-S-oxides suffer inversion at

sulfur at elevated temperatures. The transition state of this
inversion process has been calculated to exhibit a close to
planar geometry. In what way the planar structure
contributes to the aromaticity of the system is stilI a
matter of discussion. Nevertheless, it must also be noted
that the barrier of inversion of benw[b]thiophene-S -oxire

or DBTO has been calculated to be much higher than that

of the unsubstituted thiophene-S-oxire (i.e., DBTO 32.3
kcal/mol; benzo[b]thiophene-S-oxire 23.9 kcal/mol;

thiophene-S-oxire 11.2 kcal/mol).1391 This is attributed to

the fact that, while the planar structure is stabilized by

aromatisation, the stabilisation energy to aromatisation
would taper off with the benzannulation.[39J

SpectroscopicaIIy dibenzothiophene-S-oxide has been
full characterized. [4OJ

t

'GD

Reactivity

a.) ReductionlDeoxygenation: It has been shown that
DBTO reduces electrochemically at a potential of about
0.6V more positive than that neered for the redIction of
diphenyl sulfoxire unrer the same conditions. (42)
Dibenzothiophene-S -oxire can be reduced smoothly to
dibenwthiophene by sodium bis(2
methoxyethoxy)aluminum hydride (Red-al R

), [43] but also
with NaBH4 in a mixture of benzene and ethanol at rt,
when meso-tetraphenylporphinato iron(Ill) (TPPFe(llI)CI)
is employed l44J In its presence, BNAH (l-benzyl-lA
dihydronictoinamire) also acts as a redIctant, but the
reaction conditions are more drastic (80°C, 2-4h) for the
conversion of DBTO to DBT. Dibenzothiophene-S-oxides
are also rechJced by H2 over CoO-MoOiAl20 3 at 10 atm
and 70°C.145J

Moreover, dibenzothiophene-S-oxires can be
deoxygenated photochemicaIIy in a number of solvents in
the presence of a photosensitizer.146-48J The triplet energy
of DBTO with 61 kcal/mol is quite low,[32J so that a
number of photosensitizers can be used. A mechanism for
this resoygenation was proposed to involve a
dibenzothiophene-S-oxire dimer., which gives two
molecules ofdibenzothiophene and one molecule of
oxygen (02).[46] It had been suggested that singlet
molecular oxygen 102, 1~g was the product of this reaction,

0.97

0.96

0.92

0.75

0.97

0.87

5·membered core entire structure

Q
~ 10b

(X-ray, Pouzet 1995~381

~~
I 10a

An X-ray crystal structural analysis perfonned on
DBTO by Horak et al.[36] shows that the thienyl-oxide ring

reviates from planarity, where the sulfur atom protrures
by 0.05 A from the plane defined by the four carbon atoms

Dibenzothiophene-S-oxide

Dibenzothiophene

Fluorene

Figure 2 Structural parameters of DBTO and thiophene-S-monoxides

of the heterocyclic ring. The oxygen of the suifoxy
moiety comes to lie on the other sire of that plane.
Angles a and f3 associated with this reviation from
planarity are given in Figure 2. The structural features
show great similarities with the geometry obtained for the
parent thiophene-S-oxire from MNDO calculations. [36,37]

For comparison these results are presented in Figure 2

along with data obtained from an X-ray structural analysis
of 2,5-diphenylthiophene-S-oxide by D. Mansuy et aI.[38]

The C-S bond in DBTO with 1.790 A[39] is

significantly longer than the C-S bond in DBT (1.740 A).

This leads to a more pronounced bond alternation

throughout DBTO. One indicative parameter for the

aromaticity of a molecule is the A value introchJced by
A indices according to Julg[40a]

taken from Horak et al. 1981 [36] Table 2

Julg and Francois, [40aJ which quantifies the bond

alternation in conjugated systems. In table 2 are presented

the A -values of DBTO, DBT and fluorene as calculated by

Horak et aI.136J on the basis of their X-ray crystal structure
of DBTO and the X-ray structures of DBT (Trotter)[4Ob1 and
fluorene (Iball)l4OcJ. That the oxygen ligand on sulfur is

not in the plane refined by the four C-atoms of the
heterocyclic system would also indicate that the
(remaining) lone electron pair on sulfur has a recreased

overlap with the pz orbital of the two neighboring carbon
atoms as compared to the overlap of the lone electron pair
in the pz orbital of sulfur in the corresponding thiophene.
This would explain, at least in part, the recreased

G. H. Posner et al. (1973)[46] Scheme 4
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cyclohexanol and the corresponding alkanols, so that the
irea of an oxenoid reactive oxygen intermediate created
unrer these conditions is now,being favored over singlet

~~
p~"",... S Ph

r ,~-= "Pyrex ' ,
CD2CI:tI HOOP- ~.

Me~~~,L,fmpp, p

10c ',(70%) 14

<) ( )
16

aorb

a: 'NI2B', MeOH, THF; in situ reagent (75%); 2 (3%)

or b: 'NICRA' (NaH 4 equiv.lAmOBu' 2 equiv./Ni(OAc)2 1equiv.); 75%2

morerate yield unrer the same conditions. An analogous

QS)
5

~
o

'Ni2B'iS prepared according to:

NaBH4 + NiCI2 + 9 H~ - 'Ni 2B' + 31i3B03 + 4 NaCI + 12~5 H2

Scheme 7 Reductive desulfurization of DBTO {T. G. Back (1992j531,
P. Caubere (1990j541)

reaction is found in the resulfurisation of DBTO with
NICRA, 1541 a nickel complex prepared from NaB, Am'
ONa, and Ni(OAC)2' When DBTO is subjected to a
reaction with 10 mol% NICRA (41211) in the presence of
2,2'-bipyridyl (DME, 65C, 18h), biphenyl is formed in
75% yield. Here, DBT02 reacts equally well. [55J

b.) Halogenated dibenzothiophene-S-oxires can
unrergo metal-catalysed couplingreaetions as shown in
Scheme 8 without deoxygenation. [6)

o
t

B,-r(0---s<~~ ~
~

2b 17

a.) = TMS, Pd(pPI\l)4, Cui, (i-Pr)2NH; b.) (n·Bu).NF, CH2CI2 (58%)

(K. Arlma, 1999)lel

Scheme 8 Pd(O)·catalysed ethynylation of DBTO

Moreover, DBTOs are relatively stable towards
various reaction conditions, as is exemplified by the
reaction sequence from 2-bromo-DBTO 2c, via 2-amino
DBTO 2d, 2-amino-3-bromo-DBTO 18 and subsequent
conden-sation with DMAD to 1 9 and cyclization to 20. 131

Here, drastic reaction conditions in both basic and acidic
media (e.g., in glacial acid for the bromination of 2
amino-DBTO) have been employed effectivelypI Even the
reduction of a nitro functionality to an amino
functionality with Sn in dilute aq.HCI (3-nitro-DBTO to
3-amino-DBTO) could be affected without appreciable
reduction of the suifoxy moiety. [3,581 This stability

cr--0~o:~ QXf"'~)-/ • 2OODC(IYI2h &

+ +,' •. H~00CHCYOOCH3o 0(28%)

&, 2,~"'E~2<1~"

~~~:;:-- ~)J~
o (40'10) a.) DOWlherm A 0 (40'10)

18 diphent/ 19Qf1arl /.".~~, ..
1 J. J. Wade, L. R. Lappi et al. (1978)131

o 20 Scheme 9

differentiates the DBTOs from the thiophene-S-oxides and
the benzo[b]thiophene-S-oxires (BTOs), especially the
non-substituted BTO, which even cannot be isolated in

pr-rh

~~

a relative ratiosScheme 5

Z. Wan, W. S. Jenks 199514881

T. Thiemann, F. Marken (2000)[51)

as the irradiation of dibert,zothiophene-S-oxire in
cyclohexene furnished, after reduction with NaI, 2
cyclohexenol in modefate yield'; Further photoirradiations
in cyclohexene 11 have sho",n, however, that cyclo
hexene OOes not quench singlet oxygen efficiently;
moreover, photoirradiations of,dibenzothiophene-S-oxire
in cyclohexane and branched;' alkanes have furnished

t

'CPO ~'CPO~2.~~ ~,~

{ ~:&'015,:0::,015'"

(7%)
Scheme 6 Photoirradiation of thiophene-S-monoxides

molecular oxygen. [48, see 49J At wavelengths above 230 nm
dibenzothiophene-S-oxires are inert towards photoreoxy
genation in absence of a photosensitizer, this in contrast
to thiophene-S-oxires which ate readily reoxygenated at
much longer wavelengths.150,51/

The photoreactivity has been used in the
hydroxylation and esterification of interior sites within
polyolefinic films. A PE film is <bped with DBTO at 15
mmol/kg. [52) It is then irradiated with a high-pressure Hg
arc lamp at 400W. During this.process the DBTO loses
its oxygen, thereby rev~ing back to the
dibenzothiophene, oxidizing the PE-film (i.e.,
hydroxylation). The dibenzothiophene is washed out of
the film in a second process. The hydroxylated positions
within the film can also be esterified subsequently.152J

Rernctions that <b not terminate with a
reoxygenation of DBTO to DBT, but which also involve
desulfurisation, can be accomplished with nickel catalysts.
Nickel boride, a species that is not very well characterised,
but is prepared in situ from a nickel(msalt by reduction
with sodium borohydrire in a ptotic medium, <bes reduce
DBTO to biphenyl 16 in 75% yield, where DBT is the
by-product (3%).1531 While DBT itself unrergoes this
resulfurisation with equal ease, DBT02 gives only a very
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Dibenwthiophene, higher conrensated
benwthiophenes and their alkylated rerivatives are
ubiquitious components in crure oil. These components
contribute upon consumption of these fuels a significant
amount of the S02 released into the environment.
Government regulations mandate a low sulfur content of
fuels. It has been calculated that the refining industry will
have to spend up to $37 billion oollars on new
desulfurization equipment and a further $10 billion dollars
in running costs over the next ten years. 1631 Many
thousands of polyaromatic sulfur heterocyc1es (PASHs)
are present in hydrotreated diesel fuel and the different
alkyl side chains in these compounds affect their reactivity
towards both inorganic and enzymatic catalysts, and thus
makes the search for a suitable catalyst and for suitable
resulfuri zation conditions extremely difficult. Two
basically different approaches have been forwarred - the
method of hydroresulfurization and the method of

acids of type 26 as antiallergic agents. Outset of the irea
was their similarity to the fluorenone annelated quinoline
carboxylic acid; of type 25, which were known to be
potent antiallergic drugs. After screening various
quinoline annelated dibenzothiophene-S-oxides, Wade et al.
have found 1,4-dihydro-l, 7-dioxo[ I]benwthieno[3,2
j]quinoline-3-carboxylic acid to be 8 times more potent in
the rat passive cutaneous anaphylaxis (PCA) assay than
disodium cromoglycate (DSCG) 24,157a l a substance that
is marketed for the prophylatic treatment of allergic
disease states under the trade names, Colimune®, Fivent®,
Intal® and Lomupren®, among others.[57b)

Environmental Importance

Figure 4

Certain benzimidazolylpropanoyl substituted DBTOs
have been reported to have bactericidal and fungicidal
activity.l591

Dibenwthiophene-S-oxires have been forwarred as
sensitizers in electrophotographic films. I60J Thus, an AI
laminated polyester support has been coated with a
component .containing a carrier-generating pigment,
poly(N-vinylcarbawle) and 3,7-dinitrodibenwthiophene
S-oxide to make an electrophotographic film.

There is an isolated report on using DBTO as an
antioxidant/stabilizer component together with
phenylnapthylamine in lubricating oils. (61) However, there
have been reports on using DBTO in combination with
amines and ammonium salts as inhibitors of CO2
corrosion in steel pipes.(62)

R

CCOH

CONa

21

23

QSJ
S

QT,. I
6SiMe3

N. Furukawa et al. (1992)[56)

~'l~
u-u

(DSCG)

24

Applications and Use

NaOOC

Figure 3

pure fonn. Nevertheless, also for DBTOs yields are often
quite low in the transfonnations, often lower than for the
corresponding transfonnations of the dibenzothiophenes
(DBTs) themselves. Thus, many authors prefer to oxidize
the suitably substituted DBTs to the corresponding
DBTOs in the last step of a reaction sequence.

c.) Dibenzothiophene-S-oxires can be used as an
entry to arylated dibenzothiophenium salts. This approach

Scheme 10 DBTO as precursor to tetra-C-Iiganded sulfurane 22

has been used especially by Hori et al. 15! for subsequent
studies on the reactivity of the thiophenium salts towards
Grignard and lithium reagents, one of the goals being to
produce four C-liganded sulfuranes. While, as Acheson,IIHJ
has shown in an intramolecular reaction, the
transfonnation to the corresponding thiophenium salts 00
not always proceed, N. Furukawa et al. [561 could react
DBTO with trimethylsilyl trifluoromethylsulfonate to the
intermediate 21, which has two good leaving groups on
sulfur. Reaction of this intermediate with 2,2'
dilithiobiphenyl 23 yields the at the time first stable C
tetraliganred sulfurane 22, of which also an X-ray
structural analysis could be carried out.

Ware et al. (3) have looked at the possibility of using
differently annelated benwoxothienoquinoline carboxylic
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bioresulfurization. Research in both areas is intense.
While great progress has been achieved in the
hydrocbulfurizati on, hydroresulfurization units are still
expensive to build and to operate. Furthermore, the sulfur
removal from certain troublesome functionalised
dibenzothiophenes has not been solved adequately.

Already in the 1950s US patents had been issued for
the microbial resulfurization process. Nevertheless, these
processes did not function satisfactorily. Moreover for a
commercially viable process, it had to be ascertained that
the organisms only reg~ the sulfur-containing
heterocycles into water soluble materials, but do not 'feed'
upon on other components of the fuel. For a workable
solution of this problem, the mechanism of the microbial
regradation of PASHs, especially of dibenzothiophene
(DBT) as a reference compound, neered to be uncerstood
Early on, it had been shown in morel (lab) ecosystems
that dibenzothiophene can be oxidized microsomally to
dibenzothiophene-S-oxire. BeijerinckiaJ661 and
Pseudomonas strains[641 as well as the fungus
Cunninghamella elegans[681 are also known to provire
dibenzothiophene-S-oxire from dibenzothiophene.
Recently, a bacterium, Rhizobium meleiloti Orange I
could be isolated that is capable of growing on
dibenzothiophene as the sole carbon and energy source. [69J
Also in this case, part of the dibenzothiophene was
converted to DBTO.

OszA 112NAOHl2~/o.

2NAO·JH.on
HO HO

... c."",.".,",,,,~ ob:.ii q-9J~ J
30 50/'

0,. 29
Metabolic pathway of DBT by Rhodococcus Bp. (strain IGTS8) Scheme 11

The resulfurization pathway, known as the 4S
pathway, [70,711 provided by desulphurization bacteria, has
now become uncerstood (and which could only be
unrerstood in retail after isolation of the corresponding
bacteria)pl[ and has been found to be: Dibenzothiophene
(DBT) dibenzothiophene-S-oxire (DBTO)
dibenzothiophene-S ,S-dioxire (DBT02) (Z)-2-(2'-
hydroxyphenyl)ethene-l-sulfinate (HPESi-) - HPEal (see
Scheme 11), i. e. the sulfur atom of the thiophene core is
oxidized progressively, before a C-S bond is cleaved. [71,see
also 761 Microbial strains belonging to the genera Thio
baci11 us1741, Pseudomonas [v.i .. 72 I, Corynebacterium1731 and
Sulfolobus[74J have been found to be able to metabolize
dibenzothiophene in this way. Recently, especially
Rhodococcus species\75,76) have been targeted as
resulfurization bacteria In the first step the
dibenzothiophene has to be transferred from the oil into

the cell of the organism. It seems that in Rhodococcus sp.
the molecule is directly transferred to the cell. The
resulfurization genes have also been transferred to
Eschericolia coli and Pseudomonas putida. [771 The enzyme
DBT monooxygenase (DszC) responsible for the
oxidation of DBT to DBTO has been isolated and
characterized. Its gene has been cloned and sequenced. [78.791
The same enzyme catalyses the subsequent oxidation of
DBTO to DBT02• Thus, while the biochemical pathway
of the resulfurization of DBT by such organisms as
Rhodoccus is more or less well uncerstood, it is the
transfer of this knowledge to the implementation of a
viable technology for the cesulfurization of large
quantitites of fuel that still presents formidable problems.
In om to increase the metabolic though-put both the
possibilities of modifying the dsz genes as well as
changing the host bacteria strain for the genes (strains
with different growth rates as well as enhanced metabolic
rates) has been looked into. [63.80) With the necessity of
reveloping novel methods for the regradation of DBT and
related compounds into more harmless compounds, their
microbial resulfurization via dibenzothiophene-S-oxice
and its derivatives will remain an intense field of study.
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