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1. Introduction

One-pot cyclisations offer some benefits over setjalen
addition-cyclisation such as greater efficiency andre rapid
reactions, less waste-production and greater atamoacy. One-
pot annulation reactions of enamines with suitahleleophiles
or electrophiles have been extensively studied thepast three
decades for the preparation of functionalized loetalic
systems. However, there are few reports in the literatwr
intermolecular annulation reactions of heterocyatisamines
bearing electron-withdrawing groups withu,p-unsaturated
compounds to produceN-containing fused heterocycles ,
especially thiazolo or imidazolo-2-pyridone derivas, in a one-
pot fashion. This is due to their bisnucleophilicithey give
annulation products with different electrophilesaating via the
carbon at g-position to nitrogen and at the -NH group by the
effect of electron-withdrawing groups on the doubdadb (push-
pull system)’

FusedN-heterocyclic compounds (especially those contginin
2-pyridone residues) produced in these cyclisatimosild be
easily converted into biologically important nafyseoducts such
as saxitoxin and camptothecin (Figure *1Moreover, the
thiazolo[3,2a]pyridinone structure is the key part of pilicide-
based antibiotic derivatives (Figure 1) which cdogsi
compounds targeting virulence in Gram negative biacte

Thiazolopyridinones and imidazolopyridinones habewn a
wide variety of biological activities including ahyipertensive,
antihepatic, antiviral, antifungal, vasodilatory dansome
insecticidal propertie’

imidazolopyridinone
having pilicide activity
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Figure 1. Examples of 2-pyridone or thiazolo- (or imidazolo-)
pyridinone containing natural products and biolbijcactive
compounds

Recently, thiazolopyridin-2-ones have been prepabsd
starting from M- or 2-alkyl-substituted Athiazolines and
Meldrum’s acid derivatives or by using 2-piperidimene under
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context of our interest in one-pot ring closurectems with
suitable Michael donors and our trials to find ayvefficient
method using a suitable Lewis base catalyst, we aged that
heterocyclic secondary enamines, (2-nitromethylémiayolidine

2 or imidazolidine3 may react with suitable Michael acceptors
similar to those found in the literatut&’ For this purpose, both
heterocylic nitroenamine®,3 were prepared very efficiently
from the reaction of 1,1-bis(methylthio)-2-nitroettel with 1,2-

ethylenediamine or 2-mercaptoethylamitié?
2
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Scheme 1. General method
thiazolo(imidazolo)pyridinones 5,7
methylene)thiazolidines (or imidazolidines

for the preparation
and N-enoyl-(2-nitrd

v,

Here, we report a base-catalyzed one-pot aza-Michael
annulation of derivative and3 with acryloyl and cinnamic acid
chlorides 4 under very mild basic conditions, which affords
tetrahydrothiazolo[3,2]pyridinones 5 or tetrahydro-
imidazolo[1,2a]pyridinones? (Scheme 1) by a new and simple
methodology. Besides, some uncyclised Michael andit
products (derivatives & and8) were obtained in a few reactions
(Scheme 1).

2. Resultsand Discussion

Our initial experiments using and4a in different solvents
and conditions with different bases were focusedind the
optimal reaction conditions for the cyclisations, #e have tried
a variety of bases and Lewis bases to determine ¢fffeicts on
the cyclisations (Table 1). First of all, no dedigroducts %a or
6a) formed without using a base (entries 1-2).

Table 1. Optimisation of reaction conditions

0
N 02 \)J\cn 02N 02N ~
J 4a ’ or J\
S s N s N o
L/ ) ° \_J

conditions

a modified Eschenmoser sulfur contraction reactiih 2 5a 6a
DBU in moderate yields. However, tetrahydroimidazolo Entry Bases (equiV!) Conditions Yield (%)
pyridinones were prepared in moderate to good \ieldugh a ' 5a 6a
multicomponent Michael cyclisation of-nitroketeneaminal, 4 No base DCM. rt. 5 h a a
aldehydes, and Meldrum’'s acif In similar fashion, the > No base CECN, reflux, 3h  _° Ta
preparation of some thiazolo (or imidazolo)pyridieccarboxylic 3 pyridine (2 eq.) DCM,r.t, 3h _ 23
acids by the azaannulation of itaconic anhydridén winitro- 4 pyridine (2 eq.) CECN, reflux, 2 h - 15
N,S and N,N-ketene acetals and the preparation of > EtN (2.2 eq) DCM, r-t"ﬂ4 h . 21 36
imidazolopyridinones by annulation of 2-(ethoxycamil 7 Eitf)':r%i'geea)_g) eq.) ngm ;gﬂﬂi‘ g h B gg
methylene)tetrahydroimidazoles ~ with  different  1,8-bi g CHNH, (2.0 eq)  DCM, reflux, 3 h a a
electrophiles have been found as good examplesegent 9 DBU (2.0 eq.) CHCN, reflux, 2 h — 32
literature? Besides, imidazo[1,a}pyridinones can be prepared 10 i-PENEt (1.5 eq.) DCM, r.t.,8h - 48
by either one-pot four-component condensation ieacof 12 Ca(OHj} (2.0 eq.) DCM, r.t, 4 h 48 34
ethane-1,2-diamine, 1,1-bis(methylthio)-2-nitroetbe 13 85(:03 (2.0eq.) CHCN, r.t, 3h = 25

. . sCO; (1.2 eq.) CHCN, reflux, 2 h 18 40
aldehydes, and activated methylene compounds iderate ;g K,COs (2.0 €q.) DCM, rt.,3h %0 B
yields or by stepwise cyclisation aff-unsaturated esters with 2- 16 K:COs (2.0 eq.) CHCN, reflux, 3 h 50 —

(nitromethylene)imidazolidine in good yielfsEven though the
last exampl®* demonstrates preparation of imidazolo[1,2-
ajpyridinones, it's a very limited study which comaionly one
example and the reaction is slow. Also, the metleogiires more
than one step to obtain the annulation productveaely, in the

@ None of this product formed® Equivalents of bases respect to
nitroenamine. “All yields were calculated after purification byash
chromatograph

While most of the amine bases showed poor or neigcti
to induce the cyclisation (entries 3-10), inorgab@&ses were



moderately active and facilitated the formation aytlisation 0. .ClI
products (entries 12-16). However, addition of 2.8ie@f EtN
in DCM at room temperature led to formation of prodiba in Z O,N
21% andba in 36% yields (entry 5). In the presence of Ca(QH) 4 c | 89
better yields were obtained for formation of prod&at(entry s” N0
12). Addition of CgCO; was only effective at reflux, giving the 4c -
products in low yields (entry 14). We were then péelato find sc
that use of 2 equiv of £O; in DCM gave the cyclisation 5 Q O,N
product5a in excellent yields (90%) at room temperature with 7 °Cl B J\ N 62
6a formation observed (entry 15). However, a low yiefd5a 4d s N
was obtained when the same mixture was refluxed itoaitele /
(entry 16). 6 c 6d 70
After finding the optimized conditions for the modehction, 0
) . : S . O,N
we first studied the Michael cyclisations of somenagercially )\/u\ l i
available acryloyl chlorideda-b, 4d-e and cinnamoyl chloride 7 Cl C NN 61
4c with 2 (Table 2). Thiazolopyridinon€sa-c were obtained in de \
good yields (entries 1-4) using,BO; or CsCO; at room 6e
temperature or at reflux. Also, some cinnamic abidrides4f-k
were prepared in excellent yields (95-100%) by ditere Oy @
method$® (Scheme 2) and reacted wifTable 2, entries 8-13) -
R 2 ACOCheeq) o, 8 S/ ¥ o
$"°N
4f P
5f
oGl N
e
Scheme 2. Preparation off-k derivatives 9 B ON i 58
The title compound$g-j have been obtained in moderate to NO, SL_/N o]
good vyields (entries 9-12) using mostlyQO; in CH,CN at 4g 5
reflux. However, only using GEO; at 25°C was effective in the gC,
formation of 5f (entry 8), the use of £O; did not lead any Oy €l
product formation either at room temperature orefiux. The _
reaction of4k with 2 did not give any cyclisation or other
product. The molecular structure 5d was determined by X-ray 10 B O=N I 79
single crystal analysis (Figure &). ) S\—/N o
Table 2. Formation of thiazolopyridinoneS and N-enoyl-(2- 4n 5h
nitromethylene)thiazolidines o o Br
R O
=
R3 \ R® R2 R2
NO, O,N_ R s 11 B OoN 57
JI 4(1012eq) l | R SIN )
S\_/NH conditions \_/ ° \__/ © E:i \—Jsi
2(1.0eq) e CF,
Entry Substrate  Conditions Product Yield (%)?
o O.N -
| 12 B ON 69
1 s A 3511\0 90 |
4a CF, S\—/N o]
5a 4 i
ON Sg b
2 o B , 79 13 4K B - -
Ykm s N g
3 C - 35 Conditions:A: K,CO; (2.0 eq.), 25°C, DCM, 3-16h;B: K,COs; (2.0 eq.)
4b 5b 80°C, CHCN, 4-36h; C: CsCO4(1.0-2.0 eq,25°C, CHCN, 1.5-16h;

2Yields after isolation by flash chromatography gshexane:ethyl
acetate mixtures® No product was observed in TLC.
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Figure 2. X-ray structure oba
Our success in the formation of derivatieasing compoun@ =™
through Michael addition by this one-step transfation 8 a4 D 3 l 68
prompted us to investigate the behaviour of 2- N NN
(nitromethylene)imidazolin® with compoundsta-k (Table 3). \_J/
Perhaps surprisingly, no cyclisation proddetas obtained in the 7
reaction of3 with 4a in the presence of XO; (or CsCOs) (entry NO,
1). However, the title compounta was obtained in excellent
yield (96%) using 2 equiv of Bt in CH;CN at reflux (entry 2).
Suprisingly, the reaction @b with 3 was unsuccessful in giving ON
either productb or 8b (entry 3), but the reaction afd with 3 9 49 D 2 i 60
did give the expected cyclisation prodidtin good yield (entry HN NS
6). This contrast between the reactions Dfand 3 with \/
compounds4b and 4d might be explained by the mechanistic 79
difference in their cyclisation reactions (see socbg 3 and 5). cl
However, 4e with 3 afforded only addition producBe in
excellent yields (entry 7). The reactions of cinmanacid
chlorides4c and 4f-j with 3 afforded the expected cyclisation ON
products7c and 7f-j in the presence of triethylamine in good 0 4h D 2 l 76
yields (entry 5 and entries 8-12). HN N
\/
Table 3. Formation of imidazolopyridinonesandN-enoyl-(2- 7h
nitromethylene)imidazolidine8 Br
RZ2 O
R3)\KU\CI R® R2 R?
NO, R ON R ONG RU s 11 4 p  ON 58
JI 4(1.0-12eq) | or l l
- HN” °N
HN\_/NH conditions HN\_JN o \/ 0 HN\_JN 0
3(1.0eq.) 7 8 7i
Entry Substrate Conditions Product Yield(%)® CFs
1 4a A C = =
12 4 D O:N 72
ON |
j’\/l HN™ "N o
2 4a D HN N No 96 -
/ 7
7a 13 4Kk D - -t
Conditions:A: K,CO; (2.0 eq.), 25 °C, DCM, 3-16 hB: K,CO; (2.0
3 b B D _b b €0.)80 °C, CHCN, 4-36 h; C: C$CO;(1.0-2.0 eq,25 °C, CHCN, 1.5-16
' h; D: EtN (2.0 €q.)80 °C, CHCN, 2-24 h.
aYields after isolation by flash chromatography gséthyl acetat® No
4 b product was observed in TLC.Purified by recrystallization from ethyl
B - acetat.
O;N
ac ’ We propose a plausible mechanism for the formatibn
. HN\_JN 0 thiazolo derivativess in Scheme 3. First, in the presence of
D 89° K,CO; or CsCO;, 2 gives a nitronic acid salt intermediate by

tautomerization. Then, Michael addition through k& atom of
4 with the nitronic acid gives an imino-ketene intediate. Then




follows an acylation of the imine nitrogen and a cset
tautomerization step, resulting in ring closuractens affording
thiazolopyridinones.

Scheme 3. Plausible mechanism for the formationbof

However, uncyclised addition productéd-e have been
obtained by the reactions of compounavith 4d-e in moderate
yields under similar conditions (Table 2, entries)5 Since
crotonoyl @d) and 3,3-dimethylacryloyMg) chlorides have alkyl
group(s) on the end of double bond, they are podachdl
acceptors and this may prevent the cyclisation. rAdtevely,
they may form by loss of a proton next to the C=Cbdre and
retrocyclisation via an allenyl nitronate and taoésism
(Scheme 4). The structure 6fl was demonstrated by X-ray
crystallography (Figure 3¥.

Scheme 4. Ring-opening mechanism for the formatiorbdfe

Figure 3. X-ray structure obd

Likewise, we can propose a similar mechanism for thea]pyridin-5-one(s) 5
formation of derivative§. First, in the presence of triethylamine,

Michael addition through thp-C atom of4a with compound3
gives an imino-ketene
intramolecular cyclisation with a final tautomeripait affording
the title compounda (Scheme 5).

intermediate which undergoes a

X — Yy
Cl
EtNHC ANy T
L/ o
3 4a
l cyclisation

Scheme 5. Proposed mechanism for the formatioryaf

3. Conclusions

In summary, we have described a practical, rapid eey
efficient one-pot protocol for the preparation bfazolo[3,2a]-
and imidazolo[1,23]-pyridinones in good yields through the
reactions of 2-(nitromethylene)thiazolidine (or @azolidine)
with B-substituted acryloyl chlorides using homogenous or
heterogenous bases under mild conditions. Sinceousr
biologically important molecules containing thiazol (or
imidazolo) pyridinone cores are of interest in ahaceutical
context, our synthetic process would provide a nemtrimition
to the preparation of industrially relevant molexsul Besides,
further applications of this method are underway dor
laboratories for the synthesis of analogous heyetes.

4. Experimental

4.1. General information

All reactions were carried out at room temperaturehovit
excluding air and stirred magneticalf:NitroenamineS and
cinnamic acid chloridédwere synthesized prior to use following
literature proceduresH and **C NMR (400 or 300 MHz for
proton and 100 or 75 MHz for carbon, respectivepgcira were
recorded either in CDgbr in DMSO-¢ at ambient temperature.
Infrared spectra were recorded on a FT-IR Spectrem@Br
pellet or NaCl discs) and a FT-IR Spectormeter witfiRA
(Attenuated Total Reflectance) system. High resotutinass
spectra (HRMS) of compounds were obtained on an gothal
acceleration-TOF mass spectrometer and a FTMS Y4vass
spectrometer. Melting points were determined with eltémp
apparatus without corrections. TLC was done usinggated
plates with fluorescent indicator (Merck 5735) ardtgs were
visualized by exposure to ultraviolet light or withe stain
solution of permanganate and iodine chamber.

Reagents and solvents were purchased as reageatagrddvere
used without further purification. Flash column ahatography
was performed over silica gel (Merck, 230-400 MeshTK$
and the eluent was a mixture of ethyl acetate (EA) leexanes
(H) or only ethyl acetate.

4.2. General procedure for preparation of thiazolo[3,2-
or N-enoyl-(2-nitromethylene)
thiazolidines 6.

A solution of heterocyclic nitroenamir#e(0.5 mmol) and3-
substituted acryloyl chloridd (0.6 mmol) in CHCI, (20 mL)
was stirred for 5 minutes, thern,®0; (1 mmol) was added. The
reaction mixture was stirred for 3 hours at 5 and checked
regularly by TLC. After consumption of compouri® the
reaction was stopped and undissolved solid was reindwye
filtration. The remaining solution was evaporated &afjord
yellow crystalline solid. The crude product was gadfby using
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flash chromatography on silica gel, (50% hexahgleicetate)
to give desired produétor 6.

4.2.1. 8-Nitro-6,7-dihydro-2H-thiazolo[3,2-a] pyridin-5(3H)-
one (5a). Following the general procedure,
nitroenamin&2 (73.0 mg, 0.5 mmol), acryloyl chloridia (50uL,
55 mg, 0.6 mmol) and €05 (138 mg, 1 mmol) were stirred in
CH,Cl, (20 mL) at 25°C for 3 hours and purified by flash
chromatography (50% ethyl acetate/hexane) to aar(®0 mg,
90%) as yellow-greenish crystals, m.p. 190-191 R&;(33%
hexane/ethyl acetate) 0.70ya.x (KBr) 2922 (C-H), 2852, 1701
(amide C=0), 1577 (C=C-N{y 1369, 1274, 1180, 1089, 1035,
819, 740 cnf; &, (400 MHz, DMSO-¢, Me,Si) 4.12 (2H, tJ
7.6 Hz), 3.27 (2H, t) 8.0 Hz), 2.96 (2H, ] 7.6 Hz), 2.72 (2H, t,
J 8.0 Hz); 6. (100 MHz, DMSO-¢, Me,Si) 21.6, 28.8, 30.7,
49.0, 123.4, 156.2, 167.2yz (TOF-MS ES) 201 (100, MH),
189 (18), 181 (2), 55 (2%); HRMS (E®I MH*, found
201.0329. GHgN,0sS requires 201.0334.

4.2.2. 7-M ethyl-8-nitr 0-6,7-dihydr o-2H-thiazol o[ 3,2-a]
pyridin-5(3H)-one (5b). Following the general procedure,
heterocyclic nitroenaming (73.0 mg, 0.5 mmol), methacryloyl
chloride 4b (59uL, 63 mg, 0.6 mmol) and,KO; (138 mg, 1
mmol) were stirred in CECN (25 mL) at reflux for overnight
and purified by flash chromatography (50% ethyltatz#hexane)
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(2H, d,J 8.1 Hz), 4.72 (1H, ddJ 7.8, 1.2 Hz), 4.62 (1H, ddd,
11.7, 7.2, 4.5 Hz), 3.99 (1H, d1,12.0, 9.3 Hz), 3.24- 3.30 (2H,
m), 3.15 (1H, ddJ 16.5, 8.1 Hz), 2.95 (1H, dd,16.5, 1.5 Hz),
2.31 (3H, s, -CH); Jc (75 MHz, CDC), Me,Si) 21.0 (-CH),

heterocyclic 28.6, 37.7, 38.8, 48.8, 126.1, 129.8, 136.4, 13¥48.4 (C=C-

NO,), 156.4, 166.4 (C=0)Vz (TOF-MS ES) 291 (100, MH),
239 (40), 196 (10), 140 (30), 102 (90%); HRMS (BSMH",
found 291.0802. GH4sN,OsSrequires 291.0803.

4.25. 8-Nitro-7-(4-nitrophenyl)-6,7-dihydro-2H-thiazol o[ 3,2-
a] pyridin-5(3H)-one (5g). Following the general procedure,
heterocyclic nitroenamine2 (73.0 mg, 0.5 mmol), p-
nitrocinnamoyl chloridetg (106 mg, 0.5 mmol) and KO; (138
mg, 1 mmol) were stirred in GBN (25 mL) at reflux for
overnight and purified by flash chromatography (5@¥hyl
acetate/hexane) to afforsy (93 mg, 58%) as yellow powder,
m.p. 204-206 °C; R (33% hexane/ethyl acetate) 0.20max
(KBr) 3074 (arom. C-H), 2906 (C-H), 2848, 1707 (aen&=0),
1572 (C=C-NQ), 1450, 1348, 1284, 1228, 1188, 1157, 1087,
949, 856, 703 city dy (300 MHz, CDC}, Me,Si) 8.20 (2H, d.)
8.6 Hz), 7.32 (2H, d) 9.0 Hz), 4.87 (1H, d) 7.5 Hz), 4.64 (1H,
ddd,J11.7, 6.3, 5.1 Hz), 4.06 (1H, d12.0, 9.3 Hz), 3.30 - 3.36
(2H, m), 3.25 (1H, dd} 16.8, 8.4 Hz), 2.97 (1H, dd} 16.8, 1.6
Hz); dc (75 MHz, CDC}, Me,Si) 28.7, 38.1, 38.2, 49.1, 100.0,
1245, 127.4, 146.8, 147.5, (C=C-N(Q157.3, 165.3 (C=0Oxnvz

to afford5b (85 mg, 79%) as orange-yellow crystals, m.p. 170{TOF-MS ES) 322 (55, MH), 239 (95), 196 (8), 140 (30), 102

172 °C; R (50% ethyl acetate/hexane) 0.65;, (KBr) 2974 (C-
H), 2916, 1701 (amide C=0), 1581 (C=C-NO1371, 1313,
1292, 1234, 1184, 1062, 995, 877, 717¢ms, (300 MHz,
CDCl;, Me,Si) 4.42 (1H, pentet] 6.0 Hz), 4.11 (1H, m), 3.35
(1H, gq,J 6.0 Hz), 3.21 - 3.27 (2H, m), 2.67 - 2.85 (2H, m),41.3
(3H, d,J 6.6 Hz); éc (75 MHz, CDC}, Me,Si) 15.4, 28.7, 29.3,
35.4, 49.0, 122.7, 155.7, 1702z (TOF-MS AP) 215 (100,
MH®), 198 (80), 183 (15), 159 (25%); HRMS (AP MH",
found 215.0495. gH,,N,OsSrequires 215.0490.

4.2.3. 8-Nitr o-7-phenyl-6,7-dihydr o-2H-thiazol o[ 3,2-a]
pyridin-5(3H)-one (5c). Following the general procedure,
heterocyclic nitroenamin (73.0 mg, 0.5 mmol), cinnamoyl
chloride4c (83 mg, 0.5 mmol) and @S0; (163 mg, 0.5 mmol)
were stirred in CECN (25 mL) at 25°C for overnight and
purified by flash chromatography (33% ethyl aceta®ane) to
afford 5¢ (123 mg, 89%) as yellow powder, m.p. 155-157 °€; R
(50% ethyl acetate/hexane) 0.4/ (KBr) 3063 (arom. C-H),
2922 (C-H), 2854, 1703 (amide C=0), 1579 (C=C,NQ450,
1371, 1278, 1226, 1157, 1091, 952, 844, 700;c# (300 MHz,
CDCl;, Mg,Si) 7.26 - 7.34 (3H, m, Ph), 7.13 (2H, 8.1 Hz,
Ph), 4.76 (1H, dd} 8.1, 1.2 Hz), 4.63 (1H, ddd,14.7, 6.9, 4.5
Hz), 4.00 (1H, dtJ 11.7, 9.3 Hz), 3.25 - 3.35 (2H, m), 3.17 (1H,
dd, J 16.8, 8.1 Hz), 2.97 (1H, dd, 16.8, 1.8 Hz)p (75 MHz,
CDCls;, Me,Si) 28.6, 38.1, 38.8, 48.9, 126.2, 127.8, 129.8.2.2
139.5(C=C-NQ), 156.5, 166.2 (C=O)vz (TOF-MS APCI) 277
(100, MH), 260 (40), 243 (8), 215 (8), 181 (1%); HRMS
(APCI): MH", found 277.0653. GH3N,O;Srequires 277.0647.

4.2A4. 8-Nitro-7-p-tolyl-6,7-dihydro-2H-thiazol o[ 3,2-a]
pyridin-5(3H)-one (5f). Following the general procedure,
heterocyclic nitroenamine2 (73.0 mg, 0.5 mmol), p-
methylcinnamoyl chloride4f (90 mg, 0.5 mmol) and @G80,
(326 mg, 1 mmol) were stirred in GEN (25 mL) at 25°C for
overnight and purified by flash chromatography (5@%hyl
acetate/hexane) to afforsf (97 mg, 67%) as yellow powder,
m.p. 213-214 °C; R(33% hexane/ethyl acetate) 0.67;, (KBr)
3016 (arom.CH), 2916 (C-H), 2852, 1701 (amide C=0%311

(93%); HRMS (ESI): MH®, found 322.0486. GH;,N;0sS
requires 322.0498.

4.2.6. 7-(4-Chlor ophenyl)-8-nitro-6,7-dihydr o-2H-thiazolo
[3,2-a]pyridin-5(3H)-one (5h). Following the general
procedure, heterocyclic nitroenami2g73.0 mg, 0.5 mmol)p-
chlorocinnamoyl! chlorideth (100.5 mg, 0.5 mmol) and.KO;
(138 mg, 1 mmol) were stirred in GEN (25 mL) at reflux for 6
hours and purified by flash chromatography (50% yleth
acetate/hexane) to affofih (122 mg, 79%) as white solid, m.p.
162 °C (decomp.); R (50% ethyl acetate/hexane) 0.82;.
(KBr) 3053 (arom. C-H), 2983 (C-H), 2916, 1701 (am{ckO),
1570 (C=C-NQ), 1438, 1282, 1226, 1147, 1109, 950, 848, 736
cm®; 5, (300 MHz, CDC}, Me,;Si) 7.28 (2H, dJ) 8.1 Hz), 7.06
(2H, d,J 8.4 Hz), 4.73 (1H, dd] 8.1, 1.5 Hz), 4.62 (1H, ddd,
12.0, 6.9, 4.8 Hz), 4.01 (1H, d1,11.7, 9.3 Hz), 3.26 -3.31 (2H,
m), 3.17 (1H, ddJ 16.8, 8.1 Hz), 2.93 (1H, dd,16.8, 1.5); ic
(75 MHz, CDC}, Me,Si) 28.6, 37.6, 38.6, 48.9, 127.7, 129.3,
133.7, 138.0, 144.7, 156.7, 165.9 (C=@jz (TOF-MS ES) 311
(100, MHY), 239 (30), 196 (8), 140 (25), 102 (65%); HRMS
(ESI): MH", found 311.0250. GH,,CIN,OsS require$11.0257.

4.2.7. 7-(4-Bromophenyl)-8-nitr 0-6,7-dihydro-2H-thiazolo
[3,2-a]pyridin-5(3H)-one (5i). Following the general procedure,
heterocyclic nitroenamine2 (73.0 mg, 0.5 mmol), p-
bromocinnamoyl chloridel (122.5 mg, 0.5 mmol) and KO,
(138 mg, 1 mmol) were stirred in GEN (25 mL) at reflux for 4
hours and purified by flash chromatography (50% yleth
acetate/hexane) to affofal (100 mg, 57%) as yellow crystals,
m.p. 145 °C (decomp.);;R50% ethyl acetate/hexane) 0.63;x
(KBr) 3053 (arom. C-H), 2929 (C-H), 2858, 1701 (am{ckO),
1581 (C=C-NQ), 1450, 1282, 1226, 1192, 1157, 1087, 952, 844,
763 cm'; dy (300 MHz, CDCJ, Me,Si) 7.42 (2H, dJ 8.4 Hz),
6.99 (2H, d,J 8.4 Hz), 4.71 (1H, ddJ 6.9, 0.9 Hz), 4.61 (1H,
ddd,J11.7, 6.6, 4.5 Hz), 3.99 (1H, dt12.0, 9.3 Hz), 3.24 - 3.31
(2H, m), 3.16 (1H, dd) 16.5, 8.1 Hz), 2.92 (1H, dd,13.5, 1.5
Hz); dc (75 MHz, CDC}, Me,Si) 28.6, 37.7, 38.5, 48.9, 121.8,
125.5, 128.0, 132.3, 138.5 (C=C-§0156.8, 165.9 (C=0Onvz

(C=C-NO)), 1444, 1367, 1282, 1226, 1192, 1087, 950, 848, 72(TOF-MS ES) 354 (50, MH), 301 (25), 266(50), 239 (45), 140

cmi®; g (300 MHz, CDCY, Me,Si) 7.11 (2H, dJ 8.1 Hz), 7.01
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(30), 102 (100%); HRMS (ESt MH®, found 354.9746. was stirred for 5 minutes, then triethylami¢ie mmol) was
C,3H1,BrN,OsSrequires 354.9752. added. The reaction mixture was refluxed in;CN for 3.5
hours and the completion of reaction was contolied IbC. The
4.2.8. 8-Nitro-7-(4-(trifluoromethyl)phenyl)-6,7-dihydro-2H-  reaction was stopped and the solvent was rotaryoeatgal to
thiazolo[3,2-a]pyridin-5(3H)-one (5j). Following the general dryness. 20 mL of water was added into remainingepraduct
procedure, heterocyclic nitroenami@g73.0 mg, 0.5 mmol)p- and stirred for 15 min at room temperature. Theoig part was
trifluoromethylcinnamoyl chloridedj (117 mg, 0.5 mmol) and extracted using ethyl acetate (3x15 mL) and conbioeyanic
K,CO; (138 mg, 1 mmol) were stirred in GEN (25 mL) at layers were dried over anhydrous MgS#dd filtered. Remaining
reflux for overnight and purified by flash chromataphy (33%  brown solution was evaporated and the crude product wa
hexane/ethyl acetate) to afforsj (118 mg, 69%) as white purified by using flash chromatography on silica, gesing ethyl
crystals, m.p. 148-149 °C;:R50% ethyl acetate/hexane) 0.70; acetate, to give desired prodifadr 8.
Vmax (ATR-mode) 3051 (arom. C-H), 2897 (C-H), 1701 (amide
C=0), 1581 (C=C-Ng@), 1448, 1369, 1284, 1226, 1192, 1157,4.3.1. 8-Nitro-2,3,6,7-tetrahydroimidazo[1,2-a]pyridin-5(1H)-
1085, 950, 837, 727 ¢ 4y (300 MHz, CDCJ, Me,Si) 7.10 one (7a). Following the general procedure, heterocyclic
(2H, dd,J 9.0, 5.4 Hz), 7.00 (2H, 1] 8.6 Hz), 4.75 (1H, dd) nitroenamine3d (64.5 mg, 0.5 mmol), acryloyl chloridia (50pL,
8.1, 1.5 Hz), 4.63 (1H, ddd,11.6, 6.8, 4.4 Hz), 4.01 (1H, d, 55 mg, 0.6 mmol) and B (68 uL, 50 mg, 0.5 mmol) were
12.0, 9.6 Hz), 3.26 - 3.32 (2H, m), 3.17 (1H, dd6.5, 8.1 Hz), stirred in CHCN (25 mL) at reflux for 3.5 hours and purified by
2.94 (1H, dd,J 16.8, 1.6 Hz)¢ (75 MHz, CDC}, Me,Si) 28.4,  flash chromatography (ethyl acetate) to aff@ed(88 mg, 96%)
37.2, 38.5, 48.6, 115.6, 115.9, 125.6, 127.6, 13666.4, 160.3, as yellowish-white powder, m.p. 208 °C (decomp.y; (thyl
163.5, 165.7 (C=0)m/z (TOF-MS ES) 295 (100, MH-CF,),  acetate) 0.10ymy, (KBr) 3355 (N-H), 2956 (C-H), 2918, 1701
239 (40), 196 (5), 140 (20), 102 (60%); HRMS (BSMH", (C=0), 1647 (C=C-N@), 1489, 1400, 1350, 1315, 1286, 1217,
found 295.0539. GH,,FN,O;Srequires 295.0553. 1174, 1147, 1022, 933, 661, 555 tm,, (400 MHz, DMSO-g,
Me,Si) 9.59 (1H, s, -NH), 3.85 (2H, §,7.6 Hz), 3.72 (2H, tJ
4.2.9. 2-(Nitromethylene)thiazolidin-3-yl)but-2-en-1-one (6d). 7.2 Hz), 2.82 (2H, tJ 8.0 Hz), 2.61 (2H, tJ 7.6 Hz);dc (100
Following the general procedure, heterocyclic nitaaine2  MHz, DMSO-d, Me,Si) 20.9, 31.0, 43.1, 43.8, 103.8, 153.2,
(73.0 mg, 0.5 mmol), crotonoyl chloridil (58uL, 63 mg, 0.6 168.8;mz (TOF-MS ES) 184 (100, MH), 173 (35), 167 (5%);
mmol) and CgCO; (163 mg, 0.5 mmol) were stirred in GEN HRMS (ESI: MH*, found 184.0724. {,N;O; requires
(25 mL) at 25°C for 1.5 hour or KCO; (138 mg, 1 mmol) in  184.0722.
CH:CN (25 mL) at reflux for 16 hours and purified bygh
chromatography (25% ethyl acetate/hexane) to aBdr(80 mg, 4.3.2. 8-Nitro--7-phenyl-2,3,6,7-tetrahydroimidazo[ 1,2-a]
70%) as yellow crystals, m.p. 112-114 °C;: R50% ethyl pyridin-5(1H)-one (7c). Following the general procedure,
acetate/hexane) 0.42;. (KBr) 3174 (C=CHNQ), 2960 (C-H), heterocyclic nitroenamin® (64.5 mg, 0.5 mmol), cinnamoyl
2937, 1685 (C=C(Ch),, 1629(C=C-N@), 1533, 1453, 1388, chloride 4c (83 mg, 0.5 mmol) and B (135 pL, 101 mg, 1
1321, 1290, 1203, 1176, 1101, 1012, 956, 779, 665 @ (300  mmol) were stirred in CKCN (25 mL) at reflux for 4 hours and
MHz, CDCL, Me,Si) 8.42 (1H, s, C=CHN$), 7.15 (1H, septef purified by flash chromatography (ethyl acetate)afford 7c
7.2 Hz), 6.26 (1H, dqg] 15.0, 1.5 Hz), 4.30 (3H, §,7.2 Hz), 3.15 (114 mg, 88%) as yellow powder, m.p. 228-229 °¢; (Bthyl
(3H, t,J 7.2 Hz), 2.00 (3H, ddJ 6.9, 1.6 Hz); c (75 MHz,  acetate) 0.43y.« (KBr) 3279 (N-H), 3026 (arom. CH), 2922 (C-
CDCl;, Me,Si) 18.6, 27.7, 52.4, 122.8, 148.1, 158.6, 16t&;  H), 1697 (C=0), 1631 (C=C-Nf) 1485, 1444, 1284, 1213,
(TOF-MS AP) 215 (15, MH), 170 (8), 129 (15), 95.0 (12), 83.0 1180, 1143, 1028, 937,756, 698 tmdy (400 MHz, DMSO-g,
(100%); HRMS (AP): MH*, found 215.0490. §,;N,0;S  Me,Si) 9.73 (1H, s, -NH), 7.29 (2H, t) 7.2 Hz), 7.22 (1H, t)
requires 215.0490. 6.8 Hz), 7.15 (2H, dJ 7.2 Hz), 4.54 (1H, dJ 6.8 Hz), 3.76 -
3.96 (4H, m), 3.21 (1H, ddJ 15.6, 8.0 Hz), 2.58 (1H, dJ 15.6
4.2.10. 3-Methyl-1-(2-(nitromethylene)thiazolidin-3-yl)but-2- Hz); 6c (100 MHz, DMSO-¢, Me,Si) 37.8, 40.8, 43.2, 44.1,
en-1-one (6e). Following the general procedure, heterocyclic 106.8, 127.0, 127.5, 129.3, 143.1, 153.3, 1684; (TOF-MS
nitroenamine 2 (73.0 mg, 0.5 mmol), 3,3-dimethylacryloyl ES’) 260 (100, MH), 231.5 (30), 203.0 (12), 167 (5%); HRMS
chloride4e ( 55 pL,59 mg, 0.5 mmol) and €0, (163 mg, 0.5 (ESI): MH", found 260.1028. GH,,N;O5requires 260.1035.
mmol) were stirred in CKCN (25 mL) at 25C for overnight and
purified by flash chromatography (33% ethyl aceterane) to  4.3.3. 7-Methyl-8-nitro-2,3,6,7-tetrahydroimidazo[1,2-a]
afford 6e (70 mg, 61%) as pale yellow crystals, m.p. 98-99 °C pyridin-5(1H)-one (7d). Following the general procedure,
R: (50% ethyl acetate/hexane) 0.54i,. (KBr) 3174  heterocyclic nitroenaming (64.5 mg, 0.5 mmol), crotonoyl
(C=CHNQ,), 2941 (C-H), 2916, 1685 (C=0), 1631 (C=C@41  chloride4d (58uL, 63 mg, 0.6 mmol) and &t (135 uL, 101 mg,
1545 (C=C-NQ), 1444, 1365, 1323, 1232, 1165, 1143, 1062,1 mmol) were stirred in C}N (25 mL) at reflux for 3.5 hours
864, 777, 665 cif 4 (400 MHz, CDCJ, Me,Si) 8.43 (1H, s, and purified by flash chromatography (ethyl aceteseafford 7d
C=CHNOQ,), 5.93 (1H, tJ 1.2 Hz), 4.26 (3H, 1,J 7.2 Hz), 3.12 (72 mg, 74%) as yellowish-white solid, m.p. 186-1%7% R:
(3H,1,J14.8 Hz), 2.13 (3H, d] 1.2 Hz), 1.99 (3H, dJ 1.2 Hz);  (ethyl acetate) 0.30}max (KBr) 3347 (N-H), 2956 (C-H), 2924,
dc (100 MHz, CDC}, Me,Si) 21.2, 27.8, 27.9, 52.9, 117.6, 121.9, 2854, 1701 (C=0), 1631 (C=C-NJ 1485, 1450, 1348, 13009,
158.7, 159.1, 165.21nz (TOF-MS AP) 229 (100, MH), 215 1286, 1172, 1147, 1030, 935, 765, 665'rms, (400 MHz,
(8), 173 (25), 156 (60%); HRMS (AR MH", found 229.0641. DMSO-d;, Me,Si) 9.53 (1H, s, -NH), 3.80 - 3.93 (3H, m), 3.70 -
CyH1aN,05S requires 229.0647. 3.74 (2H, m), 2.86 (1H, dd] 16.4, 6.8 Hz), 2.34 (1H, dd,16.8,
2.0 Hz), 1.00 (3H, d] 6.4 Hz);5c (100 MHz, DMSO-¢, Me,Si)
4.3. General procedure for preparation of 18.9, 27.6, 38.8, 43.1, 43.9, 108.8, 152.5, 168v4;(TOF-MS
tetrahydroimidazo[1,2-a]pyridin-5-one(s) 7 or N-enoyl-(2- ES) 196 (40, M-H), 187(5%); HRMS (ES): M*-H, found
nitromethylene) imidazolidines 8. 196.0729. GH1(N;Ozrequires 196.0722.

A solution of heterocyclic nitroenamirg(0.5 mmol) andB- 4.34. 8-Nitro-7-p-tolyl-2,3,6,7-tetrahydroimidazo[ 1,2-
substituted acryloyl chloridd (0.6 mmol) in CHCN (25 mL)  a]pyridin-5 (1H)-one (7f). Following the general procedure,
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heterocyclic nitroenamine3 (64.5 mg, 0.5 mmol), p-
methylcinnamoyl chloridelf (90 mg, 0.5 mmol) and B (135
ML, 101 mg, 1 mmol) were stirred in @EN (25 mL) at reflux
for 3 hours and purified by flash chromatographjykacetate)

Tetrahedron

(1H, s, -NH), 7.48 (2H, d 8.4 Hz), 7.12 (2H, d] 8.4 Hz), 4.52
(1H, d,J 6.6 Hz), 3.77 - 3.97 (4H, m), 3.21 (1H, di16.8, 8.1
Hz), 2.57 (1H, ddJ 16.5, 1.5 Hz)5c (75 MHz, DMSO-g,
Me,Si) 32.0, 37.1, 43.1, 43.9, 106.3, 120.3, 129.1,93142.3,

to afford 7f (93 mg, 68%) as white powder, m.p. 275 °C 153.0, 167.5m/z (TOF-MS ES) 338 (100, MH), 239.0 (10),

(decomp.); R (ethyl acetate) 0.3341ax (KBr) 3358 (N-H), 2920
(C-H), 2852, 1701 (C=0), 1620 (C=C-MQ 1444, 1344, 1325,
1282, 1213, 1180, 1143, 1028, 810, 767, 6655cmd, (400
MHz, DMSO-&, Mg,Si) 9.71 (1H, s, -NH), 7.09 (2H, d,8.4
Hz), 7.02 (2H, t,J 7.6 Hz), 4.49 (1H, dJ 6.8 Hz), 3.75 - 3.97
(4H, m), 3.18 (1H, ddJ 16.8, 7.6 Hz), 2.58 (1H, d,16.4 Hz),
2.24 (3H, s)gc (100 MHz, DMSO-¢, Mg,Si) 20.4, 30.2, 36.6,
42.4, 43.3, 106.2, 126.1, 129.1, 135.8, 139.2,5.5P67.3;m/z
(TOF-MS ES) 274 (100, MH), 238 (10), 218.0 (5), 161 (2%);
HRMS (ESI): MH®, found 274.1183. GH.N;O; requires
274.1192.

4.35. 8-Nitro-7-(4-nitrophenyl)-2,3,6,7-tetr ahydr oimidazo
[1,2-a]pyridin-5(1H)-one (7g). Following the general procedure,
heterocyclic nitroenamine3 (64.5 mg, 0.5 mmol), p-
nitrocinnamoyl chloridedg (106 mg, 0.5 mmol) and | (135
pL, 101 mg, 1 mmol) were stirred in @EN (25 mL) at reflux
for 2 hours and purified by flash chromatographjykacetate)
to afford 7g (92 mg, 60%) as yellow powder, m.p. 208 °C
(decomp.); R (ethyl acetate) 0.3@;,. (KBr) 3358 (N-H), 3072,
2983(C-H), 2926, 1707 (C=0), 1639 (C=C-NO1597 (-NQ),
1491, 1452, 1344, 1313, 1286, 1174, 1147, 1026, 833, 771,
665 cm'; dy (400 MHz, DMSO-¢, Me,Si) 9.81 (1H, s, -NH),
8.15 (2H, d,J 8.4 Hz), 7.47 (2H, d) 8.4 Hz), 4.71 (1H, d) 7.6
Hz), 3.78 - 3.97 (4H, m), 3.29 (1H, dd,16.8, 8.4 Hz), 2.62
(1H, d,J 16.4 Hz):5c (100 MHz, DMSO-¢, Me,Si) 30.2, 37.1,
42.5, 43.5, 105.2, 123.7, 127.8, 146.4, 150.2,5.5P66.7;m/z
(TOF-MS ES) 305 (100, MH), 254(45), 225.0 (20), 123 (2%);
HRMS (ESI): MH®, found 305.0883. GH.N,Os requires
305.0886.

4.3.6. 7-(4-Chlorophenyl)-8-nitro-2,3,6,7-tetr ahydr oimidazo
[1,2-a]pyridin-5(1H)-one (7h). Following the general procedure,
heterocyclic nitroenamine3 (64.5 mg, 0.5 mmol), p-
chlorocinnamoyl chlorideth (100.5 mg, 0.5 mmol) and &
(135 pL, 101 mg, 1 mmol) were stirred in HN (25 mL) at
reflux for 5 hours and purified by flash chromatagny (ethyl

140.0 (5), 102 (15%); HRMS (ESi MH*, found 338.0128.
C,3H13BrN;Ozrequires 338.0140.

4.3.8. 8-Nitro-7-(4-(trifluoromethyl)phenyl)-2,3,6,7-tetra
hydroimidazo[1,2-a]pyridin-5(1H)-one (7j). Following the
general procedure, heterocyclic nitroenam$€64.5 mg, 0.5
mmol), p-trifluoromethylcinnamoyl chloride4j (117 mg, 0.5
mmol) and EN (135 pL, 101 mg, 1 mmol) were stirred in
CH:CN (25 mL) at reflux for 24 hours and purified bygh
chromatography (ethyl acetate) to affofd (118 mg, 72%) as
white crystals, m.p. 255-256 °C;:Rethyl acetate) 0.10Vax
(ATR-mode) 3246 (N-H), 2922(C-H), 2854, 1703 (C=0§22
(C=C-NO)), 1508, 1485, 1446, 1342, 1315, 1284, 1180, 1143,
1028, 939, 837, 767, 686 vy, (300 MHz, DMSO-d, Me,Si)
9.71 (1H, s, -NH), 7.19 (2H, td,5.1, 2.5 Hz), 7.10 (2H, 9.0
Hz), 4.54 (1H, dJ 7.2 Hz), 3.75 - 3.96 (4H, m), 3.20 (1H, dd,
16.5, 7.8 Hz), 2.56 (1H, dd,16.5, 0.9 Hz)c (75 MHz, DMSO-
ds, Me,Si) 36.9, 43.0, 43.9, 106.6, 115.6, 115.9, 12838.Q,
153.0, 159.9, 163.1, 167.#/z (TOF-MS ES) 278 (100, MH-
CFy), 239.0 (20), 140.0 (10), 102.1 (40%); HRMS (BSI
MH*-CF,, found 278.0937. GH,5FN;O5 requires 278.0941.

4.39. 3-Methyl-1-(2-(nitromethylene)imidazolidin-1-yl)but-
2-en-1-one (8e). Following the general procedure, heterocyclic
nitroenamine 3 (64.5 mg, 0.5 mmol), 3,3-dimethylacryloyl
chloride4e (68 pL,71 mg, 0.6 mmol) and 48t(139 pL, 101 mg,
1 mmol) were stirred in CY¥N (25 mL) at reflux for 5.5 hours
and purified by flash chromatography (33% hexahgleicetate)
to afford8e (100 mg, 95%) as yellow solid, m.p. 171-172 °¢; R
(50% ethyl acetate/hexane) 0.7, (ATR-mode) 3253 (-NH),
3178 (C=CHN@), 2922 (C-H), 2859, 1739(C=0), 1683
(C=C(Me)), 1585 (C=C-N@), 1436, 1355, 1307, 1205, 1182,
1126, 1083, 1051, 958, 823, 765, 684 cmdy (400 MHz,
DMSO-d;, Mg,Si) 9.65 (1H, s, -NH), 7.78 (1H, s, C=CHNO
6.03 (1H, s, C=CHCO), 4.06 (2H,J 8.4), 3.65 (2H{, J 8.4),
2.02 (3H, s), 1.90 (3H, sy (100 MHz, DMSO-¢, Mg,Si) 20.2,
26.9, 42.4, 459, 101.4, 116.9, 154.5, 156.6, 1§690); m/z

acetate) to affor@h (112 mg, 76%) as white powder, m.p. 250 (TOF-MS ES) 212 (100, MH), 190 (1), 130 (5%); HRMS

°C (decomp.); R (ethyl acetate) 0.83),. (KBr) 3219 (N-H),
2922 (C-H), 2852, 1701 (C=0), 1620 (C=C-NO1485, 1448,
1369, 1344, 1319, 1282, 1215, 1180, 1143, 1028, 883, 767,
665 cm'; dy (400 MHz, DMSO-¢, Me,Si) 9.72 (1H, s, -NH),
7.31 (2H, dJ 8.4 Hz), 7.15 (2H, dJ) 8.4 Hz), 4.52 (1H, d) 6.8
Hz), 3.73 - 3.92 (4H, m), 3.18 (1H, dd,16.8, 8.0 Hz), 2.54
(1H, dd,J 16.8, 1.6 Hz)c (100 MHz, DMSO-¢, Me,Si) 37.3,
39.5, 43.3, 44.2, 106.5, 129.0, 129.2, 132.1, 141538.2, 167.8;
m/'z (TOF-MS ES) 294 (100, MH), 248.0 (5), 220.0 (2), 156
(1%); HRMS (ESI): MH", found 294.0631. GH,5CIN;O;
requires 294.0645.

4.3.7. 7-(4-Bromophenyl)-8-nitro-2,3,6,7-tetr ahydr oimidazo
[1,2-a]pyridin-5(1H)-one (7i). Following the general procedure,
heterocyclic nitroenamine3 (64.5 mg, 0.5 mmol), p-
bromocinnamoyl chloriddi (122.5 mg, 0.5 mmol) and & (135
pL, 101 mg, 1 mmol) were stirred in @EN (25 mL) at reflux
for 24 hours and purified by flash chromatograpétiryl acetate)
to afford 7i (98 mg, 58%) as yellow powder, m.p. 200 °C
(decomp.); R (ethyl acetate) 0.10}.x (ATR-mode) 3219 (N-
H), 2953 (C-H), 2922, 2854, 1699 (C=0), 1622 (C=C,NO
1485, 1446, 1371, 1342, 1317, 1280, 1213, 11805,11828,
964, 821, 767, 642 ch dy (300 MHz, DMSO-¢, Me,Si) 9.74

(EST): MH", found 212.1030. §&1,,NsO;requires 212.1035.
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