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inalyveig of four crude oiig hes indicated the
presence of aprroximetely 200 incividual sulfur compounds
gplit into 13 main clésaes, one of which represents |
dibenzothiophene and its derivetives., For example, both
dibenzothiophene and tetrahydrodiveuzotiiophene derivatives
are thought to be presgent in & high-boiling (2&5 - 400° )
Waseon, Texee, crude oil distillate (1). Distillation of
the hcavy fractions of Iace petroleun hag yielded 23 frace
tions (2) <from which dibvenzothionpens iteeli, together
with 4-methyldivenzothiophene and 2 other derivatives,
possibly 2~nethyl-, 4,6-dimethyl-and & trimethyldibenzothio-
phene, have been igolated. Xuwsit distilletes, which. are
known %o have an unususliy high sulfur content, contain
consicerabls amounts oi slkyldibenzothiopheneg, including
4,&6~dinethyldibenzothiophene and other tetremethyldibenzo-
thiophene derivetives (3,4). Dibenzothiophene derivatives
heve elso been shown to be present in both light (5) and
heavy (6) catalytic cycle oils and hiiddle Fast Tubricating
oileg {7) and dibenzothiophene end wslkyl derivatives
including 4,6=~dimetliyldibenzothiophene have been detected

in anthracene 0il (5,9). Teehnical vhenanthrene obtained
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fwom coal taxr is known (10) to be contaminated with up to
6 - 8 % dibenzothiophene ag well as with the more reedily

detected &nthracenc.

Separetion of dibenzothiophene derivatives from
petroleum oil frectiong hee been achieved by integrated
approaches (11, 12) in which fractionating processes(l,E,\v
such @e igothermal digtillstion, vecuun fractionation, and |
molecular disgtillation have been combined with speciroscopic
metliods including mass spectrometry (1,z,12,13) and NMR
spectroscopy (11). Dibenzothiophenes have also been cone
centrated in sharp chrometographic fractions obtained, for

xemple, by alumine gel percolation (5), and have been
detected by gae chromatogrephy (6,8,14). Cas chromatography
has also been used to seperate mixtures of sulfones (15)
including that of dibenzothiophene. ixtures ol dibenzothlo-
phene end either phenanthrene or dibenzofuran have been |
successfully separated (1€) by TLC using peiroleum ether and
glumina-imy regneted glass paper. ©Separstion of mixtures of
heterocycles including dibenzothiophene, its sulfoxide and
sulfone hee been achieved using either silica gel oxr

alumina (17) in hexsne or carbon tetreachloride.
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Sergienko et a8l (22) wag found that, the use of an excess
of perascetlic acid in petroleum ether at 106° gave, after
45 win, @ 97 % yield of the swlfone (II), while termination
of the reactlon mfter 5 min. geve the sulfoxide (II) (52 %).

Ford and Youns (23) have investigated the kinetice
of the oxidation of dibenzothiophene by peracetic acid
neing agetlio acidebenzence asg aolvent in the temperature
rang 15-60° end in this work obtzined yields of sulfoxide

of 94 %.

Oxidation of dibenzothiophene with te~butylhydroperw
oxide proceeded slowly end its wae only poseible 1o
meagsure ceaetion retes in the concentration zenge 0.3 -
0.6 mole/liter in acetic acid at 60°, The reaction did not
progeed beyond the sulifoxide (I) and it wes obtained in

35 % yield (33).
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7~ t-butylhydroperoxide [

I (35 %)

The kinetics‘of the oxidetion of dibenzothiophene
with perbenzoic acid in 1:1 dioxane-water hes been gtudied
in the range 0 - 40°, in this eystem the sulfoxide (I) wasg
oxidiped approximetely 10 times more slowly than the parent

compound (24).

The mechanism of formetion of the sulfoxide (I)
from dibenzothlephene with chlorine in acetic acid hasg
been studied (25). Sodium acetete ghowed g gtrong accelera-
ting effeet and the results suggested the formation of a
dibenzothiophene-chlorine adduct which then decomposed

giving the eulfoxide (I).

Degpite the fact that dibenzothiophene can be readily
oxidized with peracetic acid, 1t is generally resistant to
milder oxidetive concitions. It is, for example, stable
to heeting in an inert solvent at 150° in the presence of
bronze and oxygen, conditions under which both biphenyl

sulfide and dibenzyl sulfide gave insoluble precipitates (26).
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Raney nickel in ethanol (3,27) or dioxane (22)
readily desulfurizes dibenzothiophene and many of its
derivatives. Quantitative yields of biphenyl (III) are
obtained from dibenzothiophene using W7 Raney nickel (28),
while Reney cobalt is lese effective (29). Treatment of
2-bromodibenzothiophene with Reney nickel gave biphenyl as
the only preduct (30).

/\ I/\ Sdeney L 5/ \>, 7\
,/ (‘,Hx\v/J dioxene \\*_ .
(III)

Reduetion.of divenzothiophene with solium in liquid

ammonis has been showmn tQ be sensitive to the experimental

methods employed; hgwever, the mejor product is usually

1,4-dihydrodibenzothiophene (IV) (31-33).

A lfa + liq NH3
T >




When 1,4-dihydrodibenzothiophene is treated with phenyl-
lithium under conditions identical with those employed in
metelation & very smoth dehydrogenation occurs to yield

dibenzothiophene, benzene, asnd lithium hydride.

(IV)
The electrochemical reductieon of dibenzothiophene in ethyl-

enedismine ~ lithium chloride solution has been shown to
proceed via stepwige reduction of tle sromatic nucleus
followed by sulfuwr eliminetion (34, 35). Reduction of di-
benzothiophene with calcium hexemine furnished @=-cyclo-
hexylthiephenol (V) as the major product in high yield
(77 %) '
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III) Synthesis of Dibenzothiophenes:

DibenzothioPhene wag first synthegized by passing
phenyl sulphide ovex heated‘iron nails (36). The best method
for preperation ‘of dibenzothlophene in high yielde (up to
80 %) is by the actlon of suifur on biphenyl in the presence

of eluminium chloride (37).

/ \ / \ . s AAlClB - ——

mm— a—

e oo e B B R o il i oy B P S & 4 Gt g e e e i @ e o M P U (et S R S R A e S N et R e 8 et S e e e

The most extensively studied new route to dibenzo-
thiophenes, including dibenzothiophene, was devised simulta-
neougly by Rebindran end Tilak (38) and McCell (39}, which
involve & cendensation between thiophenol with 2-chlorocyclo-

hexanone as illusireted in the following scheme:
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Step A 1s best cairried out using 2-chlorocyclohexanone,
because it is more stable than the bromo analog. The use
of agueoug godium hydwoxide as the condensing ageni geve
a8 low yields compered with similer examples where sodium
ethoxide or potassium cerbonate in acetone are used.

Step B is usually conducted with phosphorous pentoxide at

180°C.

Dehydrogenation of the tetrahydrodibenzothiophene
(Step C) waeg initially carried out uesing selenium metal at
300°C. A geparete gtudy of suitable reagents for step C
has‘been made (40) in which it wes observed that N~bromo-
succinimide, although giving inferior yields, was effective

at temperature as low s T75°C,

ortho-sgubstituted thiophenols yield 4~substituted
dibenzothiophenes, whille pere substitution results in the
production of 2Z-substituted compounds. Conflicting reports
seccur on the use of meta-gubstituted thionhenols., Tilak
(41) reports thet methiocresol yields solely 3~-methyl
dibenzothiophene (VI), while lcCall (39) weports a mixture
of 1l-methyl dibcnzothiophene (VII) and 3-methyl dibenzothio-

phene (VI) which was separatable by colunn chromatography.
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_p-Methpxythiophenol when condensed with 2-chlorocyclo-
hexanone gave 2~methoxydibenzothlophene, but the synthesis
of the later compound by this rout was abandoned due to @&
poor yield in step B (41). p-Nitrothiophenol condensed

readily with the cyclohexanone but Ffailed to cyclize with
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pnOEphorous pentoxide (41)., In general termg, the reaction
works well for thiophenols bearing electron-releaging éub—
stituents, but fails; ox proceed in low yield, in the
pregence of eleétron»withdrawing groups. There are no
recorded examples of substituted 2-chlorocyclohexanones belng

uged.

B) FTrom Benzo (b) thiophenes
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thiophenes
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Dibenzothiphene has wecently been synthesized from
2 gllylvenzo(b) thiophene (VIII) by trestment with dichloro-
methyl butyl ethexr end anhydrous stannic chloride at low

temperature as shown in the rollowing equation (42):
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Thie gequenee hag been extended by the use of
subgtituted allyl croupse and modified formylating agent
EtOCClE-COOEt, prepared from diethyl oxalafe and phospho-
rous'pentachloride (43), to yield dibenzothiophenes |
substituted in the 1-, 1, 3-, and 3-posgitions. The use

of a gubgtituted allyl group is chown in the Ifollowing

scheme:
CA
@— B 06012“002]517
BuOCH012 1. OH™
Sn014 _ N 2.Cu/quinoline
> | | N
"N -~
g7 CH
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A novel route to produced dibenzothiphenes bearing
substituents in the 3,4-positions involving trestment of
3~vinylbenzo(b)thiophene (IX) with meleic esnhydride (44)
or tetracyanoethylene (45) to give (X) anéd (XI) respectively

ag ghown in the following scheme:
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This type of Diels-Alder reaction hes been extended
to the synthesis of several other fused thiophene systems
(44). The resction of butadiene with the sulfone of
3-benzo (b)thiophene~cerbozxylic acid under Diels-Alder
condition gives the adduct (XII). Catalytic reduction
over platinum oxide removes the 2,3~double bond, yielding

the compound (XIII) (46).
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COCH COOH
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O//"SQO O// QO

(XII) (XLIL)

C) Miscellaneous lMethods

Liscelleneous routes to dibenzothiophene include
treatment of biphenyl sulfone with butyllithium to yield
the 2,2'~dilithio devivative, which was cyclized with
cuproug chloride to a mixture of dibenzothiophene and its
sulfone (2:5) (47), and the action of phenylsodium (48) or

potassium in dimethoxyethene (49) on biphenyl sulfide.

@S‘C\\/ + CH N — ‘ |

Dibenzothiophene was cuccescively obtained from

2-hydrozxybiphenyl (50) and 2,2'-dihydroxybiphonyl when

g

Armerego and Turner (51) hag becn described the

treated with phosphorus pentasuliice.

AT
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i ,
OH OB

Friedel~Crafts cyclization of tiphenyl-2-sulfonyl chloride
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t0 give dibenzothiophene sulfone; however, thermal cycli-
zatlon in octachloronaphthalene et 250°, under nitrogen,
wag reported to yield dibenzothiophene itsgel? rather than

the sulfone (52),

IV) Ring-Reduced Dibenzothiophenes

L) Ring ketones

Cagniant and Cagniant (53) have renorted that
gsuccinoylation of benzothiophene under Friedel~Crafts
conditione yields a scparable mixture of the X ~ketobutyric
acids (XIV) and (XV) in e ratio of 9:1 in = high combined
yield (85 %), Hueng-linlon reduction of (XIV) to the
butyric acid followed by cyclization of the derived acid
chloride was reported to yield 4-keto~1,2,3,4~tetrahydro~

dibenzothiophene (XVI).

Swi g L) GO

(XTVv (xv) (%vI)
Alternatively, the keto scid (XIV) can be formed by

reaction of the Grignard reagent from 3—b;omobcnzothlophene
with succinic anhydride leading to (XVI) as described

ebove (54). While Hueng~kinlon reduction of (XV) to the
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butyric acid follgwed by cyclization with stannic e¢hloride

in carbon disulfide gave l-keto-l,2,3,4-tetrahydrodibenzo-

thiophene (XVII).
COOH COOH

(XVII)

Reduction of the ketones (XVI) and (XVII) with sodium

borohydride gave the secondary alcohols (XVIII) and (XIX),

regpectively, in hick yield (55).

u CH
) Q)
s 5

I 0H
(XVIII) (XIX)

The total synthesis of dibenzothiophene from thiophene

(56) has made availeble two ketones of potentiael synthetiec

interest. otepwisge succinoylation and reduction of thio~

phene cyclization of .(XX) usging phosphorug pentachloride in

conjunction with enhydroug stannic chlorxide or aluminium
J N
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chloride gave 1,9~ diketo -1,2,3,4,6,7,8,9~octahydro-
dibenzothiophene (XXI). |
v 0
COOH QoK X

~ PC1 ™~
L\»//[{mijlx\v// SnCl : A101>- l |
g 1 2 or 3
-\r)

(XX . (XXI)

Alternatively, monocyclization of (XX) with phosphoric acid,
followed by Hueng-~kinlon reduction and cyclization of the
derived butyric acid yielded the ketone (XXII). Dibenzo-
thiophene was obtained from both (XXI) end (XXII) via

reduction and dehydrogenation.

S
(XXII)

The diketone (XXI) could be used to bridge the 1,9-
pogitions of dibenzothiophene; for exemple, hydrazine could
lesd to (XXIII),.

0 0

| \ '
~ Wi - NH,

5
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(RXIII)



B) Hydrodibenzothiophenes

Reduection of 4-keto-l,2,3,4~ tetrehydrodi-
benzothiophene {XV1) with sodium borohydride followed by
dehydration of the resultant cerbinol (XVIII) by vacuum
diegtillation in the prescnce of a trace of PPA yields 1,2«
dihydrodibenzothiophene (XXIV) as & low-melting solid.
Similerly, 3,4=dihydrodibeczothiophene (XXV) has been
nrepared from l-keto compound (ZVII) as an unsteble liquid

(55).

H OH
(XVI) (XVIII) (XXIV)

H OH
e — ~1,0 o T
= QD

(XIX) (RXV)

- )y o~ | “E.0 |
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The reduction of dibenzothiophene with sodium in
liquid ammonis to give a dihydro compound, probably 1,4-

dihydrodibenzothiophene, hes been discussed before.

2) Tetrahydrodibenzothiophenes
Cyclodehydaration of 2-phenylthiocyclohexanone
with & variety of veagents yielding 1,2,3,4~tetrehydrodi~
benzothiophene (XXVI) (3%, 53, 57, 58), and represents the

gimplest way of obtaining this compound.

N

(XXVI)
Alternatively, reduction of 4<keto-l1,2,3,4~tetra-
hydvodibenzothiophene (XVI) under Huang-linlon conditions
affords (XXVI) in hizh yield (53). Peracetic acid oxidizer
(XXVI) to ite sulfonc (57, 59}, which ig readily reduced to
(XXVI) egein with LA (57, 59).

Friedel-Crafts acetylation of (XZVI) gives a mono-
acetyl derivative originally formulated as 8-acetyl-l,2,3,4-

tetrahydrodibenzotinioplene (53), Subrequeni work (60, 61)
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vevealed <that 1t wae 1in fact the T-acetyl
compound {XXV¥II), |

'"“ﬂ//\\} CH3C0CL [:::::[:“i:l::::]
; g Ox A
SN i 5

(XXVI) ~(CXRYIT)

3) Hexahydrodibenzothiophenes

———— - —— i

The 4a, 9b double bond in 1,2,3,i~tetrahydro-
dibenzothiophene=5,5«-dioxide (XXVIII) and similer cowpounds,
ig epgentiallly noneromatic end in this respect resembles
the 2Z,3-bond in benzo (b) thiophene-1,l-gioxide (62).
Catalytic reduction of {XXVIII) results in the formation
of 1,2,3,4,4a, 9b—hexahydrodibenzothiophene#B,S—dioxide
(XXIX). Subsequent reduction of (ZXIX) with LAE yields
142,3,4,48,%b~hexahydrodibenzothiophene (XuX) as an oil

(63,64).

Sh
e | _w_T, jH), —_—
. i
o . P '
o ]
Vet e
(XXVIII) (XI2) o —
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4} Octahydrodibenzothiophenes

1,2,3,4,6,7,8,9-0dtaﬁydrodibenzothiOPhene
(XXXII) has been nrepercd by (53) Friedel-Crafts acylation
of 4,5,6,7-tetrahydrobenzothiophene with succinic enhydride
oy with the ester chloxide of succinic acld followed by
hydrolysis, yields the keto acid (XXXT). Huang-Minlon
peduction of the leter compound followed by cyclization of
the derived acid chloride with stannic chloride yilelds
1-keto~- l,2,3,4,6.7,8,9-00tahydrodibenzothiophene (ZXI1)

which on reduction ;ives (XXZTII) in high yield.

s 1§

1)Reduction

\ 1 '
I /J 2)Cyclizatiod | /L (XXI1)

¢ -5

¥

’ 1 {11}

(XXXI) o

K [ L (¥xXTII)
\/ o ~ -~

Alternstively, 1,2,3,4,6,7,8,9-octahydrodibenzo-
thiophene (XXXII) has been prepared by reduction of the
potasgiuvm galt of the ecnol tautomer of thiacyclohexanone

with H~bromo-guccininide in bLenzene (65).
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V) Derivatives of_pibgnzothiogpene:
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It ie well known now, in the literature, & several
weysg for the gyntheses of four monomethyldibenzothiophenes
(41, 42, 66, 67) along with five dimethyl derivatives (3,11,
12, 51, 66, 67), two trimethyl derivetives (4), and eight
tetranethyl compounds (4, 68, 69).

The mono methyl derivetives hae been formed in good

vield by the 2-chlorocyclohexanone route.

4
R
R3
Condensation
+ >

¢l HS 7°
b
R

@J\Y/\L Dehydrogena ’Glon

where e ' R2 y £’ R R = methyl group
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Reductive eilslation of l-dibenzothiophene caxrboxylic
acid yields the l-methyl compound (42), 2elethyl dibenzo-
thiophene (XXXIII) is readily available from 2-bromodibenzo-
;hiophene via lithium exchenge and treatment with dimethyl

sulfate (66, 67).

iy i

f C6H5Li

N

"

. CH
A AN SR Y

| |
~5 ~

N
(XXXIIT)

3=Methyldibenzothiophene is slightly less acceseible
than the other three isomers. It can be isolated by treat-
ment of 3~lithiodibenzothiophene with dimethyl sulfate (67)
or by Huang-iiinlon reduction of 3-dibenzothiophene carbo-

xaldehyde (66).

4-Nethyldibenzothiophene is reported to be resgistant
to desulfurizaetion with Reney nickel, which hag been

attributed to steric Ffectorse (3).
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4 ,6-Dimethyldibcnzothiophenen(ZXXIV) has been
igolated from several crude oils (3, 11, 12) and has been
syntheized from 3,3'~dinethyl-2,2'-dihydroxydiphenyl with

phogphorus pentagulfide {(9).

47;*;§> /iﬂ:P/ + P282
H3C::jii te ok

3

(XXXIV)

2,8-Dimethyldibenzothiophene ig best prepared via
lithiun exchange with 2,8-dibromodibenzotihiophene and
treatment with dimethyl sulfate (67). It hag also been
farmed vis Huang-Iinlon reduction of 2,8-c¢ibenzothio-
shenedicarboxaldehyde (66). A novel route to the 2,8-di~
methyl derivative hes been described involving pyrolysis
of 2,9~dimethyldibenzo-o-dithiin (XXXV), or ite 5,5-diozide,
with copper bronze (51). The starting material is prepared
by reduction of 5,5-dimethyl~diphenyl~2,2'~disulfonyl

dichlovide with hydrogen iodide in acetic acid.

HI
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By the same route 3,7-dimethyldibenzothiophene hasg
becn rprepared (51) from the appropriately substituted
disulfonyl dichloxide.

Both 2,8-dimethyl- end 3,7-dimcthyldlibenzothiophene
have been reacted with & variety of arometic aldehydes in

DEF yielding distyryl compounds of type (XXXVI) (76).

_____ | SN
PhCH = CH ~§ " NZNCH = CHPh
(XHEVI)
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Ireatment of dibenzothiophene with alkyl halides

in the presence of silver tetrafluoroborate or triaryloxonium

tetrafluoroborate has been shown to yield the corregponding
5-alkyl salts of type (ZXXVII) (71,72). The products were
thermally unstabley reveriing to dibenzothiophene, although

the corresponding perchlorates were more stable.

AgBF4 //\\\
) 1
~s
R BF4

(XXVID)
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No monofluoro derivatives of dibenzothiophene
have been reported. The reaction of 2-bromotetrafliuoroli~
thiobenzene (XXZVIII) with sulfur dichloride afforded big( 2=~
bromotetrafluorsphenyl) sulfide which upon Ullmen counling

gives octafluorodibenzothiophene (¥ZXIX) in quentitative

yield (73).

? P

F
P\/ Br s01 I"\/ B Br r
N \
l?./ N “Ld. 7 S < )y
: 1
) f !

(XXXVIII)

biy F |
o _#T/{\ “
P I 5-’1\;;:[2\ <
{ T |
‘ (XXXIX)

The octafluoro compound (XXXIX) was smoothly
degulfurized with Raney nickel to give 2,2'~dihydroocta-
. fluorobiphenyl (74,75) and was recovered after heating for
4 days at 42050 in the presence of copper (76). Oxidation
of octafluorodibenzothiophene (ZEZXIX) with the usual resg-n*-
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proved difficulty however, 85 % hvdrogen peroxide in
trifluoroacetic snhydride emoothly converted it to the

corvesponding sulfone (74).

Leaction of octafluorodibenzothiophene (XXXIX) with
sodium methoxide in methanol gave the 3-netihioxy derivetive
(XL) together with a small amount of the corresponding

3,7-dimethoxy dexivetive (77).

7 P i P
! 7 |
Fa o ' I/ﬁ/b e )
+ CII,0HE ey
i 3 ‘
7 NS sufk\éfjf\F 5
F i}

(XIX) (XL)
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Chlorination oif dibenzothiophene et low~tempera-
ture with elcmental chlorine produces & chlorine adduct at
the sulfur atom which ig reedily decomposed to dibenzo-
thiophene«5~0xicde. Howeveir, nuclear chlorination of
divenzothiophene has still not been studied. 2-Chloro-
dibenzothiophene has been prcepared by the Sandmeyer reaction

oin 2-aminodibenzothiophene and this route hae now been
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extended to give l-chloro-, 3~chloro-, and 4-chlorodibenzo~

thionhene (67).

An glternative voute to l-chlorodibenzothiophene
involﬁing treatment of l-nitro-i-scetamidodibenzothiophene
with ethahélic hydrogen chloride, in thir cese a nitrogén -
free product was obtained and the product was shown to be
l~chlorodibenzothiophene (XLI) by comparison with an
independently synthesized sample from l-aminodibenzo~

thiophene (67, 78).

NO,,
N NHCOCH
S
| Ny 3 ues
o \/) C H OR

(XL1)

AeChlorodibenzothiophene has been piepared in good
yield vie the o-chlorocyclohexanone route, Atltempts to
prepare the 2-chloro derivative by this route geve vexry
low yields *(29). Dixd (79) show that dibenzothiophene-5-
oxide did, in fect, resct with either thionyl chloride or
nhosphorus oxychloride to yileld o-chloxrodibenzot.lophene
(XLIT) in good yield.

—_ N SOCl2 ar ¢l

g ~ 20C1, , S

(XLII)



3) Bromouibenzothiophene
o woutes éxist for the preparation of
1-bromodibenzothiophene (XLIII), each dependent on the -
ability of the acetamido group when present in pogition 2
or 4 of dibenzothiophene, to direct Iuriher sﬁbstitution

to %he l-poegition (80).

Br
- - s s hydp o=
Dromination N ] lyeis
) \\/ g
MICOCH., NHCOCH3
-~
Br Br
N Deamination [::j:]‘““i:ﬂ:jii]
. — _) /
e
s l/ | ~8
NHZ
(XIIII)

Alterpatively, 2-scetenidodibeazothiopiiene cen be
nitwated in the l-position end the dexrived nitwxo emino
converted te the l-.womo dervivetive by treatment with
hydecobromic ecid in ethanol (78) ekin to the reaction with

ethanolic hydrogen ecnlouride.
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(ZLIII)

C 21'150u

“romination oF diltenzothionhcine in carbon disuliide

veadily affonds the z-bromodibenzotiriophene (ALIV) (8l).
P ;

e peual route to Z-bromodibenzovi.iophene is via
nistration of éibenzothiophene~5woxide in the 3-pogition,
“nllowed by reduction with stannous chloride to 3-smino-
dibenzothionhene (82). The Sandmeyer reaction, on the
later compound:, with cunrous hionide in iBr yields the

3-bromodibenzotuionhens (LIV) (83).
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An alternative »oule to 3-bromodibenzothiophene could
be employed involving niiration of dibenzothilophene~5,5-
oxide in the 3~-position followed by reduction of the nitro
group and eonversion to 3-bromodibenzothiophene~5,5-oxide
via the Sandmeyer reaction (&84). Leduction of the sulfone

moiety with LAH {85) yields the 3-bromodibenzothiophene(XLV)

— g - o et e v - e e ———

Hydroxydibenzothiophenes are obtained from the
coryegponding emino-, bromo- &nd lithio derivetives.
Treatment of 2-~bromodibenzothiophene with anhydrous pota-
gseium methoxide and copper bronze afforded 2-methoxy
dibengothiophene which on demethylation lead to 2-hydroxy-
dibenzsthiophene (86)}.
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Direct nitration of dibenzothiophene occurs in the

2-pogition, while prior oxidation of ti.e sulfur atom to



either the gulfoxide or sulfone cauces nitration to be

directed to the 3-pomition.

e=Acetamidodibenzothiophene is nitrated in the

l-position yielding lenitro-2-acetamidodibenzothiophene
(KLVi), which upon hydrolysis with eitbher sodium hydroxide
or ethanslic hydroiodic scid gilves l-nitro-2-aminodibenzo-
thiophene {XLVII) (78). The same nitrosuine (XLVII) was
also formed by the nitration end hydrolysis of 2-carb-

ethoxyaminodibenzothiophene (87).
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Deaminetion of (XLVII) vie diszotization in sulfuric

acid afforded l-nitrodibenzothionhene (78).

In contrast to the behavior of the 2-acetamido-
divenzothiephene, nitration of 2-benzenesulfonamidodibenzo-
thiophene (87) and 2-benzamidodibenzothiopliene (88) results
in the production, after hydrolyeis, of 2-amino=~3~nitrodie

benzothiophene (XLVIII),

. NHGOCGH NHCOCH
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Hitration of 2-Twromouibenzotiziophene-5,5~0xide gave

8-nitro-2~-bromodibenzoihicphene (XLIX) (85).

0, ”mr/4\\,/3r
57N
No

7
0

(XLIX)

Kitration of 2,8-dibromodibenzothiophene gave & product
which wag assigned structure (L), while attempts to nitrate

2,8~dibromodibenzoihiophene~5,5~dioxide were unsuccege-

zul (89).
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As mentioned earlier, oxidation of dibenzothiophene
TQ either-the sulfoxide or sulfone causes electrophilic
attack to occur at the 3~position rather than at the normal
2-pogltion., Thig twrend is further excuplified by the
behavior of 4-methiyldibenzothiophene which is nitrated in
the 2~-position, while nitration of 4-methyldibenzaothiophene

which i1s nitrated in the Z-position, while nitration of
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4~methyldibcnzothiopheneeS,deidxide sccurs in the 3-position

yielding (LI) (90).
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1. Aminodibenzothilophene (1II) can be prepared by

reduction of the corregponding nitro compound with hydrogen

and Daney nickel (78).

N02 §H2
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(LII)

L synthesie of 2—aminodibenzothiophene~5,5—0xide (LIII)

from the corresponding 2Z-bromo compound hag been degeribed

involving heating with ammonium hydroxide end copper at

200°¢ (91).
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§-Bromo-2~aminodibenzothiiophene has heen prepared by
catalytic reduction of the corresponding nitio derivative

(85).

Br

3-iminodibenzothiophene (LIV) ig prepared by reduction
oF 3enitroribenzotuiophene-5~-oxide with stannous chloride at

room temperature (82, S2)..

RS onCl,
N - NO,, HC1 S NH,,

(LIV)

\

Ot

T) Side-Chein Carboayls
1) Aldehydes
Two approaches to the synthesie of the aldehydes

of dibenzothiophene havc been made. The most successful
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method involves treatment ol the eppropriete bromodibenzo-
thiophene with butyllithiur endé dimethyliormawide (€6, 90,

93’ 4')'

A\ Ve

The fommylating reagont oK o ~dichloxromethyl butyl ethex
(95) has been enployed (9¢, 97) fox the formylation of
dibenzothiophenes. Using this reagent on dibengzothiophene
in methylene chlowide, with stannic chloride as catelyst,
Flies and Swan obtaiued a mixtwre of the 2~ and 4-~aldchydes
(97)., Purification by Iractional crystallization gave 4-di~-

benzothionhenecarhoxaldelyde.

+ Cl-CH, -0-(CH_)_Ci. bnCly
b e e 3 GH,01,
¢l

OKO
! +
s
= i
CHO

c-Acetydibenzmothiophenc (LV) wae igolated by
Gilman (84) by treatment of dibenzothlophene in carbon

diguliide with acctyl chloride end aluminun chloride.
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Andreeve and Koton (98, 99) have reported that conduc~"
ting the acetylation in benzene or toluene yields an
inscnerable mixture of 2~ and 3-acetyldibenzothiophene,
while uge of either caxbon disulfide or nitrobengzene yields
e similar mixture fiom which 2-acetyl compound was lsolated

by golvent extiraction.

The kinetice of the Friedel~Crafts acetylation of
dibenzothiophene in nitroethane have been sgtudied; the
veaction proceeds approximately five times faster than with

toluene ag substrate (100, 101),.

The mogt convenlent method of preparation of acetyl-
dibenzothiophenes ig via treatment of the appropriate lithio
derivative with §,N~dimethylacetamide. In this way 2-acetyl

and 4e~gcctyldibenzoshiophene (LVI) have been pxecpared (66).

CH
+ Gy Con 3 —
oH, g

~

COCH,
(ILVI)
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Oxidetion of E—acetyldibenzothiophene with peracetic
acid yielde the corresnonding sulfone and with sgodium hypo-

iodite, 2-dibenzothiophene carboxylic acid (102).

G) Acids

—— e -

1) Kucleer Carboxylic Acids
> Dibenzothlovhenecarboxylic acid (LVII) has been
prepared by oxidetion of the corresponding eldehyde (97, 102)
ox» by sodium hypoiodide oxidation of the corresponding acetyl
derzivative (10Z ).

CHO OCH

\

yd

(0) Ii?,

/\, - COOH

WA

Resction of 2-acetyldibenzothiophene with anhydrous
pvridine and iodine yiclds the ecetyl pyridinium salt (LVIII),
hydrolysie of which yilelds the 2-gcid (ILVII). The same
gequ.nce hag been carried ouv on 2-acetyldibengothiophene-

5,5-dioxide (102).
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Reaction of pyrocatechol dichloromethylene acetal (LIX)
with dibenzothiophene in the presence of titanium tetrachlo~
ride yields O« hydroxyphenyl-2-dibenzothiophenccarboxylate
(IX) (102). The complete obgence of the 4~igomer in this
reaction may be due to steric effects at the 4-position
between the sulfur atom snd the bulky reagent. Hydrolysis
of (LX) yielde 2~dilbenzothiophenecarboxylic acid (LVII)(102),
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The most efficlent method of ﬁreparing the 2-acid is
via carbonetion of 2-1ithiodibenzothiophene (66), 4-Methyl~
3—dibenzothiophenecarboxylic acid hes been prepared by carbo-

nation of the corresponding lithio derivetive (90).

2) -0xo~dibenzothiophenchbutyric Acids

Friedel~Crafts acylation of dibenzothiophene with
succinie anhydride is-known to occure in the 2-position,

yielding X—oxo-z—dibenzothiophenebutyric acid (IXI).

0
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C—OH
q - COWEE -01%i
- Gy N, aa //l 2
; ¥ OH,- c0” > I )

(IXT)

A geparate study has been made of the acylation and
diacylation of dibenzothiophene with sucecinic anhydride or
the ester chloride of succinic acid (103). The use of either
reagent gave good yields of (IXI) and in each cages the'uae
of excess reagent gave 2,8~disubstitution, although the best
yield of 2,8-digubstitution wasg obtained by using the succinic

ester followed by hydrolysis.

4 low yield of x-4&0—4—dibenzothiophenebutyric ecid
has been obtained by treatment of 4-lithiodibenzothiophene

with succinic anhydride (104).
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3) Bulfonic Acids
lieny highly substituted derivatives of dibenzo-
thiophene bhearing gulfonic acid groups are Gegeribed in the
patent literatue relating to optical brighteners and dyestuffs;

however, the structures of these compounds are very rarely

establighed (105-107).

The 3,7=-dipulfonyl chloride of dibenzothiophene~5,5~dio-
xode has been igolated from the reaction of biphenyl with
chlorogulfonic acids The reaction proceeds via the 2,4,£-tri—

sulfonyl chloride of piphenyl (108).

H) Tithio and Othexr Netallic Dezivatives

i b ---u—l—-.._—-u'.-‘—-ﬁ--._-ﬂ —

The formation of 4-1ithiodibenzothiophene from
dibenzothiophene and butyllithium hag been investigated by
severel groups of workers (90, 104, 109, 110-113} including
the optimum conditions rox the Tormetion of this compound
(114) . In this study the direct lithiation of dibenzothio-
phene was accomplished with methyl, n-~butyl, end phenyllithium
in vapriousg solvents and &t varied temperatures, each reaction
being quenched with carbon dioxide and the yield of 4-dibenzo-
thiophcnecarboxyllc acid being token as a measure of the
overall efficiency of tlhe reaction. From thisg work, it 1s
clear that mixed tetrahydrofuran-diethyl ether 1s the solvent

of choice and 0° the optimum reaction temperatuire.
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The formation of L-lithio- (67, 109, 112), 2-lithio- (66,
67, 109, 112, 113) and 3-lithiodibenzothiophene (66, 67, 109,
112) hes beecn achieved by translithiation of The appropriate
bromodibenzothiophene with butylliithium, Higher yields of
derivatives are obtained from 2-lithiodibenzothiophene by
conducting the reactions at 0° (66) rather than at room
temperature (67). Both 2—lithio¥ and 3-lithio-4-methyldi-
benzothiophene have becn prepared from the respective bromo
derivative (90), end & similar gynthesis of 1-1ithio-4~-metho-

xydibenzothiophene has been described (93).

Both 2,8-dilithio- (66, 67, 115) end 3,7-dilithiodibenzo-
thiophene (115) have been obtained foom the corresponding
dibromides end in the {ormer case 1t has been demonstrated
thet higher yieldg of derived product are obtained at O°(115)
vater than at room temperature (67). Attempts to direétly
dilithiete dibenzothiophene with sn exceseg of butyllithium
have been largely unsuccessful, Terminatioh of the reaction

with carbon diozide gave.the 4-acid as sole product (116),
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Metallation of dibenzothiophene~5-oxide with three
equivalents of butyllithium followed by carbonation gave
8 miziture of A-dibenzothiophene carboxylic acid (36 %) and

dibenzothiophenc (10 %) (117).

Phenylecalcium iodide metallates dibenzothiophene in
the 3-position; howevew, 1t has no effect on the corres-
ponding sulfone (118). Mercuration of dibenzothiophene has
been accomplished by adding mercuric acctate o a melt of
dibenzothiophene, but the position of mevcuration was not
cetablished. Mercuric nitrate or bisulfite give no identi-

fiable products (118).

Dibenzothiophene-5~oxide reacts with triaryltin
chlorides to give complexcs which show bacteriostatic and

fungistetic propecrties (119).
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