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Abstract. A green synthetic route for eco-safe and
solvent-free preparation of biologically active 3,4-
dihydropyrimidin-2-(1H)-ones/thiones derivatives via
one-pot, three-component Biginelli condensation
reaction of S-keto esters (methyl or ethyl acetoacetate),
aromatic aldehyde (benzaldehyde derivatives) and urea
or thiourea have been developed using a salicylic acid
as a bio-based, natural and versatile catalyst. The
notabl e advantages of this green approach are use of the
bio-based, natural, easy-to-handle and readily green
catalyst, easy work-up process, absence of hazardous
organic solvents, solvent-free conditions with high to
excellent yieds and short reaction times and one-pot
reactions. The products have been characterized by
melting points and *H NMR spectroscopy.

Keywords. sdicylic acid, bio-based and natural catalyst,
3,4-dihydropyrimidin-2-(1H)-ones'thiones  derivatives,
Bigindli condensation reaction, solvent-free conditions.

1. Introduction

Salicylic acid (SA) is a phenalic phytohormone
which is found in plants (White willow (Salix alba).
This natural source of salicylic acid (Fig. 1) plays role
in plant growth and development, photosynthesis,
transpiration, ion uptake and transport [1]. SA aso
induces specific changes in leaf anatomy and
chloroplast structure. SA is involved in endogenous
signaling, mediating in plant defense against pathogens
[2]. It plays a role in the resistance to pathogens by
inducing the production of pathogenesisrdated
proteins [3]. It is involved in the systemic acquired
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resistance (SAR) in which a pathogenic attack on one
part of the plant induces resistance in other parts[4].

Fig. 1. Structure of sdicylic acid

Synthesis of heterocyclic compounds has
attracted great interests due to their wide applicability
in life and nature. The compounds with pyrimidinone
ring systems have been known to exhibit a wide range
of pharmacological and biological properties. For
example these heterocyclic compounds have been used
as calcium channel blockers, o-la-antagonists [5],
mitotic kinesin Eg5 inhibition [6], anti cancer (Mal3-
101) [7], anti HIV agent [8], antibacterial and
antifungal [9], antiviral [10], antioxidative [11]. The
representatives such as batzelladines, ptilomycalines
and crambescidines exhibit many biological activities
such as anticancer, antifungal, anti HIV, ec. [12]. In
recent decades, a number of methodologies for
preparing these compounds have been reported that is
including various catalysts [13-23], some of the
limitations of these methodologies are low yidds, toxic
organic solvents and catalyst, harsh reaction conditions
and expensive materials. In recent years, the design and
devdopment of bioactive heterocyclic compounds
synthesis performed  through  multi-component
reactions (MCRs) [24-28], involving three or more
reactants in one-pot, have attracted considerable
interest since such processes have improved atom
economy, efficiency and convergence. Among various
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factors, solvents and catalysts play important roles in
green chemistry. Due to, in recent years, one of the
important challenges of chemistry researchersisto use
green and environmental friendly catalyst that leads to
synthesis of target compounds in the absence of
hazardous organic solvents. That is why multicom-
ponent domino reactions (MCRs) by using a green
catalyst for the synthesis of fine chemicals have
attracted our considerable interests.

As part of our ongoing research program on the
devdopment of green methodologies [29, 30] attempts
were directed to synthesize one of Bigindli-type
reactions [31] and herein, we report a bio-based, natural
and highly efficient salicylic acid catalyst for green,
eco-safe and simple preparation of 34-dihydro-
pyrimidin-2-(1H)-ones/thiones derivatives under ther-
mal and solvent-free conditions with excdlent yidds
and short reaction times (Scheme 1).

Ar—CHO
1 0 Ar
OR L _cor
+ Sdicylic acid (15mol %) HN Ji
NH; Vans Solvent free, 70 °C S
X7 NH, 3
2 4at

(Ar)1a,1b=Ph; 1c= 4-Me-CgHy; 1d, 1e= 4-NO,-CgHy; 1f= 3-NO,-CgHy; 1g= 2-NO,-CgHy; 1h, 1i=4-OH-CgHy; 1j= 3-
OH-CgH;1K, 11= 4-MeO-CgHy; 1m, 1n=3-MeO-CgHy; 10, 1p=4-F-CgHj; 1q= 4-Cl-CgH,;1r, 1s= 2-Cl-CgH,; 1t=N,N-

di Me-CgH3
(X) 2a=0; 2b=S
(R) 3a= Et; 3b=Me

Scheme 1. Synthesis of 3, 4-dihydropyrimidin-2-(1H)-ones/thiones derivatives

2. Experimental

2.1. General

Méelting points of al compounds were determined
using an Electro thermal 9100 apparatus. ‘H NMR spectra
were recorded on a Bruker DRX-400 Avance instruments
with DM SO-ds as solvents. All reagents and solvents were
purchased from Merck, Fluka and Acros chemical
companies were used without further purification.

General procedure for preparation of 3, 4-dihydro-
pyrimidin-2-(1H)-ones/thiones derivatives (4a-t)

A mixture of adehyde derivatives (1, 1.0 mmoal)
and urea/thiourea (2, 1.5 mmoal), ethyl/methyl acetoacetate
(3, 1.0 mmoal) was heated under solvent-free conditions at
343K for appropriate time in the presence of salicylic
acid (15 mol %). After completion of the reaction (by thin
layer chromatography TLC) the mixture was cooled to
room temperature, cold water was added and the
precipitate was separated with filtration followed by
recrystallization from ethanol to afford the pure products
(4a-t). Spectra data of products are represented bel ow:

5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-one (4a)

CO,Et

Yield 91 %; mp. 471-473K; *H NMR (400 MHz, DMSO-dg): 1.10 (3H, t, J=7.2 Hz, CHsCH,), 2.26
(3H, s, CH3), 3.99 (2H, g, J=7.2 Hz, CH0), 5.15 (1H, S, Hoemyid), 7.26 (3H, d, J= 7.2 Hz, Ha,), 7.33
(2H, 1, 3=7.2 Hz, Ha,), 7.76 and 9.21 (2H, 25, 2NH).

5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-di hydropyrimidin-2(1H)-thione (4b)

Yield 89 %; mp. 481-483 K; *H NMR (400 MHz, DMSO-dg): 1.11 (3H, t, J=7.2 Hz, CHsCH,), 2.31
(3H, s, CHa), 4.02 (2H, q, J=7.2 Hz, CH0), 5.19 (1H, S, Hpoyiia), 7.23 (2H, d, J=7.2 Hz, Ha), 7.28
(1H, 1, 3=7.2 Hz, Ha,), 7.36(2H, t, J=7.2 Hz, Ha,), 9.68 and 10.36 ( 2H, 25, 2NH).
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5-Ethoxycarbonyl-6-methyl-4-(4-nitrophenyl)-3,4-dihydropyrimidin-2(1H)-one (4d)
NO, Yield 88 %; mp. 481-483 K ; 'H NMR (400 MHz, DMSO-dg): 1.10 (3H, t, J= 9.6 Hz, CHsCH,),
2.28(3H, s, CH3), 3.99 (2H, g, J=9.2 Hz, CH;0), 5.27 (1H, S, Hpergyiic), 7.50-7.53 (2H, m, Ha,), 7.23
(2H, d, J=9.2Hz, Har), 7.92 and 9.38 (2H, 2s, 2NH).

5-Methoxycar bonyl-6-methyl-4-(4-nitr ophenyl)-3,4-dihydropyrimidin-2(1H)-one (4€)
NO, Yield 91 %; mp. 485-487K; 'H NMR (400 MHz, DMSO-dg): 2.28(3H, s, CH3), 355 (3H, s,
OCHy), 5.28 (1H, s, Hpeyiic), 7.52 (2H, d, J=8.4 Hz, Ha,), 7.22 (2H, d, J= 8.8 Hz, Ha,), 7.93 and
9.40 (2H, 2s, 2NH).

5-Ethoxycarbonyl-6-methyl-4-(4-hydroxyphenyl)-3,4-dihydr opyrimidin-2(1H)—one (4h)
OH Yield 82 %; mp. 507-509 K; "H NMR (400 MHz, DMSO-dg): 1.11 (3H , t, J= 9.6 Hz, CH3CH)),
2.50 (3H, s, CH3), 3.98 (2H, g, J=9.2 Hz, CH;0), 5.04 (1H, S, Hpewyiic), 6.68-7.04(4H, m, Ha,), 7.64
and 9.13(2H, 2s, 2NH), 9.35 (1H, s, OH).

5-Ethoxycarbonyl-6-methyl-4-(4-methoxyphenyl)-3,4-dihydr opyrimidin-2(1H)—one (4k)
OMe Yield 87 %; mp. 475-477 K; '"H NMR (400 MHz, DMSO-dg): 1.11 (3H, t, J= 9.6 Hz, CH3CH)),
2.24(3H, s, CH3), 3.73 (3H, s, OCH3), 3.99 (2H, q, J=9.6 Hz, CH;0), 5.09 (1H, s, Hperyiic), 6.89
(2H, d, J=8.4Hz, Har), 7.15(2H, d, J= 8.8Hz, Ha), 7.70 and 9.18 (2H, 2s, 2NH).

CO,Et

2K

O~ "N” “CH,
H

5-Ethoxycarbonyl-6-methyl-4-(2-chlor ophenyl)-3,4-dihydropyrimidin-2(1H)—one (4r)
Yield 84 %; mp. 493-495 K ; 'H NMR (400 MHz, DMSO-dg): 1.00 (3H , t, J= 9.2 Hz, CH3CH)),
2.31 (3H, s, CH3), 4.02 (2H, g, J=9.2 Hz, CH;0), 5.63 (1H, S, Hoewyiic), 7.25-7.34 (3H, m, Ha)),

Cl
o cos T4 (1H, d, J=8.8 Hz, Hay), 7.73 and 9.29(2H, 2s, 2NH).
|
07 NT e,

5-Methoxycar bonyl-6-methyl-4-(2-chlorophenyl)-3,4-dihydropyrimidin-2(1H)-one (4s)
Yield 85 %; mp. 522-524 K; 'H NMR (400 MHz, DMSO-d): 2.31 (3H, s, CHs), 3.46 (3H, s
OCHy), 5.62 (1H, s, Hoerzyiic), 7.28-7.34 (3H, m, Hp), 7.42 (1H, d, J=7.2 Hz, Ha), 7.72 and
HN
oI

o 9:36(2H, 25 2NH).
0N Tons
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3. Results and Discussion

Due to the reasonable needs of green, versatile
and efficient catalyst, we explored salicylic acid as a
bio-based and natural catalyst for one-pot and facile
synthesis of 3,4-dihydropyrimidin-2-(1H)-ones/tiones
derivatives by three-component condensation Bigindli
reaction of aryl aldehydes (1, 1.0 mmol), urea/thiourea
(2, 1.5mmol) and ehyl/methyl acetoacetate (3,
1.0mmoal). In an initiad endeavor benzaldehyde
(2.0 mmol), urea (L.5mmol) and ethyl acetoacetate
(2.0 mmol) were selected as the model subgtrates. To
obtain the optimized reaction conditions, we changed
temperature and the amount of the catalyst. The results
are summarized in Table 1. Consequently, at the tested
temperatures and different amount of the catalyst, the
condensation of endeavor benzaldehyde, urea and ethyl
acetoacetate was best catalyzed by 15 mol % salicylic
acid as the reaction was completed within high yidd
(Table 1, entry 4). It is important to note that in the
absence of the catalyst no product was observed (Table
1, entry 1). We also investigated different temperatures
for the modd reaction (Table 1). It was observed that
the fagt reaction occurred on raising the temperature
from room temperature to 353K and the yied of
preferred product increased significantly (Table 1). We
were satisfied to find that the reaction proceeded
smoothly and almost complete conversion of reactants
was observed at 343K to afford the desired
product (4a) in 91 % yields within 10 min (Table 1,

entry 4). Further increase in the temperature did not
affect the product yield (Table 1, entry 8). To ascertain
the scope of the present reaction, with optimized
conditions in hand, three-component reaction of aryl
aldehydes (1, 1.0 mmoal), urealthiourea (2, 1.5 mmol)
and ethyl/methyl acetoacetate (3, 1.0 mmol) was
examined and these results were summarized in Table
2. We were pleased to find that all substrates were
converted to the corresponding products in high to
excellent yields (82-95 %).

The proposed mechanistic route of 34-
dihydropyrimidin-2-(1H)-ones/thiones synthesis in the
presence of salicylic acid is shown in Scheme 2. In this
probable mechanism the salicylic acid catalyses Biginelli
condensation via acylimin intermediate (A). The reaction
of aldehydes (1) and urea (2) generates an acylimin
intermediate (A), which further reacts with the activated
1,3-dicarbonyl compound (B) producing an open-chain
ureide (C) undergoing subsequent cyclization and
dehydration to give the major product (4).

Comparison of catalytic ability of some catalysts
reported in the literature for the synthesis of 34-
dihydropyrimidin-2-(1H)-ones/thiones  derivatives are
shown in Table 3. This study reveals that salicylic acid
has shown its extraordinary potential to be an alternative
bio-based, green, readily, highly efficient, low-cost and
economical catalyst for the Biginelli reaction. In addition,
the use of solvent-free conditions with high to excellent
yields and short reaction times in the reaction with both
urea and thiourea are the notable advantages of this
present methodol ogy.

Tablel
Optimization of thereaction condition on the synthesisof 4a
Ph—CHO Ph
Q CO,Et
OEt HN
N - . |
NH, i\chs O "N” CHs
o
o NH,
Entry Sdlicylic acid, mol % Temperature, K Time, min Isolated yield, %
1 Catalyst free 343 360 no product
2 5 343 40 39
3 0 343 20 67
4 15 343 10 91
5 15 room temperature 360 no product
6 15 313 35 46
7 15 333 15 73
8 15 353 10 91
9 20 343 10 92

Note: Reaction conditions: benzaldehyde (1.0 mmol), ethyl acetoacetate (1.0 mmoal), urea (1.5 mmol) and salicylic acid were
heated under various temperatures for the appropriate time
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Table2
Synthesis of 3,4-dihydropyrimidin-2-(1H)-oneg'thiones der ivatives
. . b
Entry Substrate Substrate Substrate Product® TrL?r? Ylgod, r’?(p, Lit. mp, K
1 2 3 4 5 6 7 8 9
CHO 3 OEt O
1 coe | 10 | o1 | 40| 4EAP
oy [N | O i
O O~ N7 CH,
4a H
CHO 3 OEt S
2 I coe | 10 | 8o |HE| S
CH, HoN™  NH; H/Ji /\[ [14]
3 SN cH
4 H 7
Me
CHO o
E
3 OFt J(J)\ 10 93 475 477478
477 1
CHy | HN™ "NH, N /[COZEI [19]
@]
Me O~ "N~ CH,
4c H
NO,
CHO o
E
4 Ot j\ 5 | gg |481-| 480482
483 14
cH, | HNT ONH, N /[COZEI [14]
NO, © OZ\N CHs
4d H
CHO o N2
5 OMe j\ o | o |48| 487489
Cco,Me 487 [14]
CHy HoN NH, HN /‘[
NO, O 4eo N™CHs
NO,
CHO 0
OEt O
6 I coe | 15 | w0 | B 495'155100
CH, HN™  NH; HIN /\[
NGO, 0] O~ "N~ “CHs
Af H
CHO 3 OMe O NO
2
7 NG, P come | 10 | 93 || S0
O O~ N7 CH;,
4g H
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Table 2 (continued)
1 2 3 5 6 7 8 9
OH
CHO o
E
OFt 507— | 507-509
8 20 82 | T (20
O
OH 07 N~ CH,
4h H
OH
CHO | o
M
OMe 516- | 518-519
° come | 20| ¥ | e8| [
CHj HAN- NH HN Ji 2ne
O
OH 07 "N~ “CHs
4 H
OH
CHO Q
E
OFt 437- |  436-439
10 CO,Et 20 83 439 [19]
CH, HN™  NH; HN Ji
CH @) O~ "N” “CH,
4 H
OMe
CHO o
E
OFt A75- | 476-478
11 com 15 87 | 1]
CHy | HN" NH HN™ 2
O
OMe 07 N7 CHs
4 H
OMe
CHO | o
M
OMe 464 | 463467
12 15 8 | Jee 9]
CHs H5N NH, HN JiCOZMe
O
OMe 07 >N CHs,
4 H
OMe
CHO 0
E
OFt 4T6- |  478-479
13 CO,Et 10 88 478 [15]
CHy | HoNT NHp HIN Ji
OMe | g 07 >N~ CH,
4m H
OMe
CHO Q
E
OFt 42— | 423424
14 CO,Et 15 86 | 404 5]
CH, HN™  NH; HN /\[
OMe | o TN CHy
4n H
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Table 2 (continued)
1 2 3 4 5 6 7 8 9
E
CHO o
OFL 0 449- | 447-449
15 JIS 0 | %5 |5 19
CHy | HaNT TNHp " CO,E
F © Ji
07 "N~ CH,
40 H
F
CHO o
OMe S 480- |  481-483
16 JIS 0 | 9 |75 1
CH3 H2N NH2 HN COZMe
F © Ji
& N7 “CH,
4p H
cl
CHO o
OFL 0 488- | 487-488
17 JIS 20 | 8 |00 16
CHs HoN NH, HN JiCOZEt
o
Cl O~ >N~ CH,
4q H
oHo ] OFEt o) cl
18 cl I coE |15 | s |0 49;;396
CHy | HoNT NH Ji
(0] H
© 4r H et
GHO ] OMe O Cl
19 cl IS coMe | 15 | 85 552224_ 52[11_5’23
CH, HN™  NH; HN /\[
o 07 "N~ CH,
4s H
Me. .Me
N
CHO
o)
OFL 0 520- |  527-529
20 15 | & |2y 20
CH; | HaN" NH; N COEt
T | X
Me™  Me O)\N CH,
4t H

Notes: ?isolated yield; ° reaction conditions: benzaldehyde (1.0 mmol), ethyl/methyl acetoacetate (1.0 mmol), urea/thiourea
(1.5 mmoal) and sdlicylic acid (15 mol %) was heated at 343 K.
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Scheme 2. Proposed mechanistic route for the synthesis of 3,4-dihydropyrimidin-2-(1H)-ones/thiones

Table3
Comparison of catalytic ability of some catalystsreported in the literature
for synthesis of 3,4-dihydr opyrimidin-2-(1H)-ones/thiones derivatives®
Entry Catayst Conditions Time/Yield ,% References
1 Bakers yeast Room temperature 24h/84 [15]
2 Hydrotalcite Solvent-free, 353 K 35 min/84 [16]
3 [Al(H0)¢] (BF,)3 MeCN, Reflux 20 h/81 [17]
4 Cu(BF,).xH,O Room temperature 30 min/90 [19]
5 [Btto][p-TSA] Solvent-free, 363 K 30 min/96 [21]
6 Triethylammonium acetate Solvent-free, 343K 45min/90 [22]
7 p-Dodecyl benzenesulfonic acid Solvent-free, 353 K 3h/94 [23]
8 Salicylic acid Solvent-free, 343 K 10 min/91 Thiswork

Note: *based on the three-component reaction of benzaldehyde, ethyl acetoacetate and urea.

4. Conclusions

In summary, we have demonstrated that a bio-
based, natural and efficient catalyst, salicylic acid, can be
used for the eco-safe one-pot and facile Bigindli
synthesis biologically active 3,4-dihydropyrimidin-2-
(1H)-oneslthiones  derivatives via one-pot three
component reaction of aldehydes , urealthiourea and
ethyl/methyl acetoacetate under thermal and solvent-free
conditions with high to excdlent yidds and short
reaction times. Use of the inexpensive and easy to handle
sdicylic acid as a bio-based, versatile and natural
catalyst, straightforward work-up, absence of hazardous
organic solvents, eco-safe and one-pot procedure are the
notable advantages of this smple protocol.

Acknowledgements

We gratefully acknowledge financial support
from the Research council of the Young Researchers
and Elite Club of Idlamic Azad University of Shiraz.

References

[1] SharaM., Stohs S:: Phytother Res,, 2015, 29, 1112.
https://doi.org/10.1002/ptr.5377

[2] Hayat S., Ahmad A.: Sdlicylic Acid: A Plant Hormone,
Springer, the Netherlands 2007.

[3] Van Huijsduijnen R, Alblas S,, De Rijk R., Bal J.: J. Gen. Virdl.,
1986, 67, 21.35. https//doi.org/10.1099/0022-1317-67-10-2135

[4] TaizL., Zeiger E.: Sinauer Assodiates, 3 edn., Sinauer
Associates, Inc., Massachusetts 2002.

[5] Prakash O., Kumar R., Parkash V.: Eur. J. Med. Chem., 2008,
43, 435. https://doi.org/10.1016/j.6jmech.2007.04.004

[6] Kapoor T., Mayer T., Coughlin M., Mitchison T.: J. Cdll. Bidl.,
2000, 150, 975. https://doi.org/10.1083/jch.150.5.975

[7] Wisen S,, Androsavich J., Evans C. et al.: Bioorganic. Med.
Chem. Lett., 2008, 18, 60.

https://doi.org/10.1016/j.bmd .2007.11.027

[8] Heys L., Moore C., Murphy P.: Chem. Soc. Rev., 2000, 29, 57.
https://doi.org/10.1039/a903712h

[9] Ashok M., HdllaB., Kumar N.: Eur. J. Med. Chem., 2007, 42,
380. https://doi.org/10.1016/j.6jmech.2006.09.003

[10] Hurgt E., Hull R.: J. Med. Chem., 1961, 3, 215.
https://doi.org/10.1021/jm50015a002

[11] Magerramow A., Kurbanova M., AbdinbekovaR. e al.: Russ.
J. Appl. Chem., 2006, 79, 787.
https://doi.org/10.1134/S107042720605017X

[12] Bewley C., Ray S, Cohen F. et al.: J. Nat. Prod., 2004, 67,
1319. https://doi.org/10.1021/np0499580

[13] ChitraS,, Pandiargian K.: Tetrahedron Lett., 2009, 50, 2222.
https://doi.org/10.1016/j .tetl e£.2009.02.162

[14] LiuJ, Li J, Zhang L. et al.: Tetrahedron Lett., 2012, 53, 2469.
https://doi.org/10.1016/j .tetl e£.2012.03.023



144 Farzaneh Mohamadpour

[15] Kumar A., Maurya R.: Tetrahedron Lett., 2007, 48, 4569.
https://doi.org/10.1016/j.tetl £.2007.04.130

[16] Lai J,, SharmaM., GuptaS. ¢ al.: J. Mdl. Cata A, 2012, 352,
31. https:/doi.org/10.1016/j.mol cata. 2011.09.009

[17] Litvic M., Vecani |., Ladisic Z. & al.: Tetrahedron, 2010, 66,
3463. https://doi.org/10.1016/j.tet.2010.03.024

[18] Ahmad B., Khan R., Habibullah A., Keshai M.: Tetrahedron
Lett., 2009, 50, 2889. https.//doi.org/10.1016/j.tetlet.2009.03.177
[19] Kamd A., Krishngji T., Azhar M.: Catal. Commun., 2007, 8,
1929. https://doi.org/10.1016/j.catcom.2007.03.009

[20] Khodjal., BoulcinaR., Debache A.: J. Chem. Pharma. Res,,
2014, 6, 1040.

[21] Zhang Y., Wang B., Zhang X. et al.: Madlecules,, 2015, 20,
3811. https://doi.org/10.3390/mol ecules20033811

[22] Attri P, BhatiaR., Gaur J. et al.: Arab. J. Chem., 2017, 10,
206. https://doi.org/10.1016/j.arabj c.2014.05.007

[23] AswinK., Mansoor S, LogaiyaK. et al.: J Taib. Uni. Sd.,
2014, 8, 236. https://doi.org/10.1016/j.jtusci.2014.03.005

[24] Strecker A.: Just. Lieb. Ann. Chem., 1850, 7, 27.
https://doi.org/10.1002/j1ac.18500750103

[25] Maghsoodiou M., Heydari R., Mohamadpour F., Lashkari M.:
Iran. J. Chem. Chem. Eng., 2017, 36, 31.

[26] Maghsoodiou M., Heydari R., Lashkari M., Mohamadpour F.:
Indian. J. Chem., 2017, 56B, 160.

[27] Lashkari M., Heydari R., Mohamadpour F.: Iran. J. Sdi. Technal.
Trans. Sai., 2016, 1. https://doi.org/10.1007/s40995-016-0122-8

[28] Mohamadpour F., Maghsoodliou M., Heydari R., Lashkari M.:
Res. Chem. Intermed., 2016, 42, 7841.
https://doi.org/10.1007/s11164-016-2565-0

[29] M ohamadpour F., Maghsoodliou M., Heydari R., Lashkari M.:
Iran. J. Sa. Technal. Trans. Sdi., 2017, 41, 843.
https://doi.org/10.1007/s40995-016-0049-0

[30] Mohamadpour F., Maghsoodliou M., Heydari R., Lashkari M.:
J. Iran. Chem. Soc., 2016, 13, 1549. https://doi.org/10.1007/s13738-
016-0871-5

[31] Bigindli P.: Gazz. Chim. Ital., 1893, 23, 360.

Received: January 29, 2018 / Revised: February 26, 2018 /
Accepted: June 07, 2018

CAJIILNJIOBA KACJIOTA SIK IIPMPOTHUT
I VHIBEPCAJILHUI BIO-KATAJII3ATOP
JUISI OTHOCTAIITHOT O “3EJEHOTO”

CHUHTE3Y Y BICYTHOCTI
PO3YMHHHMKA MOXITHUX 3,4-
JTATTIPOIIPUMIIUH-2-(1H)-OHY/TIOHY

Anomauin. Po3pobneno ooHocmaoivinuil <3eieHuti Menoo»
cuHmesy y 6iOCYymMHOCHIE POYUHHUKA eKONO02IYHO be3neuHux, Oiono-
2iuno axmueHux noxionux 3,4-oucioponipumioun-2-(1H)-onylmiony
3a 0ONOMO20I0 MPUKOMNOHeHMHOI peakyii konoencayii Biocinenni
S-kemoecmepie (memun abo emun ayemoayemam), apoOMamMuyHo20
anvoe2ioy (noxiona benzanvoeudy) i cewosuny abo MioCeuo8UHU 3
BUKOPUCIAHHAM CANIYUI080i KUCIOMU K NPUPOOHO20 MA YHigep-
canvhoeo bio-kamanizamopa. Ilokazano, wo nepesazamu maxozo
CUHmMe3y € NPUPOOHULL, NPOCMULL Y BUKOPUCIIAHHI, <3eleHul» Oio-
Kamanizamop, i1e2kutl npoyec 06pobienHst, BIOCYMHICHb UKIOMUBUX
OP2aHIYHUX PO3UUHHUKIG, BUCOKI GUX00U, OOHOCMAOIUHICTbL Ma
Kopomkuii yac peaxyii. s 00epaicanux npoOyKmie GU3HaA4eHo
memnepamypu monieHHsl i RPO8edeHO YH AMP ananis.

Knrouosi cnoea:. caniyunosa rucioma, npupoonuil 6io-
xkamanizamop, noxioui  3,4-oucioponipumioun-2-(1H)-onylmiony,
peaxyis konoencayii biooicinenni, giocymuicms po3uuHHUKA.



