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Abstract

Poly(4-vinylpyridine) is used as a green, commercially available and recyclable basic catalyst for the multicompo-
nent synthesis of benzopyrans and dihydropyranochromenes by one-pot condensation of aromatic aldehydes, 3-
methyl-1-phenyl-2-pyrazolin-5-one, and malononitrile or 4-hydroxycoumarin in ethanol at reflux temperature. This
procedure provides several advantages such as mild reaction conditions, short reaction times, simple work-up and

high yields.
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1. Introduction

Benzopyrans and dihydropyranochromenes are con-
sidered as interesting heterocyclic compounds that have
already received significant attentions because of their
biological and pharmaceutical properties such as antisteri-
lity and anticancer activity.'> The pyran pharmacophore
is an important core structure of many natural products
showing antibacterial, antitumor, antiallergic, antibiotic,
hypolipidemic and immunomodulating activities.® Due to
the great importance of dihydropyranochromenes and
benzopyrans in recent years, various synthetic procedures
have been developed for the preparation of these com-
pounds.**” However, some of these procedures suffer
from one or more of the following disadvantages such as
use of toxic solvents, tedious work-up procedure, long
reaction times, low yields, use of corrosive reagents, eff-
luent pollution, and non-recyclable catalysts. Therefore,
there is a need to develop an alternative method for the

synthesis of these compounds. In the condensation reac-
tion, pyridine was used as a basic catalyst. It was espe-
cially suitable for the dehalogenation, where it acted as
the base for the and bonds the resulting hydrogen halide
to form a pyridinium salt. Nevertheless, pyridine is a high-
ly flammable and toxic compound, and can be absorbed
through the skin mucous membranes. Recenty, poly(4-
vinylpyridine) (PVPy) has been used as a support for the
numerous reagents and catalysts in many organic reaction
transformations. It has been reported that PVPy as a basic
catalyst can catalyze the synthesis of chromene derivati-
ves.”® Also, in the previous research, the application of
PVPy for the protection of different types of functional
groups has been reported.”?As part of our research pro-
gram to develop efficient and green methods, and ca-
talysts in organic synthesis,’*?> we wish to report the ap-
plicability of (PVPy) as a green, commercially available
and recyclable basic catalyst for the synthesis of benzop-
yrans and dihydropyranochromenes in ethanol at reflux
temeprature (Scheme 1).
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Scheme 1. Synthesis of benzopyrans and dihydropyranochromenes catalyzed by PVPy.

2. Results and Discussion

PVPy is cheap and commercially available rea-
gent, and its structure convinced us that this reagent
could be used as an efficient, green and basic catalyst in
the synthesis of dihydropyranochromenes and benzop-
yrans. At first the catalytic role of PVPy in the reaction
of dihydropyranochromenes via three-component con-
densation of aldehydes, malononitrile and 4-hydroxy-
coumarin was examined. The best result was achieved
by running the reaction of benzaldehyde, malononitrile
and 4-hydroxycoumarin (with 1: 1: 1 mol ratio) in the
presence of 0.1 g of PVPy in ethanol at reflux tempera-
ture (Table 1, entry 1).

Using the optimized conditions, the reaction of vari-
ous aromatic aldehydes was explored without additional
purification (Table 1). Similarly, benzopyrans were obtai-
ned by the condensation of aromatic aldehydes, malono-
nitrile and 3-methyl-1-phenyl-2-pyrazolin-5-one in etha-
nol at reflux temperature (Table 2). According to the re-
sults of Table 1 and 2, different aromatic aldehydes with
either electron-donating or electron-withdrawing groups,

efficiently reacted to afford the desired products in good
to high yields. It was also observed that aliphatic aldehy-
des remain intact under the same reaction conditions. All
products were isolated with simple filtration and evapora-
tion of the solvent. Solid products were easily recrystalli-
zed from hot ethanol in good to high yields during the
short reaction times. All products have been identified by
comparison of their melting points and analytical data
(IR, NMR) with those reported for authentic samples. A
distinct advantage of this method is the formation of cor-
responding products without by-products. The experi-
mental procedure using PVPy as a catalyst is very simple
and the catalyst can be recovered easily by filtration. Mo-
reover, the applied procedure is environmentally friendly
as it did not use any toxic auxiliary or solvent.

In order to exhibit the recyclability of the PVPy in
the synthesis of dihydropyranochromenes, the reaction of
benzaldehyde, 4-hydroxycoumarin and malononitrile was
selected as a model. After completion of the reaction, the
PVPy was washed with ethylacetate, dried and stored for
another consecutive reaction run. This process was repea-
ted for five runs and no significant decreasing in yield was

Table 1. Synthesis of dihydropyranochromene derivatives catalyzed by PVPy.

Entry Substrate Time (min) Yield (%)* o é“p ( CRlporte 4
1 C,H,CHO 20 90 260262 263-265
2 2-CIC,H,CHO 18 90 242244 2407
3 4-CIC,H,CHO 15 89 259261 252-255°
4 2,4-C1,C.H,CHO 12 90 257259 250-2547
5 3-NO,C,H,CHO 12 90 251-252  248-250°
6 4-NO,C,H,CHO 10 92 257259 250-252°
7 4-MeC,H,CHO 20 89 255257 259-260°
8 4-MeOCH,CHO 32 87 228229 226-230°
9 345(Me0),CH,CHO 60 86 274276 276-278

10 4-HOC,H,CHO 60 85 265267 260-263°

11 4-BrCH,CHO 20 89 250252 244246

12 4-FC,H,CHO 20 90 262263 258-261°

*Yields of pure isolated products.
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Table 2. Synthesis of benzopyrans catalyzed by PVPy.

Entry Substrate Time (min) Yield (%)?* Fountllvlp ( (lilporte d
1 C,H,CHO 9 96 168-170  169-171%
2 4-0,NC,H,CHO 7 92 193-195  196-198%
3 3-0,NCH,CHO 10 94 190-192  190-191%
4 2,4-CL,C ,H,CHO 10 93 183-185  185-187%
5 4-CICH,CHO 10 93 176-178  175-177%
6 2-CIC,H,CHO 15 92 145-147  144-146%
7 3-CICH,CHO 12 92 157-159  158-159%
8 4-MeOCH,CHO 35 87 172-174  174-176%
9 4-MeC,H,CHO 20 93 177-179  176-178*

10 4-FC,H,CHO 18 92 168-169  167-168*

11 4-HOC,H,CHO 25 89 208-210  211-212*

12 4-CNCH,CHO 8 86 217-219  216-218"

*Yields of pure isolated products.

Table 3. The recyclability of PVPy in the synthesis of dihydropyra-
nochromenes.”

Run 1 2 3 4 5
Time (min) 20 20 25 25 30
Yield (%)° 90 90 90 89 89

Table 4. The recyclability of PVPy in the synthesis of benzop-
yrans.”

Run 1 2 3 4 5 6
Tim (min) 9 9 10 12 12 15
Yield (%)° 96 95 95 92 92 90

# Reaction conditions: benzaldehyde (1 mmol), 4-hydroxycoumarin
(1 mmol), malononitrile (1 mmol), and catalyst (0.1 g) in ethanol at
reflux temperature. ° Yields of pure isolated products.

* Reaction conditions: benzaldehyde (1 mmol), 3-methyl-1-phenyl-2-
pyrazolin-5-one (1 mmol), malononitrile (1 mmol), and catalyst (0.1
¢) in ethanol at reflux temperature. ® Yields of pure isolated products.

Table 5. Comparison of the efficiency of various catalysts in the synthesis of dihydropyranochromenes from benzal-

dehyde.
Entry Catalyst Conditions Time (min)  Yield (%)* Reference
1 Nano ZnO H,0/70 °C 180 87 4
2 Trisodium citrate H,0-EtOH/reflux 40 65 5
3 Morpholine H,O/reflux 180 90 8
4 magnetic nano-organocatalyst H,O/reflux 10 78 9
5 PVPy EtOH/reflux 20 90 This work

*Yields of pure isolated products.

observed. Almost consistent activity was observed over fi-
ve runs and the desired products were obtained in high
yields (Table 3).

The activity of the recovered catalyst was also exa-
mined in the synthesis of benzopyrans using benzaldehy-
de, 3-methyl-1-phenyl-2-pyrazolin-5-one and malononi-
trile under the optimized conditions. As shown in the Tab-
le 4, PVPy can be recycled up to 6 consecutive runs wit-
hout any lost of its efficiency and the desired product was
obtained in high yields.

In order to show the efficiency of method, Table 5
compares the results of the synthesis of dihydropyranoc-
hromenes with various catalysts. In comparison with pre-
viously reported methods, low amounts of PVPy effi-

ciently promoted the reaction and gave the desired pro-
duct in very short times and high yields. Moreover, the
PVPy is cheap, easy to handle and commercially availab-
le. It can be simply recovered by filtration and reused in
the next runs without significant decrease of catalytic acti-
vity. Finally, our method does not use any toxic auxiliary
or solvent.

3. Experimental

All products were characterized by comparison of
their spectroscopic data (NMR, IR) and physical proper-
ties with those reported in the literature. Chemicals were
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purchased from Fluka and Merck chemical companies
and used as received. IR spectra were recorded on a Per-
kin Elmer 781 spectrophotometer. All NMR spectra were
recorded on a Bruker Avance 500 MHz spectrometer us-
ing tetramethylsilane (TMS) as an internal standard.
Melting points were recorded on Bransted Electrothermal
9100BZ melting point apparatus.

3. 1. General Procedure for Synthesis
of Dihydropyranochromenes and
Benzopyrans

A mixture of aldehyde (1 mmol), malononitrile (1
mmol), 4-hydroxycoumarin or 3-methyl-1-phenyl-2-pyra-
zolin-5-one (1 mmol), and PVPy (0.1 g) in ethanol (10 m-
L) was stirred at reflux temperature. After completion of
the reaction (moitored by TLC; n-hexane/ethyl acetate,
3:1), the catalyst was recovered by filtration to be reused
subsequently, and the reaction mixture allowed to cool at
room temperature. Evaporation of the solvent from the fil-
trate and recrystallization of the solid residue from hot et-
hanol afforded pure products in high yields. The structure
of the products was identified by meltig points, IR, 'H and
3C NMR spectroscopy (see Supplementary Material),
and compared with authentic samples prepared by repor-
ted methods.

The analytical and spectroscopic data for the known
compounds are as follows:

Table 1, entry 1: IR (KBr): v 3395, 3320, 3190,
2930, 2200, 1650, 1405, 1305, 1100 cm™. 'H NMR (500
MHz, DMSO-d,): §4.46 (s, 1H), 7.23-7.28 (m, 3H), 7.33
(t,2H, J = 7.6 Hz), 7.41 (s, 2H), 7.45-7.52 (m, 2H), 7.72
(t, 1H, J = 7.6 Hz), 7.90 (d, 1H, J = 8 Hz) ppm. '*C NMR
(125 MHz, DMSO-d,,): 637.5, 58.5, 104.5, 113.5, 117.1,
119.7, 123.0, 125.1, 127.6, 128.1, 129.0, 133.4, 143.8,
152.6, 153.9, 158.5, 160.0 ppm.

Table 1, entry 2: IR (KBr): v 3415, 3300, 3195,
2910, 2205, 1655, 1405, 1315, 1105 cm™. 'H NMR (500
MHz, DMSO-d,): 64.74 (s, 1H, CH), 7.48 (t, 1H, J = 8.4
Hz), 7.52 (d, 1H, J = 7.6 Hz), 7.56 (s, 2H), 764 (t, 1H, J =
8 Hz), 7.72-7.76 (m, 1H), 7.81 (d, 1H, J = 7.6 Hz), 8.12
(s, 1H), 8.14 (s, 1H) ppm. *C NMR (125 MHz, DMSO-
dy): 637.1,57.4,103.4,113.4,117.1, 119.4, 122.8, 122.9,
123.1, 125.2, 130.6, 133.6, 135.3, 146.0, 148.3, 152.8,
154.4, 158.6, 160.1 ppm.

Table 1, entry 3: IR (KBr): v 3420, 3320, 3195,
2920, 2110, 1675, 1470, 1345, 1150 cm™. 'H NMR (500
MHz, DMSO-d,) §4.49 (s, 1H,), 7.31 (d, 2H, J = 8.4 Hz),
7.36 (d, 2H, J = 8.4 Hz), 7.44-7.50 (m, 4H), 7.70 (t, 1H, J
= 7.6 Hz), 7.89 (d, 1H, J = 7.6 Hz) ppm. *C NMR (125
MHz, DMSO-d,): 6 36.9, 58.0, 104.0, 113.4, 117.0,
119.6, 123.0, 125.1, 128.9, 130.1, 132.2, 133.5, 142.8,
152.7, 154.0, 158.5, 160.0 ppm.

Table 1, entry 4: IR (KBr): v 3320, 3315, 3190,
2930, 2100, 1680, 1465, 1345, 1150 cm™'. 'H NMR (500
MHz, DMSO-dy): 6 4.99 (s, 1H), 7.35-7.41 (m, 2H),

7.48-7.54 (m, 4H), 7.59 (m, 1H), 7.72-7.76 (m, 1H), 7.90
(m, 2H, J = 8 Hz) ppm. *C NMR (125 MHz, DMSO-d,):
§34.4, 56.5, 103.0, 113.3, 117.2, 119.2, 123.0, 125.2,
128.4, 129.3, 132.6, 132.9, 133.6, 133.8, 139.9, 152.7,
154.6, 158.6, 159.9 ppm.

Table 1, entry 5: IR (KBr): v 3315, 3310, 3195,
2920, 2200, 1655, 1475, 1325, 1100 cm™. '"H NMR (500
MHz, DMSO-d,): § 4.98 (s, 1H), 7.25-7.29 (m, 2H),
7.31-7.34 (m, 1H), 7.41-7.52 (m, 5H), 7.70-7.74 (m,
1H), 7.91-7.93 (m, 1H) ppm. *C NMR (125 MHz, DM-
SO-d,): §34.8, 57.0, 103.4, 113.3, 117.1, 119.3, 123.0,
125.2, 128.2, 129.3, 130.1, 131.1, 132.9, 133.5, 140.7,
152.7, 154.5, 158.6, 159.9 ppm.

Table 1, entry 6: IR (KBr): v 3410, 3310, 3195,
2930, 2210, 1655, 1475, 1335, 1050 cm™'. '"H NMR (500
MHz, DMSO-d,): § 4.69 (s, 1H), 7.47-7.62 (m, 6H),
7.74 (t, 1H, J = 8 Hz), 7.92 (d, 1H, J = 8 Hz), 8.18 (d,
2H, J = 8.8 Hz) ppm. *C NMR (125 MHz, DMSO-d,): §
37.3, 57.3, 103.3, 113.4, 117.1, 119.4, 123.1, 124.2,
125.2, 129.7, 133.7, 147.1, 151.2, 152.8, 154.4, 158.5,
160.1 ppm.

Table 1, entry 7: IR (KBr): v 3415, 3315, 3205,
2910, 2215, 1650, 1405, 1305, 1015 cm™. "H NMR (500
MHz, DMSO-d,): 6 1.33 (3H), 4.50 (s, 1H), 7.16 (d, 2H, J
= 8.4 Hz), 7.38 (d, 2H, J = 8.8 Hz), 7.43 (s, 2H),
7.46-7.52 (m, 2H), 7.68-7.74 (m, 1H), 7.92 (d, 1H, 2H, J
= 7.6 Hz) ppm. *C NMR (125 MHz, DMSO-d,): § 32.1,
35.6, 58.6, 103.7, 110.2, 112.3, 115.1, 117.7, 120.8,
124.0, 126.1, 131.3, 133.7, 150.4, 150.5, 155.3, 155.7,
160.1 ppm.

Table 1, entry 8: IR (KBr): v 3415, 3310, 3200,
2920, 2210, 1650, 1405, 1305, 1010 cm™'. '"H NMR (500
MHz, DMSO-d,): 6 3.73 (s, 3H), 4.73 (s, 1H), 6.87 (d,
2H, J = 7.8 Hz), 7.18 (d, 2H, J = 7.8 Hz), 7.37 (s, 2H),
7.48 (m 2H), 7.71 (m, 1H), 7.91 (m, 1H) ppm. °*C NMR
(125 MHz, DMSO-d,): & 36.7, 55.5, 58.7, 104.8, 113.5,
114.3, 117.0, 119.8, 122.9, 125.1, 129.2, 133.3, 135.9,
152.6, 153.6, 158.4, 158.8, 160.0 ppm.

Table 1, entry 9: IR (KBr): v 3410, 3320, 3205,
2980, 1996, 1670, 1415, 1305, 1010 cm™". '"H NMR
(500 MHz, DMSO-d,): § 3.64 (s, 3H, OCH,), 3.73 (s,
6H), 4.45 (s, 1H), 6.54 (s, 2H), 7.38 (s, 2H), 747-7.52
(m, 2H), 7.70-7.74 (m, 1H), 7.90 (d, 1H, J = 7.2 Hz)
ppm. °C NMR (125 MHz, DMSO-d,): § 37.7, 56.4,
58.4, 60.4, 104.2, 105.5, 113.6, 117.1, 119.7, 123.0,
125.1, 133.4, 137.1, 139.5, 152.7, 153.3, 154.0, 158.5,
160.1 ppm.

Table 1, entry 10: IR (KBr): v 3410, 3320, 3205,
2980, 1996, 1670, 1415, 1305, 1010 cm™'. '"H NMR (500
MHz, DMSO-d,): & 4.34 (s, 1H), 6.69 (d, 2H, J = 8.4
Hz), 7.04 (d, 2H, J = 8.4 Hz), 7.34 (s, 2H), 744-7.50 (m,
2H), 7.70 (t, 1H, J = 7.6 Hz), 7.88 (d, 1H, J = 7.6 Hz),
9.36 (s, 1H) ppm. *C NMR (125 MHz, DMSO-d,): §
36.6, 58.9, 105.0, 113.5, 115.7, 117.0, 119.9, 122.9,
125.1, 129.2, 133.3, 134.2, 152.5, 153.5, 157.0, 158.4,
160.0 ppm.
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Table 1, entry 11: IR (KBr): v 3410, 3320, 3210,
2920, 2210, 1655, 1405, 1305, 1000 cm™. 'H NMR (500
MHz, DMSO-d,): §4.48 (s, 1H), 7.26 (d, 2H, ] = 7.8 Hz),
7.49 (m, 6H), 7.71 (m, 1H), 7.90 (d, 1H, J = 7.8 Hz) ppm.
C NMR (125 MHz, DMSO-d,): § 37.0, 57.9, 103.9,
113.4, 117.1, 119.6, 120.7, 123.0, 125.2, 130.5, 131.8,
133.5, 143.0, 152.7, 154.0, 158.4, 160.0 ppm.

Table 1, entry 12: IR (KBr): v 3335, 3310, 3190,
2920, 2115, 1675, 1475, 1345, 1150 cm™. 'H NMR (500
MHz, DMSO-d,): §4.48 (s, 1H), 7.35 (d, 2H, J = 8.4 Hz),
7.39 (d, 2H, J = 8.4 Hz), 7.45-7.51 (m, 4H), 7.70 (t, 1H, J
=7.6 Hz), 7.88 (d, 1H, J = 7.6 Hz) ppm. '*C NMR (125
MHz, DMSO-d,): § 36.9, 59.1, 103.8, 113.4, 116.8,
119.4, 122.8, 125.2, 128.9, 130.2, 132.3, 132.9, 142.7,
152.6, 154.1, 158.4, 160.1 ppm.

Table 2, entry 1: IR (KBr): v 3390, 3305, 3200,
29005, 2190, 1655, 1405, 1300, 1010 cm™. 'H NMR (400
MHz, CDCL,): § 1.79 (s, 3H), 4.78 (s, 2H), 5.29 (s, 1H),
7.22-7.27 (m, 3H), 7.30 (t, 2H, J = 7.8 Hz), 7.32 (s, 2H),
7.35 (m, 1H), 7.46 (m, 2H), 7.75 (d, 2H, J = 7.8 Hz) ppm.
*C NMR (100 MHz, CDCL,): § 12.8, 32.4, 60.8, 96.7,
117.4, 120.3, 125.9, 127.1, 128.4, 129.3, 130.4, 132.8,
136.3, 136.8, 142.9, 145.3, 158.7 ppm.

Table 2, entry 2: IR (KBr): v 3320, 3080, 2200,
1675, 1590, 1455, 1335, 1255, 1125, 1070, 1020 cm™. 'H
NMR (500 MHz, DMSO-d,): § 1.75 (s, 3H), 4.72 (s, 1H),
7.45-7.56 (m, 3H), 7.61-7.70 (m, 4H), 7.82 (d, 2H, J =
8.6 Hz), 7.88 (d, 2H, J = 8.0 Hz) ppm. *C NMR (125
MHz, DMSO-d,): & 13.5, 37.5, 58.1, 98.5, 110.8, 119.6,
120.0, 120.9, 126.9, 129.8, 130.1, 133.8, 138.6, 145.0,
145.9, 150.1, 160.5 ppm.

Table 2, entry 3: IR (KBr): v 3325, 3085, 2200,
1675, 1590, 1475, 1335, 1250, 1120, 1100, 1020 cm™.
'H NMR (500 MHz, DMSO-d,): 6 1.79 (s, 3H), 4.80 (s,
1H), 7.30-7.55 (m, 5H), 7.40-7.8 (m, 5H), 7.92 (m, 1H,
Ar), 7.98 ppm. *C NMR (125 MHz, DMSO-d,): §13.4,
37.5, 57.9, 99.5, 111.2, 119.6, 121.6, 121.9, 127.2,
129.5, 130.2, 132.9, 137.8, 144.5, 146.9, 150.2, 160.4
ppm.

Table 2, entry 4: IR (KBr): v 3400, 3300, 3200,
2900, 2200, 1645, 1400, 1300, 1000 cm™. 'H NMR (400
MHz, CDCL,): & 1.90 (s, 3H), 4.80 (s, 2H), 5.30 (s, 1H),
7.17 (d, 1H, J = 8.4 Hz), 7.26 (s, 1H), 7.35 (t, IH, J = 7.2
Hz), 7.46-7.51 (m, 3H), 7.66 (d, 2H, J = 8 Hz) ppm. '°C
NMR (100 MHz, CDCl,): § 12.8, 33.5, 61.9, 97.6, 118.6,
121.3, 127.0, 128.0, 129.4, 129.7, 131.5, 133.9, 137.4,
137.9, 144.0, 146.1, 158.9 ppm.

Table 2, entry 5: IR (KBr): v 3289, 3082, 2200,
1675, 1585, 1510, 1390, 1230, 1120, 1070, 1030 cm™. 'H
NMR (500 MHz, DMSO-d,): 6 1.75 (s, 3H), 4.82 (s, 1H),
7.25-7.30 (m, 3H), 7.45-7.51 (m, 4H), 7.75 (d, 2H, J =
8.6 Hz), 7.80 (d, 2H, J = 8.4 Hz) ppm. *C NMR (125
MHz, DMSO-d,): & 13.4, 37.5, 57.9, 97.9, 110.8, 118.9,
120.6, 120.9, 127.1, 129.8, 130.1, 133.5, 138.0, 144.9,
146.1, 150.1, 160.3 ppm.

Table 2, entry 6: IR (KBr): v 3305, 3300, 3200,

2900, 2200, 1645, 1400, 1300, 1000 cm™. '"H NMR (400
MHz, CDCl,): 6 1.89 (s, 3H), 4.82 (s, 2H), 5.32 (s, 1H),
7.17-7.39 (m, 5H), 7.42-7.45 (m, 2H), 7.56 (m, 1H) ppm.
13C NMR (100 MHz, CDCl,): 0 12.8, 32.8, 61.0, 97.5,
117.2, 120.3, 125.7, 126.9, 128.4, 128.9, 130.5, 132.8,
136.4, 136.4, 141.9, 145.6, 158.6 ppm.

Table 2, entry 7: IR (KBr): v 3250, 3100, 2205,
1680, 1570, 1220, 1120, 1100, 1020 cm™. '"H NMR (500
MHz, DMSO-d,): 6 1.78 (s, 3H), 4.82 (s, 1H), 7.15-7.21
(m, 5H), 7.30-7.38 (m, 3H), 7.42 (s, 2H), 7.78 (m, 1H)
ppm. *C NMR (125 MHz, DMSO-dy): 613.4,37.5,57.9,
99.5, 111.2, 119.6, 121.6, 121.9, 127.2, 129.5, 130.2,
132.9, 137.8, 144.5, 146.9, 150.2, 160.4 ppm.

Table 2, entry 8: IR (KBr): v 3410, 3310, 3205,
2910, 2215, 1675, 1405, 1315, 1015 cm™. "H NMR (500
MHz, DMSO-d,): 6 1.79 (s, 3H), 3.75 (3H), 4.50 (s, 1H),
7.20 (s, 2H), 7.31 (t, 1H, J = 7.4 Hz), 7.30 (d, 2H, J = 8
Hz), 7.42 (d, 2H, J = 8 Hz), 7.46 (t, 2H, J = 7.6 Hz), 7.70
(d, 2H, J=7.6 Hz) ppm. *C NMR (125 MHz, DMSO-d,):
0134,31.8,37.5,57.9,98.5, 110.8, 119.0, 120.6, 120.9,
127.1, 129.8, 131.1, 134.2, 138.3, 145.3, 145.9, 150.2,
160.2 ppm.

Table 2, entry 9: IR (KBr): v 3380, 3312, 3200,
2910, 2215, 1670, 1415, 1315, 1010 cm™.. '"H NMR (500
MHz, DMSO-d,): 6 1.78 (s, 3H), 1.85 (3H), 4.55 (s, 1H),
7.12 (s, 2H), 7.18 (t, 1H, J = 7.4 Hz), 7.21 (d, 2H, J = 8
Hz), 7.28 (d, 2H, J = 8 Hz), 7.36 (t, 2H, J = 7.6 Hz), 7.60
(d, 2H, J=7.6 Hz) ppm. >*C NMR (125 MHz, DMSO-d,):
013.4,36.7,37.5, 56.9,97.4, 110.1, 116.8, 119.5, 120.4,
125.2, 128.7, 130.1, 133.1, 137.3, 144.3, 145.6, 150.2,
160.2 ppm.

Table 2, entry 10: IR (KBr): v 3315, 3010, 2210,
1670, 1580, 1510, 1235, 1120, 1075, 1030 cm™. '"H NMR
(500 MHz, DMSO-d,): 6 1.74 (s, 3H), 4.82 (s, 1H),
7.32-7.40 (m, 3H), 7.48-7.55 (m, 4H), 7.87 (d, 2H, J =
8.6 Hz), 7.92 (d, 2H, J = 8.6 Hz) ppm. *C NMR (125
MHz, DMSO-d,): 6 13.4, 37.6, 57.9, 97.9, 110.8, 118.9,
120.7, 121.0, 128.1, 129.8, 130.1, 133.5, 138.6, 145.7,
146.2, 151.2, 160.4 ppm.

Table 2, entry 11: IR (KBr): v 3400, 3300, 3100,
2200, 1645, 1400, 1300, 1000 cm™. '"H NMR (500 MHz,
DMSO-d): 6 1.79 (s, 3H), 4.55 (s, 1H), 6.71 (d, 2H, J =
7.8Hz),7.03 (d,2H,J=7.81Hz),7.2 (s, 2H), 7.31 (t, 1H,
J=7.03 Hz), 748 (t, 2H, J = 7.31 Hz), 7.77 (d, 2H, J =
7.74 Hz), 9.32 (s, 1H) ppm. *C NMR (125 MHz, DMSO-
dy): 6134, 375, 57.9, 98.5, 110.8, 119.6, 120.6, 120.9,
127.1, 129.8, 130.1, 133.5, 138.3, 144.9, 145.9, 150.0,
160.0 ppm.

Table 2, entry 12: IR (KBr): v 3089, 3082, 2200,
2215, 1673, 1590, 1515, 1390, 1250, 1120, 1070, 1030
cm™'. '"H NMR (500 MHz, DMSO-d,): 6 1.77 (s, 3H),
4.83 (s, 1H), 7.30-7.33 (m, 3H), 7.47-7.50 (m, 4H), 7.78
(d, 2H, J = 8.5 Hz), 7.82 (d, 2H, J = 8.0 Hz) ppm. "*C
NMR (125 MHz, DMSO-d,): 6 13.4, 37.5, 57.9, 98.5,
110.8, 119.6, 120.7, 120.9, 127.1, 129.8, 130.1, 133.6,
138.3, 144.9, 145.9, 150.1, 160.5 ppm.
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4. Conclusions

We have developed a mild, simple and green proce-
dure for the one-pot synthesis of benzopyrans and dihy-
dropyranochromenes in the presence of PVPy as a com-
mercially available and recyclable basic catalyst at reflux
temperature. Moreover, short reaction times, ease of
work-up, high yields and clean procedure are the most im-
portant advantages of this method, making the procedure
a useful addition to the available methods.
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5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 pPpm
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S199

Sample code: Aml ( mansour nejad )

® o ~@e @ o D - m
=i SR Cinw e @ o
=i AewTs mmman -1
~- FEee S e -
Khozestan UM
\/ NVEAONEZ Y Exrio e
PROCHO 1
Date_ 20121117
ime 15,83
InSTRLM
PROBND % mm PARBO BB
Pu g
™ 65338
soLVENT cocia
s 24
- b ]
/ ) 8012.820 Mz
rIDRES 0.123266 Me
Ag 4.0894366 nec
- »G 2050
_/ o _/_ ow 62,400 usec
= oE §.50 usec
= 293.1 K
B1 6.00000000 nec
o0 1

mmmmmen CHANNEL €] =s=ee——

wuCy n

F1 14.00 unes
L1 -2.00 g
FLIW 1186359406 W
arol 400.2236020 MNz
a1 32768

or 400,2200000 Mts
wow )

agn [

Ln 0.30 e
B o

o 1.00

Sample code: Aml ( mansour nejad )

—.57

.
.28
é“.ns
%.73

— 1.0

9.00

-0.90 a
42.03001895 W
100. 8479784 Mme

T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 ppm
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Sample code: Aml ( mansour nejad )

Ve

.................................................................................................

100 95 90 B85 B0 75 70 65 60 55 650 45 40 35 30 25 20 15 ppm

Albadi et al.: Efficient Synthesis of Benzopyrans ...



Acta Chim. Slov. 2014, 61, 185-190

Sample code: Aml ( mansour nejad )
2 2 z 2 z &
3 3 3 E 5 = R
Khozestan tw
H
20121117
16,04
INSTRUN spect
5 mm PABBOD BB~
PULFROG ey
™ 5334
SOLVENT €0C13
L] 300
ba o
SWH 25252.52%
riones 0.385323
ne
4.00000000 wec
ﬂ.C‘DGﬂGD? -
0,90
rLiw 42.020010%% W
srol 100, 447THTH4 MNz
= CHANNEL 2
L3
o
00 Hm
e
« 40
T T T 1 1 T T v T T
146 144 142 140 138 136 134 132 130 128
Sample code: Al ( mansour nejad ) m
HOMARNO T~ oo o - [ ): ]
O~V TTNN - ™ w
Lol ] ol ol ol ol ol ol ol - ™ ]
HAME Azad-Gachsaran UN
EXENO 341
PROCNO 1
Date_ 20120318
Time 15,02
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
1 65536
SOLVENT DMSO
NS 24
DS 0
SWH 8012.820 Mz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 1250
oW 62.400 usec
DE 6.50 usec
1E 295.8 K
Dl 6.00000000 sec
100 1
3 mzssssss CHANNEL fl sssssses
NUC1 1H
Pl 14.00 usec
PLI -2.00 d8
PLIN 11.86359406 W
i 5F01 400.2236020 MHz
§ 51 32768
sF 400.2200000 MHz
WOW EM
558 0
L8 0.30 Hz
= ]
BC 1.00
LL J LA\ R
T I T T T I T I T T T I I I
13 12 1 10 9 ] 7 [] 5 4 3 2 1 ppm

3%

Albadi et al.:
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Sample code: Al ( mansour nejad ) i ﬁ :)

o ™M w0 MM~ o
- R NO- o ™~
o @ -0 nnTe ™
~r ~r-r- ~rerer- ~r~
HAME Azad-Gachsaran UN
VAR VARV VARRY | 2
PROCHO L
Date_ 20120318
Time 15.02
INSTRUM apect
PROBHD 5 mm PABBO B8-
PULPROG 2g30
0 65536
SOLVENT DMS0
NS 24
oS ]
SWH B012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894366 sec
RG 1290
oW B2.400 usec
DE £.50 usec
TE 295.8 K
ol 6.00000000 sec
OO 1
= s=zzm=es CHAMNEL f] =======s
& NUC1 1H
Pl 14.00 usec
PL1 -2.00 d8
PLIW 11.66359406 W
. 5FO1 400.2236020 MHz
= - 51 32768
SF 400.2200000 MHz
WO EM
558 a
LB 0.30 Hz
GB o
BC 1.00

86 85 84 83 82 81 80 79 78 7.7 76 75 74 73 72 71 70 69 68 p

EOE W

89

Sample code: Al ( mansour nejad )
2788 §3asaan : - gganrEes B R

|

—— 143,23

03
— 57,90
40

/T‘.

= 160.D

HAME Azad-Gachsazan UN
EXFNO 342
PROCNO 1
Date_ 20120318
Time 15.09
INSTRUM spect
FROBHD % =n FABBO BB-
PULPROG zgpg

T 65536
SOLVENT DMSO

N5 420

o5 [

SWH 25252.525 Wz
FIDRES 0.385323 He
AQ 1.2976629 sec
RG 2040

oW 19,800 usec
oE 6.50 usec
T= 296.3 K
ol 3.00000000 sec
Dil 0.03000000 sec
00 1

CHANNEL f1

b5
9.00 usec
-0.90 di
42.02801895 W
100.6479784 MH:z

CHANNEL f2
walt

100.6353990 MHz
EM

Q
1.00 Hz
0

1.40

T T T T T T T 1

T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 ppm
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3
(13

143,23
130,49

Sample code: Al( mansour nejad )
HE A "c,ms;a:g"

—160.01
—— 18843
—154.0
— 152

—13.49
— 131,84
— 125,18
—122.99
—_—120.71
—119.50
——117.08
—113.40
—1031.89

HAME Azad-Gachsaran UN
EXFNO 342
FROCNG 1
Date_ 20120318
Tine 15.09
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 299
65536
SOLVENT DNSO
S 420
©s 0
5 25252.525 Mz

WM

FIDRES 0.385323 Rz

AQ 1.2976629 sec
o

RG 05

oW 19.800 usec
DE 6.50 usec
TE 296,31 K
Bl 3.00000000 sec
Dl 0.03000000 sec
g 1

== CHAMNEL f1 ==—w===
13C
9.00 usec
~0.50 dB
42,02801835 W
100.6479784 MHz

90.00 usec
=2.00 4B
14.16 dB

17,50 dB
11.86359406 W
0.28722104 W
0.12139934 W
400.2216009 MRz

276
100.63539590 MHz
57

o
1.00 Bz
L L FURRRVRNITY RENAIP ST | s A WL PPR STV WPy 14
T T T T T T T T T T T T
160 155 150 145 140 135 130 125 120 15 110 ppm
Wak @ g |
{05 LS T R (s IR IS (vavi e Rt 2 - O, SR Bt ) . 1YW, ¥
50,8, B 80.0
60,4 '\h W\J\ 66.9
1 Vy
! \
|
_— 48.18
el .4
26,9 ; L on.8
]
|
|
g0l e T 0.0
ARPUSRT, NE—— e
Gae, 2 0.8 'zean_n 1509.0 JREL TR ah
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Sample code: A2 ( mansour nejad ) m
B R

OO ETONOY SO @ - wl

HHOMM AR AR~ EY o MW -

OO OYNTTFTMAADOD T M 1

ottt ol ol ol o TS T o~
HAME Azad-Gachsaran UN

% Wﬁ“ﬁf‘ | | | | EXPNO 344
PROCNO 1
Date_ 20120319
Time 15.46
INSTRUM spect
FROBHD 5 mm PABBO BB-
PULPROG 2g30
10 65536
SOLVENT DMs50
L] 24
os [}
SWH B012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 1250
oW 62.400 usec
DE 6.50 usec
TE 296.7 K
D1 6.00000000 sec
TO0 1
sssmssss CHAMNEL f]l ssssssas
HUC1 1H
Pl 14.00 usec
PL1 =2.

K J[ J PL1W 11.86359406 W
SFolL 400.2236020 MHz
51 32768
SF 400.2200000 MHz
WOW B
538 a
LB 0.30 Hz
GB [}
PC 1.00
¥ S A
T T T T T T

T T T T T

13 12 1 10 5 4 3 2 1 ppm

Y

Sample code: A2 ( mansour nejad )

—7.197
—~7.175
——6.888
T—6.867

~
HAME Azad-Gachsaran UN

NANZE\Z =
PROCNO 1
Date_ 20120219
Time 15.46
INSTRUM pe
PROBHD 5 mm PABBO BBE-

i

o
SWH 8012.820 Hz
FIDRES 0.122266 Hz
4.0B54966 mec

1290
oW 62.400 usec

DE 6.50 usec
TE 296.7 K

Dl 6.00000000 sec
™0 1

CHANKEL f1

NUC1 1H

Pl 14.00 usec
PL1 =2.00 dB
PLIW 11.86359406

SFO1 400.2236020 MHz
34 32768

5F 400.2200000 MHz
WoW EM

558 o

LB 0.30 Hz
GB o

PC 1.00

T T T T T T T T T T T T

Y Y WYY W

=

Albadi et al.: Efficient Synthesis of Benzopyrans ...
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Sample code: A2 ( mansour nejad )

MAME Azad-Gachsaran UM
EXPRO 343
FROCNO 1
Date_ 20120319
Time 15.52

spect
FROBND 5 mm PABBO BB-

PULPROG apq
10 65538
SOLVENT DMS0
NS 200
oS 0
SWH 252%2.525 Mz
FIDRES 0.38532) Mz
1.2976629 sec
kG 050
oW 19,800 usec
DE 6.50 usec
TE 297.2 K
o1 1,00000000 sec
Dl 0.03000000 sec
™0 i
CHANNEL f1 ==sssses
13¢
9.00 unec
0. db
42.0280189% W
sFOl 100,6479784 Mz

mmemmmes CHANNEL
CPOPRGZ

FLIIW 0.20722104 W

PL1IW 0.12139934 W

SFO2 400.2216009 MHz
12768

F 100.6353930 Mitz
EM

]
1B 1.00 Hz
o

GB
[ P 140

T T T T T
240 220 200 180 160

Sample code: A2 ( mansour nejad )

— 160,01

— 158,01
158,38
—— 153,57

T T
140 120 100 80 60 40

5.13
%

117,03

— 135,87

—1133,33
—12%.24

04.76

T T T T T
160 155 150 145 140

v

T T T T T
135 130 125 120 115 110

Ppm

5 mm

19.800 usec
5.50 unec

297.2 K
3.00000000 sec
0.03000000 sec

PLL

FLIN 42,0280189% W
sFO1 100. 6479784 Mz
meemmmes CHANNEL

CPOPRGZ

NUC2

PCPD2

rL2

FL1Z

PL1Y 17.50 4B
PLIN 11.86359406 W
PLIIW 0.28722104 ¥
PL1IW 0 9934 W
3F02 4002216009 MHe
51 32768

5F 100,6353550 MHz
WO EM
558 o

LB 1.00 He
GB ]

PC 1.40

Albadi et al.: Efficient Synthesis of Benzopyrans .
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1508.8

IIIII
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Sample code: A3 ( mansour nejad ) ‘I :‘: ’

MENNONO WO oe — w© ]
COTNOTMNMO TN o wy el
NEAOA~~~OnnOnn ST w ”m w
TR ol ol ol ol ol o o o ol - ™ o~
HAME Azad-Gachsaran UN
e\ =" | I e
PROCNO 1
Date_ 20120320
Time 17.54
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 230
ki) 65536
SOLVENT DMSO
NS 24
Ds 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 2050
oW B2.400 usec
DE 6.50 usec
TE 297.7 K
Dl 6.00000000 sec
T0O 1
mmssssas CHANNEL f] s==sma=s
HUC1 1H
L 14.00 usec
PL1 =2.00 dB
PLIW 11.86359406 W
SFO1 400.2236020 MHz
81 32768
SF 400.2200000 MHz
/ WOW EM
558 0
e = 18 0.30 Hz
GB o
[ 1.00

Sample code: A3 ( mansour nejad ) ‘I :: ’

™ o~ o~ ™~ oo — Oh O WO~ o~
oo - o Oem O D O
o - - ~~r~ YonununnTe
© o -~ Lol el R o
NAME Arad-Gachsaran UN
Vi \ N N Exivo 4
PROCHO 1
Date_ 20120320
Time 17.54
INSTRUH spect
PROBHD 5 mm PABBO BE-
PULPROG 2930
™ 65536
SOLVENT M5O
NS 24
bs o
SHH H012.820 Hz
— FIDRES 0.122266 Hz
__/ e . AQ 4.0894966 sec
— - - G 2050
oW 62.400 usec
DE 6,50 usec
TE 297.7 R
D1 6.00000000 sec
i) 1
memsssss CHANNEL [l =sessses
NUCL 18
Pl 14.00 usec
PL1 -2.00 dB
BLIW 11.86359406 W
SFO1 400.2236020 MHz
sI 32768
-1 4 400.2200000 MHz
WOH EM
558 0
LB 0.30 Hz
Ga o
BC 1.00

T T T T
83 82 81 80 79

78 1.7 76 75
- - e

T T T T T T T

T T
74 73 72 714 7.0 ppm
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Sample code: A3 ( mansour nejad ) E :-: ,

03.2%

—
—
o~
i

HAME Azad-Gachsaran UN
S

20120320
17.5%

apect
FROBHD % m= PABBO BB-

Hz
23 HE
sec

usec
usec
298.0 K
1.00000000 sec
« 03000000 sec

mmmmme CHANNEL {1 messsses

9.00 usec

=0.90 d8
42.02801895 W
100.8479784 MHz

= CHANNEL 2 =
wal

768
100.6353950 MHz
EM

[}
1.00 Hz
[

1.40

T T T T T T T 1

T T T T
240 220 200 180 160 140 120 100 80 60 40 20 ppm

1.24
29.66
113.39
103,29

Sample code: A3 { mansour nejad ) § ;': ?

— 160.05
—158.53
—154.44
—133.67
— 119,38

—1%
—_—1d

HAME Azad-Gachsaran UN
EXPNO 345
PROCNO 1
Date_ 20120320
Time 17.5%
INSTRUM spect
PROBHD 5 mm PABBO BBE-
PULPROG 2qpg

T 65536
SOLVENT pHs0

NS 210

] 0

SWH 25252.525 Mz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050

oW 19,800 usec
bE 6.50 usec
IE 298.0 K
o1 3.00000000 sec
Dil 0.03000000 sec
o0 1
sssssses CHAMNEL f] sesssees
HUCL 13c

Pl 9.00 usec
PL1 =0.50 d8
FLLW 42.02801895 W
sFO1 100, 6479784 MHz
o = CHANNEL £2

CPOPRG2 waltzlé

RUC2 1H
PCPDZ 90.00 usec
FL2 2.00 dB
PL12 14.16 dB
PL13 17.90 d8
PL2W 11.86359406 W
PL12W 0.2872210
FL1IW 0,12139934 W
SFO2 400.2216009 Muz
51 32768

sF 100.6353990 MH2
WDW EM

558 0

L8 1.00 Hz
Ga 0

PC 1.40

T T T T T T T T T
160 155 150 145 140 135 130 125 120 115 110 105 ppm
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St A[

1a0d, ¢ T T

Sample code: A4 ( mansour nejad ) ﬁ il: :)
gwommaummwnm.—-mwmwwmw 3 B R
gz L)
NAME Azad-Gach UN

o
mmmmmmmmmmmmmmmmmmm -
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ ™
saran
See—————— | I e e
PROCNO 1
Date_ 20120320
Tine 18.52
INSTRUM spect
PROBHD $ mm PABBO BB-
PULPROG zg30
T 65536
SOLVENT
W 24
08 0
S 8012820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 1620
oW 62.400 usec
DE 6.50 usec
® 298.0 K
o1 6.00000000 sac
™o 1
—— CHANNEL ] s=sssses
NUC
Pl 14.00 usec
PL1 =2.00 4B
PLIW 11.86359406 W
£l j seol 400.2236020 hz
5¢ 400.2200000 Mz
WOW EM
8S5B 1]
La 0.30 Hz
Ga ]
pc 1.00

EseEE 8
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Sample code: A4 ( mansour nejad ) ': i‘: ’
BL.><_)R

o O - O L R R R N N R R T s ]
N THNOO MNOOMEW AWM 0N M
(- - ~rerr~ MNTTTTMMOMNNNN
~r~ e e
NAME Azad-Gachsaran UN
\NW NN N\
PROCND 1
Date_ 20120320
Time 18.52
THSTRUM spect
PROBHD % mm PABBO BE-
PULPROG 2930
10 65536
SOLVENT DM50
NS 24
DS 0
f/ / SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 1620
- . DW 62,400 usec
DE 6.50 usec
TE 298.0 K
Dl 6.00000000 sec
™0 1
CHANNEL f1
NUC1 H
Pl 14.00 usec
PL1 -2.00 dB
PLIW 11.86359406 W
SFOL 400.2236020 MHz
SI 327
SF 400.2200000 MHz
WO EM
85B 0
18 0.30 Hz
GB [
PC 1.00

T T T T

83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 ppm

T ) W R

SO D®EEn
DS

—_—58.47
40
40

HAME Azad-Gachsaran UM
EXPNO 347
PROCNO 1
Date_ 20120220
Tima 19.00
INSTRUM
PROBHD 5 mm PABBO BD-
PULPR 4
o 65536
SOLVENT DM5O
HE 120
DS o
SHH 25252.525 Mz
FIDRES 0.38%323 Hz
A 1.2976629 sec
RG 2050
oW 19.800 usec
DE 6.50 usec
TE 298.5 K
D1 1.00000000 sec
D11 0.03000000 sec
DO 1
smmmmman CHANHEL f] swssssss
nuct 13¢
Pl 9.00 usec
PL1 -0.90 dBb
PLIN 42.02601895 W
5FO1 100,.6479784 Mz
mmmmmmee CHANNEL £2
CPDPRG2Z wal
NUC2
PCPD2 90
PL2 -2.00 di
PL12 14.16 db
PLL3 db
PLIN 1.86339, W
PL12W 0.20722104 W
PL13W 0.12139834 W
SFO2 400.2216005 MHz
51 32768
5F 100,6353990 MHz
WOW M
358 [
LB 00 Hz
0
40

T T T T T T 1

 a————_e———
240 220 200 180 160 140 120 100 80 60 40 20 ppm
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Sample code: Ad

{ mansour nejad )

L1 (I § VA I I O
h,_al.n " bt d
T T T T T T T T T T T T
160 155 150 145 140 130 125 120 115 110 105 ppm
L2 NS oR RIS RNy STl (. S 5 SEREES SRPis SRR S M. i (S
0.4
0.8
8.6
|
BN
|
|
|
II_IBE__ e
8,9 'E’:‘-t'lﬂ.f.‘

1300.49

1hee. 8

SRGRER
C<O

HAME Azad-Gachsaran UN
EXPNO 347
PROCKO 1
Date_ 20120320
Time 19,00
INSTRUM spect
PROBHD 5 =m PABBO BB-
PULPROG P9

™ 65536
SOLVENT OKS0

NS 120

bs ]

SWH 25252,525 Hx
FIDRES 0.385323 Mz
A 1.2976629 sec
RG 2050

oW 19,800 usec
23 .50 unec
TE 298.% K

bl 3.00000000 sec
pi1 0.03000000 sec
T00 1
-------- CHANNEL {1 =esssses
NuCl 13

Pl 9,00 usec
PLL -0,50 dB
PLIW 42.02001855 W
5F01 100, 6479784 Miz
-------- CHANNEL {2 ==sseses
CPOPRG2 waltzlé
WUC2 1
PCROZ 90.00 usec
pL2 2.00 dB

32768
100,6353990 MHz
B
[
1.00 Hz
0
1.40

 ——

Albadi et al.: Efficient Synthesis of Benzopyrans
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Sample code: A5 ( mansour nejad ) S i: :)
FE@OONED MO0 ®EN A ~ - ™~ B R
HONOE-ODUTEOM A @ o -

MO~ 0NN T T Mmeem - ™ n (N
gl ol ol gl el sl pl el il gl sl pl ol - ™ o~
HAME Azad-Gachsaran UN
e\ | | | EXPHO 350
PROCNO 1
Date_ 20120320
Time 18.38
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
T 65536
SOLVENT DHSO
HS 24
DS o
SWH 8012.820 Hz
FIDRES 0.122266 Hz
A 4.0894966 sec
RG 115
oW 62.400 usec
I DE 6.50 usec
TE 298.1 K
ol €.00000000 sec
TDO 1
CHANNEL £1
”I HUCl
Fl 14.00 usec
PL1 -2.00 dB
FLIW 11.86352406 W
SFOL 400.2236020 MHz
s1 32768
SF 400.2200000 MHz
WoW EM
5SB [
Le 0.30 Hz
GB 0
PC 1.00
A J{ i
I T T T T T T T T T T T T T
13 12 11 10 9 8 ¥ 6 5 4 3 2 1 ppm
ga33s 8
Sample code: A5 ( mansour nejad ) (] i: ’
~ @ o N O @WEMo AN~ B R
- N m ~ CmWT @Y Mo
o ~ -~ n T MO MM C‘X—)
™~ - ™~~~ ~ e e
HAME Azad-Gachsaran UN
I VI YRR 36
PROCHO 1
Date_ 20120320
Time 18.38
INSTRUM spect
PROBHD 5 mm PABBO BBE-
PULPROG 2g30
be) 65536
SOLVENT DMSO
NS 24
DS 0
SWH 8012.6820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 1150
oW 62.400 usec
— DE 6.50 uaec
TE 298.1 K
Dl 6.00000000 sec
o TDO 1
— —_ mmmmsees CHANNEL f] sesswsss
2 _/ _/ /1 NUC1 18
= N b Pl 14.00 usec
PL1 -2.00 dB
PLLW 11.B6359406 W
SFOL 400.2236020 MHz
5L 2768
5F 400.2200000 MHz
WOW EM
S5B 0
LB 0.30 Hz
GB o
PC 1.00
I T 1 I I T I L T I T T
8.2 8.1 8.0 7.9 7.8 74 76 75 7.4 73 7.2 7.1 ppm
oS L J L =2 S e
g 3 BOR M
=l - o el el
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Sample code: A5 ( mansour neja

58,00

Conw SnenNanoEmo W

8288 TRINE0RGEE R Noommreo

SSRAERAR

sw Anare o bk e

1 1 LN

HAME Azad-Gachsaran UN
EXPRO 349
PROCND 1
Date_ 20120320
Tine 18.43
INSTRUM apect
PROBHD 5 mm PABBO BB-
PULPROG 29pg
™ 65536
SOLVENT M50
N5 50
o5 0
SWH 25252.525 He
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
oW 19,800 usec
DE 6.50 usec
TE 298.5 K
o 3.00000000 sec
D1l 0.03000000 sec
00 1
mmmmmmee CHANNEL £l ===s==e=
HUC1 13c
Pl 5.00 usec
PLL -0.90 dB
FLIW 42.02801895 W
SFOL 100, €479784 Mz
mmmemees CHANNEL £2 =e=s=ess
CPDPRGZ waltzl6
NUC2 i
PCPD2 50.00 usec
PL2 -2.00 dB
PL1Z 14,16 dB
PLL1Y 17,90 dB
PLZW 11. 86350406 W
PL12W 0.26722104 W
PLLIW 0.12139934 W
5F02 400.221600% MHz
51 32768
5F 100, 6353990 MHz
WOW M
558 []

Le 1.00 Hz
GB o
" " " m L min ” e ttodn ke, " " " hadnakili, PC 1.40

T T T 1 L T
240 220 200 180 160 140 120 100 80 60 40 20 ppm

Sample code: A5 ( mansour nejad ) i :-: :’

g
= cocanaae
a SSSRARAR

NAME Azad-Gachsaran UN
EXPNO 148
PROCND 1
Date_ 20120320
Time 18.43
INSTRUM spect
PROBHD 5 mm PABDO BB-
PULPROG 29pq
™ 65536
SOLVENT DMSO
N5 50
oS [

5 25252.52% He

0,385323 He
1,2976629 sec
2050
19,800 usec
6.50 unec
298.5 K
3,00000000 sec
0,03000000 sec
1
memssses CHANNEL f] sessssss
NUC1 13¢
Pl 9.00 unec
P -0.

L1 42,02801095 W
5¥01 100.6479784 Mz
mesemess CHANNEL §i =s=see==
CPOPRGZ waltzl6
wUC2 il
PCPDZ
PL2

11.86359406 W
0.28722104 W
0,12139834 W
5F02 400.221600% Mz
51 32768
5F 100.6353990 MMz
WOW EX
558 [

LB 1,00 Hz

GB 0
PR WO P T T TR W N e okl e e e i bl b PP YRR TR IR N NPT T DR R oo 1.40

T T T T T T T T T T T

70 65 60 55 50 a5 40 35 30 25 ppm
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Sample code: AS ( mansour nejad ) (I :’a § :,
o ow oon @ o e m m e o™ a w
s = 2% s =2 23 2= hf B £l ]
2 = - o o oo 2= a oo s o~ - - B R
- o = A ma 4 2 4 a -] 2 E >< )
HAME Azad-Gachsaran UM
EXPNO 349
PROCNO 1
Date_ 20120320
Time 18.43
INSTRUM apect
PROBHD S mm PABBO BB~
PULPROG z9pq
10 65536
SOLVENT DM50
NS 50
Ds o
SWH 25252.525 Mz
FIDRES 0.385323 Hz
AR 1.2976629 sec
RG 50
oW 19,800 usec
DE 6.50 usec
TE 298.5 K
ol 3.00000000 sec
Dll 0.03000000 sec
™o 1
ssssssse CHANNEL [l ssescece
KuUCi c
F1 9.00 usec
PL1 -0.90 da
PLIW 42.02801895 W
SFO1 100.6479784 MHz
seessece CHANNEL {2 sescceee
CPDPRGZ waltzlé
NUCZ 1H
PCPD2 90.00 usec
PL2 =2.00
FL1Z 14,16
FL13 17.90 dB
PLIN 11.86359406 W
PL12ZW 0.28722104 W
PL13W 0.12139934 W
SFO2 400.2216009 MHz
51 32768
5F 100.6353990 MHz
WDW EM
558 L]
18 1.00 He
L G 0
e b 8 TR | TR —— [rpe—s " i RPPRY | FCRVRRFIRRISTTY SR i 1.40
T T T T T T T T T T T T 1
160 155 150 145 140 135 130 125 120 115 110 105 ppm
%) _ i i
3.8

|
|;

s 1A
\\*“ r’fm',"-u’l\q\ HWJ LN ﬂi[rw \ '\J

-
=

[ ——

0.0 800,80 ‘2o80.0

500.8 404,
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S215

Sample code: A6 { mansour nejad )

BROKER
(<O

MONMTOMONTOTTNTOANM DN ~ w0
TANTNMAOOTNNDTNOTNO DD T wn o}
A~~~ 00N WNWNG T T~ ] )
L ot ol N Sl o ol o o ol S S S ™ o
WW/ | | HAME Azad-Gachsaran UN
EXPHO 352
PROCRO 1
Date_ 20120320
Time 15.0%
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
™ 65536
SOLVENT DMS0
HE 24
DS o
SHH B012.820 Hz
FIDRES 0,122266 He
AQ 4.0894966 sec
RG 2050
oW 62.400 usec
DE 6.50 usec
TE 298.0
ol 6.00000000 sec
“'ll 0O 1
IJJ CHAMNEL f1
HUC1
i 14.00 usec
PLL -2.00 dB
PLIW 11.86355406 W
SFO1 400,2236020 MHz
SI 127
SF 400.,2200000 MHz
WO EM
558 0
LB 0.30 Hz
GB o
PC 1.00

13 12 11 10 9 8 T 6 5 4 3 2
I\ ‘“
EEEEEEEE T 8
- (=t S el -1 al
Sample code: A6{ mansour nejad ) ‘l iﬁ )
o @ oo TN MOoNTO Twdn T OO H R
- o - oy Me DWW Oy Rl R0 R
- @ o W@ ~E~EE WO WAV T T ‘ > )
@ w ~ - [ o o ol o ol Y ol ol e
NAME Azad-Gachsaran UN
| | LNV THE T Bxwo 33
PROCKO 1
Date_ 20120320
1 19.05
INSTRUM spect
PROBHD S =m PABBO BB-
FPULPRDG =g30
10 65536
SOLVENT DMSO
NS 24
Ds o
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894266 sec
RG 2050
oW 62.400 usec
DE 6.50 usec
TE 298.0 K
/— / / / / D1 6.00000000 sec
/—' TOO 1
= ~ CHANNEL £1
Kuc1 1H
Pl 14.00 usec
PL1 -2.00 d8
PLIW 11.86359406 W
SFO1 400.2236020 MH=z
sI 32768
SF 400.2200000 MHz
WoW M
558 0
LB 0.30 Hz
GB o
PC 1.00

T T T T T T T T T

N ="J W?F Wérﬁ H":ﬁ&ﬁﬁﬁf )

Albadi et al.: Efficient Synthesis of Benzopyrans ...



$216 Acta Chim. Slov. 2014, 61, 185-190

R\

Sample code: A6 ( mansour nejad ) m

NAME Azad-Gachsaran UN
EXFNO 151

Time

IHETRI
PROBHD
PULPROG

moes CHAMNEL £3 seessnes
waltzl

PRGZ

240 220 200 180 160 140 120 100 80 60 40 20 ppm

25,20

Sample code: A6 ( mansour nejad ) m

Azad-Gachsaran UN
351

— 160.09
— 158,63

s4.37
—152.76

—148.34
—145.9

—135.25
—133.6

—130.56
—117.10
—113.44
—103.37

<

—11%,43

EXPRO

PROCNOD 1
Date_ 20120320
Time 15.10
INSTRUM spect
PROBHD 5 mm PABBO BB~
PULPROG 9pq

™ 63536
SOLVENT M50

NS 130

os

SHH 25252.52% Hz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050

oW 19.800 usec
DE 6.50 usec
TE .

bl 3.00000000 sec
o1l 0.03000000 sec
™00 1

NuCc1 c

Pl 9.00 usec
PL1 -0.50 48
PLIW 42.02801895 W
SFO1 100.6479784 MHz
wesseess CHANNEL f2 sesseses
CPDPRG2 waltzlé

Nuc2 18
PCPD2 %0.00 usec
pL2 =2.00 48
PLIZ 14.16 4B
PL13 17.90 4B
PL2ZW 11.86359406 W
PL1IW 28722104 W
PL13W 2139934 W
SFo2 2216009 MHz
51 32768

SF 100.6353990 MHz
WOW 0

558 0
LB 1.00 Hz
GB o
PC 1.40

T T T T T T T

I 1 I I
160 155 150 145 140 135 130 125 120 115 110 ppm
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Sample code: A6 ( mansour nejad )

12%.20

ﬂnlﬁ«lw

%40

h,.wﬂ -~

117.10
113.44

s Wl

28 127 126 125 12‘

l,a_:

122 121 120 119 115 !I? 115 115 114 113 ppm

ahGRER
LS

NAME Azad-Gachsaran UN
EXFNO 351
PROCNO 1
Date_ 20130320
Tine 19.10

INSTRUM spect
PROBHD 5 mm PANBO BB~

PUT—FW aPg
65536

:uu'tlrr DMIO

NS 110

ps 0

WM 25252.525 Mz

FIDRES 0.385323 Hz

AQ 1.2976629 sec

RG 2050

oW 19.800 usec

DE 6.50 usec

1E 298.3 K

ol 3.00000000 sec

Dl 0.03000000 nec

oo 1

------- CHANMEL £] =e=emsss

nycl

rL §.00 usec

FLL -0,90 dB

PLIW 42.02801895 W

sFO1 1006479704 Mz

L £ sessssss

CPOPRG2 ‘uH ﬂﬁ
KUC2
PCPDZ 0. Uﬂ usec
FL2 -2.,00 dB
PLIZ 14.16 an
FL13 17.90 d@
PLIW 11.86359406 w
FLI2W 0.28722104 W
PLIIW 0.12139934 W
5F02 400.221600% MHz
st 312768
SF 100. s)!:nw MHE
WOW
SSU 0
1.00 Mz
0
1.40

6.8

W4 2000, 6

1560.0

1609, @

'Sa0.8 4066

Albadi et al.:
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Sample code: A7 ( mansour nejad ) (I :-: :’
BCNR

7.936
7.934
7.917
7.914
7.746
7.743
7.725
7.707
7.703
7.526
7.506
7.488
7.477
7.456
7.445
7.422
7.415
7.346
7.339
7.322
7:315
7.310
7.297
7.292
7.282
7.274
7.268
7.256
7.250
4.989
3.389
=2.516

HAME Azad-Gachsaran UN
B e EXPHO 354
PROCNO 1
Date_ 20120320
Time 20.14
INSTRUM apect
PROBHD S mm PABBO BB-
PULPROG zg30
L) 65536
SOLVENT DHso
NS 24
Ds ]
SWH B012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 1150
oW 62.400 usec
DE 6.50 usec
1E 297.8 K
) 6.00000000 sec
00 1
ssssssas CHAMNEL f1 sssssass
NUC1 3}
' Pl 14.00 usec
| f PL1 -2.00 dB
PLIW 11.86359406 W
5FOL 400.2236020 MHz
81 32768
SF 400.2200000 MHz
WOW EM
558 0
LB 0.30 Hz
GB [}
PC 1.00

-
w
-
L
-
-
-
(=]
w
=
w
(Y
-

Sample code: A7 ( mansour nejad ) ‘l ;: ’

0w wmne-m POURFONNNOANNOENNTOYO
MM - TTNOO NOoO@OFUNTNATMNAAAOS~ONN
LR ~ee e VN TS TTTTOMEEMCNNNNNN
s { ol o ol ol Ul ol ool el ol il ol el el ol el el e il sl el ol sl el
NAME Azad-Gachsaran UN
Vv NIV SIS == s 534
PROCHO 1
Date_ 20120320
Time 20.14
INSTRUM spect
PROBHD 5 mm PABBO BB-
FULPROG zgli0
p1t] 65536
SOLVENT DMS0
NE 24
Ds o
SWH 8012.820 Kz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 1150
oW 62.400 usec
DE 6.50 usec
/—'_ TE 297.8 K
D1 6.00000000 sec
DO 1

ssmmsmss CHANNEL f] ss=ssm=s
— Nucli 1H
Pl 14.00 usec

= PLL -2.00 d8
— - PL1W 11.86359406 W
400.2236020 Mz
32768
400.2200000 MHz
M
0
0.30 Hz
0
1.00

e EITT LY
=X g

e W

U
8.0 7.2 ppm

>
o

s
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Sample code: A7 ( mansour nejad )

aRGRER
e

HAME Azad-Gachsaran UN
EXPRO 353
PROCND 1
Date_ 20120320
Time 20.18&
INSTRUM e

FROBHD  § mn PABBO BE-
PULFROG

0

25252,525 Mz
0.385323 Hz

19.800 usec
6.50 usec

3,00000000 sec
Dil 0.03000000 sec
1

= CHANNEL f£1

usec
oB
W

Miz

CHANNEL f2 swsssmss
waltzlé
1H

Mz

) He

T T T T

T T T
240 220 180 160 140 120 100 80 60 40 20 ppm

Sample code: A7 ( mansour nejad

—_—11
—117.07
—103.30

—154.51
52,68
40.67

2.89
—130.0%
122.98
9.28

3,30

—159.06
—1%8.61
—133.50
—_—111.11
—129.28
—128.17

P

—12%.18

HAME Azad-Gachsaran UN
EXPHO LR
PROCNO 1
Date_ 20120320

T 20.16
INSTRUM ape
PROBHD % mm PABBO BB-
FULPROG 29pg

10 65536
SOLVENT DMS0

N3 &0

os ]

SWH 25252.525 Mz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050

oW 15.800 usec
oE 6,50 usec
TE 298.2 X
ol 3.00000000 sec
Dla 0.03000000 sec
by 1

IR
90,00 usec
=2.00 d&
4.16 dB
1 aB
11.86359406 W
8722104 W
.121 4 W
ﬁDG.Z}'.ﬁED'_’ MHz

32768
100,6353950 MHz
EM

]
1.00 Hz
o

Rt it

TP Ty Ty

125 120

T T T
115 110 Ppm

1.40
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8.9 : ; b g i b LE 190

5.8 53.8
3.2 J6.2
18.6 18,8

|

i ; IS SIS S L SRS

4.9 060,0  2000. 15an. 1 1060, B2 466=0

Sample code: A8 ( mansour nejad ) m
B R

—4.344
—3.377
—2.516

\T%\%’/ﬁl HAME Azad-Gachsaran UN
EXPNO 356
PROCNO 1

Date_ 20120320

Time 20.26
INSTRUM spect
PROBHD 5 nsm PABBO BB-
PULPROG zgll0

m 65536
SOLVENT DMS0

Ns 249

Ds ]

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 1150

oW £2.400 usec
DE 6.50 usec
TE 297.7 K

ol 6.00000000 sec
TDO 1

mwmmmn CHANNEL £1 swmmmmws
1H

Pl 14.00 usec
PL1 -2.00 dB
FLIN 11.86359406 W
If sFo1 400.2236020 Mz
E st 32768
sF 400,2200000 Mtz
WoW EM
558 o
La 0.30 Hz
B 0
PC 1,00

L J _Jm__.)

I
7 6 5 4 3 2 1 ppm

28 8

13 12 1" 10 ‘E\ 9 é&réﬁsj
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Sample code: A8 ( mansour nejad )

7.908
7.891
7.889

2
=

= w0 wn @ o - oo w -
o~ O m L= - O o= —
~r~w [l L] oo -~ w
Lol ol - ~ ~ - oo
HAME Azad-Gachsaran UN
AN/ N Vi \ Bisvo i3
PROCNO 1
Date_ 20120320
Time 20.26
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
™ 65536
SOLVENT DHSO
S 24
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 1150
oW 62.400 usec
DE £.50 usec
TE 297.7 K
bl 6.00000000 sec
OO 1
-
— CHANNEL £1
—_‘//,———— Hucl 14
Pl 14.00 usec
— — PL1 -2.00 dB
PLINW 11.86359406 W
SFO1 400.2226020 MHz
sI 32768
5F 400.2200000 MHz
WOW EM
558 0
LB 0.30 Hz
GB o
BC 1.00

T
.7 7

T T T T
72 71 70 69 68 6. ppm

e e Swe . we

Sample code: A8 ( mansour nejad ) m

HAME Azad-Gachsaran UM
355

— 5,88

2908.1 K
00000000 sec
-03000000 sec

1

=0.90 dB
42.02801895 W
100.6479784 MHz

=emsemss CHANNEL £2 ===ssses
CPOPRGZ waltzl§

wuc2
usec

11.86359406
0.28722104
0.12139934

400.2216009 MHz

32768

2
100.6353990 MHz
EM

[}
1.00 He
[

1.40

240

220

T T T T T T T T 1

T T
200 180 160 140 120 100 80 60 40 20 ppm
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40.40

40.19%
19.98

58.88
40.6

Sample code: A8 ( mansour nejad ) m

Azad-Gachsaran UN
355

Y

20120320

20.27

spect

5 mm PABBO BB-
29pq

65536

DMSO

91

]
25252.52% Mz
0.385323 Hz
1.2976629 sec

usec
usec

sec
sec

-0.50 dB
42,02001095% W
100.6479784 MHz

sz 3276
5F 100,6353950 MEz
WOW EM
ssB 0
iy 1,00 Hz
GB 0
PC 1.40
1 1 1 T ) L] L} I T
65 60 55 50 45 40 35 30 ppm

Sample code: A8 ( mansour nejad )
o % g - _ ° e » ;EE;
-3 ] E3 e - 2 % 2% B8 g
o R I o 3 G & w wa u S - R
2 8249 i Fs ] aa s a3 =3 o 43 = a (N
NAME Azad-Gachsaran UN
EXFNO 358
PROCNO 1
Date_ 20120320
Time 20.27
INSTRUM spect
PRCBHD 5 =m PABBO BB-
PULPROG 29pq
65536
SOLVENT DMS0
NS a1
D5 /]
5w 25252.525 Mz
FIDRES 0.385323 Hz
AQ 2976625 sec
RG 2050
oW 19.800 usec
DE £.50 usec
TE 298.1 K
Dl 3.00000000 sec
D1l 0.03000000 sec
D0 1
weee CHANNEL f]l seecsees
13c
5.00 usec
-0.90 dB
PLIW 42.02801895 W
SFO1 100,6479784 MHz
messsses CHANNEL f2 ssecsees
waltzlé
1H
$90.00 unec
-2.00 dB
14.16 da
17.90 dB
11.86359406 W
0.268722104 W
» 1 934 W
400.2216009 MHz
2768
100.6353990 MMz
M
]
1.00 M=
o
1.40
1 1 L} 1 L T 1 L T T

T T
160 155 150 145 140 135 130 125 120 115 110 ppm

Albadi et al.: Efficient Synthesis of Benzopyrans ...



Acta Chim. Slov. 2014, 61, 185-190

1
|
a8 !_. e e e it g 2

1500, 8

San@.g  2600.8
t

Sample code: A9 ( mansour nejad )

—4.451
_-~3.733
=—3.649
~—3.351
—2.516

Date_
Time

INSTRUM
FROBHD
PULPROG

L @ia, 0 So0, 6 469,

an
(o)

Azad-Gachsaran
ase

1

20120320

20.37

spect
5 mm PABBO BB-

B012.820
0.122266
4.0894966
2050

297.
6,00000000
1

UN

Hz
E
sec

=

usec
usec

L3
sec

I T T T T T T T T T

a4

CHANNEL f£1
1
14.00

usec

=2.,00 dB

11.8635%406 W
400.2236020 MHe
32768

400.2200000 MHz
EM
L]
0.30 Hz
o
1.00

Albadi et al.: Efficient Synthesis of Benzopyrans
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Sample code: A9 ( mansour nejad ) E :: ,

— m o - o
Wy ™M = w -
- ~ w2 ™ w
- Mmoo ™ o
NAME Azad-Gachsaran UN
| | EXPNO 358
PROCHO 1
Date_ 20120320
Time 20.37
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zq30
b1 65516
SOLVENT DMSO
NS 24
DS o
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894565 sec
RG 2050
oW 62.400 usec
DE 6.50 usec
TE 297.9
ol 6.00000000 sec
TDO 1
-------- CHANNEL f] seessses
NuCl 1H
Pl 14.00 usec
PL1 -2.00 dB
- PLIW 11.86359406 W
SFO1 400.2236020 MHz
s 2768
- SF 400.2200000 MHz
WoW EM
558 o
< - LB 0.30 Hz
GB 1]
PC 1.00
T T T T T T T T T T T T T T T
48 46 44 42 40 38 36 34 32 30 28 26 24 ppm

g s

Sample code: A9 ( mansour nejad ) {I 'aﬁ ,
B(4>Q)R

e T N Y ] NMHO O -
I g=] TTNOO NOO o -
R R el ol el nn T M n
~r~ e ol ol ol o
HAME Azad-Gachsaran UN
VNI N B 558
PROCNO 1
Date_ 20120320
Time 20.37
INSTRUM spect
PROBHD 5 mm PABBO BA-
PULFROG e
™ 65536
SOLVENT DMS0
NS 24
Ds
- SHH 6012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
_._) RG 2050
oW 62.400 usec
DE €.50 usec
TE 297.9 K
ol 6.00000000 sec
00 1

mnmmmmes CHANNEL f1 ssssssss
NUC1 1H
Pl 14.00 usec
PL1 =2.00 dB
PLIW 1186359406 W
SFO1 400.2236020 MHz
s1 32768
SF 400.2200000 MHz
WOW EM
S5B 0
LB 0.30 Hz
GB /]
J‘A'L ¥C 1.00
" __J

L) L) L) L) Li T T T T L} T I
B1 B8O 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 ppm

W W ww e
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Sample code: A9 ( mansour nejad }

2889 o8 sungn ¢n SnadssaEbD S;:§2
ekt e et ho e, ARAYIRSRARG B R
SR8 BER Ra%50 53 cedvasocssme
NIRRT W (>
HAME Azad-Gachsaran UN
EXENO 357
PROCNO 1
pate_ 20120320
Time 20.40
INSTRUM spect
PROBHD % mm PABBO BB-
PULPROG 29pg
™ 65535
SOLVENT oMs0
NS 220
b8 0
wH 25252.525 W2
FIDRES 0.385323 Hz
A 1.2076620 sec
% 205
o 19,800 usec
e 6.50 usec
™ 298.0 X
o1 3.00000000 sec
D1l 0.03000000 sec
™0 1
mesmscsn CHANNEL {1 ssmssmes
NUC1 13
Pl 9.00 usec
PLL -0.90 dB
FLIW 42,02801895 W
sF01 100.6479784 MMz
ssemesen CHANNEL {3 ss=sss=s
CPDPRG2 waltz16
Wz 10
PCFD2 90.00 usec
L2 -2.00 ds
PL12 1316 B
L3 17.90 dB
PLIN 11.86385406 W
PL12W 0.28722104 W
PLLIW 0.12139934 W
sF02 400.2216009 Mz
SI 2768
¢ 100.6353990 MHz
Wou B
55B ]
s 1.00 Hz
b et oonde b b i ol il il Loy - i
T T T T T T T T T T T 1
240 220 200 180 160 140 120 100 80 60 40 20 ppm
Sample code: A9 ( mansour nejad )
2 % 8 B3RERAR & B R
2 a a SSSERR3 5 CN
MAME  Azad-Gachsaran UN
EXFNO 357
FROCNO 1
Date_ 20120320
Time 20.40
INSTRUM apect
FROBHD % m=m PABBO BB~
PULPROG 29pq
65535
SOLVENT DMsO
NS 220
Ds ]
0 25252,52% M2
FIDRES 0.385323 Wz
A 1.2976629 sec
RG 2050
on 19,6800 usec
DE §.50 usec
TE 298.0 X
b1 3.00000000 sec
D11 0.03000000 sec
™0 1
Pl 9.00 usec
PLI =0.50 dB
PLIN 42,02801895 W
5701 100,6479784 MHz
semesses CHANNEL fi sssssseas
CPOPRG2 waltzlé
NuC2 1
PCFD2 $0.00 usec
PL2 -2.00 d8
PL1Z 14.16 dn
PL13 17.90 B
PLIN 11.86359406 W
0.28722104 W
112130934 W
sF02 400.2216009 MAz
1 12768
sF 100. 6353950 MHz
wOW ™
558 ]
.J L8 1.00 Bz
GB ]
BT SRR WITY 0RO MY PO 1 VAT WP S W IO  WLT U 1N 81 1 P e ikt uind ks s o s FC 1.40
T T T T I T T
60 55 50 a5 40 35 ppm
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66
125.08
57

Sample code: A9 ( mansour nejad ) m

— 160,11
—158.49
—153.9%
—153.3
—139.45
—_137.1
—133.36
—123.02
—11%.73
—_—117.0%
—113

—105.46
—104.15

152

HAME Azad-Gachsaran UN
EXPHD 147
BROCND 1
Date_ 20120320
Time 20.40
NSTRIN apect
PROBHD S mm PABBO BB-
BULPR 2gp9
b 65536
SOLVENT oHEQ
NS 220
D3 o
SWH 25252.52% Hz
FIDRES 0.385323 Mz
AQ 1.297662% sec
RG 2050
oW 19.800 usec
DE €.50 usec
TE 258.0 K
Dl 31.00000000 sec
Dil 0.03000000 sec
00 1
mememmae CHANMEL f1 s=seeee
HUCL 13c
Pl 9.00 usec
PL1 =0.90 dB
PLIW 42.02801895 W
5FO1 100,.6479784 MHz
------- CHANNEL {2 =e=ssses
CPDPRG2 waltzlé
HUC2 18
PCFD2 90.00 usec
PL2 =2.00 dB
PL12 14.16 dB
PL13 17.90 dB
PLIW 11.B6355406 W
PL12W 0.28722104 W
FL13W 0.12139934 W
5FO2 400.221600% MHz
st 12768
5F 100.6353990 MHz
WDW EM
558 [
18 1.00 Hz
GB 0

(1YY ™ Illllhll.liilh.lLI.lll.ﬂll“ﬁMll.L | J.Jltlilmuluiuki nlhluﬂ hl‘hﬁll‘ HM.J.H:...M l FC 1.40

T T T T T T T T T

T T
160 155 150 145 140 135 130 125 120 115 110 ppm

1860, :
|

106,89
300
60,8
1,1
i |
|
20.0) i
; 20,9
|
|
fec : —pee b6
4000,6° _ 4 i 2 ! . .
807 - oe0.6 - 2600.0 1560.8 1089, 560.0 466, 0
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Sample code: AlQ0 ( mansour nejad ) E :: :’
I!(_.><_)“

—3,359
2.516
2.512

HAME Azad-Gachsaran UN
v EXPNO 160
PROCKO 1
Date_ 20120321
Time B.05
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULFROG zg30
™ 65536
SOLVENT DMSO
L] 24
bs o
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 2050
oW 62.400 usec
DE 6.50 usec
TE 296.9 K
o1 6.00000000 sec
o0 1
mmmmmmmn CHANNEL £1 =e=
,‘J’ NUC1 1H
4 FL 14.00 usec
PL1 -2.00 4B
PLIW 11.86355406 W
5FO1 400.2236020 MHz
51 32768
SF 400.2200000 MHz
WOW EM
558 o
LB 0.30 Hz
GB o
PC 1.o00

] T T T T Ll T L I I ! ! !

13 12 " 10 9 g%@'ﬂél

£
w
L]
b =}
E

Sample code: Al0 ( mansour nejad ) ‘I l-a S E)

oo WD [t B2l o OV SN DO MeoN
NO O O W NN O TNOD ~A~~nn
R AL bt o i U R HAME Azad-Gachsaran UN
~r-r- r~ == M~ e~ f~r=r~r~~ EXPHO 380
PROCNO 1
VRNV YR VARN VIRV
Timne B.05
INSTRUM apect
FPROBHD S5 mm PABBO BB-
PULPROG zg30
65536
SOLVENT DMSO
NS 24
bs [
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.08945966 sec
RG 2050
oW £2.400 usec
DE 6.50 usec
TE 296.9 K
o1 6.00000000 sec
DO 1
p o CHANNEL £1
NUC1 16
Pl 14.00 usec
_'/—-— f _f/ PL1 =-2.00 dB
PLIW 11.86359406 W
SFO1 400.2236020 MHz
51 32768
SF 400.2200000 MHz
WOW EM
88B o
e 0.30 Hz
GB o
PC 1.00

T i T
6 7. 7.2 7.1 ppm

T e W
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Sample code: Al0 ( mansour nejad )
ST T EA NN @ ; E E E
REIFRIEsRRARSE0R R @ neoameon
L L] A e B R
b e dulatadutabi i fafotala i " SSSARASR C.><—)
HAME Azad-Gachsaran UN
EXPHO 355
FPROCNO 1
Date_ 20120321
Time 8.09
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULBROG 19pg
™0 65536
SOLVENT oMSO
NS 220
oS 0
5 25252.52% Hz
FIDRES . 385323 Hz
AQ 1.2976629 sec
RG 2050
oW 19.800 usec
DE 6.50 usec
TE 297.4 K
bl 3.00000000 sec
pil 0.03000000 sec
0O 1
== CHANNEL £l -
Pl 9.00 usec
PLL -0.90 dB
PLIN 42.02801695 W
SFO1 100.6479784 MHz
mssmsmes CHANNEL £2 ===s==se=
CPOPRG2 waltzlé
Huc2 1
PCPD2 20.00 usec
PL2 -2.00 d8
PL12 14.16 a8
PL13 17.90 dB
PL2W 11.86359406 W
PL1ZW 0.28722104 W
PLL3W 0.12139534 W
SFOZ 400.2216009 MHz
st 32768
SF 100, 6353990 MHz
WoW EM
558 [
LB 1.00 Hz
GB 0
BC 1.40
T T T T T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 ppm
Sample code: Al0 ( mansour nejad )
o - —~ wiem  mw o P o @ ; E E E
ga = H IEER RA 5 8 2 4 S &
* w “ - o ed o " m i s o~ - ™ B R
a3 a2 1 a bupa s B B a 3 o 3 a a CN

L

il

bk

I

T
160

T
155

LA i o i

I T T T
150 145 140 135 130

U T
125 120

mmmﬂtilmhh{m

U I
115 110 105

NUC1
Pl
PFLL
PLIW
SFO1

CPDPRGZ

Azad-Gachaaran UN
359

20120321
8.0%
spect
FABBO BB-
z9p9
65536
DM50
220
[
25252.525 Mz
0.385323 Hz
1.2976629 sec
2050
15,800 usec
6.50 usec
257.4 K
3.00000000 sec
0.03000000 sec
1

CHANHEL £1 ==ssssss

42.02801895 W
100. 6475704 MHz

CHANNEL
waltzlé
1R

S —

use:
aB
dB
17.50 dB
11.86359406 W
0.28722104 W
0.12139934 W
400.2216009 MHz

3276
100.63539%0 MHz
M

']
1.00 Hz

o
1.40
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