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Abstract We have synthesized a series of novel isoxaz-

olines via 1,3-dipolar cycloaddition of in situ generated

nitrile oxide from 2,4-dimethoxy benzaldoxime and naph-

thaldehyde oxime with 4-allyl-2-methoxyphenol deriva-

tives. The synthesized compounds were evaluated for anti-

stress activity in acute stress (AS) induced peripheral

changes. Adult male Sprague–Dawley rats, subjected to

AS, cause a significant increase in gastric ulceration,

adrenal gland weight, plasma glucose, corticosterone lev-

els, and creatine kinase activity. Compounds 3d, 3g, 5b, 5c,

5d, and 5g displayed most promising anti-stress effect by

reverting these peripheral stress parameters at a dose of

40 mg/kg p.o.

Keywords Isoxazoline � 1,3-Dipolar cycloaddition �
Acute stress � Corticosterone � Ulcer

Introduction

Hyperactivity of hypothalamic–pituitary–adrenal axis

(HPA) during stressful conditions has been implicated in

etiopathogenesis of various disorders of central and

peripheral systems like hypertension, coronary heart

disease (Roy et al., 2001), gastric ulcers (Yadin and Tho-

mas, 1996), immunosuppression (Purett, 2001), metabolic

disorders like diabetes (Fitzpatrick et al., 1992), repro-

ductive dysfunction (Dabson and Smith, 2000), mental

depression and memory loss (Gareri et al., 2000). Thus, the

treatment of stress pathologies is of great concern because

of their increasing incidence (McEwen and Wingfield,

2003). Due to the limitations of tolerance, sedation and

physical dependence on prolonged use of modern anti-

stress drugs; the identification of new effective and safe

anti-stress agents is desperately needed.

Previous studies showed that several isoxazoline moie-

ties possessed a wide spectrum of activities like PTP1B

inhibitory activity (Ahmad et al., 2006), antimicrobial

(Gaonkar et al., 2007), anti-influenza virus (Kai et al.,

2001), antifungal (Basappa et al., 2003), glycoprotein IIb/

IIIa receptor antagonists (Sielecki et al., 2001), anti-HIV

(Ichiba et al., 1993), spermicidal and anti-HIV (Srivastava

et al., 1999), analgesic and anti-inflammatory (Habeeb

et al., 2001), and b-adrenergic receptor antagonist prop-

erties (Conti et al., 1998). However, their role during

stressful condition is unknown. We report herein the syn-

thesis of series of new 3,5-disubstituted isoxazolines and

their evaluation for anti-stress activity under acute stress

(AS) condition in relation to the peripheral (ulcer severity

and adrenal hypertrophy) and biochemical changes [glu-

cose, creatine kinase (CK), and corticosterone].

Results and discussion

Chemistry

The starting materials, aldoximes 1 (Maurya et al., 2008)

and 4 (Yamada et al., 2006), were prepared from the
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2,4-dimethoxy benzaldehyde and 1-naphthaldehyde. The

olefin 2b was prepared by acetylating 2 with acetic anhy-

dride and pyridine. The olefins 2c–g were prepared in

almost quantitative yield by treatment of 2 with methyl

iodide, ethyl iodide, benzyl bromide, N-(2-chloroethyl)

pyrrolidine hydrochloride, and N-(2-chloroethyl) piperi-

dine hydrochloride in presence of K2CO3 in dry acetone,

respectively. The cycloaddition reaction of oximes 1, 4

with olefins 2 in presence of chloramines-T (Hassner and

Rai, 1989) afforded new isoxazolines 3a–d, 5a–d in

77–88% yields (Scheme 1). The structure of cycloadducts

was determined by elemental analysis and their spectral

data.

Biological activity

We select immobilization stressor in our AS model because

of the fact that it produces both physical as well as ines-

capable psychological stress (Marty et al., 1997). All the

synthesized isoxazolines (3a–g, 5a–g) were screened for

anti-stress activity in AS model at a dose of 40 mg/kg p.o.

body weight (Table 1) (Gupta et al., 2007). We used PQ at

a dose of 100 mg/kg p.o. body weight as a standard drug

(Rai et al., 2003). AS (F(16, 85) = 6.397, P \ 0.001)

resulted in significant increase in the scores of ulcer index

when compared to non-stress control (NS) group. So the

stimulation of Para ventricular nucleus of hypothalamus

increased intestinal motility, acid secretion, and group of

other factors during stressful conditions (Glavin et al.,

1991; Mayer, 2000). Pretreatment of 3b (P \ 0.05), 3d

(P \ 0.01), 3e (P \ 0.05), 3g (P \ 0.05), 5b (P \ 0.05),

5c (P \ 0.01), 5d (P \ 0.05), 5g (P \ 0.05), and PQ

(P \ 0.01) significantly decreased mean ulcer score when

compared to AS group, whereas administration of 3a, 3c,

3f, 5a, 5e, 5f produced no significant changes in ulcer index

as compared to AS group. Also exposure to AS (F(16,

85) = 9.38, P \ 0.001) significantly increased the adrenal

gland weight when compared to NS group. These results

are in accordance to a number of studies, suggesting that

stress caused an increased adrenocorticoid secretion,

plasma corticosterone levels, and enlarged pituitary and

adrenal size (Dhabhar et al., 1997). Pretreatment of 3b

(P \ 0.001), 3d (P \ 0.01), 3e (P \ 0.05), 3g (P \ 0.01),

5b (P \ 0.01), 5c (P \ 0.01), 5d (P \ 0.05), 5g (P \
0.001), and PQ (P \ 0.001) significantly normalized the

increased adrenal gland weight, whereas administration of

3a, 3c, 3f, 5a, 5e, and 5f produced no significant changes as

compared to AS group (Table 1).

AS exposure resulted in a significant increase in the

plasma glucose level (F(16, 85) = 14.09, P \ 0.001), CK

activity (F(16, 85) = 10.98, P \ 0.001), and corticosterone

levels (F(16, 85) = 12.95, P \ 0.001) when compared to

NS group. This could be attributed to the release of gluco-

corticoids as a result of HPA axis stimulation, to compensate

the initial demand of energy (Mason, 1968). Stress hormones

not only stimulate and insure supply of glucose, but also

increase CK activity during stress (Adelbert, 2000). Pre-

treatment of 3b (P \ 0.05), 3d (P \ 0.001), 3e (P \ 0.05),

3g (P \ 0.001), 5b (P \ 0.001), 5c (P \ 0.001), 5d

(P \ 0.001), 5g (P \ 0.001), and PQ (P \ 0.001) signifi-

cantly normalized the increased plasma corticosterone levels

when compared to AS group, whereas 3a (P \ 0.05), 3b

(P \ 0.001), 3d (P \ 0.001), 3e (P \ 0.001), 3g

(P \ 0.001), 5a (P \ 0.001), 5b (P \ 0.001), 5c (P \ 0.05),

5d (P \ 0.001), 5g (P \ 0.001), and PQ (P \ 0.001) were

found effective in normalizing AS-induced hyperglycemia

(Table 1). Also, pretreatment of 3b (P \ 0.01), 3d

(P \ 0.01), 3e (P \ 0.001), 3g (P \ 0.01), 5b (P \ 0.001),

5c (P \ 0.001), 5d (P \ 0.001), 5g (P \ 0.001), and PQ

(P \ 0.001) significantly normalized the decreased CK

activity when compared to AS group.
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Scheme 1 Synthesis of

isoxazoline compounds by

altering the substituent in

4-allyl-2-methoxy-phenol
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Conclusion

In summary, we have synthesized a series of novel isox-

azolines and evaluate their anti-stress potential in AS

model. AS resulted in significant elevation in gastric

ulceration adrenal hypertrophy, hyperglycemia, plasma CK

activity, and corticosterone levels, which was significantly

countered by pretreatment of isoxazolines 3d, 3g, 5b, 5c,

5d, and 5g. Thus, the protective effects of these compounds

during AS condition might be due to the normalization of

increased HPA axis response during an immediate threat

condition such as acute immobilization stress. Hence, these

compounds might have important therapeutic implications

in stress-induced neuropathological conditions, and bio-

logical activity profiles of these compounds are worthy for

further investigation to develop anti-stress drugs.

Experimental

General

Mps are uncorrected and were determined on Complab

apparatus. IR spectra were recorded on Perkin–Elmer RX-1

spectrometer using either KBr pallets or neat. The FAB MS

results were recorded using a beam of argon (208 eV) on a

Jeol SX 102/DA-6000 mass spectrometer. 1H NMR spectra

were recorded at AVANCE DPX 200 spectrometer and 13C

NMR spectra at 50 MHz on the same spectrometer, and are

quoted relative to C4H12Si as internal reference. Elemental

analyses were obtained in a Carlo-Erba-1108 CHN ele-

mental analyzer. Thin-layer chromatography was run on

precoated 60F254 (Merck, Darmstadt, Germany) plated.

Detection of spots was done either by I2 vapor and spraying

with 1% ceric sulfate in 1 M H2SO4 or spraying with 10%

methanolic sulfuric acid followed by heating at 110�C.

Synthesis of olefins 2c–g

General procedure

The mixture of 2 (1 equiv) with methyl iodide, ethyl iodide,

benzyl bromide, N-(2-chloroethyl) pyrrolidine hydrochlo-

ride, and N-(2-chloroethyl) piperidine hydrochloride (1.2

equiv) and K2CO3 (1.2 equiv) in dry acetone was refluxed

with stirring for 3 h, respectively. After that acetone was

evaporated, water was added and the mixture was extracted

with ethyl acetate, washed with water and brine, and dried

over anhydrous sodium sulfate. The products were purified

by column chromatography over silica gel.

Table 1 Effect of 3a–g, 5a–g, and PQ on AS-induced perturbations in adrenal hypertrophy, ulcer severity, plasma glucose, CK, and corti-

costerone levels

Groups (dose mg/kg body

weight p.o.)

Adrenal gland weight (mg/100 g

body weight)

Mean ulcer

score

Glucose (mg/dl) CK (IU/dl) Corticosterone

(ng/ml)

Non-stress control 6.87 ± 0.81 0.0 ± 0.0 81.50 ± 3.374 323.5 ± 15.72 244.5 ± 15.43

AS ? vehicle 10.20 ± 0.69@ 21.67 ± 3.07@ 134.7 ± 4.68@ 1115.0 ± 29.43@ 465.7 ± 15.77@

3a (40) 9.31 ± 0.45 13.33 ± 2.11 112.0 ± 8.22* 1004.0 ± 57.30 432.2 ± 18.70

3b (40) 7.01 ± 0.54*** 8.33 ± 3.07* 107.2 ± 4.42*** 766.71 ± 47.73** 364.2 ± 20.18*

3c (40) 9.63 ± 0.45 18.33 ± 1.667 122.0 ± 2.95 1092.0 ± 64.26 446.0 ± 27.18

3d (40) 7.82 ± 0.47** 6.66 ± 2.11** 93.00 ± 5.62*** 729.7 ± 77.58** 275.5 ± 31.65***

3e (40) 8.01 ± 0.42* 8.33 ± 3.07* 80.50 ± 6.63*** 664.3 ± 77.36*** 354.8 ± 17.78*

3f (40) 9.82 ± 0.42 16.67 ± 2.11 127.0 ± 3.12 934.7 ± 75.78 429.8 ± 23.94

3g (40) 7.60 ± 0.28** 10.00 ± 2.58* 101.7 ± 5.16*** 733.8 ± 83.05** 320.0 ± 15.49***

5a (40) 9.86 ± 0.35 11.67 ± 3.07 86.24 ± 3.71*** 998.5 ± 33.84 417.2 ± 21.09

5b (40) 7.77 ± 0.38** 10.00 ± 2.59* 74.67 ± 5.68*** 673.0 ± 60.36*** 311.8 ± 18.60***

5c (40) 7.54 ± 0.23** 6.66 ± 3.33** 109.51 ± 11.01* 590.0 ± 82.55*** 293.5 ± 25.02***

5d (40) 7.89 ± 0.32* 10.00 ± 2.58* 72.83 ± 6.29*** 625.7 ± 79.46*** 292.3 ± 34.60***

5e (40) 9.60 ± 0.40 25.00 ± 2.23 116.3 ± 7.87 994.5 ± 50.50 444.7 ± 11.91

5f (40) 10.58 ± 0.58 16.67 ± 2.10 125.0 ± 4.83 1074.0 ± 73.93 421.0 ± 20.96

5g (40) 7.23 ± 0.40*** 10.00 ± 2.58* 78.17 ± 2.88*** 603.7 ± 78.54*** 282.5 ± 14.01***

PQ (100) 7.32 ± 0.25*** 5.00 ± 2.23** 68.33 ± 4.19*** 649.3 ± 101.3*** 247.3 ± 15.27***

Results are represented as means ± SEM with n = 6 in each group
@ P \ 0.001 when compared to the NS group and * P \ 0.05, ** P \ 0.01, *** P \ 0.001 when compared to AS group. The stress group was

compared with the NS control group and the drug-treated groups were compared with an AS group
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4-Allyl-1,2-dimethoxy-benzene (2c)

Yield 95.0, viscous oil, 1H NMR (CDCl3, 200 MHz) d 6.80

(1H, dd, J = 8.6, 1.6 Hz, H-5), 6.72 (1H, d, J = 8.6 Hz,

H-6), 6.70 (1H, d, J = 1.6 Hz, H-3), 5.94 (1H, m, H-8),

5.10 (1H, d, J = 18.2, 7.6 Hz, H-9a), 5.07 (1H, dd,

J = 18.2 Hz, H-9b), 3.85 (6H, s, 29 OCH3), 3.32 (2H, d,

J = 6.8 Hz, H-7); FAB MS m/z 179 [M?1]?.

4-Allyl-1-ethoxy-2-methoxy-benzene (2d)

Yield 89%, viscous oil, 1H NMR (CDCl3, 200 MHz) d 6.82

(1H, dd, J = 8.6 Hz, H-6), 6.69 (2H, d, J = 8.6 Hz, H-

3,5), 5.94 (1H, m, H-8), 5.11-5.02 (2H, m, H-9a,9b), 4.86

(2H, q, J = 7.0 Hz, OCH2CH3), 3.84 (3H, s, OCH3), 3.32

(2H, d, J = 6.6 Hz, H-7), 1.44 (3H, t, J = 7.0 Hz,

OCH2CH3); FAB MS m/z 193 [M?1]?.

4-Allyl-1-benzyloxy-2-methoxy-benzene (2e)

Yield 84.0%, viscous oil, 1H NMR (CDCl3, 200 MHz) d
7.44–7.23 (5H, m, Ar), 6.81 (1H, d, J = 8.0 Hz, H-6), 6.72

(1H, d, J = 1.8 Hz, H-3), 6.65 (1H, dd, J = 8.0, 1.8 Hz,

H-5), 5.96 (1H, m, H-8), 5.11 (2H, s, –CH2–Ar), 5.10–4.99

(2H, m, H-9a,9b), 3.86 (3H, s, OCH3), 3.31 (2H, d,

J = 6.6 Hz, H-7); FAB MS m/z 255 [M?1]?.

1-[2-(4-Allyl-2-methoxy-phenoxy)-ethyl]-pyrrolidine (2f)

Yield 88.5%, brown viscous oil, 1H NMR (CDCl3,

200 MHz) d 6.83 (1H, d, J = 8.6 Hz, H-6), 6.69 (2H, brd,

J = 8.6 Hz, H-3,5), 5.93 (1H, m, H-8), 5.11 (2H, m, H-

9a,9b), 4.12 (2H, t, J = 6.2 Hz, OCH2), 3.84 (3H, s,

OCH3), 3.32 (2H, d, J = 6.6 Hz, H-7), 2.93 (2H, t,

J = 6.2 Hz, OCH2CH2N), 2.60 (4H, m, N(CH2)2–), 1.78

(4H, m, 29 CH2); FAB MS m/z (?ve) 262 [M?1]?. Ele-

mental anal. calc. for C16H23NO2: C, 73.53; H, 8.87; N,

5.36%; found C, 73.59; H, 8.39; N, 5.43.

1-[2-(4-Allyl-2-methoxy-phenoxy)-ethyl]-piperidine (2g)

Yield 90.7%, brown viscous oil, 1H NMR (CDCl3,

200 MHz) d 6.82 (1H, d, J = 8.6 Hz, H-6), 6.70 (2H, brd,

J = 8.5 Hz, H-3,5), 5.96 (1H, m, H-8), 5.10 (2H, m, H-

9a,9b), 4.11 (2H, t, J = 6.4 Hz, OCH2), 3.82 (3H, s,

OCH3), 3.32 (2H, d, J = 6.8 Hz, H-7), 2.79 (2H, t,

J = 6.4 Hz, OCH2CH2N), 2.52 (4H, m, N(CH2)2–), 1.62

(6H, m, 39 CH2); FAB MS m/z 276 [M?1]?. Elemental

anal. calc. for C17H25NO2: C, 74.14; H, 9.15; N, 5.09%;

found C, 74.17; H, 9.19; N, 5.14%.

Synthesis of isoxazolines 3a–g and 5a–g

General procedure

A mixture of oxime (1.1 equiv), chloramines-S�3H2O (1.1

equiv) and olefin (1.0 equiv) in ethanol (50 ml) were

refluxed for 3 h. The progress of reaction was monitored by

TLC. After completion of the reaction, the solvent was

removed using rotavapor. The residue was dissolved in

ether, washed with 1 N NaOH solution (39 15 ml), water

(25 ml), and saturated solution of NaCl, dried over anhy-

drous sodium sulfate. The solvent was evaporated and the

cycloadduct was purified by column chromatography over

silica gel.

4-[3-(2,4-Dimethoxy-phenyl)-4,5-dihydro-isoxazol-5-

ylmethyl]-2-methoxy-phenol (3a)

Yield 78.9%, brown sticky solid; IR (CHCl3) mmax: 3285,

2947, 1607, 1528, 1353, 1159 cm-1; 1H NMR (CDCl3,

200 MHz) d 7.58 (1H, d, J = 8.4 Hz, H-60), 6.85 (1H, d,

J = 8.0 Hz, H-6), 6.81 (1H, d, J = 1.8 Hz, H-3), 6.72 (1H,

dd, J = 8.0, 1.8 Hz, H-5), 6.57 (1H, d, J = 2.4 Hz, H-30),
6.50 (1H, dd, J = 8.6, 2.2 Hz, H-50), 5.60 (1H, brs, OH),

4.86 (1H, m, H-8), 3.84 (9H, brs, 39 OCH3), 3.41 (1H, dd,

J = 18.1, 10.2 Hz, H-9a), 3.13 (1H, dd, J = 18.1, 7.6 Hz,

H-9b), 3.01 (1H, dd, J = 13.8, 9.7 Hz, H-7a), 2.94 (1H, dd,

J = 13.8, 6.6 Hz, H-7b); FABMS (?ve): m/z 344 [M?1]?.

Elemental anal. calc. for C19H21NO5: C, 66.46; H, 6.16; N,

4.08; found C, 66.50; H, 6.12; N, 4.13%.

4-[3-(2,4-dimethoxy-phenyl)-4,5-dihydro-isoxazol-5-

ylmethyl]-2-methoxy-phenyl acetate (3b)

Yield 81.9%, white solid, mp 117–118�C. IR (KBr) mmax:

2930, 1762, 1683, 1511, 1101 cm-1; 1H NMR (CDCl3,

200 MHz) d 7.61 (1H, d, J = 8.4 Hz, H-60), 6.96 (1H, d,

J = 8.0 Hz, H-6), 6.91 (1H, d, J = 1.4 Hz, H-3), 6.81 (1H,

dd, J = 8.0, 1.8 Hz, H-5), 6.52 (1H, d, J = 2.2 Hz, H-30),
6.47 (1H, dd, J = 8.2, 1.8 Hz, H-50), 4.87 (1H, m, H-8),

3.83 (9H, brs, 39 OCH3), 3.49 (1H, dd, J = 17.2, 11.0 Hz,

H-9a), 3.15 (1H, dd, J = 17.2, 7.6 Hz, H-9b), 3.08 (1H, dd,

J = 13.8, 9.2 Hz, H-7a), 2.83 (1H, dd, J = 14.2, 6.6 Hz,

H-7b), 2.29 (3H, s, OCOCH3); FAB MS (?ve): m/z 385

[M?1]?. Elemental anal. calc. for C21H23NO6: C, 65.44;

H, 6.02; N, 3.63; found C, 65.48; H, 6.07; N, 3.58%.

5-(3,4-Dimethoxy-benzyl)-3-(2,4-dimethoxy-phenyl)-4,5-

dihydro-isoxazole (3c)

Yield 82.0%, white needle-shaped crystals, mp 98–99�C.

IR (KBr) mmax: 2938, 1597, 1515, 1351, 1157 cm-1; 1H

142 Med Chem Res (2011) 20:139–145

123



NMR (CDCl3, 200 MHz) d 7.80 (1H, d, J = 8.2 Hz, H-60),
7.59 (1H, d, J = 8.4 Hz, H-6), 7.29 (2H, d, J = 8.8 Hz, H-

3,5), 6.80 (1H, d, J = 2.2 Hz, H-30), 6.49 (1H, dd, J = 8.4,

2.4 Hz, H-50), 4.87 (1H, m, H-8), 3.87 (12H, brs, 49

OCH3), 3.41 (1H, dd, J = 17.2, 10.0 Hz, H-9a), 3.12 (1H,

dd, J = 17.2, 7.6 Hz, H-9b), 3.04 (1H, dd, J = 13.4,

6.2 Hz, H-7a), 2.80 (1H, dd, J = 13.8, 6.6 Hz, H-7b); FAB

MS (?ve): m/z 357 [M?], 358 [M?1]?. Elemental anal:

calc. for C20H23NO5: C, 67.21; H, 6.49; N, 3.92; found C,

67.25; H, 6.54; N, 3.98%.

3-(2,4-Dimethoxy-phenyl)-5-(4-ethoxy-3-methoxy-benzyl)-

4,5-dihydro-isoxazole (3d)

Yield 75.6%, white solid, mp 92–93�C. IR (KBr) mmax:

3021, 2361, 1769, 1628, 1216 cm-1; 1H NMR (CDCl3,

200 MHz) d 7.76 (1H, d, J = 8.2 Hz, H-60), 7.58 (1H, d,

J = 8.4 Hz, H-6), 7.34 (1H, s, H-3), 6.79 (2H, dd, J = 8.2,

1.5 Hz, H-30,5), 6.47 (1H, dd, J = 8.4, 2.4 Hz, H-50), 4.86

(1H, m, H-8), 4.06 (2H, q, J = 7.0 Hz, OCH2CH3), 3.82

(9H, brs, 39 OCH3), 3.33 (1H, dd, J = 18.1, 10.0 Hz, H-

9a), 3.12 (1H, dd, J = 18.1, 7.4 Hz, H-9b), 3.01 (1H, dd,

J = 13.1, 6.6 Hz, H-7a), 2.98 (1H, dd, J = 13.1, 6.6 Hz,

H-7b), 1.43 (3H, t, J = 7.0 Hz, OCH2CH3); FAB MS

(?ve): m/z 372 [M?]. Elemental anal: calc. for

C21H25NO5: C, 67.91; H, 6.78; N, 3.77; found C, 67.84; H,

6.71; N, 3.72%.

5-(4-Benzyloxy-3-methoxy-benzyl)-3-(2,4-dimethoxy-

phenyl)-4,5-dihydro-isoxazole (3e)

Yield 81.0%, white crystals, mp 83–84�C. IR (KBr) mmax:

3021, 1616, 1216 cm-1; 1H NMR (CDCl3, 200 MHz) d
7.60(1H, d, J = 8.4 Hz, H-60), 7.45–7.23 (5H, m, H-200 to

600), 6.84 (1H, d, J = 1.8 Hz, H-3), 6.81 (1H, d,

J = 8.2 Hz, H-6), 6.70 (1H, d, J = 8.2, 1.8 Hz, H-5), 6.51

(1H, d, J = 2.4 Hz, H-30), 6.46 (1H, dd, J = 7.0, 2.4 Hz,

H-50), 5.13 (2H, s, CH2Ar), 4.87 (1H, m, H-8), 3.88 (9H,

brs, 39 OCH3), 3.40 (1H, dd, J = 17.2, 10.0 Hz, H-9a),

3.13 (1H, dd, J = 17.2, 7.6 Hz, H-9b), 3.03 (1H, dd,

J = 13.8, 6.8 Hz, H-7a), 2.81 1H, dd, J = 13.8, 6.6 Hz, H-

7b); FAB MS (?ve): m/z 434 [M?1]?. Elemental anal.

calc. for C26H27NO5: C, 72.04; H, 6.28; N, 3.23; found C,

72.12; H, 6.31; N, 3.16%.

3-(2,4-Dimethoxy-phenyl)-5-[3-methoxy-4-(2-pyrrolidin-1-

yl-ethoxy)-benzyl]-4,5-dihydro-isoxazole (3f)

Yield 73.9%, brown viscous oil. IR (neat) mmax: 3020,

1613, 1513, 1216 cm-1; 1H NMR (CDCl3, 200 MHz) d
7.39(1H, d, J = 8.4 Hz, H-60), 6.62 (1H, d, J = 7.4 Hz, H-

6), 6.56 (2H, m, H-3,5), 6.30 (1H, d, J = 2.2 Hz, H-30),
6.27 (1H, dd, J = 8.3, 1.7 Hz, H-50), 4.72 (1H, m, H-8),

3.95 (2H, t, J = 6.2 Hz, OCH2), 3.85 (3H, brs, OCH3),

3.84 (3H, brs, OCH3), 3.82 (3H, brs, OCH3), 3.39 (1H, dd,

J = 17.1, 10.4 Hz, H-9a), 3.14 (1H, dd, J = 17.1, 10.0 Hz,

H-9b), 3.09 (1H, dd, J = 14.1, 6.8 Hz, H-7a), 2.87 (1H, dd,

J = 14.1, 6.2 Hz, H-7b), 2.85 (2H, t, J = 6.2 Hz, –CH2–

N), 2.60 (4H, m, –N(CH2)2–), 1.79 (4H, m, –CH2CH2–);

FAB MS (?ve): m/z 441 [M?1]?. Elemental anal. calc. for

C25H32N2O5: C, 68.16; H, 7.32; N, 6.36; found C, 68.07;

H, 7.40; N, 6.40%.

1-(2-{4-[3-(2,4-Dimethoxy-phenyl)-4,5-dihydro-isoxazol-

5-ylmethyl]-2-methoxy-phenoxy}-ethyl)-piperidine (3g)

Yield 80.9%, brown viscous oil. IR (neat) mmax: 3019,

1609, 1350, 1216 cm-1; 1H NMR (CDCl3, 200 MHz) d
7.60(1H, d, J = 8.4 Hz, H-60), 6.83 (1H, d, J = 7.6 Hz,

H-6), 6.81 (2H, m, H-3,5), 6.49 (1H, dd, J = 8.0, 1.8 Hz,

H-50), 4.86 (1H, m, H-8), 6.52 (1H, d, J = 1.8 Hz, H-30),
4.13 (2H, t, J = 6.2 Hz, OCH2), 3.85 (3H, brs, OCH3),

3.84 (3H, brs, OCH3), 3.82 (3H, brs, OCH3), 3.39 (1H, dd,

J = 17.2, 10.0 Hz, H-9a), 3.14 (1H, dd, J = 17.2, 10.0 Hz,

H-9b), 3.09 (1H, dd, J = 14.2, 6.2 Hz, H-7a), 2.87 (1H, dd,

J = 14.2, 6.8 Hz, H-7b), 2.84 (2H, t, J = 6.0 Hz, –CH2–

N), 2.58 (4H, m, –N(CH2)2–), 1.66 (6H, m, –CH2CH2CH2–);

FAB MS (?ve): m/z 455 [M?1]?. Elemental anal. calc. for

C26H34N2O5: C, 68.70; H, 7.54; N, 6.16; found C, 68.73; H,

7.48; N, 6.10%.

2-Methoxy-4-(3-naphthalen-1-yl-4,5-dihydro-isoxazol-5-

ylmethyl)-phenol (5a)

Yield 88.0%, sticky solid. 1H NMR (CDCl3, 200 MHz) d
8.80 (1H, d, J = 7.3 Hz, H-80), 7.80 (2H, m, H-20,40), 7.58

(4H, m, H-30,50,60,70), 6.80 (3H, m, H-3,5,6), 5.00 (1H, m,

H-8), 3.89 (3H, brs, OCH3), 3.56 (1H, dd, J = 16.1,

10.3 Hz, H-9a), 3.27 (1H, dd, J = 16.1, 7.7 Hz, H-9b),

3.08 (1H, dd, J = 14.5, 7.8 Hz, H-7a), 2.97 (1H, dd,

J = 14.5, 6.4 Hz, H-7b); FAB MS (?ve): m/z 333 [M]?,

334 [M?1]?. Elemental anal. calc. for C21H19NO3: C,

75.66; H, 5.74; N, 4.20; found C, 75.58; H, 5.70; N, 4.13%.

2-Methoxy-4-(3-naphthalen-1-yl-4,5-dihydro-isoxazol-5-

ylmethyl)-phenyl acetate (5b)

Yield 85.0%, brown sticky solid. IR (KBr) mmax: 3021,

2361, 1601, 1514, 1216 cm-1; 1H NMR (CDCl3,

200 MHz) d 8.88 (1H, d, J = 7.6 Hz, H-80), 7.78 (2H, m,

H-20,40), 7.58 (4H, m, H-30,50,60,70), 6.98 (1H, d,

J = 8.1 Hz, H-6), 6.95 (1H, d, J = 1.2 Hz, H-3), 6.81 (1H,

dd, J = 8.1, 1.2 Hz, H-5), 5.02 (1H, m, H-8), 3.87 (3H, brs,

OCH3), 3.54 (1H, dd, J = 16.6, 10.2 Hz, H-9a), 3.26 (1H,

dd, J = 16.6, 7.8 Hz, H-9b), 3.17 (1H, dd, J = 13.2,

6.2 Hz, H-7a), 2.95 (1H, dd, J = 13.2, 5.2 Hz, H-7b), 2.45
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(3H, s, COCH3); FAB MS (?ve): m/z 376 [M?1]?. Ele-

mental anal. calc. for C23H21NO4: C, 73.58; H, 5.64; N,

3.73; found C, 73.66; H, 6.01; N, 3.65%.

5-(3,4-Dimethoxy-benzyl)-3-(naphthalen-1-yl)-4,5-

dihydroisoxazole (5c)

Yield 87.1%, white needle-shaped crystals, mp 103–104�C.

IR (KBr) mmax: 2938, 1592, 1235, 1030 cm-1; 1H NMR

(CDCl3, 200 MHz) d 8.84 (1H, dd, J = 7.4, 2.0 Hz, H-80),
7.88 (2H, m, H-20,40), 7.56 (4H, m, H-30,50,60,70), 6.84 (3H,

m, H-3,5,6), 5.01 (1H, m, H-8), 3.88 (3H, brs, OCH3), 3.85

(3H, brs, OCH3), 3.53 (1H, dd, J = 16.6, 10.2 Hz, H-9a),

3.24 (1H, dd, J = 16.6, 7.6 Hz, H-9b), 3.12 (1H, dd,

J = 14.2, 8.0 Hz, H-7a), 2.94 (1H, dd, J = 14.2, 6.4 Hz,

H-7b); FAB MS (?ve): m/z 348 [M?1]?. Elemental anal.

calc. for C22H21NO3: C, 76.06; H, 6.09; N, 4.03; found C,

76.00; H, 6.01; N, 4.11%.

5-(4-Ethoxy-3-methoxy-benzyl)-3-naphthalen-1-yl-4,5-

dihydro-isoxazole (5d)

Yield 77.4%, brown sticky solid. IR (KBr) mmax: 3377,

1596, 1514, 1261 cm-1; 1H NMR (CDCl3, 200 MHz) d
8.86 (1H, dd, J = 7.6, 1.8 Hz, H-80), 7.87 (2H, m, H-20,40),
7.61 (4H, m, H-30,50,60,70), 6.85 (3H, m, H-3,5,6), 4.99 (1H,

m, H-8), 4.06 (2H, q, J = 7.0 Hz, OCH2CH3)), 3.87 (3H,

brs, OCH3), 3.52 (1H, dd, J = 16.6, 10.2 Hz, H-9a), 3.23

(1H, dd, J = 16.6, 7.8 Hz, H-9b), 3.14 (1H, dd, J = 15.8,

7.8 Hz, H-7a), 2.93 (1H, dd, J = 15.8, 6.6 Hz, H-7b); ESI

MS m/z 361 [M?1]?. Elemental anal. calc. for

C23H23NO3: C, 76.43; H, 6.41; N, 3.88; found C, 76.35; H,

6.49; N, 3.79%.

5-(4-Benzyloxy-3-methoxy-benzyl)-3-naphthalen-1-yl-4,5-

dihydro-isoxazole (5e)

Yield 72.8%, white crystals, mp 104–105�C. IR (KBr)

mmax: 2930, 1593, 1236, 1147 cm-1; 1H NMR (CDCl3,

200 MHz) d 8.86 (1H, dd, J = 7.6, 1.8 Hz, H-80), 7.88

(2H, m, H-20,40), 7.58-7.30 (9H, m, H-30,50,60,70, 200–600),
6.88 (1H, d, J = 1.8 Hz, H-3), 6.82 (1H, d, J = 8.0 Hz,

H-6), 6.74 (1H, dd, J = 8.0, 1.8 Hz, H-5), 5.11 (2H, s, –

CH2Ar), 5.01 (1H, m, H-8), 3.89 (3H, brs, OCH3), 3.55

(1H, dd, J = 14.8, 10.2 Hz, H-9a), 3.22 (1H, dd,

J = 14.8, 7.6 Hz, H-9b), 3.12 (1H, dd, J = 14.0, 5.8 Hz,

H-7a), 2.92 (1H, dd, J = 14.0, 6.2 Hz, H-7b); ESI MS m/

z 423 [M]?, 424 [M?1]?. Elemental anal. calc. for

C28H25NO3: C, 79.41; H, 5.95; N, 3.31; found C, 79.51;

H, 6.00; N, 6.30%.

5-[3-Methoxy-4-(2-pyrrolidin-1-yl-ethoxy)-benzyl]-3-

naphthalen-1-yl-4,5-dihydro-isoxazole (5f)

Yield 78.6%, brown solid. 1H NMR (CDCl3, 200 MHz) d
8.87 (1H, dd, J = 9.1, 1.7 Hz, H-80), 7.91 (2H, m, H-20,40),
7.59-7.40 (4H, m, H-30,50,60,70), 6.98 (1H, d, J = 1.8 Hz,

H-3), 6.80 (1H, dd, J = 8.0, 1.8 Hz, H-5), 6.70 (1H, d,

J = 8.0 Hz, H-6), 5.04 (1H, m, H-8), 4.16 (2H, t,

J = 5.8 Hz, –OCH2), 3.88 (3H, brs, OCH3), 3.65 (1H, dd,

J = 15.1, 9.5 Hz, H-9a), 3.32 (1H, dd, J = 15.1, 6.5 Hz,

H-9b), 3.02 (1H, dd, J = 14.0, 6.5 Hz, H-7a), 2.81 (1H, dd,

J = 14.0, 6.2 Hz, H-7b), 2.82 (2H,t, J = 6.0 Hz –NCH2),

2.64 (4H, m, H–N(CH2)2–), 1.72 (4H, m, –CH2CH2–);

FABMS m/z 431 [M?1]?. Elemental anal. calc. for

C27H30N2O3: C, 75.32; H, 7.02; N, 6.51; found C, 75.41;

H, 7.11; N, 6.42%.

1-{2-[2-Methoxy-4-(3-naphthalen-1-yl-4,5-dihydro-

isoxazol-5-ylmethyl)-phenoxy]-ethyl}-piperidine (5g)

Yield 88.6%, brown sticky solid. 1H NMR (CDCl3,

200 MHz) d 8.85 (1H, dd, J = 9.2, 1.8 Hz, H-80), 7.94

(2H, m, H-20,40), 7.60-7.43 (4H, m, H-30,50,60,70), 6.96 (1H,

d, J = 2.1 Hz, H-3), 6.82 (1H, dd, J = 8.2, 2.1 Hz, H-5),

6.69 (1H, d, J = 8.2 Hz, H-6), 5.03 (1H, m, H-8), 4.18

(2H, t, J = 5.8 Hz, –OCH2), 3.85 (3H, brs, OCH3), 3.61

(1H, dd, J = 15.6, 9.8 Hz, H-9a), 3.30 (1H, dd, J = 15.6,

6.8 Hz, H-9b), 3.25–3.06 (2H, m, H-7ab), 3.00 (2H,brs, –

NCH2), 2.70 (4H, m, H–N(CH2)2–), 1.71–1.65 (6H, m, H–

CH2CH2CH2–); FAB MS m/z 444 [M]?, 445 [M?1]?.

Elemental anal. calc. for C28H32N2O3: C, 75.65; H, 7.26;

N, 6.30; found C, 75.57; H, 7.1; N, 6.37%.

Acknowledgments The authors are grateful to SAIF for spectral

data and Indian Council of Medicinal Research, New Delhi, for the

award of senior research fellowship to P. Gupta. Kailash and Ausaf

Ahmad are thankful to UGC for financial support.

References

Adelbert A (2000) CNS energy metabolism as related to function.

Brain Res Rev 34:24–68

Ahmad G, Mishra PK, Gupta P, Yadav PP, Tiwari P, Tamrakar AK,

Srivastava AK, Maurya R (2006) Synthesis of novel benzofuran

isoxazolines as protein tyrosine phosphatase 1B inhibitors.

Bioorg Med Chem Lett 16:2139–2143

Basappa M, Sadashiva P, Mantelingu K, Nanjunda SS, Rangappa KS

(2003) Solution-phase synthesis of novel delta2-isoxazoline

libraries via 1,3-dipolar cycloaddition and their antifungal

properties. Bioorg Med Chem 11:4539–4544

Conti P, Dallanoce C, Amici MD, Micheli CD, Klotz KN (1998)

Synthesis of new delta 2-isoxazoline derivatives and their

pharmacological characterization as beta-adrenergic receptor

antagonists. Bioorg Med Chem 6:401–408

Dabson H, Smith RF (2000) What is stress, and how does it affect

reproduction? Anim Reprod Sci 60:743–752

144 Med Chem Res (2011) 20:139–145

123



Dhabhar FS, McEwen BS, Spencer RL (1997) Adaptation to

prolonged or repeated stress-comparison between rat strains

showing intrinsic differences in reactivity to acute stress.

Neuroendocrinology 65:360–368

Fitzpatrick F, Christedd N, Durant S, Dardenne M, Nunez EA,

Delarche HF (1992) Glucocorticoids in the nonobese diabetic

(NOD) mouse: basal serum levels, effect of endocrine manip-

ulation and immobilization stress. Life Sci 50:1063–1069

Gaonkar SL, Rai L, Prabhuswamy B (2007) Synthesis of novel 3-[5-

ethyl-2-(2-phenoxy-ethyl)-pyridin]-5-substituted isoxazoline libraries

via 1,3-dipolar cycloaddition and evaluation of antimicrobial

activities. Med Chem Res 15:407–417

Gareri P, Falconi U, Fazio P, Sarro GD (2000) Conventional and new

antidepressant drugs in the elderly. Prog Neurobiol 61:353–396

Glavin GB, Murison R, Overmier JB, Pare WP, Bakke HK, Henke PG

(1991) The neurobiology of stress ulcers. Brain Res Rev 16:

301–343

Gupta P, Yadav DK, Siripurapu KB, Palit G, Maurya R (2007)

Constituents of Ocimum sanctum with antistress activity. J Nat

Prod 70:1410–1416

Habeeb AG, Rao PNP, Knaus EE (2001) Design and synthesis of 4,5-

diphenyl-4-isoxazolines: novel inhibitors of cyclooxygenase-2

with analgesic and antiinflammatory activity. J Med Chem 44:

2921–2927

Hassner A, Rai KML (1989) Synthesis of Pluraflavin A ‘‘Aglycone’’.

Synthesis 57–59

Ichiba T, Scheuer PJ, Borges KM (1993) Three bromotyrosine

derivatives, one terminating in an unprecedented diketocyclo-

pentenylidene enamine. J Org Chem 58:4149–4150

Kai H, Matsumoto H, Hattori N, Takase A, Fujiwara T, Sugimoto H

(2001) Anti-influenza virus activities of 2-alkoxyimino-n-(2-

isoxazolin-3-ylmethyl) acetamides. Bioorg Med Chem Lett 11:

1997–2000

Marty O, Martin M, Gavalda A (1997) Inhibition of corticosteroid-

binding globulin caused by a severe stressor is apparently

mediated by the adrenal but not by glucocorticoid receptors.

Endocrine 6:159–164

Mason JW (1968) A review of psychoendocrine research on the

pituitary-adrenal cortical system. Psychosom Med 30:576–607

Maurya R, Gupta P, Ahmad G, Yadav DK, Chand K, Singh AB,

Tamrakar AK, Srivastava AK (2008) Synthesis of 3,5-disubsti-

tuted isoxazolines as protein tyrosine phosphatase 1B inhibitors.

Med Chem Res 17:123–136

Mayer EA (2000) The neurobiology of stress and gastrointestinal

disease. Gut 47:861–869

McEwen BS, Wingfield JC (2003) The concept of allostasis in

biology and biomedicine. Horm Behav 43:2–15

Purett SB (2001) Quantitative aspects of stress-induced immuno-

modulation. Int Immuno Pharmacol 1:507–520

Rai D, Bhatia G, Sen T, Palit G (2003) Anti-stress effects of Ginkgo
biloba and Panax ginseng: a comparative study. J Pharmacol Sci

93:458–464

Roy MP, Kirschbaum C, Steptoe A (2001) Psychological, cardiovas-

cular, and metabolic correlates of individual differences in

cortisol stress recovery in young men. Psychoneuroendocrinol-

ogy 26:375–391

Sielecki TM, Liu J, Mousa SA, Racanelli AL, Hausner EA, Wexler

RR, Olson RE (2001) Synthesis and pharmacology of modified

amidine isoxazoline glycoprotein IIb/IIIa receptor antagonists.

Bioorg Med Chem Lett 11:2201–2204

Srivastava S, Bajpai LK, Batra S, Bhaduri AP, Maikhuri JP, Gupta G,

Dhar JD (1999) In search of new chemical entities with spermi-

cidal and anti-HIV activities. Bioorg Med Chem 7:2607–2613

Yadin E, Thomas E (1996) Stimulation of the lateral septum

attenuates immobilization-induced stress ulcers. Physiol Behav

59:883–886

Yamada K, Sato M, Tanaka K, Wakabayashi A, Igarashi T, Sakurai T

(2006) Nitrile-forming radical elimination reactions of 1-naph-

thaldehyde O-(4-substituted benzoyl) oximes activated by triplet

benzophenone. J Photochem Photobiol A 183:205–211

Med Chem Res (2011) 20:139–145 145

123


	Synthesis of novel isoxazolines via 1,3-dipolar cycloaddition and evaluation of anti-stress activity
	Abstract
	Introduction
	Results and discussion
	Chemistry
	Biological activity

	Conclusion
	Experimental
	General
	Synthesis of olefins 2c--g
	General procedure
	4-Allyl-1,2-dimethoxy-benzene (2c)
	4-Allyl-1-ethoxy-2-methoxy-benzene (2d)
	4-Allyl-1-benzyloxy-2-methoxy-benzene (2e)
	1-[2-(4-Allyl-2-methoxy-phenoxy)-ethyl]-pyrrolidine (2f)
	1-[2-(4-Allyl-2-methoxy-phenoxy)-ethyl]-piperidine (2g)

	Synthesis of isoxazolines 3a--g and 5a--g
	General procedure
	4-[3-(2,4-Dimethoxy-phenyl)-4,5-dihydro-isoxazol-5-ylmethyl]-2-methoxy-phenol (3a)
	4-[3-(2,4-dimethoxy-phenyl)-4,5-dihydro-isoxazol-5-ylmethyl]-2-methoxy-phenyl acetate (3b)
	5-(3,4-Dimethoxy-benzyl)-3-(2,4-dimethoxy-phenyl)-4,5-dihydro-isoxazole (3c)
	3-(2,4-Dimethoxy-phenyl)-5-(4-ethoxy-3-methoxy-benzyl)-4,5-dihydro-isoxazole (3d)
	5-(4-Benzyloxy-3-methoxy-benzyl)-3-(2,4-dimethoxy-phenyl)-4,5-dihydro-isoxazole (3e)
	3-(2,4-Dimethoxy-phenyl)-5-[3-methoxy-4-(2-pyrrolidin-1-yl-ethoxy)-benzyl]-4,5-dihydro-isoxazole (3f)
	1-(2-{4-[3-(2,4-Dimethoxy-phenyl)-4,5-dihydro-isoxazol-5-ylmethyl]-2-methoxy-phenoxy}-ethyl)-piperidine (3g)
	2-Methoxy-4-(3-naphthalen-1-yl-4,5-dihydro-isoxazol-5-ylmethyl)-phenol (5a)
	2-Methoxy-4-(3-naphthalen-1-yl-4,5-dihydro-isoxazol-5-ylmethyl)-phenyl acetate (5b)
	5-(3,4-Dimethoxy-benzyl)-3-(naphthalen-1-yl)-4,5-dihydroisoxazole (5c)
	5-(4-Ethoxy-3-methoxy-benzyl)-3-naphthalen-1-yl-4,5-dihydro-isoxazole (5d)
	5-(4-Benzyloxy-3-methoxy-benzyl)-3-naphthalen-1-yl-4,5-dihydro-isoxazole (5e)
	5-[3-Methoxy-4-(2-pyrrolidin-1-yl-ethoxy)-benzyl]-3-naphthalen-1-yl-4,5-dihydro-isoxazole (5f)
	1-{2-[2-Methoxy-4-(3-naphthalen-1-yl-4,5-dihydro-isoxazol-5-ylmethyl)-phenoxy]-ethyl}-piperidine (5g)


	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


