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A simple synthesis of some benzothiopyrano[4,3-b]pyrroles from benzothiopyran-4-ones is described which has been
used to prepare the novel heterocyclic system 4H-naphtho[1p,2p:5,6]thiopyrano[4,3-b]pyrrole.

Since the isolation1 and characterisation2 of the thiopyrano-
[2,3,4-dc]indole (chuangxinmycin) 1 from the soil micro-
organism Actinoplanes jinanensis and its application by the
Chinese as an antibiotic, particularly effective for the treat-
ment of Escherischia coli infections,1 there have been several
reports on the synthesis of this ring system,3 and of the iso-
meric thiopyrano[2,3,4-cd]indole 2,4 thiopyrano[3,4-b]indole
35 and thiopyrano[2,3-b]indole 4.6 The syntheses of thiopyr-
ano[3,4-b]pyrroles5 and the benzothiopyrano-[3,4-b]- 57 and
-[4,3-b]-indoles 68 have also been described.

As part of our study of condensed heterocycles containing
the benzothiopyran unit,9 we have devised a simple synthesis
of some new benzothiopyrano[4,3-b]pyrroles, a ring system
which has previously received scant attention.10 The route has
been adapted to provide access to fused analogues.

Discussion
The base-catalysed condensation of a-methylene ketones
with glyoxal monohydrazones and subsequent reduction of
the resulting hydrazono ethylidene derivatives affords
g-aminoketones which undergo a facile cyclisation to give
pyrroles.11 More recently, phenylacetylaldehyde has been
shown to condense with glyoxal mono(N,N-dimethylhydra-
zone) in the presence of morpholine to afford 3-aminopyr-
roles directly.12

The acidity of the C-3 methylene protons of 2,3-dihydro-
1-benzothiopyran-4-one is well established.13 When glyoxal
mono(N,N-dimethylhydrazone)12,14 was refluxed with
2,2-dimethyl-2,3-dihydro-1-benzothiopyran-4-one15 7 (R = H)
in anhydrous ethanol containing one equivalent of potassium
tert-butoxide, the 3-(N,N-dimethylhydrazonoethylidene)
ketone 8 (R = H) was obtained after elution of the reaction
mixture from silica (Scheme 1). The 1H NMR spectrum of 8
(R = H) displayed singlets at d 1.64 and 3.06 assigned to the
methyl groups at C-2 and the dimethylamino function,
respectively. The alkenyl and azomethine protons appeared
as an AM pattern at d 6.67 and 7.82 respectively, with a
coupling constant of 9.3 Hz. The Z-stereochemistry of 8 was
implied from nuclear Overhauser effect difference spectro-
scopic studies. Irradiation of the signal for the geminal
methyl groups resulted in enhancement of the signal for the
alkenyl proton, confirming their close proximity. Space-filling
models further substantiate the proposed s-trans conforma-
tion of 8, since significant steric interactions are indicated
between the ¸N·NMe2 group and the carbonyl function
when an s-cis arrangement is adopted.

The condensation of the benzothiopyran-4-one 7
(R = 6-Me) and the naphtho[2,1-b]thiopyran-1-one 7
(R = 5,6-benzo) with glyoxal mono(N,N-dimethylhydra-
zone) gave the respective ketones 8 (R = 6-Me) and 8
(R = 5,6-benzo), which have comparable 1H NMR data with
8 (R = H).

The reductive cyclisation of 8 (R = H) was achieved on
refluxing in ethanol containing an excess of sodium dithio-
nite. The pyrrole 9 (R = H) was obtained in moderate yield
after recrystallisation. The 1H NMR spectrum of this com-
pound displayed triplets at d 6.21 and 6.84 and a broad singlet
at d 8.4 which are assigned to H-3, H-2 and NH, respectively.
Complete H–D exchange of the NH proton was observed
after a sample was allowed to stand overnight with D2O
before recording the 1H NMR spectrum. The exchange also
resulted in the simplification of the signals for the pyrrole
ring protons, which now appeared as doublets with J = 2.7
Hz. The low-field signal at ca. d 8.4 exhibited by 9
(R = 8,9-benzo) is attributed to the peri proton (H-11).

It is likely that the formation of the pyrrole ring proceeds
via an imine which on further reduction affords an amine.
Subsequent 5-exo-trig ring closure with dehydration results in
a 2H-pyrrole which undergoes a 1,5-H shift to give the pyr-
role 9 (R = H). Cyclisation of 8 (R = Me and 8
(R = 5,6-benzo) was accomplished in an identical manner,
although the benzologue 9 (R = 8,9-benzo), a new ring sys-
tem, was somewhat unstable and gradually darkened on
standing at room temperature.

Experimental
1H NMR spectra were recorded on a Bruker WM 250 MHz

instrument for solutions in CDCl3; J values are given in Hertz.
Melting points are uncorrected. Flash chromatographic separa-
tions were performed on Sorbsil C60 silica gel.

Preparation of 3-(Dimethylhydrazonoethylidene)-2,2-dimethylthio-
chroman-4-ones.·Potassium tert-butoxide (10 mmol) was added
in a single portion to a stirred solution of the thiochroman-4-one 7
(10 mmol) and glyoxal mono(N,N-dimethylhydrazone) (40 mmol)
in anhydrous ethanol (35 cm3). The resulting solution was boiled
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Scheme 1 Reagents and conditions: i, glyoxal mono(dimethyl-
hydrazone),KOBut, EtOH, heat; ii, excess sodium dithionite,
EtOH, heat



under reflux for 2.5 h. On cooling, the ethanol was evaporated and
the resulting sticky brown semi-solid was taken up in water (100
cm3) and extracted with ethyl acetate (4Å50 cm3). Removal of the
dried (Na2SO4) solvent afforded a dark brown oil which was eluted
from silica gel with 20% (v/v) ethyl acetate–hexane to afford the
title compounds as orange oils or solids. 3-(Dimethylhydrazono-
ethylidene)-2,2-dimethylthiochroman-4-one 8 (R = H) (54%) was a
bright orange oil which decomposed upon distillation; dH 1.64 (6 H,
s, 2-Me), 3.06 [6 H, s, N(CH3)2], 6.68 (1 H, d, J 9.3,
¸CH·CH¸N·), 7.17–7.23 (2 H, m, Ar-H), 7.34–7.40 (1 H, m,
Ar-H), 7.82 (1 H, d, J 9.3, CH¸N·), 8.18 (1 H, dd, J 8.7, 1.7, 5-H)
(Found: C, 65.6; H, 6.6; N, 10.1; S, 11.5. C15H18N2OS requires C,
65.7; H, 6.6; N, 10.2; S, 11.7%). 3-(Dimethylhydrazonoethylidene)-
2,2,6-trimethylthiochroman-4-one 8 (R = 6-Me) (70%) was
obtained as bright orange plates from light petroleum (bp
40–60 °C), mp 90–91 °C; dH 1.62 (6 H, s, 2-Me), 2.35 (3 H, s,
6-Me), 3.05 [6 H, s, N(CH3)2], 6.65 (1 H, d, J 9.3, ¸CH·CH¸N),
7.11 (1 H, d, J 8.0, 8-H), 7.22 (1 H, dd, J 8.1, 1.8, 7-H), 7.82 (1 H, d,
J 9.3, ·CH¸N·), 7.99 (1 H, d, J 1.7, 5-H) (Found: C, 66.4; H,
7.0; N, 9.7; S, 10.8. C16H20N2OS requires C, 66.6; H, 7.0; N, 9.7; S,
11.1%). 3-(Dimethylhydrazonoethylidene)-2,2-dimethylbenzo[f]thio-
chroman-4-one 8 (R = 5,6-benzo) (30%) was obtained as bright
orange crystals from light petroleum (bp 40–60 °C), mp
118–119.5 °C; dH 1.70 (6 H, s, 2-Me), 3.07 [6 H, s, N(CH3)2], 6.70
(1 H, d, J 9.3, ¸CH·CH¸N), 7.26 (1 H, d, J 8.7, 10-H),
7.42–7.49 (1 H, m, Ar-H), 7.59–7.66 (1 H, m, Ar-H), 7.75–7.80
(2 H, m, Ar-H), 7.97 (1 H, d, J 9.3, ·CH¸N·), 9.28 (1 H, dd, J
8.6, 1.8, 5-H) (Found: C, 70.2; H, 6.3; N, 8.6; S, 9.7. C19H20N2OS
requires C, 70.3; H, 6.2; N, 8.6; S, 9.9%).

Preparation of 4H-Benzo[5,6]thiopyrano[4,3-b]pyrroles.·A solu-
tion of the 3-(dimethylhydrazonoethylidene)thiochroman-4-one 8
(5 mmol) and sodium dithionite (25 mmol) in ethanol (20 cm3) and
water (10 cm3) was refluxed for 2 h. The resulting colourless solu-
tion was diluted with water (150 cm3) and extracted with ethyl
acetate (3Å50 cm3). The combined organic extracts were washed
with water (2Å50 cm3), dried (Na2SO4) and evaporated to afford a
pale yellow oil which crystallised upon cooling to give the crude
pyrrole derivative which was purified by recrystallisation. 4,4-Di-
methyl-4H-[1]benzothiopyrano[4,3-b]pyrrole 9 (R = H) (55%) was
obtained as colourless crystals from n-hexane–ethyl acetate, mp
146–147 °C; dH 1.67 (6 H, s, 4-Me), 6.22 (1 H, t, J 2.6, 3-H), 6.84
(1 H, t, J 2.7, 2-H), 7.06–7.20 (2 H, m, 7-H and 8-H), 7.29 (1 H, dd,
J 7.6, 1.3, 6-H), 7.38 (1 H, dd, J 7.5, 1.2, 9-H), 8.41 (1 H, m, N-H);
dH (CDCl3+D2O) 6.17 (1 H, d, J 2.7, 3-H), 6.80 (1 H, d, J 2.7, 2-H)
and absence of N-H signal (Found: C, 72.7; H, 6.1; N, 6.4; S, 14.8.
C13H13NS requires C, 72.5; H, 6.1; N, 6.5; S, 14.9%). 4,4,8-Tri-
methyl-4H-[1]benzothiopyrano[4,3-b]pyrrole 9 (R = 8-Me) (46%)
was obtained as colourless crystals from n-hexane–ethyl acetate,
mp 151–152 °C; dH 1.61 (6 H, s, 4-Me), 2.34 (3 H, s, 8-Me), 6.16
(1 H, t, J 2.6, 3-H), 6.79 (1 H, t, J 2.8, 2-H), 6.88 (1 H, dd, J 7.9, 1.3,
7-H), 7.08 (1 H, d, J 1.2, 9-H), 7.23 (1 H, d, J 8.0, 6-H), 8.35 (1 H,
bs, N-H). dH (CDCl3+D2O) 6.15 (1 H, d, J 2.6, 3-H), 6.78 (1 H, d,
J 2.6, 2-H) and absence of N-H signal (Found: C, 73.1; H, 6.6; N,
6.2; S, 14.2. C14H15NS requires C, 73.3; H, 6.6; N, 6.1; S, 14.0%).

4 , 4 - D i m e t h y l - 4 H - n a p h t h o [ 1 p, 2 p : 5 , 6 ] t h i o p y r a n o [ 4 , 3 - b ] p y r r o l e 9
(R = 8,9-benzo) (62%) was a pale green solid which decomposed
on attempted purification by recrystallisation or sublimation; dH

1.67 (6 H, s, 4-Me), 6.24 (1 H, m, 3-H), 6.96 (1 H, m, 2-H),
7.43–7.56 (3 H, m, Ar-H), 7.69–7.79 (1 H, m, Ar-H), 8.05–8.10
(1 H, m, Ar-H), 8.36–8.42 (1 H, m, Ar-H), 8.78 (1 H, bs, NH).
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