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The use of Smiles rearrangement in Ugi-type couplings with tropolone allows very straightforward multicom-
ponent formation of 2-(N,N-dialkylamino)-2,4,6-cycloheptatrien-1-one derivatives. The Ugi four-component
reaction of isocyanides with tropolone (2-hydroxy-2,4,6-cycloheptatrien-1-one), primary amines and alde-
hydes proceeds smoothly and cleanly under mild conditions to afford 2-(NV,N-dialkylamino)-2,4,6-cyclo-

heptatrien-1-one derivatives in fairly good yields.

Key Words : Tropolone, Isocyanides, Primary amines, Aldehydes, Ugi-Smiles-type reaction

Introduction

Multicomponent reactions allow more than two facial and
flexible building blocks to be combined in practical, time-
saving one-pot operations. Due to their valued features such
as atom economy, various starting materials and products,
inherent simple experimental procedures and their one-pot
character, they are perfectly suited for automated synthesis."
Therefore, MCRs have attracted much attention because of
their exceptional synthetic applications.”” Since all the
organic reactants employed are used and moved toward the
target compound so purification of products resulting from
MCRs is simple.*’ Isocyanide-based multicomponent reac-
tions (abbreviated to IMCRs by Ugi and Domling) have an
interesting position. The special features of IMCRs included
unique synthetic potential, convergent nature, high atom
economy, ease of implementation, and the generation of
molecular diversity, are considered as acceptable factors in
the relative efficiency of the reactions.®!®

In recent years, we have established a one-pot method for
the preparation of organic compounds.'*?” As part of our
ongoing program to develop efficient and robust methods
for the synthesis of heteroatom-containing compounds,?'-2®
we sought to develop a convenient preparation of a new
class of 2-(N,N-dialkylamino)-2,4,6-cycloheptatrien-1-one
derivatives 5a-j by a novel four-component condensation
reaction of aldehydes 1, primary amines 2, isocyanides 3 and
tropolone 4 in fairly good yields (Scheme 1).
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Experimental

Starting materials and solvents were obtained from Merck
(Germany) and Fluka (Switzerland) and were used without
further purification. The methods were used to follow the
reactions are TLC and NMR. TLC and NMR indicated that
there is no side product. Melting points were measured on an
Electrothermal 9100 apparatus and are uncorrected. IR
spectra were measured on a Jasco 6300 FTIR spectrometer.
'"H and "C-NMR spectra (CDCl;) were recorded on a
BRUKER DRX-250 AVANCE spectrometer at 400.22 and
100.63 MHz, respectively. Elemental analyses were performed
using a Heraeus CHN-O-Rapid analyzer. Mass spectra were
recorded on a FINNIGAN-MATT 8430 mass spectrometer
operating at an ionization potential of 70 eV. Preparative thin
layer chromatography was prepared from Merck silica gel
(F2s4) powder.

General Procedure for Compounds 5a-j. To a mag-
netically stirred solution of aldehyde (1 mmoL), primary
amine (1 mmoL) and tropolone (1 mmoL) in CH;OH (7 mL),
was added dropwise of a solution of isocyanide (1 mmoL) in
CH3;OH (2 mL) at 60 °C over 5 min. The reaction mixture
was refluxed for 6-24 hrs (See Table 1). The solvent was
removed under reduced pressure and the viscous residue was
purified by preparative thin layer chromatography (silica gel;
petroleum ether-ethyl acetate (4:1) and the products (5a-j)
were obtained in fairly good yields. The characterization
data of the compounds are given below.

o] F|{2
N
3 1
R R'4
5

MeOH

—_—

60 °C

Scheme 1. Four-component synthesis of 2-(N,N-dialkylamino)-2,4,6-cycloheptatrien-1-one derivatives 5 (See Table 1).
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Table 1. Synthesis of 2-(V,N-dialkylamino)-2.,4,6-cycloheptatrien-1-
one derivatives 5 (See Scheme 1)

5 R R R’ Time Z)‘/f;d
a n-Butyl Benzyl Cyclohexyl 6h 96
b Methyl Benzyl tert-Butyl 24 h 60
¢ Methyl  n-Propyl Cyclohexyl 24 h 66
d Methyl  n-Propyl tert-Butyl 24h 42
e n-Butyl Benzyl tert-Butyl 12h 90
f  Methyl Benzyl 1,1,3,3- 24h 64
Tetramethylbutyl
g Methyl Isobutyl tert-Butyl 24 h 35
h  Methyl Cyclohexyl Cyclohexyl 6h 71
i Methyl Cyclohexyl tert-Butyl 24 h 77
j  Methyl Cyclohexyl 1,1,3,3- 24h 75
Tetramethylbutyl

“Isolated yields.

2-[Benzyl(7-0x0-1,3,5-cycloheptatrienyl)amino]-N'-cy
clohexylhexanamide (5a). Yellow crystals, Yield: 96%, mp
88-89°. IR (KBr): 3268 (NH), 2929, 2846, 1669, 1610,
1078, 1040, 770 cm™'; 'TH NMR & 0.81 (t, *Jun = 7.2 Hz, 3H,
CH3), 0.86-2.28 (m, 16H, cyclohexyl and 3CH, of n-butyl),
3.81-3.82 (m, 1H, cyclohexyl, NCH), 4.39 and 4.60 (AB-
quartet, /i = 16.6 Hz, 2H, N-CH,Ph), 4.64 (t, /i1 = 6.0 Hz,
1H, NCH, acyclic), 6.51 (d, *Jis = 10.0 Hz, 1H, tropolone),
6.63 (t, *Jun = 9.0 Hz, 1H, tropolone), 6.84 (t, *Jun =10.2
Hz, 1H, tropolone), 7.05-7.30 (m, 7H, 2CH of tropolone, and
Ph), 8.64 (d, *Jir = 8.0 Hz, 1H, NH). >*C NMR & 184.38 (CO,
tropolone) and 169.87 (CO, amide), 157.94 (C, tropolone),
136.01 (C, arom), 136.42, 134.44, 133.71, 128.51, 127.18,
126.98, 126.44, 121.35 (10CH, tropolone and Ph), 61.69
(CH), 49.65 (CH> of PhCH>), 47.86 (CH, cyclohexyl), 33.09,
28.91, 28.62, 25.68, 24.79, 22.46 (8CH,), 13.88 (CHs). MS
m/z (%) 406 (M™, 5), 315 (16), 280 (100), 210 (61), 188 (22),
176 (31), 132 (14), 105 (8), 91 (92), 77 (9), 55 (16) and 41
(15). Anal. Calcd for C26H34N205 (406.56): C 76.81, H 8.43,
N 6.89. Found: C 76.85, H 8.40, N 6.94.

2-|Benzyl(7-0x0-1,3,5-cycloheptatrienyl)amino]-N'-
(tert-Butyl)propanamide (5b). Yellow crystals, Yield: 60%,
mp 124.0-125.5°. IR (KBr): 3340 (NH), 2971, 2928, 1654,
1648, 1612, 1478, 1080, 766 cm™'; 'TH NMR § 1.29 (d, *Jun =
7.2 Hz, 3H, CH3), 1.38 (s, 9H, Me;C), 4.40 (s, 2H, N-CH»
Ph), 4.63 (q, *Jun = 6.8 Hz, 1H, NCH), 6.57 (d, *Jun = 10.4
Hz, 1H, tropolone), 6.68 (t, *Jun = 9.2 Hz, 1H, tropolone),
6.86 (t, *Jun = 10.2 Hz, 1H, tropolone), 7.08-7.30 (m, 7H,
2CH of tropolone and Ph), 8.53 (br, s, NH). *C NMR &
184.88 (CO, tropolone) and 170.82 (CO, amide), 157.18 (C,
tropolone), 136.20 (C, arom), 136.55, 135.22, 133.56, 128.58,
127.46, 127.28, 127.02, 123.10 (10CH, tropolone and Ph),
58.71 (NCH), 50.68 (C), 49.62 (CH,), 28.71 (3CH3), 13.01
(CH3). MS m/z (%) 338 (M, 9), 266 (9), 247 (24), 238 (100),
210 (28), 146 (23), 105 (9), 91 (92), 77 (15), 65 (10), 57
(15), and 41 (13). Anal. Calcd for C;;H26N2O; (338.48): C
74.52,H 7.74,N 8.28. Found: C 74.57, H 7.79, N 8.23.
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N'-Cyclohexyl-2-[7-0x0-1,3,5-cycloheptatrienyl)(prop-
yl)amino]propanamide (5c). Yellow crystals, Yield: 66%,
mp 93.0-94.5°. IR (KBr): 3431 (NH), 2922, 2852, 1628,
1033, 782 cm™'; 'THNMR § 0.87 (t, > /i = 7.2 Hz, 3H, CH; of
propyl), 0.89-3.35 (m, 10H, 5CH; of cyclohexyl, 3H of CHj3
and 4H, 2CH, of propyl), 3.78-3.85 (m, 1H, CH, cyclo-
hexyl), 4.50 (q, *Jin = 6.8 Hz, 1H, NCH, acyclic), 6.71 (d,
3Jun = 10.4 Hz, 1H, tropolone); 6.79 (t, *Jim=9.2 Hz, 1H,
tropolone); 6.90-7.30 (m, 3H, tropolone), 8.28 (d, *Jin1 = 6.8
Hz, 1H, NH). °C NMR § 184.73 (CO, tropolone) and
170.83 (CO, amide), 157.73 (C, tropolone), 136.44, 135.27,
133.63, 127.22, 122.22 (5CH, tropolone), 57.91 (CH), 47.94
(CH, cyclohexyl), 47.33, 33.04, 25.65, 24.80, 19.39 (7CH.,),
12.82, 11.51 (2CH3). MS m/z (%) 316 (M*,17), 223 (11),
190 (100), 148 (49), 132 (18), 126 (11), 120 (17), 105 (25),
92 (15), 86 (43), 77 (46), 69 (17), 55 (43), and 41 (54). Anal.
Calcd for C19H28N202 (316.44): C 72.12, H 8.92, N 8.85.
Found: C 72.08, H 8.95, N 8.81.

N'-(Tert-butyl)-2-[7-0x0-1,3,5-cycloheptatrienyl)(pro
pyDamino]propanamide (5d). Yellow oil, Yield: 42%. IR
(KBr): 3442 (NH), 2853, 1630, 1498, 1017, 662 cm™'; '"H
NMR & 0.88 (t, *Jun = 7.4 Hz, 3H, CHs, propyl ), 1.18 (d,
3Jun = 7.2 Hz, 3H, CH3), 1.41 (s, 9H, Me;C), 2.92-3.32 (m,
4H, 2CH,, propyl), 4.45 (q, *Jim = 7.0 Hz, 1H, NCH, acyclic),
6.70 (d, *Jis = 10.0 Hz, 1H, tropolone), 6.79 (t, *Jim =9.2
Hz, 1H, tropolone), 7.08-7.30 (m, 3H, tropolone), 8.28 (br, s,
1H, NH). *C NMR § 184.81 (CO, tropolone) and 171.03
(CO, amide), 157.70 (C, tropolone), 136.43, 135.24, 133.62,
127.20, 122.24 (5CH, tropolone), 58.29 (CH), 50.54 (C, Me;
C), 47.26, 19.39 (2CHz>), 28.70 (3CH3), 12.57, 11.58 (2CH3).
Anal. Calced for Ci7H26N20; (290.40): C 70.31, H 9.02, N
9.65. Found: C 70.26, H 9.06, N 9.67.

2-|Benzyl(7-0x0-1,3,5-cycloheptatrienyl)amino]-N'-
(tert-butyl)hexanamide (5e). Yellow oil, Yield: 90%. IR
(KBr): 3431 (NH), 2922, 2852, 1628, 1033, 782 cm™'; 'H
NMR § 0.80 (t, *Ji = 7.2 Hz, 3H, CH3), 0.86-2.34 (m, 15H,
6H of propyl and 9H of Me;C), 4.37 and 4.59 (AB-quartet,
2Jun = 16.8 Hz, 2H, N-CH,Ph), 4.59 (t, *Jun=7.0 Hz, 1H,
NCH, acyclic), 6.50 (d, *Jin; = 10.4 Hz, 1H, tropolone), 6.64
(t, *Jin = 9.2 Hz, 1H, tropolone), 6.84 (t, *Jii = 10.2 Hz, 1H,
tropolone), 7.07-7.33 (m, 7H, 2CH of tropolone and Ph),
8.65 (br, s, 1H, NH). '*C NMR § 184.49 (CO, tropolone) and
170.17 (CO, amide), 157.98 (C, tropolone), 135.92 (C, arom),
136.57, 134.29, 133.82, 128.56, 127.23, 126.90, 126.49,
121.29 (10CH, tropolone and Ph), 62.07 (NCH), 50.67 (C,
MesC), 49.51 (CH,, PhCH,), 28.88, 28.70, 28.51, 22.48
(3CH; and 3CHs), 13.90 (CHs, butyl). Anal. Calcd for
C24H32N202 (380.52)2 C 75.75, H 8.48, N 7.36. Found: C
75.77, H 8.45, N 7.32.

2-[Benzyl(7-0x0-1,3,5-cycloheptatrienyl)amino]-N'-(1,
1,3,3-tetramethylbutyl)propanamide (5f). Yellow oil, Yield:
64%. IR (KBr): 3440 (NH), 2852, 1650, 1600, 1077, 775
cm™';'THNMR § 1.04 (s, 9H, Me;C), 1.29 (d, *Jin = 6.80 Hz,
3H, CH;), 1.41 (s, 6H, Me,C), 2.14 (d, *Jim = 14.4 Hz, 2H,
CH,), 4.42 (s, 2H, N-CH,Ph), 4.64 (q, *Jun=7.0Hz, 1H,
NCH, acyclic), 6.55 (d, *Jur = 10.0 Hz, 1H, tropolone); 6.68
(t, *Jim = 8.8 Hz, 1H, tropolone); 6.86 (t, *Jui = 10.4 Hz, 1H,
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tropolone), 7.09-7.38 (m, 7H, 2CH of tropolone and Ph),
8.33 (br, s, 2H, NH). °C NMR § 184.62 (CO, tropolone) and
170.48 (CO, amide), 157.11 (C, tropolone), 136.19 (C, arom),
136.32, 135.22, 133.46, 128.54, 127.29, 127.22, 127.00,
122.79 (10CH, tropolone and Ph), 58.20 (CH), 54.67 (C,
HNC), 51.23, 49.69 (2CH>), 31.61 (C, Mes;C), 31.48, 29.20,
29.07, 13.14 (6CHj3). Anal. Caled for CosH34N20, (394.55):
C 76.10, H 8.69, N 7.10. Found: C 76.06, H 8.71, N 7.07.
N'-(Tert-butyl)-2-[isobutyl(7-0xo-1,3,5-cycloheptatrie
nyl)amino|propanamide (5g). Yellow oil, Yield: 35%. IR
(KBr): 3442 (NH), 2925, 2853, 1540, 1465, 1087, 668 cm';
'H NMR & 0.81-0.91 (2d, 6H, 2CHj, isobutyl), 1.17 (d, *Jun
=7.2Hz, 3H, CH;), 1.41 (s, 9H, Me;C), 1.85 (m, *Jis = 3.8
Hz, 1H, CH, isobutyl), 2.52-3.28 (m, 2H, CH,), 4.27 (q, *Jun
=7.2Hz, 1H, NCH, acyclic), 6.74 (d, *Jiy=10.0 Hz, 1H,
tropolone), 6.84 (t, >Jim = 9.2 Hz, 1H, tropolone), 7.07-7.30
(m, 3H, tropolone), 8.44 (br, s, 1H, NH). *C NMR § 185.10
(CO, tropolone) and 170.94 (CO, amide), 158.16 (C, tropolone),
136.54, 136.46, 133.39, 128.21, 124.58 (5CH, tropolone),
58.79 (CH), 53.30 (CH,), 50.54 (C, CMe3), 28.71 (3CHs,
CMes), 23.74 (CH, isobutyl), 20.64 (2CHj3, isobutyl), 11.99
(CH3). Anal. Calcd fOI’ CmstNzOz (304.43)2 C 71.02, H
9.27,N 9.20. Found: C 71.05, H 9.31, N 9.15.
N'-Cyclohexyl-2-[cyclohexyl(7-0x0-1,3,5-cycloheptatri
enyl)amino]propanamide (5h). Yellow oil, Yield: 71%. IR
(KBr): 3431 (NH), 2922, 2852, 1628, 1033, 782 cm™'; 'H
NMR 6 1.06-2.34 (m, 20H, CH; of 2cyclohexyl and 3H of
CHs), 3.24-3.76 (m, 2H, 2CH of 2cyclohexyl), 4.06 (q, *Jun
=7.2Hz, 1H, NCH, acyclic), 6.76 (t, *Jimi=9.0 Hz, 1H,
tropolone), 6.90-7.30 (m, 4H, tropolone), 8.07 (d, > = 7.60
Hz, 1H, NH). 3*C NMR & 185.80 (CO, tropolone) and 172.21
(CO, amide), 157.62 (C, tropolone), 135.82, 135.40, 132.76,
128.00, 124.83 (5CH, tropolone), 60.33 (CH), 57.83, 47.86
(2CH, 2cyclohexyl), 32.81, 32.77, 32.48, 31.03, 26.05,
25.99, 25.74, 25.57, 24.74, 24.66 (10CH,, 2cyclohexyl),
15.01 (CH3). Anal. Calcd for C»H3:N»0; (356.50): C 74.12,
H 9.05, N 7.86. Found: C 74.16, H 9.02, N 7.88.
N'-(Tert-butyl)-2-[cyclohexyl(7-o0xo-1,3,5-cyclohepta
trienyl)amino]propanamide (5i). Yellow oil, yield: 75%. IR
(KBr): 3446 (NH), 3005, 2988, 1458, 1072, 897 cm™'; 'H
NMR & 1.04-2.10 (m, 10H, CH: of cyclohexyl, 3H of CHj
and 9H of CMes), 3.31, (m, *Jiy = 11.4 Hz, 1H, cyclohexyl),
4.04 (q,*Jim = 7.0 Hz, 1H, NCH, acyclic), 6.74 (t, *Jis = 9.0
Hz, 1H, tropolone), 6.90-7.30 (m, 4H, tropolone), 7.95 (br,
s, 1H, NH). *C NMR & 185.59 (CO, tropolone) and 172.19
(CO, amide), 157.63 (C, tropolone), 135.80, 134.97, 132.84,

R'CHO + R®NH, ——» I
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127.57, 123.85 (5CH, tropolone), 60.30, 58.18, (2CH), 50.59
(C, CMe3), 32.81, 31.03 (2CHa, cyclohexyl), 28.53 (3CHs,
tert-butyl), 26.13, 26.03, 25.73 (3CHa,, cyclohexyl), 14.79
(CH3). Anal. Caled for CasH3sN,O, (398.58): C 72.69, H
9.15, N 8.48. Found: C 72.64, H 9.10, N 8.53.

2-[Cyclohexyl(7-0x0-1,3,5-cycloheptatrienyl)amino]-
N'-(1,1,3,3-tetramethylbutyl)propanamide (5j). Yellow oil,
Yield: 77%. IR (KBr): 3440 (NH), 2925, 2853, 1651, 1557,
1454, 1070, 739 cm™'; '"H NMR & 0.99 (s, 9H, MesC), 1.00-
2.20 (m, 10H, 5CH, of cyclohexyl, 3H of CH3, 6H of Me,C
and 2H of CH,), 3.35 (m, *Jims = 11.4 Hz, 1H, cyclohexyl),
4.03 (q,*Jim = 7.0 Hz, 1H, NCH, acyclic), 6.71 (t, *Ji = 8.5
Hz, 1H, tropolone), 6.86-7.30 (m, 4H, tropolone), 7.73 (br, s,
1H, NH). *C NMR § 185.33 (CO, tropolone) and 171.63
(CO, amide), 157.40 (C, tropolone), 135.55, 134.80, 132.72,
127.26, 123.24 (5CH, tropolone), 60.33, 58.00, (2CH),
54.66 (C, MexC), 51.53 (CH»), 32.86, 31.46, 31.02, 28.95,
28.56, 26.19, 25.73 (4CH, and CH of cyclohexyl, 2CH3 of
Me,C, 3CH; of Me;C and C of Me;C), 14.88 (CH3). Anal.
Calced for C4H3:N,0, (380.52)2 C 74.57, H 9.91, N 7.25.
Found: C 74.63, H9.97, N 7.31.

Results and Discussion

The 1:1 imine intermediate generated by the condensation
reaction of an aldehyde 1 with a primary amine 2, is trapped
by an isocyanide 3 in the presence of tropolone 4, to lead the
formation of 2-(N,N-dialkylamino)-2,4,6-cycloheptatrien-1-
one derivatives 5 (Scheme 1 and Table 1). The reaction pro-
ceeds smoothly and cleanly under mild and neutral con-
ditions and no side reactions were observed. The structures
of the products were deduced from their IR, '"H NMR, C
NMR spectra and Mass spectrometery. For example the 'H
NMR spectrum of Sa consisted of a triplet for the CH3 of n-
butyl (8 0.81, > = 7.2 Hz), several multiplets for the cyclo-
hexyl and »-butyl (& 1.1-2.1) moieties, a multiplet for the
NCH (5 3.75-3.90) of cyclohexyl moiety, an AB-quartet for
CH, of PhCH; (4.39 and 4.60, /i = 16.6 Hz), a triplet for
the NCH (8 4.64, *Jin = 6.0 Hz) of acyclic part, a douplet
for the tropolone hydrogen (8 6.51, *Jui = 10.0 Hz), a triplet
for the tropolone hydrogen (8 6.63, >/ = 9.0 Hz), a triplet
for the tropolone hydrogen (8 6.84, *Ji = 10.2 Hz), a multi-
plet for a tropolone hydrogen and phenyl group (8 7.05-
7.30) and a douplet for the NH (8 8.64, *Jii = 8.0 Hz). The
'H-decoupled '*C NMR spectrum of 5a showed 22 distinct
signals. Partial assignment of these signals is given in the
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Scheme 2. Proposed mechanism for the formation of 2-(V,N-dialkylamino)-2,4,6-cycloheptatrien-1-one derivatives Sa-j.
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experimental section. The 'H and *C NMR spectra of com-
pounds Sb-j were similar to those of 5a, except for the
aromatic or aliphatic moieties, which exhibited character-
istic signals with appropriate chemical shifts.

A mechanistic pathway for this reaction is provided in
Scheme 2. On the basis of the chemistry of isocyanides, it is
reasonable to assume that the first step may involve the for-
mation of imine 6 by the condensation reaction of primary
amine 2 with aldehyde 1, the next step may involve nucleo-
philic addition of the isocyanide 3 to the imine intermediate
6, which leads to nitrilium intermediate 7. This intermediate
may be attacked by the conjugate base of the tropolone 4 to
form 1:1:1 adduct 9. The intermediate 9 may undergo a Smiles
rearrangements to afford the isolated 2-(N,N-dialkylamino)-
2,4,6-cycloheptatrien-1-one derivatives 5 via intermediate 10.

Conclusion

We believe that the reported method offers a mild, simple,
and efficient route for the preparation of 2-(N,N-dialkyla-
mino)-2,4,6-cycloheptatrien-1-one derivatives 5 from alde-
hydes 1, primary amines 2, isocyanides 3 and tropolone 4.
Its ease of work-up, high yields and fairly mild reaction
conditions make it a useful addition to modern synthetic
methodologies.
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