
A NOVEL ROUTE FOR THE SYNTHESIS OF 
BENZO[b]THIEPINS’ 

D. N. REINHO~ and C. G. KOUWENHOVEN 
KoninlrlijkelSbcU-Leboretorium.~~(ShcllRescan: h B.V.).ThcNethcriands 

(Recdtxdh fhe UK 3 December M73; Acceppted/orpuMication December 1973) 

Am--3.4 - Di(mcthoxycarbonyl) - 5 - pyrrolidinohcr@b]0Ccpin 5 is synthesized by a 
12 + 2kycloaddition of 3 - pyrrolidinohcnro(b]thiophcnc 3 10 dimethyl accrykncdicarboxylare. with 
subscqucnr ring opening of the cyclobulene moiety in the intambdiatc 6.7di(mcthoxycarbonyl)_s- 
pyrrolidino - 2 - thiabcnzo(b~icyclo[3.2.0]hcpta - 3.6 - dicne 4 (dttcctabk by PMR spccuoscopy at 
-UPC). Hydrolysis of the pyrrolidino group in 5 alTords 3.4 - di(methoxycarbonyl) - 5 - 
hydroxybcndb]thiepin 8. Peracid oxidation of S yields the corresponding I.ldioxide. The 
bc~b)thikpins are thermally unstable and (dcpmding on the aubstitumts) either extnr& sulphur or 
m 10 a Qmercaptel-naphrhd. probably via the thianmcaradkne as the intermediate. The 
kimics of the latter reaction are discussed. On being irradiated. the bcnzo(b]thicpins isomer& 10 2- 
thiahcnzo(b]bicycl0(3.2.0]hcpta-3.6diena. 

Possible routes to thiepin derivatives have been 
extensively investigated before, but only few of 
them’ have proved successful, for instance, those 
kading to benzo(d]thkpins and benzo(b1thiepin.s. 
Most other attempts failed mainly because the 
desired compounds rapidly undergo dcsulphuriza- 
tion. ‘.’ MO calculations have shown that thiepins 
are not stabilized by delocalization of the 8n- 
electron system.*’ In line with these calculations 
such stabilization can be achieved by annulation to 
electrondeficient heteroaromatic rinp systems (e.g. 
furano[3,6d]thiepins and thknol[3&d]thiepins’). 

dioxide 1 by substitution with a secondary amine 
and subsequent reduction of the bento 
[blthiophene I,ldioxide 2 with lithium aluminium 
hydride.” 

Previously, we reported the synthesis of dihyd- 
rothkpins by reaction of enamines of tetrahyd- 
rothiophen - 3 - ones with “electron-poor” 
acetyknes, followed by thermal isomerization of 
the resulting 2- or 3-lhiabicycIo[3,2,0]hept - 6 - 
enes.’ We have now investigated whether this route 
could be extended to “enamines” of “2.3 - 
dihydrobenzo(b]thiophen - 3 - ones”, in which the 
enamine moiety constitutes part of an aromatic 
IOn-electron system. 

In compounds of structure 3 the electron density 
a1 CI is greatly increased by the electron-donating 
capacity of the amino substituent. The substantial 
contribution of the polar structure of 3 to the 
ground state is also due to the ability of the sulphur 
atom to stabilize a negative charge at the adjacent 
(CJ carbon atom.’ Accordingly, in the PMR spcc- 
trum the hydrogen at C, is shifted upfield relative to 
that of benzdblthiophene by O&l.3 ppm. The high 
electron density I#J at C: is further illustrated by the 
fact that electrophilic substitution. e.g. nitration, 
occurs selectively and relatively rapidly at Cl. 
Therefore. compounds 3 can be regarded as 
enamines rather than 3-aminobenzol b lthiophenes 
(compare” and “). 

RESULTS AyD DLSCVSSIOY 

Synthesis of benzo [bjthiepins and benzo @]thiepin 
I, I -dioxides 

The starting compounds for our syntheses were 
prepared from 3-bromobento[ b lthiophene I, I - 

On the basis of the PMR data of 3a and 3b we 
may expect the latter compound to be more suscep- 
tible to electrophilic attack than the former (3b. S,,, 
6.00 ppm and 3a, &, 6.47 ppm). 

Reactions of 3-pyrrolidinobenzo[b]thiophene 
3b with one equivalent of dimethyl 
acetyknedicarboxylate at different temperatures 
afforded the following results: 

(i) Reaction at -20°C for five days in chloroform 

lBr 7 
R’R” f ,NR’R” ,r; R’R” 

q-q -Q(+-QQ3 
2 ~1: NR’R’ - Pipcridino 

I 2 B: NR’R’ = Pyrrolidino 

SotEvE I. 
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gave a 1: I addition product 4. Low-temperature 
PMR spectroscopy of the reaction mixture revealed 
a singlet at S 4.75 ppm and the methyleneamino 
protons at 6 2.59 ppm. The former value is in good 
agreement with the values of the chemical shift of H, 
in 2 - thiabenzo[b]bicyclo[3.2.0]hepta - 3.6 - dienes” 
and the latter value corresponds to a pyrrolidino 
group adjacent to a saturated carbon atom.’ The IR 
spectrum contained an adsorption at 1635cm-‘. 
within the region expected for the olefinic double 
bond in annulated cyclobutenes.‘.“.” An attempt to 
isolate and purify 4 at room temperature resulted in 
rapid isomerization to Sb. 

(ii) Retluxing for 16 h in diethyl ether afforded the 
benzo(b]thiepin 5 in 60% yield. The value for the 
chemical shift of H* (&,7.OOppm) is in line with the 
values of 8”, in 2.3 - dihydrothiepins.’ The rapid 
isomerization of the initially formed cycloadduct 4 
agrees with our previous findings.*.“.” It might 
proceed viaa low-energy, highly polarized transition 
state owing to the presence of the electron-donating 
pyrrolidino substituent at the bridgehead carbon 
atom and the electron-accepting ability of the 
sulphur atom. The isomerization rate of 4 is even 
higher than that of its oxygen and (acylated) nitrogen 
analogues.” A possibk explanation for this 
difference has been discussed in connection with the 
synthesis of thiepins.” 

(iii) Reaction in refluxing benzene for two hours 
gave a sulphur-free product that was found to be a 
naphthalene 7b. Obviously, the benzo[b]thkpin 5 
formed is desulphurized under the prevailing 
reaction conditions, as was confirmed in a separate 
experiment (olde infra). 

A similar set of experiments for the reaction of 
3+peridinobenzo(b]thiophene 3r with dimethyl 

*By contrast. a 5 - cthoxy - 2 - methyl - 2. 3 - dihyd- 
robenzo[b]thiepin - 3 - one exists entirely in the keto 
form.” 

C. G. KOIJWENHOVEN 

acetyknedicarboxylate resulted in the formation of 
the corresponding naphthalene 7r at 110°C. At 
lower temperatures no reaction occurred. PMR 
spectroscopy failed to provide evidence for the pre- 
sence of the corresponding intermediates. 

5-Pyrrolidinobenzo[b]thiepin 5 was hydrolysed 
under mild acidic conditions to 3, 4 - di(methox- 
ycarbonyl) - 5 - hydroxybento(b]thiepin 8; PMR 
data’ 60~ 13.35 ppm(s) and &, 7.20 ppm(s). The 
existence of this compound in the enolic form is 
attributed to the formation of a strong hydrogen 
bond between the enolic hydroxyl group and the 
methoxycarbonyl moiety.. 

Peracid oxidation of 8 yielded the l.l-dioxide. 
This reaction was fast even at -40°C. demonstrat- 
ing the nuckophilic character of the sulphur atom 
in the thkpin ring. The l.l-dioxide was thermally 
very stable (up to 25OT). far more so than its pre- 
cursor, as could be expected on the basis of its 
1Onckctron system.” 

l%rrmal rearrangement of bcnzo [b] thieplns 
As mentioned before, the benzo[b]thiepins ob- 

tained are thermally moderately stabk and can be 
converted in refluxing benzene to give the cones- 
pending naphthakne 7. sulphur being eliminated. 

Interestingly. the 3.4 - di(methoxycarbonyl) - 5 - 
hydroxybenzo[b]thkpin 8 rearranged under similar 
conditions to the 4 - mercaptonaphthol - 1 deriva- 

Q)jN”” _ ggR _ BR 
3 4 !I 

a: NR’R’ - Pipctidino 
b: NR’R’ - Pyrrolidh 
R - COOCH, 
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tive 10; in this case the sulphur atom was not 
eliminated. 

Some kinetic data of the extrusion reaction of 5 
and the rearrangement of 8 are listed in Table I.+ 
The substantial negative activation entropy (AS’ - 
- 25 c.u.) points to a highly ordered transition state 
in both reactions. The rearrangement of the 5- 
hydrobenzo[b]thiepin-the first example of a ther- 
mal rearrangement of a thiepin derivative without 
loss of sulphur-is analogous to the oxepin- 
benzene oxide-phenol rearrangement, a reaction 

Tabk 1. Rate constants and activation parameters of the 
thermal decomposition of benzo( b ]thkpins in tduene 

AH’ AS’ 
Reaction Temp., K k. 10.‘. s ’ kcahol C.U. 

346 0.16 
5+7 358 0.42 1823 -24210 

368 0.88 
377 3.20 

373 0.16 
8-10 393 0.88 21*3 -2528 

403 1.30 

that is catalysed by traces of acid. Hence, the result 
can be explained in terms of a rapid transfer of 
hydrogen from Cr to the sulrhur atom in the 
intermediate thianorcaradiene,’ which ttansfer is 
catalysed by the acidic hydroxyl group. This was 

% reactions were found to be first-order for at kast 
two half-lives. 

+A similar type of catalysis of sulphur extrusion by 
phosphincs was reported for other ticpin derivatives.” 

confirmed by the in situ acylation of the hydroxyl 
group in 8 (acetic anhydride/sodium acetate at 
IlOW, which gave rise to a sulphur-fnc 
naphthakne 11. Obviously. under these conditions 
the reaction proceeds via the acetate of 8, followed 
by rapid extrusion of sulphur. 

Experiments aimed at obtaining the acetate of 8 
at room temperature (acetic anhydridelpyridine) 
surprisingly atforded the naphthalene 11. An 
analogous observation was very recently described 
by Hofmann et al.; a mechanism was suggested. in 
which acylium ions attack the sulphur in the 
thianorcaradiene.‘*+ 

COOCH, 
10: R, - SHandR,-H 
11: R, - H and R, * Acetyl 

COOCH, 

On the basis of the experimental data, obtain- 
ed under different reaction conditions the 
extrusion/r eanangement of thiepins can be ex- 
plained to occur via a twostep process with the 
thianorcaradiene as the intermediate. The forma- 
tion of this thianorcaradiene comprises the 
symmetry-allowed disrotatory cyclixation of the 
triene system, which gives rise to a &-fused bicyc- 
lit thianocaradiene (Scheme 3). 

Photochemistry of bcnzo [blrhiepins 
Upon being irradiated 3&di(methoxycarbonyl)- 

5-pyrrolidinobento[b]thiepin 5 rapidly converted 
into 4. This reaction represents the reverse second 
step in our synthesis route. Prolonged irradiation 

- 10 

NR’R’ - Pyrrolidino 
R - COOCH, 
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gave no further rearrangement of the 2- 
thiabenz&b ]bicyclo[3.2.0]hepta-3. 6diene. 

Under the same conditions 3&di(methoxycar- 
bonyItS-hydroxybetuolblthiepin 7, too, afforded a 
2-thiabenzo[b]bicyclo[3.2.0]hepta-3,klicne (12. 
by, 4XVppm (s)]. However, on prolonged irradia- 
tion (16h) this was converted into another isomer 
13, whose structure was identified by PMR spec- 
troscopy (&._ and & 6.43 and 590 ppm) and by 
IR spectroscopy (vcec 1629cm-‘1.. 

benzol b hhiophene I, Idioxidc I .= 53.5 g (0.75 md) 
of pynolidine. and Is00 ml of 9096 ethanol was rd?uxed 
forlb.-fhemixturewa9cookdtoroomtemperatureand 
the resulting solid Wered off to give 39.5 g (76%) of the 3- 
pyrrolidinobenzoIb jthiophene I.ldioxide, m.p. - 175°C 
tdccomp.). This product was used as such for further 
reactions. 

3-Pyrrofidinobcnro lbjrhiophenc 3b 

The lint reaction, the photochemical [2 + 21 addi- 
tion of the diene system, has been observed for 
other heterocyclic compounds as well.“.‘* It com- 
prises a symmetry-allowed disrototory reaction, 
which leads to cis-annulation of the two rings. 

The second reaction in the case of irradiation of 8 
might proceed via a rupture of the C,-S bond to 
give a stabilized diradical (Scheme 4). which can 
react further to form a new G-S bond, yielding 13. 
This result is in line with the formation of the 
photoadducts by reaction of dimethyl 
acetylenedicarboxylate with benzo[ blthiophene.” 

A suspension of 39.5 g (0.167 md) of 3-pyr- 
rolidinobenzo[b]thiophcnc l.Idioxide and 200 
(0.526mol) of lithium aluminium hydride in l40Oml of 
diethyl ether was stirred at -3WC for four hours. The 
temperature was then gradually raised to room tempera- 
WC and ethyl acetate was added to convert the residual 
lithium ahrminium hydride. Subsequently. 40 ml of water 
was added and the solids were filtered off. The e&r solu- 
tion was dried over magnesium sulphate and concentrated 
to give 25.5 g (75%) of 3-pyrrolidinobenzo[b]thiophenc 
3b. obtained as an oil. PMR: 6,,_ 7-g ppmtm). 6”, 
6.00 Pam. 6~~~ 3.22 pptim). 6,c,,,X I.77 ppmtm). 

Attempts to convert 13 thermally into a 
benzolb lthiepin failed, which supports our sugges- 
tion that to give a rapid isomerization 2- 
thiabenzoIb]bicyclo[3.2.0]heptadienes need an 
electron-donating amino substituent at C,. 

Rrocflon of 3 - plpcridinobenxofb]fhiophnr 3a with di- 
methyl acdylcnedkarboxylafe 

exPEN..M. 
Microanalysis of the new compound9 gave satisfactory 

result9 (C, H. N. S r 0.2%). PMR specrra were recosded 
on a Varian HlfKl spectrometer with deuteriochkuoform 
as the solvent and tetramethylsilanc as the internal refer- 
ence. IR spectra were obtained on a Pakin-Elmer 457 
spectrometer with potassium bromide discs. The mass 
spectra of all compounds recorded on an MS 902 ma99 
spectrometer featured a parent peak and other fragmenta- 
tions in agreemen with the proposed structures. 

A mixture of I.10 g (5.07 mmol) of 3piperi- 
dino&nzo(b]thiophene 3a.” OgOg (5.63 mmol) of 
dimethyl acetyknedicarboxylate. and 25 ml of tduene 
was refluxed for 48 h. The solvent was evaporated off and 
the residue was crystallized twice from a dicthyl 
etherlpentane mixture to give 160 g (88%) of 2.3- 
di(methoxycarbonyl)-I-piperidinonaphthalene 7a. m.p. 
l&l26T. PMR: 6,,, 8.31 ppmts). 6,,_ 8.25ppmtl). 
7g7ppm(l), and 7.53 ppmt2). 6,,,,, 3.%ppm and 
3.89 ppm. 6,,,, 3.19 ppm. b,,,, I& ppm. IR: ~~~~ 1710 
cm ‘. 

Reaction of 3 - pywolidinobuuofb]thbphenc 3b wifh di- 
methyl acetylentdicarboxylatc 

3-Pyrrolidinobtnzo[b]fhiophcnc I,l-dioxide 2b 
A mixture of 53.5g (0.22 mol) of 3-bromo- 

*Very recently Hofmann and Meyer reported a similar 
photochemical rearrangement of benzo(b]Ihiepins IO 2- 
Ihiabenr&b]bicyc~3.2.0]hepta-3.6diene without further 
rcarrangcrncn1.” 

(a) AI - 2VC in dcutrriochlorofonn. A mixrure of I73 
mg (0.5 mmol) of 3-pyrrolidinobenzo]b]Ihiophene 3b 
and 73 ntg (0.5 mmol) of dimethyl acetylencdicarboxylate 
in 0.6 ml of deuteriochlotoforrn was kept at - 2OT for 
live days IO achieve complete conversion into 6. 7 - 
ditmcthoxycarbonyl) - 5 - pyrrolidino - 2 - thiabenxofb] - 
bicycloI3.2.0jhepta 3. 6 - diene 4b. PMR: 6,,_ 
7G7.8 ppm(m). b,,, 4.75 p~mls), 6r,r, 3.88 ppm. 6,.“,, 
2.59 ppm. btrw,, 1.79ppm. IR: Y<_~. 1635 cm”. When this 

5: R, - Pyrrolidino 
8: R, = OH 
R, - COOCH, 

4 
I2 

“-0” 

\ /I3 

OH H 
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qs 
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satnpkwaskeptforIhatWCitgaveaPMRspectrum 
identical with that of sb (see sub. (b)). 

(b) At 3X in dkrhyi &er. A mixture of 104 p (OW9 
md) of 3b and 9.0~ (Oa3 mol) of dimethyl 
acctyko&auboxykte in 150 ml of dkthyl ether was re- 
fluxed in an atmosphen of argon. The dkthyl ether was 
evaporated off and the solid residue was crystallized from 
a mixture of ethyl acetate/petroleum ether (6NWC) 
to give 126s (75%) of 3.4di(methoxycarbonyl~5- 
wr&~nobcaoIblthkpin (5). m.p. - I2VC (decomp.). 

7.35 ppm. &3”, 799 ppm(s). &,, 3.67 ppm. 
pWNjmGFrn. L, 190 ppm. IR: Ye-<, 1718 cm-’ and 

(c) At iOUT in &mw. A IItiXtlJE of 2.75 8 (O-014 mol) 
of Jb and 2.50 8 (0917 mot) of dimethyl acetyknedkar- 
boxylate in 100 ml of dioxan was relluxed for 48 b in an 
atmosphere of w. The solvent was evaporated off to 
ive a solid residue. which upon crystallization from 
pentane/dkthyl ether (IO: I) Pnaded 3.90 (89%) of 2.3- 
di(methoxycarbonyl)4pyrrolidinonaphthakne 7b m.p. 
-91°C. PMR: &, 840 ppm(s). 6,,_ 7.97 ppm (2) and 
7.57 ppm (2). b,,-, 390 and 3.93 ppm(s). &,,,,, 3.37 ppm. 
6 ,CWzQ 2.05 ppm. IR: vrd, 1710 cm ‘. 

Desulphurizotlon of 3. 4 - di(methoxycorbonyl) - 5 - 
pywolidi~~benro[b]fhitpk 5b 

3.4 - Di(methoxycarbonyl) - 5 - pyrrolidinobenzo(b) 
thkpin (100 mg) dissolved in 0.3 ml of deuteriotduenc 
was kept at ICCPC for I6 h. The PMR spectrum of the 
mixture was recorded and was identical with that of 7h. 
The sotid isolated had a m.p. of -91°C and the mixed 
meltinp point with 7b showed no depression. 

Kinetics of the isomrrfrotion of 6. 7 - di(mrthoxycor- 
bonyl) - 5 - pyrrolidino . 2 - fhiobcnzo~]bicyclo[3.2.0] 
heppra - 3.6 - dime 4b 

A sample of 4b was prepared from equivalent amounts 
of 3 - pyrrolidinobenzo [ b ]thiophenc and dimethyl 
acetyknedicarboxylate in deuteriotduene at -zo”c. 
Methykne chloride was added as an external standard 
and at different temperatures the reaction was monitored 
by PMR spectroscopy. The composition of the reaction 
mixture was determined by intqpation of the signal cor- 
responding to the proton H,. Rate constants 0.86 x IO ‘. 
190x IO-’ and I.14 x 10 ‘cs ’ at tcmpratures 301. 306. 
309°K. respectively. 

3.4 - fX(mdhoxycorbonyl) - 5 - hy&oxybnzo[b]thicpin 8 
A solution of 15.0 g (0043 mol) of 3.4 - di(m&oxycar- 

bonyl) - 5 - pyrrolidinobenzo(b]thkpin sb in 150 ml of 
methanol and I5 ml of concentrated hydrochloric acid 
was heated for ; h at 5OY. Upon addition of I5 ml of 
water and cooling to room temperature a crystalline ma- 
terial precipitated. It was filtered off and recrystallized 
from diethyl etherlpentane (I : I) to give 12.2 8 (97%) of 
pure 3. 4 - di(methoxycarbonyl) - 5 - hydrox- 
ybenxo(b]thkpin 8. m.p. 111.5-l IX. PMR: b,,, 13.35 
ppm(s). b,,,, 7,76ppm(l) and 7,36ppm(3m). b,,, 7.20 
ppm(s). h-,,, 3.76 ppm and 366 ppm(s). IR: vow 3405 
cm” (weak); UC-~, 1710 cm-‘. 1651 cm ‘. 

3. 4 - Di(mrrhoxycorbonyl) - 5 - hydroxybmzo[h]fhicpin 
l.l-dbxide9 

A mixture of 5.45 g (0.019 mol) of 3.4 - di(methoxycar- 
bonyl) - 5 - hydroxybenzdb jthiepin 8 and 1040 g (0.054 
mol) of m-chloroperbenxoic acid (90%) in 100 ml of 
dkthyl ether was refluxed for two hours to give a crystal- 

limsolid.Thereactioaproduct9wasracrystaD&dfrom 
ethyl acetatelpcntane (1: 1) to dve 5.15 8 (85%) of pure 3. 
4-di(mcthoxyc9rbonyl)-S-hydroxybento(b) 1,1- 
dioxide 9. mp. l6c166Y. PMR: a, 13.89 ppm(B). &, 
8.10 ppmG m) and 7.76 ppm(2. m). 6, 7.16 ppm(s). 
6 -, 3.86 pgm(r) and 3.78 ppm(r). IR : vow 3420 cm-’ 
(weak). vc-0 1721 and l655cm-‘. 

Rearrangement of 3.4 - di(methoxycarbonyl) - 5 - hyd- 
roxybenro [b]fhiepin in dbxon 

A solution of I-0 g (3.42 mmol) of 3.4 - di(tnethoxycar- 
bonyl) - 5 - hydroxybauo(bjthkpin 6 in IO ml of dioxaa 
was relluxed for I6 h. The solvent was evaporated off and 
the residue was crystallized from ethyl acetate/petroleum 
ether (W) to give 0.9 0 (90%) of 2.3 - di(methoxycar- 
bonyl) - 4 - mercapto - I - naphthol. m.p. ll2-ll3’<3. 
PMR : 6,,, 12.30 ppmW. bn- 8.15 ppm(2, m) and 7.62 
ppm(2. m). 6, tXX “, 3.9) ppm and 392 ppm(s) b., 3.42 
ppm(s). IR: Ye,,, 342Ocm ’ (weak), Y,,, 2537 cm ‘, vr_, 
1718cm ’ and 1662cm ‘. 

Kinrfics 01 the ncurongcment oj bcnzo[b]fIt&p&u Sb and 
B 

A sampk of the bcnmj b hhkpin (50 mo) diaaolvod in 
0.3 ml of dcuteriotducne was heated at several tempera- 
tures. The course of the reaction was monitceul by PMR 
spectroscopy (external reference compound: methykne 
chloride). The rate of ccmvc&on was dctaminaf by in- 
tegration of the absorption correspondi~ IO H,. The re- 
suits are given in Tabk 1. 

Rrorrungemcnt of 3.4 - di(methoxycorbonyl) - 5 - hyd- 
roxyknro[b]thicpin 8 in ocdc onhydridelsodium occtotc 

A mixture of 0.5 p (I.71 mmd) of 8. IO ml of acetic 
anhydride. and I.0 g of scdium acetate was retluxed for 
one hour. The reaction mixture was poured into water and 
the resullinp precipitate was filtered off. Chromatography 
over silica with a mixture of petrokum ether 
(4WiO)ldkthyl ether (l/l) gave 0.35 p (68%) of I acetoxy- 
2. 3 di(methoxycarbonyI)naphthalene. m.p. 92-93°C. 
PMR: 6,,: 8.37 ppm(s). bn, 7.9-7.5 ppm(m). &, 
3.88 ppm(s) and 3.91 ppm(s). GcwCco 2.39 ppm(s). IR: Y+” 
ITlO cm ‘, 1734 cm’ ‘, and I71 I cm”. 

Rrorrungement of 3. 4 - di(merhoxycurbonyl) - 5 - 
hydrobcnzo [blthicpin tl in ocehc onhydrideIpyn’dine 

A mixture of 0.5 g (I.71 rmnd) of 8. 2.5 ml of pyridine. 
and 2.5 ml of acetic anhydride was stirred at room temper- 
ature for 3 days. The solids were fIttered off and the reac- 
lion mixture was poured into water. The resultinp prccipi- 
late was tittered off and recrystalhzd from 
pentaneldiethyl ether. The reaction product (0.4 g, T1%) 
was identical with I-acetoxy-2,3di(methoxycarbonyl)- 
naphthalene m.p. 92-93°C. 

Photochemkol n4mutgemen1 of 3.4 - di(methoxycar- 
bonyl) - S - pywoliditwkruo[b]th&pin 5b 

Asolutionof I~O~(2~90mmol)ofSbinl00mlddiox~ 
was irradiated at I(pc. After I.5 h 5b was converted into 
6.7 - di(methoxycarbonyl) - 5 - pyrrolidino - 2 - 
thiabcnzo[b]bicyclo[3.2.0]hepta - 3.6 - diem 4b. The 
PMR spectrum was identical with that of the os+al 
material. After standing for several hours at room temper- 
ature the reaction mixture only contained ben&b)thkpin 
sb. 



2436 D. N. REINHOL’DT and C. G. KO~WENHOVEN 

Pholochemicd rcarranganenl of 3.4 - di(mrrhoxycar- ‘V. J. Traynalis aad J. R Livingston. 1. &g. C&an. 29. 
bonyl) - 5 - hy&oxybenzo[b]th&pin 8 1092 (1964) 

A solution of 1 .O 9 (3.42 mmol) of 8 in 100 ml of dioxan l M. J. S. Dcwar and N. Trinajstic. 1. Am chum. Sot. 92. 
was inadiated at 10°C (Hanau high prcssurc mercury-arc 14s3 (1970) 
lamp in a quartz vcascl). The rcacticm was monitored by ‘H. Hofmann. B. Meya and P. Ho(mann. Anpew. C7tan. 
PMR spectroscopy. Aftu 12 h noction 6.7 - di(matboxy- 84.477 (1972) 
carbonyl) - 5 - hydroxy - 2 - thiabcruo(b]bicyclo ‘R. H. Schkssingar and G. S. PonticaUo. T&&&on 
[3.2.0]hcpta - 3. 6 - dicne 12 was formed in 8096 yield. tcrrttr 1969.4361 
PMR: &, 40 ppm(s). . D. N. Rcinhoudt and C. G. JAivdd. Ibid 1972. 3119: 

Prolonged irradiation (24 h) rcsultcd in compkte con- ‘D. N. Rcinhoudt and C. G. Kouwcnboveo. Rec. 7ko. 
vmion d both the starting material ad 12. The rcactioo Chem. 92.86S (1973) 
mixture was purifkd by chromatoqraphy ova silica with 
diatbyl atbar to give 0.30 p (30%) of I. 7 - di(matboxycar 
bonyB -S - hydroxy - 2 - Ihiabenzo[b]bicyc&(3.2.0]hcpta - 
3. 6 - dicne 13. m.p. 13&131oC. PMR: &, 8.c7.3 
ppdm). iL.d&H 6.43 ppm(s) and 5% Pam. bCwH, 
3.83 ppm(s) and 3.77 ppm(s). JR: vOH 3420 cm” (weak). 
vc_” 1743cm-‘, 17lOcm-‘and 17OOcm” Ye_<. 1629cm”. 
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