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Abstract – Asymmetric synthesis and activity evaluation of 

tetrahydro-β-spirooxindole compounds is reported in this paper. Cinchona 

alkaloid thiourea has been utilized as catalyst for the asymmetric synthesis of

tetrahydro-β-spirooxindoles, affording the desired products in moderate to good 

yields and with up to 94:6 er. Interestingly, the spirooxindoles exhibited moderate 

to good in vitro antitumor activity for A549 cells. Besides, the growth inhibitory 

activities of these selected compounds against normal lung cell CHL cells were 

further evaluated. 

Tetrahydro-β-spirooxindoles are a class of useful heterocyclic compounds, which exhibit a broad 

spectrum of biological activities.1 The multicyclic spiroindolinone scaffold is frequently utilized in 

medicinal chemistry where the chiral center and the spirocyclic-fused core of these structures 

supplements the deficiencies of flat heterocyclic compounds typically encountered in drug discovery 

programs (Figure 1). Some of these compounds are promising drug candidates for treating cancer,2

tuberculosis,3 malaria etc.4 However, few synthetic methods have been developed for the construction of 

these skeletons. Due to their molecular complexity and spirocyclic quaternary carbon center, the synthetic 

methodology is still a significant challenge.5 Although its asymmetric synthesis may be difficult, the 

construction of highly hindered, strained quaternary chiral central carbolines is indeed not a negligible 

task, especially in an enantioselective fashion.6

Asymmetric cycloaddition and cascade reaction have been proved to be powerful approaches to 

synthesize the spirooxindole framework.7 However, most of these reports are limited to the 

pyrrolidin-3-yl-spirooxindoles or to all-carbon cycloalkyl-spirooxindoles.8 To the best of our knowledge, 
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only few asymmetric cycloaddition reactions have been successfully applied in the synthesis of optically 

active tetrahydro-β-spirooxindoles catalyzed by (S)-BINOL-derived phosphoric acid.9,12 Although 

BINOL acid catalysts have achieved great success in asymmetric reactions, complicated multistep 

reactions were employed to synthesize them.10 The cinchona alkaloid derived catalysts play the same vital 

role in asymmetric reactions just like BINOL acids, and the synthesis of cinchona alkaloid catalysts are 

relatively simple compared to BINOL acids. However, there is still no report about cinchona alkaloid 

derivatives catalyzed asymmetric synthesis of tetrahydro-β-spirooxindoles. Therefore, to facilitate the 

exploration of the biological and medicinable utilities of tetrahydro-β-carboline derivatives, it is highly 

desirable to develop alternative efficient catalytic asymmetric methods for the synthesis of chiral 

quaternary tetrahydro-β-carbolines.11 Encouraged by our earlier work on asymmetirc synthesis of 

enantioselective indole alkaloids,13 herein, the catalyzation of facile cinchona alkaloid thiourea to 

asymmetric Pictet-Spengler reaction was reported, accessing a variety of highly hindered, strained 

spirocyclic quaternary chiral central carboline derivatives. Further investigation showed that these chiral 

carboline derivatives displayed moderate to good in vitro antitumor activity for lung carcinoma cells 

A549. Interestingly, some of these compounds showed weak cytotoxicity on normal lung cells CHL cell. 

 

 

Figure 1. Examples of biological active indole alkaloid4,12 

 

The investigations were initiated by screening various catalysts (Figure 2) for activation of tryptamine 1a 

with chelating isatin 2a (Table 1). As shown in Table 1, majority of the tested chiral Brønsted bases were 

proved to be efficient catalysts for this spirocyclization reaction, leading to the corresponding product 3a 

in good yields. However, the enantioselectivity of this process is highly depended on the catalyst involved. 

Quinine- or quinidine-derived squaramide catalysts (C1-C5) showed poor enantioselectivity for this 

reaction, while thiourea catalysts achieved better er (enantiomeric ratio) values and C7 turned out to be 

the optimal catalyst (Table 1, entries 1-7). Contrarily quinidine amine C9 was failed to trigger to this 

process which indicated that the strong H-bonding donor group are crucial in catalysts for achieving high 

activity and enantioselectivity (Table 1, entry 9). Subsequently, the solvent was examined, and relevant 

results showed that the solvent remarkably affected the enantioselectivity of current reaction. DCE was 
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found to be efficient to produce 3a with a slight decrease in er value, while other solvents, such as toluene, 

CHCl3, THF, Et2O, were failed to give enantioenriched 3a, albeit in moderate enantioselectivity (Table 1, 

entries 10-15). It is worth noting that reducing the catalyst loading from 20 mol% to 10 mol% had 

influence on both yield and the enantioselectivity (Table 1, entry 16). Finally a slight decrease on either 

yield or enantioselectivity was observed when the reaction was carried out at 10 °C or without the use of 

4 Ǻ molecular sieves (Table 1, entries 17 and 18).  

Figure 2. Different chiral Brønsted base catalysts 

Table 1. Catalyst optimization for spiroindolone formationa 

Entry Catalyst Solvent Yield a(%) er b 
1 
2 
3 
4 
5 

C1 
C2 
C3 
C4 
C5 

DCM 
DCM 
DCM 
DCM 
DCM 

76 
83 
81 
90 
86 

71:29 
63:37 
88:12 
65:35 
80:20 
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6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16d 
17e 
18f 

C6 
C7 
C8 
C9 
C7 
C7 
C7 
C7 
C7 
C7 
C7 
C7 
C7 

DCM 
DCM 
DCM 
DCM 
DCE 

toluene 
CHCl3 
Et2O 

PhCF3 
THF 
DCM 
DCM 
DCM 

77 
85 
67 

NR. 
69 
71 
66 
74 
71 
76 
81 
84 
62 

85:15 
94:6 

88:12 
ND. 

87:13 
57:43 
55:45 
47:43 
79:21 
51:49 
77:23 
92:8 
92:8 

aReaction performed with 3a (0.3 mmol), 2a (0.36 mmol) and catalyst (20 mol%) in solvent (2 mL). Reaction run 
from 48-72 h, monitored by TLC. bIsolated yield. cEnantioselectivity determined by HPLC analysis using chiral 
stationary phase. d10 mol% catalyst was used. ewithout 4Å MS(molecular sieves). fReaction performed at 10 °C

With the optimized reaction conditions in hand, the substrates scope of tryptamine were evaluated with 

various isatins subsequently. The represent results were summarized in the Table 2. Both the yield and the 

er values of the desired products were remarkably affected by the type of the tryptamine. The N-protected 

group R1 significantly affect the yield and enantioselectivity of current protocols. A decreased er value 

was observed when phenyl (R1) was replaced by other groups, such as 2,6-dimethylphenyl, 2-naphthyl 

and o-methoxyphenyl (3b, 3c, 3g). It is worth noting that spirocyclization reaction could not occur when 

the steric hindrance of substitute is large (3f). When R1 is a heterocyclic ring (3d), moderate er value 

(77:23) was obtained. 

The substituents on isatins have different effects on yield and enantioselectivities. Both 5-fluorine and 

7-fluorine-substituted isatins provided higher er value than chlorine and bromine (3h-3m). The reaction 

of unsubstituted isatin (3o) with tryptamine could carry out with poor enantioselectivity (er value 61:39). 

N-acetylisatin could not make the reaction occur smoothly (3q). In order to determine the absolute 

configuration of the generated stereogenic center, the known compound N-debenzyl-3o was isolated and 

characterized. By comparison of the specific rotation value with the reported data,9 the absolute 

configuration of the known N-debenzyl-3o can be assigned as S. Since none the bonds of stereogenic 

center has been broken during the following debenzylation reaction, the original configuration of 3o is 

retained11,14 the debenzylation product (see Supporting Information). 

According to our previous work13 and the recent report,15 a plausible reaction mechanism has been 

depicted in Scheme 1 with 3a as the model substrate. Firstly, 2a was combined by the hydrogen bonds of 

the catalyst, then nucleophilic attack of 1a to the activatied 2’ forms transition state 3. Elimination of one 

molecule of water would generate ion pair 5, which undergoes intramolecular Mannich reaction to form 6. 

Proton shift in 6 yields product 3a and release catalyst C7. 
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Table 2. Scope of isatins and tryptamine for the spirocyclization reactiona  

 
aReaction performed with 1a (0.3 mmol), 2a (0.36 mmol) and catalyst (20 mol%) in solvent (2 mL), monitored by 
TLC. bIsolated yield. cEnantioselectivity determined by HPLC analysis using chiral stationary phase. 

Previously the spirooxindoles scaffold displayed good in vitro antitumor activity. Therefore, the desired 

compounds were screened for their anticancer activity using MTT assay.16 Standard anticancer drug 

camptothecin was used as positive control to validate the assay. Among them, six most active compounds 

(3a, 3g, 3h, 3i, 3l, 3m) were found out by measuring their IC50 values against lung carcinoma cell A549 

cells.17 

N
H

HN
R1

R2

N

O

O

R3

X+
C7 20 mol%

DCM 30 oC
4Å MS 48-72 h

N
H

N
R1

R2

N

O

R3

X1 2 3

N
H

N

N

O

Bn N
H

N

N

O

Bn
N
H

N

N

O

Bn
N
H

N

N

O

Bn

3b, Y:65%, er:78:22 3c, Y:71%, er:70:30

S

3d, Y:64%, er:77:23

Br

3e, Y:83%, er:77:23

N
H

N

N

O

Bn
N
H

N

N

O

Bn
N
H

N

N

O

Bn

N
H

N

N

O

Bn

N
H

N
MeO

N

O

Bn
N
H

N

NH

O

N
H

N

N

O

Me
N
H

N

N

O

OMe

3g, Y:71%, er:78:22
F

3h, Y:79%, er:78:22
Cl

3i, Y:76%, er:73:27

3j, Y:81%, er:80:20

N
H

N

N

O

Bn

3k, Y:77%, er:70:30

N
H

N

N

O

Bn

3l, Y:83%, er:81:19

N
H

N

N

O

Bn

3m, Y:82%, er:82:18

3n, Y:79%, er:86:14 3o, Y:67%, er:61:39 3p, Y:64%, er:54:46

O

3q, Y:trace, er:ND.

N
H

N

N

O

Bn

3f, NR.

Br Cl MeO F

HETEROCYCLES, Vol. 96, No. 6, 2018 1123



 

 
Scheme 1. Plausible reaction mechanism 

 

Compounds 3a, 3h, 3i, 3l, 3m show better activity than 3g, suggesting that the substituent R on the 

N-benzyltryptamine is less effective than that on the istain moiety. However, the difference in substitution 

on isatin shows a higher impact on the biological activity of molecules. Introduction of fluorine instead of 

chlorine improved the IC50 value from 28.86 μM to 5.90 μM, making 3m the most active compound in 

this series (Figure 3A). Overall, the synthesized molecules, while displaying anticancer activity, showed 

weaker potency compared to camptothecin (see Supporting Information). To our delight, when the 

cytotoxicity of compounds on normal lung cells CHL was measured, it found that 3m shows weak 

cytotoxictity on normal cells CHL cell (IC50=118.20 μM) and selectivity for cancer cell A549 (Figure  

3B). The compound 3m shows the optimum structural requirement for anticancer activity. The 

experimental results lead us to the identification of the tetrahydro-β-spirooxindole nucleus as an 

important structural feature to possess anticancer activity. Therefore, this compound will be further 

modified to discover more potent molecules. 
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Figure 3. Anti-cancer activity and toxicity to A549 and CHL 

 

In conclusion, we have presented a novel, mild and facile method for the synthesis of the chiral 

tetrahydro-β-spirooxindoles. The easily available cinchona alkaloid thiourea catalyst C7 showed high 

efficiency, affording the desired products in moderate to good yields and er values. Some of the target 

compounds also display significant anticancer activity and weak cytotoxicity. This indicates the scope for 

screening the hitherto relatively unexplored tetrahydro-β-spirooxindole moiety in potential anticancer 

compounds. 

EXPERIMENTAL 

All reactions were carried out in oven-dried glassware with magnetic stirring under air unless otherwise 

mentioned. All other reagents were used without purification as commercially available. All reactions 

were monitored by thin layer chromatography. Purification of reaction products were carried out by flash 

chromatography on silica gel. Chemical yields refer to pure isolated substances. Solvents were purified 

and dried according to standard methods prior to use. Powdered 4Å molecular sieves were activated at 

200 °C for 2 h. 1H NMR spectra were recorded on 500 MHz or 600 MHz spectrometer. The chemical 

shifts were reported relative to internal standard TMS(0) in CDCl3. The following abbreviations may be 

used to describe peak patterns where appropriate: br=broad, s=singlet, d=doublet, t=triplet, q=quartet, 

m=multiplet. 13C NMR spectra were recorded on 125 MHz or 150 MHz spectrometer, referred to the 

internal solvent signals (77.0 for CDCl3). Analytical HPLC was recorded on a HPLC machine equipped 

with Agilent 1100 series quaternary pump with a UV diode array detector. The chiral stationary phase 

was Daicel Chiralcel AD-H and OD-H column. Optical rotations were determined using a Rudolph 

Autopol V polarimeter at 25 °C. Melting points were determined using a Büchi B-540 capillary melting 

point apparatus on the pure major component.  
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General procedure for the preparation of compounds 3  
A mixture of N-protected tryptamine 1 (0.05 mmol), aldehyde 2 (0.06 mmol), catalyst C7 (20 mol%), 4Å 

molecular sieves (0.1-0.2 g, powdered) in 2.0 mL DCM was stirred at 30 °C. The reaction was monitored 

with TLC. After the reaction was completed, the reaction mixture was directly purified by flash column 

chromatography (EtOAc / petroleum ether = 1/15 to 1/3, with 2% TEA) to give the desired product 3. 

(S)-1,2'-Dibenzyl-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2-one (3a) 

This product was obtained in 85% yield as a white solid after chromatography and 94:6 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=80:20, 0.8 mL/min, λ=225 nm, 

t(minor)=17.81 min, t(major)=36.60 min]. [α]D
25 -51.2 (c 1.0, CH2Cl2); mp 262-265 °C. HRMS 

(ESI-TOF) calcd for C32H28N3O[M+H]+: 470.2241; Found: 470.2247. 1H NMR (600 MHz, CDCl3) 

2.84-2.87 (m, 1H), 2.92-2.97 (m, 1H), 3.03-3.06 (m, 1H), 3.47 (d, J = 12.0 Hz, 1H), 3.53 (d, J = 12.0 Hz, 

1H), 3.79-3.84 (m, 1H), 5.36 (d, J = 12.0 Hz, 1H), 5.47 (d, J = 12.0 Hz, 1H), 7.02 (m, 1H), 7.07 (br, 1H), 

7.10-7013 (m, 1H), 7.14 (d, J = 6.0 Hz, 2H), 7.2-7.26 (m, 2H), 7.28-7.31 (m, 6H), 7.33-7.35 (m, 2H), 

7.39 (d, J = 6.0 Hz, 2H), 7.54 (d, J = 6.0 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 177.0, 139.5, 139.1, 

137.7, 136.6, 133.4, 132.4, 130.5, 128.7, 128.3, 128.2, 127.6, 127.3, 127.2, 127.1, 124.7, 124.2, 122.5, 

119.7, 118.7, 115.7, 112.1, 110.9, 66.4, 54.6, 44.9, 43.7, 21.4. 

(S)-1-Benzyl-2'-(2,6-dimethylbenzyl)-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2-

one (3b) 

This product was obtained in 65% yield as a white solid after chromatography and 78:22 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=70:30, 0.8 mL/min, λ=225 nm, 

t(major)=9.60 min, t(minor)=15.17 min]. [α]D
25 -63.1 (c 1.0, CH2Cl2); mp 271-274 °C. HRMS (ESI-TOF) 

calcd for C34H32N3O[M+H]+: 498.2540; Found: 498.2544. 1H NMR (600 MHz, CDCl3) δ 2.30 (S, 6H), 

2.77-2.81 (m, 2H), 2.84-2.87 (m, 1H), 3.41 (d, J = 12.0 Hz, 1H), 3.79 (d, J = 12.0 Hz, 1H), 3.88-3.92 (m, 

1H), 4.89 (d, J = 18.0 Hz, 1H), 4.99 (d, J = 18.0 Hz, 1H), 6.87 (d, J = 12.0 Hz, 1H), 6.96 (d, J = 12.0 Hz, 

2H), 7.02-7.04 (m, 1H), 7.05-7.06 (m, 2H), 7.06-7.08 (m, 3H), 7.11 (s, 1H), 7.26-7.28 (m, 2H), 7.29 (d, J 

= 6.0 Hz, 1H), 7.31 (d, J = 6.0 Hz, 1H), 7.39 (d, J = 6.0 Hz, 2H), 7.49-7.51 (m, 1H). 13C NMR (150 MHz, 

CDCl3) δ 176.6, 143.6, 138.9, 136.6, 136.2, 134.2, 131.2, 129.9, 129.2, 128.9, 128.3, 127.9, 127.8, 127.2, 

127.19, 126.3, 123.2, 122.2, 119.6, 118.7, 112.4, 111.0, 109.3, 67.5, 48.0, 44.0, 41.8, 21.7, 20.7. 

(S)-1-Benzyl-2'-(naphthalen-2-ylmethyl)-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-

2-one (3c) 

This product was obtained in 71% yield as a white solid after chromatography and 70:30 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=70:30, 0.8 mL/min, λ=225 nm, 

t(major)=15.16 min, t(minor)=40.36 min]. [α]D
25 -37.1 (c 1.07, CH2Cl2); mp 254-257 °C. HRMS 

(ESI-TOF) calcd for C36H30N3O[M+H]+: 520.2383; Found: 520.2386. 1H NMR (600 MHz, CDCl3) 
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δ 2.85-2.87 (m, 1H), 2.92-2.93 (m, 1H), 3.08-3.10 (m, 1H), 3.67 (s, 2H), 3.88-3.91 (m, 1H), 4.19-4.22 (m, 

1H), 4.89 (d, J = 18.0 Hz, 1H), 5.04 (d, J = 18.0 Hz, 1H), 6.88 (d, J = 12.0 Hz, 1H), 7.07-7.10 (m, 3H), 

7.12-7.14 (m, 2H), 7.27-7.31 (m, 2H), 7.34-7.36 (m, 2H), 7.41-7.45 (m, 5H), 7.52 (d, J = 12.0 Hz, 1H), 

7.74-7.77 (m, 2H), 7.79-7.81 (m, 2H). 13C NMR (150 MHz, CDCl3) δ 176.7, 143.4, 136.9, 136.6, 136.1, 

133.3, 132.9, 131.0, 129.9, 129.0, 128.0, 127.9, 127.8, 127.7, 127.66, 127.2, 127.0, 126.7, 126.0, 125.6, 

123.8, 122.3, 119.6, 118.7, 112.0, 110.9, 109.5, 69.1, 66.7, 54.7, 43.9, 43.6, 21.6. 

(S)-1-Benzyl-2'-(thiophen-2-ylmethyl)-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2-

one (3d) 

This product was obtained in 64% yield as a white solid after chromatography and 77:23 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=70:30, 0.8 mL/min, λ=225 nm, 

t(major)=14.59 min, t(minor)=29.78 min]. [α]D
25 +63.4 (c 1.0, CH2Cl2); mp 236-239 °C. HRMS 

(ESI-TOF) calcd for C30H26N3OS[M+H]+: 476.1856; Found: 476.1862. 1H NMR (600 MHz, CDCl3) 

δ 2.87-2.90 (m, 1H), 2.98-3.00 (m, 1H), 3.19-3.22 (m, 1H), 3.56 (d, J = 12.0 Hz, 1H), 3.82 (d, J = 12.0 

Hz, 1H), 3.90-3.95 (m, 1H), 4.83 (d, J = 18.0 Hz, 1H), 4.98 (d, J = 18.0 Hz, 1H), 6.84 (d, J = 12.0 Hz, 

1H), 6.88-6.90 (m, 2H), 7.03-7.07 (m, 2H), 7.08-7.11 (m, 3H), 7.18 (d, J = 6.0 Hz, 1H), 7.22-7.28 (m, 

2H), 7.32-7.34 (m, 2H), 7.36-7.37 (m, 3H), 7.53-7.54 (m, 1H). 13C NMR (150 MHz, CDCl3) δ 175.6, 

143.2, 136.6, 136.1, 130.8, 129.9, 129.0, 128.0, 127.8, 127.2, 126.5, 125.6, 124.9, 123.9, 122.3, 119.7, 

118.7, 112.0, 110.9, 109.4, 66.8, 49.90, 43.9, 21.4. 

(S)-1-Benzyl-2'-(2-bromobenzyl)-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2-one 

(3e) 

This product was obtained in 83% yield as a white solid after chromatography and 77:23 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=70:30, 0.8 mL/min, λ=225 nm, 

t(major)=12.13 min, t(minor)=31.99 min]. [α]D
25 -73.1 (c 1.0, CH2Cl2); mp 224-245 °C. HRMS 

(ESI-TOF) calcd for C32H27N3OBr[M+H]+: 548.1332; Found: 548.1326. 1H NMR (600 MHz, CDCl3) 

δ 2.88-2.91 (m, 1H), 2.99-3.05 (m, 2H), 3.36 (d, J = 12.0 Hz, 1H), 3.92 (d, J = 12.0 Hz, 1H), 3.96-4.00 

(m, 1H), 4.80 (d, J = 12.0 Hz, 1H), 5.08 (d, J = 12.0 Hz, 1H), 6.82 (d, J = 12.0 Hz, 1H), 6.96-6.99 (m, 

1H), 7.05-7.12 (m, 5H), 7.21-7.23 (m, 1H), 7.26-7.28 (m, 2H), 7.31-7.34 (m, 2H), 7.39 (d, J = 6.0 Hz, 

2H), 7.44 (d, J = 6.0 Hz, 1H), 7.53-7.54 (m, 1H), 7.62 (d, J = 12.0 Hz, 1H). 13C NMR (150 MHz, CDCl3) 

δ 176.2, 143.3, 136.6, 135.9, 132.5, 131.0, 129.9, 129.5, 129.4, 129.1, 128.3, 127.9, 127.7, 127.5, 127.2, 

125.5, 123.9, 123.7, 122.4, 119.7, 118.7, 111.8, 110.9, 109.7, 66.7, 54.1, 44.4, 44.0, 21.5. 

(S)-1-Benzyl-2'-(2-methoxybenzyl)-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2- 

one (3g) 

This product was obtained in 85% yield as a white solid after chromatography and 94:6 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=80:20, 0.8 mL/min, λ=225 nm, 
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t(major)=15.62 min, t(minor)=31.21 min]. -40.2 (c 1.0, CH2Cl2); mp 232-236 °C. HRMS (ESI-TOF) 

calcd for C33H30N3O2[M+H]+: 499.2331; Found: 500.2337. 1H NMR (600 MHz, CDCl3) 2.81-2.90 (m, 

1H), 3.01-3.05 (m, 2H), 3.31-3.33 (m, 1H), 3.76 (s, 3H), 3.90-3.93 (m, 2H), 4.93-5.01 (m, 2H), 6.80-6.84 

(m, 2H), 6.93-6.95 (t, J = 6.0 Hz, 1H), 7.01-7.12 (m, 5H), 7.28-7.31 (m, 2H), 7.34 (t, J = 6.0 Hz, 3H), 

7.39-7.41 (m, 2H), 7.51-7.55 (m, 2H). 13C NMR (150 MHz, CDCl3) δ 176.5, 157.6, 143.3, 136.6, 136.1, 

131.4, 130.1, 129.6, 128.9, 127.8, 127.7, 127.7, 127.5, 127.3, 125.7, 123.5, 122.2, 120.43, 119.52, 118.6, 

117.2, 111.9, 110.9, 110.1, 109.3, 66.9, 55.1, 48.23, 44.0, 43.9, 21.4. 

(S)-1,2'-Dibenzyl-7-fluoro-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2-one (3h) 

This product was obtained in 79% yield as a white solid after chromatography and 78:22 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=70:30, 0.8 mL/min, λ=210 nm, 

t(major)=18.41 min, t(minor)=25.27 min]. [α]D
25 -56.7 (c 1.0, CH2Cl2); mp 271-274 °C. HRMS 

(ESI-TOF) calcd for C32H27N3OF[M+H]+: 488.2133; Found: 488.2119. 1H NMR (600 MHz, CDCl3) 

δ 2.90-2.91 (m, 1H), 2.95-2.97 (m, 1H), 3.07-3.09 (m, 1H), 3.52 (s, 2H), 3.83-3.88 (m, 1H), 5.06 (d, J = 

12.0 Hz, 1H), 5.21 (d, J = 12.0 Hz, 1H), 7.04-7.10 (m, 3H), 7.14-7.16 (m, 3H), 7.17-7.19 (m, 2H), 

7.31-7.35 (m, 4H), 7.36-7.40 (m, 3H), 7.49 (d, J = 6.0 Hz, 2H), 7.57 (d, J = 6.0 Hz, 1H). 13C NMR (150 

MHz, CDCl3) δ 176.2, 147.4 (1J C-F=243 Hz), 139.2, 137.3, 136.6, 130.5, 129.9 (3J C-F=9.0 Hz), 129.1, 

128.8, 128.3, 128.2, 128.15 (4J C-F=1.5 Hz), 128.0, 127.1 (2J C-F=13.5 Hz), 124.4 (3J C-F=6.0 Hz), 122.4, 

121.3, 119.7, 118.8, 117.9 (2J C-F=19.5 Hz), 112.0, 110.9, 67.1 (4J C-F=1.5 Hz), 54.7, 45.6, 45.6 (4J C-F=4.5 

Hz), 43.6, 21.4. 

(S)-1,2'-Dibenzyl-7-chloro-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2-one (3i) 

This product was obtained in 76% yield as a white solid after chromatography and 73:27 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=70:30, 0.8 mL/min, λ=225 nm, 

t(major)=12.02 min, t(minor)=25.90 min]. [α]D
25 -63.4 (c 1.0, CH2Cl2); mp 266-267 °C. HRMS 

(ESI-TOF) calcd for C32H27N3OCl[M+H]+: 504.1832; Found: 504.1825. 1H NMR (600 MHz, CDCl3) 

δ 2.85-2.93 (m, 1H), 2.93-2.97 (m, 1H), 2.98-3.07 (m, 1H), 3.47 (d, J = 12.0 Hz, 1H), 3.53 (d, J = 12.0 

Hz, 1H), 3.81-3.85 (m, 1H), 5.38 (d, J = 12.0 Hz, 1H), 5.47 (d, J = 12.0 Hz, 1H), 7.02-7.05 (m, 2H), 

7.12-7.14 (m, 1H), 7.16-7.17 (m, 2H), 7.27-7.30 (m, 2H), 7.30-7.33 (m, 6H), 7.35-7.37 (m, 2H), 7.41 (d, 

J = 6.0 Hz, 2H), 7.55 (d, J = 6.0 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 177.4, 139.5, 137.7, 136.6, 

132.4, 128.7, 128.3, 128.2, 127.6, 127.4, 127.2, 127.1, 124.7, 124.2, 122.5, 119.7, 118.8, 115.7, 112.2, 

110.9, 100.0, 66.4, 54.7, 44.9, 43.2, 21.4. 

(S)-1,2'-Dibenzyl-5-bromo-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2-one (3j) 

This product was obtained in 81% yield as a white solid after chromatography and 80:20 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=70:30, 0.8 mL/min, λ=225 nm, 

t(major)=14.61 min, t(minor)=22.76 min]. [α]D
25 -70.1 (c 1.0, CH2Cl2); mp 229-231 °C. HRMS 
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(ESI-TOF) calcd for C32H27N3OBr[M+H]+: 548.1332; Found: 548.1333. 1H NMR (600 MHz, CDCl3) 

δ 2.89-2.92 (m, 1H), 2.97-3.01 (m, 1H), 3.09-3.11 (m, 1H), 3.57-3.58 (m, 2H), 3.84-3.87 (m, 1H), 

4.92-4.93 (m, 1H), 4.99-5.02 (m, 1H), 6.78 (d, J = 6.0 Hz, 1H), 7.13-7.14 (m, 4H), 7.36-7.37 (m, 5H), 

7.40-7.42 (m, 5H), 7.51-7.52 (m, 1H), 7.58-7.60 (m, 1H). 13C NMR (150 MHz, CDCl3) δ 175.7, 142.3, 

139.0, 136.7, 135.6, 132.7, 132.3, 130.2, 129.1, 128.6, 128.4, 128.3, 128.2, 127.7, 127.3, 127.1, 122.6, 

119.8, 118.8, 116.6, 112.3, 111.0, 110.9, 67.0, 54.8, 44.1, 43.7, 21.4. 

(S)-1,2'-Dibenzyl-5-chloro-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2-one (3k) 

This product was obtained in 77% yield as a white solid after chromatography and 70:30 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=70:30, 0.8 mL/min, λ=225 nm, 

t(major)=8.88 min, t(minor)=10.96 min]. [α]D
25 -57.2 (c 1.1, CH2Cl2); mp 264-267 °C. HRMS (ESI-TOF) 

calcd for C32H27N3OCl[M+H]+: 504.1837; Found: 504.1815. 1H NMR (600 MHz, CDCl3) δ 2.89-2.91 (m, 

1H), 2.97-3.09 (m, 1H), 3.10-3.11 (m, 1H), 3.55-3.59 (m, 2H), 3.83-3.87 (m, 1H), 4.93 (d, J = 12.0 Hz, 

1H), 5.00 (d, J = 12.0 Hz, 1H), 6.81 (d, J = 6.0 Hz, 1H), 7.14-7.16 (m, 2H), 7.17-7.19 (m, 2H), 7.22-7.27 

(m, 1H), 7.28-7.30 (m, 1H), 7.36-7.37 (m, 6H), 7.39-7.41 (m, 4H), 7.58-7.59 (m, 1H). 13C NMR (150 

MHz, CDCl3) δ 175.9, 141.8, 139.0, 136.7, 135.7, 131.9, 130.2, 129.8, 129.3, 129.1, 128.4, 128.3, 128.2, 

127.7, 127.3, 127.1, 125.8, 122.5, 119.8, 118.8, 112.3, 110.9, 110.5, 67.1, 54.7, 44.1, 43.7, 21.4. 

(S)-1,2'-Dibenzyl-5-methoxy-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2-one (3l) 

This product was obtained in 83% yield as a white solid after chromatography and 81:19 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=70:30, 0.8 mL/min, λ=225 nm, 

t(major)=22.17 min, t(minor)=17.68 min]. [α]D
25 +43.9 (c 1.0, CH2Cl2); mp 292-295 °C. HRMS 

(ESI-TOF) calcd for C33H30N3O2[M+H]+: 500.2333; Found: 500.2343. 1H NMR (600 MHz, CDCl3)  

δ 2.91-2.92 (m, 1H), 2.97-2.99 (m, 1H), 3.07-3.10 (m, 1H), 3.55-3.60 (m, 2H), 3.72 (s, 3H), 3.89-3.93 (m, 

1H), 4.90 (d, J = 12.0 Hz, 1H), 5.02 (d, J = 12.0 Hz, 1H), 6.79-6.83 (m, 2H), 6.98-6.99 (m, 1H), 7.12-7.15 

(m, 2H), 7.16-7.17 (m, 2H), 7.26-7.28 (m, 1H), 7.32-7.35 (m, 3H), 7.36-7.39 (m, 4H), 7.41 (d, J = 12.0 

Hz, 1H), 7.57 (d, J = 12.0 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 176.1, 156.8, 139.5, 136.6, 136.55, 

136.2, 131.3, 131.1, 128.9, 128.3, 128.28, 127.9, 127.8, 127.2, 127.1, 122.3, 119.6, 118.7, 115.1, 111.9, 

111.5, 110.9, 110.1, 67.3, 55.8, 54.7, 44.0, 43.7, 21.4. 

(S)-1,2'-Dibenzyl-5-fluoro-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2-one (3m) 
This product was obtained in 82% yield as a white solid after chromatography and 82:18 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=70:30, 0.8 mL/min, λ=225 nm, 

t(major)=14.39 min, t(minor)=36.66 min]. [α]D
25 -66.7 (c 1.0, CH2Cl2); mp 259-262 °C. HRMS 

(ESI-TOF) calcd for C32H27N3OF[M+H]+: 488.2133; Found: 488.2139. 1H NMR (600 MHz, CDCl3) 

δ 2.89-2.92 (m, 1H), 2.97-3.08 (m, 1H), 3.09-3.11 (m, 1H), 3.54-3.60 (m, 2H), 3.85-3.90 (m, 1H), 4.92 (d, 

J = 12.0 Hz, 1H), 5.02 (d, J = 12.0 Hz, 1H), 6.81-6.83 (m, 1H), 6.97-7.01 (m, 1H), 7.12-7.18 (m, 5H), 
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7.34-7.39 (m, 5H), 7.40-7.42 (m, 4H), 7.58 (d, J = 6.0 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 176.1, 

159.9 (1J C-F=241.5 Hz), 139.1 (4J C-F=1.5 Hz), 136.6, 135.8, 132.0, 130.3, 129.1, 128.4, 128.3, 128.2 (3J 

C-F=18.0 Hz), 127.7, 127.3, 127.1, 122.5, 119.7, 118.8, 116.3 (2J C-F=24.0 Hz), 113.4, 113.3 (2J C-F=24.0 

Hz), 112.3, 110.9, 110.1 (3J C-F=9.0 Hz), 67.2 (4J C-F=1.5 Hz), 54.7, 44.1, 43.7, 21.4. 

(S)-1,2'-Dibenzyl-6'-methoxy-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2-one (3n) 

This product was obtained in 79% yield as a white solid after chromatography and 86:14 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=70:30, 0.8 mL/min, λ=225 nm, 

t(major)=32.90 min, t(minor)=67.26 min]. [α]D
25 +43.7 (c 1.0, CH2Cl2); mp 242-246 °C. HRMS 

(ESI-TOF) calcd for C33H30N3O2[M+H]+:500.2333; Found: 500.2326. 1H NMR (600 MHz, CDCl3)  

δ 2.81-2.83 (m, 1H), 2.91 (br, 1H), 3.04-3.05 (m, 1H), 3.48-3.54 (m, 2H), 3.83 (s, 3H), 3.86-3.87 (m, 1H), 

4.88 (d, J = 12.0 Hz, 1H), 4.96 (d, J = 12.0 Hz, 1H), 6.75-6.77 (m, 1H), 6.83 (d, J = 12.0 Hz, 1H), 

6.89-7.01 (m, 3H), 7.03-7.06 (m, 1H), 7.21-7.26 (m, 2H), 7.27-7.30 (m, 3H), 7.31-7.35 (m, 5H), 7.37 (d, 

J = 12.0 Hz, 2H). 13C NMR (150 MHz, CDCl3) δ 176.2, 154.2, 143.4, 139.5, 136.1, 131.9, 131.7, 130.1, 

129.8, 128.9, 128.3, 128.28, 127.9, 127.8, 127.6, 127.1, 125.5, 123.8, 112.2, 111.8, 111.7, 109.4, 100.8, 

66.9, 56.2, 54.6, 44.2, 43.3, 21.9. 

(S)-2'-Benzyl-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2-one (3o) 

This product was obtained in 67% yield as a white solid after chromatography and 61:39 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=70:30, 0.8 mL/min, λ=225 nm, 

t(major)=10.99 min, t(minor)=13.41 min]. [α]D
25 -37.4 (c 1.03, CH2Cl2); mp 201-204 °C. HRMS 

(ESI-TOF) calcd for C25H22N3O[M+H]+: 380.1757; Found: 380.1752. 1H NMR (600 MHz, CDCl3) 

δ 2.88-2.91 (m, 1H), 2.95-2.99 (m, 1H), 3.07-3.09 (m, 1H), 3.53 (d, J = 12.0 Hz, 1H), 3.58 (d, J = 12.0 Hz, 

1H), 3.75-3.80 (m, 1H), 6.92-6.93 (m, 1H), 7.07-7.08 (m, 1H), 7.11-7.14 (m, 2H), 7.15-7.18 (m, 1H), 

7.25-7.27 (m, 2H), 7.30-7.33 (m, 2H), 7.35-7.36 (m, 3H), 7.39-7.46 (m, 1H), 7.56 (d, J = 12.0 Hz, 1H), 

8.68-8.73 (m, 1H). 13C NMR (150 MHz, CDCl3) δ 179.5, 141.4, 139.4, 136.6, 130.7, 130.5, 129.8, 128.3, 

128.28, 127.1, 125.8, 123.7, 122.3, 119.6, 118.7, 111.9, 111.0, 110.5, 110.4, 67.3, 54.5, 43.6, 21.4. 

(S)-2'-Benzyl-1-methyl-2',3',4',9'-tetrahydrospiro[indoline-3,1'-pyrido[3,4-b]indol]-2-one (3p) 

This product was obtained in 64% yield as a white solid after chromatography and 54:46 er value as 

determined by HPLC [Daicel Chiralpak AD-H, n-hexane/i-propanol=70:30, 0.8 mL/min, λ=225 nm, 

t(major=11.01 min, t(minor)=23.60 min]. [α]D
25 +23.1 (c 0.97, CH2Cl2); mp 204-205 °C. HRMS 

(ESI-TOF) calcd for C26H24N2O[M+H]+: 394.1865; Found: 394.1862. 1H NMR (600 MHz, DMSO) 

δ 2.75-2.79 (m, 2H), 2.90-2.92 (m, 1H), 3.23 (s, 3H), 3.27 (d, J = 12.0 Hz, 1H), 3.31 (d, J = 12.0 Hz, 1H), 

3.49-3.53 (m, 1H), 6.96-6.99 (m, 1H), 7.02-7.05 (m, 1H), 7.07-7.10 (m, 1H), 7.16-7.18 (m, 2H), 

7.21-7.24 (m, 1H), 7.29-7.30 (m, 5H), 7.40-7.45 (m, 2H), 10.38 (s, 1H). 13C NMR (150 MHz, DMSO) 
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δ 175.7, 145.1, 139.7, 136.9, 132.2, 130.4, 130.0, 128.7, 128.5, 127.5, 126.6, 124.8, 123.3, 121.7, 118.9, 

118.3, 111.6, 109.8, 109.6, 66.9, 54.3, 43.9, 26.6, 21.7. 

ACKNOWLEDGEMENTS 

We thank the National Natural Science Foundation of China (21676253) for financial support. 

REFERENCES AND NOTES  

1. (a) N. S. Buckholtz, Life Sci., 1980, 27, 893; (b) B. Yu, D.-Q. Yu, and H.-M. Liu, Eur. J. Med. 

Chem., 2015, 96, 673; (c) B. Yu, Z. Yu, P.-P. Qi, D.-Q. Yu, and H.-M. Liu, Eur. J. Med. Chem., 

2015, 95, 35; (d) J. J. Badillo, N. V. Hanhan, and A. K. Franz, Curr. Opin. Drug Discov. Dev., 2010, 

13, 758; (e) S. R. Yong, A. T. Ung, S. G. Pyne, B. W. Skelton, and A. H. White, Tetrahedron, 2007, 

63, 5579; (f) W. H. Zhong, G. Wang, and K. Chen, Heterocycles, 2012, 85, 43. 

2. M. M.-C. Lo, C. S. Neumann, S. Nagayama, E. O. Perlstein, and S. L. Schreiber, J. Am. Chem. Soc., 

2004, 126, 16077. 

3. V. V. Vintonyak, K. Warburg, H. Kruse, S. Grimme, K. Hübel, D. Rauth, and H. Waldmann, Angew. 

Chem. Int. Ed., 2010, 49, 5902. 

4. M. Rottmann, C. McNamara, B. K. S. Yeung, M. C. S. Lee, B. Zou, B. Russell, P. Seitz, D. M. 

Plouffe, N. V. Dharia, J. Tan, S. B. Cohen, K. R. Spencer, G. E. González-Páez, S. B. 

Lakshminarayana, A. Goh, R. Suwanarusk, T. Jegla, E. K. Schmitt, H.-P. Beck, R. Brun, F. Nosten, 

L. Renia, V. Dartois, T. H. Keller, D. A. Fidock, E. A. Winzeler, and T. T. Diagana, Science, 2010, 

329, 1175. 

5. F. Zhou, Y.-L. Liu, and J. Zhou, Adv. Synth. Catal., 2010, 352, 1381. 

6. (a) M. Bella and T. Gasperi, Synthesis, 2009, 1583; (b) I. P. Kerschgens, E. Claveau, M. J. Wanner, 

S. Ingemann, J. H. van Maarseveen, and H. Hiemstra, Chem. Commun., 2012, 48, 12243; (c) C. 

Piemontesi, Q. Wang, and J. P. Zhu, J. Am. Chem. Soc., 2016, 138, 11148. 

7. (a) X.-H. Chen, Q. Wei, S.-W. Luo, H. Xiao, and L.-Z. Gong, J. Am. Chem. Soc., 2009, 131, 13819; 

(b) K. Jiang, Z.-J. Jia, S. Chen, L. Wu, and Y.-C. Chen, Chem. Eur. J., 2010, 16, 2852; (c) C. 

Cassani, X. Tian, E. C. Escudero-Adán, and P. Melchiorre, Chem. Commun., 2011, 47, 233; (d) W. 

-T. Fan, N.-K. Li, L. Xu, C. Qiao, and X.-W. Wang, Org. Lett., 2017, 19, 6626; (e) X. Chen, J. 

Xiong, Q. Liu, S. Li, C. Essen, K. Rissanen, and D. Enders, Angew. Chem. Int. Ed., 2017, 56, 1. 

8. X. Jiang, Y. Cao, Y. Wang, L. Liu, F. Shen, and R. Wang, J. Am. Chem. Soc., 2010, 132, 15328. 

9. S. Duce, F. Pesciaioli, L. Gramigna, L. Bernardi, A. Mazzanti, A. Ricci, G. Bartoli, and G. 

Bencivenni, Adv. Synth. Catal., 2011, 353, 860. 

10. T. Akiyama, J. Itoh, K. Yokota, and K. Fuchibe, Angew. Chem. Int. Ed., 2004, 43, 1566. 

HETEROCYCLES, Vol. 96, No. 6, 2018 1131



 

11. Y. H. Wang, L. Cui, Y. Wang, and Z. H. Zhou, Tetrahedron: Asymmetry, 2016, 27, 85. 

12. J. J. Badillo, A. Silva-García, B. H. Shupe, J. C. Fettinger, and A. K. Franz, Tetrahedron Lett., 2011, 

52, 5550.   

13. (a) L. Qi, H. Hou, F. Ling, and W. H. Zhong, Org. Biomol. Chem., 2018, 16, 566; (b) L. L. Zhu, H. 

W. Hu, L. Qi, and W. H. Zhong, Eur. J. Org. Chem., 2016, 12, 2139; (c) W. J. Luo, H. W. Hu, S. F. 

Nian, and W. H. Zhong, Org. Biomol. Chem., 2017, 15, 7523; (d) H. W. Hu, S. X. Yu, L. L. Zhu, L, 

X. Zhou, and W. H. Zhong, Org. Biomol. Chem., 2016, 14, 752.  

14. D. Huang, F. Xu, X. Lin, and Y. G. Wang, Chem. Eur. J., 2012, 18, 3148. 

15. V. Juste-Navarro, L. Prieto, I. Delso, R. Manzano, T. Tejero, E. Reyes, J. L. Vicario, and P. Merino, 

Adv. Synth. Catal., 2017, 359, 4122.  

16. Y. Thigulla, M. Akula, P. Trivedi, B. Ghosh, M. Jha, and A. Bhattacharya, Org. Biomol. Chem., 

2016, 14, 876. 

17. IC50 values of other compounds see the Supporting Information for the detail. 

 

1132 HETEROCYCLES, Vol. 96, No. 6, 2018



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments 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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

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




