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Abstract—A concise synthesis of 4-aryl-10-oxo-1,2,3,10-tetrahydro-9-thia-1,3a-diazadicyclopenta[a,g]naphthalene-6-carbonitriles
5a–f and 5-aryl-11-oxo-1,3,4,11-tetrahydro-2H-10-thia-1,4a-diaza-cyclopenta[b]phenanthrene-7-carbonitriles 5g–i has been
delineated through ring transformations of the 2H-pyran-2-one 1, followed by photocyclization of product 4.
� 2004 Elsevier Ltd. All rights reserved.
Heterocyclic compounds are widely distributed in nat-
ure and occupy a prominent place in medicinal chemis-
try as pharmaceuticals and drug intermediates. They
play a significant role in the metabolism of all living cells
and many are in clinical use for the treatment of various
diseases. The therapeutic importance of heterocycles has
generated much interest in the synthesis of new classes
of heterocyclic systems in order to explore their bio-
dynamic properties.

Annelated [a]aza-thieno[3,2-g]naphthalenones have not
been reported. The construction of such compounds 5
having three different heterocycles, thiophene, isoquino-
line and imidazole or pyrimidine in a specific manner is a
challenging task. We conceived a scheme in which 5
could be made through reaction of 2H-pyran-2-one 1
with a-oxoketene cyclic aminals 2, obtained1 from the
reaction of a-oxoketene dithioacetal with 1,2- and 1,3-
diaminoalkanes, followed by photocyclization.

The 2H-pyran-2-one 1 has been used for nucleophile in-
duced ring transformation reactions for the synthesis of
various arenes and heteroarenes.2 The synthetic poten-
tial of 6-aryl-4-methylsulfanyl-2H-pyran-2-one-3-carbo-
nitriles 1 led us to use it as a precursor for the synthesis of
4-aryl-10-oxo-1,2,3,10-tetrahydro-9-thia-1,3a-diazadicy-
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clopenta[a,g]naphthalene-6-carbonitriles 5a–f and 5-
aryl-11-oxo-1,3,4,11-tetrahydro-2H-10-thia-1,4a-diaza-
cyclopenta[b]phenanthrene-7-carbonitriles 5g–i. In prin-
ciple two ring transformed products, either 3 or 4, could
result from the reaction of 1 and a-oxoketene cyclic ami-
nals 2, depending upon the initial participation of either
the secondary amino group or carbon as a nucleophile
(Scheme 1). The formation of ring transformed product
3 initiated by a carbanion was ruled out on the basis of a
single crystal X-ray diffraction study of photocyclized
product 5, which could only have been obtained from
the ring transformed product 4. Photoirradiation of a
solution of 4a,d or 4h in chloroform with a 200W elec-
tric bulb provided cyclized products 5a,d or 5h, respec-
tively. The ring transformation and photocyclization
could be carried out directly in a single step by irradiat-
ing a mixture of 2H-pyran-2-one 1, a-oxoketene cyclic
aminal 2 and NaH in dry THF with stirring for 15h.

The removal of solvent under reduced pressure followed
by work-up led to 5, in moderate yield, identical in all
respect to the product isolated through irradiation of
the ring transformed product 4. Since the intermediate
4 is highly sensitive to light, the isolation and purifica-
tion through Si gel column chromatography were car-
ried out in the dark.

The UV spectrum of a freshly prepared (0.01mM) solu-
tion of 4 in chloroform showed two absorption bands at
305 and 235nm, which completely disappeared after
irradiation for 2h, with the appearance of two new
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Scheme 1. Proposed mechanism for the formation of 5.

Figure 1. ORTEP diagram of 5e showing the X-ray molecular

structure at the 30% probability level.

86 R. Pratap et al. / Tetrahedron Letters 46 (2005) 85–87
absorption maxima at 410 and 281nm. The presence of
an electron withdrawing substituent in the 2H-pyran-
2-one 1 at position-3 facilitates the ring transforma-
tion reactions by increasing the electrophilicity of C6,
making it vulnerable to nucleophilic attack. 6-Aryl-4-
methylsulfanyl-2H-pyran-2-one-3-carbonitrile 1 can be
considered as a cyclic ketene hemithioacetal, prone to
nucleophilic attack. Excitation of the ketone in 4 leads
to hydrogen atom abstraction from the N–H and re-
distribution of the radicals leads to a conjugated 6-p
electron enol system. This then undergoes electro-
cyclization followed by tautomerization and oxidation.
Thus, this reaction possibly proceeds through a photo-
chemically allowed conrotatory cyclization3 followed
by aerial oxidation of a dihydro-intermediate to yield 5.

A plausible initial step in the mechanism of this reaction
is nucleophilic attack at C6 of the pyran ring by the sec-
ondary amino group with ring opening followed by
decarboxylation and recyclization, involving the vinylic
carbon and S-methyl bearing carbon liberating methyl
mercaptan to yield 4 (Scheme 1). The stereoselectivity
in the formation of 4 is possibly due to either strong
intramolecular hydrogen bonding between the NH and
C@O functionalities or steric hindrance, which plays a
crucial role in restricting the rotation of the aroyl group
thereby leading to E-geometry. The intermediates 4
were isolated and characterized spectroscopically as
(E)-2-(8-thienoyl-5-aryl-2,3-dihydro-1H-imidazo[1,2-a]-
pyridine-2-ylidene)acetonitrile (4, n = 1) and (E)-2-(9-
thienoyl-6-aryl-1,2,3,4-tetrahydro-8H-pyrido[1,2-a]pyr-
imidin-8-ylidene)acetonitrile (4, n = 2). The structure of
the isolated photocyclized products 5 was confirmed
spectroscopically4 and that of 5e by a single crystal X-
ray diffraction analysis (Fig. 1).5 The X-ray structure re-
vealed that two molecules are present in one asymmetric
unit of the crystal structure.

Our methodology provides a one-pot synthesis of a new
class of heterocycles using readily available precursors
and reagents under very mild conditions without the
use of any catalyst. This procedure opens a new avenue
for the one-pot synthesis of various new types of
heterocycles.
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4. Typical procedure for 4: A mixture of 6-aryl-4-methylsulfa-
nyl-2H-pyran-2-one-3-carbonitrile 1 (1mmol), a-oxoketene
cyclic aminal 2 (1mmol) and NaH (1.5mmol) in dry THF
was stirred for 15h at room temperature in the dark then
poured onto ice water. The aqueous solution was neutral-
ized with 10% HCl and the precipitate obtained was filtered,
washed with water, dried and finally purified by Si gel
column chromatography using 4% methanol in chloroform
as eluent. The entire process was carried out in the dark to
prevent photochemical cyclization. Compound 4a: Yield
77%; mp >250 �C; IR (KBr): m = 1639 (CO), 2167 (CN)
cm�1; 1H NMR (200MHz, CDCl3): d = 3.71–3.89 (m, 4H,
2NCH2), 4.19 (s, 1H, CH), 6.38 (s, 1H, ArH), 7.02–7.06 (m,
1H, ArH), 7.45–7.49 (m, 5H, ArH), 7.54 (d, J = 4.7Hz, 1H,
ArH), 7.80 (d, J = 3.4Hz, 1H, ArH); FAB (MS) 346
(M++1). Typical procedure A for 5: A stirred solution of 4
(0.05mmol) in chloroform was irradiated for 16h using a
200W electric bulb. The solution was evaporated and the
residue obtained was treated with a small quantity of
methanol and filtered. The crude product was finally
purified by column chromatography using 5% methanol
in chloroform as eluent. Typical procedure B for 5: A
mixture of 2H-pyran-2-one 1 (1mmol), a-oxoketene cyclic
aminal 2 (1mmol) and NaH (1.5mmol) in dry THF was
stirred for 15h at ambient temperature under light irradi-
ation. The reaction mixture was then poured onto ice-water
and neutralized with 10% HCl and the precipitate obtained
was filtered, washed with water, dried and finally purified
by Si gel column chromatography using 5% methanol in
chloroform as eluent. Compound 5a: Yield 35%; mp:
>250�C; IR (KBr): m = 1628 (CO), 2191 (CN) cm�1; 1H
NMR (200MHz, CDCl3, CD3OD): d = 4.10–4.26 (m, 4H,
2NCH2), 6.93 (s, 1H, ArH), 7.4 (d, J = 5.24Hz, 1H, ArH),
7.49–7.57 (m, 5H, ArH), 7.78 (d, J = 5.3Hz, 1H, ArH);
FAB (MS) 344 (M++1). Compound 5g: Yield 48%; mp:
>250�C; IR (KBr): m = 1648 (CO), 2198 (CN)cm�1; 1H
NMR (200MHz, CDCl3, CD3OD): d = 2.07–2.13 (m, 2H,
CH2), 3.61 (t, J = 5.8Hz, 2H, NCH2), 3.8 (t, J = 6.0Hz, 2H,
NCH2), 6.86 (s, 1H, ArH), 7.31 (d, J = 8.3Hz, 2H, ArH),
7.43 (d, J = 5.24Hz, 1H, ArH), 7.66 (d, J = 8.30Hz, 2H,
ArH), 7.72 (d, J = 5.3Hz, 1H, ArH); FAB (MS) 437
(M++1).

5. Crystal data of 5e: C21H14N3OS, M = 356.41, triclinic,
space group P-1, a = 10.032(1), b = 11.608(1), c =
15.694(1)Å, a = 70.28(1), b = 85.03(1), c = 84.03(1)�,
V = 1708.5(3)Å3, T = 293K, Z = 4, l = 0.41mm�1,
R1 = 0.0390 for 4507 Fo > 4sig(Fo) and 0.0560 for all
5902 data. CCDC No. 245953 contains the supplementary
crystallographic data. These data can be obtained free of
charge from www.ccdc.cam.uk/conts/retrieving.html [or
from the Cambridge Crystallographic Data Centre, 12
Union Road, Cambridge, CB2 1EZ, U. K; Fax: (internat.)
+44-1223/336-033; E-mail: deposit@ccdc.cam.ac.uk]. Pro-
grams: XSCANS [Siemens Analytical X-ray Instrument
Inc.: Madison, Wisconsin, USA 1996], SHELXTL-NT
[Bruker AXS Inc.: Madison, Wisconsin, USA 1997].
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