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Microwave-assisted Synthesis of Chalcones, Flavanones and 2-
pyrazolines: Theoretical and Experimental Study
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Abstract: Condensation of 2-acetyl-1-naphthol and 1-acetyl-2-naphthol with benzaldehydes under microwave irradiation
gave chalcones or flavanones depending on the type of ketone. Also, 2-pyrazolines were synthesized by the condensation
of chalcones with phenyl hydrazine under microwave irradiation in presence of dry acetic acid as a cyclizing agent. The
results obtained indicated that, unlike classical heating, microwave irradiation resulted in higher yields, shorter reaction
times and cleaner reactions. The structures of the synthesized compounds were elucidated using various spectroscopic
methods. Theoretical studies explained the behaviour and reactivity observed for 1-acetyl-2-naphthol with benzaldehydes
considering geometries, and electron densities of the formed flavanones.
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INTRODUCTION

Chalcones, either natural or synthetic, are known to ex-
hibit various biological activities [1] such as antioxidant [2],
anti-inflammatory [3], antimalarial [4], and antitumor [5].
Also, they are of high interest due to their usage as starting
materials in synthesis of a series of heterocyclic compounds
[6-9]. 2-hydroxychalcones are considered as precursors in
the synthesis and biosynthesis of several flavonoids, such as
flavanones, flavones, isoflavones and aurones [10-15]. The
members of the flavanoid [16] family are attracting in-
creased attention due to their anticancer [17], antinflamma-
tory [18], antimalarial [19] and anti-AIDS [20] pharmacol-
ogical activities. These findings explain the significant inter-
est of chemists, biochemists and pharmacologists in this par-
ticular group of compounds.

Pyrazolines are well known and important nitrogen-
containing five-membered heterocyclic compounds and
various methods have been worked out for their synthesis.
[21-24]. Several pyrazoline derivatives have been found to
possess considerable biological activities, which stimulated
research activity in this field. Their prominent effects are
such as antimicrobial [25], central nervous system [26], and
immunosuppressive [27] activities. 2-Pyrazolines seem to be
the most frequently studied pyrazoline type compounds. Af-
ter the pioneering work of Fischer and Kndvenagel in the
late nineteenth century [28], and in a continuation of our
research, in the synthesis of a wide range of heterocyclic
compoubds, for biological screening programme in our labo-
ratory [29-31], the current work describes a microwave ac
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celerated reaction of o,B-unsaturated aldehydes and ketones
with hydrazines for the rapid assembly of 2-pyrazolines [32-
34].

RESULTS AND DISCUSSION

A series of chalcones 3 was prepared from the reaction of
2-acetyl-1-naphthol 1 with benzaldehydes 2 under micro-
wave irradiation (Scheme 1, Table 1).

The formation of the chalcones 3a-d was confirmed on
the basis of their IR and *H-NMR data. They show a charac-
teristic IR absorption peak at 1700-1650 cm™ indicating the
presence of a conjugated carbonyl group (>C=0). The main
features of NMR data of chalcones 3a-d are the resonances
of: (i) the hydroxyl groups at about & = 14.5 ppm. The high
frequency resonances of these protons are due to the in-
tramolecular hydrogen bond formed with the carbonyl
group; (ii) the vinylic protons appearing as doublets at 6.,
7-8 ppm and dy.5 7.5-8 ppm. (iii) the vinylic carbons which
appear at 8¢.,123-132 ppm and 8¢ ¢ 137-144 ppm. The CHN
analysis and MS spectra of these compounds are in agree-
ment with the proposed structures (Table 2).

The chalcones 3a-d were then reacted with phenyl hy-
drazine to give 2-pyrazoline compounds 4a-d. This reaction
probably takes place through mediation of an appropriate ¢,
P-unsaturated hydrazone, which immediately cyclizes to
give a 2-pyrazoline ring in the presence of a suitable cycliz-
ing agent like dry acetic acid under microwave irradiation
(Scheme 2, Table 3). The products formed 4a-d was often
accompanied by small traces (1%) of the hydrzaid derivative
(Scheme 2). These latest was easily eliminated by washing
the crystallized major product with diethyl ether.

Structures of all new 2-pyrazolines have been elucidated
by microanalyses, IR and NMR spectroscopic measure-
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Scheme 1. Microwave assisted synthesis of chalcone 3a-d.
Table 1. Chalcones 3 Derivatives
R: R, R3 R4 Product Yield (%)
H H H H 3a 94
H Cl H 3b 90
OMe OMe OMe 3c 91
Cl H Cl H 3d 87
Table 2. *H and **C Chemical Shifts (8, Ppm, in CDCls) of Compounds (3a-d)
Compound H-o H-B OH C-OH C=0
3a 7.67 7.86 14.86 164.51 193.31
3b 7.94 8.53 1471 164.62 193.02
3c 7.80 7.88 1491 164.46 193.04
3d 7.79 8.28 14.70 164.73 192.70
NHNH,

OH O
(T B
B L R .

MW (300 watt)
O AcOH, 4-10 min.
Rs
R4 +
3 CH3CONHNHPh
(1%)

Scheme 2. Microwave assisted synthesis of 2-pyrazolines 4a-d.

Table 3. 2-pyrazolines 4 Derivatives

R; R, R; R, Product Yield (%)
H H H H 4a 83
H H Cl H 4b 91
H OMe OMe OMe 4c 80
Cl H Cl H 4d 85

ments. Elemental analyses unambiguously proved the ele-
mental composition of all new compounds. The IR spectra of
compounds 4a-d gave characteristic band at 3650-3500 cm™
(OH), 1590-1580 (C=N). In the 'H NMR spectra of 2-
pyrazolines 4a-d the three hydrogen atoms attached to the C-

4 and C-5 carbon atoms of the heterocyclic ring gave an
ABX spin system. Measured chemical shift and coupling
constant values unequivocally prove the 2-pyrazoline struc-
ture (Table 4).
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Table 4. 'H NMR Spectral Data of 4a-d in CDCls.

Abdullah S. Al-Bogami

Compound Ha Hs Hx

i 3.36(dd) 4.05(dd) 5.26(dd)
(J=16.84,7.36Hz) (J=16.84,11.72Hz) (J=12.48,8.8Hz)

i 3.25(dd) 3.92(dd) 5.10(dd)
(J=16.84,7.36Hz) (J=16.84,12.48Hz) (J=12.44,8.08Hz)

s 3.34(dd) 4.03(dd) 5.13(dd)
(J=16.85,7.36Hz) (J=16.88,11.72Hz) (J=11.72,8.04Hz)

" 3.26(dd) 4.17(dd) 5.58(dd)
(J=16.84,7.36Hz) (J=16.88,11.72Hz) (J=11.72,8.04Hz)

Table 5. *C NMR Spectral Data of 4a-d in CDCl,

Compound C-4 C-5 C-OH
4a 44.42 63.55 154.29
4b 44.25 62.82 154.28
4c 44.60 60.69 154.03
4d 42.69 59.94 154.03
H;C.__0O O.__H
R Flavanone 6
OH+ 1 MW(100 Watt) R,
KOH/MeOH R R3
5 R4 R2 1-2 min. O
O A
R3 R,
—— OH
67]R, R, Rs R, OO
aH H H H
b I|H H cl H Chalcone 7
c [H OMe OMeOMe (not obtaind)
d 'H Cl H ClI
Scheme 3. Microwave assisted synthesis of flavanones 6a-d.
Table 6. Flavanones 6 Derivatives
R: R, R3 R4 Product Yield (%)
H H H H 6a 94
H H Cl H 6b 90
H OMe OMe OMe 6C 89
Cl H Cl H 6d 92

3C NMR chemical shift values of carbon atoms C-3
(146-150 ppm), C-4 (43-44 ppm) and C-5 (62-64 ppm) cor-
roborate the 2-pyrazoline structure deduced from the 'H-
NMR spectroscopic data (Table 5).

The main method for the synthesis of flavanones involves
two steps. The first step is Claisen—Schmidt condensation of
aromatic aldehydes and ketones yielding chalcone. Chalcone

undergoes intramolecular cyclization in the second step to
yield flavanone. In this work, we found out that flavanones
can be synthesized in good yields from 1-acetyl-2-naphthol
(5) and benzaldehydes (2) using KOH as catalyst in one step
without formation of chalcone 7 (Scheme 3, Table 6).

Compounds 6a-d (Table 6) show in the IR spectra absor-
bances for the carbonyl group at about 1690 cm-1. The 1H
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Table 7. *H and *C Chemical Shifts (§, Ppm, in CDCls) of Compounds (6a-d)

Compound H-2 Hax Heq C-2 C-3 C=0
6a 5.35 2.98 2.90 163.70 163.53 192.74
6b 5.58 3.20 2.97 167.28 163.53 192.65
6c 5.48 3.23 2.93 164.42 163.64 193.02
6d 5.92 3.09 2.94 163.70 163.53 193.85
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Dipole moment of 7b (Debye)= 6.6341

Dipole moment of 7d (Debye) = 6.4144

Fig. (1). Geometrical parameters, charge distribution and dipole moment for proposed structures (6a, 6b, 6d, 7a, 7b and 7d) using HF calcu-

lations.

NMR spectrum showed a flavanone structure with the sig-
nals at about & = 5.57 (1H, dd, J = 13.92, 2.92 HZ, H-2) and
3.16 (1H, dd, J = 16.88, 2.96 HZ, H,), 2.9 (1H, dd, J =
16.12, 2.92 HZ, Heg), which are typical for the C ring. The
13C NMR and MS spectra of these compounds are in
agreement with the proposed structures (Table 7).

To further understand our current experimental results in
scheme 3, we carried out Hartree-Fock (HF) calculations to

explore the different pathways of the chemical reaction in
Scheme 3. The structure optimizations were performed with
the HF/6-31G* using the GAUSSIAN 03 program system
[35]. Vibrational frequency analyses were carried out for the
optimized structures in order to assess the nature of station-
ary points. The characteristic of local minima was verified
by have no imaginary frequency. The relative energies, di-
pole moments, charge distribution and the structural parame-
ters are given in Fig. (1).
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Fig. (2). Frontier Molecular orbitals for the studied structures using HF/6-31G* level.

According to the results given in Fig. (1), the structure of
product 7 (not formed product) is more stable than proposed
structure 6 (already formed product). But the extra stability
of product 6 which pushes reaction to form it is mainly due
to the formation of the ring and assisted by electron delocali-
zation (Fig. 2).

CONCLUSION

A very useful and rapid method via microwave assisted
synthesis of chalcone, 2-pyrazoline and flavanones is de-
scribed. Furthermore, the combined use of experimental de-
sign with theoretical calculations, including evaluation of
behavior and reactivity of 1-acetyl-2-naphthol with benzal-
dehydes to form flavanones provides with a powerful tool to
design the synthesis of more derivatives using different sub-
stituents, which could help to produce environmentally
friendly bioactive compounds.

The difference in behavior between compound 1 and
compound 5 in our opinion may be due to 2-OH in com-
pound 5 considered a better nucleophile than 1-OH in com-
pound 1.

EXPERIMENTAL

Melting points were determined on Gallenkamp-melting
point apparatus. IR spectra were recorded on a Perkin-Elmer
883 spectrophotometer as KBr pellets and expressed as v in
cm™. NMR spectra were recorded on JEOL ECP 400 (400
MHz) in CDCl; and expressed as & in ppm. Mass spectra
were recorded on Shimadzu QP-5050A GC/MS system.
Elemental analyses (C, H, N) were performed on Carlo Erba

1106 EA instrument their results were found to be in good
agreement (+0.3%) with the calculated values”. For the mi-
crowave irradiation we used a 800 W STAR SYSTEM-2
monomode reactor (CEM Corporation). TLC was performed
on (TLC plates silica gel 60F245 pre-coated 20x20 cm layer
thickness 0.25 mm).

General procedure for the preparation of chalcones
(3a-d) In a typical procedure, a mixture of 2-acetyl-1-
naphthol (2.69 mmol) and benzaldehydes (2.69 mmol) in 2
eq KOH/MeOH was charged in a MW test tube (10 mL)
containing a magnetic stirring bar and a rubber cap and 2mL
of methanol. The test tube was placed in the microwave cav-
ity (CEM, Discover). The tube was subjected to MW a 70°C
(power 100 W) for 1-2 min. After completion of the reac-
tion, the tube was removed, cooled to room temperature, and
the reaction mixture was poured into crushed ice water (30
ml). Then conc. HCI (1 ml) was added and the reaction mix-
ture was left to stay at 2-3°C overnight. The separated solid
was collected by filtration and recrystallized from methanol.

1-(1-Hydroxy-naphthalen-2-yl)-3-phenyl-propenone (3a)

This compound was prepared from 2-acetyl-1-naphthol
and benzaldehyde. Yield = 94 %, green needles, mp 123-
125°C; IR: 1590 (C=C), 1700 (C=0), 3100 (OH); 'H NMR
(400 MHz, CDCly): & 7.27-8.04 (11H, m), 7.67 (1H-0, d, J,.p
= 15.4 Hz), 7.86 (1H-B, d, J,,5 = 15.4 Hz), 14.86 (1H, s). °C
NMR: 6 113.55, 118.32, 120.53, 123.99, 124.60, 125.57,
126.03, 127.49, 128.77, 129.13, 130.30, 130.39, 134.84,
137.47, 145.16, 164.51, 193.31, MS: m/z (%) 274 (M*, 19),
197, 170, 103, 89, 77, 65, 51; Anal. calcd. (%) for C1gH140;:
C, 83.19; H, 5.14. Found (%): C, 83.10; H, 5.20.
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3-(4-Chloro-phenyl)-1-(1-hydroxy-naphthalen-2-yl)-
propenone (3b)

This compound was prepared from 2-acetyl-1-naphthol
and 4-chlorobenzaldehyde. Yield = 90 %, red needles, mp
170-173°C; IR: 1602 (C=C), 1670 (C=0), 3150 (OH); *H
NMR (400 MHz, CDCls): 8 7.21-7.85 (10H, m), 7.94 (1H-a,
d, J%B: 15.4 Hz), 8.53 (1H- B, d, J, 3= 15.4 Hz), 14.71(1H,
s). °C NMR: § 113.48, 118.41, 121.02, 123.88, 124.63,
125.56, 126.11, 127.52, 129.43, 129.89, 130.42, 133.35,
136.85, 137.52, 143.62, 164.62, 193.02, MS: m/z (%) 310
(M+2, 22), 308 (M*, 55), 170, 103, 89, 77, 65, 51. ; Anal.
calcd. (%) for CgH13CIO,: C, 73.91; H, 42.44. Found (%):
C, 73.20; H, 42.09.

1-(1-Hydroxy-naphthalen-2-yl)-3-(3,4,5-trimethoxy-
phenyl)-propenone (3c)

This compound was prepared from 2-acetyl-1-naphthol
and 3,4,5-trimethoxybenzaldehyde. Yield = 91 %, red pow-
der , mp 115-116°C; IR: 1609 (C=C), 1668 (C=0), 3100
(OH); 'H NMR (400 MHz, CDCly): 3.92 (3H, s), 3.93 (6H,
s), 6.87(2H,s), 7.27 (1H ,d , J =8.8H) 7.51-7.61 (3H, m),
7.80 (1H- «, d, J,3 = 15.4 Hz), 7.88 (1H- B, d, J,3= 15.4
Hz), 8.48 (1H,d,J=8.08H), 14.91 (1H, s).*C NMR: 56.32,
61.14, 105.95, 113.50, 118.25, 119.56, 123.80, 124.54,
125.54, 126.01, 127.48, 130.28, 137.41, 140.74, 145.32,
153.56, 164.46, 193.04; MS: m/z (%)364 (M", 100), 194,
179,115, 103, 89, 77, 65, 51. ; Anal. calcd. (%) for C;,H20Os:
C, 72.51; H, 5.53. Found (%): C, 72.29; H, 5.77.

3-(2,4-Dichloro-phenyl)-1-(1-hydroxy-naphthalen-2-yl)-
propenone (3d)

This compound was prepared from 2-acetyl-1-naphthol
and 2,4-dichlorobenzaldehyde Yield = 87 %, red powder, mp
167-169°C; IR: 1619 (C=C), 1655 (C=0), 3111 (OH); H
NMR (400 MHz, CDCLy): 6.87 (2H,),7.27 (1H d , J =
8.8Hy) ,7.27-7.76 (7H, m), 7.79 (1H- o, d, J, ;= 15.4 Hz),
8.28 (1H-B, d, J,5 = 15.4 Hz), 8.50 (1H, d, J = 8.08H,),
14.70 (1H.s).;°C NMR: 113.40, 118.49, 123.43, 123.80,
124.66, 125.50, 126.14, 127.51, 127.68, 128.62, 130.32,
130.52, 131.75, 136.36, 137.40, 139.50, 164.73, 192.70; MS:
m/z (%) 344 (M+2, 14), 342 (M", 20), 307, 197, 170, 103,
89, 77, 65, 51. ; Anal. calcd. (%) for C19H;,Cl,0;: C, 66.49;
H, 3.52. Found (%): C, 66.80; H, 3.66.

General Procedure for the Preparation of 2-pyrazolines
(4a-d)

In a typical procedure, the phenylhydrazine reagent (3
mmol) is then added dropwise to a stirring solution of the
chalcones 3a-d (1 mmol) in glacial AcOH (5 ml). The mix-
tures subjected to microwave heating for several min. using
a (CEM, Discover) microwave oven (300 watt) to afford 2-
pyrazolines, which washed with ether and recrystallized
from absolute ethanol then washed with ether to give pure
compounds 4a-d with a 77-91% yield.

2-(1,5-Diphenyl-4,5-dihydro-1H-pyrazol-3-yl)-naphthalen-
1-ol (4a)

This compound was prepared from 3a and phenyl hydra-
zine Yield = 83 %, green powder, mp 179-180°C; IR: 1687
(C=N); 'H NMR (400 MHz, CDCly): 3.36 (1H, dd, J =
16.84, 7.36 Hz, Hp), 4.05 (1H, dd, J = 16.84, 11.72 Hy, Hg),
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5.26 (1H, dd, J = 12.48, 8.8H, Hy), 6.84-8.47 (16H, m),
11.74 (1H, s).;**C NMR: 44.42, 63.55, 109.50, 113.41,
119.07, 119.90, 123.20, 123.75, 125.71, 126.02, 126.06,
127.45, 127.48, 127.93, 129.21, 129.37, 134.52, 142.08,
144.26, 150.37, 154.29; MS: m/z (%) 364 (M", 65), 170,
103,91, 89, 77, 65,51 ; Anal. calcd. (%) for CysHoN,O C,
82.39; H, 5.53; N, 7.69. Found (%): C, 82.22; H, 5.12; N,
7.16.

2-[5-(4-Chloro-phenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-
3-yl]-naphthalen-1-ol (4b)

This compound was prepared from 3b and phenyl hydra-
zine Yield = 91 %, green powder , mp 175-176°C; IR: 1685
(C=N); 'H NMR (400 MHz, CDCl,): 3.25 (1H, dd, J =
16.84, 7.36 Hz, Hp), 3.92 (1H, dd, J = 16.88, 12.48 H, Hg),
5.10 (1H, dd, J = 12.44, 8.08 Hy, Hy),6.83-8.47 (15H, m),
11.71 (1H, s).; °C NMR: 44.25, 62.82, 109.34, 113.44,
119.18, 120.14, 123.21, 123.72, 125.79, 127.47, 127.56,
129.30, 129.57, 133.70, 134.56, 140.57, 144.04, 150.39,
154.28; MS: m/z (%) 400 (M+2, 36),398 (M*, 100) 170,
103,91, 89, 77, 65,51 ; Anal. calcd. (%) for C,5H19CIN,O C,
75.28; H, 4.80; N,7.02. Found (%): C, 75.43; H, 4.92;
N,7.10.

2-[1-Phenyl-5-(3,4,5-trimethoxy-phenyl)-4,5-dihydro-1H-
pyrazol-3-yl]-naphthalen-1-ol (4c)

This compound was prepared from 3c and phenyl hydra-
zine

Yield = 77 %, green powder , mp 166-168°C; IR: 1692
(C=N); 'H NMR (400 MHz, CDCl,): 3.34 (1H, dd, J =
16.85, 7.36 Hz, Ha), 3.82 (3H, s), 3.88 (6H, s) 4.03 (1H, dd,
J =16.88, 11.72 Hz, Hg), 5.13 (1H, dd, J = 11.72, 8.04H,
Hy), 6.58-8.45 (13H, m), 11.80 (1H, s).; *C NMR: 44.60,
56.27, 60.69, 64.52, 102.48, 109.41, 113.58, 119.14, 120.20,
123.17, 123.77, 124.79, 125.79, 127.53, 129.24, 134.66,
137.33, 137.70, 144.72, 150.72, 154.03; MS: m/z (%) 454
(M*, 100) 170, 103,91, 89, 77, 65,51 ; Anal. calcd. (%) for
CasH26N204 C, 73.99; H, 5.77; N,6.16. Found (%): C, 73.15;
H, 5.65; N,6.11.

2-[5-(2,4-Dichloro-phenyl)-1-phenyl-4,5-dihydro-1H-
pyrazol-3-yl]-naphthalen-1-ol (4d)

This compound was prepared from 3d and phenyl hydra-
zine Yield = 85 %, yellow powder, mp 188-189°C; IR: 1695
(C=N); 'H NMR (400 MHz, CDCl,): 3.26 (1H, dd, J =
16.84,7.36 Hz, Hp), 4.17 (1H, dd, J = 16.88, 11.72 Hz, Hg),
558 (1H, dd, J = 11.72, 8.04 Hz Hx),6.90-8.47 (14H,
m),11.69 (1H, s).;°C NMR: 42.69, 59.94, 109.48, 113.16,
119.22, 120.27, 123.24, 123.72, 125.82, 127.54, 127.65,
128.20, 128.49, 129.45, 129.98, 132.60, 143.72, 150.84,
154.03; MS: m/z (%) 454 (M*, 100) 170, 103,91, 89, 77,
65,51 ; Anal. calcd. (%) for C,sH5CILN,0O C, 69.29; H, 4.19;
N, 6.46. Found (%): C, 69.44; H, 4.15; N,6.33.

General Procedure for the Preparation of Flavanones (6a-
d)

These compounds were prepared from 1-acetyl-2-
naphthol and benzaldehydes using conditions similar to
those described in general procedure for synthesis of chal-
cones 3.
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3-Phenyl-2,3-dihydro-benzo[flchromen-1-one (6a)

This compound was prepared from 1-acetyl-2-naphthol 5
and benzaldehyde. Yield = 95 %, brown powder, mp 106-
108 °C; IR: 1698 (C=0); 'H NMR (400 MHz, CDCl,): 5.35
(1H, dd, J = 13.92, 2.92 HzH-2) and 2.89 (1H, dd, J =
16.88, 2.92 Hz, Ha), 2.98 (1H, dd, J = 16.12, 2.92 Hz, He);
C NMR: 4550, 77.35, 112.33, 118.83, 124.82, 125.64,
126.14, 128.40, 128.74, 129.11, 129.53, 131.27, 137.51,
138.37, 163.53, 192.74; MS: m/z (%) 274 (M*, 100),
197,161,134, 105, 77, 65,51 ; Anal. calcd. (%) for Cy9H140;
C, 83.19; H, 5.14. Found (%): C, 83.28; H, 5.01.

3-(4-Chloro-phenyl)-2,3-dihydro-benzo[f]chromen-1-one
(6b)

This compound was prepared from 1-acetyl-2-naphthol 5
and 4-chlorobenzaldehyde.Yield = 86 %, brown powder , mp
140-143°C; IR: 1705 (C=0); ‘H NMR (400 MHz, CDCl,):
5.58 (1H, dd, J = 13.00,3.00 H, H-2) and 3.2 (1H, dd, J =
17.00, 3.92 Hz, Ha), 2.97 (1H, dd, J = 16.80, 2.92 Hz, He);
C NMR: 45.73, 77.45, 112.67, 118.81, 125.14, 125.97,
127.63, 128.52 ,129.14, 129.40, 129.90, 131.47, 134.71,
137.11, 137.82, 163.53, 192.65; MS: m/z (%) 310 (M+2, 54)
, 308 (M*, 77) ,273,195,161,134, 105, 77, 65,51 ; Anal.
caled. (%) for Cy9H13CIO, C, 73.91; H, 4.24. Found (%): C,
73.68; H, 4.54.

3-(3,4,5-Trimethoxy-phenyl)-2,3-dihydro-benzo[f]
chromen-1-one (6c)

This compound was prepared from 1-acetyl-2-naphthol 5
and 3,4,5-trimethoxybenzaldehyde.Yield = 81 %, yellow
powder , mp 162-165°C; IR: 1698 (C=0); 'H NMR (400
MHz, CDCls): 5.48 (1H, dd, J = 13.20, 3.00 Hz, H-2) and
3.23(1H, dd, J = 17.00, 3.70 Hy, Hy), 2.93 (1H, dd, J =
16.50, 3.70 Hyz, Heg); °C NMR: 45.91, 56.29, 60.96, 77.60,
103.36, 112.60, 118.90, 125.06, 125.92, 128.52, 129.34,
129.81, 131.48, 134.17, 137.69, 138.26, 153.62, 163.64,
193.02.; MS: m/z (%) 364 (M, 65) , 273, 195, 161, 134,
105, 77, 65,51 ; Anal. calcd. (%) for Cx,H»0s5 C, 72.51; H,
5.53. Found (%): C, 72.53; H, 5.67.

3-(2,4-Dichloro-phenyl)-2,3-dihydro-benzo[f]
one(6d)

This compound was prepared from 1-acetyl-2-naphthol 5
and 2,4-dichlorobenzaldehyde. Yield = 79 %, yellow powder
, mp 99-101 °C; IR: 1710 (C=0); 'H NMR (400 MHz,
CDCl): 5.92 (1H,dd, J=13.20,2.92 Hz,H-2) and 3.09 (1H,
dd, J =17.00,3.70 Hz, Ha), 2.94 (1H, dd, J = 16.80, 3.00 H,
He);®C NMR: 44.51, 112.74, 115.74, 118.66, 119.54,
124.23, 125.06, 125.22, 126.02, 127.73, 128.12, 129.54,
130.30, 137.36, 163.53, 193.85; MS:m/z (%) 344 (M+2,
45),342 (M*65) ,273,195,161,134, 105, , 77, 65,51 ; Anal.
calcd. (%) for C19H;,Cl,0, C, 66.49; H, 3.52. Found (%): C,
66.43; H, 3.90.

chromen-1-

Computational Procedure

All calculations were carried out with HF/6-31G* meth-
ods, as implemented in the Gaussian 03 package, [35] This
methodology is known to be appropriate for the theoretical
study of the electronic and geometric properties to explore
the different pathways of the chemical reaction. [36]

Abdullah S. Al-Bogami

ACKNOWLEDGEMENTS

The author is highly thankful to Dr. Hamad Z. Alkhath-
lan, Professor of Chemistry Department, King Saud Univer-
sity for valuable suggestions and guidance.

CONFLICT OF INTEREST

The author(s) confirm that this article content has no con-
flicts of interest.

REFERENCES

[1] Satyanarayana, M.; Tiwari, P.; Tripathi, B.K.; Sriwastava, A.K.;
Pratap, R. Synthesis and antihyperglycemic activity of chalcone
based aryloxypropanolamines Synthesis and antihyperglycemic ac-
tivity of chalcone based aryloxypropanolamines. Bioorg. Med.
Chem., 2004, 12, 883-889.

[2] Mulkherjee, S.; Kumar, N.; Parasad, A.K.; Raj, H.G.; Bracke,
M.E.; Olsen, C.E.; Jain, S.C., Parmar, V.S. Synthetic and biologi-
cal activity evaluation studies on novel 1,3-diarylpropenones.
Bioorg. Med. Chem., 2001, 9, 337-345.

[3] Hsieh, H.K.; Tsao, L.T.; Wang, J.P.; Lin, C.N. Synthesis and anti-
inflammatory effect of chalcones. J. Pharmacol., 2000, 52, 163-
171.

[4] Ram, V.J.; Saxena, A.S.; Srivastava, S.; Chandra, S. oxygenated
chalcones and bischalcones as potential antimalarial agents.
Bioorg. Med. Chem. Lett., 2000, 10, 2159-2161.

[5] Kumar, S.K.; Hager, E., Catherine, P.; Gurulingappa, H.; David-
son, N.E.; Khan, S.R. Design, Synthesis, and Evaluation of Novel
Boronic-Chalcone Derivatives as Antitumor Agents. J. Med.
Chem., 2003, 46, 2813-2815.

[6] Bhat, B.A.; Dhar, K.L., Puri, S.C.; Saxena, A.K.; Shanmugavel,
M.; Qazi, G.N. Synthesis and biological evaluation of chalcones
and their derived pyrazoles as potential cytotoxic agents. Bioorg.
Med. Chem., 2005, 15, 3177-3180

[7] Wang, S.; Yu, G., Lu, J,; Xiao, K.; Hu, Y.; Hu, H. A regioselective
tandem reaction between chalcones and 2-acetamidoacetamide
promoted by cs2co3 for the preparation of 3-unsubstituted 2-
pyridones. Synthesis, 2003, 487-490.

[8] Wei, X.; Fang, J., Hu, Y.; Hu, H. A convenient preparation of 3,5-
diarylisoxazoles. Synthesis, 1992, 1205-1206.

[9] Ansari, F.L.; Umbreen, S., Hussaim, L.; Makhmoor, T.; Nawaz,
S.A.; Lodhi, M.A.; Khan, S.A.; Shaheen, F.; Choudhary, M.l
Rahman, A. .

[10] Dhar, D.N. The Chemistry of Chalcones and Related Compounds;
Wiley: New York, 1981.

[11] De La Rocha, N.; Maria, A.O.M., Gianello, J.C.; Pelzer, L. Cyto-
protective effects of chalcones from Zuccagnia punctata and mela-
tonin on the gastroduodenal tract in rats. Pharmacol., 2003, 48, 97-
99.

[12] Vibhute, Y.B.; Baseer, M.A. Synthesis and activity of a new series
of Chalcones as antibacterial agents. Indian J. Chem., 2003, 42B,
202-205.

[13] Ko, H.H.; Tsao, L.T., Yu, K.L.; Liu, C.T.; Wang, J.P.; Lin, C.N.
Structure—activity relationship studies on chalcone derivatives: the
potent inhibition of chemical mediators release. Bioorg. Med.
Chem., 2003, 11, 105-111.

[14] Akama, T.; Ishida, H., Shida, Y.; Kimura, U.; Gomi, K.; Saito, H.;
Fuse, E.; Kobayashi, S.; Yoda, N.; Kasai, M. Design and Synthesis
of Potent Antitumor 5,4‘-Diaminoflavone Derivatives Based on
Metabolic Considerations. J. Med. Chem., 1997, 40, 1894-1900.

[15] Furnis, D.S.; Hannafor, A.J., Smith, P.W. J. Vogel's Text Book of
Practical Organic Chemistry. 5" ed., Addison Wesley Longman:
Harlow, Essex, UK, 1989, 1034.

[16] Anto, R.J.; Sukumuran, K.; Kuttan, G.; Rao, M.N.A.; Subbaraju,
V.; Kuttan, R. Anticancer and antioxidant activity of synthetic
chalcones and related compounds. Cancer Lett., 1995, 97, 33-37.

[17] Harbone, J.B. Introduction to Ecological Biochemistry, Academic
Press Limited. 1993.

[18] Makela, S.; Poutamen, M.; Kostain, M.L.; Lehtimaki, N.; Strauss,
Santi, R.; Vihko, R. Inhibition of 17beta-hydroxysteroid oxi-



Microwave—assisted Synthesis of Chalcones, Flavanones and 2-pyrazolines

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

doreductase by flavonoids in breast and prostate cancer cells. Proc.
Soc. Exp. Biol. Med., 1998, 217, 310-316.

Hsieh, H.K.; Lee, T.H.; Wang, J.P.; Lin, C.N. Synthesis and anti-
inflammatory effect of chalcones and related compounds. Pharm.
Res., 1998, 15, 39-46.

Ankhiwala, M. D. Studies on pyrazolines. I, preparation and an-
timicrobial activity of ih-3-(2n-hydroxy-3n-bromo-4n-n-butoxy-5-
nitro-phen-in-yl)-5-substituted-phenyl-i -2-pyrazolines and related
compounds. J. Indian Chem. Soc., 1990, 67, 514-516.

Wiley, R. H., Ed. Pyrazoles, Pyrazolines, Pyrazolidines, Indazoles
and Condensed Rings; In The Chemistry of Heterocyclic Com-
pounds; Weissberger, A.., Ed.; Interscience Publishers: New York,
1967; Vol. 22, p 180.

Elguero, J. In Comprehensive Heterocyclic Chemistry 11, Katritzky,
A. R.; Rees, C. W.; Scriven, E. F., Eds; Pergamon Press: Oxford,
1996; Vol. 3, pl.

Lévai, A. Synthesis of pyrazolines by the reactions ofa,3-enones
with diazomethane and hydrazines (review). Khim. Geterotsikl. So-
edin., 1997, 647-659.

Lévai, A. Synthesis of 2-pyrazolines by the reactions of a,b -
unsaturated aldehydes, ketones, and esters with diazoalkanes, ni-
trile imines, and hydrazines. J. Heterocycl. Chem., 2002, 39, 1-13.
Ramalingham, K.; Thyvekikakath, G. X.; Berlin, K. D.; Chesnut,
R. W.; Brown, R. A;; Durham, N. N.; Ealick, A. E.; van der Helm,
D. Synthesis and biological activity of some derivatives of thio-
chroman-4-one and tetrahydrothiapyran-4-one. Med. Chem., 1977,
20, 847-850.

Brown, R. E.; Shavrel Jr., Substituted benzopyranopyrazoles, US
Patent 1972, 3,624,102; Chem. Abstr., 1972, 76, 59618.
Lombardino, J. G.; Otterness, I. G. Novel immunosuppressive
agents. Potent immunological activity of some ben-
zothiopyrano[4,3-c]pyrazol-3-ones. J. Med. Chem., 1981, 24, 830-
834.

Fischer, E.; Knévenagel, O. Ueber die Verbindungen des Phenyl-
hydrazins mit Acrolein, Mesityloxyd und Allylbromid. Ann.
Chem., 1887, 239, 194-206.

Albogami, A.S. Synthesis and Characterization of Some New N-
(Substituted 4-Methylene-2-0xo0-4H-benzo[e][1,3]oxazin-3-
yl)isonicotinamide. Asian Journal of Chemistry; 2011, 23, 3045-
3049.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Letters in Organic Chemistry, 2012, Vol. 9, No. 7 537

Albogami, A.S.; Almajid, A.M.; Al-Saad, M.A.; Mosa, A.M;
Almazroa, S.A.; Alkhathlan, H.Z. Cyclization of Hydrazones of 2-
Acetyl-1-naphthol and 1-Acetyl-2-naphthol with Triphosgene. Syn-
thesis of Spiro Naphthoxazine Dimers, Molecules, 2009, 14, 2147-
2159.

Albogami, A.S. Synthesis of 4-methylene-1,3-naphthoxazines by
the reaction of imines with triphosgene. Synthetic Communications,
2011, 41, 2952-2958.

Raiford, L. C.; Peterson, W. J. Identification of phenylhydrazones
and isomeric pyrazolines obtained from chalcones. J. Org. Chem.,
1937, 1, 544-551.

Raiford, L. C.; Gundy, G. V. o,B-unsaturated ketones obtained
from acetophenone, and their reaction with phenylhydrazine J.
Org. Chem., 1938, 3, 265-272.

Raiford, L. C.; Manley, R. H. Formation of pyrazolines from un-
symmetrically substituted dibenzalacetones. J. Org. Chem., 1940,
5, 590-597.

Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.;
Robb, M. A.; Cheeseman, J. R.; Montgomery, Jr., J. A.; Vreven,
T.; Kudin, K. N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.;
Tomasi, J.; Barone, V.; Mennucci, B.; Cossi, M.; Scalmani, G.;
Rega, N.; Petersson, G. A.; Nakatsuji, H.; Hada, M.; Ehara, M.;
Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.;
Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li, X.; Knox, J. E.;
Hratchian, H. P.; Cross, J. B.; Adamo, C.; Jaramillo, J.; Gomperts,
R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R,
Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; Voth,
G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dap-
prich, S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K;
Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V,;
Cui, Q.; Baboul, A. G.; Clifford, S.; Cioslowski, J.; Stefanov, B.
B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Martin, R.
L.; Fox, D. J.; Keith, T.; Al-Laham, M. A_; Peng, C. Y.; Nanayak-
kara, A.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; Chen, W.;
Wong, M. W.; Gonzalez, C.; and Pople, J. A.;Gaussian 03; Gaus-
sian: Pittsburg, PA, 2003.

Vera, D. M. A.; Pierini, A. B. Species with negative electron
affinity and standard DFT methods. Phys. Chem. Chem. Phys.,
2004, 6, 2899-2903.



	14-Abdullah MS LOC.doc


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




