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Single-product synthesis of highly substituted 4H-pyran
derivatives via one-pot reaction of dimedone with acetylenic
esters and isocyanides in the presence of Zn@SBA-15
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Abstract: A new method for the synthesis of 4H-chromene derivatives using Zn@SBA-15 was
investigated. The one-pot multicomponent reaction of dimedone, acetylenic esters 1, and isocyanides 2
in the presence of this catalyst afforded a single product, assigned as the 4H-chromene derivative 3. The
use of readily available starting materials and non-toxic zinc salt for the preparation of Zn@SBA-15,
together with its excellent ability to direct the reaction toward a single product, represents a clear
advantage. Beyond the usual role of a catalyst in improving yield and reducing reaction time, Zn@SBA-
15 also enabled the creation of a simple work-up procedure. Accordingly, the final products 3 were
purified easily by a two-solvent procedure, without the need for using column chromatography or
hazardous organic solvents. After optimization of the reaction conditions, the process was readily scaled
up to 10 mmol. In this report, the detailed preparation of the catalyst and the gram-scale procedure for
the synthesis of 4H-chromenes are described. FESEM images confirmed the nanoscale morphology of
the synthesized catalyst, and the structures of the final products were characterized and elucidated using

spectroscopic methods.
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Dimethyl-2-(tert-butyl amino)-7,7-dimethyl-5-oxo-
5,6,7,8-tetrahydro-4H-chromene-3,4-
dicarboxylate (3a) white crystals; IR (KBr): vmax=
3249 (N-H), 1731, 1664 (C=0), 1595 (C=C), 1197,
1166, 1068 (C-O) cm™; 'H NMR (CDCls): 6= 1.07
(6H, s, 2CHa), 1.33 (9H, s, t-Bu), 2.25, 2.41 (4H, 2s,
2CHy), 3.56, 3.62 (6H. 2s, 2CH30), 4.42 (1H, s,
CH), 8.65 (1H, s, NH) ppm; 3C NMR (CDCls): 6=
27.6, 29.8 (2CHj3). 31.0 (3CHs of CMes), 32.8 (13C-
2Me), 34.7 (33CH-CO;Me), 41.3 (3CMes), 51.4,
52.6 (2CHy), 51.1, 53.12 (2CH3 of CO2Me), 81.2 (=
13C-CO:Me), 112.9 (= ¥C-CHCO:Me). 160.8 (=
13Cc=0), 163.6 (= BC-NH), 170.2 (= C-BC=0),
174.1 (CH-C=0), 196.5 (C=0) ppm; MS: m/z (%)
= 365 (M, 3), 306 (M*- CO:Me, 46), 249 (M*-
CO2Me, -t-Bu, 100), 247 (M*-2CO:Me, 42), 217
(M*-2CO2Me, 2 Mg, 31).

Dimethyl-2-(cyclohexyl  amino)-7,7-dimethyl-5-
0x0-5,6,7,8-tetrahydro-4H-Chromene-3,4-

dicarboxylate (3b) white crystals; IR (KBr): vmax=
3263 (N-H), 1737, 1685 (C=0), 1604 (C=C), 1197,
1168, 1085 (C-O) cm™; *H NMR (CDCls): 1.12 (6H,
s, 2CH3), 1.25-1.75 (10H, m. 5CH>), 2.30, 2.43 (4H,
25, 2CHy), 2.59 (1H, m, cyclohexyl CH), 3.63, 3.69
(6H, 2s, 2CH30), 4.74 (1H, s, CH), 8.55 (1H, d, NH,
2JN-4=8.08Hz): 3C NMR (CDCls): &= 25.1, 26.1,
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Ditert-butyl-2-(tert-butyl amino)-7,7-dimethyl-5-
0x0-5,6,7,8-tetrahydro-4H-chromene-3,4-
dicarboxylate (3e) white crystals; IR (KBr): Vmax=
3232 (N-H), 1720, 1674 (C=0), 1606 (C=C), 1159,
1062, 1035 (C-0) cm™; *H NMR (CDCls): 6= 1.12
(6H, s, 2CHs), 1.39, 1.40 (18H, 2s, 2t- Bu), 1.48
(9H, s, t-Bu), 2.29, 2.44 (4H, 2s, 2CH>), 4.29 (1H, s,
CH), 8.61 (1H, s, NH) ppm; 3C NMR (CDCls): &=
25.2,27.8 (2CH3), 26.3, 26.9 (6CH3 of 2CMe3), 28.9
(3CH3 of CMe3), 30.5 (13C-2Me), 34.3 (3*CH-CO.t-
Bu), 39.1 (C-NH), 49.1, 50.6 (2CH>), 73.8, 75.4
(213CMes), 80.1 (-3 C-CO.t-Bu), 111.0 (=13C-CH-
COut-Bu), 158.2 (=1*C-0), 161.2 (=1*C- NH), 167.3
(= C-1C=0), 170.9 (CH-13C=0), 194.1 (C=0) ppm;
MS: m/z (%) 450 (M™, 3), 348 (M*-COxt-Bu, 20.6),
292 (M*- CO2t-Bu, t-Bu, 81.8), 236 (M*-CO.t-Bu,
2t-Bu, 100), 57 (t-Bu*, 81.8).

Ditert-butyl-2-(cyclohexylamino)-7,7-dimethyl-5-
0x0-5,6,7,8-tetrahydro-4H-chromene-3,4-
dicarboxylate (3f) pale yellow crystals; IR (KBr):
Vmax= 3242 (N-H), 1741, 1685 (C=0), 1602 (C=C),
1245, 1157, 1062 (C-0) cm™; *H NMR (CDCls): &=
1.11 (6H, s, 2CHs3), 1.26-1.75 (10H, m, 5CH>), 1.35
(9H, s, t-Bu), 1.40 (9H, s, t-Bu), 2.61 (1H, m,
cyclohexyl CH), 2.28, 2.41 (4H, 2s, 2CHy), 4.29
(1H, s, CH), 8.47 (1H, d, NH, 2Jn.n=9.86Hz) ppm;
13C NMR (CDCls): 6= 25.3, 26.2, 34.4, 34.6 (CH;
of cyclohexyl), 27.6, 30.0 (2CHa), 28.6, 29.2 (6CH3
of 2 CMes), 32.8 (**C-2Me), 36.8 (**CH- COxt-Bu),
41.4 (CH-NH), 50.7, 51.4 (2CHy), 74.9, 79.9
(23 CMes), 80.8 (=13C-CO.t-Bu), 113.4 (= 13C-CH-
COut-Bu), 159. 3 (= ¥C=0), 163.7 (= BC-NH),
169.7 (= C-¥C=0), 173.3 (CH-C=0), 196.5
(C=0) ppm; MS: m/z (%) 475 (M*, 3),374 (M*-
COat-Bu, 70), 317 (M*-CO2t-Bu, t-Bu, 100), 234
(M*-COat-Bu, t-Bu, cyclohexyl, 31.5), 218 (M*-
COat-Bu, t-Bu, cyclohexyl, Me, 42).

ul.o) 9 g.:95 blas cbb)'l.g ¢ u\19.:.a.‘>m )L>L,; & 109_3),0 u_[f C)k" \ J?b
o i 1y [18] g po b dunlia )5 ln sl plos

34.2, 34.4 (CH2 of cyclohexyl), 27.8, 29.9 (2CHs3),
33.0 (*C-2Me), 35.1 (**CH-CO:Me), 41.4 (CH-
NH) 51.2, 51.5 (2CHp), 50.7, 52.8 (2CH; of
CO:Me), 859 (= ¥C-CO:Me), 113.0 (= 3C-
CHCO2Me), 159.6 (= 13C- 0), 163.9 (= 3C-NH),
170.3 (= C-13C=0), 174. 5 (CH-3C=0), 196.8
(C=0) ppm; MS: m/z (%) = 391 (M*, 9), 132 (M*-
CO2Me, 100), 249 (M*, cyclohexyl, CO2, Me, 18),
219 (M*, cyclohexyl, CO2Me, 2 Mg, 23), 160 (M*-
cyclohexyl, 2 CO2 Mg, 2 Me, 13).

DimetDiethyl-2-(tert-butyl amino)-7,7-dimethyl-5-
0x0-5,6,7,8-tetrahydro-4H-chromene-3,4-
dicarboxylate (3c) white crystals; IR (KBr): vmax=
3240 (N-H), 1730, 1691 (C=0), 1602 (C=C), 1292,
1168, 1068 (C-O) cm™; 'H NMR (CDCls): 1.14 (6H,
s, 2CHz3), 1.18, 1.40 (6H, 2t, 2CH>), 1.30 (9H, 1s, t-
Bu), 2.32, 2.47 (4H, 2s, 2CH>), 3.95, 4.20 (4H, 2q,
2CHy>), 4.47 (1H, s, CH), 8.69 (1H, s, NH) ppm; *C
NMR (CDCls): &= 14.8, 15.1 (2CHzs of Et), 27.7,
30.0 (2CHs), 31.1 (3CH3 of CMes), 33.0 (3C-2Me),
35.0 (*CH-CO.Et), 41.4 (**CMes), 51.2, 53.1
(2CH3). 60.2, 61.4 (2 CH; of CO3Et), 83.2 (= *3C-
CO.Et), 113.0 (**C-CHCO:Et), 160.8 (= *C-0).
163.6 (= 3C-NH), 170.0 (= C-BC=0). 173.9 (CH-
13C=0). 196.7 (C=0) ppm; MS: m/z (%) = 393 (M*,
3), 320 (M*-CO2Et, 100), 264 (M*-COEt, t-Bu, 77),
218 (M*-2 CO.Et, 2 Me, 37.5), 132 (Ce¢HsaNOy,
42.5).

Diethyl-2-(cyclohexyl amino)-7,7-dimethyl-5-o0xo-
5,6,7,8-tetrahydro-4H-chromene-3,4-dicaboxylate
(3d) pale yellow crystals; IR (KBr): Vmax= 3200 (N-
H), 1718, 1687 (C=0), 1600 (C=C), 1290, 1209,
1172 (C-0) cm™; 'H NMR (CDCls): 8= 1.13 (6H, s,
2CHs3), 1.08, 1.20 (6H, 2t, 2CHj3), 1.26-1.63 (10H,
m, 5CH>), 2.20, 2.35 (4H, 2s, 2CH>), 2.60 (1H, m,
cyclohexyl CH), 3.85, 4.18 (4H, 2q, 2CH>), 4.35
(1H, s, CH), 8.47 (1H, d, NH, 2)n-n=9.83Hz) ppm;
13C NMR (CDCls): 6=14.8, 15.1 (2CHjs of Et), 25.0,
26.0, 34.1, 34.4 (CH2 of cyclohexyl), 27.6, 29.9
(2CHs), 32.9 (3*C-2Me), 35.2 (*CH-CO;Et), 41.3
(CH-NH), 50.5, 51.2 (2CHy), 60.0, 61.3 (2CH> of
COEt), 84.1 (= BC-CO.Et), 113.0 (= BC-CH-
CO;Et), 159.4 (= *C-0), 163.8 (= *C-NH), 169.8
(= C-13C=0), 174.0 (CH-*C=0), 196.7 (C=0) ppm;
MS: m/z (%) -419.1 (M*, 3), 346 (M*-CO-Et, 100),
217(M*-cyclohexyl,CO2Et, EtOH, 23), 104 (CsO2",
25); Anal. Cal. for C23H33NOs (419): C, 65.85; H,
7.92; N, 3.34; Found: C, 65.85; H, 7.94; N, 3.36.
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Single-product synthesis of highly substituted 4H-pyran
derivatives via one-pot reaction of dimedone with acetylenic
esters and isocyanides in the presence of Zn@SBA-15
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Abstract: A new method for the synthesis of 4H-chromene derivatives using Zn@SBA-15 was
investigated. The one-pot multicomponent reaction of dimedone, acetylenic esters 1, and isocyanides 2
in the presence of this catalyst afforded a single product, assigned as the 4H-chromene derivative 3. The
use of readily available starting materials and non-toxic zinc salt for the preparation of Zn@SBA-15,
together with its excellent ability to direct the reaction toward a single product, represents a clear
advantage. Beyond the usual role of a catalyst in improving yield and reducing reaction time, Zn@SBA-
15 also enabled the creation of a simple work-up procedure. Accordingly, the final products 3 were
purified easily by a two-solvent procedure, without the need for using column chromatography or
hazardous organic solvents. After optimization of the reaction conditions, the process was readily scaled
up to 10 mmol. In this report, the detailed preparation of the catalyst and the gram-scale procedure for
the synthesis of 4H-chromenes are described. FESEM images confirmed the nanoscale morphology of
the synthesized catalyst, and the structures of the final products were characterized and elucidated using
spectroscopic methods.
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