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Abstract—An efficient synthesis of ethyl 7-aryl-2-methyl-4 H,5 H-pyrano[3,4-c]pyran-4,5-dione-1-carboxylate 5, and ethyl 6-aryl-3-
cyano-2 H-pyran-2-one-4-acetate 6 has been delineated by reaction of suitably functionalized 2 H-pyran-2-ones 1 with ethyl aceto-

acetate 2.
© 2004 Elsevier Ltd. All rights reserved.

An extensive computerized literature survey on the
chemistry of pyrano[3,4-c]-4,5-diones revealed that this
type of compound had not been reported earlier, except
for one paper describing MO calculations, correlation of
delocalization energy, m-bond order, and n-charge den-
sity of theoretical pyranopyrandiones.! Several com-
pounds of the type I-III, are known in the literature in
which the pyrano[3,4-c]pyran-4,5-dione ring system is
a part of their molecular structure.?* These compounds
display antibacterial and antifungal activities.?

Ethyl 7,10-dimethoxy-2-methyl-4H,5 H-benzopyrano[3,
4-c]pyran-4,5-dione-1-carboxylate I has been prepared?
by Michael addition—cyclization of a suitably functiona-
lized coumarin while 2-phenyl 4H,5H-pyrano[3,4-
c]benzpyran-4,5-dione II was synthesized® from the
reaction of 4-(2,2-dimethyl)-4,6-dioxo-1,3-dioxan-5-
ylidene-2,6-diphenyl-4 H-pyran with a secondary amine.
The 3-methoxy-benzpyrano[3,4-c]benzpyran-6,7-dione
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IIT has been obtained from the reaction of 3-methoxy-
phenol and diethyl ethoxymethylenemalonate. The
unexplored chemistry of the 4H,5H-pyrano[3,4-c]pyr-
an-4,5-dione ring system, inspired us to develop a syn-
thesis of this class of compounds to assess their
therapeutic potential.

We report here an efficient one-pot synthesis of 4H,5H-
pyrano[3,4-c]pyran-4,5-diones from the reaction of suit-
ably functionalized 2 H-pyran-2-ones 1 with ethyl aceto-
acetate 2. The precursors, 6-aryl-4-methylsulfanyl-2H-
pyran-2-one-3-carbonitriles 1, used for the synthesis of
pyrano[3,4-clpyran-4,5-diones were prepared® by the
reaction of aryl methyl ketones with methyl 3,3-dimeth-
ylthio-2-cyanoacrylate. The molecular make-up of the
2H-pyran-2-one is such that it may be considered as a
cyclic ketene hemithioacetal of which positions 4 and 6
are prone to nucleophilic attack due to extended conju-
gation and the presence of an electron withdrawing sub-
stituent at position 3 of the pyran ring. The high
electrophilicity at position 6 compared to position 4 in
2H-pyran-2-one 1, led to the expectation that attack of
the carbanion, generated from ethyl acetoacetate would
occur at position 6 of the pyran ring with ring opening
followed by cyclization involving either COCH; or
COOC,H5 and C-3 of the pyran ring to yield either 7
or 8, or both. However, neither 7 or 8 were isolated from
the reaction mixture. Position 4 of the pyran ring being a
soft electrophilic center easily underwent nucleophilic
substitution with the carbanion, generated from ethyl
acetoacetate to form the probable intermediate 3, which
cyclized in situ to give 4H,5H-pyrano[3,4-c]pyran-4,5-
diones 5, or alternatively was hydrolyzed to 6 under
alkaline condition. Thus, an equimolar mixture of


mailto:vjiram@yahoo.com

8196

D. Sil, V. J. Ram | Tetrahedron Letters 45 (2004) 8195-8197

SCHy SCHy oo .
CN A CN COCH,
—%— \ + CH2 —X—
Ar OH A0 N0 COOC-Hs Ar COOC?l:IS
COCH; 2
8 1 2 7
‘ [ CHj,
9 CZHsooc\C)\o H
HyC—C-CHCOOC,Hs | CoHsOOC—CH-COCHs )
N =
OH‘ S path B 7 N path A /fic\"\v‘
A0S0 O A0S0 O AT OO0
3a
3b 3 J
lH+ CHa
CoH500C— g
CH,COOC,Hs | X SNH
CN
‘ N A7 00 J
Ar” 70" 0 Yield (%) 4
5,6 Ar 5 6
6 \ H,0
a phenyl 52 48
b 1-naphthyl 35 30
¢ | 4-bromophenyl 50 43 CHs
d | 4-chlorophenyl 40 30 CoHs00C— ~>0
e 4-fluorophenyl 48 -
f 4-methylthiophenyl 53 - A (o)
g 4-methylphenyl 51 44 ‘
h 4-methoxyphenyl 46 35 Ar 0~ 0
i furanyl 47 44
j | theinyl 55 45 s

Scheme 1.

2H-pyran-2-one 1, ethyl acetoacetate 2, under alkaline
conditions was stirred for 30h at room temper-
ature and thereafter poured onto ice water with vigorous
stirring. Neutralization of the alkaline aqueous solution
with 10% HCI provided a precipitate, which was filtered,
washed with water, and finally dried. The crude product
was purified by Si-gel column chromatography. Two
compounds were isolated from this reaction and were
identified as ethyl 6-aryl-2-methyl-4H,5H-pyrano|3,4-
c]Jpyran-4,5-dione-1-carboxylate 5, and ethyl 6-aryl-3-
cyano-2 H-pyran-2-one-4-acetate 6 in an almost equal
ratio. All the compounds synthesized were characterized
by elemental and spectroscopic analyses.®

A plausible mechanism for the formation of products 5
and 6 is depicted in the Scheme 1. The first step in this
reaction is the attack of the carbanion generated in situ
from ethyl acetoacetate 2 at position 4 of the pyran ring
of 1 to form substitution product 3, which via path A or
B forms products 5 and 6. In the presence of alkali, the
intermediate 3 is hydrolyzed to product 6 in situ by fol-
lowing path B, while the tautomerized intermediate 3a
cyclizes to form 4, following path A, which is then
hydrolyzed to ethyl 7-aryl-2-methyl-4 H,5 H-pyrano[3,4-
¢]Jpyran-4,5-dione-1-carboxylate 5. The possibility of
the isolated product being 4 was ruled out on the basis
of nitrogen and spectroscopic analyses. The elemental
analysis and resemblance of molecular ion peak with
the structure 5 ruled out the possibility of product 4.

Our methodology provides an easy access to the synthe-
sis of the 4H,5H-pyrano[3,4-c]-4,5-dione ring system 5,

and ethyl 6-aryl-3-cyano-2 H-pyran-2-one-4-acetate 6 in
moderate yield and in one step. The work-up for this
reaction is very simple and the synthesis is very
economical.

Acknowledgements
D.S. thanks CSIR, New Delhi for a Senior Research

Fellowship. The authors thank SAIF, CDRI, Lucknow
for providing spectroscopic and analytical data.

References and notes

1. Creak, G. A.; Liew, S. E.; Tan, S. F. J. Singapore Nat.
Acad. Sci. 1973, 3, 223-226.

2. Hassan, M. A.; Shiba, S. A.; Harb, N. S.; Abou-El-Regal,
M. K.; El-Metwally, S. A. Synth. Commun. 2002, 32, 679—
688.

3. Van Allan, J. A.; Reynolds, G. A. J. Heterocycl. Chem.
1971, 8, 803-807.

4. Hoegberg, T.; Vora, M.; Drake, S. V.; Mitscher, L. A;
Chu, D. T. W. Acta Chem. Scand. 1984, 38B, 359-
366.

5. (a) Ram, V. J.; Verma, M.; Hussaini, F. A.; Shoeb, A. J.
Chem. Res.(S) 1991, 98-99; (b) Ram, V. J.; Hussaini, F. A.;
Shoeb, A. Liebigs Ann. Chem. 1991, 1229-1231.

6. Typical procedure for 5 and 6: A mixture of 2H-pyran-2-

one 1 (1 mmol), ethyl acetoacetate (1 mmol), and powdered
KOH (1.5mmol) in dry DMF was stirred for 30h at room
temperature. The reaction mixture was poured onto ice
water and neutralized with 10% HCI. The separated solid
was filtered, washed with water, and dried. The crude
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product was purified by silica gel column chromatography
to afford 5 and 6 in an almost equal ratio. 5a: Yield
52%; mp 190-194°C; IR (KBr) v 1711cm ™" (CO) 1785¢cm ™"
(CO); '"H NMR (300MHz, CDCl3) 6 1.47 (t, J=7.2Hz,
3H, CHj), 2.57 (s, 3H, CHj3), 4.49 (q, J=7.2Hz, 2H,
OCH,), 7.29 (s, 1H, CH), 7.49-7.60 (m, 3H, ArH), 7.91-
7.94 (m, 2H, ArH); MS (FAB) 327 (M"+1). Anal. Calcd for
C13sH140¢: C, 66.26; H, 4.32. Found: C, 66.07; H, 4.37. 6a:
Yield 48%; mp 152-154°C; IR (KBr) v 1720cm™" (CO)
2224cm~! (CN); "H NMR (200 MHz, CDCl3) 6 1.33 (t, 3H,
J=17.1Hz, CH3), 3.82 (s, 2H, CH)»), 4.26 (q, 2H, J = 7.1 Hz,
OCH,), 6.88 (s, 1H, CH), 7.40-7.60 (m, 3H, ArH), 7.85-
7.90 (m, 2H, ArH); MS (FAB) 284 (M"+1). 5¢: Yield 50%;

mp 194-196°C; IR (KBr) v 1720cm™"' (CO) 1791cm™"
(CO); "H NMR (200 MHz, CDCls) 1.45 (t, J = 7.1Hz, 3H,
CHs;), 2.57 (s, 3H, CH3), 4.47 (q, J = 7.2Hz, 2H, OCH,),
7.29 (s, 1H, CH), 7.64 (d, J=8.8Hz, 2H, ArH), 7.78 (d,
J =8.8Hz, 2H, ArH); MS (FAB) 405 (M"+1). Anal. Calcd
for CigH304Br: C, 53.36; H, 3.23. Found: C, 53.04;
H, 3.26. 6c: Yield 43%; mp 166-168°C; IR (KBr) v
1720cm~! (CO) 2214cm™! (CN); 'H NMR (300 MHz,
CDCls) 6 1.33 (t, J = 7.5Hz, 3H, CH3), 3.82 (s, 2H, CH,),
426 (q, J=7.0Hz, 2H, OCH,), 6.87 (s, 1H, CH), 7.66 (d,
J=9.0Hz, 2H, ArH), 7.74 (d, J=9.0Hz, 2H, ArH); MS
(FAB) 362 (M*+1). Anal. Caled for C;¢H,BrNOg4: C,
53.06; H, 3.34; N, 3.87. Found: C, 53.29; H, 3.42; N, 3.75.
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