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The 1,4-dipole derived from 4,5-dimethylthiazole and DMAD has been shown to react readily with chro-
mone-3-carboxaldehydes resulting, after an unusual rearrangement, in the facile synthesis of thiazol-
0[3,2-a]pyridine derivatives; in some instances tetracyclic chromenothiazolopyridines were formed.

© 2009 Elsevier Ltd. All rights reserved.

The pronounced reactivity of nitrogen-containing heterocycles
towards dimethyl acetylenedicarboxylate (DMAD) is well docu-
mented.! The reaction generally involves the formation of a dipolar
intermediate between the N-heterocycle and DMAD, which under-
goes further reactions with external dipolarophiles leading to a
variety of heterocyclic compounds.

An example of this type of reaction was established in the pio-
neering work of Huisgen et al.,> who showed that the reaction of
isoquinoline and DMAD proceeds through a 1,4-dipolar intermedi-
ate, by trapping it with phenylisocyanate, diethyl mesoxalate and
dimethyl azodicarboxylate. Except for isolated reports,® such reac-
tions nevertheless remain underexploited. Recently, Nair et al.*
investigated the different reactivity patterns of the isoquinoline-
DMAD and pyridine-DMAD zwitterions. Whereas the first engaged
exclusively in three-component reactions, the second induced no-
vel molecular rearrangements.’

Moreover, it was found that the imidazole-DMAD zwitterion
could be involved in one-pot three-component syntheses.® In the
light of our interest on the development of new routes towards
heterocyclic systems,” we have exploited the reactivity profile of
a thiazole-DMAD zwitterion in bringing about three-component
reactions with chromone-3-carboxaldehydes. These compounds
represent a very reactive system owing to the presence of an
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unsaturated keto function, a conjugated second carbonyl group at
C-3 and above all a very reactive electrophilic centre at C-2. In
addition, since the thiazole ring is able to undergo molecular rear-
rangment® its use would give to the reaction a new perspective.

Our studies began with the reaction of DMAD with chromone-
3-carboxaldehyde 1a and 4,5-dimethylthiazole to afford the
thiazolo[3,2-a]pyridinedicarboxylate 4a in 45% yield,® instead of
the expected chromenylthiazolooxazines 6 or thiazolopyridines 7
(and/or 8) (Scheme 1). A minor product, identified as chrome-
nothiazolopyridinedicarboxylate 5a (~4% yield), was also detected.
The reaction appears to be general with a number of substituted 3-
formyl-chromones affording thiazolo[3,2-a]pyridinedicarboxylates
4 in moderate yields. However, in the case of 6-methyl-3-formyl-
chromone (1b), 5b was the main reaction product, whereas 4b
was formed as a minor product in ~5% yield. The results are
summarized in Table 1.

Concerning the assignment of 4a, elemental analysis and MS
spectroscopy unequivocally established that reaction of one mole-
cule of chromone-3-carboxaldehyde 1a with one molecule of
dimethylthiazole and one molecule of DMAD with loss of a formyl
group had occurred. This fact was also confirmed from the >*C NMR
spectrum, where 20 different signals were observed. Moreover, in
the IR spectrum the broad absorption at 3458 cm™! indicated a
OH group, whereas the two chromone carbonyl absorptions at
1695 and 1650 cm™! were replaced by carbonyl absorptions at
1738 and 1698 cm~'. The carbonyl carbon at 192.8 ppm in
combination with a hydrogen bonded hydroxy proton at 6 11.63



M. A. Terzidis et al. / Tetrahedron Letters 50 (2009) 1196-1198 1197

RS OMe
R2 o co Me
1 l ’ |
R |
co
O O i
1 OMe 3
2
N\
R! COOMe
R2 1 - COOMe
N
RS ) Me
o, oHs
H
2 Me
or
R! COOMe
2
R s COOMe
H
3 N
R ) Me
o, O s
H
8 Me

| +QS\ Me -10°Ctort

DME

RS
RZ o)
| p GOOMe
Rl - COOMe
O O LN e
Ny
6 Me

Scheme 1. Reaction of 3-formyl-chromones with DMAD and thiazole 3.

Table 1
Synthesis of thiazolopyridines 4 and benzopyranothiazolopyridines 5

Entry R! R? R3 Products (%)

1 H H H 4a (45) 5a (4)
2 Me H H 4b (5)° 5b (38)
3 cl H H 4c (41)

4 cl Me H 4d (37) 5d (5)°
5 NO, H H 4e (23)

6 Br H Br 4f (38)

2 As an inseparable mixture with 4.
> As an inseparable mixture with 5.

indicated the transformation of the chromone to a hydroxybenzoyl
moiety. This transformation was identified easily from the splitting
pattern of the aromatic protons, resonating as a dd at § 7.50 (J = 7.6,
1.75Hz), a ddd at § 691 (J=7.6, 74, 1.1Hz), a ddd at 5 7.45
(J=8.25,7.4,1.75Hz) and as a dd at ¢ 7.03 (J = 8.25, 1.1 Hz)'° with
their carbons resonating at 130.9, 118.6, 134.9 and 118.3 ppm,
respectively. Moreover, the hydroxy proton shows COLOC correla-
tions with the quaternary carbon at 161.9 ppm (C-2’), and also
with the protonated carbon at 118.3 ppm (C-3’), (Fig. 1). In the

NOESY

Figure 1. Diagnostic COLOC correlations between protons and carbons (via ?jc_y
and 3Jc_y) in compounds 4a and 5b. In 5b, some important diagnostic NOESY
correlations are also included.

TH NMR spectrum, the two carbomethoxy methyl group protons
resonated at ¢ 3.75 and § 3.84, whereas the two thiazole methyl
group protons occurred at 6 2.02 and ¢ 2.03 showing COLOC corre-
lations with the quaternary carbon signals at 119.1 (C-2) and
125.5 ppm (C-3). In addition, two more protons resonating in the
aromatic region were identified, at § 7.90 and 6 7.98 coupled mutu-
ally with J=1.02 Hz, with their corresponding carbons resonating
at 141.6 and 132.1 ppm. These protons had COLOC correlations
with a quaternary carbon at 72.8 ppm (C-8a) having very low
intensity. The proton at ¢ 7.98 also correlated with one of the car-
bomethoxy carbonyls at 165.2 ppm, whereas the proton at § 7.90
correlated with the quaternary carbon at 109.5 ppm and with the
carbon C-7 at 132.1 ppm, indicating the presence of a six-mem-
bered ring containing the former thiazole nitrogen. The quaternary
carbon at 72.8 ppm, bearing the second carbomethoxy group, is

Figure 2. Global lower energy conformation of 5b calculated by DFT (B3LYP/6-
31G(d)).
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Scheme 2. A proposed mechanism for the reaction.

also bonded to the sulfur of the thiazole ring, thus indicating that a
rearrangement had occurred.

Concerning the structure of 5b, the presence of a formyl group
was detected. The absence of a hydroxyl group in conjunction with
the protons resonating at § 5.60 and é 5.64, the first correlating
with the carbomethoxy carbonyl at 6 165.7 and the second corre-
lating with the quaternary carbon at § 144.1 (C-5), suggested the
presence of a nitrogen-containing six-membered ring. COLOC cor-
relations in conjunction with the NOESY results depicted in Figure
1 confirmed the structure and the syn-approximation of protons
6a-H and 12b-H. The global lower energy conformation of 5b, in
accordance with COLOC and NOESY data, calculated by DFT
(B3LYP/6-31G(d)) is depicted in Figure 2.

The following mechanistic postulate may be invoked to ratio-
nalize the reaction (see Scheme 2). The Huisgen zwitterion 9
formed from the thiazole and DMAD attacks initially the C-2 chro-
mone carbon, instead of the expected aldehyde carbon,®!! giving
the intermediate 10, which by chromone ring opening (path a)
leads initially to 11 and then by formation of a new six-membered
ring to 12. Deformylation, followed by a 1,5-sigmatropic shift, re-
sults in 4 through the formation of the vinyl sulfide zwitterion
13 bearing an aromatic pyridine ring. However, in some derivatives
the formation of the cyclohexene ring through path b, before
deformylation, most probably stabilizes the system leading stere-
oselectively to compound 5.

In conclusion, we have reported the first three-component reac-
tion involving a thiazole-DMAD zwitterion for the synthesis of no-
vel thiazolo- and chromenothiazolopyridines. Moreover, the
present work demonstrates the versatility of chromones in one-
pot synthetic procedures.
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General experimental procedure: DMAD (1.0 equiv) was added to a solution of
chromone-3-carboxaldehyde 1a (1.0equiv) and 4,5-dimethylthiazole
(1.0 equiv) in DME (20 mL) at —10°C under argon. The system was then
allowed to attain room temperature and was stirred for 12 h. Distillation of the
solvent in vacuo followed by column chromatography on silica gel using
petroleum ether/AcOEt (7:1) as eluent, slowly increasing the polarity up to 3:1
afforded 4a as a mixture with the minor product 5a. Crystallization from
CH,Cl,-Et,0 afforded 4a as a pure compound. All attempts to obtain pure 5a by
preparative TLC were unsuccessful because of decomposition. NMR spectra
were recorded at room temperature on a Bruker AM 300 spectrometer at
300 MHz for 'H and 75 MHz for '3C, respectively, using CDCls as solvent.
6-(2'-hydroxybenzoyl)-8,8a-dimethoxycarbonyl-2,3-dimethyl-8aH-[1,3]thiazolo-
[3,2-a]pyridine (4a). Orange crystals; mp 208-209 °C (CH,Cl,-Et,0). IR (Nujol)
Vmax: 3458, 1738, 1698 cm™'. 'H NMR: 2.02 (s, 3H, 2-CH3), 2.03 (s, 3H, 3-CHs),
3.75 (s, 3H, 8a-OCHj3), 3.84 (s, 3H, 8-OCHs), 6.91 (ddd, J = 7.6, 7.4, 1.1 Hz, 1H, 5'-
H), 7.03 (dd, J = 8.25, 1.1 Hz, 1H, 3'-H), 7.45 (ddd, ] = 8.25, 7.4, 1.75 Hz, 1H, 4'-
H), 7.50 (dd, J=7.6, 1.75 Hz, 1H, 6'-H), 7.90 (d, J= 1.02 Hz, 1H, 5-H), 7.98 (d,
J=1.02 Hz, 1H, 7-H), 11.63 (s, 1H, OH). '3C NMR: 11.2 (3-CH3), 12.7 (2-CH3),
52.1 (8-OCH3), 53.7 (8a-OCHj3), 72.8 (C-8a), 107.5 (C-8), 109.5 (C-6), 118.3 (C-
3’),118.6 (C-5'), 119.1 (C-2), 120.1 (C-1"), 125.5 (C-3), 130.9 (C-6'), 132.1 (C-7),
134.9(C-4"), 141.6 (C-5),161.9 (C-2), 165.2 (8-C=0), 169.3 (8a-C=0), 192.8 (6-
C=0). MS (LCMS) m/z (%) 402 (100, M*+1). Anal. Calcd for C0H;9NOgS (401.43):
C, 59.84; H, 4.77, N, 3.49. Found: C, 59.93; H, 4.83; N, 3.40.
12a-formyl-5,6-dimethoxycarbonyl-2,3,10-trimethyl-12-oxo-12a,12b-dihydro-6aH,
12H-chromeno|3,2-c][1,3]thiazolo[3,2-apyridine (5b). Orange crystals; mp 189-
192 °C (CH,Cl,-Et;0). IR (Nujol) Vinax: 1735, 1708, 1662 cm™~'. '"H NMR: 1.83 (q,
J=1.0Hz, 3H, 3-CHs), 1.93 (q, J = 1.0 Hz, 3H, 2-CH3), 2.32 (s, 3H, 10-CH3), 3.78
(s, 3H, 6-OCH3), 3.89 (s, 3H, 5-OCH3), 5.60 (s, 1H, 6a-H), 5.64 (s, 1H, 12b-H),
6.92 (d,]J = 8.5 Hz, 1H, 8-H), 7.36 (dd, ] = 8.5, 2.2 Hz, 1H, 9-H), 7.67 (d, ] = 2.2 Hz,
1H, 11-H), 10.16 (s, 1H, 12a-CHO). '*C NMR: 11.9 (3-CH3), 13.6 (2-CH3), 20.5
(10-CH3), 52.0 (6-0OCH3), 53.2 (5-0CH3), 58.7 (C-12a), 63.0 (C-6a), 71.1 (C-12b),
114.2 (C-2), 117.6 (C-6), 118.3 (C-8), 119.8 (C-11a), 126.8 (C-11), 127.4 (C-3),
132.1 (C-10), 138.5 (C-9), 144.1 (C-5), 159.1 (C-7a), 164.2 (5-C=0), 165.7 (6-
C=0), 187.4 (C-12), 196.8 (12a-C=0). MS (LCMS) m/z (%) 444 (100, M*+1), 416
(91). Anal. Calcd for C;,H,;NO,S (443.47): C, 59.58; H, 4.77, N, 3.16. Found: C,
59.43; H, 4.68; N, 3.22.

Simulated with SpinWorks simulation program, version 2.5, available from
ftp://davinci.chem.umanitoba.ca.
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