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Synthesis of Dialkyl 2-(2-Hydroxyphenyl)-4,6-dimethyl-1,2-
dihydropyridine-3,5-dicarboxylates and Alkyl 2,4-Dimethyl-
5-o0xo0-5H-[1]benzopyrano[4,3-b]-pyridine-3-carboxylates

C.N. O'Callaghan

Medical Research Council of Treland Laboratories, Chemistry Building,
Trinity College. Dublin 2, Ireland

The reaction of 2-hydroxybenzaldehydes with 3-oxobutanoic esters and
excess ammonia in acetic acid at room temperature vields dialkyl 2-(2-
hydroxyphenyl)-4.6-dimethyl-1,2-dihydropyridine-3,5-dicarboxylates
and their 2-(3,5-dialkoxycarbonyl-4,6-dimethyl-1,2,3-trihydropyridin-
ium-2-yl)-phenoxide zwitterions. Mild oxidation of these compounds is
accompanied by lactonisation, with formation of alkyl 2.4-dimethyl-5-
oxo-SH-[1]benzopyrano 4,3-b]pyridine-3-carboxylates. which had pre-
viously been incorrectly formulated. Reaction of other o-substituted
benzaldehydes with alkyl 3-aminocrotonates in acetic acid at room
temperature also yields dialkyl 2-aryl-4.6-dimethyl-1.2-dihvdro-
pyridine-3,5-dicarboxylates, as well as the normal 1.4-dihydropyridine
Hantzsch esters.

The widespread pharmacological use of 4-aryl-1,4-divdropy-
ridine derivatives 1' has emphasized the importance of the
Hantzsch synthesis of these compounds from aryl aldehydes
with ketoesters and ammonia.? It has recently been shown that,
by modifying the experimental conditions, it is possible to
obtain instead the isomeric 1,2-dihydropyridines 2 as the main
products.?
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The failure of 2-hydroxybenzaldehydes to react with ketoesters
to form ,,norma * Hantzsch-type 1,4-dihydropyridine diesters 1
has long been known,* but under the modified reaction con-
ditions® 2-hydroxybenzaldehydes behave like other arenecar-
boxaldehydes, yielding the {,2-dihydropyridines 6. When excess
ammonia is added to a mixture of salicylaldehyde (3, X = H)
and methyl acetoacetate at room temperature, and the solution
is then reacidified, the main products are the yellow 12-
dihydropyridine 6a and its colourless zwitterionic form Sa.

The physical properties of the 1,2-dihydropyridines 6 resemble
those of other 1,2-dihydropyridines 2, the 'H-NMR spectra
being characterised by a signal for 2-H which is coupled to NH.
The zwitterionic forms 5 in solution change slowly into the
hydroxycompounds 6. (Only a zwitterion 5b is obtained from
the reaction of 2-hydroxy-3-methoxybenzaldehyde with methyl
acetoacetate and ammonia, but recrystallisation from methanol
converts this into 6b).

Mild oxidation of the diester 6a yields methyl 2,4-dimethyl-5-
oxo-SH-[1]benzopyrano[4,3-b]pyridine-3-carboxylate (1,
R = CH;, X = H) (traces of which are obtained during the
preparation of the diesters Sa and 6a); the same product is
obtained by ring closure of dimethyl 2-(2-methoxyphenyl)-4,6-
dimethylpyridine-3,5-dicarboxylate (8). The reaction of salicy-
laldehyde (3, X = H) with methyl 3-aminocrotonate (methyl 3-
amino-2-butencate; 11, R = CH,) in acetic acid at room tem-
perature also yields the same benzopyranof4,3-p]pyridine de-
rivative (7, R = CHj;, X = H); new compounds prepared by this
latter method are listed in Table 3. This reaction presumably
takes place via the intermediates Sa and 6a which are not
isolated, but undergo oxidation and subsequent lactonisation on
storing in acetic acid.

Compound 7, K = CH;, X = H. and some substituted deriva-
tives of it have previously been prepared by similar routes, but
have been formulated incorrectly as benzopyrano[ 3,4-¢]pyridi-
nes 10.%° In fact, the compounds properly formulated as 10 are
obtained by lactonisation of dimethyl 4-(2-methoxyphenyl)-2,6-
dimethylpyridine-3.5-dicarboxylate (9). They are also obtained
by mild oxidation of the 3,10b-dihydrobenzopyrano-[ 3,4-c]pyr-
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Table 1. 2-(3,5-Dimethoxycarbonyl-4,6-dimethyl-1,2,3-trihydropyridinium-2-yl)-phenoxides () Prepared

Prod- R X Yield® n.p. ("C) Molecular IR (Nujol) H-NMR (CDCl,)
uct (%) (solvent) Formula® y(em ™) 8(ppm)
5a CH, H 55 145-148 C,,H,sNO; 3305, 1748, 192 (s, 3H, CH,): 209 (s, 3H. CH,):
(benzene) (317.3) 1650, 1585w 3.0t (d, 1H, ¥-H); 3.7 (s, 3H, OCH,);
3.73 (s, 3H, OCH,); 4.55 (dd, 1H. 2-H):
484 (br. s, 1H, NH); 6.77-7.20 (m,
41{3“(‘]“)
sb CH,  3OCH, 0 141-143 C,H,,NO, 3305, 1750, 197 (5. 3H. CHy): 209 (s, 3H, CH,):
(benzene) (347.4) 1652, 1587w 3.01 (d, 1H. 3-H); 3.70 (s, 3H, OCH,);
3.72 (s, 3H, OCH,); 3.85 (s, 3H. OCH,);
4.55(dd, 1H, 2’-H); 4.96 (br. s, 1 H, NH);
6.61-6.92 (m, 3H,,,..)
5i CH, 5-OCH, 68 133-136 C,sH, NOg 3305, 1745, 1.89 (s, 3H, CH;); 2.08’(8, 3H.’> CH,);
’ (ether) (347.4) 1652, 1565 2.95 (d, 1H, ¥-H); 3.70 (s, 3H, OCH,);
3.72 (s, 3H, OCH,); 3.74 (s, 3H, OCH,);
4.49 (dd, 1H, 2’-H); 493 (br. s, 1H, NH);
6.62-6.81 (m, 3 Hyyop)
s§i CH, 5 18 163-166 C,-H,,CINO, 3325, 1745, 170 (s, 3H, CH,): 198 (s, 3H, CHy):
' (ether) (351.8) 1652, 1555 2.83 (d, 1H, 3-H); 3.60 (s, 3H, OCH,);

3.63 (s, 3H. CCH,); 4.28 (dd, 1H, 2'-H);
444 (br. s, 111, NH), 6.67-7.38 (m.
3H

arom)

* Optimised yield.
* Satisfactory microanalyses oblained: C £0.3. H £0.17, N £0.15.
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idines 12, the structure of which is established unequivocally by
their "H-NMR spectra.

The reaction of 2-hydroxybenzaldehydes with alkyl 3-aminoc-
rotonates to yield benzopyrano[4,3-h]pyridines 7 (derived from
1,2-dihydropyridines) rather than benzopyrano[3,4-c]pyridines
10 (derived from 1,4-dihydropyridines) appears to run counter
to the finding, long known” and reported,? that the reaction of
other aromatic aldehydes with 3-aminocrotonates in acetic acid
yields ,,normal* symmetrical Hantzsch-type 1,4-dihydropyridi-
ne derivatives. However, the experimental conditions employed
in the past (e.g., heating the reactants in acetic acid solution
under reflux overnight®) destroy any 1,2-dihydropyridines
which may be formed (and which are relatively unstable),
leaving 1,4-dihydropyridines as the only stable, isolable prod-
ucts. A limited investigation shows that at room temperature the
reaction of o-substituted benzaldehydes with methyl 3-amino-
crotonate in acetic acid yields a mixture of 1,2-dihydropyridines
2 (mainly) and 1,4-dihydropyridines 1.
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Dialkyl  2-(2-hydroxyphenyl)-4,6-dimethyl-1,2-dihydropyridine-3,5-di-
carboxylates (6) and 2-(3,5-Dialkoxycarhonyl-4,6-dimethyl-1,2,3-trihy-
dropyridinium-2-yl)-phenoxides (5); General Procedure:

To a solution of the 2-hydroxybenzaldehyde (10 mmol) and an alkyl 3-
oxobutanoate (4; 20 mmol) in acetic acid (2 ml) at room temperature is
added aramonia solution (33%; 4.4 ml), followed by acetic acid (2 mf)
and ethanol (6 ml). On storing the mixture overnight at room tempera-
ture, a heavy oil separates. As soon as signs of crystallisation or
solidification appear (which normally occurs after 1 day, but 2 or 3 days
may be necessary), the aqueous upper layer is decanted and discarded.
The partly solid residue is air-dried for 3 days, and full crystallisation is
generally achieved by addition of a little ether and scratching. When it is
clear from the IR spectra of the crude product that a mixture of the two
compounds 5 and 6 is present, extraction with benzene (2 x 40 ml)
removes the zwitterionic compound 5, leaving undissolved the dihy-
dropyridine 6; both products are then purified by further recrystalli-
zation, using minimal amounts of solvent.

Alkyl 2,4-Dimethyl-5-0x0-5H-{1]benzopyrano[4,3-b]pyridine-3-carbox-
ylates (7); General or Typical Procedures:

Method A, from Dihydropyridines 6:

Methyl  2,4-Dimethyl-5-oxo0-5H-[1)benzopyrano| 4,3-b |pyridine-3-carb-

Table 2. Dialkyl 2-(2-Hydroxyphenyl)-4,6-dimethyl-1,2-dihydropyridine-3,5-dicarboxylates (6) Prepared

Prod- R X Yield? m.p. (°C) Molecular IR (Nujol) TH-NMR (CDCl;)
uct (%) (solvent) Formula® viem ™) 3 (ppm)
6a  CH, H 18 167-170 C,,H,sNO; 3390w, 3300, 218 (s, 3H, CH,); 2.36 (s, 3H, CH,);
(methanol)  (317.3) 1700, 1665, 1595 3.69 (s, 6H, 20CH;); 5.61 (br. s, 1H,
NH); 5.81 (d, 1H, 2-H); 6.72-7.23 (m,
SH, 4H,,,,, 10H)
6b  CH, 3-OCH, 80° 156-159 C,sH, NO, 3395w, 3290, 213 (s, 3H, CH,); 2.46 (s, 3H, CH,);
(347.4) 1695, 1660, 1600 3.62 (s. 3H, OCH,); 3.67 (s. 3H. OCH,);
3.87 (s, 3H, OCH,); 5.91 (br. s, 3H: NH,
2-H, OH); 6.77 (s, 3H,;om)
6c  CH, 4-OCH, 28 167-170 C,sH,NO, 3360, 3290, 218 (s, 3H, CH,); 2.31 (s, 3H, CH,)
(methanol)  (347.4) 1705, 1645, 1595 3.68 (s, 9H, 30CH;); 5.38 (br. s, 1H,
NH); 5.66 (d. 1H, 2-H): 6.35-7.21 (m,
3H,,.,): 7.56 (s, 1H. OH)
6d  CH, 30C,H, 37 107-109 CoH,3NOg 3380br, 1710, 143 (1, 3H, OCH,CH,); 2.13 (s. 3H,
(methanol)  (361.4) 1655, 1590, 1550 CH,); 2.43 (s, 3H, CHjy); 3.62 (s, 3H,
OCH,); 3.74 (s, 3H, OCH3); 4.10 (9. 2H,
OCH,CH,;); 592 (br. s. 2H, NH, 2-H);
6.75 (br. s, 4H, 3H, .. tOH)
e C,H, H 32 97-100 CyH,3NOg, 3520br, 3300br, 1.14 (t, 3H, OCH,CH,); 1.19 (t, 3H,
(methanol)  H,0¢ 1690, 1650, 1590  OCH,CH,); 1.57 (s. 2H, H,0): 2.10 (s,
(363.4) 3H, CH,); 2.29 (s, 3H. CH,); 4.04 (q.
2H, OCH,CH,; 413 (q. 2H,
OCH,CH,): 5.69 (br. s. 1H, NH); 5.75
(d, 1H, 2-H); 6.64-7.03 (m, 4H,,,,.); 7.33
(br. s, 1H, OH)
6f CH, 3-OCH, 28 103-105 C50H,sNO, 3390, 1687, 1.17 (t, 3H, OCH,CH,); 1.28 (t. 3H,
(PE)° (375.4) 1660, 1590 OCH,CH,); 2.14 (s, 3H, CH;); 2.47 (s,
3H, CH,); 3.88 (s, 3H, OCH,); 4.16 (g,
2H, OCH,CH;y; 421 (q, 2H,
OCH,CH,;); 5.84 (br. s, 1H, NH); 5.94
(d, 1H, 2-H); 6.78 (s. 4H. 3-H,.. 1OH)
6g C,H,  4-OCH, 57 155-108 C0H,sNO, 3340, 1698, 1.23 (t, 3H, OCH,CH,): 1.32 (t, 3H,
(methanol)  (375.4) 1633, 1580w OCH,CH,); 2.19 (s, 3H, CH,); 2.34 (s,
3H, CH,); 3.68 (s, 3H, OCH,); 4.13 (q.
2H, OCH,CH,%; 422 (q. 2H,
OCH,CH,); 5.58 (br. s, 1H, NH); 5.72
(d, 1H, 2-H); 6.30-7.22 (m, 3H,,.,.); 7.86
) ‘ (s, 1H, OH)
6h C,yHg 3-OC,Hq 24 106-109 C5,H,,NOq 3380, 3320w, 1.28 (t, 3H, OCH,CH,); 1.37 (1, 3H,

(389.45)

1695, 1675, 1605 OCH,CH,); 1.44 (1, 3H, OCH,CH,);
214 (s, 3H, CH,); 2.47 (s, 3H, CH,);
4.06 (g, 2H, OCH,CH,); 4.15 (g, 2H,
OCH,CH,); 4.19 (q, 2H, OCH,CH,);
5.84 (br. s, 2H, NH, OH); 5.94 (d, 1H. 2-
H); 6.73 (s, 3H,,0m)

* Optimised yield.
T’ Satisfactory microanalyses obtained: C +0.2, H +0.19, N +0.18.
¢ Obtained from the corresponding zwitterion 5b.

¢ Retains 1H,0 tenaciously.
¢ Petroleum ether b.p. 60-80°.
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SYNTHESIS

Table 3. Ethyl 2,:-Dimethyl-5-ox0-5 H-[1]benzopyrano[4,3-h |pyridine-3-carboxylates (7) Prepared

Prod- R X Yicld*

m.p. (°C) Molecular IR (Nujol} '"H-NMR (CDCty)
uct (%) (solvent) Formula® viem™1) J (ppm)
T7e¢ C,Hs H 24 112-113 C,-H;sNO, 1740, 17204, 1.42 (t, 3H, OCH,CH;); 2.67 (s, 3H,
(methanol)  (297.3) 1615, 1600, 1560 CH;j): 2.79 (s, 3H, CH;): 447 (g. 2H,
OCH,CH,;); 7.24-7.57 (m, 3H,,,,): 8.60
(dd? 1H:lmm)
78 C,H; 8-OCH, 22 135-136 C,5H,-NO, 1735, 17259, 1.42 (t, 3H. OCH,CH,); 2.64 (s, 3H,
(mcthanol)  (311.3) 1618, 1598, 1565 CHj); 277 €3, 3H, CHy); 390 (s, 3H,
OCH3;); 447 (q, 2H, OCH,CH,); 6.77-
6.93 (ma ZHJ‘um): 3.46 (d~ I[-Iumm,)
7k C,H; 9-OCH, 30 169-171 CisH4NO, 1735, 17209, 1.43 (1, 3H, OCH,CH,); 2.68 (s. 3H,

(methanol)  (311.3)

7j C,H; 9-Cl 36 181-182 C,-H,4,CINO,
(methanol)  (331.65)

7h C,H 7-0C, 1, 15 125-127 CioH o NOy
(methanol)  (341.35)

1610w, 1570 CH,); 2.79 (s, 3H, CH,); 3.92 (s, 3H,
OCH,); 4.48 (q, 2H. OCH,CH;); 7.02
7.32 (m, 2H,,,,); 8.03 (d. 1H,,,,)

1.43 (1, 3H, OCH,CH,); 2.67 3H. s,
CH,); 2.79 (3H, s, CH,); 4.48 (q, 2H.
OCH,CH,); 7.19-7.57 (m, 2H,,,,,): 8.03
(d, 1H,,,.)

1.43 (1, 3H, OCH,CH,): 1.52 (t, 3H,
OCH,CH,); 2.67 (s, 3H, CH,); 2.81 (s,
3H, CH,); 4.18 (g, 2H, OCH,CH,); 448
(q. 2H, OCH,CH,); 7.02-7.36 (m.
21{:|rx>n\); 81”; (dd7 1Hamm)

1745, 17359,
1600w, 1570

1740, 17259,
1620, 1600w, 1560

@

Optimised yiekd.
* Satisfactory microanalyses obtained: C +0.3, H +0.22, N +0.13.

¢ 3C.NMR (DMSO-d,): 6 = 167.1 (ester C = O); 159.5 (C-2); 158.9 (C-5); 152.0 (C-6a); 151.3 (C-10b); 148.8 (C-4); 132.4 (C-8); 131.0 (C-3); 124.7
(C-10); 124.3 (C-9); 118.2° (C-4a); 116.2 (C-7); 1134 (C-10a); 61.7 (OCH,); 23.1 (2-CH,); 18.4 (4-CH.); 13.7 ppm (OCH,CH,).

¢ The lactone ard ester bands were only partially resoltved.

¢ These assignments may be interchanged.

Table 4. Benzopyrano[3.4-¢|pyridine Derivatives Prepared

Prod- R Yield* m.p. ("C) Molecular IR (Nujol) 'H-NMR
uct (%) (solvent) Formula* v(em ™) J (ppm)
12a  CH, 8 242--245 Ci6H,5sNO, 3285, 1715, 1705, (DMSO-d,) 2.01 (s, 3H, CH,y); 2.25 (s, 3H, CH,);

(methanol)  (285.3)

2 CH, 12 229232 (,,H,NO,

(methanol)  (299.3)

10a CH, 874 148-150 CyH,3NO,
{methanol)  (283.3)
10b¢  C,H;, 914 134-136 Cy-H,sNO,

(methanol)  (297.3)

W0c H 55 244-246

(methanol)

CysH, NO,
(269.25)

1640, 1620

3295, 1720, 1700,
1645, 1625

1750, 1720¢, 1605,
1590, 1555
1750, 1720, 1608,
1592, 1556

1735, 1720w, 1605w,
1590w, 1578

3.59 (s, 3H, OCH,); 4.74 (s, 1H, 10b-H); 6.70--7.51
(m, 4H,,,,.); 8.90 (s, 1 H, NH)

(DMSO-d,) 1.10 (t, 3H, OCH,CH,): 2.01 (s, 3H,
CHy); 2.25 (s, 3H, CHy); 4.10 (g, 2H, OCH,CH,);
474 (s, 1H, 10b-H); 6.72 719 (m, 4H,,,,); 8.83 (s.
1H, NH)

(CDCy) 2.64 (s, 3H, CHy); 3.06 (s, 3H, CHy); 4.00
(s, 3H, OCH,); 7.22-7.77 (m, 4H,,)

(CDCLL) 1.39 (1, 3H, OCH,CH,): 2.65 (s. 3H, CH,);
3.06 (s, 3H, CH,): 4.49 (g, 2H, OCH,CH,); 7.23-
7.88 (m. 4H,,,,)

(DMSO-d,) 2.60 (s, 3H. CH,); 2.93 (s, 3H, CH,);
5.12 (br. s. 1H, COOH); 7.29 8.19 (m, 4H,,,,,)

Optimised yiekl.

b Satisfactory microanalyses obtained: C +£0.2, H +0.09, N £ 0.18.
¢ The lactone and ester bands were only partially resolved.

¢ Obtained by oxidation of the dihydrocompounds 12.

¢ I3C.NMR (DMSO-d,) 6 = 168.5 (ester C=0); 163.2 (C-4); 158.4 (C-2); 158.2 (C-5); 151.9 (C-6a); 138.7 (C-10b); 132.9 (C-8); 125.2(C-10); 1244
(C-9); 120.3 (C-1); 117.5 (C-7); 114.7° (C-4a); 112.9 (C-10a); 62.3 (OCH,); 26.5 (4-CH,); 22.5 (2-CH3); 13.4 ppm (OCH,CH,).

" These ussignments may be interchanged.

oxylate (7, R = CH;, X = H): Dimethyl 2-(2-hydroxyphenyl)-4,6-dime-
thyl-1,2-dihydropyridine-3,5-dicarboxylate (6a; 100 mg, 0.315 mmol) is
suspended in 2 normal nitric acid (10 ml) and this suspension is stirred
at room temperature overnight. The product which separates is isolated
by filtration and recrystallized twice from methanol; yield: 47 mg
(53%); m.p. 151-153°C (Lit.> m.p. 151-153°C).

Method B, from Pyridine Derivative 8:

2,4-Dimethyl-5-0x0-5H-[ I'|benzopyrano| 4,3-b]pyridine-3-carboxylic
Acid (7, R = X = H): Dimethyl 2-(2-methoxyphenyl)-4,6-dimethylpy-
ridine-3,5-dicarboxylate® (8; 659 mg, 2 mmol; obtained by oxidation of

the corresponding 1,2-dihydropyridine) is heated in boiling 48% hydro-
bromic acid (6 ml) for 1 h. The mixture is then cooled and poured onto
ice (~ 100 g). The crude carboxylic acid is isolated by filtration and
recrystallized from methanol; yield: 296 mg (55%); m.p. 217 218°C.

C,sH,,NO, cale. C66.91 H 4142 N 520
(269.3) found 6671 411 5.32
R (Nujol): v = 1740, 1700, 1615w, 1600w, 1556, 1540 cm ™"

'H-NMR (DMSO-dy): 8 = 2.64 (s, 3H, CH;); 2.71 (s, 3H, CH,); 3.44
(br. s, 1 H, COOH); 7.30--7.76 (m, 3H,,,q); 8.43 ppm (dd, 1 H.rom)-

Downloaded by: University of Arizona Library. Copyrighted material.



May 1987

Methyl or Ethyl 2 4-Dimethyl-5-oxo-SH-[ 1]benzopyrano[4,5-h Ypvridine-
3-carbuxylate (7, R = CH, or C,H;, X = H): Dry hydrogen chloride is
passed through a solution of the carboxylic acid (7. R =X= H;
269 mg, 1 mmo}) in methanol (75 ml) or ethanol (75 ml) for 15 min. The
solution is then heated to reflux for 1 h, concentrated to 10 ml and the
product 7 is isolated by filtration and purified by washing with water
and recrystallisat:on from methanol.

Methyl Ester 7, R =CH;, X =H; yicld: 128mg (43%); m.p.
151-1583°C (Lit.* m.p. 151-153°C).

Lthyl Ester T7e, R :=C,Hs, X =H: yield: 166mg (36%); m.p.
112-113°C.

Method C, from 2-Hydroxybenzaldehydes (3) and Alkyl 3-Amino-2-
butencates (11):

Alkyl  2,4-Dimethyi-5-ox0-5H-[ [benzopyrano(4,3-b] pyridine-3-carb-
oxylates (Ta—e; see Table 3); A solution of the 2-hydroxybenzaldehyde
3 (10 mmol) and ethyl 3-amino-2-butenoate (11, R = C,H.; 20 mmol)
in acetic acid (10 ml) is stored at room temperature for 4 days. The
crystalline cthyl 2,4-dimethyl-5-0x0-5H-[1]benzopyrano| 4,3-b]pyridi-
ne-3-carboxylate (7a-e) which separates is collected by filtration and
recrystallised from methanol.

Alkyl  2,4-Dimethyl-5-ox0-5H-[ 1 benzopyrano[ 3,4-c]pyridine-1-carb-
oxylates (10a, b, ¢); General Procedures:

Method B, from Pyridine Derivative 9:

Dimethyl  4-{2-Methoxyphenyl)-2 6-dimethylpyridine-3,3-dicarboxylaie
9): A solution of chromium (VI) oxide (150 mg) in watzr (0.5 ml) is
added 1o a stirred solution of dimethyl 4-(2-methoxyphenyl)2,6-dime-
thyl-1.4-dihydropyridine-3,5-dicarboxylate® (1, Ar = 0-OCH;-C H,,
R = CHj; 663 mg, 2 mmol) in acetic acid (6 ml) and stirring is con-
tinued for 1 h at room temperature. The solutior. is then made basic
with aqueous ammonia and the pyridine 9 which separates i1s 1solated by
suction and recrystallized from methanol; yield: 626 mg (95%). m.p.
80--81°C.

CisHgNOg cale. C656 HS.81 N4.235

(329.3) found 654 5.72 4.06

IR (Nujol): v = 1735, 1595cm ™",

H-NMR (CDCly): 6 = 2.61 (s, 6H, 2 CHy); 3.51 (s, 6H. 2 OCHy);
3.73 (s, 3H, OCH,); 6.94--7.26 ppm (m, 4 H,,,.).

2 4-Dimethyl-5-0x0-5 H-[ Ilbenzopyrano| 3 4-¢]pyridine-1-carboxylic
Acid (10, R = H}): Diester 9 (659 mg, 2 mmeol) is heated n boiling 48 %
hydrobromic acid (5 ml) for 1 h. The mixture is then cooled and poured
onto ice (~ 100 g). The crude carboxylic acid is isolated by filtration
and recrystallized from methanol; yield: 28%mg (53%); m.p.
244-246°C.

C,sH, NO, cale. C66.9 H4.12 NS5.20

(269.25) found  66.8 4.02 5.38

Methyl or Ethyl 2, 4-Dimethyl-5-oxo0-5H-[ I |benzopyranol 3 4-c|pyridine-
I-carboxylate (10a or 10b): Dry hydrogen chloride is passed through a
solution of the carboxylic acid (10, R = H; 269 mg, 1 mmol) in metha-
nol (25 mb) or ethanol (25 ml) for 15 min. The solution is then heated to
reflux for 1h, concentrated to 10ml and the product 1 isolated by
filtration and recrystallized from methanol. See Table 4.

Method D, via 3,10b-Dihydro Derivatives 12:

Alkyl 2 4-Dimethyl-5-0x0-3,10b-dihydro-5 H-[ Flbenzopyranol 3,4-c|pyr-
idine-1-carboxylates (12): 2-Hydroxybenzaldechyde (1.221 g, 10 mmol)
and methyl or ethyl acetoacetate (20 mmol) are added to a mixture of
acctic acid (8 ml) and aqueous 33% ammonia solution (11.0ml);
cthanol (6 ml) and acetic acid (8 ml) are then added, and the solution
heated on a water bath for 1.25 h. The ester 12 is collected from the hot
solution by filtration, and recrystallised from methanol. See Table 4.
Alkyl  2,4-Dimethyi-5-ox0-5H-| ITbenzopyrano| 3 4-¢pyridine- [-carb-
oxylates (10): The dibydro derivative 12 (100 mg) is dissolved in acetic
acid (2 ml), a solution of chromium (V1) oxide (50 mg) in water (0.1 ml)
is added, and the mixture is stirred for 1h at room temperature.
Addition of excess conc. ammonia solution (~ 4 ml) then releases the
oxidised product 10 which is collected and recrystallised from methanol.
See Table 4.

Reaction of 2-Methoxybenzaldehyde with Methyl 3-Amino-2-butenoate:
A solution of 2-methoxybenzaldehyde (1.362 g, 10 mmol) and mcthyl 3-
amine-2-butenoate (4: R = CH,; 2.323 g, 20 mmol) in acetic acid (4 ml)
is stored at room temperature for 1 day. The mixture of solid products
which separates is collected by filtration and dried. Extraction of the
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solid with ether removes dimethyl 2-(2-methoxyphenyl )-4.6-dime thyl-
1.2-diliydropyridine-3.5-dicarboxylate (2; R =CH,. Ar=2-0CH;-
CH,) which is recovered from ether; yield: 1.193g (36%). m.p.
150--152°C (Lit.> m.p. 150-152°C). The ether-insoluble residue 18
recrystallized from methanol to give dimethyl 4-¢ 2-methoxyphenyl-2,6-
dimethyl-1 4-dihydropyridine-3,5-dicarboxylate {1; R = CHy. Ar = 2-
OCH,-CHy); vield: 298 mg (9%): nip. 202- 203°C (Lit.> wm.p.
205 206°C).

Microanalytical data were provided by May and Baker Ltd.. { Dagen-
hamj, England.
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