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Abstract:In this study, a new, easy and high yield procedure is investigated for the generation of pyrazine containing
pyrrolo[2,1-a]isoquinoline derivatives using multicomponent reaction of phthalaldehyde or its derivatives, primary amines, (-
haloalketones, electron deficient acetylenic compounds, ammonium acetate and KF/Clinoptinolite nanoparticles (KF/CP NPs)
as catalyst in water at room temperature. The reactions of 2-hydroxy phthalaldehyde, primary amines, "J-haloketones, electron
deficient acetylenic compounds, and ammonium acetate in the presence of KF/CP NPs as catalyst in water at room temperature
produce pyrazine derivatives in good yields. Also, in this work, antioxidant ability was studied for a number of prepared
compounds employing the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and power of compounds for reducing of
ferric ion experiments and evaluating results with synthetic antioxidants (TBHQ and BHT). Comfortable, simple, fast and fresh
procedure is the advantages of this study.
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Introduction

pyrrolo[2,1-a]isoquinoline moiety also exist natural
products which have been known for a long time. When
the first report of their antitumor activity appeared, the
importance and value of synthesized compounds with
this moiety increased extremely. Among N-bridgehead
heterocyclic compounds Pyrrolo[2,1-a]isoquinolines
whichexist in some of natural products were considered
for their biological activity such as crispine A, with
imperative anticancer ability [16-19]. In recent times
oleracein E [20, 21]and trolline [15] with pyrrolo[2,1-
ajisoquinoline nucleus which were isolated from
traditional ~ Chinese  medicinal  plants  were
investigated.In addition, the important procedure for
synthesis of complex molecules from simple
compounds is multicomponent reactions (MCRs) [22-
27]. This method is very important for medicinal and
synthetic chemists and molecules that are prepared by
this procedure are beautiful [28-30]. Use of eco-
friendly, safe and cheap solvents and reagent in place of
poisonous solvents, employing cheap reagents are the
*Corresponding author:E-mail: m.avarsaji@yahoo.com most attractive procedures for the synthesis of organic

3907

Among the heterocyclic compounds that are shown in
nature, pyrazines are a very important group. These
compounds are also prepared in the laboratory as 1876
[1-3]. Different synthetic procedures have been reported
to generate pyrazine derivatives that have biological
properties [4-9].Another moiety in these synthesized
molecules is Pyrrolo[2,1-a]isoquinoline moieties [10]
that is exist in alkaloid groups, such as erythrina[11]
and lamellarin [12], and in more simple pyrrolo[2,1-
alisoquinoline derivatives [13,14] with diverse
biological activities in all of them. Furthermore, the
value of pyrrolo[2,1-a]isoquinolines is more increased
by their employing as intermediates for the generation
of alkaloids [15] and for this reason, synthesis of these
compounds is very important. The pyrrolo[2,1-a]
isoquinoline derivatives have been generated many
years ago before these compounds were separated as
natural products.
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compounds [31]. The most of methods utilize expensive
organic solvents and catalysts that employ multi- step
synthetic methodologies [32-45]. Recently, there has
been enormous emphasis on the green and sustainable
chemistry, where high importance has given for the
development of novel and eco-friendly methodologies
that can decrease or remove the employ and production
of dangerous industrial wastes. Water is an inexpensive
solvent, is available in considerable levels and can
enhance the rate of oranic reaction even for insoluble
compounds in water. The products can separated from
water media by using filtration. Recently, using KF
(potassium fluoride) supported on zeolites such as
clinoptilolite (CP) and clays as new natural and cheap
solid base source are very interesting [46-54]. The CP
with high internal surface is a natural zeolite. This
zeolite is very interesting and valuable due to ability for
cation exchanging especially for K'.Therefore, in
KF/Clinoptilolite fluoride anions is free and could be
use as an effective base. Also, synthesis of potassium
fluoride/Clinoptilolite (KF/CP) is very easy and simple
and starting materials are used with no any pre-
activation [55-57]. In continuation of our studies for
discovering new methodes for synthesis of important
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heterocyclic organic compounds [58-61], we employ an
effective multi component reaction of phthalaldehydes
1, primary amines with electron withdrawing groups 2,
alkyl bromide 3, activated acetylenic comompouds 4,
ammonium acetate 5and catalytic amounts of KF/CP
NPs in water at room temperature as green procedure
for the preparation of new pyrazinesé with excellent
yields (Scheme 1). Additionally, because of existing
pyrazine and isoquinoline core in these products, the
antioxidant ability of some synthesized compounds
were investigated by performing DPPH (2,2-diphenyl-
1-picrylhydrazyl) radical trapping and reducing power
of ferric ion experiments.

Result and discussion

In this work, synthesis of pyrazines containing
pyrrolo[2,1-a]isoquinolinederivatives in excellent yield
6 are performed using phthalaldehydes 1, primary
amine with electron withdrawing groups 2, alkyl
bromide 3, activated acetylenic comompouds 4,
ammonium acetate 5 and catalytic amounts
ofKF/clinoptilolite nanoparticles as basic catalyst in
water at room temperature (Scheme 1).

o
X'
+ RH,C—NH,
X (6]
1 2 KF/CP NPs(10 mol%)
T H0.t3h R
R"
R
B/ﬁ( N l +  NH40AC
o
CO,R™
3 4 5
6| r R R" X X' X" Yield of % 6
2|CO,Et CO,Et CO,Me Me H Me 0 95
b|cN 4-MeO-C¢H, CO,Me Me H Me NH 92
c|cN 4-Me-C¢H,  co,Me Me H Me NH 90
dlcn 4-Br-CgHy  coMe Me H Me NH 87
€|COsEt 4-NO,-C¢Hy  COMe Me MeO M 0 85
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g [CO,Et CO,Et Me Me H o 90

Scheme 1: Multi component reaction for the generation of pyrazine derivatives of 6

The first step of this research is optimization the
reaction and obtaining the best reaction conditions. For
this purpose, the reaction of 5-methyl phthalaldehyde
la, primary amine 2a, ethyl bromopyruvate 3a,
dimethyl acetylenedicarboxylate 4a and ammonium

acetate 5 was utilized as a model reaction for obtaining
the best conditions (Table 1). These reactions need to
basic condition for carrying out and for this reason did
not performed without base or basic catalyst even after
12 h (entry 1, Table 1). In addition, the reaction mixture
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is very busy in absence of catalyst. For confirmation of
this point, 10 mol% Fe;0.,-MNPs was added in the
reaction mixture. By using this condition after 7 h,
compound 6a was produced in 80% yield (entry 15,
Table 1). For more investigation about catalyst effect,
different catalyst with basic property such as ZnO-
nanorods, CuO-NPs, TiO2-NPs, MesN, Al;Os, EtsN and
KF/CP NPs were utilized in this reaction. Thus, these
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results exhibited the KF/CP NPs is an effective green
catalyst for performing model reaction. Then, for
obtaining the best amounts of catalyst, the model
reaction was done with 10-25 mol% of KF/CP NPs. By
increasing the amount of catalyst from 15 mol% and
temperature to 90 °C wasn’t seen any significant change
in the yield of reaction (entry 2, Table 1).

Table 1.Optimization of catalyst and its amount, and temperature in the formation of 6a

Entry Catalyst Temp.(°C) catalyst Time (h) Yield%*
(mol%)

1 none r.t. - 12 -

2 none 80 - 10 5

3 none 90 - 10 5

4 KF/CP NPs r.t. 10 3 95
5 KF/CP NPs 80 10 3 97
6 KF/CP NPs r.t. 15 3 95
7 KF/CP NPs r.t. 20 3 93
8 Et;N r.t. 10 3 85
9 MesN r.t. 10 3 90
10 AlLO; r.t. 10 7 30
11 ZnO-NR r.t. 10 5 58
12 ZnO-NR 90 15 5 60
13 CuO-NPs r.t. 10 8 38
14 Ti0,-NPs r.t. 10 7 15
15 Fe;04-MNPs r.t. 10 5 80

As expected, in the optimum conditions the yield of
product 6a after 3 h attained in 95% yield (entry4, Table
1). The utilizing of catalytic amounts of KF/CP-NPs in
these reactions is due to increasing the yield of reaction,
be inexpensive, secure than to other catalyst and large
quantity of clinoptilolite (CP). One of property of this
catalyst is trapping the K* ion and therefore the F- ion
act as base successfully. The ZnO-NPs, TiO.-NPs
activity as Lewis base catalyst is lower than F-.
Performing these reactions with triethyl amine as basic

catalyst caused to busy condition and product separation
is not easy. Trimethylamine (TMA) than to
triethylamine is better base and product produced with
high yield in the presence of TMA. In KF/CP NPs, the
F-ion is small, free and act better than to other catalyst.
As well, the effects of some solvents was studied in
model reaction. The results tabulated in Table 2
exhibitted that among the solvents, H,O is the good
media for performing these reaction.

Table 2. Selecting the best temperature and solvent for the preparation of 6a

Entry | Solvent Temp. (°C) Time (h) Yield%*

1 EtOH r.t. 8 ---
2 EtOH 90 8 5

3 CHCl, r.t. 5 75
4 CH,Cl, 40 5 75
5 H:0 r.t. 3 95
6 H,O 80 3 97
7 H,O 90 3 97
8 Solvent-free r.t. 3 85
10 DMf r.t. 10 25
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As shown in the Tables 1 and 2, the best conditions
for the synthesis of pyrazine derivatives is water as
solvent and room temperature in the presence of
catalytic amounts of KF/CP NPs (10 mol%) .The
KF/CP NPs as catalyst was used some times in model
reaction (the synthesis of compound 6a). The outcomes
displayed that this catalyst can be used three times
without significant change in yield of 6a (Table 3).

Table 3. The reusability of KF/CP NPs

Run % Yield?
1t 95
2nd 93
3nd 90
4nd 87

For evaluation of reusability of KF/CP NPs as
catalyst, after completion of reaction, the KF/CP NPs

X R
KF/CP NPs o R’ X xR
1+2 = — "5 _N + Br/ﬁ]/ - — N+ Y
(6] “Z *\)KR
X' X' Br
7 3

X R
KF/CP NPs o + O N ‘
- _ N\)KR
X' B CO,R™
9 4

— g,
CL
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was separated by filteration and cleaned with mixture of
ethanol and water (1:1). After drying the catalyst, it was
used in the modelreaction again. For the confirmation
the structure of synthesized compounds 6,thelR, 'H
NMR, ¥C NMR, and mass spectral data were
employed. For instance, the *H NMR spectrum of 6a
exhibited one singlet at 2.25 ppm for methyl protons
and two singlets at 3.75 and 3.83 ppm for methoxy
protons, two singlets at 7.64 and 7.78 for methin
protons along with signals for aromatic moiety. In the
3C NMR spectrum, the signals corresponding to the
four-carbonyl group of 6a observed at 6161.2, 162.3,
164.7 and 168.2 ppm. The IR spectrum of 6a display
characteristic C=0O bands. Although there isn’t any data
for the details of mechanism, the proposed mechanism
for the reaction is investigated in Scheme 2.

8

X'
-7 "R"

" CoR"

KF/CP NPs

CO,RR"
6a-g
Scheme 2. Suggested mechanism for the generation of 6.

Initially, isoquinoline derivatives 7 [63]produced from
the reaction of phthalaldehyde or its derivatives land
primary amines 2 with withdrawing group in the
presence of KF/Clinoptilolite nanoparticles. Then, a-
haloketone 3 reacts with isoquinoline 7 in the presence
of KF/CP NPs and produce intermediate 9 with
elimination of HBr. Negative charge in intermediate 9
attack to compounds 4 as nucleophile and produce
intermediate  10. By intermolecular cyclization,

elimination of hydrogen and oxidation process of
intermediate 10 produced compoundsl?2. The reaction
of compounds 12 with ammonium acetate 5, generated
imine 13 that NH of imine react with R group and
cyclization are take place and product 6 are produced
(Scheme 2). Green reaction conditions; employing a
small amount of nanocatalyst, high yield, short time of
reaction, and simple work-up, which are in good
agreement with some principles of green chemistry are
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some advantages of our procedure. It should mentioned
the isoquinoline convert to N-oxide in the presence of
air and for this reason yield of reaction was low and
should be used more than other reagent. For this reason,
in this procedure isoquinoline is produced in situe and
used in the reactions. The scanning electron microscopy
images (SEM) Figure 1 and X-ray diffraction patterns
(XRD) Figure 2 used for evaluation and confirmation of
the construction and particle size of potassium
fluoride/Clinoptilolite nanoparticles.

MIRA3 TESCAN|

scanning electron microscopy of
green KF/CP NPs
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Figure 2 The X-ray diffraction spectra image of green KF/CP
nanoparticles
The particles size of KF/Clinoptilolite nanoparticles has
been calculated by the equation of Debye—Scherrer's
(D=K\/Bcosb) [64-64]and attained 35 nm.

By using EDS technique was performed elemental
analysis of the synthesized KF/CP NPs and confirmed
the structure of this catalyst (Figure 3). As shown in
Figure 3, K and F peaks of KF/CP NPs indicate a
successful synthesis. In addition, the presence of carbon
peak in the EDS spectrum confirmed the presence of
organic compounds at the nanoscale.
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T T

Figure 3. EDS image of green KF/CP NPs

The transmission electron microscopy analysis used
for achieving the high quality and apparent size, form
and structural picture of the KF/CP NPs (Figure 4).
TEM image exhibited the size of the synthesized KF/CP
NPs to be less than 40 nm.
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Figure 4. TM image of the green KF/CP NPs

Evalution of antioxidant ability employing diphenyl-
2-picrylhydrazyl (DPPH)

For the confirmation of antioxidant ability or power of
compounds to take free radicals of a number of prepared
pyrazines and confirmation the antioxidant ability of
them in foods and biological structure [66-67],diphenyl-
2-picrylhydrazyl (DPPH) radical trapping experiment is
widely used. In these test, taking one electron or the
hydrogen atom of synthezied compounds was
performed by DPPH radical and basis of free radical
trapping show an valuation of antioxidant capacity. The
antioxidant ability of 6a, 6¢, 6d and 6g was considered
basis of their electron or hydrogen donating power to
the DPPH radical. The absorption of DPPH radical was
seen about 517 nm but absorption of it decreases when
using an one electron or hydrogen from antioxidant or a
radical typs. In this work, the antioxidant ability or
power of compounds 6a, 6¢, 6d and 6g for taking free
radicals was evaluated than to synthesized antioxidant
such as BHT and TBHQ at various concentrations.
Overall, the trapping power of one electron or one
hydrogen by DPPH was obtained
TBHQ~BHT>6¢c>6g>6a>6d respectively (Figure 5).
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Figure 5. scavenging activity of radical by 6a, 6c, 6d and 69

As shown in Figure 5, the new synthesized
compounds in all concentrations have good distinctions
in comparison with BHT and TBHQ. Among selected
synthezied compounds, 6¢ was shown excellent radical
trapping activity than to standards (BHT and TBHQ).

The potential of synthesiaed copmpounds by Ferric
ions (Fe®*") reducing

The ability of reducing ferric ions (Fe®*) by some
synthesized compounds such as 6a, 6¢, 6d and 6g are

calculated by the quantity of Fe**/ferricyanide reduced
to the Fe?*/ ferrous at 700 nm [68].As shown in Figure6,
in this investigation, reducing ability of compound 6c¢
are good in comparison with standard antioxidants such
as BHT and TBHQ. The reducing activity trend of the
samples was as follows: TBHQ>BHT>6¢c>6a>6g>6d. It
shows that the 6¢ had the isoquinoline core with
stronger iron chelating power that lead to more reducing
potential. The results are shown in Figure 6.
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Figure 6. Antioxidant power (FRAP) of compounds 6a, 6¢, 6d and 6g toreducing ferric ions (Fe**)

Conclusion

In conclusion, we studied a convenient, clean, and
environmentally method involving phthalaldehyde or its
derivatives, primary amines, a-haloketones, electron
deficient acetylenic compounds, ammonium acetate and
KF/CP NPs as catalyst in water at room temperature.
The our procedure for synthesis of pyrazine derivatives
has many advantages such as excellent yield, simple,
using low amount of catalyst and short time, mild and
clean reaction. Also, the power of antioxidant for
compounds 6a, 6c, 6d and 6g compounds were
calculated by DPPH radical trapping and ferric reducing
power analyzes. Among them, compound 6¢

demonstrate good DPPH radical trapping and reducing
ability in comparison with standard antioxidants BHT
and TBHQ.

Experimental

KF/CP NPs was synthesized in agreement with
reported in the literature [64, 65].

General procedure for preparation of compounds 6a—k

To a stirred mixture of phthalaldehyde or its
derivatives 1 (2 mmol) and primary amines 2 (2 mmol)
was added alkyl bromide 3 (2 mmol)and KF/CP NPs
(15 mol%) after 30 min at room temperature in water
(5mL). After 20 min activated actylenic compounds 4 (2
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mmol) was added to previous mixture. After 2 h,
ammonium acetate 5 (2 mmol) was added in the
presence of basic catalyst. The reaction is completed
and progress of the reaction is confirmed by TLC.
Finally, the solid residue was collected by filtration and
washed with EtOAc for separation of KF/CP NPs. After
evaporating solvent, the residue was purified by column
chromatography (8:1 hexane/EtOAc) to afforded pure
title compounds.

3-Ethyl1,2-dimethyl8-methyl-5-oxo0-5H-
benzo[g]pyrazino[2,1,6-cd]indolizine-1,2,3-
tricarboxylate (6a):

Pall yellow powder, mp 132-134°C, Yield: 0.78 g
(95%). IR (KBr) (vma/cm™): 1743, 1735, 1698, 1585,
1487, 1293 cm™. 'H NMR (500 MHz, CDCls): 1.25 (3
H, t, %) = 7.4 Hz, CH3), 2.25 (3 H, s, Me), 3.75 (3 H, s,
MeO), 3.83 (3 H, s, MeO), 4.25 (2 H, q, ] = 7.4 Hz,
CH;0), 7.02 (1 H, d, 3] = 7.6 Hz, CH), 7.64 (1 H, s,
CH), 7.78 (1 H, s, CH), 8.03 (1 H, d, 3J = 7.6 Hz, CH)
ppm. ¥C NMR (125.7 MHz, CDCls):14.2 (Me), 21.3
(Me), 51.6 (MeO), 52.3 (MeO), 61.4 (CH;0), 96.3 (C),
107.3 (CH), 108.6 (C), 118.3(C), 126.3 (C), 126.9 (CH),
128.3 (C), 131.4 (CH), 134.5 (CH), 138.2 (C), 1394
(C), 144.2 (C), 151.4 (C), 161.2 (C=0), 162.3 (C=0),
164.7 (C=0), 168.2 (C=0) ppm. MS (EIl, 70 eV): m/z
(%) = 422 (M*, 15), 391(87), 129 (100), 31 (100). Anal.
Calcd for Cx,H1sN20O7 (422.39): C, 62.56; H, 4.30; N,
6.63. Found: C, 62.73; H, 4.42; N, 6.83 %.

Dimethyl5-imino-3-(4-methoxyphenyl)-8-methyl-5H-
benzo[g]pyrazino[2,1,6-cd]indolizine-1,2-dicarboxylate
(6b):

Yellow powder, mp 143-145°C, Yield: 0.79 g (92%).
IR (KBr) (vma/cm™): 1740, 1736, 1696, 1588, 1468,
1295 cm™. *H NMR (500 MHz, CDCls): 2.23 (3 H, s,
Me), 3.78 (3 H, s, MeO), 3.85 (3 H, s, MeO), 3.89 (3 H,
s, MeO), 6.24 (1 H, s, NH), 6.85 (2 H, d, 3] = 7.8 Hz, 2
CH), 7.02 (1 H, d, 3 =7.7 Hz, CH), 7.34 (1 H, s, CH),
7.65 (1 H,s, CH), 7.83 (1 H, d, 3 = 7.6 Hz, CH), 8.08
(2 H, d, 3 = 7.6 Hz, 2 CH), ppm. *C NMR (125.7
MHz, CDCls):21.4 (Me), 51.3 (MeO), 52.4 (MeO), 55.6
(Me0), 92.3 (C), 105.6 (CH), 110.4 (CH), 114.2 (2
CH), 119.3 (C), 125.4 (C), 126.2 (CH), 128.3 (2 CH),
130.2 (C), 131.5 (CH), 132.3 (C), 135.2 (CH), 139.2
(C), 140.4 (C), 141.2 (C), 155.6 (C), 158.6 (C), 161.8
(C=0), 162.6 (C=0), 163.4 (C=0) ppm. MS (EI, 70
eV): m/z (%) = 431 (M, 10), 302 (86), 129 (100), 31
(100). Anal. Calcd. for C2H21N30s (455.46): C, 68.56;
H, 4.65; N, 9.23. Found: C, 68.72; H, 4.83; N, 9.42 %.
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Dimethyl5-imino-3-(4-methylphenyl)-8-methyl-5H-
benzo[g]pyrazino[2,1,6-cd]indolizine-1,2-dicarboxylate
(6¢):

Yellow powder, mp 138-140°C, Yield: 0.77 g (90%).
IR (KBr) (vma/cm™): 1738, 1735, 1695, 1587, 1478,
1290 cm™. *H NMR (500 MHz, CDCls): 2.28 (3 H, s,
Me), 2.52 (3 H, s, Me), 3.75 (3 H, s, MeO), 3.83 (3 H, s,
MeO), 6.32 (1 H, s, NH), 7.15 (1 H, d, 3J = 7.6 Hz, CH),
7.38(2H,d,3)=7.7Hz,2CH),7.42 (1 H, s, CH), 7.68
(LH,s, CH),7.85 (1 H,d 3=7.6Hz CH),825(2H,
d, 8 = 7.6 Hz, 2 CH) ppm. C NMR (125.7 MHz,
CDCls):21.5 (Me), 22.3 (Me), 51.4 (Me0), 52.6 (MeO),
93.4 (C), 105.7 (CH), 110.4 (CH), 119.4 (C), 124.7 (C),
126.3 (CH), 128.7 (2 CH), 129.3 (C), 130.4 (2 CH),
131.2 (CH), 131.8 (C), 132.6 (C), 134.8 (CH), 139.2
(C), 140.6 (C), 141.3 (C), 142.3 (C), 156.2 (C), 162.3
(C=0), 163.6 (C=0) ppm.. MS (El, 70 eV): m/z (%) =
429 (M*, 10), 300 (86), 129 (100), 31 (100). Anal.
Calcd for CosH21N3O4 (439.46): C, 71.06; H, 4.82; N,
9.56. Found: C, 71.23; H, 4.97; N, 9.75 %.

Dimethyl5-imino-3-(4-bromophenyl)-8-methyl-5H-
benzo[g]pyrazino[2,1,6-cd]indolizine-1,2-dicarboxylate
(6d):

Yellow powder, mp 168-171°C, Yield: 0.88 g (87%).
IR (KBr) (vmax/cm™): 1740, 1698, 1574, 1483, 1287 cm"
1 'H NMR (500 MHz, CDCls): 2.42 (3 H, s, CH3), 3.75
(3 H, s, MeO), 3.83 (3 H, s, MeO), 6.48 (1 H, s, NH),
7.16 (1 H, d, 3 =7.6 Hz, CH), 7.36 (1 H, s, CH), 7.54
(LH,s, CH),7.75 (1 H,d, 3 =7.8 Hz, CH), 7.98 (2 H,
d,3J=7.8Hz, 2 CH), 8.06 (2H,d, 3 =7.8Hz 2 CH)
ppm. B¥C NMR (125.7 MHz, CDCls):21.4 (Me), 51.6
(MeO), 52.4 (MeO), 93.4 (C), 105.2 (CH), 110.3 (CH),
119.4 (C), 124.8 (C), 125.3 (C), 126.3 (CH), 129.4 (2
CH), 130.2 (C), 130.8 (CH), 131.7 (2 CH), 132.3 (C),
133.8 (C), 135.6 (CH), 139.2 (C), 139.7 (C), 140.3 (C),
156.2 (C), 161.4 (C=0), 163.7 (C=0) ppm. MS (El, 70
eV): m/z (%) = 505 (M*+2, 10), 503 (M*, 10), 473 (86),
129 (100), 31 (100). Anal. Calcd for CasHisBrNsOs
(504.33): C, 59.54; H, 3.60; N, 8.33. Found: C, 59.75;
H, 3.78; N, 8.56 %.

Dimethyl10-methyl-3-(4-nitrophenyl)-5-oxo-5H-
benzo[g]pyrazino[2,1,6-cd]indolizine-1,2-dicarboxylate
(6e):

Yellow powder, mp 192-194°C, Yield: 0.80 g (85%).
IR (KBr) (vma/cm™): 1742, 1738, 1698, 1593, 1486,
1284 cm™. *H NMR (500 MHz, CDCls): 2.53 (3 H, s,
Me), 3.78 (3 H, s, MeQ), 3.85 (3 H, s, MeO), 7.22 (1 H,
d.3J=7.6 Hz,CH), 753 (1 H, t,% = 7.6 Hz, CH), 7.74
(1H,d, %) =7.6 Hz, CH), 7.85 (1 H, s, CH), 8.14 (2 H,
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d, %) = 7.8 Hz, CH), 8.27 (2 H, d, 3J = 7.8 Hz, 2 CH)
ppm. B¥C NMR (125.7 MHz, CDCl;):21.3 (Me), 51.4
(MeO), 52.6 (MeO), 95.8 (C), 106.3 (C), 108.4 (CH),
117.3 (C), 124.2 (2 CH), 125.3 (CH), 126.7 (CH),
130.4(CH), 131.6 (2 CH), 132.2 (C), 133.6 (C), 1345
(C), 140.3 (C), 141.2 (C), 143.6 (C), 148.3 (C), 155.8
(C), 161.8 (C=0), 162.4 (C=0), 168.4 (C=0) ppm. MS
(El, 70 eV): m/z (%) = 471 (M*, 10), 440 (86), 129
(100), 31 (100). Anal. Calcd for CasH17N3O7 (471.42):
C, 63.69; H, 3.63; N, 8.91. Found: C, 63.84; H, 3.86; N,
9.12 %.

Triethyl10-methyl-5-oxo-5H-benzo[g]pyrazino[2,1,6-
cd]indolizine-1,2,3-tricarboxylate (6f):

Pall yellow powder, mp 135-137°C, Yield: 0.78 g
(89%). IR (KBr) (vma/cm): 1743, 1735, 1698, 1585,
1487, 1293 cm™. 'H NMR (500 MHz, CDCls): 1.28 (3
H, t, %) = 7.4 Hz, CH3), 1.32 (3 H, t, 3J = 7.4 Hz, CHs),
1.38 (3 H, t, 8 = 7.4 Hz, CH3), 2.45 (3 H, s, Me), 4.22
(2H,q,% =7.4Hz CH0), 435 (2 H, q,3) = 7.4 Hz,
CH;0), 4.42 (2 H, q, 3J = 7.4 Hz, CH;0), 7.23 (1 H, d,
8J=7.6Hz,CH), 7.45(1 H,t,3=7.6Hz, CH), 7.75 (1
H, d, 3J = 7.6 Hz, CH), 7.84 (1 H, s, CH) ppm. C
NMR (125.7 MHz, CDCl5):13.8 (Me), 14.1 (Me), 14.8
(Me), 21.6 (Me), 61.5 (CH0), 62.0 (CH.0), 62.8
(CH20), 96.5 (C), 107.6 (CH), 108.2 (C), 118.5 (C),
125.3 (CH), 126.5 (CH), 128.5 (C), 131.7 (CH), 132.3
(C), 134.8 (C), 139.5 (C), 144.3 (C), 151.7 (C), 161.3
(C=0), 162.5 (C=0), 163.8 (C=0), 169.4 (C=0) ppm.
MS (El, 70 eV): m/z (%) = 450 (M*, 15), 405 (84), 129
(100), 31 (100). Anal. Calcd for Ca4H22N207 (450.44):
C, 63.99; H, 4.92; N, 6.22. Found: C, 64.16; H, 5.12; N,
6.43 %.

3-Ethyl1-methyl-10-methyl- 5-ox0-5H-benzo[g]pyrazino
[2,1,6-cd]indolizine-1,3-dicarboxylate (6g):

Yellow powder, mp 123-125°C, Yield: 0.66 g (90%).
IR (KBr) (vma/cm™): 1740, 1738, 1693, 1587, 1485,
1282 cm™. *H NMR (500 MHz, CDCls): 1.32 (3 H, t, 3]
= 7.4 Hz, CHs), 2.47 (3 H, s, Me), 3.85 (3 H, s, MeO),
4.25((2H,q,% =74Hz, CH0),7.18 (1 H,d, *1 =76
Hz, CH), 7.46 (1 H, t, % = 7.6 Hz, CH), 7.68 (1 H, d, 3J
= 7.6 Hz, CH), 7.76 (1 H, s, CH), 7.85 (1 H, s, CH)
ppm. ¥C NMR (125.7 MHz, CDCls3):13.8 (Me), 21.2
(Me), 51.2 (MeO), 61.4 (CH:20), 90.4 (C), 107.4 (CH),
109.3 (CH), 117.2 (C), 118.3 (C), 125.8 (CH), 126.8
(CH), 131.6 (CH), 132.2 (C), 133.6 (C), 139.5 (C),
143.4 (C), 149.3 (C), 161.2 (C=0), 165.5 (C=0), 168.3
(C=0) ppm. MS (EI, 70 eV): m/z (%) = 364 (M*, 15),
319 (64), 129 (100), 45 (100). Anal. Calcd for
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Ca0H16N20s (364.35): C, 65.93; H, 4.43; N, 7.69.
Found: C, 66.14; H, 4.64; N, 7.85 %.

Radical scavenging experiment by DPPH for
investigation of antioxidant activity

By employing of DPPH (2,2-Diphenyl-1-
picrylhydrazyl) radical trapping experiment, antioxidant
activity of some synthesized compounds 6a, 6c, 6d and
6g was measured [67].In this experiment different
concentrations of 6a, 6¢, 6d and 6g (200-1000 ppm)
were added to a same volume of methanolic solution of
DPPH (1 mM) and the mixtures were mixed and then
put in a dark room. The maximum absorbance of the
mixture was 517 nm after 30 min at room temperature.
The synthesized compounds 6a, 6¢, 6d and 6g was
exchanged with 3 ml methanol in the control sample
and butylated hydroxytoluene (BHT) and 2-tert-
butylhydroquinone (TBHQ) were used as standard
controls. The DPPH performance is calculated by the
following formula [69].

I = [(AB-AS)/AB] x 100
Where, I=DPPH inhibition (%), AB=absorbance of
control sample (0 min) and AS=absorbance of an
examined sample at the end of the reaction (after 30
min).

The power of reducing experiment

By the procedure of Yildirim et. al. [68],the power of
6a, 6¢, 6d and 6g to reduce iron (111) was measured. The
compounds 6a, 6¢c, 6d and 6g (1 ml) were combined
with 2.5 ml of potassium ferricyanide (KsFe(CN)s; 10
g/L) and 2.5 ml of phosphate buffer (0.2 M, pH 6.6) and
stirred for 30 min at 50 °C. Then, 2.5 mL of
trichloroacetic acid (10 % w/v) were added to the
previous mixture and centrifuged for 10 min. Finally,
supernatant (2.5 mL) and 0.5 ml FeCl; (1 g/L) was
combined together in 2.5 ml of distilled water. The
absorbance of samples was measured at 700 nm and
higher absorbance attributed to higher reducing power.

Acknowledgement

We gratefully acknowledge for supporting from the
Islamic Azad University of Qaemshahr.

Referenes

[1] Baldwin, M.V.; Sonia, D.A.; Sindhu, T. J.; Meena,
C.; Bhat, A.R.; Krishnakumar, K.; World J. Pharm.
Pharm. Sci. 2013, 3, 1124.

[2] Dubuisson, M. L.N.; Rees, J. F.; Marchand-
Brynaert, J. J. Mini Rev. Med. Chem. 2004, 4, 159.

[3] Higasio, Y.S.; Takayuki, S. Appl. Catal. A. Gen.
2001, 221, 197.

3914



Iranian Journal of Organic Chemistry Vol. 16, No. 4(2024) 3907-3917

[4] Ales, L.; Slovenko, P.; Jarmila, V.; Marijan, K,
Josef, J.; Zuzana, R.; Jarmila, K. Bioorg. Med. Chem.
Lett. 2007,15, 2551.

[5] Dharmarajan, S.; Perumal, Y.; Sushma, P. R,
Bioorg. Med. Chem. Lett. 2006, 16, 2113.

[6] Fatima, M. F. V.; Camilo, H. S.L.; Mariadas, G. M.
H.; Andre, L.P.C.; Maria, C.S.L.; Marcelle de, L.F,;
Carlos, R. K.; Marcus, V.N.S. Eur. J .Med. Chem.2009,
44, 4954,

[7] Mohamed, A. A.; Hamdy, M. A. R. Eur. J. Med.
Chem. 2008, 45, 3384.

[8] Dawidowski, M.; Herold, F.; Chodkowski, A.;
Kleps, J.; Szulczyk, P.; Wilczek, M. Eur. J. Med. Chem.
2011, 46, 4859.

[9] Dawidowski, M.; Herold, F.; Chodkowski, A.;
Kleps, J. Eur. J. Med. Chem. 2012, 48, 347.

[10] (a) Mikhailovskii, A. G.; Shklyaev, V. S. Chem.
Heterocycl. Compd. 1997, 33, 243. For some recent
examples of synthesis of this system, see: (b) Adams,
H.; Elsunaki, T. M.; Ojea-Jim_enez, I.; Jones, S.;
Meijer, A. J. H. M. J. Org. Chem.2010, 75, 6252. (c)
Voskressensky, L. G.; Listratova, A. V.; Bolshov, A.
V.; Bizhko, O. V.; Borisova, T. N.; Varlamov, A. V.
Tetrahedron Lett.2010, 51, 840. (d) Basavaiah, D.;
Devendar, B.; Lenin, D. V.; Satyanarayana, T. Synlett,
2009, 411. (e) Kianmehr, E.; Estiri, H.; Bahreman, A. J.
Heterocycl. Chem.2009, 46, 1203. (f) Verma, A. K;;
Kesharwani, T.; Singh, J.; Tandon, V.; Larock, R. C.
Angew. Chem., Int. Ed.2009, 48, 1138. (g) Yavari, |;
Piltan, M.; Moradi, L. Tetrahedron, 2009, 65, 2067. For
recent examples of erythrina alkaloids, see:(h) Tietze, L.
F.; T€olle, N.; Kratzert, D.; Stalke, D. Org. Lett.2009,
11, 5230. (i) Zhang, F.; Simpkins, N. S.; Blake, A. J.
Org. Biomol. Chem.2009, 7, 1963. (j) Liang, J.; Chen,
J.; Liu, J; Li, L.; Zhang, H. Chem. Commun.2010, 46,
3666.

[11] (a) Dyke, S. F.; Quessy, S. N. In The Alkaloids;
Rodrigo, R. G. A., Ed.; Academic Press: New York,
1981; Vol. 18, p 1. (b) Ozawa, M.; Kawamata, S.; Etoh,
T.; Hayashi, M.; Komiyama, K.; Kishida, A.; Kuroda,
C.; Ohsaki, A. Chem. Pharm. Bull.2010, 58, 1119.

[12] (a) Baunbzk, D.; Trinkler, N.; Ferandin, Y.
Lozach, O.; Ploypradith, P.; Rucirawat, S.; Ishibashi, F.;
Iwao, M.; Meijer, L. Mar. Drugs 2008, 6, 514. (b) Shen,
L.; Yan, X.; Yang, B.; He, Q.; Hu, Y. Eur. J. Med.
Chem.2010, 45, 11.

[13] (a) Keith, J. M.; Gomez, L. A.; Barbier, A. J,;
Wilson, S. J.; Boggs, J. D.; Lord, B.; Mazur, C,;
Aluisio, L.; Lovenberg, T. W.; Carruthers, N. I. Bioorg.
Med. Chem. Lett. 2007, 17, 4374. (b) Keith, J. M;
Gomez, L. A.; Wolin, R. L.; Barbier, A. J.; Wilson, S.

M. Avarsaji et. al.

J.; Boggs, J. D.; Mazurt, C.; Fraser, I. C.; Lord, B;
Aluisio, L.; Lovenberg, T. W.; Carruthers, N. I. Bioorg.
Med. Chem. Lett. 2007, 17, 2603.(c) Apodaca, R.;
Barbier, A. J.; Carruthers, N. I.; Gomez, L. A.; Keith, J.
M.; Lovenberg, T. W.; Wolin, R. L. PCT Int. Appl.2006
WO 2006138604; Chem. Abstr.2006,146, 100661. (d)
Vennemann, M.; Baer, T.; Braunger, J.; Gekeler, V.;
Gimmnich, P.; Ciapetti, P.; Contreras, J.; Wermuth, C.
G. PCT Int. Appl. 2006 WO 2006075012; Chem.
Abstr.2006, 145, 167105.

[14] (a)Niewoehner, U.; Bauser, M.; Ergueden, J.;
Flubacher, D.; Naab, P.; Repp, T.; Stoltefuss, J.;
Burkhardt, N.; Sewing, A.; Schauer, M.; Schlemmer,
K.; Weber, O.; Boyer, S.; Miglarese, M.; Ying, S. PCT
Int. Appl.2003 WO 2003014115; Chem. Abstr.2003,
138, 187650. (b) Ashton, M. J.; Dron,D. I.; Fenton, G.;
Lythgoe, D. J.; Newton, C. G.; Riddell, D. Eur. Pat.
Appl. 1989 EP 3003446.

[15] Zhang, Q.; Tu, G.; Zhao, Y.; Cheng, T.
Tetrahedron, 2002, 58, 6795.

[16] Yioti, E.G.; Mati, I.K.; Arvanitidis, A.G.; Massen,
Z.S.; Alexandraki, E.S.; Gallos, J.K. Synthesis, 2011,
142.

[17] Agarwal, S.; Kataeva, O.; Schmidt, U.; Kndlker,
H.-J. RSC Adv. 2013, 3, 1089.

[18] Meyer, N.; Opatz, T. Eur. J. Org. Chem. 2006, 17,
3997.

[19] Opatz, T. Synthesis 2009, 1941.

[20] Xiang, L.; Xing, D.; Wang, W.; Wang, R.; Ding,
Y.; Du, L. Phytochemistry 2005, 66, 2595.

[21] Yang, Z.; Liu, C.; Xiang, L.; Zheng, Y. Phytother.
Res. 2009, 23, 1032.

[22] Wang, R. F.; Yang, X.W.; Ma, C.M.; Cai, S.Q.; Li,
J.N. Shoyama, Y. Heterocycles 2004, 63, 1443.

[23] Domling, A. Chem. Rev. 2006, 106, 17.

[24] Tietze, L. F.; Rackelmann, N. N. Pure. Appl.
Chem.2004, 11, 1967.

[25] Domling, A.; Ugi, I. Angew. Chem. Int. Ed.2000,
39, 3168.

[26] Kolb, J.; Beck, B.; Almstetter, M.; Heck, S.;
Herdtweck, E.; Domling, A. Mol. Divers. 2003, 6, 297.
[27] Domling, A.; Ugi, I.; Werner, B. Molecules, 2003,
8, 53.

[28] Bon, R. S.; Vliet, B. V.; Sprenkels, N. E.; Schmitz,
R. F.; Kanter, F. J. J.; Stevens, C. V.; Swart, M.;
Bickelhaupt, F. M.; Groen, M. B.; Orru, R. V. J. Org.
Chem. 2005, 70, 3542.

[29] Banfi, L.; Basso, A.; Guanti, G.; Kielland, N.;
Repeto, C.; Riva, R.J. Org. Chem.2007, 72, 2151.

[30] Galliford, C. V.; Scheidt, K. A. J. Org. Chem.2007,
72, 1811.

3915



Iranian Journal of Organic Chemistry Vol. 16, No. 4(2024) 3907-3917

[31] Erdmenger, T.; Guerrero-Sanchez, C.; Vitz, J.;
Hoogenboom, R.; Schubert, U. S.Chem. Soc. Rev.2010,
39, 3317.

[32] Plieninger, H.; Wild, D. Chem. Ber.1966, 99, 3070.
[33] Sakan, T.; Matsubara, S.; Takagi, H.; Tokunaga,
Y.; Miwa, T. Tetrahedron Lett.1968, 4925.

[34] Schroeter, G.; Gluschke, A.; Geotzky, S.; Huang,
J.; Irmisch, G.; Laves, E.; Schrader, O.; Stier, G. Ber.
Dtsch. Chem. Ges.1930, 63, 1308.

[35] (a) Briggs, L. H.; De Ath, G. C. J. Chem. Soc.1937,
456; (b) Richard, R. W.; Smith, R. M. Tetrahedron
Lett.1966, 7, 2361; (c) Booker-Milburn, K. I.; Dunkin,
I. R.; Kelly, F. C.; Khalaf, A. I.; Learmonth, D. A.;
Proctor, G. R.; Scopes, D. I. C. J. Chem. Soc., Perkin
Trans. 1.1997, 3261.

[36] (a) Cromarty, A.; Proctor, G. R. J. Chem. Soc.,
Chem. Commun.1968, 842; (b) Cromarty, A.; Hque, K.
E.; Proctor, G. R. J. Chem. Soc. 1971, 3536.

[37] Sato, Y.; Kojima, H.; Shirai, H. J. Org. Chem.
1976, 41, 195.

[38] Quadir, M.; Priestley, R. E.; Rising, T. W. D. F,;
Gelbrich, T.; Coles, S. J.; Hursthouse, M. B.; Sheldrake,
P. W.; Whittall, N.; Hii, K. K. Tetrahedron Lett.2003,
44, 3675.

[39] Dyker, G.; Markwitz, H. Synthesis 1998, 1750.
[40] Martinez-Estibalez, U.; Sotomayor, N.; Lete, E.
Tetrahedron Lett.2007, 48, 2919.

[41] (a) Suzuki, A.; Brown, H. C.. In Organic Synthesis
via Boranes; Aldrich Chemical Company, Inc.:
Milwaukee, USA, 2003; Vol. 3; for selected reviews on
SM crosscoupling (b) Miyaura, N.; Suzuki, A. Chem.
Rev. 1995, 95, 2457; (c¢) Kotha, S.; Lahiri, K;
Kashinath, D. Tetrahedron, 2002, 58, 9633; (d)
Moreno-Manas, M.; Pleixats, R.; Sebastian, R. M.;
Vallribera, A.; Roglans, A. J. Organomet. Chem.2004,
689, 3669; (e) Nicolaou, K. C.; Bulger, P. G.; Sarlah, D.
Angew. Chem. 2005, 117, 4516 (f) Kotha, S.; Lahiri, K.
Eur. J. Org. Chem. 2007, 1221; (g) Kotha, S,
Chakraborty, K.; Brahmachary, E. Synlett, 1999, 1621.
[42] (@) Trybulski, E. J.; Reeder, E.; Blount, J. F,;
Walser, A.; Fryer, R. I. J. Org. Chem.1982, 47, 2441,
(b) Jenny-Lee, P.; Pathak, R.; De Koning, C. B.; Van
Otterlo, W. A. L. Eur. J. Org. Chem. 2007, 4953.

[43] Kasparek, S. Adv. Heterocycl. Chem. 1974, 17, 45.
[44] Gschwend, H. U.S. Patent 3,947,585, Mar 30,
1976.

[45] Eugene, J. T.; Earl, R.; John, F. B.; Armin, W.; lan
Fryer, R. J. Org. Chem.1982, 47, 2441.

[46] (a) Mukesh, D.; Anil Kumar, K. Green Chemistry
and Engineering; Elsevier Academic Press: Oxford,
2007; (b) Anastas, P. T.; Lankey, R. L. ACS Symp.

M. Avarsaji et. al.

Series 2002, 823, 1; (c) Anastas, P. T.; Williamson, T.
C. Green Chemistry: Frontiers in Benign Chemical
Syntheses and Processes; Oxford University Press:
Oxford, 1998; (d) Clark, J. H.; Macquarrie, D. J.
Handbook of Green Chemistry and Technology;
Blackwell: Oxford, 2002.

[47] a) Khalilzadeh, M. A.; Hosseini, A.; Pilevar,
A.Eur. J. Org. Chem. 2011, 8, 1587; b) Salmanpour, S.;
Khalilzadeh, M. A.; Hosseini, A. Comb Chem High
Throughput Scr. 2013, 16, 339; ¢) Khalilzadeh, M. A.;
Keipour, H.; Hosseini, A.; Zareyee, D. New J. Chem.
2014, 38, 42; d) Hallajian, S.; Khalilzadeh, M. A.;
Tajbakhsh, M.; Alipour, E.; Safaei, Z. Comb. Chem.
High Throughput Scr.2015, 18(5), 486.

[48] Xie, W. L.; Huang, X. M. Catal. Lett. 2006, 107,
53.

[49] Gao, L. J.; Teng, G. Y.; Lv, J. H.; Xiao, G. M.
Energy Fuels, 2010, 24, 646.

[50] Hu, S.; Guan, Y.; Wang, Y.; Han, H. Appl. Energy
2011, 88, 2685.

[51] Ando, T.; Yamawaki, J. Chem. Lett. 1979, 1, 45
[52] zZhu, J. H.; Chun, Y.; Qin, Y.; Xu, Q. H Micropor.
Mesopor. Mat. 1998, 24, 19.

[53] Asseid, F. M.; Duke, C.V.A.; Miller, J.M.A. Can.
J. Chem.1990, 68, 1420.

[54] Zahouily, M.; Bahlaouane, B.; Aadil, M.; Rayadh,
A.; Sebti, S. Org. Process Res, Dev. 2004, 8, 275.

[55] Gao, L.; Teng, G.; Xiao, G.; Wei, R. Biomass
Bioenergy 2010, 34, 1283.

[56] Smith, J.VV. Chem. Rev. 1998, 88, 149.

[57] Ames, L.L. Am. Mineral, 1960, 45, 689

[58] (a) I. Yavari, M. Sabbaghan, Z. S. Hossaini,
Synlett, 2008, 1153; (b) Rostami-Charati, F.; Hossaini,
Z. S.; Sheikholeslami-Farahani, F.; Azizi, Z.; Siadati, S.
A.; Comb. Chem. High Troughput Scr. 2015, 18, 872;
(c) Asadi-Ojaee, S. S.; Mirabi, A.; Shokuhi Rad, A
Movaghgharnezhad, Sh.; Hallajian, S. J. Mol. Lig.2019,
295, 111723; (d) Shokuhi Rad, A.; Samipour, V.;
Movaghgharnezhad, Sh.; Mirabi, A.; Shahavie, M. H.;
Kamyab Moghadasf, B. Surfaces and Interfaces, 2019,
15, 30. (e) Movaghgharnezhad, Sh.; Mirabi, A. Int. J.
Electrochem. Sci. 2019, 14, 10956. (f) Hossaini, Z. S;
Zareyee, D.; Sheikholeslami-Farahani, F.; Vaseghi, S.;
Zamani, A. Heteroatom Chem. 2017, 28, e21362.

[59] Rostami-charati, F.; Hossaini, Z. S.; Zareyee, D.;
Afrashteh,S.; Hosseinzadeh, M. J. Heteroc. Chem.,
2017, 54, 1937.

[60] Rostami-Charati, F.; Hossaini, Z. S.; Rostamian,
R.; Zamani, A.; Abdoli, M. Chem. Heteroc. Comp.,
2017, 53, 480.

3916


http://www.ncbi.nlm.nih.gov/pubmed/25910084
http://www.ncbi.nlm.nih.gov/pubmed/25910084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hallajian%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25910084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khalilzadeh%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=25910084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tajbakhsh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25910084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alipour%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25910084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Safaei%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=25910084
http://www.ncbi.nlm.nih.gov/pubmed/25910084
http://www.ncbi.nlm.nih.gov/pubmed/25910084

Iranian Journal of Organic Chemistry Vol. 16, No. 4(2024) 3907-3917 M. Avarsaji et. al.

[61] (a) Rezayati, S.; Sheikholeslami-Farahani, F.;
Hossaini, Z. S.; Hajinasiri, R.; Afshari Sharif Abad,
Comb. Chem. High Throughput Scr. 2016, 9, 720.(b)
Rostami-Charati, F.; Hossaini, Z. S.; Khalilzadeh, M.
A.; Jafaryan, H. J. Heterocycl. Chem.2012, 49, 217. (c)
Rostami-Charati, F.; Hossaini, Z. S.; Hosseini-
Tabatabaei, M. R. Phosph. Sulf. Sil. Relat. Elem.2011,
186, 1443.

[62] (a) Rostami-Charati, F.; Hossaini, Z. S,
Sheikholeslami-Farahani, F.; Azizi, Z.; Siadati, S. A.
Comb. Chem. High Throughput Scr. 2015, 18, 872. (b)
Yavari, I.; Nematpour, M.; Hossaini, Z. S. Monatsh.
Chem.2010, 141, 229. (¢) Yavari, l.; Hossaini, Z. S.;
Souri, S.; Seyfi, S. Mol. divers. 2009, 13, 439.

[63] Ameur Meziane, M.; Royer, S.; Bazureau, J. P.
Tetrahedron Lett. 2001, 42, 1017

[64] Sajjadi-Ghotbabadi, H.; Javanshir, Sh.; Rostami-
Charati,F.; Catal. Lett. 2016, 146, 338.

[65] a) M. A. Khalilzadeh, A. Hosseini, A. Pilevar, Eur.
J. Org. Chem. 2011, 8, 1587; b) M. A. Khalilzadeh, H.
Keipour, A. Hosseini, D. Zareyee, New J. Chem. 2014,
38, 42.

[66] Bidchol, A. M.; Wilfred, A.; Abhijna, P.; Harish,
R. Food Bioprocess Tech. 2011, 4, 1137.

[67] Shimada, K.; Fujikawa, K.; Yahara, K.; Nakamura,
T. J. Agric. Food Chem.1992, 40, 945.

[68] A. Yildirim, A. Mavi, A. A. Kara, J. Agric. Food
Chem. 2001, 49, 4083.

[69] Yen, G. C.; Duh, P. D. J. Agric. Food Chem.1994,
42, 629.

3917



