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The highly reactive 1 :1 intermediate generated in the reaction between dialkyl acetylenedicarbox-
ylate (¼ but-2-ynedioic acid dialkyl ester) 4 and triphenylphosphine was trapped by 2-amino-4-oxo-4H-1-
benzopyran-3-carboxaldehydes 5 to yield highly functionalized dialkyl-1,5-dihydro-5-oxo-1-phenyl-2H-
[1]benzopyrano[2,3-b]pyridine-2,3-dicarboxylates in high yield.

1. Introduction. – The 4H-chromen-4-one (¼4H-1-benzopyran-4-one) moiety is an
integral part of many natural products [1 – 4]. Derivatives of 4H-chromen-4-one have
also drawn much attention due to their activity against the human-immunodeficiency
virus (HIV-1) [5] [6] that causes the acquired immune deficiency syndrome (AIDS),
and to broad pharmacological activities [7 – 9]. In addition, the chromenone moiety
forms the important component of pharmacophores of a number of biologically active
molecules of synthetic as well as natural origin, and many of them have useful
medicinal applications [10 – 12]. Consequently, chromenone chemistry continues to
draw considerable interest of synthetic organic and medicinal chemists [12 – 20]. For
example hetero-annulated chromenones 1 and 2 have pharmacological activities [21].
Furthermore, ?azapyranoxanthenon@ (¼2H,6H-pyrano[3’,2’: 6,7][1]benzopyrano[2,3-
b]pyridin-6-one) derivatives 3 were reported to have cytotoxic activity against the
murine L1210 leukemia and the human solid tumor HT-29 lines [22].

Because of their pharmacological importance, the synthesis of heterocycles fused
with a chromenone moiety has attracted much attention [23 – 25], and 4-oxo-4H-1-
benzopyran-3-carboxaldehyde has emerged as a valuable synthon for the incorporation
of the chromenone moiety into a number of molecular frameworks [26 – 29]. The 2-
(alkylamino)- or 2-(arylamino)-4-oxo-4H-1-benzopyran-3-carboxaldehydes have been
utilized recently in the synthesis of several heterocycles [21] [30 – 33].

Over the years, the Wittig reaction has evolved to include many variations that
constitute some of the most powerful processes for the construction of C¼C bonds
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[34]. The importance of intramolecular Wittig reactions [35] in the synthesis of
cycloalkenes and unsaturated heterocyclic compounds can hardly be overestimated.
Our one-pot synthesis of highly functionalized 1,5-dihydro-5-oxo-2H-[1]benzopyra-
no[2,3-b]pyridine-2,3-dicarboxylates 6 comprised such a Wittig reaction.

2. Results and Discussion. – In this study, we wish to describe a further use of 2-
(alkylamino)- and 2-(arylamino)-4-oxo-4H-1-benzopyran-3-carboxaldehydes 5 in re-
actions with a number of acetylenic esters 4 in the presence of Ph3P in dry CH2Cl2 at
room temperature (Scheme 1). The highly functionalized products, i.e., dialkyl 1-aryl-
and 1-alkyl-1,5-dihydro-5-oxo-2H-[1]benzopyrano[2,3-b]pyridine-2,3-dicarboxylates 6,
were obtained in 92 – 97% yield within 20 – 60 min (Table). 1H- and 13C-NMR spectra
of the crude products clearly indicated the formation of derivatives 6. Products other
than 6 could not be detected. Structures 6a – h were assigned on the basis of the
elemental analyses and IR, 1H- and 13C-NMR, and MS data of the isolated products.

The 1H-NMR spectrum of 6a exhibited two single sharp lines for the MeO groups at d 3.71 and 3.82,
a sharp s for the methine proton at d 5.65, and a single sharp line for the olefinic proton at d 8.06, along
with characteristic m with appropriate chemical shifts and coupling constants for the aromatic protons.
The 1H- decoupled 13C-NMR spectrum of 6a showed 20 distinct resonances in agreement with the
structure of the product. The 1H- and 13C-NMR spectra of 6b –h were similar to those of 6a, except for
the signals of the substituent at N(1) and the ester moieties, which exhibited characteristic resonances
with appropriate chemical shifts and coupling constants (see Exper. Part).
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Table. Products 6 of the Reaction of 2-(Alkylamino)- and 2-(Arylamino)-4-oxo-4H-1-benzopyran-3-
carboxaldehydes 5 with Dialkyl Acetylenedicarboxylates 4 in the Presence of Ph3P

R R’ R’’ Time [min] Yield [%]a)

6a Me H Ph 25 97
6b Me H CH2CO2Et 20 93
6c Me H 2-MeOC6H4 30 96
6d Me Cl Ph 30 96
6e Et H Ph 45 96
6f Et H CH2CO2Et 40 92
6g Et H 2-MeOC6H4 60 95
6h Et Cl Ph 60 95

a) Isolated material.

Scheme 1a)

a) For R, R’, and R’’, see Table.



A plausible reaction mechanism for the transformation 4þ 5! 6 in the presence of
Ph3P is proposed in Scheme 2. It is conceivable that the initial event is the formation of
a 1,3-dipolar intermediate 7 from Ph3P and the acetylenic compound 4 [36 – 39], which
is subsequently protonated by the 2-amino-3-carboxaldehyde 5 to give the ion pair 8.
Nucleophilic attack of the N-atom of the conjugate base of the NH acid 8 at the
alkenylphosphonium cation then produces ylide 9, which is converted to 6 by an
intramolecular Wittig reaction.

In conclusion, the present method has the advantage that not only neutral
conditions can be applied to the transformation but also the starting materials can be
mixed without any activation or modification. The simplicity of the procedure makes it
an interesting alternative to multistep approaches to chromenone derivatives fused to a
heterocycle. Thus, the described reaction provides an efficient one-pot method for the
preparation of highly functionalized dialkyl 1-aryl- and 1-alkyl-1,5-dihydro-5-oxo-2H-
[1]benzopyrano[2,3-b]pyridine-2,3-dicarboxylates of potential synthetic and pharma-
ceutical interest.

Experimental Part

General. M.p.: Electrothermal 9100 apparatus; uncorrected. IR Spectra: Perkin-Elmer 783 IR
spectrophotometer; in cm�1. 1H- and 13C-NMR Spectra: Bruker DRX-250-Avance spectrometer at 500
(1H) and 125.7 MHz (13C); CDCl3 solns.; d in ppm, J in Hz. MS: Shimadzu GCMS-QP5050 mass
spectrometer, ionization potential 70 eV; in m/z (rel.%) Elemental analyses: Heraeus CHN-O-Rapid
analyzer.

Dimethyl 1-Aryl- and 1-Alkyl-1,5-dihydro-5-oxo-2H-[1]benzopyrano[2,3-b]pyridine-2,3-dicarboxy-
lates 6 : General Procedure. To a magnetically stirred soln. of a 4-oxo-2-amino-4H-1-benzopyran-3-
carboxaldehyde 5 [21] (2 mmol) and Ph3P (2 mmol) in CH2Cl2 (3 ml), but-2-ynedioic acid dimethyl ester
(4 ; R¼Me) (2 mmol) was added dropwise at � 58 within 10 min. The mixture was then allowed to warm
up to r.t. and stirred for 15 min. The solvent was evaporated and the residue crystallized from EtOH: 6.
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Dimethyl 1,5-Dihydro-5-oxo-1-phenyl-2H-[1]benzopyrano[2,3-b]pyridine-2,3-dicarboxylate (6a).
Yield 0.38 g (97%). M.p. 204 – 2058. IR (KBr): 3070 (arom. C�H), 2950 (aliph. C�H), 1745, 1700 (2
CO2Me), 1625 (CO), 1215 (C�O). 1H-NMR: 3.71 (s, Me); 3.80 (s, Me); 5.65 (s, CHN); 7.09 (d, 3J¼ 8.3, 1
arom. H); 7.33 (t, 3J¼ 7.41, 1 arom. H); 7.38 – 7.51 (m, 6 arom. H); 8.06 (s, 1 olef. H); 8.18 (d, 3J¼ 7.66, 1
arom. H). 13C-NMR: 51.98 (Me); 52.98 (Me); 62.60 (CHN); 98.84 (C(4a)); 110.94 (C(3)); 116.99 (C(9));
122.56 (C(5a)); 125.45 (C(6)); 126.24 (C(7)); 126.53; 128.22; 129.53 (arom. CH); 131.53 (C(4)); 132.52
(C(8)); 139.89 (arom. C); 153.35 (C(9a)); 159.74 (C(10a)); 165.13, 169.87 (2 CO2Me); 172.91 (C(5)). EI-
MS: 391 (1,Mþ), 360 (2, [M�MeO]þ), 333 (20), 332 (100, [M�CO2Me]þ), 273 (3), 272 (4), 196 (4), 77
(18, C6H

þ
5 ), 59 (6, CO2Meþ). Anal. calc. for C22H17NO6 (391.38): C 67.52, H 4.38, N 3.58; found: C 68.0, H

4.4, N 3.6.
Dimethyl 1-(2-Ethoxy-2-oxoethyl)-1,5-dihydro-5-oxo-2H-[1]benzopyrano[2,3-b]pyridine-2,3-dicar-

boxylate (6b). Yield 0.371 g (93%). M.p. 206 – 2088. IR (KBr): 3090 (arom. C�H), 2974, 2924 (aliph.
C�H), 1750, 1675 (2 CO2Me), 1650 (CO), 1500 (arom. C¼C). 1H-NMR: 1.21 (t, 3J¼ 5.7, Me); 3.65 (s,
MeO); 3.74 (s,MeO); 4.21 (q, 3J ¼ 7.13, CH2O); 4.34 (s, CH2N); 5.33 (s, CHN); 7.59 (t, 3J¼ 7.5, 1 arom.
H); 7.33 – 7.45 (m, 2 arom. H); 7.96 (s, 1 olef. H); 8.1 (d, 3J¼ 7.1, 1 arom. H). 13C-NMR: 14.02 (Me); 49.57
(CH2N); 51.82 (MeO); 52.86 (MeO); 61.29 (CH2O); 61.97 (CHN); 96.96 (C(4a)); 110.70 (C(3)); 116.56
(C(9)); 122.40 (C(5a)); 125.60 (C(6)); 126.26 (C(7)); 131.56 (C(8)); 132.78 (C(4)); 153.03 (C(9a));
160.38 (C(10a)); 165.17, 169.15, 167.31 (3 CO, ester); 172.09 (C(5)). EI-MS: 401 (1, Mþ), 402 (1, [M þ
1]), 370 (1, [M�MeO]þ), 343 (21), 342 (100, [M�CO2Me]þ), 328 (2), 315 (11), 314 (61), 300 (1, [M�
NCH2CO2Et]þ), 196 (5, [M� 2 CO2Me�CH2CO2Et]þ), 59 (6, CO2Meþ). Anal. calc. for C20H19NO8

(401.38): C 59.85, H 4.77, N 3.49; found: C 60.0, H 4.8, N 3.5.
Dimethyl 1,5-Dihydro-1-(2-methoxyphenyl)-5-oxo-2H-[1]benzopyrano[2,3-b]pyridine-2,3-dicarbox-

ylate (6c). Yield 0.405 g (96%). M.p. 210 – 2128. IR (KBr): 3000 (arom. C�H), 2920 (aliph. C�H), 1745
and 1700 (2 CO2Me), 1625 (CO), 1500 (arom. C¼C), 1212 (C�O). 1H-NMR: 3.67, 3.73, 3.79 (3s, 3
MeO); 5.54 (s, CHN); 6.97 – 7.04 (m, 3 arom. H); 7.22 – 7.49 (m, 3 arom. H); 7.55 (d, 3J¼ 6.0, 1 arom. H);
8.07 (s, 1 olef. H); 8.16 (s, 1 arom. H). 13C-NMR: 51.81, 52.71, 55.81 (3 MeO); 62.22 (CHN); 98.09
(C(4a)); 110.86 (C(3)); 112.02 (arom. CH); 116.82 (arom. CH); 120.85 (arom. CH); 122.58 (C(5a));
125.22 (C(6)); 126.15 (C(7)); 127.98 (arom. CH); 129.49 (arom. C); 129.79 (arom. CH); 131.6 (C(8));
132.61(C(4)); 153.3 (C(9a)); 154 (arom. C); 160.29 (C(10a)); 170.06, 165.24 (2 CO2Me); 172.76 (C(5)).
EI-MS: 362 (100, [M�CO2Me]þ), 363 (24, [M þ 1�CO2Me]þ), 318 (28, [M�C7H4O]þ), 304 (2), 288
(2.5), 196 (4, [M� 2 CO2Me�MeOC6H4]þ), 77 (26, C6Hþ

5 ), 59 (9, CO2Meþ). Anal. calc. for C23H19NO7

(421.41): C 65.56, H 4.54, N 3.32; found: C 64.0, H 4.4, N 3.2.
Dimethyl 7-Chloro-1,5-dihydro-5-oxo-1-phenyl-2H-[1]benzopyrano[2,3-b]pyridine-2,3-dicarboxy-

late (6d). Yield 0.411 g (96%). M.p. 210 – 2128. IR (KBr): 3050 (arom. C�H), 2950 (aliph. C�H),
1745 and 1700 (2 CO2Me), 1625 (CO). 1H-NMR: 3.64 (s, MeO); 3.74 (s, MeO); 5.61 (s, CHN); 6.98 (d,
3J¼ 8.8, 1 arom. H); 7.92 (s, 1 olef. H); 7.34 – 7.44 (m, 6 arom. H); 7.98 (s, 1 arom. H). 13C-NMR: 51.93,
52.94 (2 MeO); 62.96 (CHN); 98.53 (C(4a)); 111.41 (C(3)); 118.59 (C(9)); 123.52 (C(5a)); 125.50 (C(6));
126.42, 129.57, 128.37 (arom. CH); 130.99 (C(8)); 131.2 (C(7)); 132.73 (C(4)); 139.55 (arom. C); 151.49
(C(9a)); 159.49 (C(10a)); 169.57, 164.77 (2 CO2Me); 171.35 (C(5)). EI-MS: 366 (83, [M�CO2Me]þ),
367 (17), 258 (7), 230 (4), 77 (100, C6H

þ
5 ), 59 (25, CO2Meþ). Anal. calc. for C22H16ClNO6 (425.83): C

62.05, H 3.79, N 3.29; found: C 63.1, H 3.8, N 3.3.
Diethyl 1,5-Dihydro-5-oxo-1-phenyl-2H-[1]benzopyrano[2,3-b]pyridine-2,3-dicarboxylate (6e) .

Yield 0.403 g (96%). M.p. 190 – 1918. IR (KBr): 3050 (arom. C�H), 2950 (aliph. C�H), 1745 and
1700 (2 CO2Et), 1625 (CO), 1500 (arom. C¼C), 1215 (C�O). 1H-NMR: 1.19 (t, 3J¼ 7.1, Me); 1.33 (t,
3J¼ 7.1, Me); 4.12 – 4.20 (m, CH2O); 4.28 (q, 3J¼ 7.1, CH2O); 5.64 (s, CHN); 7.1 (d, 3J¼ 8.3, 1 arom. H);
7.34 (t, 3J¼ 7.4, 1 arom. H); 7.38 – 7.51 (m, 3J¼ 7.7, 6 arom. H); 8.06 (s, 1 olef. H); 8.21 (d, 3J ¼ 1.2, 1 arom.
H). 13C-NMR: 13.92 (Me); 14.31 (Me); 60.85 (CH2O); 62.08 (CH2O); 62.75 (CHN); 98.73 (C(4a));
111.72 (C(3)); 116.97 (C(9)); 122.66 (C(5a)), 125.41 (C(6)), 125.59 (CH), 126.25 (C(7)), 126.59, 128.15,
129.49 (arom. CH), 130.92 (C(8)); 139.97 (arom. C); 153.34 (C(9a)); 159.75 (C(10a)); 164.74, 169.36 (2
CO2Et); 172.92 (C(5)). EI-MS: 419 (1, Mþ), 374 (1, [M�OEt]þ), 347 (26), 346 (100, [M�CO2Et]þ),
318 (47, [M�CO2Et�C2H4]þ), 196 (4, [M� 2 CO2Et�Ph]þ), 77 (51, C6H

þ
5 ), 59 (25, CO2Meþ). Anal.

calc. for C24H21NO6 (419.44): C 68.73, H 5.05, N 3.34; found: C 69.1, H 5.1, N 3.4.
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Diethyl 1-(2-Ethoxy-2-oxoethyl)-1,5-dihydro-5-oxo-2H-[1]benzopyrano[2,3-b]pyridine-2,3-dicar-
boxylate (6f). Yield 0.395 g (92%). M.p. 191 – 1928. IR (KBr): 3050 (arom. C�H), 2975, 2900 (aliph.
C�H), 1745, 1725 (2 CO2Et), 1625 (CO), 1500 (arom. C¼C). 1H-NMR: 1.17 (t, 3J¼ 6.5, Me); 1.22 (t,
3J¼ 6.5, Me); 1.27 (t, 3J¼ 6.6, Me); 4.29 (s, CH2N); 4.11 (q, 3J¼ 6.3, CH2O); 4.19 (m, 2 CH2O); 5.30 (s,
CHN); 7.61 (t, 3J¼ 7.5, 1 arom. H); 7.39 – 7.54 (m, 2 arom. H); 7.96 (s, 1 olef. H); 8.11 (d, 3J¼ 7.5, 1 arom.
H). 13C-NMR: 13.83, 14.20, 14.01 (3 Me); 49.56 (CH2N); 60.68, 61.92, 61.43 (3 CH2O); 62.04 (CHN);
96.88 (C(4a)); 111.32 (C(3)); 116.52 (C(9)); 122.46 (C(5a)); 125.52 (C(6)); 126.27 (C(7)); 130.98 (C(8));
132.67 (C(4)); 153.01 (C(9a)); 160.34 (C(10a)); 164.77, 167.32, 168.70 (3 CO2Et); 172.04 (C(5)). EI-MS:
429 (1,Mþ), 384 (1, [M�OEt]þ), 357 (21, [M þ 1�CO2Et]þ), 356 (100, [M�CO2Et]þ), 328 (17, [M�
CO2Et�C2H4]þ), 300 (25), 283 (4, [M� 2 CO2Et]þ), 210 (7, [M� 3 CO2Et]þ), 196 (4, [M� 2 CO2Et�
CH2CO2Et]þ). Anal. calc. for C22H23NO8 (429.43): C 61.53, H 5.40, N 3.26; found: C 60.1, H 5.3, N 3.3.

Diethyl 1,5-Dihydro-1-(2-methoxyphenyl)-5-oxo-2H-[1]benzopyrano[2,3-b]pyridine-2,3-dicarboxy-
late (6g). Yield 0.427 g (95%). M.p. 178 – 1808. IR (KBr): 3050 (arom. C�H), 2900 (aliph. C�H),
1745, 1700 (2 CO2Et), 1625 (CO), 1500 (arom. C¼C), 1215 (C�O). 1H-NMR: 1.15 (t, 3J¼ 7.1, Me); 1.30
(t, 3J¼ 7.1, Me); 3.73 (s, MeO); 4.11 (m, 3J¼ 7.2, CH2O); 4.24 (q, 3J¼ 7.0, CH2O); 5.52 (s, CHN); 6.67 –
7.04 (m, 3 arom. H); 7.28, 7.36, 7.44 (3t, 3J¼ 8.02, 3 arom. H); 7.56 (s, arom. H); 8.06 (s, 1 olef. H); 8.16 (d,
3J¼ 7.7, arom. H). 13C-NMR: 13.88, 14.27 (2 Me); 55.77 (MeO); 61.77, 60.63 (2 CH2O); 62.35 (CHN);
97.96 (C(4a)); 111.63 (C(3)); 112 (CH); 116.78 (C(9)); 120.80 (CH); 122.59 (C(5a)); 125.16 (C(6));
126.14 (C(7)); 128.04 (CH); 129.48 (C); 129.75 (arom. CH); 130.9 (C(8)); 153.35 (C(9a)); 153.90 (arom.
C); 160.27 (C(10a)); 169.52, 164.8 (2 CO2Et); 172.75 (C(5)). EI-MS: 449 (1, Mþ), 450 (0.6, [M þ 1]þ),
404 (1, [M�OEt]þ), 377 (34, [M þ 1�CO2Et]þ), 376 (100, [M�CO2Et]þ), 349 (39), 348 (9), 332 (3),
304 (28), 288 (3). Anal. calc. for C25H23NO7 (449.46): C 66.81, H 5.16, N 3.12; found: C 65.5, H 5.0, N 3.0.

Diethyl 7-Chloro-1,5-dihydro-5-oxo-1-phenyl-2H-[1]benzopyrano[2,3-b]pyridine-2,3-dicarboxylate
(6h). Yield 0.433 g (95%). M.p. 195 – 1968. IR (KBr): 3070 (arom. C�H), 2975 (aliph. C�H), 1745,
1700 (2 CO2Et), 1625 (CO), 1500 (arom. C¼C), 1215 (C�O). 1H-NMR: 1.17 (t, 3J¼ 7.1, Me); 1.30 (t,
3J¼ 7.1, Me); 4.13 (m, CH2O); 4.25 (q, 3J¼ 7.1, CH2O); 5.61 (s, CHN); 7.02 (d, 3J¼ 8.81, 1 arom. H);
7.37 – 7.46 (m, 6 arom. H); 7.98 (s, 1 olef. H); 8.09 (d, 3J¼ 2.4, 1 arom. H). 13C-NMR: 13.86 (Me); 14.24
(Me); 60.90 (CH2O); 62.13 (CH2O); 62.84 (CHN); 98.50 (C(4a)); 112.17 (C(3)); 118.56 (C(9)); 123.63
(C(5a)); 125.64 (C(6)); 126.55, 128.36, 129.55 (3 arom. CH); 130.52 (C(8)); 131.29 (C(7)); 132.73 (CH);
139.63 (arom. C); 151.52 (C(9a)); 159.74 (C(10a)); 169.13, 164.51 (2 CO2Et); 171.55 (C(5)). EI-MS: 408
(1, [M�OEt]þ), 380 (100, [M�CO2Et]þ), 381 (21), 352 (45). Anal. calc. for C24H20ClNO6 (453.88): C
63.51, H 4.44, N 3.09; found: C 64.1, H 4.5, N 3.1.
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