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Abstract 
Two new categories of fused pyridines include 2H-thiazolo[3,2-a]pyridine-6-carbohydrazides and 2H-oxazolo[3,2-a]
pyridine-6-carbohydrazides have been successfully synthesized via five-component cascade reactions using 9-fluorenone, 
cyanoacetohydrazide, 1,1-bis(methylthio)-2-nitroethene, aromatic aldehydes and cysteamine hydrochloride or ethanol amine 
as starting materials. This new approach involves a subsequence of key steps: N,S-acetal or N,O-acetal formation, Knoev-
enagel condensation, Michael addition, tautomerization and N-cyclization. It also has some advantages, such as convenience 
of operation, tolerance of a wide diversity of functional groups, use of green solvent and ease of purification by washing the 
crude products with ethanol.

Graphical abstract
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Introduction

Thiazolopyridines have shown a broad spectrum of phar-
macological and biological activities. Among the various 
derivatives, thiazolo[3,2-a]pyridines are an important frame-
work with antifungal and antibacterial activity [1]. Their 
other significant biological properties contain betaamyloid 
production inhibitor [2], antihypertensive, muscle relaxant 
[3], potent CDK2-cyclin A inhibitor [4] and potential uterus 
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stimulant [5]. They also have applications in chemotherapy 
of various cancers, such as lung cancer, leukemia and mela-
noma [6–8]. Some bioactive thiazolo[3,2-a]pyridines are 
shown in Fig. 1 [9–11]. Oxazolopyridine cores have also 
been demonstrated to possess significant biological prop-
erties such as inhibitors for dual thrombin/factor Xa [12], 
monoamine oxidase B for Parkinson’s disease treatment 
[13], SIRT1 activators [14], antihypertensive agents [15], 
antibacterial agents [16] and selective sphingomyelin syn-
thase 2 inhibitors [17].

Minimizing the number of synthetic steps is one of the 
goals of modern chemistry. One way to achieve this aim is 
to design multicomponent reactions. MCRs have emerged 
as an economical, efficient and eco-friendly substitute to 
the conventional multistep synthesis for the construction of 
complex heterocyclic structures, especially various biologi-
cally active compounds [18–21]. Among these, multicom-
ponent cascade reactions are double important due to in situ 
formation of intermediates with reactive sites for subsequent 
variations [22, 23].

In recent years, the synthesis of thiazolo[3,2-a]pyridines 
and oxazolo[3,2-a]pyridines using various multicomponent 
reactions has been reported. In this work, we used cyclic 
ketene acetals to synthesize the target compounds. So first 
we review the previous methods based on five-membered 
nitroketene N,S- or N,O-acetals (Scheme 1). In 2010, a three-
component synthesis of fused pyridines was developed with 
diverse ketene aminals, trifluorooxobutanoate and triethox-
ymethane as starting components (A) [24]. In 2011, the 
one-pot reaction between 2-(nitromethylene)thiazolidine, 
various CH-acids (ethyl 2-cyanoacetate, malononitrile or 
2-(phenylsulfonyl)acetonitrile) and aromatic aldehydes 
was reported that led to the formation of thiazolo[3,2-a]

pyridines (B) [25]. In 2014, Zou and his group synthesized 
thiazolo[3,2-a]pyridinones via a two-step procedure using 
phthalic anhydride, ethyl cyanoacetate and 2-(nitromethyl-
ene)thiazolidine (C) [26]. During the last four years, our 
research group synthesized various thiazolo/oxazolo[3,2-a]
pyridines utilizing the five-membered cyclic nitroketene 
acetals. In 2019, benzo[g]thiazolo[3,2-a]quinolones were 
synthesized using 2-hydroxy-1,4-naphthoquinone, 2-(nitro-
methylene)thiazolidine and aromatic aldehydes (D) [27]. 
Also, the desired products were formed via a one-pot reac-
tion between nitroketene acetals, aromatic aldehydes and 
cyanoacetamide or cyanoacetohydrazide (E and F) [28, 
29]. In addition, we were able to produce functionalized 
thiazolo[3,2-a]pyridines in a one-pot reaction between ace-
tophenones, cyanoacetohydrazide, aromatic aldehydes and 
2-(nitromethylene)thiazolidine (G) [30].

As a part of our studies on the synthesis of novel fused 
heterocyclic structures, we describe herein a five-component 
synthesis of highly functionalized 2H-thiazolo/oxazolo[3,2-
a]pyridines by in situ formation of ketene acetals. The syn-
thesis of these structures is reported for the first time.

Results and discussion

We have designed a convenient synthesis of 3,7-dihydro-
2H-thiazolo/oxazolo[3,2-a]pyridine-6-carbohydrazide deriv-
atives via a one-pot five-component reaction. To optimize 
the reaction conditions, initially 9-fluorenone 1, cyanoace-
tohydrazide 2, 4-chlorobenzaldehyde 3, 1,1-bis(methylthio)-
2-nitroethene 4 and cysteamine hydrochloride 5a were used 
as substrates in the model reaction to achieve the best results. 
Generally, due to the five-component nature of the designed 

Fig. 1  Examples of 
thiazolo[3,2-a]pyridines with 
pharmacological activities
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reactions as well as the variable reactivity of cyanoaceto-
hydrazide in different conditions, many attempts have been 
made to synthesize the target products with desirable purity. 
It should be noted that for the synthesis of 2-(nitrometh-
ylene)thiazolidine (from 1,1-bis(methylthio)-2-nitroethene 
and cysteamine hydrochloride), triethylamine is used to 
release cysteamine from its salt, and it is not working on the 
rate-limiting step [28, 31]. Therefore, it is not considered 
as a catalyst for the whole reaction. (The use of catalysts in 
Table 1 is related to the whole reaction.)

Firstly, the model reaction was investigated in five differ-
ent solvents under refluxing conditions. When ethanol was 
examined as solvent without any catalyst, it was observed 
that desired product 6c was not produced (Table 1, entry 1). 
The use of other solvents such as chloroform, acetonitrile, 
methanol and water did not lead to the formation of the prod-
uct (Table 1, entry 2–5). The experimental results showed 
that the use of ethanol in the presence of acetic acid under 

reflux conditions leads to the formation of product 6c with 
an efficiency of 85% (Table 1, entry 6). With acetic acid 
in a mixture of water and ethanol, the efficiency decreased 
significantly, and with p-TSA, the five-component product 
did not form (Table 1, entry 7,8). The use of basic catalysts 
resulted in no product formation (Table 1, entry 9,10). So 
the reactions proceeded with good yields to formation of 
3,7-dihydro-2H-thiazolo/oxazolo[3,2-a]pyridine-6-carbo-
hydrazides in ethanol as solvent and acetic acid as catalyst 
at reflux conditions (entry 6). In these reactions initially, a 
two-component product of 9-fluorenone and cyanoacetohy-
drazide is formed in acidic medium, and then, subsequent 
reactants (aldehyde and nitro ketene acetal) were added 
without the need for separation.

Based on the optimal reaction conditions, we could 
synthesize target compounds 6a–l using 9-fluorenone 
1, cyanoacetohydrazide 2, various aromatic aldehydes 
3, 1,1-bis(methylthio)-2-nitroethene 4 and cysteamine 

Scheme 1  Previous works on 
thiazolo/oxazolo[3,2-a]pyridine 
synthesis
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hydrochloride 5a or ethanol amine 5b as starting materi-
als (Scheme 2). The processes were completed in a total 
of 24 h and resulted in the formation of desired products 
6a–l with good yields (65–92%). The relevant results are 

presented in Table 2. Observations showed that when the 
reaction is performed with ortho derivatives (2-chloro and 
2-nitro benzaldehyde) under similar conditions, it does not 
lead to the formation of the product. The reaction was also 

Table 1  Optimization conditions for the formation of 6c 

The best conditions were displayed in bold font
Reagents: 9-fluorenone (1  mmol), cyanoacetohydrazide (1  mmol), 4-chlorobenzaldehyde (1  mmol), 1,1-bis(methylthio)-2-nitroethylene 
(1 mmol), cysteamine hydrochloride (1 mmol), catalyst (1 mmol), solvent (20 mL) 

 

Entry Solvent Catalyst (mol %) Time (h) Temp (°C) Yield (%)

1 EtOH – 24 78 No reaction
2 CH3Cl – 24 61 No reaction
3 CH3CN – 24 82 No reaction
4 MeOH – 24 65 No reaction
5 H2O – 24 100 No reaction
6 EtOH AcOH 24 78 87
7 H2O/EtOH (1:1, v/v) AcOH 24 100 42
8 EtOH p-TSA 24 78 No reaction
9 EtOH Piperidine 24 78 No reaction
10 EtOH NEt3 24 78 No reaction

Scheme 2  Synthetic scheme for 
the generation of products 6a–l 
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tested with aliphatic ketones instead of 9-fluorenone, which 
did not yield the product. In addition, anthrone was used 

instead of 9-fluorenone, but again the favorable result was 
not observed.

Table 2  Compounds 6a–l 
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Table 2  (continued)

10 68 217-220

11 65 189-192

12 70 172-175

The reactions were done using 9-fluorenone (1 mmol), cyanoacetohydrazide (1 mmol), aromatic aldehyde (1 mmol), 1,1-bis(methylthio)-2-nitro-
ethylene (1 mmol), cysteamine hydrochloride/ethanol amine (1 mmol), EtOH (20 ml),  NEt3 (1 mmol), AcOH (1 mmol), reflux
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The results revealed that substitutions on aldehyde has 
only a slight influence on the yield, which did not lead us to 
find the obvious rules.

The structures of proposed structures 6a–l were deduced 
from their 1H NMR, 13C NMR, IR and mass spectra (see the 
supporting information).

As an example, the main chemical shifts of 1H and 
13C NMR of 5-amino-N′-(9H-fluoren-9-ylidene)-7-(3-
methoxyphenyl)-8-nitro-3,7-dihydro-2H-thiazolo[3,2-a]pyr-
idine-6-carbohydrazide 6a are shown in Fig. 2. In 1H NMR 
spectrum of 6a, the NH and  NH2 groups were observed at δ 

10.56 and 8.39 ppm, respectively. The proton of CH at pyri-
dine ring appeared at δ 5.90 ppm. Two multiplet signals at δ 
4.25–4.34 and 4.40–4.48 ppm were assigned to two methyl-
ene groups. The signal in δ 3.69 was assigned to the methoxy 
group. The 13C NMR spectrum of 6a showed 28 separate 
signals in accordance with the expected product. As seen in 
Fig. 2, the characteristic signals of three aliphatic carbons 
 (CH2S, CH and  CH2N groups) appeared at δ 27.8, 37.0 and 
50.9 ppm, respectively. The signals at δ 81.1 and 120.2 ppm 
were determined as C–C=O and C–NO2. Carbonyl signal 
was observed at δ 166.7 ppm. Methoxy group was detected 
at δ 54.9 ppm (Fig. 2).

The IR spectrum of 6a showed absorption bands at 3155 
and 3275  cm−1 related to NH and  NH2 groups and stretch-
ing bands due to aliphatic C–H at 2924  cm−1. The carbonyl 
group showed strong absorption at 1632  cm−1. Two absorp-
tion bands due to nitro group were observed at 1499 and 
1308  cm−1, and two stretching vibrational bands of C=C of 
aromatic ring and C–N were seen at 1451 and 1241  cm−1, 
respectively.

An acceptable mechanism for the synthesis of 5-ami-
no-N ′-(9H-f luoren-9-ylidene)-7-aryl-8-nitro-3,7-
dihydro-2H-thiazolo[3,2-a]pyridine-6-carbohydrazides 
6a–h is shown in Scheme 3. As expected from the well-
known chemistry of 1,1-bis(methylthio)-2-nitroethene, 
firstly, the addition of cysteamine hydrochloride 5a to Fig. 2  1H and 13C NMR chemical shifts of 6a 

Scheme 3  Expected mechanism for the synthesis of products 6 
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1,1-bis(methylthio)-2-nitroethene 4 in the presence of an 
equivalent amount of triethylamine, for releasing cysteamine 
salt, leads to the formation of ketene N,S-acetal C. On the 
other hand, condensation of 9-fluorenone 1 with cyanoace-
tohydrazide 2 in acidic medium leads to hydrazone A for-
mation. Further, with increasing aldehyde 3 to A, the Kno-
evenagel product B is formed. In the following, Michael 
addition of nitro ketene acetal C to B affords intermediate 
D, which leads to the formation of intermediate E by imine-
enamine tautomerization and followed by N-cyclization via 
intramolecular addition of –NH group to nitrile group. At the 
end, the second imine-enamine tautomerization in F affords 
the desired products 6a–h (Scheme 3). In the synthesis of 
oxazolo[3,2-a]pyridine-6-carbohydrazides 6i–l, the mecha-
nism of the reaction is similar. The only difference is the 
formation of 2-(nitromethylene)oxazolidine as ketene acetal, 
which is synthesized by the reaction of 1,1-bis(methylthio)-
2-nitroethene 4 and ethanolamine 5b.

According to our studies, the most important side prod-
uct in these reactions is a four-component product that is 
formed with participation of two aldehydes [26]. To prevent 
the formation of this by-product, at first, the two-component 
product, hydrazone A, was completely synthesized and then 
the aldehyde and ketene acetal were added simultaneously.

Conclusion

In summary, we have developed an efficient five-component 
domino reaction for the preparation of novel 3,7-dihydro-
2H-thiazolo[3,2-a]pyridine-6-carbohydrazides and 3,7-dihy-
dro-2H-oxazolo[3,2-a]pyridine-6-carbohydrazides using 
annulation of heterocyclic ketene acetals (2-(nitromethylene)
thiazolidine/oxazolidine) and a three-component product of 
9-fluorenone, cyanoacetohydrazide and aromatic aldehydes. 
This approach minimizes solvent consumption by using only 
a filtration and washing and avoiding traditional purifica-
tion techniques, such as chromatography. The mild reaction 
conditions, easy workup procedure, experimental simplic-
ity, high regioselectivity and good-to-high yields make this 
methodology attractive for synthesizing a variety of highly 
substituted thiazolo/oxazolo[3,2-a]pyridines.

Experimental

Materials

1,1-Bis(methylthio)-2-nitroethene, aromatic aldehydes, 
9-fluorenone, cyanoacetohydrazide, cysteamine hydro-
chloride, ethanol amine and solvents were purchased from 
Aldrich and Merck chemical Co. and used with no fur-
ther purification. IR spectra were registered with Bruker 

Tensor 27 spectrometer (ῡ in  cm−1). The NMR spectra 
were recorded in DMSO-d6 as solvent with a Bruker DRX-
300 AVANCE instrument (300 MHz for 1H and 75.4 MHz 
for 13C). Chemical shift values are given in ppm (δ), and 
coupling constant (J) is reported in Hertz (Hz). All melt-
ing points were measured with an electrothermal 9100 
apparatus. Mass spectra were recorded with an Agilent 
5975C VL MSD with Triple-Axis detector operating at an 
ionization potential of 70 eV.

General procedure of the synthesis of 3,7‑dihy‑
dro‑2H‑thiazolo[3,2‑a]pyridine‑6‑carbohydrazide 
derivatives 6a–h

A mixture of 1,1-bis(methylthio)-2-nitroethylene (0.165 g, 
1 mmol), cysteamine hydrochloride (0.113 g, 1 mmol), 
 Et3N (140 µL, 1 mmol) and 10 mL EtOH in a 50-mL 
round-bottom flask was heated with stirring at reflux tem-
perature for 5 h. In another 50-mL round-bottom flask, the 
mixture of 9-fluorenone (1 mmol, 0.180 g) and cyanoace-
tohydrazide (1 mmol, 0.99 g) in EtOH (10 ml) and AcOH 
(1 mmol) was stirred at reflux conditions for 5 h. After this 
time, TLC shows the consumption of the starting materi-
als. At this point, aromatic aldehyde (1 mmol) and the 
first solution (ketene N,S-acetal) were added to the hydra-
zone mixture simultaneously. After reaction completion 
(monitored by TLC using ethyl acetate/n-hexane (1:1), the 
formed solid was filtered and washed with warm ethanol 
to isolate the pure products 6a–h.

5‑Amino‑N′‑(9H‑fluoren‑9‑ylidene)‑7‑(3‑methox
yphenyl)‑8‑nitro‑3,7‑dihydro‑2H‑thiazolo[3,2‑a]
pyridine‑6‑carbohydrazide (6a)

Yellow solid; yield: 0.473 g (90%); mp: 220–222  °C; 
IR (KBr) (νmax /cm−1): 3426, 3275, 3155, 2924, 1632, 
1499, 1451, 1308, 1241, 1177, 1128, 777, 729; 1H NMR 
(300 MHz, DMSO-d6): δ 3.69 (3H, s,  OCH3), 4.25–4.34 
(2H, m,  CH2), 4.40–4.48 (2H, m,  CH2), 5.90 (1H, s, 
CH), 6.84 (1H, d, J = 9  Hz, ArH), 7.07–7.16 (2H, m, 
ArH), 7.17–7.30 (1H, m, ArH), 7.34–7.39 (3H, m, ArH), 
7.40–7.47 (2H, m, ArH), 7.73 (1H, d, J = 9 Hz, ArH), 
7.80 (1H, d, J = 6 Hz, ArH), 7.85 (1H, d, J = 6 Hz, ArH), 
8.39 (2H, s,  NH2), 10.56 (1H, s, NH); 13C{1H} NMR 
(75.4 MHz, DMSO-d6): δ 27.8  (CH2S), 37.0 (CH), 50.9 
 (CH2N), 54.9  (OCH3), 81.1 (C–C=O), 111.6, 114.4, 119.9 
(Ar), 120.2 (C–NO2), 120.5, 121.4, 123.8, 126.7, 127.7, 
128.1, 129.6, 129.6, 130.0, 130.8, 136.9, 139.2, 140.9, 
145.7 (Ar), 150.6 (C=C–S), 151.4 (C=N), 156.8 (C–NH2), 
159.2  (CAr–OMe), 166.7 (C=O); m/z (%) = 523 (0.05) 
[M-2]+, 482 (0.3), 433 (0.3), 379 (0.2), 355 (100), 327 
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(42), 288 (42), 257 (28), 220 (19), 194 (21), 180 (13), 164 
(73), 102 (5), 61 (7), 41 (2).

5‑Amino‑N′‑(9H‑fluoren‑9‑ylidene)‑7‑(4‑methox
yphenyl)‑8‑nitro‑3,7‑dihydro‑2H‑thiazolo[3,2‑a]
pyridine‑6‑carbohydrazide (6b)

Yellow solid; yield: 0.483 g (92%); mp: 245–247 °C; IR 
(KBr) (νmax /cm−1): 3270, 3151, 1632, 1489, 1448, 1306, 
1240, 1185, 1129, 778, 726; 1H NMR (300 MHz, DMSO-d6): 
δ 3.71 (3H, s,  OCH3), 4.24–4.34 (2H, m,  CH2), 4.39–4.47 
(2H, m,  CH2), 5.82 (1H, s, CH), 6.94 (2H, d, J = 6 Hz, ArH), 
7.17–7.49 (5H, m, ArH), 7.41 (2H, d, J = 6 Hz, ArH), 7.73 
(1H, d, J = 6 Hz, ArH), 7.80 (1H, d, J = 9 Hz, ArH), 7.85 
(1H, d, J = 9 Hz, ArH), 8.34 (2H, s,  NH2), 10.50 (1H, s, NH); 
13C{1H} NMR (75.4 MHz, DMSO-d6): δ 27.7  (CH2S), 36.3 
(CH), 50.8  (CH2N), 55.0  (OCH3), 81.4 (C–C=O), 113.7 
(Ar), 120.2 (C–NO2), 120.5, 121.4, 124.3, 126.7, 127.7, 
128.1, 128.9, 129.6, 130.0, 130.8, 136.1, 136.9, 139.2, 140.8 
(Ar), 150.7 (C=C–S), 151.2 (C=N), 156.4 (C–NH2), 158.3 
 (CAr–OMe), 166.6 (C=O); m/z (%) = 357 (2), 356 (7), 355 
(8), 326 (2), 288 (14), 257 (14), 220 (5), 194 (5), 180 (6), 
164 (30), 139 (3), 77 (5), 40 (100).

5‑Amino‑7‑(4‑chlorophenyl)‑N′‑(9H‑fluoren‑9‑ylid
ene)‑8‑nitro‑3,7‑dihydro‑2H‑thiazolo[3,2‑a]pyri‑
dine‑6‑carbohydrazide (6c)

Orange solid; yield: 0.450 g (85%); mp: 244–246 °C; IR 
(KBr) (νmax /cm−1): 3467, 1632, 1498, 1451, 1308, 1215, 
1133, 854, 727, 652; 1H NMR (300 MHz, DMSO-d6): δ 
4.25–4.33 (2H, m,  CH2), 4.40–4.45 (2H, m,  CH2), 5.91 
(1H, s, CH), 7.14–7.17 (2H, m, ArH), 7.31–7.52 (7H, m, 
ArH), 7.71–7.86 (3H, m, ArH), 8.35 (2H, s,  NH2), 10.62 
(1H, s, NH); 13C{1H} NMR (75.4 MHz, DMSO-d6): δ 27.8 
 (CH2S), 36.7 (CH), 50.9  (CH2N), 81.0 (C–C=O), 120.2 
(C–NO2), 120.5, 121.5, 123.5, 126.7, 127.5, 128.1, 128.3, 
129.7, 129.8, 130.1, 130.9, 131.6, 136.8, 139.3, 140.9, 143.1 
(Ar), 151.2 (C=C–S), 151.8 (C=N), 157.0 (C–NH2), 166.6 
(C=O);); m/z (%) = 523 (0.03), 509 (0.1), 482 (0.1), 435 
(0.2), 361 (0.4), 287 (1), 213 (6), 180 (100), 152 (4), 126 
(6), 80 (53), 44 (47).

5‑Amino‑7‑(3,4‑dimethoxyphenyl)‑N′‑(9H‑fluoren
‑9‑ylidene)‑8‑nitro‑3,7‑dihydro‑2H‑thiazolo[3,2‑a]
pyridine‑6‑carbohydrazide (6d)

Yellow solid; yield: 0.444 g (80%); mp: 248–250 °C; IR 
(KBr) (νmax /cm−1): 3410, 3162, 1631, 1502, 1447, 1311, 
1242, 1183, 1128, 1025, 773, 619; 1H NMR (300 MHz, 
DMSO-d6): δ 3.66 (3H, s,  OCH3), 3.71 (3H, s,  OCH3), 
4.29–4.35 (2H, m,  CH2), 4.38–4.45 (2H, m,  CH2), 5.83 (1H, 
s, CH), 6.95 (2H, s, ArH), 7.12–7.46 (6H, m, ArH), 7.73 

(1H, d, J = 6 Hz, ArH), 7.80 (1H, 0d, J = 6 Hz, ArH), 7.85 
(1H, d, J = 6 Hz, ArH), 8.36 (2H, s,  NH2), 10.46 (1H, s, 
NH); 13C{1H} NMR (75.4 MHz, DMSO-d6): δ 28.2  (CH2S), 
37.0 (CH), 51.3  (CH2N), 55.8  (OCH3), 56.0  (OCH3), 81.7 
(C–C=O), 112.5 (Ar), 120.1 (C–NO2), 120.7, 121.0, 121.9, 
124.6, 128.0, 128.6, 130.0, 130.4, 131.3, 137.0, 137.3, 
139.6, 141.3, 148.4, 148.8 (Ar), 150.9 (C=C–S), 151.8 
(C=N), 157.0 (C–NH2), 167.0 (C=O); m/z (%) = 554 (0.02) 
[M-1]+, 509 (0.2), 435 (0.3), 361 (0.8), 287 (2), 213 (9), 180 
(100), 152 (37), 126 (6), 80 (81), 48 (37).

5‑Amino‑N′‑(9H‑fluoren‑9‑ylidene)‑8‑nitro‑7‑(4‑
nitrophenyl)‑3,7‑dihydro‑2H‑thiazolo[3,2‑a]pyri‑
dine‑6‑carbohydrazide (6e)

Orange solid; yield: 0.421 g (78%); mp: 261–264 °C; 1H 
NMR (300 MHz, DMSO-d6): δ 4.30–4.36 (2H, m,  CH2), 
4.41–4.45 (2H, m,  CH2), 6.06 (1H, s, CH), 7.11 (2H, d, 
J = 6 Hz, ArH), 7.33–7.44 (4H, m, ArH), 7.70–7.84 (4H, 
m, ArH), 8.24 (2H, d, J = 6 Hz, ArH), 8.39 (2H, s,  NH2), 
10.76 (1H, s, NH); 13C{1H} NMR (75.4 MHz, DMSO-d6): δ 
27.9  (CH2S), 37.4 (CH), 51.0  (CH2N), 80.7 (C–C=O), 120.3 
(C–NO2), 120.5, 122.7, 123.5, 124.0, 126.6, 127.5, 127.9, 
128.2, 129.2, 129.7, 131.0, 136.8, 139.3, 141.0, 146.4, 151.2 
(Ar), 151.7 (C=C–S), 152.5 (C=N), 157.6 (C–NH2), 166.6 
(C=O).

5‑Amino‑N′‑(9H‑fluoren‑9‑ylidene)‑7‑(3‑fluoroph
enyl)‑8‑nitro‑3,7‑dihydro‑2H‑thiazolo[3,2‑a]pyri‑
dine‑6‑carbohydrazide (6f)

Brick red solid; yield: 0.374 g (73%); mp: 280–282 °C; 
1H NMR (300 MHz, DMSO-d6): δ 4.11 (2H, s,  CH2), 4.44 
(2H, s,  CH2), 5.94 (1H, s, CH), 7.13–7.31 (1H, m, ArH), 
7.36–7.51 (5H, m, ArH), 7.75–7.89 (5H, m, ArH), 8.25 (1H, 
d, J = 6 Hz, ArH), 8.38 (2H, s,  NH2), 10.62 (1H, s, NH); 
13C{1H} NMR (75.4 MHz, DMSO-d6): δ 25.6  (CH2S), 37.8 
(CH), 51.4  (CH2N), 81.2 (C–C=O), 120.7 (C–NO2), 121.2, 
121.9, 122.2, 123.7, 124.4, 127.1, 127.7, 128.0, 128.2, 
128.6, 129.0, 130.1, 130.9, 131.3, 132.0, 136.9, 139.7, 
141.4, 142.0 (Ar), 151.7 (C=C–S), 157.6 (C–NH2), 167.1, 
167.8 (C=O).

5‑Amino‑N′‑(9H‑fluoren‑9‑ylidene)‑7‑(4‑fluoroph
enyl)‑8‑nitro‑3,7‑dihydro‑2H‑thiazolo[3,2‑a]pyri‑
dine‑6‑carbohydrazide (6g)

Dark orange solid; yield: 0.359 g (70%); mp: 290–293 °C; 
1H NMR (300 MHz, DMSO-d6): δ 4.24–4.35 (2H, s,  CH2), 
4.41–4.46 (2H, s,  CH2), 5.90 (1H, s, CH), 7.10–7.36 (4H, 
m, ArH), 7.40–7.49 (4H, m, ArH), 7.70–7.86 (4H, m, 
ArH), 8.34 (2H, s,  NH2), 10.61 (1H, s, NH); 13C{1H} NMR 
(75.4 MHz, DMSO-d6): δ 28.2  (CH2S), 36.8 (CH), 51.3 
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 (CH2N), 81.7 (C–C=O), 115.3, 115.6 (Ar), 120.7 (C–NO2), 
120.9, 121.9, 124.2, 125.5, 127.1, 128.0, 128.6, 128.8, 
128.9, 130.1, 130.2, 130.3, 130.5, 131.3, 137.3, 139.7, 
140.8, 141.3, 151.6 (Ar), 152.1 (C=C–S), 157.3 (C–NH2), 
160.8 (C–F), 167.0 (C=O).

5‑Amino‑N′‑(9H‑fluoren‑9‑ylidene)‑8‑nitro‑7‑phenyl
‑3,7‑dihydro‑2H‑thiazolo[3,2‑a]pyridine‑6‑carbohy‑
drazide (6h)

Brown solid; yield: 0.361 g (73%); mp: 243–246 °C; 1H 
NMR (300 MHz, DMSO-d6): δ 4.05–4.15 (2H, s,  CH2), 
4.54–4.56 (2H, s,  CH2), 5.89 (1H, s, CH), 7.07 (1H, d, 
J = 6 Hz, ArH), 7.22–7.32 (4H, m, ArH), 7.37–7.48 (4H, 
m, ArH), 7.71–7.94 (4H, m, ArH), 8.36 (2H, s,  NH2), 10.59 
(1H, s, NH); 13C{1H} NMR (75.4 MHz, DMSO-d6): δ 27.8 
 (CH2S), 37.9 (CH), 50.8  (CH2N), 81.3 (C–C=O), 119.7, 
119.8 (Ar), 120.2 (C–NO2), 122.2, 125.0, 126.4, 127.0, 
127.4, 127.6, 127.9, 128.4, 128.8, 130.8, 136.8, 138.1, 
138.6, 139.2, 141.6, 151.0 (Ar), 151.4 (C=C–S), 156.8 
(C–NH2), 160.4, 166.7 (C=O).

General procedure of the synthesis of 3,7‑dihy‑
dro‑2H‑oxazolo[3,2‑a]pyridine‑6‑carbohydrazide 
derivatives 6i–l

A mixture of ethanolamine (60 µL, 1  mmol), 
1,1-bis(methylthio)-2-nitroethylene (0.165  g, 1  mmol) 
and 10 mL EtOH in a 50-mL flask was refluxed for 5 h. 
In another 50-mL flask, the stoichiometric mixture of 
9-fluorenone (1 mmol, 0.180 g) and cyanoacetohydrazide 
(1 mmol, 0.99 g) in EtOH (10 ml) and AcOH (1 mmol) was 
refluxed for 5 h. After this time, TLC shows the consump-
tion of the starting materials. At this point, aromatic alde-
hyde (1 mmol) and the first solution (ketene N,O-acetal) 
were added to the hydrazone mixture simultaneously. The 
progress of the reaction was monitored by TLC using ethyl 
acetate/n-hexane (1:1). After completion of the reaction, 
the mixture was cooled to room temperature and the solid 
product was filtered and washed with hot ethanol to obtain 
the products 6i–l.

5‑Amino‑N′‑(9H‑fluoren‑9‑ylidene)‑8‑nitro‑7‑(4‑
nitrophenyl)‑3,7‑dihydro‑2H‑oxazolo[3,2‑a]pyri‑
dine‑6‑carbohydrazide (6i)

Brick red solid; yield: 0.434 g (83%); mp: 212–214 °C; 
IR (KBr) (νmax /cm−1): 3409, 1661, 1513, 1463, 1341, 
1254, 1185, 732, 628; 1H NMR (300 MHz, DMSO-d6): δ 
4.16–4.25 (2H, m,  CH2), 4.87–4.95 (2H, m,  CH2), 6.03 (1H, 
s, CH), 7.02–7.10 (2H, m, ArH), 7.31–7.36 (2H, m, ArH), 
7.43 (1H, t, J = 6 Hz, ArH), 7.70–7.84 (5H, m, ArH), 8.23 
(2H, d, J = 9 Hz, ArH), 8.30 (2H, s,  NH2), 10.67 (1H, s, 

NH); 13C{1H} NMR (75.4 MHz, DMSO-d6): δ 38.4 (CH), 
44.3  (CH2N), 71.6  (CH2O), 80.5 (C–C=O), 108.7 (C–NO2), 
120.7, 120.9, 121.9, 123.8, 127.1, 127.9, 128.6, 129.7, 
130.2, 131.3, 137.2, 139.7, 141.4, 146.7, 150.4 (Ar), 152.9 
(C=N), 153.1 (C=C–O), 157.1 (C–NH2), 166.7 (C=O); m/z 
(%) = 523 (0.04) [M-1]+, 509 (0.09), 493 (0.08), 435 (0.2), 
355 (100), 327 (49), 280 (5), 254 (4), 205 (10), 180 (36), 
151 (26), 126 (4), 64 (64), 44 (22).

5‑Amino‑7‑(4‑chlorophenyl)‑N′‑(9H‑fluoren‑9‑ylid
ene)‑8‑nitro‑3,7‑dihydro‑2H‑oxazolo[3,2‑a]pyri‑
dine‑6‑carbohydrazide (6j)

Orangish yellow solid; yield: 0.348  g (68%); mp: 
217–220 °C; IR (KBr) (νmax /cm−1): 3411, 2924, 1711, 1617, 
1510, 1443, 1187, 1094, 825, 726, 625; 1H NMR (300 MHz, 
DMSO-d6): δ 4.79–4.86 (2H, m,  CH2), 5.08–5.15 (2H, m, 
 CH2), 6.56 (1H, s, CH), 7.38–7.50 (4H, m, ArH), 7.60–7.92 
(4H, m, ArH), 8.10 (4H, m, ArH), 8.41 (2H, s,  NH2), 10.18 
(1H, s, NH); m/z (%) = 512 (0.07) [M-1]+, 435 (1), 361 (2), 
287 (6), 213 (19), 180 (86), 152 (34), 126 (7), 98 (31), 80 
(100), 48 (67).

5‑Amino‑N′‑(9H‑fluoren‑9‑ylidene)‑7‑(4‑fluoroph
enyl)‑8‑nitro‑3,7‑dihydro‑2H‑oxazolo[3,2‑a]pyri‑
dine‑6‑carbohydrazide (6k)

Brick red solid; yield: 0.323 g (65%); mp: 189–193 °C; 1H 
NMR (300 MHz, DMSO-d6): δ 4.14–4.22 (2H, m,  CH2), 
4.83–4.92 (2H, m,  CH2), 6.56 (1H, s, CH), 7.38–7.57 (3H, 
m, ArH), 7.84–7.91 (4H, m, ArH), 7.90 (1H, d, J = 9 Hz, 
ArH), 8.16–8.18 (4H, m, ArH), 8.42 (2H, s,  NH2), 10.52 
(1H, s, NH); 13C{1H} NMR (75.4 MHz, DMSO-d6): δ 37.4 
(CH), 48.1  (CH2N), 71.3  (CH2O), 81.0 (C–C=O), 97.7, 
109.7 (C–NO2), 116.9, 117.2, 121.0, 121.3, 122.6, 128.8, 
128.9, 130.1, 130.5, 131.6, 132.5, 133.6, 133.7, 140.3, 
141.3, 142.1 (Ar), 150.4 (C=N), 156.7 (C–NH2), 166.7 
(C=O).

5‑Amino‑N′‑(9H‑fluoren‑9‑ylidene)‑7‑(3‑methox
yphenyl)‑8‑nitro‑3,7‑dihydro‑2H‑oxazolo[3,2‑a]
pyridine‑6‑carbohydrazide (6l)

Brick red solid; yield: 0.356 g (70%); mp: 172–175 °C; 
1H NMR (300 MHz, DMSO-d6): δ 3.84 (3H, s,  OCH3), 
4.80–4.91 (2H, m,  CH2), 5.10–5.15 (2H, m,  CH2), 6.56 (1H, 
s, CH), 7.22 (1H, d, J = 9 Hz, ArH), 7.35–7.67 (6H, m, ArH), 
7.84–7.87 (3H, m, ArH), 7.93 (2H, d, J = 9 Hz, ArH), 8.39 
(2H, s,  NH2), 10.19 (1H, s, NH); 13C{1H} NMR (75.4 MHz, 
DMSO-d6): δ 55.8  (OCH3), 105.1 (C–NO2), 115.2, 116.5, 
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118.7, 120.5, 120.9, 122.2, 122.8, 128.3, 128.5, 130.4, 
133.2, 139.9, 141.7 (Ar), 156.2 (C–NH2), 159.5  (CAr–OMe).
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