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Abstract

A novel methodology for the synthesis of substituted 2-aminopyridine &-lactones is reported. It involves the
reactions of enaminonitrile, 4,6,6-trimethyl-2-oxo-5,6-dihydro-2H-pyran-3-carbonitrile, with amines which is
catalyzed by antimony trifluoride SbFs. The structures of the new compounds obtained were characterized by
various spectroscopic methods (IR, *H NMR, *C NMR and MS).
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Introduction

Among nitrogen containing heterocycles, 2-aminopyridines have gained considerable interest for synthetic
research groups due to their high impact applications into biological and material science fields.’ Specifically,
the 2-aminopyridine moiety is present in many pharmacologically and biologically important compounds,
including nitric oxide synthases (NOS),*® C€XCR1/2,° and renin®® inhibitors, displaying antifungal,“'13 anti-
im‘lammatory,”'14 analgesic,ll'14 antiparasitic,15 antiviral,*° antipyretic,17 and antimicrobial®’ properties.

Recently, we focused on the preparation of bioactive nitrogen-containing heterocycles and we have shown
that the synthesis of 2-aminopyridines from enaminolactone nitriles and primary aliphatic and aromatic
amines was promising and constituted a valuable strategy.18 Thus, we have reported a new method for the
synthesis of 2-aminopyridines fused with a five-membered lactone (y-lactone). A novel synthesis of 3-cyano-2-
aminopyridine derivatives then, from enaminonitrile and various primary amines have been also studied.”

O-lactones, as y-lactones, are widely found in natural products and often display many biological
properties. In this paper we focus on extending our preliminary results concerning butenolide aminopyridines
to new 2-aminopyridines fused with a six-membered lactone (Figure 1). It should point out that the &-lactone
nitrile 1 used, was previously studied by Lukevics et al. 20

CN 7 N NHR

Figure 1. Structure of &-lactone nitrile, 4,6,6-trimethyl-2-oxo-5,6-dihydro-2H-pyran-3-carbonitrile 1 and
general structure of 2-aminopyridine 6-lactones.

Results and Discussion

We are reporting herein the synthesis 2-aminosubstituted-pyridine-fused &-lactones by the reaction of amines
with enaminonitrile, 4,6,6-trimethyl-2-oxo-5,6-dihydro-2H-pyran-3-carbonitrile (Scheme 1).
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Scheme 1. Synthesis of 2-aminopyridine &-lactone derivatives.
Synthesis of 6-lactone nitrile
The 6&-lactone nitrile 1 (4,6,6-trimethyl-2-ox0-5,6-dihydro-2H-pyran-3-carbonitrile) was prepared by the

condensation of R-hydroxyketone (4-hydroxy-4-methylpentan-2-one) 2 with an equimolar amount of ethyl
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cyanoacetate, in a basic medium of ammonium acetate in excess, according to the protocol of Lukevics et
16,17
al.™

Synthesis of &6-lactone enaminonitrile

The 6-lactone nitrile 1 was converted efficiently into the condensation product 6-lactone enaminonitrile 3 via
dimethylformamide dimethylacetal DMFDMA used in stoichiometric amounts. The attempts to avoid the use
of solvent were unsuccessful and the reaction proceeded too slowly. However, the addition of
dichloromethane rendered the reaction to completion at room temperature. Finally, the reaction was
performed during 24 h furnishing the 6-lactone enaminonitrile 3 in a good overall yield (72%) (Scheme 1).

The structure of the &-lactone enaminonitrile 3 was confirmed by spectral analysis. The 'H NMR spectrum
showed two doublets at 6 = 7.23 and & = 5.59 ppm with a large coupling constant value of 12.4 Hz
characteristic of a conjugated double bond C=C with a ‘£’ configuration. The mass spectrum displayed
molecular ion peak in agreement with the expected structure.

Synthesis of 2-aminopyridine 6-lactone derivatives
We report the synthesis of a series of new substituted 2-aminopyridine &-lactones 5a-f via condensation
between &-lactone enaminonitrile 3 and primary amines 4a-f.

Initially, we have investigated the reaction conditions of the &-lactone enaminonitrile 3 with benzylamine 4a.
In the absence of acid, the reaction proceeded very slowly and the yield obtained was very poor (<10%)
contrary to the results obtained with y-lactones.’® Thus, we have tested protic and Lewis catalysts. As protic
acids, pentafluoroanilinium triflate (PFAT) was found the more efficient among R-alanine, APTS, oxalic,
camphosulfonic and sulfamic acids. As Lewis acids, zinc chloride ZnCl, was inefficient, bismuth trichloride BiCls
or indium trichloride InCl; gave many by-products and antimony trifluoride SbFs has proven to be very efficient
affording clean 2-aminopyridine 8-lactones. SbF; was known as fluorinating agent®? and it was not widely used
as Lewis acid catalyst23 in the literature. A plausible acid catalyzed mechanism of the synthesis of 2-
aminopyridine 6 —lactones according to the following scheme 2 is proposed.

The choice of various amines, including aliphatic, aromatic, and heterocyclic was expressly large to
investigate the versatility of the reaction. The 2-aminopyridine 6-lactones 5a-f were obtained by heating an
equimolar mixture of &-lactone enaminonitrile 3 and different primary amines (benzylamine 4a, (S)-(-)-a-
methylbenzylamine 4b, histamine 4c, furfurylamine 4d, butylamine 4e and hexylamine 4f for 6 h in the
presence of dimethylformamide, in the yields of 86—-95% (Table 1).

All these compounds 5a-f were characterized by standard spectroscopic methods (*H, *C NMR, IR, MS
data), which have confirmed their structures. The IR spectrum revealed in each case the disappearance of the
band of CN nitrile at 2195 cm™ of the &-lactone enaminonitrile and the appearance of new bands of medium
intensity in the region 1675-1577 cm™ for v(C=N), with concomitant appearance of bands corresponding to NH
function at a range of 3332-3398 cm.™ Also, *H NMR spectra of the compounds 5a-f showed characteristic
signals due to NH proton of 2-aminopyridine (typically at a range of 6 8.22-8.71 ppm) which come from the
nucleophilic attack of NH function of primary amine on nitrile group of 6-lactone enaminonitrile 3.
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Scheme 2. Plausible acid catalyzed mechanism of the synthesis of 2-aminopyridine 6-lactones.
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Table 1. Preparation of substituted 2-aminopyridine &-lactones 5a-f by reaction of one equivalent of 6-lactone

enaminonitrile 3 and one equivalent of primary amines 4a-f, in the presence of SbF; (1%), in DMF
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Table 1. Continued

Entry Enaminolactone RNH, Product Yield (%)
O N
NH, /N o 5d
4 3 @/\ ad _ Hm 79
0]

N 5e 85
5 3 <N, 0
4e (0]
N
720 N NG N 87
SN N
6 3 NH, N/ N of
af o

Encouraged by these results, we have chosen to extend the scope of such reactions with several diamines
under similar reaction conditions mentioned above, affording new original polycyclic compounds: bis(2-
aminopyridine &-lactones) 7a-c.

Table 2. Preparation of substituted bis-aminopyridine &-lactones 7a-c from reaction of one equivalent of
diamines 6a-c with two equivalents of 6-lactone enaminonitrile 3 in the presence of SbF; (1%), in DMF
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Table 2. Continued

Entry Enamino RNH2 Product Yield (%)
lactone
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The reactions between one equivalent of diamines 6a-c with two equivalents of 6-lactone enaminonitrile 3
were refluxed in DMF during 6 h. After removing the solvent, the purification by column chromatography
afforded the new original bis-(2-aminopyridine) &6-lactones 7a-c in moderate to good vyields (Table 2). The
structures of the compounds 7a-c were confirmed by spectral data (IR, *H NMR and **C NMR).

Conclusions

In this study, a novel easy synthesis of new original 2-aminopyridine &-lactones is developed. We have found
that antimony trifluoride (SbFs) is an efficient catalyst of this reaction. The wide variety of aliphatic, aromatic,
and heterocyclic amines used indicates that this methodology can be suitable for a large range of synthetic
applications. Further investigations of the biological properties of these molecules are currently in progress.

Experimental Section

General. Melting points were measured on a Kofler apparatus and are reported uncorrected. IR spectra were
obtained with solids or neat liquids with a Fourier transform Perkin-Elmer Spectrum One with ATR accessory.
The frequencies of absorption are given in cm™. Only significant absorptions are listed. 'H NMR (400 MHz) and
13C NMR (100 MHz) spectra were recorded while using CDCl; with TMS as an internal standard on a Bruker
DPX 400 NMR spectrometer. Chemical shifts are reported in ppm. Mass spectra were recorded on a Xevo G2-
XS QTof WATERS, mass range (50-1000 m/z), source temperature 120 °C, desolvatation temperature 500 °C.
Pentafluoroanilinium triflate PFAT was obtained according to the literature.?

Preparation of &-enaminolactone 4-(2 (dimethylamino)vinyl)-6,6-dimethyl-2-oxo-5,6-dihydro-2H-pyran-3-
carbonitrile (3). DMFDMA (2.38 g, 20 mmol) was added to the 4,6,6-trimethyl-2-oxo-5,6-dihydro-2H-pyran-3-
carbonitrile 1 (3.30 g, 20 mmol). The mixture was stirred at room temperature in the presence of
dichloromethane (10 mL) during 24 h and a solid was formed. The solid was washed with ethyl acetate, and
then purified by column chromatography over silica gel using a mixture of CH,Cl,-MeOH (95:5) as eluent. The
eluent was evaporated in vacuo to give 3 as a yellow solid. Yield (3.16 g, 72%) yellow solid, mp 268 °C. IR Vmax
(neattm™): 2978, 2195, 1676, 1618, 1535, 1264. *H NMR (CDCl3) & 7.23 (1H, d, 3/ 12.4 Hz, CH=CHN), 5.59 (1H,
d, 3/ 12.4 Hz, CH=CHN), 3.22 (3H, s, N-CH3), 2.99 (3H, s, N-CH3), 2.60 (2H, s, CH,), 1.40 (6H, s, 2xCHs). *C NMR
(CDCl5) 6 163.7, 162.9, 154.8, 117.6, 94.5, 80.7, 77.5, 45.1, 37.1, 26.7. HRMS (ESI-QTOF) calcd for C;,H17N>0;
(M+H) 221.1290. Found 221.1300.
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Synthesis of 2-aminopyridine 6-lactones

In search of better catalysts for the 2-aminopyridine 6-lactone (5a) synthesis. Pentafluoroanilinium triflate
(PFAT),? R-alanine, APTS, oxalic, camphosulfonic, sulfamic acids, ZnCl,, BiCls, InCl;, SbF; were tested as
catalysts.

A stock solution of reactives was prepared by dissolving 2 g (9 mmol) of enamino- 6-lactone nitrile 3 and 0.96 g
(9 mmol) of benzylamine 4a in DMF (20 mL). In a tube of a Carousel Radley 12, 2 mL of stock solution was
added to the catalyst (1%) then stirred and refluxed under argon during 3 h. After reaction the mixture of all
tubes were analysed by TLC (ethyl acetate/cyclohexane). The product 5a displayed a fluorescent spot and can
be quantified by spot image analysis. The product 5a was separated with a Acquity UPLC H-Class Waters, on a
column Waters Acquity UPLC CSH C18 1.7um, with a gradient water, 0.1% formic acid/acetonitrile 0.1% formic
acid, debit 0.5 mL/min, at 35 °C. The products were analyzed by coupled mass spectrometer Xevo C2-XS QT of
Waters, ESI positive (50-1000 m/z, source 120 °C; desolvatation 500 °C; capillary 0.3 kV; cone: 40 V). Elution:
2.35 min; compound 5a: Cy7H19N>,0;, (M+H): calcd for 283.1447. Found 283.1448

General procedure 1 for the synthesis of 2-aminopyridines &-lactones (5a-f). A mixture of 4-(2-
(dimethylamino)vinyl)-6,6-dimethyl-2-oxo-5,6-dihydro-2H-pyran-3-carbonitrile 3 (0.5 g, 2.27 mmol), primary
amine 4a-f (2.27 mmol) and antimony trifluoride (1%) was refluxed for 6 h in the presence of DMF (5 mL).
Volatile components were evaporated in vacuo to give oil, which was purified by column chromatography
(silica gel, ethyl acetate/cyclohexane (70:30)) to give 2-aminopyridine &-lactone 5a-f. The 2-aminopyridine 6-
lactones correspond to the fluorescent spot under UV in TLC.
8-(Benzylamino)-3,3-dimethyl-3,4-dihydro-1H-pyrano[3,4-c]pyridin-1-one (5a). The general procedure 1
(0.243 g, 2.27 mmol) of benzylamine 4a, gave (0.588 g, 92%) 5a as viscous oil. IR Vmax (neat/cm™): 3346, 2979,
1673, 1589, 1521, 1376, 1176. *H NMR (CDCl5) § 8.63 (1H, s large, NH), 8.10 (1H, d, *J 5.2 Hz, CH-N), 7.28-7.12
(5H, m, Harom), 6.24 (1H, d, *J 5.2 Hz, CH=CH-N), 4.68 (2H, d, 3/ 4.0 Hz, NH-CH,), 2.73 (2H, s, CH, cyc), 1.33 (6H,
s, 2xCH5). >*C NMR (CDCl3) 6 166.1 (C=0), 158.4 (N-C-NH), 154.1 (Cgpyr), 149.3 (CH-N), 139.2 (Cqarom), 128.5
(Carom), 127.4 (Carom), 127.0 (Carom), 111.2 (CH=CH-N), 101.0 (C-C=0), 79.8 (C(CHs),), 44.7 (CH,;NH), 39.2
(CH5 cyc), 27.3 (CHs). HRMS (ESI-QTOF) calcd for C17H19N,0, (M+H) 283.1447; Found 283.1447.
(5)-3,3-Dimethyl-8-(1-phenylethylamino)-3,4-dihydro-1H-pyrano[3,4-c]pyridin-1-one  (5b). The general
procedure 1 (0.275 g, 2.27 mmol) (S)-(-)-a-methylbenzylamine 4b, gave (0.645 g, 96%) 5b as viscous oil. IR Vyax
(neat/cm™): 3332, 2978, 1675, 1580, 1516, 1380, 1176. *H NMR (CDCl;) & 8.71 (1H, d, 3/ 8.0 Hz, NH), 8.09 (1H,
d, /4.0 Hz, CH-N), 7.34-7.17 (5H, m, Harom), 6.24 (1H, d, *J 4.0 Hz, CH=CH-N), 5.41 (1H, m, NH- CH-CHs), 2.81
(2H, s, CH, cyc), 1.53 (6H, s, 2xCH3), 1.39 (3H, d, *J 8.0 Hz, CHs). **C NMR (CDCl3) § 166.2 (C=0), 157.7 (N-C-NH),
154.1 (Cqpyr), 149.2 (CH-N), 144.8 (Cqarom), 128.4 (Carom), 127.0 (Carom), 126.8 (Carom), 110.9 (CH=CH-N),
100.9 (C-C=0), 79.8 (C(CHs);), 49.9 (CH-NH), 39.4 (CH, cyc), 29.7 (CHs), 23.4 (CH3). HRMS (ESI-QTOF) calcd for
C18H21N,0, (M+H) 297.1603; Found 297.1606.
8-(2-1H-Imidazol-4-yl)ethylamino)-3,3-dimethyl-3,4-dichloro-1H-pyrano(3,4-c)pyridin-1-one (5c). The general
procedure 1 using (0.252 g, 2.27 mmol) histamine 4c, gave (0.616 g, 95%) 5¢ as viscous oil. IR Vmax (neat/cm™):
3398, 2976, 2934, 1661, 1603, 1530, 1375, 1177. *H NMR (CDCl5) § 8.45 (1H, s, NH), 8.18 (1H, d, *J 4.8 Hz, CH-
N), 7.59 (1H, d, % 4.0 Hz, NH-CH=N), 6.86 (1H, d, 3/ 5.6 Hz, C=CH-NH), 6.31 (1H, d, 3J 4.8 Hz, CH=CHN), 3.78 (2H,
A, Jeuann = Jepacmz 6.4 Hz, NH-CH,-CH,), 3.58 (2H, t, >/ 6.4 Hz, CH,-CH»-C), 3.22 (2H, s, CH, cyc), 1.38 (6H, s,
2xCHs). *C NMR (CDCl5) & 166.2 (C=0), 161.5 (N-C-NH), 154.0 (Cgpyr), 149.5 (CH-N), 136.3 (Cimid), 132.6
(Cimid), 111.0 (CH=CH-N), 101.1 (C-C=0), 96.1 (Cimid), 79.9 (C(CHs),), 45.9 (CH,-NH), 40.4 (CH, cyc), 29.7 (CH,-
CH,-NH), 28.2 (CHs). HRMS (ESI-QTOF) calcd for C1sH19N40, (M+H) 287.1508. Found 287.1516.
8-(Furan-2-ylmethylamino)-3,3-dimethyl-3,4-dihydro-1H-pyrano(3,4-c)pyridin-1-one  (5d). The general
procedure 1 using (0.22 g, 2.27 mmol) of furfurylamine 4d, gave (0.592 g, 96%) 5d as viscous oil. IR vmax
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(neat/cm'l): 3348, 3055, 1680, 1610, 1523, 1377, 1105. 'H NMR (CDCl3) 6 8.48 (1H, t, %55 Hz, NH), 8.23 (1H,
d, >/ 4.9 Hz, CH-N), 7.58 (1H, d, °J 1.9 Hz, CH=CH-0), 6.55 (1H, d, °J 4.9 Hz, CH=CH-N), 6.39 (1H, dd, */ 3.1 and
1.9 Hz, CH-CH=CH-0), 6.27 (1H, d, 331 Hz, C=CH-CH=), 4.68 (2H, d, 355 Hz, CH,NH), 2.97 (2H, s, CH; cyc),
1.35 (6H, s, 2xCH3). *C NMR (CDCl3) 6 165.4 (C=0), 157.3 (N-C-NH), 153.8 (Cqpyr), 152.6 (Cgfur), 150.1 (CH-N),
142.2 (Cfur), 111.9 (CH=CH-N), 110.5 (Cfur), 106.9 (Cfur), 100.8 (C-C=0), 80.1 (C(CHs),), 38.0 (CH, cyc), 37.2
(CH,-NH), 26.8 (CHs3). HRMS (ESI-QTOF) calcd for C;5sH17N,03 M+H 273.1239. Found 273.1244.
8-(Butylamino)-3,3-dimethyl-3,4-dihydro-1H-pyrano[3,4-c]pyridin-1-one (5e). The general procedure 1 using
(0.166 g, 2.27 mmol) of butylamine 4e, gave (0.534 g, 95%) 5e as viscous 0il. IR Viax (neat/cm™): 3346, 2931,
1671, 1577, 1524, 1371, 1176. 'H NMR (CDCl3) 6 8.22 (1H, s large, NH), 8.08 (1H, d, 4.0 Hz, CH-N), 6.19 (1H,
d, 3/ 4.0 Hz, CH=C-N), 3.37 (2H, q, ¥Jcrann = Jcnacuz 8.0 Hz, NH-CH,), 2.73 (2H, s, CH, cyc), 1.52 (2H, m, CH,-CH,-
CH,), 1.31 (6H, s, 2CHs), 1.13 (2H, m, CH»-CH,-CHs), 0.83 (3H, t, >J 8.0 Hz, CH3). *C NMR (CDCl;) & 165.9 (C=0),
158.3 (N-C-NH), 153.8 (Cgpyr), 149.0 (CH-N), 110.3 (CH=CH-N), 100.4 (C-C=0), 79.4 (C(CHs),), 40.5 (CH,-NH),
39.1 (CH, cyc), 31.3 (CH,), 27.0 (CHs), 20.0 (CH5), 13.6 (CHs). HRMS (ESI-QTOF) calcd for Ci4H2:N,0; (M+H)
249.1603; Found 249.1602.

8-(Hexylamino-3,3-dimethyl-3,4-dihydro-1H-pyrano(3,4-c)pyridin-1-one (5f). The general procedure 1 using
(0.229 g, 2.27 mmol) of hexylamine 4f, gave (0.545 g, 87%) 5f as viscous oil. IR Vmax (neat/cm™): 3348, 2955,
2929, 2858, 1703, 1675, 1520, 1371, 1314. 'H NMR (CDCl3) 6 8.31 (1H, s large, NH), 8.27 (1H, d, 3)5.2 Hz, CH-
N), 6.28 (1H, d, J 5.2 Hz, CH=CH-N), 3.46 (2H, g, >J 5.2 Hz, CH,-NH), 2.83 (2H, s, CH; cyc), 1.63 (2H, m, CH,-CH,),
1.45 (6H, s, 2xCHs), 1.31 (2H, m, CH,-CHs), 1.18 (4H, m, 2xCH,), 0.88 (3H, t, 3/ 6.0 Hz, CH3). 3C NMR (CDCl5) &
166.8 (C=0), 158.5 (N-C-NH), 154.1 (Cgpyr), 149.3 (CH-N), 110.5 (CH=CH-N), 102.0 (C-C=0), 79.8 (C(CHs),), 41.1
(CH, cyc), 40.7 (CH-NH), 31.7 (CH5), 27.5 (CH5), 27.5 (CH5), 27.3 (CH3), 26.7 (CH3), 22.5 (CH,), 14.1 (CHs). HRMS
(ESI-QTOF) calcd for C16H25N,0, (M+H) 277.1916; Found 277.1926.

General procedure 2 for the synthesis of bis(2-aminopyridine &-lactones) (7a-c). The mixture of 4-(2-
(dimethylamino)vinyl)-6,6-dimethyl-2-oxo-5,6-dihydro-2H-pyran-3-carbonitrile 3 (1 g, 4.54 mmol), diamine 6a-
¢ (2.27 mmol ) and antimony trifluoride (1%) was refluxed for 6 h in the presence of DMF (10 mL). The solvent
was evaporated and the residue obtained was purified by column chromatography (silica gel, ethyl
acetate/cyclohexane (70:30) to give bis (2-aminopyridine &-lactones) 7a-c.
8,8'-(Butane-1,4-diylbis(azanediyl))bis(3,3-dimethyl-3,4-dihydro-1H-pyrano[3,4-c]pyridin-1-one) 7a. The
general procedure 2 using (0.2 g, 2.27 mmol) of 1,4-diaminobutane 6a, gave (0.566 g, 57%) 7a as viscous oil. IR
Vmax (n€at/cm™): 3348, 2933, 1678, 1580, 1526, 1320, 1178. 'H NMR (CDCl3) 6 8.41 (2H, s large, 2x NH), 8.19
(2H, d, ®J 5.2 Hz, 2x CH=CH-N), 6.32 (2H, d, *J 5.2 Hz, 2x CH=CH-N), 3.71 (4H, q, *Jcuann = Jemacnz 7.2 Hz, 2x NH-
CH»-CH,), 2.86 (4H, s, 2x CH, cyc), 1.45 (12H, s, 4xCHs), 1.26-1.16 (4H, m, 2xCH,-CH,-CH,). **C NMR (CDCls) &
163.8 (C=0), 158.4 (N-C-NH), 152.6 (Cqpyr), 117.9 (CH=CH-N), 114.1 (C-C=0), 85.3 (C(CHs)), 48.3 (CH,-NH),
41.1 (CH, cyc), 26.4 (CH,-CH,-NH), 24.2 (CHs). HRMS (ESI-QTOF) calcd for Cy4H31N404 (M+H) 439.2345; Found
439.2343.

8,8'-(Dodecane-1,12-diylbis(azanediyl))bis(3,3-dimethyl-3,4-dihydro-1H pyrano [3,4-c] pyridin-1-one) 7b. The
general procedure 2 using (0.45 g, 2.27 mmol) of 1,12-dodecanediamine 6b, gave (0.749 g, 60%) 7b as viscous
Oil. IR Vimay (neat/cm'l): 3347, 2925, 1675, 1579, 1528, 1373, 1199, 1177. 'H NMR (CDCl3) 6 8.42 (2H, s large,
2xNH), 8.22 (2H, d, 3/ 4.8 Hz, 2x CH=CH-N), 6.32 (2H, d, *J 4.8 Hz, 2x CH=CH-N), 3.51 (4H, q, *Jcranm = "Jcracnz 7.2
Hz, 2xNH-CH,-CH,), 2.86 (4H, s, 2x CH, cyc), 1.65 (4H, m, 2x CH,-CH,-CH,), 1.45 (12H, s, 4xCH3), 1.33-1.16
(16H, m, 2x CH,-(CH5)4CH,). 3C NMR (CDCl5) 6 166.1 (C=0), 158.2 (N-C-NH), 153.6 (Cqpyr), 149.7 (CH-N), 110.5
(CH=CH-N), 101.0 (C-C=0), 79.8 (C(CH3),), 41.3 (CH;,-NH), 39.4 (CH; cyc), 29.6 (CH,), 29.6 (CH;), 29.4 (CH,), 29.4
(CH,), 27.3 (CH3), 27.1 (CH,). HRMS (ESI-QTOF) calcd for C3,HazN4O4 (M+H) 551.3597; Found 551.3596.
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8,8'-(1,3-Phenylenebis(methylene))bis(azanediyl)bis(3,3-dimethyl-3,4-dihydro-1H-pyrano([3,4-c]pyridin-1-
one) 7c. The general procedure 2 using (0.309 g, 2.27 mmol) of m-xylylenediamine 6c¢, gave (0.981 g, 89%) 7c
as viscous 0il. IR Vmax (neat/cm™): 3346, 2978, 1673, 1580, 1521, 1259, 1176. 'H NMR (CDCl;) & 8.85 (2H, s
large, 2x NH), 8.19 (2H, d, 3/ 4.0 Hz, 2x CH-N), 7.35-7.23 (4H, m, Harom), 6.37 (2H, d, >/ 4.0 Hz, 2x CH=CH-N),
4.78 (4H, d, ®J 8.0 Hz, 2x CH,-NH), 2.88 (4H, s, 2x CH, cyc), 1.44 (12H, s, 4xCH3). *C NMR (CDCl5) § 166.1 (C=0),
158.4 (N-C-NH), 154.1 (Cqgpyr), 149.3 (CH-N), 139.5 (Cqarom), 128.8 (Carom), 126.7 (Carom), 126.1 (Carom),
111.2 (CH=CH-N), 101.1 (C-C=0), 79.8 (C(CHs),), 44.7 (CH,-NH), 39.3 (CH, cyc), 27.4 (CHs). HRMS (ESI-QTOF)
calcd for CygH31N4O4 (M+H) 487.2345; Found 487.2344.

Supplementary Material
Supplementary material contains NMR spectra.
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