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Abstract: The unprecedented Friedlinder reaction of densely functionalized 2-amino-3-cyano-4H-pyrans (1)
with cyclohexanone has afforded in one step and good yield 5-amino-4-aryl-3-ethoxycarbonyl-2-methyl-
6,7,8,9-tetrahydro-4H-pyran[2,3-b]quinolines (2), novel amino-substituted fused pyran derivatives. These
compounds are new tacrine analogues. © 1997 Elsevier Science Ltd.

A recent report on the synthesis of some amino-substituted pyranopyranones! and the renewed interest
for this class of compounds due to their potential HIV protease inhibition activity,2 prompt us to report here our
results on the synthesis of some novel amino-substituted fused pyran derivatives.3

Polyfunctionalized 2-amino-3-cyano-4 H-pyrans# (A ) are very well known compounds and their
reactivity has been largely explored.5 However, to our knowledge, the Friedlinder reaction6 of these
molecules with ketones, implementing the reactivity of the B-enaminonitrile moiety? of these products, has
never been described.6® By contrast, this synthetic heteroannulation is well documented in 2-
aminobenzonitriles and has been used to prepare analogues of tacrine (C),8 an acetylcholinesterase inhibitor
with proven efficiency in the treatment of Alzheimer desease.? In this Letter we report in detail the synthesis of
some derivatives of 4 H-pyran[2,3-b]quinoline (B), a new heterocyclic system, readily prepared via Friedlinder
reaction of 2-amino-3-cyano-4 H-pyrans with cyclohexanone. These compounds are new tacrine (C) analogues,
where the aromatic nucleus "a" has been substituted by a 4 H-pyran ring.

Using 4 H-pyran 1a,10 an easily available starting material, and following the standard methodology for
the Friedlinder reaction (aluminium chloride in 1,2-dichloroethane, at reflux),6¢ a clean reaction resulted;!!
after work-up and recrystallization, compound 2a was obtained in moderate yield (63%). The structure of this
compound has been established by spectroscopic and analytical methods.11 In fact, in the 1H NMR spectrum
we can observe significant signals for H4 (s, 4.84 ppm) and NH3 (br s, 4.07 ppm); in the IR spectrum the
absorption for a conjugate nitrile is absent and a carbonyl band (ester) appears at 1695 cm-1. In agreement with
this, in the 13C NMR spectrum, typical signals for C2 (150.2 ppm) and C3 (106.5 ppm) in 4H-pyrans,12 and
signals for the 4-amino-pyridine nucleus!3 (C5: 153.7 ppm; C9a: 154.1 ppm, C10a: 159.6 ppm) are also
present.
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Under the same conditions 1b-f10 gave compounds 2b-f in good yields. All these compounds showed
excellent analytical and spectroscopic data,!! in good agreement with those observed for product 2a.

We have also tested this protocol by using cyclopentanone in the Friedkinder reaction. Not surprisingly,
starting from 1a we obtained compound 3 in 52% yield. Comparison of the spectroscopic data of compound
314 with those of products 211 clearly supported the structure of 5-amino-7,8-dihydro-3-ethoxycarbonyl-2-
methyl-6H-cyclopenta[e]4H-pyrano[2,3-b]pyridine for the new heterocycle. To our knowledge this
heterocyclic system has never been previously reported.

In summary, these results cover a hole in the literature concerning the chemical reactivity of
polyfunctionalized 2-amino-3-cyano-4 H-pyrans. Note also that the resulting S-amino-4-aryl-3-ethoxycarbonyl-
3-methyl-6,7,8,9-tetrahydro-4 H-pyran[2,3-b]quinolines incorporate the "4-aminopyridine" nucleus, a notorious
pharmacophore in medicinal chemistry.8

The present and related products to be prepared in the future are potential and interesting new lead
compounds for biological evaluation. This work is now in progress and will be reported in due course.!5
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General Method for the synthesis of compounds 2a-f and 3: In a typical experiment, aluminium chloride
(1.1 equiv.) was suspended in dry 1,2-dichloroethane (10 mL/mmol) at room temperature under argon.
The corresponding 2-amino-4H-pyran (la-f) (1 equiv.) and the ketone (cyclohexanone or
cyclopentanone; 1.1 equiv.) were added. The reaction mixture was heated at reflux (2-8 h). When the
reaction was over (TLC analysis), a mixture of THF/H>O (2:1) was added dropwise at rt. An aqueous
solution of sodium hydroxide (10%) was added dropwise to the mixture until the aqueous solution was
basic. After stirring for 30 min, the mixture was extracted twice with ethyl acetate. The organic layer was
washed with brine, dried over magnesium sulfate, filtered and the solvent was evaporated. The solid
obtained was washed with cold ether and recrystallized from ethyl acetate/hexane mixtures to give pure
compounds 2a-f and 3. These compounds showed good elemental analysis in agreement with their
structures.

5-Amino-3-ethoxycarbonyl-2-methyl-4-phenyl-6,7,8,9-tetrahydro-4H -pyran[2,3-b]quinoline (2a).
Following the General Method compound 1a (400 mg, 1.48 mmol) [AICl3 (217 mg, 1.63 mmol),
CICH2CH2Cl (15 mL), cyclohexanone (160 mg, 0.17 mL, 1.63 mmol)] afforded product 2a (340 mg,
63%): mp 209-211 "C; IR (KBr) v 3430, 3350, 3220, 2920, 1740, 1670, 1640, 1595, 1570, 1450, 1295,
1210, 1060 cm-1; 1H NMR (CDCl3, 300 MHz) § 7.32-7.1 (m, 5 H, C¢Hs), 4.84 (s, 1 H, H4), 4.15-4.07
(m, 4 H, CO,CH,CH3, NH3), 2.74 (m, 2 H, H9), 2.45 (s, 3 H, CH3), 2.18 (m, 2 H, H6), 1.77 (m, 4 H, H7,
HS), 1.25 (t, J= 6.7 Hz, 3 H, CO2CH2CH3); 13C NMR (CDCl3, 75 MHz) § 166.7 (CO2CHCH3), 159.¢
(C10a), 154.1 (C9a), 153.7 (C5), 150.2 (C2), 143.8, 128.4, 128.3, 126.9 (CeH5), 113.5 (C5a), 106.5 (C3),
99.5 (C4a), 60.1 (COCH2CH3), 38.4 (C4), 32.3 (C9), 22.7, 224, 22.2 (C6, C7, C8), 19.5 (CH3), 14.1
(CO2CH,CH3); MS (70 eV) m/z 364 (M, 19), 335 (18), 287 (100), 259 (21), 241 (7), 185 (3), 169 (2)
115(2), 105 (1), 77 (5).

5-Amino-3-ethoxycarbonyl-2-methyl-4-p-methylphenyl-6,7,8,9-tetrahydro-4 H-pyran{2,3-
blquinoline (2b).

Following the General Method compound 1b (500 mg, 1.68 mmol) [AICI3 (245 mg, 1.84 mmol),
CICH2CH2Cl (17 mL), cyclohexanone (181 mg, 0.19 mL, 1.84 mmol)] afforded product 2b (389 mg,
61%): mp 199-201 °C; IR (KBr) v 3450, 3370, 3250, 2940, 1695, 1645, 1605, 1575, 1455, 1300, 1210,
1065 cm-1; IH NMR (CDCl3, 300 MHz) § 7.20 and 7.07 (two d, J=7.2 Hz, 2 H, 2 H, p-CH3CgH 4), 4.80
(s, 1 H, H4), 4.14 (g, J= 6.7 Hz, 2 H, CO2CH2CH3), 4.11 (s, 2 H, NHj), 2.74 (m, 2 H, H9), 2.45 (s, 3 H,
CH3), 2.28 (m, 5 H, 2 H6, CH3CgHy), 1.80 (m, 4 H, H7, H8), 1.27 (t, 3 H, CO2CH2CH3); 13C NMR
(CDCl3, 75 MHz) 8 166.9 (CO,CH>CH3), 159.6 (C10a), 154.2 (C9a), 153.8 (C5), 150.2 (C2), 140.9,
136.6, 129.3, 128.3 (p-CH3CgHy), 113.5 (C5a), 106.7 (C3), 99.4 (C4a), 60.2 (CO2CH2CH3), 38.1 (C4),
32.4 (C9), 22.8, 22.5, 22.3 (C6, C7, C8), 21.0 (p-CH3C¢Hy), 19.6 (CH3), 14.2 (CO,CH2CH3); MS (70
eV) m/z 378 (M, 24), 349 (25), 305 (9), 287 (100), 241 (7), 185 (3), 145 (2), 91 (3), 65 (5).

5-Amino-4-p-chlorophenyl-3-ethoxycarbonyl-2-methyl-6,7,8,9-tetrahydro-4H-pyran(2,3-
b]quinoline (2c).
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Following the General Method compound 1¢ (500 mg, 1.57 mmol) [AICI3 (230 mg, 1.73 mmol),
CICH2CH2Cl (16 mL), cyclohexanone (169 mg, 0.18 mL, 1.73 mmol)] afforded product 2¢ (421 mg,
67% yield): mp 223-6 "C; IR (KBr) v 3450, 3370, 3260, 2950, 1695, 1650, 1610, 1580, 1500, 1460,
1390, 1380, 1310, 1215, 1070 cm-1; 1H NMR (CDCls, 300 MHz) & 7.32 (m, 4 H, p-CIC¢Hg), 4.87 (s, 1
H, H4), 4.22-4.08 (m, 4 H, CO2CH>CH3, NH3), 2.78 (m, 2 H, H9), 2.49 (s, 3 H, CH3), 2.40-2.27 (m, 2
H, H6), 1.83 (m, 4 H, H7, H8), 1.30 (t, J= 6.7 Hz, 3 H, CO,CH2CH3); 13C NMR (CDCl3, 75 MHz) &
166.6 (CO,CH2CH3), 160.0 (C10a), 154.1 (C9a, C5), 150.0 (C2), 142.3, 132.7, 129.3, 128.3 (CIlCsH34),
113.6 (C5a), 106.2 (C3), 99.0 (C4a), 60.3 (CO2CH2CH3), 37.8 (C4), 32.4 (C9), 22.8,22.4, 22.2 (C6, C7,
C8), 19.7 (CH3), 14.1 (CO2CH2CH3); MS (70 eV) m/z 398 (M1, 19), 369 (24), 318 (18), 287 (100), 259
(20), 207 (42), 179 (14), 153 (9), 91(3), 101 (7).

5-Amino-4-p-cyanophenyl-3-ethoxycarbonyl-2-methyl-6,7,8,9-tetrahydro-4H -pyran[2,3-

blquinoline (2d).

Following the General Method compound 1d (250 mg, 0.81 mmol) [AICI3 (118 mg, 0.89 mmol),
CICH,CH2C1 (9 mL), cyclohexanone (87 mg, 0.09 mL, 0.89 mmol)] afforded product 2d (201 mg, 64%
yield): mp 235-8 "C; IR (KBr) v 3440, 3380, 3250, 2950, 2250, 1695, 1645, 1610, 1580, 1460, 1380,
1305, 1215, 1060 cm-1; 1H NMR (CDCl3, 300 MHz) § 7.50 and 7.37 (two d, J=7.8 Hz, 2 H, 2 H, p-
CNCgHy), 4.86 (s, 1 H, H4), 4.11-4.02 (m, 4 H, CO,CH2CH3, NH»), 2.70 (m, 2 H, H9), 242 (s, 3 H,
CH3), 2.40-2.17 (m, 2 H, H6), 1.80 (m, 4 H, H7, H8), 1.21 (t, J= 6.7 Hz, 3 H, CO2CH2CH3); 13C NMR
(CDCl3, 75 MHz) 3 166.4 (CO2CH2CH3), 160.9 (C10a), 154.5 (C9a), 154.1 (C5), 149.9 (C2), 149.1,
132.0, 129.1, 110.8 (p-CNCgHas), 118.5 (CN), 113.7 (CS5a), 105.6 (C3), 99.3 (C4a), 60.5 (CO2CH2CH3),
38.5 (C4), 32.4 (C9), 22.8, 22.3, 22.1 (C6, C7, C8), 19.8 (CH3), 14.1 (CO2CH2CH3); MS (70 eV) m/2
389 (M ¥, 20), 360 (25), 287 (100), 259 (19), 241 (7), 116 (1), 145 (2), 67 (3).

S5-Amino-3-ethoxycarbonyl-4-p-methoxyphenyl-2-methyl-6,7,8,9-tetrahydro-4H -pyran[2,3-
blquinoline (2e¢).

Following the General Method compound le (500 mg, 1.59 mmol) [AICl3 (233 mg, 1.75 mmol),
CICH>CH2C1 (16 mL), cyclohexanone (172 mg, 0.18 mL, 1.75 mmol)] afforded product 2e (396 mg,
63%): mp 176-9 °C; IR (KBr) v 3450, 3380, 3240, 2940, 1690, 1645, 1610, 1575, 1510, 1450, 1380,
1375, 1300, 1210, 1060 cm-1; 1H NMR (CDCl3, 300 MHz) 8 7.17 and 6.74 (two d, J=8.2 Hz,2 H, 2 H,
p-CH30CgHy), 4.75 (s, 1 H, H4), 4.09-4.02 (m, 4 H, CO,CH>CH3, NH?), 3.70 (s, 3 H, p-CH30CgH4y),
2.70 (m, 2 H, H9), 2.40 (s, 3 H, CH3), 2.37-2.17 (m, 2 H, H6), 1.75 (m, 4 H, H7, H8), 1.22 (t, J=6.7 Hz,
3 H, CO2CH,CH3); 13C NMR (CDCl3, 75 MHz) § 166.9 (CO2CH2CH3), 159.3 (C10a), 154.1 (C9a),
153.7 (C5), 150.2 (C2), 158.4, 135.9, 129.4, 113.8 (p-OCH3CgHg), 113.5 (C5a), 106.7 (C3), 99.7 (C4a),
60.2 (CO2CH2CH3), 55.1 (p-CH30Cg6H4), 37.5 (C4), 32.3 (C9), 22.7, 22.4, 22.2 (C6, C7, CB), 19.6
(CH3), 14.1 (CO2CH2CH3); MS (70 eV) m/z 394 (M™, 35), 365 (44), 321 (20), 287 (100), 259 (23), 185
3),77 (5).

5-Amino-3-ethoxycarbonyl-2-methyl-4-m -nitrophenyl-6,7,8,9-tetrahydro-4H-pyran[2,3-

blquinoline (2f).

Following the General Method compound 1f (500 mg, 1.52 mmol) [AICl3 (222 mg, 1.67 mmol),
CICHCH>Cl (16 mL), cyclohexanone (164 mg, 0.17 mL, 1.67 mmol)] afforded product 2f (380 mg,
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62% yield): mp 202-4 “C; IR (KBr) v 3440, 3360, 3240, 2940, 1690, 1645, 1610, 1575, 1530, 1460,
1380, 1355, 1300, 1210, 1070 cm-!; TH NMR (CDCl3, 300 MHz) & 8.18 (s, 1H), 8.08 (d, J=5.5 Hz, 1 H),
7.58 (d, J=5.5Hz, 1 H), 741 (t, J=5.5 Hz, 1 H), (n-NOyCgH4), 494 (5, 1 H, H4),4.13 (q, J=6.7Hz, 2
H, CO,CH2CH3), 4.01 (s, 2 H, NH3), 2.78 (m, 2 H, H9), 2.46 (s, 3 H, CH3), 2.40-2.17 (m, 2 H, H6), 1.78
(m, 4 H, H7, H8), 1.25 (1, 3 H, CO,CH,CH3); 13C NMR (CDCl3, 75 MHz) 8 166.3 (CO2CH,CH3),
161.2 (C10a), 154.6 (C9a), 154.1 (CS5), 149.8 (C2), 148.0, 145.9, 134.5, 129.6, 123.1, 122.1 (m-
NO,CgHg), 113.8 (C5a), 105.6 (C3), 98.2 (C4a), 60.6 (COCH,CH3), 38.1 (C4), 32.4 (C9), 22.8, 224,
22.2 (C6,C7, C8), 19.8 (CH3), 14.1 (CO2CH2CH3); MS (70 eV) m/z 409 M+, 11), 392 (40), 287 (100),
259 (27), 241 (10), 185 (4), 77 (3).

Pascual, C.; Martin, N.; Seoane, C. Mag. Res. Chem. 1985, 23, 793.

Levy, G. C.; Nelson, G. L. Carbon-13 Nuclear Magnetic Resonance for Organic Chemists, Wiley &
Sons, 1972, p 113.

5-Amino-7,8-dihydro-3-ethoxycarbonyl-2-methyl-6 H-cyclopenta[e]4 H-pyrano[2,3-b]pyridine (3).
Following the General Method compound 1a (600 mg, 2.22 mmol) [AICl3 (325 mg, 2.44 mmol),
CICH2CH2Cl (22 mL), cyclopentanone (239 mg, 0.25 mL, 2.44 mmol)] afforded product 3 (405 mg,
52%) that was isolated by flash chromatography (hexane/ethyl acetate, 7:3): mp 205-6 °C; IR (KBr) v
3440, 3360, 3240, 2980, 1690, 1645, 1610, 1580, 1480, 1460, 1445, 1430, 1375, 1340, 1220, 1080 cm-1;
1H NMR (CDCl3, 300 MHz) 8 7.22-7.18 (m, 5 H,CgHss), 4.78 (s, 1 H, H4), 4.15-4.00 (g, J=6.7 Hz, 2 H,
CO,CH7>CH3), 3.94 (s, 2 H, NH»), 2.90-2.70 (m, 2 H, H8), 2.80-2.60 (m, 2 H, H6), 2.38 (s, 3 H, CH3),
2.00 (m, 2 H, H7), 1.18 (t, 3 H, CO,CH,CH3); 13C NMR (CDCl3, 75 MHz) § 166.8 (CO2CH2CH3),
162.0 (C9a), 159.7 (C8a), 156.3 (C5), 148.3 (C2), 143.9, 128.3, 128.2, 127.0 (CeH5), 118.1 (C5a), 106.5
(C3), 99.8 (C4a), 60.2 (CO2CH2CH3), 38.4 (C4), 34.1 (C8), 26.9 (C6), 22.2 (C7), 19.5 (CH3), 14.1
(CO2CH2CH3); MS (70 eV) mvz 350 (M+, 17), 321 (18), 273 (100), 245 (25), 227 (9), 77 (7).
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