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Efficient One-Pot Access to 2,9-Dihydrothiopyrano[2,3-b]indole
Scaffolds Showing Large Stokes Shifts

Shivendra Singh and Sampak Samanta*

Department of Chemistry, Indian Institute of Technology Indore, Indore 452017, India

A simple, mild and efficient one-pot approach for the construction of 2-aryl-3-nitro-2,9-dihydrothiopyrano-
[2,3-b]indole derivatives has been realized in CH,Cl, medium at ambient temperature via three-component tandem
reaction of N-protected-2-chloro-3-formylindoles, sodium hydrosulfide and S-substituted nitroolefins/d-substituted
nitrodienes using DABCO (10 mol%) as an organocatalyst, followed by dehydration in the presence of activated
molecular sieves (4 A). The significant advantages of this protocol are simple operation, shorter reaction time, high
atom economy, good to high yields (73%—89%) and wider substrate scope. In addition, all the synthesized com-
pounds have shown the large positive Stokes shift values (5632—6081 cm™).
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Introduction

Highly efficient synthesis of sulfur-containing poly-
cyclic indole derivatives is a subject of growing interest
in recent times because these building blocks play im-
portant roles in organic synthesis, pharmaceuticals and
material science.!'! Owing to their importance in various
fields, a substantial amount of efforts have been devoted
for the preparations of these frameworks.!'”! Even with
such a progress, the synthesis of dihydrothiopyrano-
[2,3-b]indole derivative has been considerably less ex-
plored.”) Towards the access of these compounds
(Scheme 1), Zhou er al®* published organocatalytic
one-pot method for the synthesis of enantioenriched
version of 3-formyl-2-aryl-2,9-dihydrothiopyrano[2,3-
blindoles from 2-mercapto-3-formylindoles (Scheme
la). In 2015, an enantioselective synthesis of 4,9-di-
hydothiopyrano[2,3-b]indole scaffolds has been realized
via an organocatalytic cascade thio-Michael-cyclization
of indoline-2-thione with 2-benzylidemalononitrile as
reported by Wang et al. (Scheme 16).°" In our effort,
we reported a first two-step synthetic method for the
synthesis of 2,9-dihydrothiopyrano[2,3-b]indole deriva-
tive through a three-component reaction between
N-Boc-2-chloro-3-formylindole, NaSH*H,O and aryl-
substituted-nitrostyrene in the presence of organic base,
and the resulting product was dehydrated by MeSO,Cl/
Et;N reagent system.”®! Therefore, it is an ample scope
to develop our previous methodology towards the syn-
thesis of 2,9-dihydrothiopyrano[2,3-b]indole scaffold in
a one-pot, efficient and economical manner. In this re-

gard, we seemed that the dehydration step may perform
by using activated molecular sieves (MS) which have
been extensively used for drying the liquids and gasesm
as well as promoting various organic transformations.”!
As part of our continued interest towards the synthe-
sis of polycyclic indole derivatives,'® herein, we wish to
report a mild, convenient, practical and general one-pot
method for the synthesis of N-protected-2-aryl-3-nitro-
2,9-dihydrothiopyrano[2,3-b]indole scaffolds via a tan-
dem aromatic nucleophilic thiolation/thio-Michael/
Henry reaction of N-protected-2-chloro-3-formylindoles,
NaSHe¢H,O with substituted nitroolefins/nitrodienes in
CH,Cl, at room temperature, followed by in situ dehy-
dration using activated molecular sieves (Scheme Ic¢).

Experimental

General

All reactions were carried out under air and moni-
tored by TLC using Merck 60 F,s4 pre coated silica gel
plates (0.25 mm thickness) and the products were visu-
alized by UV detection. Flash chromatography was car-
ried out with silica gel (200—300 mesh). FT-IR spectra
were recorded on a Bruker Tensor-27 spectrometer. 'H
NMR and *C NMR spectra were recorded on a Bruker
Avance (IIT) 400 MHz spectrometer. Data for 'H NMR
are reported as a chemical shift, multiplicity (s=singlet,
d=doublet, q=quartet, m=multiplet), coupling con-
stant J (Hz), integration, and assignment, data for Bc
are reported as a chemical shift. High resolutions mass
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Scheme 1 Various techniques for the synthesis of dihydrothiopyrano[2,3-b]indoles
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spectral analyses (HRMS) were carried out using ESI-
TOF-MS. Absorption spectra were recorded using Var-
ian UV-Vis spectrophotometer (model: cary 100). Emis-
sion spectra were recorded in a fluoromax-4p fluorime-
ter from Horiba Yovin (model: FM-100).

General procedure for the synthesis of 9-(N-tert-
butoxycarbonyl)-2-phenyl-3-nitro-2,9-dihydrothio-
pyrano|2,3-blindole (3aa)

A mixture of N-protected-2-chloro-3-formylindole
(0.25 mmol), NaSH*H,O (0.3 mmol), S-nitrostyrenes
(0.3 mmol), DABCO (10.0 mol%) and activated mo-
lecular sieves (300 mg, 4 A) was stirred in DCM (2.0
mL) at room temperature. The reaction mixture was
monitored by TLC (Thin Layer Chromatography). Upon
completion of the reaction, the product was directly pu-
rified by column chromatography over silica gel using
EtOAc/hexane as an eluent to afford the corresponding
pure product.

All the products were synthesized in Table 2 and
Scheme 2 by the above procedure and characterized by
their corresponding spectroscopic data (IR, 'H NMR
and °C NMR, HRMS).

9-(N-tert-Butoxycarbonyl)-2-phenyl-3-nitro-2,9-
dihydrothiopyrano[2,3-b]lindole (3aa) Yield 82%;
m.p. 150 ‘C; '"H NMR (400 MHz, CDCl3) 6: 8.54 (s,
1H), 8.00—8.01 (m, 1H), 7.64—7.66 (m, 1H), 7.30—
7.36 (m, 4H), 7.24—"7.26 (m, 2H), 5.78 (s, 1H), 1.68 (s,
9H); “C NMR (100 MHz, CDCly) §: 148.7, 139.2,
138.2, 136.5, 134.3, 128.6, 128.3, 127.3, 126.2, 126.1,
124.4, 124.0, 111.7, 115.0, 112.3, 86.7, 42.2, 27.8; IR
(KBr) v: 3443, 2924, 2852, 1721, 1618, 1495, 1480,
1446, 1402, 1361, 1321 cm™'; HRMS (ESI) m/z caled
for C22H20N204S [M+Na]+: 4311036, found 431.1037.

9-(N-tert-Butoxycarbonyl)-2-(4-methylphenyl)-3-
nitro-2,9-dihydrothiopyrano|[2,3-b]indole (3ab)
Yield 80%; m.p. 160 ‘C; "H NMR (400 MHz, CDCL5) §:
8.52 (s, 1H), 7.98—28.00 (m, 1H), 7.63—7.65 (m, 1H),
7.29—7.34 (m, 2H), 7.19—7.23 (m, 2H), 7.04—7.06 (m,
2H), 5.75 (s, 1H), 2.27 (s, 3H), 1.69 (s, 9H); °C NMR
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(100 MHz, CDCl;) ¢: 149.0, 138.6, 136.8, 136.6, 134.7,
129.6, 127.6, 126.4, 126.3, 124.7, 124.3, 117.0, 115.3,
112.5, 86.9, 42.3, 28.1, 21.1; IR (KBr) v: 3442, 2961,
2924, 1736, 1626, 1580, 1507, 1491, 1479, 1444, 1400,
1370, 1355, 1315 cm_l; HRMS (ESI) m/z caled for
C13H2oN,04S [M+Na] ': 445.1192, found 445.1230.
9-(N-tert-Butoxycarbonyl)-2-(4-methoxyphenyl)-
3-nitro-2,9-dihydr0thi0p?'rano[2,3-b]indole (3ac)
Yield 81%; m.p. 150 ‘C; 'H NMR (400 MHz, CDCl;) ¢:
8.51 (s, 1H), 8.00—8.02 (m, 1H), 7.63—7.66 (m, 1H),
7.30—7.34 (m, 2H), 7.22—7.25 (m, 1H), 6.75—6.78 (m,
2H), 5.74 (s, 1H), 3.73 (s, 3H), 1.69 (s, 9H); °C NMR
(100 MHz, CDCl;) ¢: 159.8, 149.0, 138.5, 136.8, 134.9,
131.7, 127.7, 127.6, 126.2, 124.7, 124.3, 116.9, 115.3,
114.2, 112.4, 86.9, 55.2, 42.1, 28.1; IR (KBr) v: 3435,
2981, 2836, 1732, 1625, 1609, 1581, 1510, 1479, 1443,
1399, 1371, 1356, 1315 cm™'; HRMS (ESI) m/z caled
for C,3H2,N,05S [M+Na] ': 461.1142, found 461.1087.
9-(N-tert-Butoxycarbonyl)-2-(2-methoxyphenyl)-
3-nitro-2,9-dihydr0thi0p?'rano[2,3-b]indole (3ad)
Yield 77%; m.p. 157 °‘C; 'H NMR (400 MHz, CDCls;) ¢:
8.62 (s, 1H), 7.96 (d, J/=8.04 Hz, 1H), 7.65 (d, J=7.04
Hz, 1H), 7.28—7.35 (m, 2H), 7.21—7.23 (m, 1H), 7.01
—7.03 (m, 1H), 6.91—6.94 (m, 1H), 6.74—6.76 (m,
1H), 6.25 (s, 1H), 3.95 (s, 3H), 1.66 (s, 9H); °C NMR
(100 MHz, CDCl;) ¢: 155.3, 149.0, 140.6, 136.8, 133.2,
129.6, 127.7, 127.6, 126.7, 126.6, 124.5, 124.2, 120.3,
116.9, 115.3, 111.9, 111.1, 86.7, 55.7, 36.1, 28.1; IR
(KBr) v: 3440, 2977, 2928, 1730, 1622, 1598, 1582,
1489, 1445, 1403, 1370, 1357, 1320 cm™'; HRMS (ESI)
m/z caled for Cp3H,oN,05S [M +Na]+: 461.1142, found
461.1137.
9-(N-tert-Butoxycarbonyl)-2-(4-benzyloxy-3-
methoxyphenyl)-3-nitro-2,9-dihydrothiopyrano[2,3-
blindole (3ae) Yield 74%; m.p. 135 C; '"H NMR
(400 MHz, CDCl3) o: 8.51 (s, 1H), 7.99 (d, /=7.52 Hz,
1H), 7.62—7.64 (m, 1H), 7.27—7.37 (m, 7TH), 6.88—
6.89 (m, 1H), 6.72—6.75 (m, 1H), 6.67—6.69 (m, 1H),
5.73 (s, 1H), 5.06 (s, 2H), 3.80 (s, 3H), 1.68 (s, 9H); "°C
NMR (100 MHz, CDCls) o: 149.7, 149.0, 148.6, 138.6,
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136.8, 136.7, 134.8, 132.3, 128.5, 127.8, 127.5, 127.1,
124.7, 124.3, 118.7, 116.9, 115.3, 113.5, 112.5, 110.3,
87.0, 70.8, 56.0, 42.5, 28.1; IR (KBr) v: 3441, 2925,
2853, 1717, 1620, 1510, 1492, 1481, 1461, 1444, 1400,
1371, 1358, 1320 cm_l; HRMS (ESI) m/z calcd for
C30H2sN,06S [M+Na]": 567.1560, found 567.1678.
9-(N-tert-Butoxycarbonyl)-2-(4-chlorophenyl)-3-
nitro-2,9-dihydrothiopyrano|2,3-b]indole (3af)
Yield 85%; m.p. 155 ‘C; "H NMR (400 MHz, CDCL5) §:
8.53 (s, 1H), 8.00—8.02 (m, 1H), 7.64—7.67 (m, 1H),
7.32—7.36 (m, 2H), 7.21—7.27 (m, 3H), 5.75 (s, 1H),
1.69 (s, 9H); C NMR (100 MHz, CDCl;) ¢: 148.9,
138.2, 138.0, 136.8, 134.5, 134.3, 129.1, 127.8, 127.5,
126.6, 124.9, 124.4, 117.1, 115.4, 112.5, 87.2,41.9, 28.1;
IR (KBr) v: 3441, 2977, 2924, 1732, 1627, 1581, 1506,
1490, 1443, 1400, 1372, 1356, 1316 cm™'; HRMS (ESI)
m/z caled for CyH9N,O4CIS [M+Na]+: 465.0646,
found 465.0687.
9-(N-tert-Butoxycarbonyl)-2-(2-chlorophenyl)-3-
nitro-2,9-dihydrothiopyrano|[2,3-b]indole (3ag)
Yield 84%; m.p. 180 ‘C; "H NMR (400 MHz, CDCL5) §:
8.65 (s, 1H), 7.99—8.02 (m, 1H), 7.66—7.68 (m, 1H),
7.44—7.46 (m, 1H), 7.33—7.37 (m, 1H), 7.28 —7.32 (m,
1H), 7.18—7.22 (m, 1H), 7.11—7.14 (m, 1H), 7.05—
7.09 (m, 1H), 6.25 (s, 1H), 1.67 (s, 9H); *C NMR (100
MHz, CDCl;) o: 148.8, 139.2, 136.9, 135.7, 133.2,
131.8, 130.5, 129.6, 127.9, 127.4, 127.1, 124.8, 124.4,
116.9, 115.4, 112.0, 87.2, 39.3, 28.1; IR (KBr) v: 3434,
2981, 2930, 1726, 1622, 1581, 1572, 1510, 1496, 1467,
1444, 1397, 1365, 1354 cm™'; HRMS (ESI) m/z caled
for CpHoCIN,O,S [M + K] ©: 481.0386, found
481.0370.
9-(N-tert-Butoxycarbonyl)-2-(4-cyanophenyl)-3-
nitro-2,9-dihydrothiopyrano|2,3-b]indole (3ah)
Yield 87%; m.p. 158 ‘C; "H NMR (400 MHz, CDCL5) §:
8.55 (s, 1H), 7.97—8.00 (m, 1H), 7.64—7.66 (m, 1H),
7.54—"71.56 (m, 2H), 7.42—7.44 (m, 2H), 7.31—7.38 (m,
2H), 5.79 (s, 1H), 1.68 (s, 9H); C NMR (100 MHz,
CDCl;) o: 148.9, 144.4, 137.9, 136.8, 133.5, 132.8,
129.9, 127.2, 127.1, 125.1, 124.6, 118.2, 117.2, 115.4,
112.6, 112.5, 87.4, 42.1, 28.1; IR (KBr) v: 3441, 2924,
2853, 2228, 1711, 1620, 1581, 1504, 1479, 1444, 1397,
1370, 1358, 1321 cm_l; HRMS (ESI) m/z calcd for
Ca3HoN304S [M+H] ' 434.1169, found 434.1222.
9-(N-tert-Butoxycarbonyl)-2-(4-nitrophenyl)-3-
nitro-2,9-dihydrothiopyrano|2,3-b]indole (3ai)
Yield 86%; m.p. 155 ‘C; "H NMR (400 MHz, CDCL5) §:
8.57 (s, 1H), 8.09—8.12 (m, 2H), 7.98—8.00 (m, 1H),
7.65—7.67 (m, 1H), 7.48—7.50 (m, 2H), 7.31—7.39 (m,
2H), 5.84 (s, 1H), 1.68 (s, 9H); C NMR (100 MHz,
CDCl;) o: 148.9, 147.9, 146.2, 137.8, 136.8, 133.5,
127.4, 127.3, 127.2, 125.2, 124.6, 124.2, 117.2, 115.4,
112.6, 87.5, 41.9, 28.1; IR (KBr) v: 3440, 2982, 2926,
2854, 1716, 1674, 1622, 1604, 1581, 1528, 1504, 1489,
1443, 1401, 1369, 1355, 1321 cm™'; HRMS (ESI) m/z
caled for CyH; 9N304S [M—I—Na]+: 476.0887, found
476.0878.
9-(N-tert-Butoxycarbonyl)-2-furyl-3-nitro-2,9-
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dihydrothiopyrano[2,3-blindole (3aj) Yield 89%;
m.p. 145 ‘C; '"H NMR (400 MHz, CDCls) &: 8.44 (s,
1H), 8.01—8.03 (m, 1H), 7.62—7.64 (m, 1H), 7.33—
7.36 (m, 1H),7.30—7.33 (m, 2H), 6.20—6.21 (m, 1H),
6.14—6.15 (m, 1H), 5.91 (s, 1H), 1.70 (s, 9H); "*C
NMR (100 MHz, CDCls) 0: 150.4, 149.0, 143.3, 138.5,
136.8, 132.2, 127.6, 126.8, 124.8, 124.3, 117.1, 115.3,
112.7, 110.6, 108.2, 87.1, 36.8, 28.1; IR (KBr) v: 3448,
2923, 2852, 1728, 1611, 1579, 1470, 1393, 1359, 1328
cm '; HRMS (ESI) m/z caled for CaH;sN,OsS [M+
Na]": 421.0829, found 421.0864.
9-(N-Ethoxycarbonyl)-2-phenyl-3-nitro-2,9-dihy-
drothiopyrano[2,3-b]lindole (3ba) Yield 80%; m.p.
180 ‘C; 'H NMR (400 MHz, CDCl3) d: 8.53 (s, 1H),
8.00—8.02 (m, 1H), 7.64—7.66 (m, 1H), 7.34—7.38 (m,
2H), 7.30—7.32 (m, 3H ),7.23—7.24 (m, 2H), 5.80 (s,
1H), 4.53 (q, J=7.28, 14.16 Hz, 2H), 1.50 (t, J=17.0,
14.28 Hz, 3H); °C NMR (100 MHz, CDCl;) 6: 150.5,
146.1, 139.3, 138.2, 136.6, 134.9, 128.9, 128.6, 127.6,
126.4,124.9, 124.5, 117.1, 115.4, 112.9, 64.9, 42.5, 14.2;
IR (KBr) v: 3442, 2952, 2924, 1733, 1620, 1581, 1503,
1480, 1445, 1399, 1377, 1346, 1318 cm™'; HRMS (ESI)
m/z caled for CyH sN,O4S [M +Na]+: 403.0723, found
403.0733.
9-(N-tert-Butoxycarbonyl)-2-phenyl-6-chloro-3-
nitro-2,9-dihydrothiopyrano|[2,3-b]indole (3ca)
Yield 83%; m.p. 160 ‘C; 'H NMR (400 MHz, CDCl;) 6:
8.47 (s, 1H), 8.04—8.05 (m, 1H), 7.54 (d, J/=28.28 Hz,
1H), 7.29—7.33 (m, 4H), 7.26—7.27 (m, 2H), 5.78 (s,
1H), 1.68 (s, 9H); >C NMR (100 MHz, CDCl5) 6: 148.6,
139.3, 138.8, 137.1, 135.0, 130.7, 129.1, 128.9, 128.7,
126.4, 126.0, 124.8, 117.6, 115.8, 112.1, 87.7, 42.4, 28.1;
IR (KBr) v: 3441, 2925, 2854, 1737, 1628, 1507, 1491,
1470, 1454, 1422, 1403, 1372, 1348 cm™'; HRMS (ESI)
m/z caled for CyHj9CIN,O4S [M—|—Na]+: 465.0646,
found 465.0712.
9-(N-tert-Butoxycarbonyl)-2-styryl-3-nitro-2,9-
dihydrothiopyrano[2,3-blindole (3ak) Yield 81%;
m.p. 148 ‘C; '"H NMR (400 MHz, CDCls) &: 8.37 (s,
1H), 8.03—8.04 (m, 1H), 7.61—7.63 (m, 1H), 7.22—
7.32 (m, 7H), 6.54 (d, J=15.56 Hz, 1H), 6.24 (dd, J=
7.28, 15.4 Hz, 1H), 5.34 (d, J=6.8 Hz, 1H), 1.72 (s,
9H); C NMR (100 MHz, CDCly) 6: 149.1, 138.4,
136.8, 135.7, 133.7, 132.1, 128.5, 128.2, 127.6, 126.8,
125.9, 124.8, 124.3, 123.9, 117.1, 115.4, 112.9, 87.1,
41.2, 28.2; IR (KBr) v: 1731, 1619, 1579, 1502, 1489,
1478, 1443, 1398, 1369, 1356, 1318, 1286 cm™'; HRMS
(ESI) m/z caled for CosHoN,04S [M+Na]': 457.1192,
found 457.1196.
9-(N-Ethoxycarbonyl)-2-styryl-3-nitro-2,9-dihy-
drothiopyrano[2,3-b]lindole (3bk) Yield 83%; m.p.
181 °C; '"H NMR (400 MHz, CDCl;) : 8.43 (s, H),
8.10—8.12 (m, 1H), 7.68 —7.70 (m, 1H), 7.40—7.42 (m,
2H), 7.27—7.35 (m, 5H), 6.60 (d, J=15.56 Hz, 1H),
6.29 (dd, J=7.28, 15.6 Hz, 1H), 5.42 (d, J="7.52 Hz,
1H), 4.64 (q, J=7.0, 14.28 Hz, 2H), 1.61 (t, J=2.76,
6.28 Hz, 3H); °C NMR (100 MHz, CDCl3) J: 150.6,
138.2, 136.6, 135.6, 134.0, 132.3, 128.5, 128.3, 127.7,

Chin. J. Chem. 2015, 33, 1244—1250



Efficient One-Pot Access to 2,9-Dihydrothiopyrano[2,3-b]indole Scaffolds

CHINESE JOURNAL OF
CHEMISTRY

126.8, 125.7, 124.9, 124.6, 123.7, 117.2, 115.4, 113.3,
64.9, 41.2, 14.3; IR (KBr) v: 1736, 1640, 1610, 1579,
1498, 1485, 1446, 1397, 1376, 1348, 1319, 1298 cm ™ ';
HRMS (ESI) m/z caled for CyHisN,OsS [M+H]':
407.1060, found 407.1061.
9-(N-tert-Butoxycarbonyl)-2-(4-methoxystyryl)-3-
nitro-2,9-dihydrothiopyrano[2,3-b]indole (3al)

Yield 74%; m.p. 150 C; 'H NMR (400 MHz, CDCl,) ¢:

8.36 (s, 1H), 8.02—8.04 (m, 1H), 7.61—7.62 (m, 1H),
7.20—7.35 (m, 4H), 6.75—6.77 (m, 2H), 6.48 (d, J=
15.56 Hz, 1H), 6.09 (dd, /=7.8, 15.68 Hz, 1H), 5.31 (d,
J=17.52 Hz, 1H), 3.75 (s, 3H), 1.71 (s, 9H); °C NMR
(100 MHz, CDCl3) ¢: 159.7, 149.1, 138.5, 136.8, 133.9,
131.6, 128.4, 128.1, 127.7, 125.7, 124.8, 124.3, 121.7,
117.0, 115.4, 113.9, 112.9, 87.0, 55.3, 41.4, 28.2; IR
(KBr) v: 1732, 1618, 1606, 1510, 1478, 1445, 1398,
1370, 1355, 1317, 1291 cm'; HRMS (ESI) m/z caled
for C,sH24N>Os [M+Na] ': 487.1298, found 487.1274.
9-(N-Ethoxycarbonyl)-2-(4-methoxystyrene)-3-
nitro-2,9-dihydrothiopyrano[2,3-b]indole (3bl)

Yield 76%; m.p. 158 ‘C; 'H NMR (400 MHz, CDCl;) 6:

8.35 (s, 1H), 8.04—8.05 (m, 1H), 7.61—7.63 (m, 1H),

7.33—7.35 (m, 2H), 7.20—7.22 (m, 2H), 6.75—6.77 (m,

2H), 6.48 (d, J=15.56 Hz, 1H), 6.08 (dd, J=7.80,
15.56 Hz, 1H), 5.32 (d, J=7.52 Hz, 1H), 4.57 (q, J=
7.04, 14.04 Hz, 2H), 3.75 (s, 3H), 1.53 (t, J=2.76, 6.28
Hz, 3H); °*C NMR (100 MHz, CDCL;) §: 159.7, 150.6,
138.3, 136.6, 134.2, 131.8, 128.3, 128.1, 127.7, 125.5,
124.9, 124.5, 121.5, 117.1, 1154, 113.9, 113.3, 64.9,
55.2, 41.4, 14.3; IR (KBr) v: 1734, 1638, 1606, 1579,
1510, 1490, 1446, 1397, 1375, 1349, 1321, 1291 cm™';
HRMS (ESI) m/z caled for Ca3sHyoN,OsS [M+Na] '
459.0985, found 459.0995.
9-(/N-tert-Butoxycarbonyl)-2-(2-methoxystyryl)-3-
nitro-2,9-dihydrothiopyrano[2,3-b]indole (B3am)
Yield 74%; m.p. 158 C; 'H NMR (400 MHz, CDCls) o:
8.36 (s, 1H), 8.03—8.05 (m, 1H), 7.61—7.63 (m, 1H),
7.29—7.31 (m, 3H), 7.14—7.18 (m, 1H), 6.89 (d, J=
15.8 Hz, 1H), 6.77—6.83 (m, 2H), 6.26 (dd, J=17.52,
15.72 Hz, 1H), 5.34 (d, J=7.28 Hz, 1H), 3.74 (s, 3H),
1.71 (s, 9H); *C NMR (100 MHz, CDCl3) : 157.0,
149.0, 138.5, 136.8, 133.9, 129.3, 127.7, 127.2, 126.9,
125.8, 124.7, 124.6, 124.3, 123.9, 120.5, 117.0, 115.3,
113.0, 110.9, 86.9, 55.4, 41.8, 28.2; IR (KBr) v: 1731,
1619, 1598, 1579, 1488, 1464, 1444, 1398, 1371, 1355,
1317, 1292 cm™'; HRMS (ESI) m/z caled for
C,sH24N,05S [M+Na] ": 487.1298, found 487.1289.
9-(N-tert-Butoxycarbonyl)-2-styryl-6-chloro-3-
nitro-2,9-dihydrothiopyrano[2,3-b]indole (3ck)

Yield 79%; m.p. 160 ‘C; 'H NMR (400 MHz, CDCl;) 6:

8.30 (s, 1H), 8.08 (s, 1H), 7.50—7.52 (m, 1H), 7.19—
7.32 (m, 6H), 6.52 (d, J=15.56 Hz, 1H), 6.21 (dd, J=
7.28, 15.56 Hz, 1H), 5.33 (d, J=7.28 Hz, 1H), 1.71 (s,
9H); “C NMR (100 MHz, CDCly) §: 148.6, 138.7,
137.1, 135.5, 134.1, 132.3, 130.7, 128.5, 128.3, 126.8,
126.1, 125.4, 124.8, 123.6, 117.6, 115.8, 112.4, 87.7,
41.2, 28.1; IR (KBr) v: 1732, 1618, 1490, 1470, 1423,
1395, 1371, 1350, 1313, 1274 cm™'; HRMS (ESI) m/z

Chin. J. Chem. 2015, 33, 1244—1250

caled for CyHy N,04CIS [M+H]": 469.0983, found
469.0995.

9-(N-tert-Butoxycarbonyl)-2-(4-methoxystyryl)-6-
chloro-3-nitro-2,9-dihydrothiopyrano|2,3-b]indole
(3cl) Yield 73%; m.p. 162 ‘C; '"H NMR (400 MHz,
CDCls) 6: 8.31 (s, 1H), 8.11 (s, 1H), 7.52—7.54 (m, 1H),
7.23—7.34 (m, 3H), 6.78—6.80 (m, 2H), 6.50 (d, J=
15.32 Hz, 1H), 6.10 (dd, J=6.76, 16.20 Hz, 1H), 5.33
(d, J=6.28 Hz, 1H), 3.77 (s, 3H), 1.74 (s, 9H); “C
NMR (100 MHz, CDCl;) d: 159.8, 148.6, 138.8, 137.1,
134.3, 131.8, 130.7, 128.3, 128.1, 126.1, 125.2, 124.8,
121.4, 117.6, 115.8, 113.9, 112.4, 87.6, 55.3, 41.4, 28.1;
IR (KBr) v: 1738, 1621, 1605, 1510, 1490, 1467, 1422,
1401, 1371, 1344, 1296 cm™'; HRMS (ESI) m/z caled
for C,sHy3N,OsCIS [M + Na] '@ 521.0908, found
521.0907.

Results and Discussion

At the beginning, we chose a model reaction be-
tween compound 1a, S-nitrostyrene (2a) and NaSHH,0
in methanol at room temperature using DABCO as an
organocatalyst. After 24 h, a little amount (18%, Entry 1
and Table 1) of dihydrothiopyrano[2,3-b]indole was
obtained as characterized by its spectroscopic data (‘H
NMR, Bc NMR, IR and HRMS). In order to access the
better yield of 3aa, we did the several reactions in
common organic solvents or neat conditions using easily
available basic catalysts such as DABCO, DBU, E;N,
Al O3 and KF-Al,0O5 at 60 ‘C. The results showed that

Table 1 Optimization of reaction”
DL~y eme. Oy y
Boc Solvent, Temp. IBOC

1a 2a 3aa

Entry Catalyst Solvent T/°C  t/h Yield’/%

© 2015 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

1 DABCO MeOH 1t 24 18
2 DABCO MeOH 60 24 21
3 DABCO EtOH 60 24 24
4 DABCO THF 60 24 27
5 DBU EtOH 60 24 31
6 Et;N EtOH 60 24 19
7 ALO; Nil 60 4 32
8¢ KF-ALO;  Nil 60 4 37
9 DABCO CHCl;  rt. 24 42
10 DABCO CH,Cl, rt. 24 51
11 DABCO CH,Cl, rt. 4 82

“ Unless otherwise specified, all reactions were carried out at
room temperature with la (0.25 mmol), 2a (0.3 mmol) and
NaSH<H,O (0.3 mmol) using 10 mol% catalysts in the specified
solvents (2.0 mL). *Isolated yields after column chromatography.
500 mg was used. 300 mg activated molecular sieves was used.
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in all the cases unsatisfactory yields (19%—37%, En-
tries 2—38) were obtained. However, the yields (41%—
55%) of 3aa were improved when the reaction was car-
ried out in chlorinated solvents (CH,Cl, and CHCI;) at
room temperature for 24 h in the presence of DABCO.
Gratifyingly, high yield (82%, Entry 11) of 3aa was ob-
tained in CH,Cl, with short span of time (4 h) when the
reaction was performed in the presence of activated mo-
lecular sieves (4 A) as dehydrating agent.

Having optimal reaction conditions in hand, a series
of 2-aryl-3-nitro-2,9-dihydrothiopyrano[2,3-b]indole de-
rivatives were synthesized involving the reaction of sev-
eral N-protected-2-chloro-3-formylindoles, NaSH<H,O
with aryl-substituted-f-nitrostyrenes in our established
reaction conditions. The obtained results were collected
in Table 2. By this procedure, several indole derivatives
(1a—1c) annulated smoothly with aryl-substituted-$-
nitrostyrene possessing electron donating (Me, OMe,
OBn) and electron withdrawing (Cl, NO,, CN) substi-
tuents on aryl rings to provide the corresponding N-pro-

Table 2 One-pot synthesis of 2-aryl-3-nitro-2,9-dihydrothio-
pyrano[2,3-b]indole derivatives (3aa—3ca)”

X CHO  O,N
\[::]I_iﬂi TL\ NaSH-H,0, DABCO (10 mol%)
.
N~ Cl

o
\ R MS, 4 A
R CH,Cly,r.t,4 -8h
1a-1c 2a-2
1a:R=Boc, X =H
1b: R =CO,Et,X=H
1c: R =Boc, X =ClI

X N,
| '.“l e
R

3aa - 3ca
Entry R R X  Name Yield®/%
1 Boc Ph H 3aa 82
2 Boc 4-MeCgHy H 3ab 80
3 Boc 4-MeOC¢Hy H 3ac 81
4 Boc  2-MeOCgH, H 3ad 77
5 Boc 3-MeO-4-BnOC¢H; H  3ae 74
6 Boc  4-CIC4H,4 H 3af 85
7 Boc  2-CIC¢H4 H 3ag 84
8 Boc  4-CNC¢Hy H 3ah 87
9 Boc  4-NO,C¢Hy4 H 3ai 86
10 Boc 2-Furyl H 3aj 89
11 CO,Et Ph H 3ba 80
12 Boc  Ph Cl 3ca 83

“Unless otherwise specified, all the reactions were carried out at
room temperature with compound (1a—1e¢, 0.25 mmol), nitrosty-
renes (2a—2j, 0.3 mmol), NaSH*H,0O (0.3 mmol), DABCO (10
mol%) and molecular sieves 4 A (300 mg) in CH,Cl, (2.0 mL).
bYsolated yields after column chromatography.

1248  www.cjc.wiley-vch.de

©2015 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

tected-2-aryl-3-nitro-2,9-dihydrothiopyrano[2,3-b]indole

derivatives in good to high yields (74% —86% 3aa—3ai
and 3ba — 3ca) within 4 —8 h. Interestingly, het-
eroaryl-substituted S-nitroolefin (2j) was found to be a
good thio-Michael-acceptor in our present conditions,
resulting in excellent yield (89%) of corresponding
product 3aj. Moreover, several sensitive functional
groups such as Cl, OMe, OBn, Boc, CO,Et, NO,, CN,
furan, etc. were unaffected under the present conditions.

In order to expand towards more substrate possibility,
we employed the chemically challenging nitrodienes as
Michael acceptors for this one-pot MCR. As is evident
from Scheme 2, the thio-Michael reaction between
2-mercapto-3-formylindoles (in situ generated from the
reaction between la—1c¢ and NaSH<H,0) and J-aryl-
substituted nitrodienes (2k—2m) occurred exclusively
at the f-positions of nitrodienes in our present condi-
tions. As a result, all the reactions led to the corre-
sponding  (E)-2-styryl-substituted-3-nitro-2,9-dihydro-
thiopyrano[2,3-b]indole (3ak —3cl) in good to high
(73%—84%) yields as shown in Scheme 2.

Physical appearance of all the synthesized com-
pounds is red in color which prompted us to evaluate
their spectroscopic properties. In this line, we began to
examine the solvatochromic effects of compound 3ai in
various organic solvents (spectroscopic grade). The re-
sults are plotted systematically in Figure 1a. The
compound 3ai shows maximum absorption bands in the
visible region at around 460—464 nm (approximately)
in THF, ethyl acetate, ethanol and methanol. Whereas,

[0
o
c
(3]
=2
[e]
(2]
o
<
0.00 T : )
400 500 600
Wavelength/nm

500007 (b)

40000+
P
‘@
C
£ 30000+
=
©
o 20000+

10000+

500 550 600 650 700 750 800
Wavelength/nm
Figure 1 Solvatochromic effects of compound 3ai in absorption

and emission spectra (excited at 460 nm).
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Scheme 2 One-pot synthesis of (E)-2-styryl-substituted-3-nitro-2,9-dihydrothiopyrano[2,3-b]indole scaffolds (3ak—3cl)

NaSH-H,0 X
X H
\©I\_/I[C O ON | DABCO (10 mol%)
.
N7 DCM,5-8 h, r.t
! [o]
R R MS @A)
1a:R=Boc, X=H 2k-2m

1b: R=CO,Et, X=H
1c:R=Boc, X=ClI

3ak: R =Boc, 81%
3bk: R= CO,Et; 84%

3ck: 79%

3al: R =Boc; 74%
3bl: R = CO,Et; 76%

3cl: 73%

small red shifts (10—16 nm) are shown in acetonitrile
(Amax 470 nm) and chloroform (A,.x 476 nm) solvents.
On the other hand, the emission maxima for 3ai are
strongly influenced by solvent polarity and exhibit ba-
thochromic shifts as well as positive Stokes shifts with
increasing polarity of solvents (Figure 1b).

For example, in case of non-polar aprotic solvents
such as THF, EtOAc, CHCIl; and CH;CN, emission
bands are shown at 580 nm, 592 nm, and 604 nm re-
spectively. The emission bands of 3ai are further in-
creased to 629 nm and 638 nm when emission spectra
are recorded in high polar solvents such as EtOH and
MeOH respectively. Thus, it is clearly indicated that the
maximum Stokes shift value (5877 cm ' or 174 nm) of
compound 3ai is observed in MeOH as compared to
other solvents (4116—5841 cm™ or 120—169 nm) re-
corded for this experiment.

In order to evaluate the general trends of these ab-
sorption and fluorescence spectra, we recorded all the
synthesized 2,9-dihydrothiopyrano[2,3-bJindole deriva-
tives (3aa—3cl) in Table 2 and Scheme 2 in MeOH me-
dium under similar conditions. The absorption and
emission bands as well as their corresponding Stokes
shift values are summarized in Table 3. As shown in
Table 3, the UV-visible absorption maxima are shown at
456—465 nm which is almost independent nature of
substituents and their positions on aryl rings (Entries 1
—19, Table 3 and Figure 2). Similarly, all the com-
pounds emit within the range at 623 —641 nm, resulting
in large positive Stokes shifts (5632—6081 cm™', Table
3). Therefore, the large Stokes shifts of 2,9-dihydrothio-

Chin. J. Chem. 2015, 33, 1244—1250

pyrano annulated indole derivatives may find out the
potential application in material science.!”

Table 3 Absorption and fluorescence spectra of compounds 3aa
—3cl”

Entry Product A,/nm 2 /mm SS¢/nm SS/em™
1 3aa 464 641 177 5950
2 3ab 456 631 175 6081
3 3ac 465 644 179 5977
4 3ad 469 643 174 5769
5 3ae 460 630 170 5866
6 3af 461 630 169 5818
7 3ag 465 630 165 5632
8 3ah 463 631 168 5750
9 3ai 464 638 174 5877
10 3aj 458 623 165 5782
11 3ak 465 641 176 5904
12 3al 458 629 171 5935
13 3am 461 631 170 5844
14 3ba 460 634 174 5966
15 3bk 461 631 170 5844
16 3bl 461 630 169 5818
17 3ca 461 632 171 5869
18 3ck 460 633 173 5941
19 3cl 458 631 173 5986

©2015 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

“ All the compounds were recorded their UV and fluorescence
spectra in MeOH. ® Excited at 460 nm. SS indicates Stokes Shift.
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Figure 2 UV-Vis spectra of compounds 3aa—3cl.
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Figure 3 Emission spectra of compounds 3aa—3cl.

Conclusions

In conclusion, we have reported a one-pot direct
method for the construction of unknown functionalized
N-protected-2-aryl/styryl-substituted-3-nitro-2,9-dihy-
drothiopyrano[2,3-b]indoles in CH,Cl, via a tandem
aromatic nucleophilic thiolation/thio-Michael/Henry
reaction between N-protected-2-chloro-3-formylindoles,
NaSHe<H,O and substituted-nitroolefins/nitrodienes in
the presence of DABCO, followed by in situ dehydra-
tion using activated molecular sieves (4 A). The current
one-pot process has several advantageous points such as
mild reaction conditions, high yielding, no toxic
by-products, broad substrate scope, construction of three
new bonds (C—S, C—C and C=C) by single operation.
In addition, various sensitive functional groups were
tolerated in our mild conditions. Moreover, our synthe-
sized compounds have shown the high positive Stokes
shift values (<6081 cmﬁl). Additional applications of
these synthesized compounds are under progress which
will be documented in due course.
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©2015 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Acknowledgement

The authors thank the DST, Govt. of India research
grant (Project No. SB/S1/0C-19/2013). S. Singh is
thankful to her UGC fellowship.

References

[1] (a) Takada, S.; Ishizuka, N.; Sasatani, T.; Makisumi, Y.; Jyoyama, H.;
Hatakeyama, H.; Asanuma, F.; Hirose, K. Chem. Pharm. Bull. 1984,
32, 877; (b) Takada, S.; Makisumi, Y. Chem. Pharm. Bull. 1984, 32,
872; (c) Wincent, E.; Shirani, H.; Bergman, J.; Rannug, U.; Janosik,
T. Bioorg. Med. Chem. 2009, 17, 1648; (d) Jakobsen, P.; Kanstrup,

A.; Faarup, P.; Olesen, P. H. US 5536721, 1996; (e) Jha, M.; Ed-

munds, M.; Lund, K.-1.; Ryan, A. Tetrahedron Lett. 2014, 55, 5691;

(f) Zhao, N.; Qiu, L.; Wang, X.; An, Z; Wan, X. Tetrahedron Lett.

2014, 55, 1040; (g) Irgashev, R. A.; Karmatsky, A. A.; Kozyukhin, S.

A.; Ivanov, V. K.; Sadovnikov, A.; Kozik, V. V.; Grinberg, V. A;

Emets, V. V;; Rusinov, G. L.; Charushin, V. N. Synthetic Met. 2015,

199, 152.

(a) Acharya, A.; Kumar, S. V.; Saraiah, B.; Ila, H. J. Org. Chem.

2015, 80, 2884; (b) Liao, Y.; Peng, Y.; Qi, H.; Deng, G.-J.; Gong, H.;

Li, C.-J. Chem. Commun. 2015, 51, 1031; (c) Moghaddam, F. M.;

Saeidian, H.; Mirjafary, Z.; Taheri, S.; Kheirjou, S. Synlett 2009,

1047; (d) Chen, S.; Pan, J.; Wang, Y.; Zhou, Z. Eur. J. Org. Chem.

2014, 7940; (e) Moghaddam, F. M.; Foroushani, B. K.; Sobhani, M.;

Masoud, N.; Khodabakhshi, M. R.; Weng, N. S. Tetrahedron 2013,

69, 8169.

[3] (a) Wu, L.; Wang, Y.; Zhou, Z. Tetrahedron: Asymmetry 2014, 25,
1389; (b) Chen, X.; Qi, Z.-H.; Zhang, S.-Y.; Kong, L.-P.; Wang, Y.;
Wang, X.-W. Org. Lett. 2015, 17, 42; (c) Singh, S.; Srivastava, A.;
Samanta, S. Tetrahedron Lett. 2012, 53, 6087; (d) Majumdar, K. C.;
Ponra, S.; Nandi, R. K. Tetrahedron Lett. 2012, 53, 1732; (e) Ma-
jumdar, K. C.; Ponra, S.; Ghosh, T. RSC Adv. 2012, 2, 1144; (f) Jha,
M.; Shelke, G. M.; Cameron, T. S.; Kumar, A. J. Org. Chem. 2015,
80, 5272.

[4] (a) Okachi, T.; Fujimoto, K.; Onaka, M. Org. Lett. 2002, 4, 1667; (b)
Pérez-Serrano, L.; Casarrubios, L.; Dominguez, G.; Pérez-Castells, J.
Org. Lett. 1999, 1, 1187; (c) Grassot, J. M.; Masson, G.; Zhu, J. P.
Angew. Chem., Int. Ed. 2008, 47, 947.

[5] (a) Lowenberg, P. J. Appl. Chem. 1959, 9, 417; (b) Burfield, D. R,;

Lee, K.-H.; Smithers, R. H. J. Org. Chem. 1997, 42, 3060; (c) Wil-

liams, D. B. G;; Lawton, M. J. Org. Chem. 2010, 75, 8351.

(a) Srivastava, A.; Singh, S.; Samanta, S. Tetrahedron Lett. 2013, 54,

1444; (b) Jaiswal, P. K.; Biswas, S.; Singh, S.; Pathak, B.; Mobin, S.

M.; Samanta, S. RSC Adv. 2013, 3, 10644; (c) Jaiswal, P. K.; Biswas,

S.; Singh, S.; Samanta, S. Org. Biomol. Chem. 2013, 11, 8410; (d)

Biswas, S.; Jaiswal, P. K.; Singh, S.; Mobin, S. M.; Samanta, S. Org.

Biomol. Chem. 2013, 11, 7084; (e) Biswas, S.; Majee, D.; Dagar, A.;

Samanta, S. Synlett 2014, 25, 2115; (f) Srivastava, A.; Biswas, S.;

Singh, S.; Mobin, S. M.; Samanta, S. RSC Adv. 2015, 5, 26891; (h)

Dagar, A.; Biswas, S.; Samanta, S. RSC Adv. 2015, 5, 52497; (i)

Biswas, S.; Dagar, A.; Srivastava, A.; Samanta, S. Eur. J. Org. Chem.

2015, 4493.

[7] (a) Lakowicz, J. R. Principles of Fluorescence Spectroscopy, 3" edi-
tion, Springer Science, Singapore, 2006; (b) Valeur, B. Molecular
Fluorescence, Wiley-VCH GmbH, Germany, 2002; (c) Iliashenko, R.
Y.; Gorobets, N. Y.; Doroshenko, A. O. Tetrahedron Lett. 2011, 52,
5086; (d) Liu, D.; Duan, Y.-H. Chin. Chem. Lett. 2013, 24, 809; (¢)
Chen, S.; Qiao, X.; Li, H.; Li, H. Chin. J. Chem. 2015, 33, 934; (f)
Li, M.; Ni, W.; Feng, H.; Kan, B.; Wan, X.; Zhang, Y.; Yang, X.;
Chen, Y. Chin. J. Chem. 2015, 33, 852.

[2

—

[6

—_

(L, Y)

Chin. J. Chem. 2015, 33, 1244—1250




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


