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lodine Catalyzed Mild 4CR Protocol for Synthesis of
Tetrahydroimidazo[1,2-a]pyridines: Cascade Construction of

Multiple C-C and C—Hetero Bonds

Atieh Rezvanian

Department of Chemistry, Alzahra University, P.O. Box 1993891176, Tehran, Iran

Abstract—A highly convergent and straightforward synthesit N-fused heterocycles,
including 1,2,3,7-tetrahydroimidazo[1&pyridine-5-carboxylic acids is successfully actadv
via a one-pot four-component cascade reactioreungi pyruvic acid, aldehydes, diamines and
1,1-bis(methylthio)-2-nitroethylene (BMTNE) in tipgesence of a catalytic amount of molecular
iodine in acetonitrile. The new efficient dominmfwcol generates two rings by the concomitant
formation of C-N (three) and C-C (two) multiple ksnpresumably involving a sequence of
N,N-acetal formation, Knoevenagel reaction, aza—enactign, imine—enamine/keto—enol
tautomerization, and N-cyclization as key stepse Tierit of this protocol is highlighted by its
easily available and economical starting materigt®rational simplicity, efficient utilization of
all the reactants, clean reaction profile, simptgkup procedure, and tolerance of a wide variety

of functional groups.

1. Introduction
The central theme of organic synthesis is the cocsbn and cleavage of bonds in organic

molecules. Modern synthesis involves the desigeffafient synthetic protocol that minimizes
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the number of synthetic steps for the rapid germmrabf functionalized molecules with
interesting properties. One approach to achieve thpal involves the development of
ecocompatible, multicomponent procedures. Multicongmt reactions (MCRs) offer a wide
range of possibilities for the construction of piefined highly complex molecules in a single
step with high atom economy, minimum time, labarstc and straight forward experimental
procedured. These benefits are highlights for multicomponeagoade reactions, which involve
in situ production of an intermediate with a stgite reactive site for subsequent
transformation$.In the past decade, a lot of multicomponent reasthave been reportddyet
developing novel MCRs that meet almost all of adages above is still in the burgeoning
phase.

In recent times, the use of molecular iodine haseived considerable attention as an
inexpensive, nontoxic, readily available catalyst\farious organic transformations to afford the
corresponding products in excellent yields with hhigelectivity> The mild Lewis acidity
associated with iodine enhanced its usage in orgagnthesis to realize several organic
transformations using stoichiometric levels to bdikaamounts. Owing to numerous advantages
associated with this eco-friendly element, iodiras lbeen explored as a powerful catalyst for
various organic transformatioA$o the development of a reaction that uses catalytounts of
non toxic and readily available iodine should dseatontribute to the creation of
environmentally benign processes. Interestinglyséme extent, the reactions promoted by
iodine usually afford unexpected resdlts.

Nitro ketene aminals (NKA) and related compoundsspssing the conjugated system N-C=C-
EWG are important versatile synthetic intermediatessynthetic chemistry and they have

received increasing attention recetitliTheir usage for constructing a variety of nitrogen



containing heterocycles or fused heterocyclic commpis that are hardly accessible by other
synthetic methods has been extensively stutli€te notable feature of NKA is the highly
polarized ethylene systems with electro-donatinginamgroup and electro-withdrawing
substituent at both ends. This unique structuratuif®@ makes them serve as bis-nucleophiles
reacting with various bis-electrophiles.

Our research goal during the past few years has) libe synthesis of a library of
pharmacologically relevant fused polyheterocyciistems employing enamines and aminils.
Recently, we have become interested in the apjgitaif nitro ketene aminal intermediates
resulting from the reaction of 1,1-bis(methylth®)itroethylene (BMTNE) and diamines or
primary amines for the synthesis of interestingermtycles in one-pot processes. During a
previous investigation, we succeeded in develogingovel class of oxa-aza[3.3.3]propellane
fused derivatives based on reaction of NKA and Kmeoagel adduct from ninhydrin and

malononitrile (Scheme §°

CH,(CN)»

Scheme 1Synthesis of fused oxa-aza[3.3.3]propellanes vexpot, four-component reaction

2. Results and discussion

Encouraged by this successful effort, | decide@edorm the reaction of heterocyclic ketene
aminals (HKAs) and the Knoevenagel adduct generateditu from of pyruvic acid and
benzaldehyde, to evaluate the construction of U$esed azaheterocycle molecules under mild

reaction conditions. Reactions of pyruvic acid datives with bisnucleophiles have been applied



for the synthesis of various types of heterocysiese thebeginning of the last century. On the
other hand, multicomponent reactions of pyruviddeading to heterocycles have rarely been
investigated.

During the course of our studies, molecular iodivees discovered which can be applied as a
good catalyst for the activation of the carbonylgr of benzaldehydéand the iodine catalyzed
Michael reactions are well knowhAccordingly, at first, the reaction of pyruvic acihd 4-
chlorobenzaldehyde under different conditions wasluated that afforded the expected
Knoevenagel adduct intermediate. Initially, thectean was carried out in ethanol at room
temperature. Whether the catalyst was added ortm®tiarget compoundia was not obtained
after 24 h (Table 1, entries 1 and 2). However, wtiee reaction was heated at reflux and the
molecular iodine was added, | found that the reactivas complete and the desirable
Knoevenagel adduct was obtained in an isolated! yo&l27% within 24 h (Table 1, entry 3).
Subsequently, reaction conditions was optimizedstrieening several solvents, and of those
examined, acetonitrile was the most suitable. Withlecular iodine as good promoter in hand,
next | intended to optimize its loading, and it wasnd that the use of 10 mol% ofgrovided
the best result. Reducing the mol% gfn the reaction increased the reaction time amgtted
the yield, and increasing the catalyst loadingrditi show any improvement (Table 1, entries 6
and 7). Therefore, the best reaction conditionsewashieved by employing with molecular
iodine (0.1 mmol) in acetonitrile under reflux @ (Table 1, entry 8).

Next, to verify the possibility to perform a “class one-pot four-component reaction, the
reaction was carried out by sequential additionredgents ethylenediamine, nitro ketene
dithioacetal (BMTNE), pyruvic acid and 4-chlorobaldehyde in one flask under the same

reaction conditions. This manner avoids the isotatf the intermediates and should save time



Table 1. Screening Optimum Reaction Conditions for the Fdioma of Intermediate

Knoevenagel Condensation Product

Entry ?gg%?t Solvent 'I'(tf(r:r;p Time (h) Yield %
1 - EtOH rt 24 nr’
2 - EtOH rt 24 nr
3 1, (10) EtOH 70 24 27
4 1, (10) MeOH 65 24 14
5 1, (10) THF 70 10 30
6 I, (5) MeCN 80 5 44
7 I, (20) MeCN 80 2 92
8 I, (1C) MeCN 80 2 94

2 |solated yield

®No reaction

of execution and solvent amounts, and afford bettiefdy. Thus, in a pilot reaction,
ethylenediamine and BMTNE in acetonitrile, was coretl. The resultant reaction mixture was
stirred to complete the SN reaction as monitorethbylayer chromatography (TLC). After the
formation of HKA 5, pyruvic acid and 4-chlorobenzaldehyde with catalgmount of 4 (10
mol%) were introduced and the reaction was heate@fmux in an oil bath until completion
(monitored by TLC). The desired product was isaafétered, and washed with cold ethanol to
afford the pure producia. The resultant pure compound was identified on ltlasis of
spectroscopic data. Because of the existence ofste@ogenic centers in the produdtsf,
mixture of two diastereomers was expected. 4#mand 4f products, two diastereomers were
formed (Fig. 1). But, théH and**C NMR spectral data ofe clearly indicated that only one of
the two possible diastereomers was obtained ferpgtuduct.

With the optimal reaction conditions, we then irtigeted the use of different starting materials
in order to determine the reactivity domain of tlsascade reaction (Table 2). For

ethylenediamines and aromatic aldehy2lgbe substituents, whether with electron-withdrayyi



or electron-releasing groups on the aromatic raitprded corresponding products in excellent
yields. Application of other diamines such as Ir8gylenediamines and 1,4-butanediamine lead

to a complex mixture which was difficult to puriéynd characterize (Table 2).

NO,
H
Ar

Me N~F 0
|-F</N = HaoN )I\H/OH

HO Yo M j\Nl-l © A NH:

e 2 CHO H NO, HZN </
+ - [ + I
I (10% | 10°/

NO, 2(10%) Ar MeS~ “SMe 2(10%)
H CHZCN, 5h 2 CHsCN, 5 h
N

H % Ar
MeX/N =
HO (o]
4
Entry Prof uct Ar Diamine3 dl?:stigr(e):fo%vgrs Total yield %

1 4a 4-CICH,4 Ethylenediamine - 94
2 4b 4-MeGH, Ethylenediamine - 85
3 4c 4-MeOCgH4 Ethylenediamine - 88
4 4d 4-CICsH, 1,2Propandiamine 91:9 90
5 4e 4-MeGH,4 1,2-Propanediamine - 84
6 4f 4-MeOCgH4 1,2-Propanediamine 83:17 87
7 49 4-CICsH, 1,3-Propylenediamine - -
8 4h 4-CICsH, 1,4-Butanediamine - -

Table 2. One-Pot Synthesis of Tetrahydroimidazo[&]@yridine-5-carboxylic acidsta-f via
Domino SN/Knoevenagel condensation/Michael Addit@ytlization Reaction

The molecular structure of products-f was elucidated from elemental analysis, IR, &dd
NMR and®C NMR spectra. The mass spectrunibfdisplayed the molecular ion peaknaftz
301, which is in agreement with the proposed stinectThe IR spectrum of this compound
showed an absorption band due to the NH stretdnégmiency at 3352 cih Absorption bands

at 1727, 1651 cm are due to the C=0 and NC=C groups stretchingifregies. ThéH NMR



spectrum o#b showed one sharp singlet for the methyl gralip .23 ppm), three multiplets
for two CH; groups, because these protons are diastereotopiB.68-3.74, 4.06-4.16 and 4.24-
4.32 ppm), two doublets for CH groups< 4.80 and 6.06 pprmJy = 5.6 Hz), and two singlets
for NH and OH groupsdo(= 9.32 and 13.17 ppm). Also, four aromatic hydreggave rise to
characteristic signals in the aromatic region efspectrum. Observation of 13 distinct signals in
the *H-decoupled®*C NMR spectrum oftb is in agreement with the proposed structure. The
most important region of the spectrum is relatedesonances due to, CNACCO and CO

which appear ai = 119.0, 127.0 and 163.2 ppm.

2R, 7R 25, 7R
2S,7S 2R, 7S

Figure 1. Expected mixture of two diastereomerddff

Although no detailed mechanistic studies have beemied out at this point, a rational
mechanism for this one-pot procedure is outlinedsaneme 2. This mechanism is proposed
knowing the chemical behavior of pyruvic acid, bedehyde, and ketene aminal intermediate
HKA. Based on this mechanism, HKA readily prepared in situ from the addition of
ethylenediamine and BMTNE via a $haction followed by loss of 2 equiv of MeSH. Netkie
formation of second key intermediateé occurs through Knoevenagel condensation of
benzaldehyd@ with enol form pyruvic acid in the presence ofired With a strong electron-
withdrawing nitro group at thes-position and electron-donating diamino groups be t
diazaheterocycle of HKA, HKA can serve as a nucleophilic component with thetrephilic

arylidene pyruvic acid in a Michael-type addition to produce an open rchazaketene type



intermediate which transformed to intermedid@ethrough imine-enamine tautomerization.
Subsequently, in the presence of active ketonibargil in intermediaté, nucleophilic addition
of the secondary amino group to the acidic carbgngup followed by loss of 1 equiv of.8

affords product.
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Scheme 2MechanistidRationalization for the Formation df

3. Conclusion

In summary, we have successfully developed a simpiehighly efficient synthesis of 1,2,3,7-
tetrahydroimidazo[1,2]pyridine-5-carboxylic acid frameworks through feeosmponent
coupling of ketendN,N-acetals, aldehydes, and pyruvic acid in the peseri 10 mol% of 4
under metal-free conditions. This atom economic idom protocol involves SN
reaction/Knoevenagel condensation/Michael additigeiization sequence forming three new
bonds (two C—C and three C—N), and two heterocyides single operation with all reactants

efficiently being utilized. The method involves thse of readily available commercial reagents
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and operationally simple synthetic protocols an@ésdaot require advanced intermediates or
anhydrous solvents. Significantly, the presenceanf acidic group at the 9 position on

imidazo[1,2a]pyridines make these compounds excellent entrastrecursors for further

synthetic renovations to meet the need for divassful purposes. The isolation and purification
of compounds by simple filtration and ethanol waghinakes the process very simple avoiding
conventional chromatographic separation. | hope ¢ldan and simple four-component coupling
protocol maybe of value for both synthetic and roedil chemists for academic research and

practical applications.

4. Experimental

The diamines, |,I-bis(methylthio)-2-nitroethenejetlydes, and pyruvic acid were obtained from
Merck (Germany) andFluka (Switzerland) and were used without further paation. Elemental
analyses for C, H and N were performed using a élex@ HN-O—Rapid analyzer. Mass spectra
were recorded on &INNIGAN-MATT 8430 mass spectrometer operating at an ionization
potential of 70 eV*H NMR (300 and 400 MHz) andfC NMR (75 MHz) spectra were obtained
usingBruker DRX-300 AVANCE andBruker DRX-400 AVANCE spectrometers. IR spectra were
recorded as KBr pellets onNICOLET FT-IR 100 spectrometer, absorbencies are reported in
cm™,
4.1. Typical synthesis procedure: (for example 4a)

To a magnetically stirred 10 mL flask containind-bjs(thiomethyl)-2-nitroethylene (0.16 g, 1
mmol) in acetonitrile (3 mL) was added ethylenedisen(0.06 g, 1 mmol). After 3 h, pyruvic

acid (0.08 g, 1 mmol), 4-chlorobenzaldehyde (0.14 gnmol) and iodine (0.12 g, 0.1 mmol)

were added to the reaction mixture, and stirring \&owed to continue at for 2 h at reflux.
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After the completion of the reaction, the preci@thproduct was filtered and washed with cold
ethanol to afford the pure produta

4.1.1. 7-(4-Chlorophenyl)-8-nitro-1,2,3,7-tetrahydoimidazo[1,2-a]pyridine-5-carboxylic
acid (4a). Yellow powder, mp = 178-180 °C (decomp), 0.30ig|dz 94%. IR (KBr) {max CmM
1): 3349 (NH), 1728 (C=0), 1652 (NC=C) cmAnal. Calcd forCi4H1,CIN;O4: C, 52.27; H,
3.76; N, 13.06. Found C, 52.23; H, 3.7718,09./4 (500 MHz, DMSOsg): 3.67-3.71 (m, 2 H,
NCH,), 4.09-4.11 (m, 1 H, NC}), 4.23-4.25 (m, 1 H, NC}), 4.84 (d3Jun = 5.5 Hz, 1 H, CH ),
6.04 (d,3Jun = 5.5 Hz, 1 H, CH), 7.20 (dJun = 8.4 Hz, 2 CH of Ar), 7.30 (¢ = 8.4 Hz, 2
CH of Ar), 9.31 (s, 1 H, NH), 13.17 (br, 1 H, OH); (100 MHz, DMSO#€): 40.9 (CH), 43.4
(CH,N), 47.5 (CHN), 104.5 (CH), 118.3 (C-NJ127.1 CCO), 128.4 (CH of Ar), 129.2 (CH of
Ar), 131.2 Cipso-A¥), 142.4 Ciper-Ar), 153.8 (NCN), 162.9 (CO);

4.1.2. 7-(4-Methylphenyl)-8-nitro-1,2,3,7-tetrahydoimidazo[1,2-a]pyridine-5-carboxylic
acid (4b). Yellow powder, mp = 172-174 °C (decomp), 0.26 igJdy 85%. IR (KBr) ¢max CmM
1): 3352 (NH), 1727 (C=0), 1651 (C=N), chmAnal. Calcd forC;sH:sN3O.: C, 59.80; H, 5.02;
N, 13.95. Found C, 59.76; H, 5.04; }3.98. MS (EIl, 70 eV)m/z (%) = 301 (M, 2), 290 (10),
270 (10), 255 (90), 224 (21), 209 (100), 181 (426 (37).54 (300 MHz, DMSOe): 2.23 (s, 3
H, CHs), 3.71 (m, 2 H, Ch), 4.11 (m, 1 H, NCh), 4.27 (m, 1 H, NCH), 4.80 (dJuy = 5.6 Hz,
1 H, CH), 6.06 (d°Juy = 5.6 Hz, 1 H, CH), 7.08 (br, 4 CH of Ar), 9.32 {sH, NH), 13.10 (br,
1 H, OH).dc (75 MHz, DMSO¢l): 20.7 (CH), 41.0 (CH), 43.3 (ChN), 47.5 (CHN), 104.8
(CH), 119.0 (C-NG), 127.0 CCO), 127.3 (CH of Ar), 129.0 (CH of Ar), 135.Cifs-Ar), 140.5
(Cipw-AT), 153.9 (NCN), 163.2 (CO).

4.1.3. 7-(4-Methoxyylphenyl)-8-nitro-1,2,3,7-tetrajgdroimidazo[1,2-a]pyridine-5-carboxylic

acid (4c).Yellow powder, mp = 175-177 °C (decomp), 0.28igldz 88%. IR (KBr) ¢max CMi):
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3353 (NH), 1723 (C=0), 1652 (NC=C) cmAnal. Calcd forC;sH1sN30s: C, 56.78; H, 4.76; N,
13.24. Found C, 56.84; H, 4.73; N3.20.5 (300 MHz, DMSOds): 3.68 (s, 3 H, OCH), 3.71-
3.74 (m, 2 H, NCh), 4.07-4.17 (m, 1 H, NCH), 4.23-4.32 (m, 1 H, NC}}, 4.78 (d,*Ju = 5.4
Hz, 1 H, CH), 6.08 (d®J4 = 5.5 Hz, 1 H, CH), 6.82 (¢J4n = 8.2 Hz, 2 CH of Ar), 7.11 (d,
334 = 8.2 Hz, 2 CH of Ar), 9.29 (s, 1 H, NH), 13.08 ,(irH, OH).dc (75 MHz, DMSO#s):
40.6 (CH), 43.3 (CbN), 47.6 (CHN), 55.1 (OCH), 105.1 (CH), 113.8 (CH of Ar), 119.2 (C-
NO,), 126.8 CCO), 128.5 (CH of Ar), 135.5Cp0-Ar), 153.9 (NCN), 158.2Gjpso-Ar), 163.2
(CO).

4.1.4. 7-(4-Chlorophenyl)-2-methyl-8-nitro-1,2,3, Tetrahydroimidazo[1,2-a]pyridine-5-
carboxylic acid (4d). Yellow powder, mp = 179-181 °C (decomp), 0.30igld 90%. IR (KBr)
(Vmax, CMY): 3347 (NH), 1729 (C=0), 1650 (NC=C) chmAnal. Calcd forCisH14CIN3O,: C,
53.66; H, 4.20; N, 12.52. Found C, 53.62; H, 4.211R.56. Major isome#dd: oy (300 MHz,
DMSO-<dg): 1.31 (d,*Juy = 5.6 Hz, 3 H, CH), 3.83-3.88 (m, 1 H, NC}), 4.10-4.18 (m, 1 H,
NCH,), 4.25-4.32 (m, 1 H, NCH), 4.87 (W = 5.4 Hz, 1 H, CH), 6.05 (dJu = 5.1 Hz, 1 H,
CH), 7.25 (dJuw = 8.3 Hz, 2 CH of Ar), 7.32 (dJun = 8.3 Hz, 2 CH of Ar), 9.47 (s, 1 H, NH),
13.17 (br, 1 H, OH)c (75 MHz, DMSO#k): 20.5 (CH), 40.8 (CH), 51.1 (CEN), 54.0 (CHN),
104.0 (CH), 118.0 (C-N§), 127.1 CCO), 128.3 (CH of Ar), 129.1 (CH of Ar), 131.Cif-Ar),
142.4 Cipo-Ar), 152.9 (NCN), 162.9 (CO). Minor isoméd: d (300 MHz, DMSOe): 1.19 (d,
3341 = 6.1 Hz, 3 H, Ch)), 3.39-3.46 (m, 1 H, NC}), 3.68-3.74 (m, 1 H, NC}), 4.37-4.33 (m, 1
H, NCH), 4.91 (d3J.44 = 5.2 Hz, 1 H, CH), 6.12 (dJ4y = 5.1 Hz, 1 H, CH), 7.25 (dJ.1 = 8.4
Hz, 2 CH of Ar), 7.32 (d®Ju4 = 8.3 Hz, 2 CH of Ar), 9.42 (s, 1 H, NH), 13.09,(lirH, OH).5¢

(75 MHz, DMSO#): 20.1 (CH), 40.3 (CH), 51.3 (CkN), 54.2 (CHN), 104.1 (CH), 118.2 (C-
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NO,), 127.2 CCO), 128.3 (CH of Ar), 129.1 (CH of Ar), 131.Cifx-Ar), 142.4 Cipe-Ar),
153.1 (NCN), 162.9 (CO).

4.1.5. 2-Methyl-7-(4-methylphenyl)-8-nitro-1,2,3, etrahydroimidazo[1,2-a]pyridine-5-

carboxylic acid (4e).Yellow powder, mp = 174-176 °C (decomp), 0.26ig|dz 84%. IR (KBr)
(Vmax CMY): 3349 (NH), 1778 (C=0), 1658 (NC=C) ¢ Anal. Calcd forCigH:17/N3Os: C,

60.95; H, 5.43; N, 13.33. Found C, 60.91; H, 5MX613.36.04 (300 MHz, DMSO#):1.30 (d,
3J4n = 5.6 Hz, 3 H, CH), 2.23 (s, 3 H, Ch), 3.66-3.72 (m, 1 H, NC}), 4.13-4.15 (m, 1 H,
NCH;,), 4.37-4.43 (m, 1 H, NCH), 4.80 (8lsx = 5.3 Hz, 1 H, CH), 6.07 (dJu = 5.4 Hz, 1 H,
CH), 7.07 (br, 4 CH of Ar), 9.41 (s, 1 H, NH), 13.for, 1 H, OH).5c (75 MHz, DMSO#):

20.2 (CH), 20.7 (CH), 41.0 (CH), 51.3 (CkN), 54.3 (CHN), 104.5 (CH), 119.2 (C-N)D126.8
(CCO), 127.3 (CH of Ar), 129.0 (CH of Ar), 135.8ifx-Ar), 140.5 Cips-Ar), 153.3 (NCN),
163.1 (CO).

4.1.6. 7-(4-Methoxylphenyl)-2-methyl-8-nitro-1,2,3-tetrahydroimidazo[1,2-a]pyridine-5-

carboxylic acid (4f).). Yellow powder, mp = 176-178 °C (decomp), 0.29 gldy 87%. IR
(KBF) (Vmax CNiY): 3345 (NH), 1733 (C=0), 1666 (NC=C) ciAnal. Calcd forC,gH17NzOs: C,

58.0; H, 5.17; N, 12.68. Found C, 58.04; H, 5.15;1R.65. Major isomenf: o4 (300 MHz,
DMSO-dg): 1.30 (d,J = 5.6 Hz, 3 H, Ch), 3.69 (s, 3 H, OCH), 3.85-3.86 (m, 1 H, NC}), 4.13-
4.15 (m, 1 H, NCH), 4.24-4.30 M, 1 H, NCH), 4.79 (dJ4y = 4.7 Hz, 1 H, CH), 6.09 (dJun

= 6.3 Hz, 1 H, CH), 6.83 () = 6.3 Hz, 2 CH of Ar), 7.11 (Jun = 7.3 Hz, 2 CH of Ar),
9.39 (s, 1 H, NH), 13.16 (br, 1 H, OH)c (75 MHz, DMSO#g): 20.2 (CH), 40.3 (CH), 51.1
(CH.N), 54.1 (CHN), 55.1 (OC#J, 104.7 (CH), 113.9 (CH of Ar), 119.3 (C-NP126.5 CCO),

128.4 (CH of Ar), 135.4ps0-Ar), 153.0 (NCN), 158.1Gips0-Ar), 163.1 (CO). Minor isomedf:

S (300 MHz, DMSO#6): 1.29 (d,%Ju = 6.1 Hz, 3 H, Ch), 3.73 (s, 3 H, OCH), 3.88-3.92 (m,
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1 H, NCH), 4.13-4.15 (m, 1 H, NCH), 4.24-4.27 (m, 1 H, NCH), 4.81 (&lun = 4.7 Hz, 1 H,
CH), 6.15 (24 = 6.04 Hz, 1 H, CH), 6.82-7.12 (m, 4 CH of Ar), 8.6, 1 H, NH), 13.16 (br,
1 H, OH).dc (75 MHz, DMSOd): 20.7 (CH), 40.5 (CH), 51.3 (CkN), 54.3 (CHN), 55.1
(OCHg), 104.8 (CH), 113.9 (CH of Ar), 119.5 (C-NQ126.6 CCO), 128.5 (CH of Ar), 135.5

(Cipso-Ar), 153.2 (NCN), 158.1Gpe0-Ar), 163.1 (CO).
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Table 1. Screening Optimum Reaction Conditions for the Fdioma of Intermediate

Knoevenagel Condensation Product

Entry %ﬁ:ﬁ%ﬁt Solvent T((Eg;p Time (h)  Yield %

1 - EtOH rt 24 nr’

2 - EtOH rt 24 nr

3 I, (10) EtOH 7C 24 27

4 1, (10) MeOH 65 24 14

5 1, (10) THF 7C 10 30

6 12 (5) MeCN 8C 5 44

7 12 (20) MeCN 80 2 92

8 I, (10) MeCN 8¢ 2 94

 Isolated yield
®No reaction
Entry Pro:l uct Ar Diamine3 dl?:stitgr(()efotrnvgrs Total yield %

1 4a 4-CICH, Ethylenediamine - 94
2 4b 4-MeGH, Ethylenediamine - 85
3 4c 4-MeOGH, Ethylenediamine - 88
4 4d 4-CICsH, 1,2-Propanediamine 91:9 90
5 4e 4-MeGH,4 1,2-Propanediamine - 84
6 Af 4-MeOGH4 1,2-Propanediamine 83:17 87
7 4q 4-CICH,4 1,3-Propylenediamine - -
8 4h 4-CICGH, 1,4-Butanediamine - -

Table 2. One-Pot Synthesis of Tetrahydroimidazo[&]@yridine-5-carboxylic acidsta-f via

Domino SN/Knoevenagel condensation/Michael Addit@ytlization Reaction



