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The triethylamine-catalyzed reaction of 4-substituted ethyl 2-acyl-3-amino-6-methylthieno[2,3-b)pyri-
dine-4-carboxylates Illa-h with 2,2,6-trimethyl-4H-1,3-dioxin-4-one IV gave 4-substituted ethyl 3-acetyl-
2-hydroxy-7-methylthieno[2,3-b:4,5-b"ldipyridine-9-carboxylates Va-h. Some of the thienodipyridines (V)
reacted with excess IV to give 5-substituted ethyl 3-acetyl-4,8-dimethyl-2-oxo-2H-pyrano[2,3-b]-
pyrido{3',2":4,5]thieno[2,3-¢e]pyridine-10-carboxylates VI.
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The use of diketene as a synthon for the preparation of
heterocyclic compounds is known in the literature [1]. For
example, 3'-amino-5',6',7',8'"-tetrahydro-2-acetonaphthone
reacted with diketene to give 3-acetyl-4-methyl-6,7,8,9-
tetrahydrobenzo[g]lquinolin-2(1H)-one [2]. Other
2-aminoketones react in a similar fashion [3] to give fused
heterocycles.

Several investigators reacted substituted 3-cyano-2-
mercaptopyridines with 2-chloroacetamide, 2-haloketones
and ethyl chloroacetate to give 3-aminothieno(2,3-b]-
pyridines [4,5]. The latter compounds were used to pre-
pare polycyclic heterocycles (6,7,8,9,10].

Our interest in the synthesis of novel heterocyclic
compounds for evaluation as agrochemicals and phar-
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ITIa-h with diketene-acetone adduct [2,2,6-trimethyl-
4H-1,3-dioxin-4-one (IV)]. The reaction of IIla-h with
IV in the presence of triethylamine in dioxane gave the
novel 4-substituted ethyl 3-acetyl-2-hydroxy-7-
methylthieno(2,3-b:4,5-b']dipyridine-9-carboxylates
Va-h. The tricyclic compounds Va-h reacted further
with IV to give 5-substituted ethyl 3-acetyl-4,8-
dimethyl-2-0x0-2H-pyrano[2,3-b]lpyrido[3’,2":4,5]-
thieno[2,3-elpyridine-10-carboxylates VI. Only ethyl
3-acetyl-4-(rert-butyl)-2-hydroxy-7-methylthieno-
[2,3-b:4,5-b")dipyridine-9-carboxylate (Vb) did not
give VIb, Compounds of type VI are examples of a
novel heterocyclic system that is easily accessible from
readily available intermediates.
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maceuticals prompted us to prepare several 4-substi-
tuted ethyl 2-acyl-3-amino-6-methylthieno[2,3-b]pyri-
dine-4-carboxylates IIIa-h by the condensation of
ethyl 3-cyano-2-mercapto-6-methylpyridine-4-carboxy-
late with 2-bromoketones in the presence of sodium
methoxide [4,5], and to investigate the reaction of

c

EXPERIMENTAL

Melting points were determined with a Thomas Hoover capil-
lary melting point apparatus and are reported uncorrected. The
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Formula
Anal. Calcd. (Found)
C H N
C16Hy0N,058
59.98 6.29 8.75
(59.82 6.27 8.70)
61.60 4.90 7.56
61.53 5.03 7.55)
C,H,5N3058
56.10 3.92 10.90
(56.33 3.94 10.69)
CigH sF3N,0,8
55.88 3.70 6.66
(55.81 3.67 6.85)
C16H13CIN;0,8,
50.45 3.44 7.36
(50.51 3.37 127)
C15H14ClN,058
52.82 342 6.85
(52.83 3.56 6.53)
Formula
Anal. Calcd. (Found)
C H
Cy7H16N,0,8
59.29 4.68
(59.38 4.65
CzoHyN,0,8
62.15 5.74
(62.33 5.76
CyHisN,0,8
65.01 4.46
(64.93 4.49
Cp3HyN,058
63.29 4.62
(62.89 4.71
CyH;7N3068
58.53 3.80
(58.64 3.87
Ca3H;7F3N20,8
58.22 3.61
(57.92 3.80
C10H5CIN0,S,
53.75 3.38
(53.39 3.37
CaaH16C1EN0,8
55.59 3.39
(55.58 352

N
8.14
8.31)

1.25
7.33)

6.89
6.96)

6.42
6.13)

9.31
9.52)

5.91
5.69)
6.27
6.05)

5.89
5.89)

Table 1

Table 2

TH NMR
(deuteriochloroform)
8,] (Hz)

1.42 (s, 9H), 1.46 (t, ] = 7.0 Hz, 3H), 2.70

(s, 3H), 4.48 (q, J = 7.0 Hz, 2H), 7.59

(s, 1H), 8.56 (br s, 2H)

1.47 (¢, ] = 7.1 Hz, 3H), 2.70 (s, 3H), 3.88

(s, 3H), 4.50 (q, = 7.1 Hz, 2H), 6.97

(d, J=9.0 Hz, 2H), 7.64 (s, 1H), 7.88

(d, J =9.0 Hz, 2H), 8.60 (bx s, 2H)

1.49 (t, ] = 7.0 Hz, 3H), 2.71 (s, 3H), 4.52

(q, J =7.0 Hz, 2H), 7.71 (s, 1H), 7.96

(d, Y= 8.5 Hz, 1H), 8.32 (d, J = 8.5 Hz, 1H),
8.98 (br s, 2H)

1.47 (1, ] = 7.3 Hz, 3H), 2.68 (s, 3H), 4.48

(g, J =7.3 Hz, 2H), 7.61 (t, ] = 7.8 Hz, 1H),
7.66 (s, 1H), 7.77 (d, ] = 7.8 Hz, 1H), 8.03

(d, J=7.8 Hz, 1H), 8.12 (s, 1H), 8.87 (bx s, 2H)
1.48 (t, J = 7.0 Hz, 3H), 2.74 (s, 3H), 4.51

(g, J=7.0 Hz, 2H), 7.00 (d, J = 4.0 Hz, 1H),
7.69 (s, 1H), 7.77 (d, } = 4.0 Hz, 1H) 8.82
(brs, 2H)

1.47 (t, ] =7.0 Hz, 3H), 2.68 (s,3H), 4.50 (q, ] = 7.0 Hz,
2H), 7.34 (dd, ] = 2.0, 8.3 Hz, 1H), 7.41 d,
J=8.3 Hz, 1H), 7.48 (d, ] = 2.0 Hz, 1H), 7.66
(s, 1H), 8.81 (br s, 2H)

TH NMR
(deuteriochloroform)

5,J(Hz)

1.53 (t, J = 7.0 Hz, H), 2.42
(s, 3H), 2.66 (s, 3H), 2.77 (s, 3H), 4.58

(q. T =7.0 Hz, 2H), 7.87 (s, 1H), 12.41 (s, 1H)
1.51 (t,J = 7.0 Hz, 3H), 1.59

(s, 9H), 2.67 (s, 3H), 2.78 (s, 3H), 4.57

(¢, = 7.0 Hz, 2H), 7.91 (s, 1H), 12.82 s, 1H)
1.52 (t, J = 7.1 Hz, 3H), 2.40 (s, 3H),

2.74 (s,3H), 4.55 (q, ] = 7.1 Hz, 2H),

7.41-7.52 (m, SH), 7.90 (s, 1H), 12.63 (s, 1H)
1.52 (t, J =7.1 Hz, 3H), 2.37

(s, 3H), 2.77 (s, 3H), 3.88 (s, 3H), 4.59 (q, J =
7.1 Hz, 2H), 7.01 (d,J = 8.7 Hz, 2H), 7.41

(d,J = 8.7 Hz, 2H), 7.92 (s, 1H), 12.67 (s, 1H)
1.54 (t, J = 7.0 Hz, 3H), 2.53

(s, 3H), 2.77 (s, 3H), 4.61 (q, J = 7.0 Hz, 2H),
7.60 (d, ] = 8.8 Hz, 2H), 7.95 (s, 1H), 8.36

(d, ] = 8.8 Hz, 2H), 12.82 (s, 1H)

1.53 (t, J = 7.3 Hz, 3H), 2.50 (s, 3H),

2.77 (s, 3H), 4.60 (q, J = 7.3 Hz, 2H), 7.64-7.77
(m, 4H), 7.95 (s, 1H), 12.82 (s, 1H)

1.53 (t, J = 7.0 Hz, 3H), 2.48 (s, 3H)

2.77 (s, 3H), 4.58 (q, J = 7.0 Hz, 2H), 7.00 (d, J =
4.0 Hz, 1H), 7.14 (d, J = 4Hz, 1H), 7.93 (s, 1H),
12.67 (s, 1H)

1.53 (t, ] = 7.0 Hz, 3H), 2.57 (s, 3H),

2.76 (s, 3H), 4.60 (g, J = 7.0 Hz, 2H), 7.32
(d,J=8.3 Hz, 1H), 7.44 (dd, ) = 2.0, 8.3 Hz, 1H),
7.52(d, J = 2.0 Hz, 1H), 12.80 (s, 1H)
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Table 3
Compound mp Formula H NMR Yield
Apal. Caled. (Found) (deuteriochloroform)
°C) C H N 8,J (Hz) (%)
Vlia 248-251 C7,H3N,05S 1.50 (t, J = 7.1Hz, 3H), 2.60 (s, 3H), 12
61.45 4.39 6.82 2.65 (s, 3H), 2.79 (s, 3H), 3.02 (s, 3H),
(61.36 447 6.96) 4.67 (q, J = 7.0 Hz, 2H), 7.39 (s, 1H)
Vie 190-194 Cy6HzpN205S 1.53 (1, J = 7.2 Hz, 3H), 1.81 (s 3H), 2.54, 47
66.09 427 593 (s, 3H), 2.74 (s, 3H), 4.68 (q, J=7.2 Hz,
(65.80 4.39 5.71) 2H), 7.38 (s, 1H), 7.41-7.52 (m, SH)
vid 211212 Cy7H,N,0¢S 1.53 (t, J = 7.0 Hz, 3H), 1.83 (s, 3H), 2.55 (s, 3H), 53
64.53 441 5.58 2.75 (s, 3H), 3.98 (s, 3H), 4.69 (g, } = 7.0 Hz,
(64.32 4.49 5.55) 2H), 7.09 (d, ] = 8.8 Hz, 2H), 7.32
(d, J = 8.8 Hz, 2H), 7.38 (s, 1H)
Vie 5270 CyeH gN30;S 1.53 (¢, J = 7.3 Hz, 3H), 1.79 (s, 3H), 2.55 75
60.34 3.70 8.12 (s, 3H), 2.76 (s, 3H), 4.70 (g, ] = 7.3 Hz, 2H),
(60.35 3.40 8.03) 7.42 (s, 1H), 7.65 (d, J = 8.8 Hz, 2H),
8.48 (d, ] = 8.8 Hz, 2H)
Vit 208-210 Cy7H oF3N,058 1.52 (t, J = 7.3 Hz, 3H), 1.78 (s, 3H), 2.55 45
59.99 3.54 5.18 (s, 3H), 2.74 (s, 3H), 4.68 (g, J = 7.3 Hz, 2H),
(60.06 3.65 5.39) 7.40 (s, 1H), 7.64 (d, I = 7.5 Hz, 1H), 7.73 (s, 1H),
7.79(t, J = 7.8 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H)
Vig 223-225 Cy4H,7CIN,O5S, 1.51 @, J = 7.1 Hz, 3H), 2.12 (s, 3H), 2.57 48
56.19 334 5.46 (s, 3H), 2.77 (s, 3H), 4.68 (g, J = 7.1 Hz, 2H),
(55.88 341 5.40) 7.01 (d, J = 3.8 Hz, 1H)7.09 (d, J = 3.8 Hz, 1H),
7.40 (s, 1H)
Vih 198-200 Cy6H15CHN,OsS 1.54 (t, 1 =7.1 Hz, 3H), 1.87 (s, 3H), 2.56 (s, 3H), 50
57.68 3.35 5.18 2.76 (s,3H), 4.70 (g, ] = 7.1 Hz, 2H), 7.31
(57.73 3.46 4.77) (d, J = 8.3 Hz), 7.40 (s, 1H), 7.51(dd, ] = 2.0, 8.3 Hz,

1H nmr spectra were recorded using a Varian Unity Plus 300 and
a Varian VXRS 400. Chemical shift values are reported in parts
per million on the & scale. The nmr spin multiplicities are indi-
cated by the symbols s (singlet), d (doublet), t (triplet), q (quar-
tet) and m (multiplet). Elemental analyses were performed by
Quantitative Technologies Inc., Whitehouse, New Jersey, U.S.A.
The ethyl 3-cyano-2-mercapto-6-methylpyridine-4-carboxylate
(I) used in this investigation was purchased from Maybridge
Chemical Company Ltd.

General Procedure for the Preparation of 4-Substituted Ethyl
2-Acyl-3-amino-6-methylthieno[2,3-b]pyridine-4-carboxylates
IIa-h.

In a nitrogen atmosphere, ethyl 3-cyano-2-mercapto-6-
methylpyridine-4-carboxylate (6.6 g, 30 mmoles) was added to a
stirred solution of sodium methoxide (30 mmoles) in ethanol
(150 ml). The resulting mixture was heated at 50° for 20 min-
utes then cooled to room temperature. A substituted 2-bromo-
ketone (30 mmoles) was added and the reaction mixture was
heated under reflux for three hours and then cooled to ambient
temperature. An additional quantity (30 mmoles) of sodium
methoxide was added. Within seconds a heavy precipitate
formed. The reaction mixture was stirred for 3 hours at room
temperature, diluted with ice/water (150 ml) and the solid prod-
uct was removed by filtration, washed with water, and crystal-
lized from acetonitrile. In the case of compound IIIb the reac-
tion mixture was heated under reflux for 6 hours after the addi-
tion of the second quantity of sodium methoxide. Compounds
Ia and IIIc are known, mp 165-168° and 154-157° (reported
mp 170-172° and 161-163° [5]).

1H), 7.66 (d, J = 2.0 Hz, 1H)

Data for all the new compounds are listed in Table I.

General Procedure for the Preparation of 4-Substituted Ethyl
3-Acetyl-2-hydroxy-7-methylthieno[2,3-:4,5-b]dipyridine-9-
carboxylates Va-h.

A few drops (3-4 drops) of triethylamine were added to a 4-sub-
stituted ethyl 2-acyl-3-amino-6-methylthieno[2,3-b]pyridine-4-car-
boxylate (20 mmoles) and 2,2,6-trimethyl-4H-1,3-dioxin-4-one
(30 mmoles) in dioxane (50-75 ml). The reaction mixture was
stirred and heated under reflux for 6 hours then cooled to room
temperature. The product that crystallized from the reaction mix-
ture was removed by filtration and recrystallized from acetonitrile.
If the product did not crystallize out, the dioxane was removed
under vacuum and the residue was crystallized from acetonitrile.
Data for all the compounds prepared are listed in Table II.

General Procedure for the Preparation of 5-Substituted Ethyl
3. Acetyl-4,8-dimethyl-2-ox0-2H-pyrano[2,3-b]pyrido[3',2":4,5]-
thieno[2,3-e]pyridine-10-carboxylates VI.

A few drops (3-4 drops) of triethylamine were added to a 4-
substituted ethyl 3-acetyl-2-hydroxy-7-methylthieno[2,3-b:4,5-
b’]dipyridine-9-carboxylate (2 mmoles) and 2,2,6-trimethyl-4H-
1,3-dioxin-4-one (20 mmoles) in dioxane (15 ml). The reaction
mixture was stirred and heated under reflux for 4 hours. After
cooling to room temperature, the reaction mixture was concen-
trated under reduced pressure and the product was purified by
column chromatography (silica gel, eluting with 3/2 hexane:
ethy! acetate). Compound Vb failed to give VIb under the above
reaction conditions. Data for all the compounds synthesized are
listed in Table II.

Acknowledgment.



732 F. T. Coppo and M. M. Fawzi

We thank Mr. T. D. Elmer for his technical assistance, and
Mrs. G. L. Blankenship and Mr. J. C. Groce, Jr., for recording
the nmr spectra.

REFERENCES AND NOTES

[1]1 For a comprehensive review of diketene chemistry see R. J.
Clemens, Chem. Rev., 86, 241 (1986).

[2] ). Prieto, A. Vega and J. Moragues, J. Heterocyclic Chem.,
13, 813 (1976).

[31 G. Tarzia, G. Panzone, P. Carminati, P. Schiatti and D. Selva,
Farmaco, Ed. Sci., 31, 81 (1976).

Vol. 34

[4] R. Niess and H. Eilingsfeld, German Offen. 2,241,717;
Chem. Abstr., 80, 146133 (1974).

[5] B.Tornetta, F. Guerrera and G. Ronsisvalle, Ann. chim.
(Rome), 64, 833 (1974); Chem. Abstr., 84, 164649 (1976).

[6) C. G. Dave, P. R. Shah and A. B. Shah, Indian J. Chem.,
31B, 492 (1992).

[71 S. W. Schneller and F. W. Clough, J. Heterocyclic Chem.,
11, 975 (1974).

[8] G. Wagner, S. Leistner, H. Vieweg, U. Krasselt and J. Prantz,
Pharmazie, 48, 514 (1993).

[9] C. Peinador, M. C. Veiga, V. Ojea and J. M. Quintela,
Heterocycles, 41, 37 (1995).

[10} M. C.Veiga, J. M. Quintela and C. Peinador, Heterocycles,

43, 91 (1996).



