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A green and efficient method for the preparation of 5-aryl-4-hydroxy-2-methyl-1H-pyrrole-3-
carboxylic acid esters and 6-aryl-3-methylpyridazine-4-carboxylic acid esters via three-
component reaction of arylglyoxal hydrates with f-dicarbonyl compounds in the presence of
ammonium acetate and hydrazine hydrate using water as solvent under ultrasonic irradiation
was reported. The reactions proceeded rapidly and afforded the corresponding pyrroles and
pyridazines in good to high yields in very short reaction time.
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1. Introduction

Condensation reactions of arylglyoxals, aromatic a-keto aldehydes, containing both aldehyde and
ketone functional groups with different reactivity, play an important role in organic synthesis
especially in synthesis of heterocyclic compoundsl. Pyrroles are one of the most important
heterocycles that broadly found in natural productsz, pharmaceuticals3 and bioactive molecules* and
also used in material science’. Many methods have been developed for pyrrole synthesis®, which
include Knorr, Paal-Knorr, and Hantzsch syntheses and 1,3-dipolar cycloaddition reactions.
Additionally, pyridazine ring is broadly present in biologically’ and pharmacologically active
compounds® such as anti-depressants. Pyridazines are also of considerable interest because of their
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synthetic utility’ and applications in physical organic chemistry'®. A number of pyridazines syntheses
have been previously reported in the literature'".

There are many published comprehensive books'? and papers13 indicate chemical application of
ultrasound irradiation in organic chemistry, which offers an efficient and facile route for a large
variety of syntheses. So, a large number of organic reactions'* and synthesis of pyrroles and
pyridazines'® were reported under ultrasound (US) irradiation. Despite the large number of reports on
the construction of pyrrole and pyridazine heterocycles are available in the literature, due to the
importance of these heterocycles in medicinal and material chemistry, development of new routes,
which lead to these heterocycles in higher yields, shorter reaction time or milder conditions could
receive considerable attention in organic synthesis. In continuation of our works'®, herein, we wish to
report an efficient and facile procedure for the synthesis of pyrrole 3 and pyridazine 4 heterocycles by
the reaction of various substituted phenylglyoxal hydrates 1 and f-dicarbonyl compounds 2 in the
presence of ammonium acetate and hydrazine hydrate under US irradiation, respectively (Scheme 1).
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Scheme 1. US-promoted synthesis of pyrroles 3 and pyridazines 4

2. Results and Discussion

Arylglyoxals hydrates 1 were prepared by oxidation of acetophenones using SeO; in refluxing
dioxane in the presence of water as Riley and co-worker’s report' . Arylglyoxals 1 were transformed
into the corresponding pyrroles 3 by sonification of a mixture of 1 with f-dicarbonyl compound 2 in
water in the presence of an excess amount of NH4OAc. The reactions were monitored by TLC. After
completion of the reaction, the solid product was isolated by simple filtration. The products were
obtained in high yields in a short reaction time. The color changes of the reaction mixture during the
reaction of acetylacetone, phenylglyoxal hydrate and NH4OAc in water are indicated in Fig. 1.

L}

Fig. 1. Gestures of color changes of the reaction mixture during the reaction

The gray colored suspension, resulting from non-dissolving of starting materials in water, was
changed to yellow after 1 min and the reaction was finished along with appearance of the white solid
in about 3 min. In the previous report,(’g in addition to desired pyrrole 3, corresponding 3-aroyl-4(5)-
arylimidazols were produced as by-products via cyclo-condensation of two molecules of arylglyoxals
with NH4OAc, while in the presence of ultrasound irradiation, pyrroles 3 were obtained as sole
products. The yields and the structure of obtained pyrroles 3 are illustrated in Table 1. All known
compounds 3a-g were characterized by their 'H NMR spectra and compared with those reported in
the literature. The unknown 4-nitrophenyl substituted pyrroles 3h-k, were characterized by FT-IR, 'H
NMR and "*C NMR techniques.
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Table 1. Synthesis of 3-hydroxy pyrroles 3 (see also Scheme 1)

Entry Ar R Pyrrole 3 Mp [reported Mp] (°C)  Yield (%0)?
o
HO Me
1 C¢Hs Me 7 3a dec. 194 [dec. 236]°%¢ 90
” Me
(0]
HO, OMe
2 CeHs OMe T 3b  dec. 181 [dec. 233]% 91
H Me
(0]
HO OFt ]
3 CeHs OFt T 3¢ dec. 190 [dec. 232]% 85
H Me
(0]
HQO Me
4 4-CICeH4 Me T 3d  dec. 226 [dec. 261]% 95
Me
Cl H
(@]
HO, OEt 6
5 4-CICg¢Hy4 OEt 7y 3e dec. 204 [dec. 244]°¢ 90
Me
Cl H
(0]
HO Me
6 4-BrC¢H,4 Me 7 3f dec. 203 [dec. 244]% 50
. H Me
(0]
HO OEt
7 4-BrCg¢H,4 OEt T 3g dec. 205 [dec. 245]% 90
Br N e
(o]
HO, Me
8 4-NO,CeHy4 Me A 3h dec. 245 [unknown] 95
Me
O,N H
(0]
HO, OMe
9 4-NO,C¢Hy  OMe /A 3i dec. 228 [unknown] 95
M
02N N ©
o
HO Ot
10  4-NO,C¢Hs;  OEt T 3 dec. 240 [unknown] 90
M
ON N
(0]
HO Ot-Bu
11 4-NO,C¢H; O"Bu J\ 3k dec. 240 [unknown] 70
N~ Me
O,N

“Yields refer to isolated products.

As shown in Scheme 2, the proposed mechanism involves the attack of enamino ester 5, produced
in situ as the reaction intermediate, onto the phenylglyoxal, and then regeneration of enamino ester 6.
By nucleophilic addition of amine to the second carbonyl group of phenylglyoxal, 7 was produced,
which underwent dehydration to afford the corresponding hydroxyl pyrroles 3. To prove this
statement, we carried out the reaction between enamino ester 5 with phenylglyoxal in water under US
irradiation, which afforded the corresponding pyrrole 3b in 90% yield. Also the condensation reaction
of different arylglyoxals 1 with 2 were carried out in water in the presence of hydrazine hydrate under
US irradiation to furnish corresponding pyridazines 4 in good to high yields in short reaction times.
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The times of reactions (3-5 min.) were shorter than the conventional method (30-60 min.) reported by
Rimaz et al'®,

0_4
, A
Q NH,OAc (ONH, /
Me)JVCOzMe — > - CO,Me 0 -
water, US Me water, US
2 5
OH
ph 0, NH, r];}; HO_  CO,Me
At NH -H,0
= —» HO 2 / \
Me Us N~ Me
COMe MeO,C H
6 7 3b

Scheme 2. The plausible reaction mechanism

The results are summarized in Table 2. Obtained products were characterized by m.p. and '"H NMR
and compared with reported in the literature data.

Table 2. Synthesis of pyridazines 4 (see also Scheme 1)

Entry Ar R Pyrrole 4 Mp [reported Mp] (°C)  Yield (%0)?
(e}
1 CeHs OMe = [ OMme 4a 83-85 [unknown] 90
Ns
N Me
(0]
2 CeHs OEt AN oE 4b 98-100 [100-102]" 90
NN Me
O
3 CeHs O"Bu AN oreu 4c 96-98 [98-100]"® 93
Ns
N Me
Cl o
4 4-CIC¢H;  OMe A ove 4d 116-117 [118-120]" 75
N,
N Me
Cl o
5 4-CIC¢H,4 OEt A om de 100-101 [102-103]" 88
NN e
Cl o
6 4-CIC¢H;  O"Bu AN oty 4f 80-81 [82-83]" 80
NN e
Br 0
7 4-BrC¢H;  OMe A~ ome 49 87-89 [88-90]" 85
Ne|
N Me
Br o
8 4-BrC¢H,  OEt ~~oet  4h 97-99 [99-101]" 75
L
"N” "Me
O,N o
9 4-NO,C¢Hs Ot-Bu /| oty 4i 95-97 [unknown] 75
Ns
N Me

*Yields refer to isolated products.
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3. Conclusions

In conclusion, we have developed a simple and facile procedure for the synthesis of 5-aryl-4-
hydroxy-2-methyl-1H-pyrrol-3-carboxylates  and  6-(4-aryl)-3-methylpyridazine-4-carboxylates
involving the ultrasonic irradiation of reaction mixture in water. The advantages of this methodology
are operational simplicity, high yields, short reaction times, mild reaction conditions, without using
any catalysts which make it a useful and attractive process in the view of environmental and
economical points.
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Experimental

All chemicals were purchased from Merck and Fluka companies. The '"H NMR and *C NMR
spectra were recorded on Bruker AVANCE (400 MHz) spectrometer using CDCl; and DMSO-d; as
solvents. Sonication was performed in Bandeline sonoplus, GM 2200.

General procedure for synthesis of 3-hydroxy pyrroles 3

To a mixture of f-dicarbonyl compound 2 (0.5 mmol) in water (2.5 mL), were added arylglyoxal
1 (0.5 mmol) and ammonium acetate (5 mmol). The resultant mixture was irradiated and solidified
within 3-5 min, the obtained solid was then filtered. The filtrate washed with water (3-10 mL), and
the crude material was purified by crystallization from ethanol. The products (3a-g) were known
compounds, their authenticity was established by "H NMR and their melting point compared with
that reported in literatures. The assignment of chemical structures for compounds 3h-k was
confirmed by FT-IR, "H NMR, *C NMR spectral analysis and elemental analysis data.

General procedure for synthesis of pyridazines 4

To a mixture of fS-dicarbonyl compound 2 (0.5 mmol) in water (2.5 mL), were added arylglyoxal 1
(0.5 mmol) and hydrazine hydrate (3 mmol). The resultant mixture was irradiated and solidified
within 3-5 min, the obtained solid was then filtered, the filtrate washed with water (3-10 mL), and the
crude material was purified by crystallization from ethanol. The products (4b-h) were known
compounds and their authenticity was established by 'H NMR and their melting point compared with
that reported in literatures. Compounds 4a and 4i were unknown and established by '"H NMR, *C
NMR and elemental analysis data.

Physical and Spectral Data
The spectroscopic data for new compounds are as follows:

3-Acetyl-4-hydroxy-2-methyl-5-(4-nitrophenyl)-1 H-pyrrol (3h):

A redish orange solid; Decomposed at 245 °C; FT-IR (KBr): v 3415 (O—H), 3334 (N—H), 1629
(C=0), 1592 (C=C), 1520, 1326 (NO,) cm™; "H NMR (400 MHz, DMSO-dy): 8y 2.45 (s, 3H, CH3),
2.56 (s, 3H, CHs), 7.88 (d, J = 8.8 Hz, 2H, CH""), 8.24 (d, J= 9.2 Hz, 2H, CH), 10.57 (s, 1H, OH),
11.67 (s, 1H, NH); *C NMR (100 MHz, DMSO-d): 14.9, 29.4, 109.7, 111.7, 122.6, 124.9, 136.9,
138.5, 143.2, 149.3, 198.4. Anal. Calcd for C,3H2N,04: C, 60.00; H, 4.65; N, 10.76%. Found: C,
60.39; H, 4.51; N, 10.48%.
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Methyl 4-hydroxy-2-methyl-5-(4-nitrophenyl)-1 H-pyrrole-3-carboxylate (3i):

A yellowish orange solid; Decomposed at 228 °C; FT-IR (KBr): v 3550 (O—H), 3415 (N—H), 1670
(C=0), 1618 (C=C), 1524, 1308 (NO,) cm™; "H NMR (400 MHz, DMSO-dj): 8y 2.45 (s, 3H, CH3),
3.80 (s, 3H, CH3), 7.91 (d, J = 9.2 Hz, 2H, CH"), 8.23 (d, J = 8.8 Hz, 2H, CH""), 8.86 (s, 1H, OH),
11.61 (s, 1H, NH); °C NMR (100 MHz, DMSO-dy): 13.9, 51.4, 101.8, 110.7, 122.6, 124.8, 136.3,
138.8, 143.1, 147.4, 166.5. Anal. Calcd for C;3H;2N,Os: C, 56.52; H, 4.38; N, 10.14%. Found: C,
56.28; H, 4.39; N, 10.57%.

Ethyl 4-hydroxy-2-methyl-5-(4-nitrophenyl)-1 H-pyrrole-3-carboxylate (3j):

A dark orange solid; Decomposed at 240 °C; FT-IR (KBr): v 3550 (O—H), 3412 (N—H), 1671
(C=0), 1595 (C=C), 1523, 1323 (NO,) cm™"; "H NMR (400 MHz, DMSO-dy): 8y 1.32 (t, J= 7.2 Hz,
3H, CH3), 2.45 (s, 3H, CH3), 4.29 (q, J = 7.2 Hz, 2H, CH,), 7.90 (d, J= 9.2 Hz, 2H, CH™), 8.23 (d, J
= 8.8 Hz, 2H, CH™"), 8.90 (s, 1H, OH), 11.61 (s, 1H, NH); °C NMR (100 MHz, DMSO-d;): 14.0,
14.8, 60.1, 101.8, 110.6, 122.6, 124.9, 136.1, 138.7, 143.1, 147.7, 166.4. Anal. Calcd for C;4H4N,Os:
C, 57.93; H, 4.86; N, 9.65%. Found: C, 58.01; H, 4.86; N, 9.93%.

tert-Butyl 4-hydroxy-2-methyl-5-(4-nitrophenyl)-1 H-pyrrole-3-carboxylate (3K):

A pale orange solid; Decomposed at 240 °C; FT-IR (KBr): v 3408 (br. O—H and N—H), 1652 (C=0),
1595 (C=C), 1499, 1318 (NO,) cm’'; "H NMR (400 MHz, DMSO-dy): 8y 1.56 (s, 9H, CH3), 2.43 (s,
3H, CH3), 7.89 (d, J = 9.2 Hz, 2H, CH™), 8.23 (d, J = 8.8 Hz, 2H, CH™), 8.97 (s, 1H, OH), 11.56 (s,
1H, NH); *C NMR (100 MHz, DMSO-dj): 14.1,27.8, 81.3, 102.5, 110.2, 122.5, 124.9, 135.8, 138.7,
143.0, 148.1, 166.7. Anal. Calcd for CisH;3N,Os: C, 60.37; H, 5.70; N, 8.80%. Found: C, 60.38; H,
5.69; N, 9.10%.

Methyl 3-methyl-6-phenylpyridazine-4-carboxylate (4a):

A dark yellow solid; mp 83-85 °C; '"H NMR (400 MHz, CDCl5): 6y 3.07 (s, 3H, CHj3), 4.05 (s, 3H,
OCHa), 7.56-7.59 (m, 3H, CH™), 8.14-8.17 (m, 2H, CH™), 8.29 (s, 1H, CH™"%“"¢). 3C NMR (100
MHz, CDCls): 22.0, 53.1, 123.8, 126.9, 128.4, 129.1, 130.3, 135.5, 156.8, 158.2, 166.2. Anal. Calcd
for C;3HoN,O,: C, 68.41; H, 5.30; N, 12.27%. Found: C, 68.47; H, 5.31; N, 12.00%.

tert-Butyl 3-methyl-6-(4-nitrophenyl)pyridazine-4-carboxylate (4):

A dark brown solid; mp 95-97 °C; '"H NMR (400 MHz, CDCl): &y 1.69 (s, 9H, CHs), 3.06 (s, 3H,
CHs), 8.24 (s, 1H, CH™"%4) 8 34 (d, J = 8.8 Hz, 2H, CH™), 8.43 (d, J = 9.2 Hz, 2H, CH"); °C
NMR (100 MHz, CDCls): 22.2, 28.2, 84.4, 124.0, 124.3, 127.8, 130.7, 141.6, 148.9, 156.4, 158.0,
164.2. Anal. Calcd for C;¢H17N3O4: C, 60.94; H, 5.43; N, 13.33%. Found: C, 61.01; H, 5.38; N,
13.00%.
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