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MHz): 21.87, 55.29, 113.72, 127.8, 128.47,
131.24,131.78, 131.89, 139.47, 140.04, 141.03,
152.12, 152.82, 160.09 ppm; MS (70 ev), m/e:
356/ M'].

7o, Jgu

m.p. = 192-194°C; 'H NMR (CDCls, TMS, 250
MHz): 6 3.85 (s, 6H); 6.92 (d, J= 8 Hz, 4H);
7.53-7.58 (m, 4H), 8.2 (d, J=9.25 Hz, 1H), 8.46
(d, J=9.25Hz, 1H), 9.01(s, IH) ppm, 3C NMR
(CDCl;, TMS, 125 MHz): 55.36, 113.96,
122.87, 125.39, 1304, 130.62, 131.32, 131.48,
144, 147, 155.18, 155.76, 160.98 ppm; MS (70
ev), m/e: 387 [ M'].

y-Fe:0s@saffron 5305 4L o Lol

V- 9 olaey 9-Fe0s A «ldgl FTIR b
Ll 00l 00ly Hlas ¥ S o FexOs@saffron
olils,l & bewe gbyes p-Fe0s (a) b o
Sy s 0dud OFY o FEY cm 4 sl o Fe-O aisS
Gladisn Jolis (B) olyae; 5o Jyore o2t i)
2l oo VOFO 9 VFFe em odgame ;0 C=C 3 C=0
Sl YE- YOV em! asl o JeuS g0 e il
- y95:068 FTIR b aglie 005 o
CajgmelS LS5 oyl yae s 99-Fe20s L Fe:Os@saffron
2% 3 gs Gl (2954 e (il Dl L abog e
wFe-0 axs slaail p-Fe:Os@saffron (c) b
2 C=C 4 C=0 olils)) 4 £V ¢ $AY em™! >l
S99 Luimed Sgd oo 03 VFAA 9 VOVE cm! sg0>
et Slals )l YA g YNV em o oS 0 ey
5 LSy ol jpax 0gd e ool Cus Fe-O-C
gl 55y 2 Ol &S 005 Lo (o plral> (5)lade
olin b olie; all ool @by )13 ubliis
srog,S  als el p-Fer0;  oldel mlaw
Sladllas golis a5 conl oals p-Fe205 mhaw JouS's joun
S ool ) L3

L STy @b pion g b ools j13 03Y Do a4y cwebline
Sy (Sly b JolS 1 e eSS TLC
oo o bl 5l (g pin jlade 10,5 a8lal b sl Cawas
sy 5o GiiSly bolse 5, b y-Fe:Os@saffron
S50 Jyame juier w3 5l ()5 enblise place
e 3,5 355 Iyl Jolons (s 3 Lolis |l
Loy olen (ol oV 5 ) (Sl L a5 Joame
sl & Sl gy Pl b limio 35 5layS
Y game 5l G yo glolid ol las (F 4 ) -) ol
plxsl MS s "CNMR  'HNMR slacils 3| sslial L

IRy
b ooty

Vo) Jeu

m.p. = 123—-125 °C; '"H NMR (CDCl;, TMS, 500
MHz): 8 7.3 (m, 6H); 7.52 (d, 4H, J=7.35 Hz );
7.76 (dd, 2H, J = 3.3 Hz, J = 3.45 Hz) 8.19 (dd,
2H, J=3.3 Hz, J = 3.45 Hz), ppm; °C NMR
(CDCls, TMS, 125 MHz): 128.27, 128.8,
129.26, 129.88, 129.93, 139.18, 141.29, 153.5
ppm; MS (70 ev), m/e: 282 [M'].

Vs, d Jyuo

M.p. = 118-120°C,; '"H NMR (CDCls;, TMS, 250
MHz):62.6 (s, 3H); 7.32 (m, 6H); 7.52 (m, 4H);
7.57 (d, J=8.75 Hz, 1H), 7.96 (s, 1H), 8.05 (d,
J=8.5 Hz, I1H), ppm; *C NMR (CDCl;, TMS,
62.9 MHz): 21.94, 127.06, 128.24, 128.64,
128.71,129.86, 132.30, 139.24, 139.72, 140.47,
141.30, 152.56, 153.31ppm; MS (70 ev), m/e:
296 [ M].

O sy Jgux

m.p. = 125-127°C: 'H NMR (CDCl;, TMS, 250
MHz): 5 2.59 (s, 3H); 3.82 (s, 6H); 6.85 (d
J=8.75 Hz, 4H); 7.46 (d, J=8.5 Hz, 4H); 7.53
(d J=85 Hz, 1H); 7.9 (s, IH), 8.00 (d, J=8.5
Hz, 1H) ppm; °C NMR (CDCl;, TMS, 62.9
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Row Diamine R; 1,2-diketon R> R and R; products Time (min) Isolated yield (%)
1 H H H H 10 96
2 CH; H CH;, H 3 95
3 NO: H NO>, H 45 71
4 H OCHj; CHs, OCH; 30 90
5 CH; OCHj; CHs, OCH; 35 93

6 NO: OCH;3 NO:, OCH3 120 66
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The reaction was run at 60 °C, with molar ratio of 1,2-dicarbonyl to 1,2-diamine 0.2:0.25 in 0.5 ml ethanol in presence of
0.004 g catalyst. All product characterized with spectral data analysis.
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Fig. 10. XRD pattern of recycled catalyst in the
reaction of o-phenylenediamine and 4,4-dimethoxy
benzil in ethanol

30 Sy paadlSo (a8 5 O g0 Dlaslie 4 4z g5 b

ol el 0 olgitig V) S 0 g5l e
b Sy Sl pudy) dl S (g @ 55U
GRIBIL G 9 99800 S92, 60 <5 5 )3 GieS]
@1y il o152y oS laeg S cundad

il awlgx JLss

Ph +
NH M
L N0 Lm0 N
N Ay : J . N
) W /
NH, o/ 07 MNP@Saffron N ph
Acidic catalyst
Gl 133065

LSl (pdaS 3w 50 (o0 leiuinn oS0 1Y ST

y-Fe:05@saffron ;93305 ¢l jga> j0
Fig. 11. Plausible mechanism in the synthesis of
quinoxalines in presence of y-Fe:0s@saffron

5y el S5l Gy bazmo b by, ool onlple
5 5950bL sazme oolitul el Jdo xie oFas
ey ol bl 8 el canlie Layss 5l ool

SNgams gy ol 53 5 Sl ) b 435 ) 53
il glul 4y g oael caway Y oo3L b o JLST 568
195061 suze eolaiul Sl dslsl jo asal el
-Oleidogiygl (oS15 STy gslate (s W3S (o) 2
55 55 S5l Pl 53 e S saso o 5 ruolis
8 asdlas 5,40 -Fe205@saffron jga> ,o ¢ 5+°C
S e bl STy b JelS ) e 2,8
Slomt 5 5y STy Jslone 5 00 (2 )1 lyial
waile Bl ¥game Bim g5 o5lolax
0313 gt b ooz liwl Lol b Jgbl b ,s5JGlS
Gon sl iiSTy gl 5w ,F Sas W o g oud
5 Jgame 03l Ol m) 85 )18 eolaul 550 0)lgo
eapoplis o g oSy S Sl b 25l ol
8IS g 50 5B sams oolisi 5 3l i
(A JS2) wdlise o (6950l codlad o

00+ 9 9 90 90 90

80 -
X
PR
S D 60
£7%
2 40
6 X

20

0

1 2 3 4 5
Run
g0 oluwy

STy STy 50 (6595l s (U 3LA JSS

JoU1 0 o o oS g0 g-FF g (ol (60 plid- 9,5/
Fig. 9. Reusability of the catalytic system in the
reaction of o-phenylenediamine and 4,4-dimethoxy
benzile in ethanol

(iSly 50 59565 (gyll (s S izen
ol Sy 5 s il 555068 XRD (5550
Ol 1y 595dBl jlsle bad> g g lul (95 4 a5 0

(e JSs) ol



YAV Okl 5 5l gl oylei cr..:;.fa.\.lq-cQ\jé.C«j o iags a4 25 VY

Sbocawgs Pla lae a4 Joibl 5l oolaiwl .ol solazul
3 el slp 1y Ggy oml 09506 9l 51 sasee oolasil

G?'.:,.\S
0)9).: u-" )‘ wLo} J.J.A) ReT oy oKty ‘sau.bsj.’ 0)9> )l
Ded on S0,08 5 ST

Ali, MM., Ismail, MM.F., El-Gaby, M.S.A.,
Zahran, M. A., and Ammar, Y.A., 2000.
Synthesis and antimicrobial activities of

some novel quinoxalinone derivatives.
Molecules. 5(6), 864-873.

Arabpoor, Z., and Shaterian, H.R., 2016. -
Leucine supported on superparamagnetic
silica-encapsulated y-Fe>Osz nanoparticles:
design, characterization, and application
as a green catalyst for highly efficient
synthesis  of thiazoloquinolines. RSC
Advances. 6(50), 44459—44468.

Azizi, K., and Heydari, A., 2014. Vitamin B,
supported on silica-encapsulated y-Fe;Os
nanoparticles: design, characterization
and application as a greener biocatalyst for
highly efficient acylation. RSC Advances.
4(17), 8812-8816.

Azizi, K., Karimi, M., Shaterian, H.R., and
Heydari, A., 2014. Ultrasound irradiation
for the green synthesis of chromenes using
L-arginine-functionalized magnetic
nanoparticles as a recyclable
organocatalyst. RSC Advances. 4(79),
42220-42225.

Bathaie, S.Z., Bolhasani, A., Hoshyar, R.,
Ranjbar, B., Sabouni, F., and Moosavi-
Movahedi, A.A., 2007. Interaction of
saffron  carotenoids as  anticancer
compounds with ctDNA, Oligo (dG. dC) 15,
and Oligo (dA. dT) 15. DNA and Cell
Biology. 26(8), 533—540.

Clark, JH., Budarin, V., Deswarte, F.E.L,
Hardy, JJ.E., Kerton, F.M., Hunt, A.J.,
Luque, R.,Macquarrie, D.J., Milkowski, K.,
Rodriguez, A., Samuel, O., Tavener, S.J.,
White, R.J., and Wilson, A.J., 2006. Green

i e jo STy ploxl Wb ool ol e 4y oSS
WS o pdy Sl 1

S S dzS
S35l 9, 2 seelouddoe ok lyhe; (gaiod ol o
ey 695065 Ol 5 St ColeRe cunblise
2 ST (555 Slitine adgi (6lp wazr anbliae
ledun; 5 b e (59,5 @2l L 5]

&bw

chemistry and the Dbiorefinery: a
partnership for a sustainable future. Green
Chemistry. 8(10), 853-860.

Crossley, M.J., and Johnston, L.A., 2002.
Laterally-extended  porphyrin  systems
incorporating a switchable unit. Chemical
Communication. (10), 1122—1123.

Dailey, S., Feast, W.J., Peace, R.J., Sage, I.C.,
Till, S., and Wood, E.L., 2001. Synthesis
and device characterisation of side-chain
polymer electron transport materials for

organic  semiconductor  applications.
Journal of Materials Chemistry. 11(9),
2238-2243.

Escribano, J., Alonso, G.L., Coca-Prados, M.,
and Fernandez, JA., 1996. Crocin,
safranal and picrocrocin from saffron
(Crocus sativus L.) inhibit the growth of

human cancer cells in vitro. Cancer
Letters. 100(1-2), 23-30.

Huang, Y., and Zhang, W., 2013. Magnetic
nanoparticle-supported  organocatalysis.

Green Processing and Synthesis. 2(6),
603-609.

Jafarpour, M., Rezaeifard, A., and Danehchin,
M., 2011. Easy access to quinoxaline
derivatives using alumina as an effective
and reusable catalyst under solvent-free
conditions. Applied Catalysis A: General.
394(1), 48-51.

Jafarpour, M., Rezaeifard, A., Gazkar, S., and
Danehchin, M., 2011. Catalytic activity of
a zirconium (1V) Schiff base complex in
facile and highly efficient synthesis of

indole derivatives. Transition Metal
Chemistry. 36(7), 685.



VYO s (6585361 1 publie S350 w0 S Ol i 5101, Ken 5 Oloebs

Jafarpour, M, Rezaceifard, A.,
Ghahramaninezhad, M., and Tabibi, T,
2013. Reusable a-MoQO;  nanobelts
catalyzes the green and heterogeneous
condensation of 1, 2-diamines with
carbonyl compounds. New Journal of
Chemistry. 37(7), 2087-2095.

Jafarpour, M., Rezacifard, A., and Golshani, T.,
2009. A new catalytic method for

ecofriendly  synthesis of  bis-and
trisindolylmethanes by
zirconyldodecylsulfate under mild
conditions.  Journal of Heterocyclic

Chemistry. 46(3), 535-539.

Jafarpour, M., Rezaeifard, A., and Gorzin, G.,
2011. Enhanced catalytic activity of Zr (IV)
complex with simple tetradentate Schiff
base ligand in the clean synthesis of indole

derivatives. Inorganic Chemistry
Communications. 14(11), 1732—1736.

Jafarpour, M., Rezaeifard, A., Haddad, R., and
Gazkar, S., 2013. A reusable zirconium (IV)
Schiff base complex catalyzes highly
efficient synthesis of quinoxalines under

mild  conditions. Transition  Metal
Chemistry. 38(1), 31-36.

Jafarpour, M., Rezacifard, A., and Heidari, M.,
2011. A new catalytic method for eco-
friendly synthesis of quinoxalines by
zirconium (1V) oxide chloride octahydrate

under mild conditions. Letters in Organic
Chemistry. 8(3), 202-209.

Jafarpour, M., Rezapour, E.,
Ghahramaninezhad, M., and Rezacifard,
A., 2014. A novel protocol for selective
synthesis  of  monoclinic  zirconia
nanoparticles as a heterogeneous catalyst
for condensation of 1, 2-diamines with 1, 2-

dicarbonyl compounds. New Journal of
Chemistry. 38(2), 676—682.

Justin Thomas, K.R., Velusamy, M., Lin, J.T.,
Chuen, C.H., and Tao, Y.T., 2005.
Chromophore-labeled quinoxaline

derivatives as efficient electroluminescent
materials. Chemistry of Materials. 17(7),
1860—-1866.

Kanakis, C.D., Tarantilis, P.A., Pappas, C.,
Bariyanga, J., Tajmir-Riahi, HA., and
Polissiou, M.G., 2009. An overview of
structural features of DNA and RNA
complexes  with  saffron  compounds:
Models and antioxidant activity. Journal of
Photochemistry and Photobiology B:
Biology. 95(3), 204-212.

Khaksarnezhad, E., and Zabet, M., 2017. The
effect of nano iron chelated on the yield and
yield components of saffron (Crocus
sativus L.) in South Khorasan. Journal of
Saffron Research. 5(1), 45-52. [In Persian
with English Summary].

Mizuno, T., Wei, W.H., Eller, L.R., and Sessler,
J.L., 2002. Phenanthroline complexes
bearing fused dipyrrolylquinoxaline anion
recognition sites: efficient fluoride anion

receptors. Journal of the American
Chemical Society. 124(7), 1134-1135.

Subran, S.K., and Paira, P., 2017. Synthesis and
pharmacological applications of certain
quinoxaline analogues: A review. Current
Bioactive Compounds. 13(3), 186-212.

Tang, B.Z., Geng, Y., Lam, JW.Y., Li, B., Jing,
X, Wang, X, and Zhang, XX, 1999.
Processible nanostructured materials with
electrical conductivity and magnetic
susceptibility: preparation and properties
of maghemite/polyaniline nanocomposite
films. Chemistry of Materials. 11(6), 1581—
1589.

Yang, H., Li, S., Wang, X., Zhang, F., Zhong, X.,
Dong, Z., and Ma, J., 2012. Core-shell
silica magnetic microspheres supported
proline as a recyclable organocatalyst for
the asymmetric aldol reaction. Journal of
Molecular Catalysis A: Chemical. 363,
404—410.



Journal of Saffron Research (semi-annual)

Vol.6, No.1, Spring & Summer, 2018 lu

p- 115-126
http://dx.doi.org/10.22077/jsr.2018.1215.1050

Q

University of Birjand

Maghemite Nanoparticles Supported Saffron An Efficient and Green Catalyst
for Synthesis of Quinoxaline Derivatives

Mohammad Reza Tahan,! Maasoumeh Jafarpour,*?> Fahimeh Feizpour,’® Abdolreza Rezaeifard**
1- BSc. Student of pure chemistry, Department of Chemistry, University of Birjand
2- Associate Prof, Department of Chemistry, University of Birjand
3- PhD, Department of Chemistry, University of Birjand
4- Prof, Department of Chemistry, University of Birjand
*Corresponding Author E-mail: mjafarpour@birjand.ac.ir

Received 20 December 2017, Accepted 28 January 2018

Abstract

In this research, a new magnetically catalyst was done in order to synthesize by the immobilization of saffiron
on the surface of y-Fe:0s3 nanoparticles under ultrasonic agitation. The high catalytic efficiency of y-
Fe:x0s@saffron as a reusable organocatalyst in the synthesis of a wide variety of quinoxaline derivatives under
mild eco-friendly conditions was exploited. Desired yields of heterocyclic compounds were obtained in the
present method employing ethanol as an eco-friendly solvent under mild conditions. This novel magnetic
catalyst could be easily separated from the reaction mixture by a magnetic bar and recovered at least five times
without intense loss of its activity. The additional advantage of this catalytic system is facile and easy work-up
procedure of the solid catalyst at the end of reaction, convenient, and high yield. These benefits plus excellent
reusability of the catalyst render the present strategy practical to address the environmental and industrial
issues. Catalyst characterization was performed by using FT-IR, XRD, VSM and TEM.
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