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[1]1Benzothieno[3,X]furan reacts with substituted dien2sas a dienophile under formation of sut
stituted tetrahydro[1]benzothieno[3iF1]benzofuran derivative8—14 The cycloaddition issnde
stereoselective. Aromatization of the products leads to a series of new fused [1]b
thieno[3,2b][1]benzofuransl7-24 TheH NMR spectra of the new compounds were fully assign
Key words: Fused heterocycles; [1]Benzothieno[®]Riran; Dienophiles, Diels—Alder reaction; Aro.
matization; Regioselectivity; NMR spectra.

In our previous papetéwe described the synthesis of [1]benzothienofdfGran (1)
and studied its reactions with electrophilic reagents. We have found that under
tions of electrophilic substitution compouddshows a lower stability toward acidi
reagents, similar to furan or benkfifiran. Since in some respect the aromatic char
ter of benzafjfuran is compared to vinylbenzehéhe aromaticity of compounti can
be, with some probability, related to vinylbenzttiiophene; however, the dienophil
reactivity of this compound has not been hitherto reported. On the other hand, the
of the furan moiety on the aromatic system in this compound, and thus on its reac
cannot be excluded. We therefore decided to study cycloaddition reactions (L
Alder reaction) to assess qualitatively the changes due to the presence of furan
in the molecule of compount In this paper we describe the obtained results toge
with the synthesis of a series of novel fused heterocyclic systems.

Whereas the diene character of furan and its derivatives is generally khdhere
are only scarce reports on its reactivity as a dienophile. Its dienophile reactivity c
enhancedeg.g., by introduction of electron accepting substitughtsr by performing
the reaction at higher pressuteblore often, the dienophile character of furan ma
fested itself in inverse cycloadditions (so-called inverse electron defn&nd)n fu-
sion with a benzene ring, the furan system loses its diene aé&livityder the
above-mentioned conditions, Diels—Alder reactions of bdjjzmhn as dienophile pro-
ceed better than those of furan it§&f14.1>
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We tried to prove the dienophile character of compolindepresenting a mode
structure for a substituted vinylbenbjthiophene) by its reaction with 1,3-butadier
(24). Whereas there was no reaction at room temperature, atCl4fe components
gave a small amount of the desired 5a,6,9,9a-tetrahydro[1]benzothiehjij8r2-o-
furan @3). The cycloaddition reaction was optimized under various reaction condi
(Table ). The results show that higher reaction temperatures and longer reaction
increase the undesired decomposition of compdyrahd thus full conversion is no
economical. Under optimum conditiorisg. 180 °C and 20 h, the reaction procee
with more than 50% conversion of the starting compound (82% vyield of pr&du
corrected for recovery of the starting compoupd
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Compoundl was then utilized for the preparation of novel polycondensed hei
cyclic systems (Scheme 1) by reaction with a series of the following specifically
lected dienes: 2-methyl-1,3-butadierb), 2-trimethylsilyloxy-1,3-butadiene2(),

TaBLE |

Optimization of the reaction df with 2a

Reaction time 20 h

Reaction temperature 180

temperature yield of 3 corrected yield time yield of 3 corrected yield
°C % of 3, % h % of 3, %
140 25 87 5 32 96
155 37 82 10 46 90
180 53 82 20 53 82
200 58 81 30 55 84
40 54 80
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2,3-dimethyl-1,3-butadiene?d), 2,3-diphenyl-1,3-butadiene2d), 1-vinylcyclohexene
(2f), trans1,3-pentadiene?q), methyltrans2,4-pentadienoate), transtrans-1,4-diphe-

nyl-1,3-butadiene?j), furan @j), 1,1-bi(cyclopent-1-enyl) Zk) and 1,1-bi(cyclohex-

1-enyl) @l). Dienes2g and 2h were mixtures of configurational isomers; howevi
since thetransisomers of diene2g and 2h react much faster than the correspondi
cis-isomerd®18and the reaction was performed with a great excess of the diene
ponent, we assume that only tinensisomer participates in the reaction. The reacti
conditions and results of the Diels—Alder reactions are given in Table 1.

Reaction of compound with isoprene 2Zb) afforded an unseparable mixture of
methyl- @) and 8-methyl-5a,6,9,9a-tetrahydro[1]benzothienofd[2}benzofuran §)
in the ratio 1.6 : 1 as determined frdi NMR signal intensities. Addition to 2,3-di
substituted diene®d and2e proceeded smoothly and gave the respective 7,8-dimet
(6) and 7,8-diphenyl-5a,6,9,9a-tetrahydro[1]benzothienopy,Plbenzofuran ).

The reactions with diene2f and 2g were highly regioselective, affordin
1,2,3,4,6,6a,12b,12c-octahydrobergff]benzothieno[3,2][1]benzofuran 8) and
9-methyl-5a,6,9,9a-tetrahydro[1]benzothieno[B]R]benzofuran 9), respectively, as
the sole products. Surprisingly, the same regioselectivity was observed in the ¢
diene2h, in spite of the different substituent character. The reaction afforded a mi
of two compounds which were separated by column chromatography: methyl 5a,6
tetrahydro[1]benzothieno[3@f1]benzofuran-9-carboxylatel ) and methyl 5a,6,7,9a-tetra
hydro[1]benzothieno[3,B][1]benzofuran-9-carboxylatel() which arose fromlO by
subsequent rearrangement of the double bond into conjugation with the ester fur
ality and which was the major reaction produl® (11 =1 : 13).

With the little reactive dien@i, the reaction gave only a low yield of 6,9-diphen)
5a,6,9,9a-tetrahydro[1]benzothieno-[}P1i]benzofuran 12). Cycloaddition of diene
2k with heterocyclel was more facile than that of diend, the yield of
1,2,3,4,5,6,6a,6b,12b,12c-decahydro[1]benzothiendjf&indaceno[4,H]furan (13)
being markedly higher than of 1,2,3,4,5,6,7,8,8a,8b,14b,14c-dodecahydro[1]b
thieno-[3,2b]phenanthro[9,1@]furan (14). In addition to the products and12, ex-
pected in the reaction of the diphenyl-substituted digte&nd 2i, the reaction
mixtures gave also minor amounts of hitherto undescribed 1,2,4-triphenyl-4-(1-ph
vinyl)cyclohexene 15) and 3,4,6-triphenyl-5-(2-phenylvinyl)cyclohexerib), respec-
tively, as mixtures of configurational isomers. Their structure was confirmec
elemental analysis and spectra. These compounds are products of mutual cycloa
reaction of two molecules of the corresponding diéw®sof 2i). Diene2c did not react
with compoundl and decomposed under the reaction conditions; in the case of
(2)) only the starting compounds were recovered from the reaction mixture.

Selected cycloadducts were smoothly aromatized with 2,3-dichloro-5,6-dicyanc
benzoquinon¥ (DDQ) (Table I11). Compound thus afforded the parent compound
the series, [1]benzothieno[3t2FLl]benzofuran 17) which has been obtained only re
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TasLE Il
Cycloadditions ofl with dienes2

Diene

Entr Compoundl Time Cycloadduct
y mg (mmol) mg (mmol) h Yield (corrected yield), %
10 1
9 H S 2
1 ( 620 91 20 s O 53
3
N (11.5) (0.52) . 5 ; (82)
2a § H S 3
H S
2 K 408 207 26 \
(5.99) (1.19) o
HaC ™ HaC H o 4
2b 64
(78)
H S
H3C N I
(6]
H 5
H S
HsC H3C
3 I/ 436 182 25 A\ 75
HaC AN (5.31) (1.04) HaC o (85)
2d H 6
Ph H S
Ph._ N
4 374 113 26 30
Phe X (1.81) (0.65) Ph b o ., (59)
2e
Ph
Ph
16
Ph]@%
15 Ph
5 1990 605 21
(18.4) (3.47)
X

2f
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TasLE Il
(Continued
Entr Diene Compoundl Time Cycloadduct
y mg (mmol) mg (mmol) h Yield (corrected yield), %
CH3
6 - 801 358 21 22
N (11.8) (2.05) (60)
29
COOCH
3 H3CoOC HoS
7 - 990 356 20 \| 3
X (9.90) (2.04) o (6)
2h H 10
H3COOC H s
\ | 38
5 (79)
H 11
Ph Ph
i H S
8 - 692 232 26 \ 4
X (3.35) (1.33) o (14)
Ph
2i
45
9 708 216 26 49
(5.27) (1.24) (75)
2k
10 864 235 26
(5.32) (1.35)
2l

2Based on diene compound.
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TasLE Il

Reaction conditions and results of aromatization of adde28

Entr Cycloadduct Time Product
y mg (mmol) h Yield, %
10
9 H S : 2 S
1 8 \ | 105 5 ' N 72
3
, 5 : (0.46) o
6 H 5 3 17
HaC H S
2 3 \ 89 3 34
0.35
HsC o (0:35)
H 6
H S
3 Ph S 71 1 70
(0.19)
Ph o
H 7
4 415 0.8 59
(1.47)
5 99 1 63
(0.41)
HaCoOC | ¢ H3CO0C s
6 \ 104 1 < O 63
o (0.38) 1
H 11 (e}
21
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TasLE Il
(Continued
Entr Cycloadduct Time Product
y mg (mmol) h Yield, %
7 59
8 79

& Room temperature.

cently as one of the products in flash vacuum pyrolysis of substituted ylides°.
Aromatization of adductg, 8, 10 and12 gave 7,8-dimethyl-18), 7,8-diphenyl- 19),
9-methyl[1]benzothieno[3,}[1]benzofuran 20) and methyl [1]benzothieno[3 13-
[1]benzofuran-9-carboxylate2{). Adduct 13 was oxidized under formation o
1,2,3,4,5,6-hexahydro[1]benzothieno[dasindaceno[4,5d]furan  (22). Attempted
aromatization of the indacene grouping in compo@8dvith an excess of DDQ wa:
unsuccessful and the reaction mixture contained (according to TLC) only decon
tion products. On the other hand, depending on the amount of the reagent, codp
could be dehydrogenated either to 1,2,3,4-tetrahydrobeji¥liienzothieno[3,25]-
[1]benzofuran 23) or to the completely aromatized benrgff]benzothieno[3,2]-
[1]benzofuran 24), a new parent heteroaromatic system.

The structure of all the newly synthesized compounds was confirmed by elen
analyses and detailed analyses of their NMR, mass and IR spectra (Tables V-V
elucidate the regioselectivity and stereoselectivity of the cycloaddition reactio
made use of detailed assignmentldfNMR signals. First we assigned completely tl
'H and3C signals for compound (see Tables IV and V and structi8a), utilizing
our previous findingthat the oxygen-bonded quaternary carbon atom C-4b resot
most downfield and the sulfur-bonded quaternary atom C-10a resonates only ¢
higher. The proton that exhibits*aC,H) interaction with these two nuclei is then tt
H-4 proton. Other protons and the corresponding carbon atoms of the aromatic |
compound3 could be then assigned on the basis of identificatiodJg4,H) and
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1J(C,H) couplings by COSY and HMQC experiments. Tertiary carbon atom with
most upfield signal is the C-9a atom. Upon assignment of this atom, we applied :
gously the COSY and HMQC experiments to the cyclohexene part of the molecule
remaining two quaternary carbon atoms, C-4a and C-9b, were assigned on the &
their interaction with protons H-1 and H-3, and H-9A and H-9B, respectively (couy

constanJ(C,H)). The aromatic part of addugtetains, to certain extent, the charac
of the benzdfthiophene systefh??but shows a markedly lower chemical shift (-=19.2 pp
of the C-4a carbon atom; this was fo@atso for [1]benzothieno[3,B}furan (1). Smal-
ler changes in the chemical shifts were observed also for the C-4 (-2.9 ppm) and
(+3.9 ppm) carbon atoms. Signals of protons H-1 and H-4 are shifted upfield (for 0.1
and 0.18 ppm, respectively).

NMR spectra of the compounds10and12—-14are very similar to that of the parer
compound3 (although some of the compounds are formally derived from other fi
heteroaromatic systems) and are characterized by uniform shape in the aromatic
by relatively constant chemical shifts of protons H-5a and H-9a, and by the val
J(H-5a,H-9a) (9.3-9.7 Hz). This enabled us to assign analogoushdthN®R signals
by COSY (compounds, 8, 9 and 11) and NOE (compoun@®) experiments. Com-
pounds4 and>5, arising by reaction of compourdwith isoprene, differ in chemical shift
of the H-9a proton and of the methyl groups. Their structure was determined by com
chemical shifts of methyl groups with those of protons H-7 and H-8 in comgund

In order to determine the relative configuration of cycloaddition products of
butadienes carrying substituent(s) in position 1 or 1 and 4, we chose confpasral
model. The observed NOE effect of H-9 with H-9a, and also to a lesser extent
H-5a indicates their mutuals-configuration. Since the values of coupling constants
compoundslO, 12 and 13 are very close to those in the compo@dve ascribed to
them also the “altis’ structure. This proves that the Diels—Alder reaction of co
poundl with dienes2g—2j proceeds as andecaddition. Similarly to compoun8, also
in 9 and 12 we identified long-range interactionsWinteractions”) between proton:
H-5a and H-9.

Somewhat different coupling constants of dihydrofuran ring protons in derivativ
and 14 with attached one and two cyclohexane rinifsi{6a,H-12b) = 7.7 and(H-8b,
H-14b) = 8.1) made impossible to elucidate the relative configuration, and th
determine the character of the addition. Moreover, the spectrum of comgoexd
hibited a somewhat different value &H-12b,H-12c).
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In addition to the molecular ion M mass spectra of adduc®s 6-10 and 12-14
exhibit molecular ion of compoundl (mostly as the base peak) and, in the case
compoundsl3 and 14, also molecular ion of the corresponding di@keand2l. The
presence of these ion species can be explained by retro-Diels—Alder reaction, cu
occuring during mass spectral measurements of Diels—Alder adducts. The abse
molecular ion of compount in the spectrum of estdd indicates a different structure
of the cyclohexene moiety due to rearrangement of the double bond in 46daad
thus indirectly confirms the structure of compoulid

The structure of compounds’—24was determined again by detailed interpretati
of their 'H NMR spectra (Tables VI and VII). The proton and carbon atom signals ir
parent compound7 were assigned using the above-mentioned data for compbu
as well as the fully assignetH and '3C NMR spectra of the isomeric systen
thieno[3,2b][1]benzofurar®. It was thus possible to assign unequivocally the chem
shift of the C-10a carbon atom. We could not distinguish between the C-4b and
carbon atoms whose signals are located most downfield due to direct bonding
oxygen atom. However, it was possible to decompose the heteroaromatic syste
benzop]thiophene and benzolfuran parts by COSY anéH NMR spectra. Protons
exhibiting a3J(C,H) interaction with the C-10a carbon atom belong to the bb}thif-
phene part; and out of the two of them, that proton which interacts across three
with one of the quaternary carbon atoms at the lowest fieldC-4b, must be the H-Z
proton. The other protons of the bertdtjiophene part and the corresponding tertie
carbon atoms were assigned on the basis of identificatidd(lefH) or *J(C,H) using
COSY and HETCOR experiments. Chemical shift of the quaternary carbon atom
was determined on the basis of coupling constai@,H) with H-1. Analysis of the
benzop]furan part of the spectrum consisted in identification of*i{€,H) interaction
of carbon atom C-5a with protons H-7 and H-9. Protons H-6 and H-8 and the
sponding tertiary carbon atoms were again assigned by COSY and HETCOR e
ments and the remaining quaternary carbon atoms C-9a and C-9b were assignec
basis of3J(C,H) with the respective H-6 and H-9 protons. The chemical shifts in
spectrum of compoundl7 differ only slightly from those for benzgjthiophené®??or
benzop]furart??4 In the'H NMR spectrum, the H-4 proton signal is located higl
than that of the corresponding proton in bebitbjophene and compouri(0.16 ppm
and 0.34 ppm, respectively), this signal being the lowest field signal. Chemical shi
the other protons differ from those of the corresponding protons in lgthzophene
or benzob]furan by not more than 0.1 ppm and analogous differences in cher
shifts of the carbon atoms usually do not exceed 2 ppm. An exception is the sigr
carbon atoms C-4a and C-10a (-13.7 ppm and +3.0 ppm, respectively), alread)
tioned for adducB, and also of the C-5a carbon atom (+4.5 ppm).

The coupling constantd)(H,H) in the benzdjJthiophene part of compount7 re-
semble those in bensjfhiophené®;, however, the constan§H-6,H-7) andJ(H-8,H-9)

Collect. Czech. Chem. Commun. (Vol. 63) (1998)
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are by 1.2 Hz and 0.6 Hz, respectively, lower than in béfjizopr?®. 'H NMR spec-
trum of the new heterocyclic syste?d was assigned on the basis of the above-m
tioned findings and of COSY and NOE experiments.

Mass spectra of the aromatized compouh@is22and24 exhibit dominant Mions
(100% rel. int.), accompanied by low-intensity fragments formed by loss of substitl
from the aromatic nucleus.

Fusion of another aromatic ring with the heterocyictesults in significant change
in the UV spectra: whereas the tricyclic systemxhibits absorption maxima at abol
244 and 282 nm (ré), similarly to benzdjjthiophené’ or benzob]furan’®, the
maxima for compound? are shifted markedly to longer wavelengths (256, 304
318 nm). These data indicate a much greater conjugation in this system than ir
poundl. Fusion with another aromatic ring in compouishifts the maxima further
to longer wavelengths (242, 273, 327 and 343 nm).

The studies support our earfieesults of the similar reactivity of compourdand
benzop]furan. Cycloaddition reactions of heterocyélevith dienes can serve for preg
aration of new condensed heterocyclic compounds derived from thiermfGran.
The possible “diene” character of compoundill be a subject of further studies.

EXPERIMENTAL

Melting points were determined on a Boetius block and are uncorrected. NMR spectra were ta
a Varian Gemini 300 instrument, compourisind 17 were studied on Bruker 400 and Bruker 5(
spectrometers. Compounds were measured in deuteriochloroform which was used as interna
ard. Chemical shifts are given &scale (ppm) and coupling constadtén Hz. The multiplicity of
signals in'3C NMR spectra was determined in APT experiments. NOE effects were studie
DPFGSE-NOE spectra. COSY, HETCOR, HMQC, INEPT, COLOC and HMBC experiments
carried out using manufacturer-supplied pulse sequencies. IR spectra were recorded in chlorof
a Nicolet 740 FTIR spectrometer, mass spectra were taken on Jeol DX 300, 2DV.G.ZAP-70 at
nigan spectrometers. UV spectra of compouBdmd 17 were obtained in ethanol with an Otsuk
MCPD 1100 spectrophotometer whereas compd@shdias measured on a Specord M 40 instrume
in methanol.

Chemicals: 2-trimethylsilyloxy-1,3-butadien@cf was prepared from 3-buten-2-one according
the literaturé®, 2,3-dimethyl-1,3-butadiene2q) by dehydration of pinac#l, 2,3-diphenyl-1,3-buta-
diene @e) analogously to a publish&dprocedure, 1-vinylcyclohexeneff from 1-vinylcyclohexa-
nol? according to ref3, 1,3-pentadiene2() from 1-penten-3-ol (re¥), methyl 2,4-pentadienoate
(2h) by esterification of 2,4-pentadienoic atid1,1-bi(cyclopent-1-enyl) Zk) and 1,1-bi(cyclohex-
1-enyl) @I) according to refS.

Optimization of Diels—Alder Reaction of Compoubdvith 1,3-ButadieneZa)

A mixture of compound. (100 mg, 0.57 mmol), dien2a (620 mg, 11.5 mmol) and 4-(1,1,3,3-tetre
methylbutyl)pyrocatechol (about 5 mg) was heated in a glass ampoule under conditions gi
Table 1. After cooling, the content of the ampoule was dissolved in dichloromethane (25 ml
solvent was evaporated and the dry residue was chromatographed on silica gel (gradient hexa
ane/toluene (5 : 1)) to give add®tnd the unreacted starting compoundFor the results see Table |
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Reaction of Compouni with Dienes2a—2| (General Procedure)

A mixture of compound, diene2a-2l (Table IlI) and 4-(1,1,3,3-tetramethylbutyl)pyrocatechol (abc
5 mg) was heated at 18C in a glass ampoule. After cooling, the reaction mixture was workec
as described in the preceding experiment. The reaction conditions and results are summal
Table 1. For'H NMR spectra of new compounds see Tables IV and V.

5a,6,9,9a-Tetrahydro[1]benzothieno[3,2-b][1]benzofura¢8). M.p. 57-59 °C (toluene). For
C,4H,,0S (228.3) calculated: 73.65% C, 5.30% H, 14.04% S; found: 73.66% C, 5.27% H, 13.88%
spectrum: 3 046, 3 012, 2 942, 2 846, 1 601, 1 592, 1 544, 1 475, 1 430, 1 401, 1 285, 1 261
1 062, 1 015. UV spectrunk,, (log €): 252 (4.24); 303 (4.46); 312 (3.83¥C NMR spectrum:
28.6 (C-9); 29.6 (C-6); 41.3 (C-9a); 89.8 (C-5a); 120.2 (C-9b); 120.4 (C-4a); 120.7 (C-4); :
(C-2); 124.8 (C-1); 124.9 (C-3); 126.5 (C-7); 129.2 (C-8); 143.6 (C-10a); 155.3 (C-4b). Mass spe
229 (15), 228 (100) (&), 227 (10), 213 (15), 187 (25), 176 (15), 175 (30), 174 (100) [retro D.,
163 (20), 162 (25), 151 (10), 150 (10), 137 (20), 114 (10), 91 (10), 77 (10).

7-Methyl- (4) and 8-methyl-5a,6,9,9a-tetrahydro[1]benzothieno[3,2-b][1]benzofurés). For
C15H140S (242.3) calculated: 74.35% C, 5.82% H, 13.23% S; found: 74.26% C, 5.91% H, 13.11¢

7,8-Dimethyl-5a,6,9,9a-tetrahydro[1]benzothieno[3,2-b][1]benzofu(@h M.p. 90-92°C (toluene).
For CgH,60S (256.4) calculated: 74.96% C, 6.29% H, 12.51% S; found: 74.77% C, 6.42¢
12.42% S. IR spectrum: 3 046, 3 011, 2 933, 2 859, 1 594, 1 544, 1 475, 1 431, 1 401, 1 350
1261,1179,1112,1 090, 1 051, 1 016. Mass spectrum: 257 (10), 256 (%524M(15) [M — CHy],
174 (100) [retro D.A.], 149 (15), 94 (25), 69 (10), 57 (15), 55 (15), 43 (20), 41 (20).

7,8-Diphenyl-5a,6,9,9a-tetrahydro[1]benzothieno[3,2-b][1]benzofurg@). M.p. 101-104 °C
(methanol). For gH,0OS (380.5) calculated: 82.07% C, 5.30% H, 8.43% S; found: 81.45%
5.37% H, 7.98% S. IR spectrum: 3 080, 3 060, 3 011, 2 944, 2 842, 1 599, 1 544, 1 494, 1 475
1431,1 401, 1287,1251,1176,1091, 1070, 1 013. Mass spectrum: 381 (10), 380](Z0gNBO),
175 (15), 174 (100) [retro D.A.], 163 (10), 115 (10), 91 (10), 77 (10).

1,2,3,4,6,6a,12b,12c-Octahydrobenzo[e][1]benzothieno[3,2-b][1]benzofui@n M.p. 75-77°C
(methanol). For GH,g0S (282.4) calculated: 76.56% C, 6.42% H, 11.35% S; found: 75.77Y%
6.79% H, 11.53% S. IR spectrum: 3 013, 2 934, 2 857, 1 705, 1 594, 1 534, 1 430, 1 398, 1 261
1089, 1 0171H NMR spectrum: 1.30-2.50 m, 11 H; 4.00 dd, 1J@2b,12c) = 8.0 (H-12b); 5.32 ddd
1 H, J(6a,12b) = 7.7,)(6A,6a) = 6.3,J(6B,6a) = 5.8 (H-6a); 5.51 bs, 1 H (H-5); 7.25 ddd, 1
J(8,10) = 1.1 (H-10); 7.32 ddd, 1 H(9,10) = 7.1,J(9,11) = 1.1 (H-9); 7.62 d, 1 HI(8,9) = 7.7
(H-8); 7.69 d, 1 HJ(10,11) = 8.3 (H-11). Mass spectrum: 282 (5)*JM187 (10), 175 (15), 174
(100) [retro D.A.], 146 (15), 91 (10).

9-Methyl-5a,6,9,9a-tetrahydro[1]benzothieno[3,2-b][1]benzofuré®). M.p. 98-99°C (methanol).
For CsH,40S (242.3) calculated: 74.35% C, 5.82% H, 13.23% S; found: 74.43% C, 5.91¢
12.98% S. IR spectrum: 3 039, 3 012, 2 965, 2 934, 2 878, 2 837, 1 590, 1 543, 1 476, 1 431
1376, 1261, 1 244, 1 167, 1 039, 1 063, 1 035. Mass spectrum: 242 (15L74 (10), 174 (100)
[retro D.A.], 146 (10), 102 (10).

Methyl 5a,6,9,9a-tetrahydro[1]benzothieno[3,2-b][1]benzofuran-9-carboxy{at®. Yellowish oil.
For CgH1405S (286.4) calculated: 67.11% C, 4.93% H; found: 66.75% C, 5.01% H. IR spec
3 025, 2 955, 2 929, 2 855, 1 732 (non-conjugated COPAHB91, 1 544, 1 476, 1 435, 1 402, 1 28
1259,1 174, 1090, 1 031.

Methyl 5a,6,7,9a-tetrahydro[1]benzothieno[3,2-b][1]benzofuran-9-carboxyldty. M.p. 87-89°C
(methanol). For GH,4,05;S (286.4) calculated: 67.11% C, 4.93% H, 11.20% S; found: 67.06¥%
5.15% H, 11.37% S. IR spectrum: 3 014, 2 953, 2 847, 1 708 (conjugated GRQGF50, 1 588,
1437, 1 402, 1 306, 1 269, 1 233, 1 168, 1 089, 1 050, 1'BBRNIMR spectrum: 1.85 m, 1 H anc
2.25-2.55 m, 3 H (H-6A, H-6B, H-7A, H-7B); 3.84 s, 3 H (OfH4.35 d, 1 H,J(5a,9a) = 8.2
(H-9a); 5.61 ddd, 1 Hl(5a,6A) = 2.8,)(5a,6B) = 2.8 (H-5a); 7.23 dd, 1 B(7A,8) = 2.7,J(7B,8) = 6.1
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(H-8); 7.25 ddd, 1 H)(2,4) = 1.7 (H-2); 7.32 ddd, 1 H(2,3) = 7.2,J(1,3) = 1.1 (H-3); 7.60 d, 1 H,
J@3,4) = 7.7 (H-4); 7.68 d, 1 HJ(1,2) = 8.2 (H-1). Mass spectrum: 287 (20), 286 (100j][\54
(70) [M* — CH;OH], 253 (25), 227 (35), 226 (80) [M- CH;,OH — CQ], 225 (50), 197 (70), 187 (20)
171 (10), 165 (40), 153 (20), 150 (40), 137 (15), 121 (40), 115 (20), 105 (20), 91 (25), 77 (4C
6,9-Diphenyl-5a,6,9,9a-tetrahydro[1]benzothieno[3,2-b][1]benzofurdh?). M.p. 215-217 °C
(hexane—toluene). For,gH,,0S (380.5) calculated: 82.07% C, 5.30% H, 8.43% S; found: 81.869
5.33% H, 8.22% S. IR spectrum: 3 089, 3 066, 3 031, 3 012, 2 929, 2 837, 1 593, 1 543, 1 496
1453, 1431, 1404, 1326, 1260, 1170, 1 092, 1 057, 1 033. Mass spectrum: 387, (3DTM15),
206 (100) [retro D.A.], 205 (15), 174 (20) [retro D.A.], 91 (35).
1,2,3,4,5,6,6a,6b,12b,12c-Decahydro[1]benzothieno[3,2-b]as-indaceno[4,5-d]furélr8). M.p.
139-141°C (heptane). For £H,,0S (308.4) calculated: 77.88% C, 6.54% H, 10.39% S; fou
78.05% C, 6.59% H, 10.19% S. IR spectrum: 3 011, 2 956, 2 869, 2 836, 1 593, 1 543, 1 478,
1404, 1337,1261,1 175,1 132, 1 093, 1 063, 1 B1BIMR spectrum: 1.58-2.22 m, 12 H; 2.50 n
2 H (H-6a and H-12c); 4.04 dd, 1 H(12b,12c) = 7.0 (H-12b); 5.71 dd, 1 H(6b,12b) = 9.4,
J(6a,6b) = 3.9 (H-6b); 7.24 ddd, 1 H(8,10) = 1.2 (H-10); 7.30 ddd, 1 H(9,10) = 7.4,J(9,11) =
1.1 (H-9); 7.57 d, 1 HJ)(8,9) = 7.5 (H-8); 7.68 d, 1 H(10,11) = 8.4 (H-11). Mass spectrum: 308 (1
[M*], 175 (15), 174 (100) [retro D.A.], 134 (40) [retro D.A.], 91 (10).
1,2,3,4,5,6,7,8,8a,8b,14b,14c-Dodecahydro[1]benzothieno[3,2-b]fenanthro[9,10-d]{i#n Yel-
lowish oil. For G,H,,0S (336.5) calculated: 78.53% C, 7.19% H; found: 78.32% C, 7.34% H
spectrum: 3 001, 2 935, 2 856, 1 713, 1 692, 1 449, 1 404, 1 366, 1 266, 1 147,'d NMR
spectrum: 1.10-2.10 m, 16 H; 3.67 dd, 1JH,4b,14c) = 7.0 (H-14b); 5.31 dd, 1 B{8b,14b) = 8.1,
J(8a,8b) = 6.0 (H-8b); 7.24 dd, 1 H (H-12); 7.31 ddd, 1J4,1,12) = 7.5J(11,13) = 1.0 (H-11);
7.62 d, 1 H,J(10,11) = 7.6 (H-10); 7.70 d, 1 H(12,13) = 7.9 (H-13). Mass spectrum: 336 (2
[M*], 174 (100) [retro D.A.], 162 (95) [retro D.A.], 94 (15).
1,2,4-Triphenyl-4-(1-phenylvinyl)cyclohexer(@5). M.p. 121-125°C (methanol). For GH,g
(412.6) calculated: 93.16% C, 6.84% H; found: 93.20% C, 6.96% H. IR spectrum: 3 082, 3 060,
2 942, 2 837,1 621, 1598, 1574, 1492, 1 444, 1 357, 1 283, 1 183, 1 134, 1 071'H WMR
spectrum: 2.21 m, 2 H (H-5); 2.43 m, 2 H (H-6); 2.82 m, 2 H (H-3); 5.33 s, 1 H)(K¥-81 s, 1 H
(H-2); 6.81-7.56 m, 20 H (Ph). Mass spectrum: 412 (5J]]NM08 (10), 307 (10), 296 (25), 29"
(100), 206 (50) [retro D.A.], 205 (40), 191 (15), 128 (15), 103 (10), 91 (65).
3,4,6-Triphenyl-5-(2-phenylvinyl)cyclohexer{&6). For G,H,s (412.6) calculated: 93.16% C
6.84% H; found: 93.53% C, 6.85% M NMR spectrum ofZ)-17: 2.93 m, 1 H (H-4); 3.54 m, 2 H
(H-3 and H-5); 3.77 m, 1 H (H-6); 5.60 m, 2 H (Hahd H-2); 6.08 m, 2 H (H-1 and H-2); 6.87-7.40 n
20 H (Ph).!H NMR spectrum of £)-17: 2.88 dd, 1 HJ)(3,4) = 10.4,J(4,5) = 11.7 (H-4); 3.32 ddd,
1 H,J(5,7) = 10.1,3(5,6) = 5.9 (H-5); 3.68 dd, 1 H(2,3) = 1.7 (H-3); 3.83 m, 1 H (H-6); 5.16 dc
1H,J,2) = 15.8 (H-1); 6.09 m, 2 H (H-1 and H-2); 6.25 d, 1 H (4:26.80—-7.42 m, 20 H (Ph).

Aromatization of Compound3-13and23 (General Procedure)

The adduct (Table IllI) was dissolved in dry degassed benzene (10 ml). After addition of DDC
mol-equivalent), the suspension was refluxed under nitrogen and the reaction course was mc
by TLC. After the starting compound disappeared, the reaction mixture was taken down and tt
duct was isolated by column chromatography on silica gel in hexane. The results of the aroma
are summarized in Table Ill. FBH NMR spectra see Tables VI and VII.
[1]Benzothieno[3,2-b][1]benzofurarfl?). M.p. 130-132 C (hexane) (¥gives m.p. 126.5-127.KC).

For C,HgOS (224.3) calculated: 74.98% C, 3.60% H, 14.29% S; found: 74.73% C, 3.70¢
14.53% S. IR spectrum: 3 065, 3 027, 3 012, 1 599, 1 522, 1 474, 1 447, 1 420, 1 395, 1 358
1263, 1 162, 1 135, 1 088, 1 052, 1 016. UV spectiy, (log €): 228 (4.32); 240 (4.26); 248
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(4.32); 256 (4.43); 304 (4.47); 311 (4.41); 318 (4.38). NMR spectrum: 113.2 (C-6); 119.3 (C-9b
120.3 (C-9); 120.4 (C-1); 124.0 (C-8); 124.8 (C-9a); 125.0 (C-4); 125.6 (C-7); 125.6 (C-2); :
(C-3); 125.9 (C-4a); 142.7 (C-10a); 153.7 (C-4b); 159.5 (C-5a). Mass spectrum: 225 (15), 224
[M*], 195 (15), 152 (15), 112 (20).

7,8-Dimethyl[1]benzothieno[3,2-b][1]benzofurafl8). M.p. 163-165°C (hexane). For GH;,0S
(252.3) calculated: 76.16% C, 4.79% H, 12.71% S; found: 75.86% C, 4.83% H, 12.22% S. IR
trum: 3 065, 3 008, 2 9075, 2 926, 2 863, 1 603, 1 518, 1 456, 1 394, 1 292, 1 262, 1 165, 1 108
1 052. Mass spectrum: 253 (20), 252 (100)]M251 (30), 237 (20) [M— CH;], 126 (10).

7,8-Diphenyl[1]benzothieno[3,2-b][1]benzofurafl9). M.p. 158-160°C (hexane). For £H;50S
(376.5) calculated: 82.95% C, 4.28% H, 8.52% S; found: 83.26% C, 4.44% H, 8.56% S. IR spe
3 063, 3031, 3011, 1 600, 1498, 1 458, 1 433, 1 393, 1 346, 1 311, 1 268, 1 243, 1 157, 1 135
1 053, 1 016. Mass spectrum: 377 (30), 376 (100),[845 (10), 97 (10), 83 (15), 72 (15), 69 (20
57 (30), 55 (25), 43 (30).

9-Methyl[1]benzothieno[3,2-b][1]benzofurar(20). M.p. 90-91°C (methanol). For gH;,0S
(238.3) calculated: 75.60% C, 4.23% H, 13.45% S; found: 75.42% C, 4.48% H, 13.49% S. IR
trum: 3 062, 3 013, 2 976, 2 920, 1 594, 1 488, 1 460, 1 426, 1 394, 1 352, 1 291, 1 238, 1 159
1085, 1 055, 1 029. Mass spectrum: 239 (20), 238 (100) @37 (50) [M" — H], 209 (10), 208 (20),
165 (25), 164 (10), 139 (10), 119 (15), 104 (30), 89 (10), 69 (15), 50 (15).

Methyl [1]benzothieno[3,2-b][1]benzofuran-9-carboxylagl). M.p. 116-117°C (methanol). For
C16H1003S (282.3) calculated: 68.07% C, 3.57% H, 11.36% S; found: 67.82% C, 3.67% H, 11.4;
IR spectrum: 3 065, 3 017, 2 954, 1 712 (ArCOQCH 614, 1 587, 1 515, 1 469, 1 430, 1 396, 1 3
1300, 1 275, 1 174, 1 142, 1 097, 1 058. Mass spectrum: 283 (20), 282 (190pH@ (15), 251
(70) [M* — CH;0], 224 (15), 223 (55) [M— COOCH], 196 (10), 195 (45), 151 (30), 150 (15), 12
(20), 98 (35).

1,2,3,4,5,6-Hexahydro[1]benzothieno[3,2-bJas-indaceno[4,5-d]fuf@d). M.p. 151-153°C (hexane).
For CgH;c0S (304.4) calculated: 78.91% C, 5.30% H, 10.53% S; found: 78.60% C, 5.529
10.35% S. IR spectrum: 3 065, 3 011, 2 957, 2 847, 1 516, 1 463, 1 441, 1 422, 1 404, 1 383
1 306, 1 242, 1 158, 1 137, 1 086, 1 069, 1 GEBNMR spectrum: 2.28 m, 4 H (H-2A, H-2B
H-5A, H-5B); 2.96 dt, 4 HJ = 7.3 (H-3A, H-3B, H-4A, H-4B); 3.23 dt, 4 H,= 7.8 (H-1A, H-1B,
H-6A, H-6B); 7.36 ddd, 1 H)(8,10) = 1.1 (H-10); 7.47 ddd, 1 K(8,9) = 8.1,J(9,10) = 7.2,J(9,11) =
1.1 (H-9); 7.88 d, 1 HJ(10,11) = 8.2 (H-11); 8.02 d, 1 H (H-8). Mass spectrum: 305 (25), 304 (!
[M*], 275 (10), 138 (10), 69 (15), 57 (10).

1,2,3,4-Tetrahydrobenzo[e][1]benzothieno[3,2-b][1]benzofuréB). M.p. 107-109°C (methanol).
For CgH,4,0S (278.4) calculated: 77.67% C, 5.07% H, 11.52% S; found: 77.87% C, 5.35¢
11.45% S. IR spectrum: 3 065, 2 936, 2 863, 2 840, 1 599, 1 520, 1 467, 1 430, 1 396, 1 289,
1 155, 1 090, 1 052, 1 018 NMR spectrum: 1.94 m, 4 H; 2.89 t, 2 B(3,4) = 6.1 (H-4A and
H-4B); 3.10 t, 2 HJ(1,2) = 6.0 (H-1A and H-1B); 7.10 d, 1 H (H-5); 7.38 ddd, 1J¢8,10) = 1.1
(H-10); 7.39 d, 1 HJ)(5,6) = 8.8 (H-6); 7.48 ddd, 1 H(9,10) = 7.1,J(9,11) = 1.1 (H-9); 7.89 d, 1 H,
J(10,11) = 8.2 (H-11); 8.01 d, 1 H(8,9) = 7.7 (H-8).

Benzo[e][1]benzothieno[3,2-b][1]benzofuraf?24). M.p. 151-153C (methanol-ethyl acetate). Fo
C,gH100S (274.3) calculated: 78.81% C, 3.67% H, 11.69% S; found: 78.71% C, 3.95% H, 11.74%
spectrum: 3 058, 2 921, 1 693, 1 603, 1 576, 1 508, 1 466, 1 423, 1 399, 1 369, 1 343, 1 291
1162, 1 138, 1 091. UV spectruy;,, (log €): 222 (4.57); 242 (4.47); 273 (4.14); 327 (4.52); 3
(4.65).'H NMR spectrum: 7.43 dd, 1 H (H-9); 7.54 dd, 1XB,9) = 7.4 (H-8); 7.59 dd, 1 H (H-3);
7.73 dd, 1 H)(2,3) = 7.4 (H-2); 7.84 m, 2 H (H-5 and H-6); 7.97 d, 1J40,9) = 8.1 (H-10); 8.03 d,
1 H, J(4,3) = 8.1 (H-4); 8.09 d, 1 H)(7,8) = 7.9 (H-7); 8.19 d, 1 H)(1,2) = 8.1 (H-1). Mass
spectrum: 275 (20), 274 (100) [M 246 (20), 245 (75) [M— CHO], 213 (10), 202 (25), 201 (15)
200 (20), 170 (15), 169 (20), 137 (50), 126 (15), 122 (30).
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