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Abatmet-The cyclocondensation of 3(~beuxo[b]thiophcnone under acidic conditions has been studied. 
The symmetrical cyciotrimer ~[b]~~o)[~3 : T.3’ : 2”,3”-Jbenxene was formed and under certain 
conditions also a rearranged cydotrimer, tris(beozo[b]thieno)[2,3 : 2’,3’ : 3”abename. The formation of 
cyclotrimers was accompanied by oxidative coupling products involving the initially fonaed dimeric 
compound, ~h~roxy-~~~~[b]~~yl. During several of these reactions, a novel hcterocycle, 
t+benzo[bJthieno)[3,2-b:2’,3’-d: 2’,3”-/)oxepin, was t&med. The products were studied by mass 
spectrometry and fragmentation pathways were determined by a linked scanning technique. 

In our laboratory, studies have heen performed on 
oligomerixations of 3(2H)-henxo[b]furanones (3- 
cumaranones) (1) and 3(2H)-indolones (indoxyls) (2). 
3(2~&nzo[b]furanonesgave~e~~1,z~cz(3) 
and tetrameric2*3 (4, 5) products depending on the 
conditions used. N-Methyl-3(2H)-indolone, 2b (the O- 
acetate was used as precursor),gave the unsymmetrical 
trimer4 (6) together with related higher oligomers. In 
view of these results, we have now investigated the 
cyclocondensation of 3(2H~~[b]~oph~one (7) 
and some related reactions. 

Early studies of 3(2H)henxo[b]thiophenone do 
include some oligomerixations. Thus Rartholomiius3 
reported the formation of the dimeric condensation 
product & when 3(2H~~[b]~oph~one was 
treated with anhydrous HCl in chloroform at room 
temperature (similar experiments have also heen 
reported by ~o~pf~er6) or with HBr in boiling acetic 
acid. In the latter experiment, small amounts of a high- 
melting product (m.p. >330”) were obtained which 
were not further characterized. Later, Dalgliesh and 
Mann’ reported that when treated with refluxing 
dichloro- or monochloroaoetic acid 3(2H)- 
henxo[b]thiophenone gave two products, which were 
assigned the structures 8a (present as a “bimolecular 
associate”) and 9 based on elemental analyses, 
molecular weight determinations (Rast) and corn- 
parisons with oligomerixation products obtained from 
3(2H~~[b]f~one.~ i** The reported m.p. (22s 
226”) and the extremely low solubity of the purported 
8a in cold aqueous sodium hydroxide, is in striking 
contrast with the results of the earlier investigations,s*6 
m.p. 129%13fP and 132-133”. respectively, and good 
soluhility in alkaline solutions were obtained. The 
cyclotrimer 9 has also heen reported by Proetzsch et 
al.,’ as a product from a high-pressure condensation of 
2(3H)henxoCb]thiophenone. Unambiguous structural 
evidence for the cyclotrimer has not yet heen reported, 

t F’rwcnt address : Department of Physiological Chemistry, 
Karolinska Institute& Etox 60 400, S-104 01 Stockholm, 
Sweden. 

tTbecompounddescribalas3bintbispaperhasrccemly 
been shown’ to be # as originally proposed.’ 

RESULTS AND DISXJSION 

The oligomerimtions and the oxidations performed 
have&ens ’ A inScheme 1. 

Experiments in acetic acid/HCl 
~2~~~[b]~oph~one was cyclocondensai, 

using the conditions previously’ apphed to 3(2H)- 
henxo[b]furanone(HCl in acetic acid at loo” for 8 hr in 
a seakd tube). This proozdure gave a compkx mixture, 
from which a slightly yellow solid mat&al could he 
colkcted directly from the medium. The solid was 
treated with dichloromethane, which left a pale rose 
coloured product (PA yield) having a high m.p. 
( > 360”), and giving a molecular ion at m/z 396, thus 
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indicating a cyclotrimeric structure. To confirm the 
structure, the compound was treated with Raney Ni 
in dioxane, which gave a triphenylbenxene (M+ = 
306 daltons) shown by CC/MS to be identical 
with independently synthesized 1,3,.5-triphenyl- 
benzene,‘” thus proving the cyclotrimer to be tris- 
(benxo[b]thieno)[2,3 : 2’,3’: 2”,3”Jbenxene (9), which 
is the structure that has already been proposed.‘s9 

Evaporation of the dichloromethane extract yielded 
a product (1% yield) with the composition C,,H 1 zOS,, 
whose mass spectrum (Fig. 1) showed a dominating 
molecular ion at m/z 412, and a strong MZ + ion typical 
forafusedaromaticsystemThere wasnocharacteristic 
absorption in the IR spectrum. These data support a 
tris@enzo[b]thieno)xepin structure, e.g. 10, although 
an alternative fusion of the benxo[b]thiophene 
moieties could not be excluded at this stage. Treatment 

w 

Scheme 2. 

of the oxepin with Raney Ni in dioxane gave 1,3,6- 
triphenylhexane (24) (M+ = 314 daltons), whose 
structure was ascertained by “C-NMR spectroscopy 
(the phenyl positions could unambiguously be assigned 
on the basis of the multiplicity of the aliphatic signals in 
the off-resonance spectrum) and independent syn- 
theses. The oxepin therefore must have the structure 10. 
1,3,6_Triphenylhexane, which seems to be a new 
compound, was synthesized by two independent routes 
as outlined in Scheme 2. The tandem alkylation- 
reduction route was modelled from earlier work by 
HalLzl The formation of the oxepin 10 can be 
rationalized if an oxidative coupling,” aide infra, 
between 3(2Hbbenxo[b]thiophenone and 3-hydroxy- 
2,3’-bihenxo[b]thienyl @a) (present in the mixture) is 
assumed (to 13), followed by protonation (to 14), ring 
closure (to 15), deprotonation and dehydration giving 
the oxepin 10 (Scheme 3). Structure 15 could also be 
regarded as the protonated form of a hemiketal. This 
type of intermediate has been proposed for the acid- 
catalyzed dehydration of 2J’dihydroxybiphenyls to 
dibenzofurans16~17 as well as in the acid-catalyzed 
oligometition of quinonesl* The oxepin 10 is very 
stable and is similar to tribenz[b,dJjoxepin(26), which 
showed” properties typical of aromatic ethers 
(resistant to deoxygenation when distilled with Zn 
dust). Relatively little is known about triarenoxepins 
and no general methods for their preparation are 
known.23 Mass spectral data are available22 only for 
26. Recently the interesting 27 has been isolated24 from 
the slime mould Arcyria denudata. 

Simple oxepins are usually in equilibrium with the 
corresponding arene oxides.23 However, in the present 
case we have found no evidence for the exi&ence of an 

! 
M/Z 100 200 300 400 

Fig 1. Mass spectrum of tris(bcnzo[b]thicno)[3,2-b: 2’,3’d: 2”,3”-floxcpin (10). m/z > SO daltonq only peaks 
,0.90/.ofbaJepcalZpegLeon(m~+0.5)~txdudodInat:pealrsx2.~on(integtt~QS)maps 
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equilibrium between the structures 10 and 16 (Scheme 
3). 

The acetic acid &ate from the condensation 
reaction of 3(2I-&benxo[b]thiophenone (which had 
yielded 9 and 10) was poured into water, which gave 
further solid material. The main constituent of this 
material was the dimeric condensation product, 3- 
hydroxy-2,3’-bibenxo[b]thienyl @a), isolated in the 
enol-form (IR : v, = 3510 cm-i (sharp)). The mixture 
also contained two yellow products, A and B. 
Compound A had an IR spectrum which showed 
absorptions due to both an OH group (v = 3290 cm- r) 
and a CO group (v = 1680 cm-‘). The “C-NMR 
spectrum exhibited, besides the resonances in the 
aromatic region, a downheld resonance at 200.75 ppm 
and an upfield resonana at 67.25 ppm. The signals in 
the off-resonance spectrum were too weak to be used to 
assign the multiplicity. However, the chemical shifts are 

in good agreement with the data obtained for 22a, uide 
i&z. Themassspecnumshowed amolecularionatm/z 
562. Treatment with acetic anhydridbpyridine gave an 
a&ate (IR : v, = 1770 cm-‘)1 with the molecular ion 
at m/z 604 (Fig 2), indicating a monoacetate. The IR 
spectrum of compound B showed a broad O-H 
stretchingat 3420cm-1andnoabsorptionintheC=0 
stretching region. When this compound was treated 
with acetic anhydride+ridine an acetate (IR: v, = 
1780 cm-‘) was obtained, giving a molecular ion at 
m/z 646 (Fig 3) Two fragments (@4 -42]+ and m - 
&I] ‘) indicated formation of a diacetate. From these 
dataam~poundAhasbeenassignedthestruchue 
2 - (benxo[b]thien - 3 - yl) - 2 - (3 - hydroxy - 2,3’ - 
bibenxo[b]thienyl - Y - yl) - 3(2H) - bum[b] - 
thiophenone (lla) and consequently struchm lib 
for the monoacetate. Compound B is suggested to 
be 33” - dihydroxy - 23’: Yr : 3”,2”’ - quaterbenxo- 
[blthiopbene (lh), and the diacetate then having 
structum 12b. The formation of 118 could be 
rationalixed via a 2J-oxidative coupling1o of two 
molecules of 3-hydroxy-2,3’-biben[b]thienyl. A 2’,2’- 
coupling would then explain the formation of 12a. The 
third possibility, coupling between both the 2-carbons, 
gives a product without any enolixable carbonyl, thus 
being unable to form an acetate. Compound llr can be 
stored in a pure state, but 1% is unstable and also very 
dilIicult to purify. 

Treatment of 3(2H+nxo[b]thiophenone in a 
sealed tube without heating gave the dimer, 3-hydroxy- 
2,3’-bibenxo[b]thienyl @a) as the main product (85% 
yield) in a pure state. This is important sina the 
compound is not very stable. However, it can readily be 
handled as the acetate(8b). This parallels the behaviour 
of the oxygen analogue.‘*s When we wanted to preprUe 
the dimer & by treating 3(2H)-benxo[bJthiophenone 
with anhydrous HCl in chloroform,5*6 a fairly large 
amount of the compound proposed to have structure 
118 was obtained (11%). 

The hypothesis that 118 and lh are oxidative 
coupling products of 3-hydroxy-2,3’-bibenxo[b]- 
thienyl @a) was hniher tested by tmatment of the 
latter with potassium ferricyanidbpotassium hy- 
droxide, a well-established agent for oxidative 
coupling of phenols,” in dioxantiwater. This 
procedure gave a quantitative yield of a compound, C, 
having a molecular ion at m/z 560 (Fig. 4). The IR 
spectrum had a C=O stretching at 1703 cm-‘, while 
Y2H)-benzo[b]thiophenone has a C--V stretching at 
1665cm-‘.“Thesedatasuggeststruct~U)and23 
as likely candidates for this oxidation product. It 
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Fig2Mass~of2-(3-aatoxy-~-bibcnzo[b]tyl-r-yl)-2-(benzo[bJthien-3-yl)-Y2H)- 
tmm[b]thiophcnone (lib), m/z > 150 daltons. only peaks z 1.4% of base ptaL. 
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Fig. 3. Mass spaznun of 3Y - diaatoxy - $3’: 2’1” : 3”T - quatc~[b]thiophme (12&h m/z > 150 
d&tons, oldi peaks > l.P/, of base peak. 

follows t&n that either lla or 128 might be an 
kWntaiiate in a compkx reac&m..This proposal is 
stmnftQentd by the fact that 3-hydroxy42’&iindolyl 
(17) in basic solution, upon aeration givcG* a dimeric 
oxidatjve coupb;ng product analogqus to 23 (the 
atnrturr was ~~~oboratcd by an indepcndeat 
sys&esi& A compotmd analogous to lk was 
pro& asan in&mediate (not k+cd)+ 

Tbereforq WC treated 118 and 121 with ptasaium 
ferricyanidbpotasailnn hydroxide in dioxaoc-water. 
Compound lla gave a product ideScal with 
Wnpound c. Thus, if Wucture lla is corrc& the 
odd&ion product, C, must have structum 20. The 
p&uct obtained from the oxidation of 12a a&o had a 
mok+zu&u ion at m/z 560. However8 t&e were some 
~~~~e~~(F~~~,~~~~~~e 
iR qcctrum as compared with the spectra of 
compound C. This compound must then have the 
structure 23. 

compounds2oand23havetbe~b~~ofcisand 
frans arrangements of the two 3(2mbqnzo@]- 
tbiopbcnone systems, but no indications of the 
presence of different stercoj.so~ were obtained. 
These compounds are diflicult to dissolve in comEpon 
solvents. Therefore, no attempts have beu~ made to get 
information about the stereochemistry and no simple 
means seems obvious for such a study. 

Compound#)hasinfactalreadybcenprepan4but 
not charact~by KrollpfeiirerPlnconnecti 
the chemical characterization of 3-hydroxy-2,3’- 
bi~[~]~yl he reports: “Aus der w&kg 
alkalkchcn Litsung fault Feniayanktium in der I&We 
einem gelbbraunen Niederschlag.” That compound 
must be identical with our 2% 
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Fig. 5. Mass spectrum of dispiro[47 - dihydro - bis@cnz@jthi&no)[3,2-a: 2’,3’-c]bctucne - 6.2’: 7.2” - 
bis(3JZH) - bcnzo[bJthiophcnone)] (U), m/z >200 daltons, only peaks > 1.5% of base peak. 

Experiments in mono- and dichloroacetic acid 
Re-examination of the experiments performed by 

Dalgliesh and Mann’ was made in order to 6rmly 
establish the cyclotrimeric structure as well as to 
explain their “bi~olccular associate” of & In our 
hands, treatment of 3(2H)-benxo[b]thiophenone with 
dichloroacetic acid at 170” gave a solid, which was 
extracted with ethanol and dichloromethane. This left 
tris(knxo[b]thieno)[2,3 : 2’3’ : 2”,3”]benxene (9). The 
dichloromethane extract was evaporated, which gave a 
compound with an IR spectrum clearly different from 
that of the trimer 9 and with a considerably lower m.p. 
(253-255”). However, the mass spectrum showed a 
molecular ion at m/z 396 and was very similar to that of 
the trimer 9. We therefore considered this compound to 
be the isomeric trimer 18. Its formation can be 
explained by assuming an acid-induced isomer&&ion 
of the initially formed dimer & to 3-hydroxy-2,2’- 
bibenxo[b]thienyl(19), analogous to what happens to a 
much greater extent in the cyclocondensation of N- 
methyl-3(2H)-indolone.4 BenxoCbJthiophenes which 
are a&substituted in the 3-position, have been 
reported 14vz9 to undergo acid-catalyzed isomerixation 
to the 2-isomer. TLC of the ethanol-soluble material 
showed several spots, but no one dominated. The 
oxepin lOwasabsentinthemixture,and thepresenceor 
absence of the dimer 8a could not be established 
from the TLC. However, treating 3-hydroxy-2,3’- 
bibenxo[b]thienyl with dichloroacetic acid at 170” left 
no remaining starting material. 

& a R=H 
b R=CW+J 

Treatment of 3(2H)-benxo[b]thiophenone with 
dichloroacetic acid at a somewhat lower temperature 
(125”)gave-adiffer&tpkduct pattern. The yield ofthe 
cyclotrimer 9 was decreased to only 1% and the 
unsynimetrical cyclotri&+l8 was not found The 
cyclotrimer was instead acc&mnied by the oxepin 10. 
From the material soluble inkthanol, the 2,2’-coupIing 
product (1 la) of 3-hydroxy-2,3’-bibenxo[bjthi~yl was 
isolated. The remaining ethariol&oluble material was 
complex, giving several spots on the TLC. An intense 
spot having the same R,-valne as 3-hydroxy-2,3’- 
bibenxo[b]thienyl @a) was present. 

When the condensation medium was mono- 
chloroacetic acid at 180”, the solid material consisted of 
the cyclotrimer 9, the unsymmetrical cyclotrimer 18, 
and the oxepin 10. Furthermore, from material soluble 
in ethanol we could isolate the oxidation product 20. 
However, due to the low solubility of the compound.in 
ethanol, we have doubts about its presena in the 
original mixture. Instead, it might have been formed 
from lla during work up. The oxepin 10 decomposes 
when treated vvith dichloroacetic acid at’ 170”, which 
explains the absence ofthis product in the condensation 
performed under these conditions. Thus, we believe 
that the compound Dalgliesh and Mann’ assigned to 
be the “bimolecular associate” of 8r was in fact the 2,2’- 
coupling product 11~ or the product of further 
oxidation, 29. 

Experiments with bromine in carbon disulfde 
In connection with this study we observed that 

Krollpfeiff& had suggested structure 21 for a 
compound obtained when treating 3(2H)- 
benzo[b]thiophenone (3 mol) with bromine (1 mol) 
in carbon disulfide. The reaction was thought 
to proceed via formation of 2-bromo- 
3(2H)benxo[b]thiophenone and 3-hydroxy-2,3’- 
bibenxo[b]thienyl (HBr is formed in the bromination 
reaction, and will then catalyze the condensation). The 
product could also be obtained by mixing the proposed 
intermediates. However, we considered the formation 
of an ether of this type (21) highly unlikely under the 
conditions used. Rep&ion of Krollpfeiffer’s experi- 
ment yielded a compound with both an OH and a CO 
group (IR: vOH = 3215 cm-’ and vcc = 1665 cm-‘). 
The compound gave a molecular ion at m/z 430. 
Acetylation led to a monoaatate (Fig. 6), with the CO 
function still in the molecule. Analysis by “C-NMR 
spectroscopy of the parent compound showed besides 
the resonances in the aromatic region, a downfield 
singlet at 198.22 ppm and an upfield singlet at 63.82 
ppm. The downfield singlet is probably caused by a CO 
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Fig. 6. Mass spmtrtm of 2 - (3 - aa%oxybum$bjthitu - 2 - yl) - 2 - (bcnm[b]thien - 3 - yl) - 3(2H) - 
Lxnm[b]thiophenone (22b), m/z > 150 daltons, only @s > l.PA of base p&k. 

carbon, e.g. the ketonic carbon in a 3(2H)- 
benxo~blthiophenone-ring system. IO fact, 3(2H)- 
benxo~]thiophenone itself exhibits a CO carbon 
ratonance at 199.8 ppmis The upti@d singlet is 
indic$ive of a fully substituted sp3 a&on. These facts 
show that the compound cannot havethe structure (21) 
assigned by Krollpf&Ter. ,However, the data are in 
consonanm with the isomeric structure ‘22a. 
The. compound can be considered as an un- 
symmetrical oxidative coupling product of 
3@Weqxo[b Jthiophenone and 3-hy+oxyW- 
bibenxo[b]thienyl @acting at the -bon), catalyxed 
by bromination of the 2-positios, in 3(2H)- 
benxo[b]thiophenone. It is noteworthy that the 
previously discussed oxepin 10 is thought to be formed 
via an .oxidative coupling, but with coupling to the 2‘- 
carbon in the dimer & (Scheme 3). In that case, the 
initially formed product would have the possibility of 
undergoing a ring closure, which could lead to the end 
product. The oxepin 10 was also present in small 
amounts in the mixture when 22a was formed (TLC). 

D!SCtJSSION OP MASS SPECTBA 

Some of the compounds obtained were studied by 
linked scanning mass spectrometry to get information 
about fragmentation pathways.26 Daughter ioits of a 
particular precursor ion arc measimd by scanning the 
magnetic (E) and the electrostatic (E) sector such that 
the ratio B/E is maintained constant. In this way only 
ions formed from the selected ion in the lirst Beld free 
region are transmitted. By scanning the magnetic and 
electrostatic fields simultaneously such that the ratio 
B2/E ia maintained constant, it is possible tastudy the 
precursor ions leading to a particular daughter ion. In 
Figs l-7 a daughter ion determination is indicated by a 
left-hand arrow, and a right-hand arrow indicates a 
parent ion determination. 

The mass spectrum of tris(benxo[b]thieno)[3J- 
b: 2’,3’-d: 2”,3”-floxepin (10) is shown in Fig. 1. The 
molecular ion is predominant and the stability of the 
molecule is demonstrated by the doubly and even triply 
charged ions. In fact, most ofthe hagments formed also 
appear ‘in the doubly charged form. The relatively 
sparse fragmentation is explained by elimination of 0, 
HCO, S, CS. HCS and HCOS from the molecular ion. 
The ions formed eliminate further HCO, S, HCS as 
indicated in Fig 1. The compositions of the ions at m/z 
412, 3% 380 and 351 were conlirmed with high- 
resoluttonmass spectrometry. Eliminationof S, CS and 
HCS from knxo[b]thiophene systems, e.g. dibenxo- 

thiophene, has been zep~rted.~’ The oxygen expuktion 
is a very rare fragmentation. It par* the mportodlQ 
dimination;. of oxygen from d&unxo-l&dioxin. 
However, ,tbis elimination from dihenzo-l&dioxin is 
not mentioned in another fragmentation q,*O and 
there is no ion corresponding to. [M- 161 in the 
reported2fmamspe&umofWi~b#Jjoxepin(26). 
The interpretation of the daughter ion m is 
complicated by the fact that an elimination of 17 is 
much more abundant than the alimimhon of 16. 
However, it is very unlikely that 17 could be anything 
but OH and 16 anything but 0 in this case.,Thtxt, we 
interpret the results to show that loss of0 gives rise to a 
VW St&k iOn, With VCQ little fiUtbtI fragmantatioll. 

TheOHlossmustgiverisetoanunstabkion,diaatbe 
peak at m/z 395 is fully explained as the 13C isotope 
peak of m/z 394. However, the presence of an ion at m/z 
395formsdfromm/z412intbefirstfieldharegion~ 
clearly shown m-the parent ion deter&m&t. 

During the mass spectrometric studies, we found lfa, 
ll~ltand~tobt~ultto~dlaetotheir 
instability, especially at the high probe temperature 
necessaq for the three latter comlxmnds_ Thea&ates 
(8b,llhlUand23))~emuebsimplert;DbPndkand 
gave reproducible mass spectra, and were tberdore 
used in the fragmentation studies. The acutat4!8 
eliminate ketene until the parent coqmtmd is 
obtained. No other impacts havebeen assumed on the 
fragmentation. 

3 - Acetoxy - ,2,3’ - bibenxo[b]thiophene (rkb) was 
studied as a model. The spectrum and .the 
interpretation of the main fragment ions are shown in 
Fig. 7. The experiment shows that HCO ialost both in a 
single step as well as a stepwise loss of CO followed by 
H. The elimination of HCS also occum stepwiseas well 
as in a single step.2s The structure of 22b (assigned 
to be 2 - (3 - acetoxyhenxo[b]thien - 2 - yl) - 2 
(benxo[b]thien - 3 - yl)- 3(2H) - benxo[b]thiophenone), 
is strongly supported by the fragmentation pattern The 
base peak at m/z 2% (Fig. 6), is explain&by a 1,4- 
elimination of benxo[b]thiophene (134 daltons) from 
the parent ion at m/z 430 forming the radical ion 
of [A2*2’-(3H,3H~biben[b]thiophene]-3,3’-dione 
(thioindigo). Thioindigo itself shows a very sparse 
fragmentation.27Thelossof 149daltonsisexplainedby 
loss of the 3-hydroxybenxo[b]thien-2-yl group and the 
species formed (m/z 281) should undergo the-same 
fragmentation as lth, which also seems to be the case 
(m/z 281 --, m/z 253 4 m/z 221 + m/z 177). The 
elimination of 137 daltom is not structurally. obvious, 
but we condude that this is elimination of the 3- 
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Fig. 7. Mass spectrum of 3-acetoxy-2,3’-bibenzo[b]tb$yl(gb), m/ z >1OOdaitons,onlypcalcs >O.pAofbase 

hydroxybenxo[b]thien-2-yl moiety with the exception 
of the Z-carbon. The ion- at m/z 293 is probably a 
rearrangement ion. 

Ifthastructuresagaumedfocthe~2’ooupkd118awl 
b are correct, then they nprar&at benzo[b]thiophme 
homologues of 22a and ). llxis structural dmilarity is 
strongly supported by tbe mass spectrometric data 
(Fig. 2). Compound lib shows the elimination of a 
fragment of 137 daitons (as zzs) as well as an 
elimination of a benzo[b]thiophene-homologous 
fragment (269 daltons). In the same way, the loss of281 
daltonscorresponds to thebesof 149daltonsfiom22b. 

Tbcmassspe&umoftheY~-coupledlZb(Fig.3)is 
to a large extent explained by a &hydrogenation (m/z 
562-,m/z560).Whenthemass~of23(the 
oxidationproductof12a)issubtra&dfiomthatof12b, 
most of the peaks are eliminated. The ions at m/z 425 
and m/z 380 remain strong,and the loss of 137 daltons is 
probably explained for this structure as for the two 
latter structmw discussed. The pathway seems in this 
case to be less favourable. The fragmentations leading 
to m/z 293 and Gspbcially mjz 281 are not common for 
this structure. 

The mass specuum of the 6nal oxidation products 20 
(Fig. 4) and 23 (Fig. 5) are both dominated by the ion 
clusters around m/z 424 and m/z 3%. The daughter ion 
recordings of the molecular ions (m/z 560) show a clear 
difference in the important pathways for their 
fragmentations. For 29 the mokclllar ion fragments to 
m/z 516, m/z 483 (minor), m/z 424 (predominant), m/z 
396 and m/z 392 The fragmentation of the isomeric 23 is 
totally dominated by formation of m/z 424, but with a 
contribution of m/z 532 and m/z 3% (very minor). We 
havetentativelyassignedstructure28for theradicalion 
at m/z 424. The formation of this ion from a framework 
of structure 23 seems explainable. It is also 
understandable that ‘8 framework of structure 20 will 
have relatively more difliculties to fragment and 
rearranp to form an ion of structure 28 (iftbe ion at m/z 
424 is the same for both compounds) and this increases 
the importance of other pathways. 

CONCLUSIONS 

products are obtained from 3@+benzQcb&- 
This study has shown that cyclb 

pbenoneintbercactionn&iauaed.CornpanXI 

to ?,,“y”’ -tin of 3(~[6]fur- 
* not only the sy~~~triad cydotrimer 

E?forml& but also tbe unsymnM&al cycl@ 
trimer lg. However, the unsymmetrical qdotrimcr 

was only found in reactions performed at high 
temperatures (170-180”). The dimeric conden- 
sation product, 3-hydroxy2,3’;bibenzo[b]thienyl @a), 
formed in the first step towards the cyclotrimers is very 
prone to undergo oxidative coupling reactions. We 
have isolated compounds tha’t seem to be formed by 
Q- as well as 2’2%oupling of two molecules of 3- 
hydroxy-2,3’-bibthienyl (118 and 12a). These 
compotmdscanbefin?heroxidizedto2Oand23.3- 
Hydroxy-2.3’~bibenzo[b]thienyl can also >couple to 
3(2wbenzo[b]thioptione. We conclude that 
tris(bmto[b]thieno)C~-b:2’,3’6:2”~-floxepin (10) 
is formed via a douptiris d the 2-carbon in 3(2m 
beneo[bJthiophenonetothe2’-position(!Mieme3)and 
the product arising from coupling to the 2-position is 
also reported in this paptr. These results show that 3- 
hydroxy-2,3’-bibenzo[bwyl has properties very 
typical for a phenol. 

M.ps wcn determined on a micro hot stage apparatus and 
arc uncorrected. TLC wss run on SiOa 60 F,,, (Merck) in 
CHIClz (unless otherwise stated) and c&u% &romato- 
graphy was done on SiOl 60,0.063-0.200 nun (Merck) IR 
spectra were recorded with a Perkin-Ehner 257 IR 
spectrophotometer, being determined on KBr ti 
13C-NMR snectra were obtained using a Bruker WP 200 
spuztror&zter. Mass spectra (EI, 70 eV) were obtained with a 
VG 707OE double focusing instrument operated at 6 kV 
accelerating voltage. The direct probe was used and the ion 
source was kept at 250-3500. dcpeading on the probe temp 
neawsary to give good recording conditions. The resolution 
was co 1000 and the spectra were recorded on an 
oscillographic recorder. GC/Ms analy%w wem carried out 
witha15mx0.3mmfusadailicacPpillarycdumncoatcdwitb 
SE-52 (column temp: w)“), directly connected to the ion 
source. Only major paaks and pealcs of diagnostic value are 
listed. The daughter and parent ions are listed as “daughters” 
and “parents”, usually without reporting their relative 
abundance. High-resolution mass determinations were done 
on a Varian MAT 711 instrument. 

3(2H)-Benxo[b]thiophenone (7) was pmpared’s from (2- 
carboxyphenylthio)~ acid under strong alkaline oon- 
d&ions. The compound was recrystallized from petroleum 
ether (b.p. 4040“) and dried &I ooeuo immediately before UC. 
We found this route fast and convenient, although other 
methods exist (cf. Ref. 30). Precautions have lo be taken for 
storage of 3(2~bcnxo[b]thiophenone, since the compound is 
readily oxidized to coloured products. 

Acetylations were performal by treating the substrate (100 
mg)withAc,O(5.OIpl)amtainingpyridine(0.5mf)at~uxfor 
2 hr.Themixturewaspouredintowaterandthesolidmaterial 
was collected and purified. If solid material was not obtained, 
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the soln was ncutralimd with NaHCO, extracted with 
CH3C13, dried (Na3SO*) and evaporated. 

Treatment 4 3(2H)-benzo@]~kphem~~ w&k HC! ~JI HOAc 
Tb*lereactionswereperformedinahmvy-walkdglasstube 

(25 mm OD) with a mp having a PTFE-washer (total 
volumem5OmI). 

(1) ~2~~~]t~~~(2~~ 17mmol)in HOAc 
(25ml)saturatedwitbHClwashea&clto 1Wwithstirringfor 
8 hr. Solid material started to pmcipitate after co 10 min. The 
reaction vessel was found to ba la&free since no HQ was 
detected with pH-paper during the heating. ‘I-be mixtum was 
allowed to cool to room temp and the dightly yellow solid 
material formed was collected aad washed with a fm ml of 
HOAc, whereupon the solid was aamftdly extracted with 
CH,CI,. This tkatment left a pale rose coioured solid of 9, 
vield 52 ma (2.4Xk 2IL.D. > 360” flit.7*9 m.~. 422-425” and 422”. 
*kspectiveryj. ti~tiytical JampIe w& ncsystallipxi fkod 
xykne. IR: 1560, 1545, 1460, 1442,1352, 1310, 1265, 1190, 
1158,1022,889,770,718,703 an-‘. MS: 3%(M+, l(D), 394 
(S), 1% (MZ+, 17), 132 (M3+, 0.9). The C&Cl,, extract was 
evaporated and the residue was recrystaIIi& from CH,CN, 
yield 25 m&(1.10/,) of yellow 10, map. 252-254”. The analytical 
sample was obtained after c&mn chromatography witb 
CHsCl, as eluent. Although the oompound is sppringly 
solubleinCH,a,andthanioretnih.thirw~thtmcthodlhat 
gavetbepurest ~t~.(Fo~d:C,~.6;H,3.0;~23.4.~~ 
forC,,H,,0S3:C,69.87;H,2.94;s,23.31~.&)IR: 1437,1421, 
1~,1~7,13~,131~11~,1~,1~75~74~,719,~,~ 
~-1.MS:412~*,l~~~(l~~3(21~~(~~3Sl(l~ 
206 (I@+, ll), 137.3 (M j+, 0.5) and Fig. 1. Daughters: 
412 -+ 396,395.383,380,368,367,351; 3% -, 364,351; 383 -, 
351, 338; 380 -. 351; 3514 319, 306. Parents: 3514 380, 
383, 412; 380+412; 383-412; 395-412; 3964412 
High-nsolution MS: 4120060 (0.&X0) CUH,,0S3, 
396.0053 1-0.0048) C,,H,.S,. 380.0346 fO.OOl@ _- _* _. 
C,,H,,OSs;and 351.0352 (O.OOSU) t&HI & ’ ’ 

The HOAc filtrate was poured into water (ca 100 ml) and 
was left overnight The ppt was collected and treated with 
toluene and 2,2,4-trimetbylpentane. This tiorded 810 mg 
(34%) of crude & (TLC: R, = 0.59), dk &qka. The toluene- 
2,2&trimethylpentane soln was taken to dryness and -ted 
with CH,CN, which gave two crops ofsolid material. The kst 
crop (126 mg) contained maioly a compound A (TLC : 
R, = 0.75) and the second (134 mg) contained mainly two 
compounds, A (TLC : as above) and B (TLC! : R, = 0.41). The 
analytical sampie of compound A was obtained after bcveral 
recrystallizations fom CH,CN. The compound could also be 
purilied by column chromatography with CH&l,-hexane 
(1: 1) as eluent. By extracting a mixture containing compound 
Bwithacttoneandthentrratingtheundissolvaimataialwitb 
CH,CN, a rather pure material was obtained which has been 
used in the characterization. compouad B is not stable 
enough for column chromatography on SiOl. An sliquot (75 
rn~of~e~t~of~rn~~A~dBw~~tylat~~g 
the general procedure, yiekiing 84 mg of crude product. This 
material was subjected to column chromatography with a 
mixture of to1uene-heptane-diiqroIJyl ether (5:4:1) as 
duent. The material was separated into 34mgof a mmpound 
later shown to be the acetate of compound A, 15 mg of a 
mixture of both compounds and iinally 29 mg of a compound 
later shown to be the acetate of compound B (93% of applied 
material ra;overed). Compound A is llr : yeIlow crystals, m.p. 
198-2W(CH,CN). IR: 329O(OH.& 168O(C==O), 1588.1508, 
1450, 1441, 1431, 1340, 1315, 1287, 1266, 1253, 1220, 1168. 
1080, 1035, 1020, 935, 763, 756, 748, 732, 652,628 cm-l. 
13C-NMR (CDCls): 200.75, 67.25. The aromatic aubon 
atoms resonated between 15236 and 121.02 MS: 562 (M’), 
The MS was much dishubed by the oxidation product 28 
formed in the instrument. The scstate is ilb: white clrystats, 
m.p. 137-142” (ether-hexane) Attempts to further puri@ this 
material failed, presumably due to further oxidation, IR : 1770 
(C=O), 1695(C=Q, 1580,1448,1439,1428,1350,1288,1190, 
1042,758,73Ocm-‘.MS:6U4(M+.2),562([M-42]+,48),425 

(70),28l(l~pndF~2~:562-r529,~39a,291 
281;4U-+3%,393,361,29o.pprarta:MIl-r562;293-, 
562;393-,425,529,U22;425-*%2;%2~604. 

Compouui B is lk: y&low cry@&, m.p. 18+192” 
(CH,CN), impurities still present. IR : 3420 (OH, br), 1587, 
1460.1442, 1425.1408, 1378,1365, 1351, 1320, 1281, 1261, 
1229,1176,1166,1083,1045,1020,760,740 UU-~. MS: 562 
(M “1. The MS WBI much disturbed by the oxidation product 
23formsdiathotutnmK;ntTbaroetatcis12b:w~~QYStBfS 
lap. 266-26g” (colmml duomatography with CH&ls- 
hexane (3 : 1) as duent, cryataUized from &OH). IR : 1770 
(C==O), 1436,1354,1317,1187,1165,1155,1149,1132,1080, 
1050,1015,879,764,750,749731,726cm-*.MS:646@4+,9~ 
604 @M-42]+, 24), 562(m-42-42]+, 49), 425 (70), 424 
(lOoh 3% (4OA 394 (3% 380 (33) and Fii 3. The followiug 
doubly charged ions am exaMed from tbe figure : 2125 (4), 
211.5 (12). 195.5 (2) and 174.5 (3& The aatates formed from 
purified11aand12aweminaUrespsc@identkdwithtbe 
acetatea obtained ftom the mixture. 

(2) The an&mWion sea&on was repeated with 3(2H). 
benzo[b]thiophenone (1.00 g, 6.7 mmol) in HOAc (10 ml) 
saturated with HCl, whkh was left in the sealed tube for 48 hr. 
Small amounts of solid material was fikered off and discarded. 
The HOAc filtrate was poured into water (cl 100 mlj and I& 
overnight. The ppt formed was colkcted, yield 0.80 g (850/3 of 
light brown 8a (TLC : R, = 0.59), ukfe &$ru. 

Treatment of 3(2H)-benzo[b)tbiopknone w&h HCl in CHQ, 
(d.R&5mrd6) 

(1) ~2H~~fb~~o~~o~ (4.00 g, 27 mmol) was 
disk&d in dry Ci&, (kJ ml). HC?i (pa&d through CODC 
H,SO~wasintnxluadintothc~eoin,fitstat00(20min) 
and then at 25” (40 min) with exdusioa of the air. Exaas HCl 
was then removal with Ns, and the soIn was left ovtmigbt. 
~m~~&wasoofkctcdyisldO.H)a(13%1~a 133-136” 

. 5.6 mp 129.5-130” and i32-1330 lGp&&!elih IR. 3510 
$?H sharp), 1592,1588,1493 1436 ‘1420 1408 1348 ‘1227 
113;, 1075,1050,1015,~85j?795:763,~4d,73b,730’gn-’: 
MS: 282 (M+, lOO), 253 (SS), 221(24), 177 (20). 

The aatate 8L was prepared by treatment with AC@- 
NaOAc,s in 81% yield (EtOH. charcoal). m.p. 131-133” (Iits 
m.p. 133.5”). IR: 1765&=0), 1575, 14k, i418,1363,ljSO, 
1334,1196,1183,1155,1138,1129,1077,1055,1042,1015,874, 
849,781,767,755,741,739,713cm-*.MS:324(M+,13),282 
(&l-42]+. lOO), 253 (33), 221 (24), 177 (15) and Fig. 7. 
Dauabtem: 324 -, 282: 2.82-r 254. 253. 249. 240. 237. 
22%~21; 280-+252, 2%; 254+22i, 210,209; 253:221; 
209, 208; 221-* 189, 177. 176. Parents: 2214253, 254; 
253 + 282 ; 254 -+ 282 ; 282 + 324. 

(2) The reaction was repeated, but with less efEdent 
exclusion of the air. The mixture was left with stirring 
omnight,thcnd~utadwithCHCI,(SOml),wat~(100mI)was 
added and the mixture was neutral&d with NaHCOs. Tbe 
CHCl, phase was coIkcted, washed with water, dried 
@&SO+) and evaporated Crystallization of the residue from 
CH,CN gave43Omg(llo/ of lla. 

Treatmeat of ~2~~o~b]t~p~~ witk ~~c~T~~ 
acid 

(1) ~2H~~[b]~op~one (1.50 S, 10 mmol) and 
dichloroacxticadd(l2md)wemminedandheatsdto17O4willi 
stkringforlhr.Tbemixturewassetssideovemigh~tben 
poured into water (co 100 ml) and Ieft for another night. T&e 
solid material was co&c&d and extracted with boiling EtOH 
(loomlfforlOmin.TheEtOHwoadcrmrataidf;~the 
extraction was repe8ted on03 The residual solid material was 
further extracted with portions of re&xing CHsCl, (total 80 
ml or until no material moving on TLC could be detected). 
This yielded 9 (678 mx, 51%) with IR and MS as before. The 
CH&l, extraci was e&po&ed, and a&z tmatment with hot 
CH3CN, whitecrystah of 18(98 mg, 7.4x), m.p. 253-255’. IR : 
1455,1432,1334,1315,1232,1182,1152,1030,752,743.719, 
70S~-1.MS:3%~+,.l~~3~(~-2]+,31~~(6A 198 
@I’+, lo), 197 (~-2-J”‘. 13). 132 (M3+, 0.3). TLC: R, = 
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0.82. (This R,-value is also obtained from the oxepin 10 and 
we have not found any system that separates them. Holvever, 
theydifferinthefhtomsccnce at365mn,th&ompoundhaving 
blue flu orescenoe. and the oxepin has yellow fluorescence as 
well as being yelkw in vkibk light.) 

The EtOH-soluble material was examined by TLC which 
reveakd several spots without any one dominating. No spot 
comqonding to the oxepin 10 (R, = 0.82, yellow) was 
present The preaenoa of8la could not be established (cf. Ref. 7). 
All attempts to get purified material from this mixture failed 

(2) 3(2H)-Benxo[b]thiophcaonc (920 mg, 6.1 mmol) and 
dichloroacetk acid (8 ml) were mixed and heated to 125” with 
stirring for 1 hr. The mixture was treated as under (1). This 
yielded9( I I mg, I.4~o).Thematenalex~racrcd by CHICI, was 
inthisexperiment 10(65mg7.7?b)and wcfoundnotraaoflg. 
The EtOH-solubk material was evaporated, redissolved in 
hot CHxCN, 8lteraI while stifl hot, and after coohng, aystals 
of lla (68 mg. 7.9%) were obtahmd. The remaining material 
wascxaminedbyTLC,whicbrcvealad&vrralspots.Howeva, 
a spot with R, = 0.59 was pre-xent, the same R,-value as for 8a. 

Treatment qf 3(2H)-benzo[b]thiophenme with monochloro- 
aceticacid 

3(2HMknxo[b)thiophenone (1.50 8, 10 mmol) and 
monochloroaoetic acid (15 9) were mixed and heated to 180” 
with stirring for 1 hr. The mixture was treated with water and 
EtOH as described for the experiments in dichloroacetic acid. 
The residual solid material was extracted with retluxing 
CH,CN(co400mJ),whichleftamixtureoHhettimers9and18 
(76 mg) as indicated by TLC and IR. The mixture was 
extracted caretitlly with refluxing CH2Cf, and pure 9 (48 mg 
3.@&) was obtained. The CH,CJ, extract was evaporated 
whtch yielded 18 (9.4 mg, 0.70/.) after recrystallization from 
CH,CN.T~CCH.CN~W~~ g1veaftcrevaporationtocol00 
ml, 10 (120 me. 8 7’ 1 llm mdlendl might contain small 
amounts of the trimer 18 (IR, TLC). The EtOH extract was 
evaporated and treated with CH,CN A brownish material 
wasobtained(l93m8). Jnfurtherefforts topuri@thismaterial, 
it was treated with aatone, which gavea light brown material, 
latershown tobcrOl130mg9.3°~~AUfurtherattemplstoget 
purified material from the EtOH extract faded. 

Treatment of 3-hydrox&Y-bibenzo[b]thienyl with dichloro- 
acetic acid 

Compotmd&(3!IOmg 1.4mmol)anddichloroaaticacid(3 
ml) were mixed and heated to 170“ for 1 hr. The mixture was 
treated with water and EtOH as previously described. No 
starting material remained (TLC). The product pattern was 
complex. 

7’reatment of~is@enxo[b]thieno)[3,2 - b: 2’2 - d: 2”,3” -fl- 
oxepin with d&hloroacetic acid 

Compound IO(200 mg, 0.49 mmol) and dichkroacetic acid 
(3 ml) were mixed and heated to 170” for 3 hr. The mixture was 
treated with water and the solid material fotmed was 
examined by TLC. Several strong spots were detected in the 
small amount of material that was dissolved. The starting 
material (RI = 0.82, yellow) was present, but in very minute 
amounts. 

Reductfve desu&rization wfth Raney Ni 
Thesubstrate(2OOmg)andRaneyNi(ce9g)wererefluxedin 

dry dioxane (25 ml) for 6 ltr, and the hot soln was 8ltered and 
the’laney Ni was further washed with hot dioxane(3 x 25 ml). 
Thecombineddioxanephasea werecvaporated,redimolvedin 
CH,Cl,, dried (Na,SO,) and evaporated. The residuea were 
subjected to column chromatography with CH,Cl,-hexsne 
(3 : 1) as cluent. 

Treatment of 9 with Raney Ni yielded 59 mg (380/J of 1,3,5- 
triohenvlLmnxene. MS : 306 
226 (5),-202 (2), 153 (M 

CM’. 100). 289 (7). 276 (2). 228 (5). 
2 +, i). lie c&mtiki was Compared 

with independently synthesized l,3,5-triphenylbenmne13 and 
they were shown to be identical by CC/MS. 

TreatmentoflOwithRaneyNiyielded llOm8(7l%)of24as 

anoil. MS: 314@f+, 51),210(22X 131(37x 117(n), 105(16). 
104 (14). 91 (loo). This compound’ was compamd with 
independently synthesixed 1,3,6triphenylhexane, aide i&a, 
and they were shown to be identical 

rnfiepexdent sy7uheses ofl,3,atriphnurhexonehe?lylhexane 
Method A. 1,3-Diphenylpropan-l-one (dihydrobenxyl- 

ideneacetophenone) (6.30 g 30 mmol) was ad&d to a sohr 
prepared from 1-bromo-3-phenylpropane (6.70 g, 34 mmol) 
andMg(O.85g,35meq)indryethcr(l5Oml).Aftercoqktion 
ofthereaction(3hratretIuxtemp)themixturewascookdand 
treated with NH&l (aq. IV/, 100 ml). The ether phase was 
collected, washed with water,dried(NalS04) and evaporated 
Crystallixation of the residue from dtisopropyl ether-hexane 
gave 25 (7.10 g 720/’ mp. 6W. IR : 3570 (OH1 3450 (OH, 
br), 3083,3058,3020,2938,2855,1602,14%, 1453,1447,1065 
(br), 1030,913,766,749,701 cm-‘. ‘3GNhfR(CDClx): 74.99 
(s), 44.58 (t), 42.44 (t), 35.52(t), 29.51 (t), 25.27 (1). The aromatic 
C atoms resonated between 146.76 and 125.29. 

1,3,6Triphenyl-3-hexanol(l.65 g, 5.0 mmol) was d&solved 
indryTHF(15ml)andp~1 compkx(lOmmol) was 
added with stirring at 0”. After 12 hr at 0” LiAlH. (1.14 g, 30 
mmol) was added and the stirring was continued for 1 brato”, 
whereupon the temp was allowed to rise to 25” and then the 
mixture was stirred at this temp for 5 hr. Excess J.iAlH, was 
destroyed by addition of NaOH (aq, 2”/- 20 ml) The product 
was then partitioned between ether and water. The organic 
extract w.& washed with water, dried (MgSO3, evapo&d 
anddistilkd~o.llO-l15”.0.lmmHa)toviddl.33n(850/,)24 
asaoil. IR :$.X3% 3060,3022,2926.28~, l&3.14% i&4;ib73 
(br), 1032,912,755,734702cm-‘. “C-NMR(CDCl,):45.52 
(d), 38.51 (t), 36.58 (t), 35.%(t), 33.86(t), 29.22(t) The aromatic 
Catomsresonatedbetween 145.49aud 125.2O.MMS:314(M+). 

Mcthud B. 3-Phenylpropyllithium was generated in sfm 
from 1-hromo-3-phenylpropane (670 g 34 mmol) and Li foil 
(0.24 g, 35 meq) in dry ether (100 ml). lQDiphenylpropen-3- 
one (benxylideneaatophenone) (624 8,30 mmol) in dry ether 
(30ml)wasthcnaddedat25”.AAaZ&atthiLtemp,the 
mixture was cookd (to -25”) and ammonia (co 150 ml) was 
distilled into the mixture, whereupon Li wire(O.69g 100 meq) 
wasaddedinportione.WhentheLiwirrhadbeencomumsd, 
the dark-blue mixture was stirred for 1 hr, whereupon N&Cl 
(15.0 g) was carefully added. After compkted addition, the 
ammonia was allowed to evaporate from the now light-yeRow 
mixture.Aftcrpartitionofthercsiduebetwbm~Pndethcr, 
the organic phase was dried (MgSO& evaporated and 
distilled(b.p. llO-115”,0.lmmHg)toyieldanoil(7.54g,W/~ 
which was identical in all respects with 24 obtained by using 
method A. 

Oxidations with potassiumferrkyanide 
Compound 8a (0.20 g, O.7l~mmol) was dissolved in dioxane 

(5ml).K,[Fe(CN),)(O.3Og)andKOH(O.3Og)inwater(l0ml) 
were added. The mixture was reguxed for 5 min. After cooling 
the mixture, the solid formed was collected. Quantitative yidd 
of 28, m.p. z-360”. JR: 1703 (C==O), 1578, 1460,1449.1431, 
1311,1279,1218,1120,1079,1065,1031,923,810,755.734,729, 
725,678,640 cm -I. MS : 560 (M +, 25), 438 (24), 424(100), 423 
(47x 3%(46), 3% (43). 392 (24), 364 (22) and Fig 4. Daughters : 
560-r 516, 483 (minor), 424 (predominant), 3% 392; 
528-rMo; 5164483; 515+483; 499-467, 438; 470+ 
438;467+435;438+4%;424+3%,391;3%-+364,351. 

Compound11a(0.10&0.18mmo1)wasdisso1vedindioxane 
(5ml).K,~e(CN),](O.l5g)andKOH(O.l5g)inwater(lOml) 
were added. The mixture was rethrxed for 5 min, then cooled 
and the solid formed was colkcted. Yield 80 mg (8tJ?A) of 28 in 
all respects identical with the material above. 

Compound12a(l5m&27~ol)was(lvedindioxane(l 
ml). K,[Fe&N),] (60 mg) and KOH (60 mg) in water (2 ml) 
were added and the mixture refluxed for Smin. After cooling, 
the solid formed was colkctd yield I 1 mg of yellow crystals. 
Both the starting material, (u well as the product had 
impurities. However, by cat&l extraction with retTuxing 
CH,Cl,,ar&due(l.0mg)remained,consistingofZ3.IR:l6% 
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(C=O), 1582, 1518, 1448, 1308. 1278, 752, 744, 726 cm-‘. 
MS:560(M+,10),484(17),483(18),424(100).423(61),3%(42), 
394 (35), 288 (18) and Fig, 5. Daughters: 560 + 532, 424 
@ndominant), 3% (very minor). Parents: 424 -+ 560; 484 + 
512.528. 

Treatment of3(2H)-benzo[b]thiophmone with Br, in CS1 (cf. 
R& 6) 

3(2HhBenzo[b]thiophenone (4.50 g, 30 mmol) was dis- 
solved in CSI (15 ml). Brz (1.60 g, 10 mmol) in CSI (3 ml) was 
slowly added at room temp. The reaction was left under 
stirring for 30 min. Examination of the crude product by TLC 
with CH,Cl,-hcxane (1: 1) as eluent, showed a strong spot at 
R, = 0.24 and a minor spot at R, = 0.61 (yellow). The latter is 
also obtained from 10 in this system. A small amount of solid 
material was filtered OK and discarded. The solvent was then 
allowed to evaporate. A yellow material was ldt, which after 
crystalliitions from toluen&EtOH and CH&l,-hexane 
(1: 1) yielded 22a (1.60 g, 37%). At 165” crystals started to turn 
rd remaining yellow crystals melted at 181-183” (lit.6 m.p. 
198-199”). IR: 3215 (OH), 1665 (c=O), 1585, 1570, 1528, 
1450,1441,1438,1302,1286,1258,1073,810,757,740,730,668. 
650cm-‘.13C-NMR(DMSO-d6): 198.22(s)and63.82(s).The 
aromatic C atoms resonated between 150.49 and 114.18. MS : 
430 (M+, 44). 296 (88), 281(100). 

Acetate 22b was obtained by the general procedure. 
After purification by column chromatography with CH,Cl,- 
hexane (2: l), the yield was 78%, m.p. 171-173” (ether). IR: 
1785 (C=O), 1695,1598,1585,1575, 1450,1430,1355,1287, 
1186,1175,1166,878,869,862,856,843.833 cm-‘. MS: 472 
(M+, 3), 430([M-42]+,44), 296(100), 293 (31), 281(23), 253 
(16), 221 (31) and Fig 6. Daughters: 472 + 430, 412; 430 + 
412, 401, 369, 296, 293, 281; 293 -. 264. Parents: 221 -. 
253; 281+430; 293+430; 296-430; 369+401. 430; 
401-~430;412-,430,472;430~472. 
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