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Abstract 
Syntheses of indole phytoalexin 1-methoxybrassenin B and a linear synthesis of its nucleoside 
analogs 1-(α-D-ribofuranosyl)brassenin B and 1-(β-D-ribofuranosyl)brassenin B are reported 
from the corresponding 1-substituted indole-3-carboxaldehydes and carboxylic acids as key 
intermediates. Examination of the antiproliferative activity of synthesized compounds on human 
tumor cell lines Jurkat, CEM, CEM-VCR, MCF-7 and HeLa revealed the highest activity for 1-
methoxybrassenin B, whereas activity of the nucleoside analogs decreased and appeared to be 
dependent on lipophilicity. 
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Introduction 
 
Indole phytoalexins are inducible phytochemicals produced by Brassica plants in response to 
several forms of stress, including microbial infection.1 However, their isolation from plants 
requires complicated procedures and does not afford sufficient quantities for biological studies. 
With respect to the well known anticarcinogenicity of Brassica vegetables,1c,2 there is a strong 
need to investigate the synthetic approaches to 1-methoxyindole phytoalexins and their analogs, 
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including N-glycosylated ones. Indole nucleosides represent a rare type of natural products with 
interesting biological properties. Among them, nucleoside antibiotic rebeccamycin (1)3a and its 
analogs have been identified as attractive cancer chemotherapy agents.3b Glycosylation of the 
natural indolocarbazole BE 13793C (2)4a and its further modification lead to the improvement of 
its biological properties and yielded a potent anticancer drug J-107,088 (3a), active against 
human stomach cancer cells MKN-45 implanted to mice.4b,c From the series of sugar analogues 
of J-107,088 (3a), the β-D-ribofuranoside J-107,534 (3b) was found to be 6 times more potent 
than 3a at inhibiting topoisomerase I, an attractive target for cancer chemotherapy.4d A series of 
recently described 2,3-substituted-5,6-dichloro-1-(β-D-ribofuranosyl)indole compounds exhibit 
activity against human cytomegalovirus and herpes simplex virus type I, but this activity was not 
well separated from cytotoxicity.5 

 

 
 

 Within our continuing investigation of the synthesis of cruciferous phytoalexins and their 
nucleoside analogs,6 we have focused our effort also towards the synthesis and biological activity 
of 1-methoxybrassenin B (4a), isolated in 1991 from cabbage (Brassica oleracea var. capitata) 
inoculated with Pseudomonas cichorii,7 and its ribofuranosyl analogs 6a and 6b. 
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Results and Discussion 
 
Synthesis of brassenin B (4b)8 (the demethoxy analog of 4a) and its 1-(β-D-glucopyranosyl) 
analog (5b)6a have created the starting position for the present investigation of the preparation of 
1-methoxybrassenin B and convergent or linear synthesis of its N-ribofuranosides respectively. 
We started our study by the preparation of 1-(β-D-ribofurosyl)brassenin B (6b) from brassenin B 
(4b), using a convergent approach. Although, the nucleophilicity of indole nitrogen in general is 
low, and standard methods used in nucleoside chemistry fail to afford indole nucleosides, several 
successful ribosylations of indoles are described. 1-(β-D-Ribofuranosyl)indoles were obtained by 
glycosylation of sodium salts of 2,5,6-trichloroindole and 2-bromo-5,6-dichloroindole5 or 5-
nitroindole9 with 5-O-tert-butyldimetylsilyl-2,3-O-isopropylidene-α-D-ribofuranosyl chloride. In 
our case, however, this method failed to afford the desired product, probably because of the low 
reactivity of starting brassenin B, and only decomposition products were observed. Also 
unsuccessful was the reaction of brassenin B with 5-O-tert-butyldimethylsilyl-2,3-O-
isopropylidene-α-D-ribofuranose via Mitsunobu conditions10 (PPh3, diethyl azodicarboxylate) 
resulting in acylation of brassenin B with the formation of 1-ethoxycarbonylbrassenin B. 
Therefore, in the subsequent approaches to the synthesis of the target compounds we focused our 
attention on linear synthesis, using the indoline-indole method, which offers a possibility to take 
advantage of the enhanced nucleophilicity of indoline compared to the less nucleophilic indole. 
In this method a 2,3-dihydroindole (indoline) derivative  is reacted in ethanol at room 
temperature or under reflux in the presence of catalytic amount of acetic acid with a suitable 
glycosyl donor (frequently a per-O-acetylated saccharide) to form an intermediate glycosyl 
indoline, which is then oxidized to the glycosylindole derivative.11 Using this synthetic strategy, 
the corresponding glycosylated indole-3-carboxaldehydes 12 and 16 were selected as the key 
intermediates for the linear synthesis of 6a and 6b. 
 At the time we started this study, literature procedures reported 1-acetylindoline as the sole 
reaction product between per-O-acetylated ribofuranose with indoline.11 On the other hand, 
formation of an N-glycosidic bond can be achieved through the reaction of 2,3-O-
isopropylidene-D-ribofuranose (8) with indoline (7) as reported.12 In agreement with literature 
where it was described that reaction of 2,3-isopropylidene-D-ribofuranose (8) with indoline (7) 
in anhydrous methanol leads to β-D-ribofuranosylamine 9 as a major product as well as α-D-
ribofuranosylamine and ribopyranosyl derivative in the ratio (78 : 8 : 14),12 we isolated 1-(2,3-O-
isopropylidene-β-D-ribofuranosyl)indoline (9, Scheme 1) in 64% yield. After the protection of 
the 5´ hydroxyl with the acetyl group, the obtained indoline 10 was oxidized with DDQ to 
corresponding indole 11. Oxidation produced a mixture of α- and β-ribofuranosylindoles 11a and 
11b in a ratio 68 : 32 (determined by 1H NMR spectroscopy) obtained in 45 % and 21% yield 
after chromatography. The anomeric configurations of 11a and 11b were determined by NOE-
difference experiments (Figure 1 and 2). A similar anomerization had been observed at oxidation 
of 5-fluoro-(5-O-trityl-2,3-di-O-acetyl-β-D-ribofuranosyl)indoline, which yielded the 
corresponding indole β- and α-ribosides (35% and 8%).11 Although the mechanism of formation 
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of the α-anomer is not known, it was suggested that DDQ eliminated a hydride ion from the 
anomeric center to form a carbocation, which can be stabilized by conjugation with the unshared 
electron pair of the neighboring nitrogen and oxygen atoms. A proton is then eliminated and a 
hydrogen transferred from the pyrrole ring to the anomeric carbon of the planar carbonium ion 
from either face to produce a mixture of β- and α-anomers.11 The unexpected formation of α-
ribofuranosylindole 11a opened the way to synthesis of 6a. Indole 11a was subjected to a 
Vilsmeier reaction and aldehyde 12 was obtained in 86% yield. 
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Scheme 1. (i) MeOH, reflux, 5 h, 64%. (ii) Ac2O, py, 20 h, 73%. (iii) DDQ, toluene, 10 min. (iv) 
from 11a POCl3, DMF, 20 min, 86%. 
 
 Because of the low yield of β-anomeric indole 11b, we have been searching for another way 
to obtain suitably protected 1-(β-D-ribofuranosyl)indole-3-carboxaldehyde. Consequently, we 
decided to verify the information that the reaction of peracetylated ribofuranose 13 with indoline 
(7) produces only 1-acetylindoline.11 It was found that condensation of protected ribose 13 with 
3 equivalents of indoline under reflux during 6 hours afforded the desired 1-(2,3,5-tri-O-acetyl-β-
D-ribofuranosyl)indoline (14) in 63% yield after column chromatography in addition to  the 1-
acetylindoline (Scheme 2). We presented this result in 2003 on the 10th Blue Danube Symposium 
on Heterocyclic Chemistry in Vienna.6e In the same year, an analogous preparation of 14 in 55% 
yield after preparative TLC was published using 2 equivalents of indoline under reflux for 27 
hours.13 Oxidation of 14 with DDQ afforded 1-(2,3,5-tri-O-acetyl-β-D-ribofuranosyl)indole (15) 
of very high purity in 98% yield without chromatography. Vilsmeier formylation of 15 gave the 
required intermediate aldehyde 16 in 61% yield.  
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Scheme 2. (i) AcOH, EtOH, reflux, 6 h, 63%. (ii) DDQ, toluene, 1 h, 98%. (iii) POCl3, DMF, 75 
min, 61%. 
 
 In analogy to the linear synthesis of target nucleoside analogs 6a and 6b, we decided to use 
1-methoxyindole-3-carboxaldehyde (17)14 as the key synthetic intermediate in the synthesis of 1-
methoxybrassenin B (4a). Aldehyde 17 was prepared by Vilsmeier-Haack formylation of 1-
methoxyindole that was obtained by Somei’s method, based on Na2WO4 catalyzed oxidation of 
indoline to 1-hydroxyindole with H2O2 and subsequent O-methylation with dimethyl sulphate.15 

With the main intermediates in hand, we continued in the synthesis of target compounds by 
oxidation of aldehydes 17, 12 and 16 to carboxylic acids 18-20 (Scheme 3). First we tried 
KMnO4 as in the synthesis of glucopyranosylindole-3-carboxylic acid.6a In this way, 1-
methoxyindole-3-carboxylic acid 18 was prepared in 50% yield. However, oxidation with 
NaClO2 in a mixture of  t-BuOH and 2-methylbut-2-ene over 39 hours returned an excellent 95% 
yield in accordance with the literature.16 Application of a NaClO2 oxidation to α- and β-
ribofuranosylindol-3-carbaldehydes 12 and 16 afforded acids 19 and 20 in 91% and 81% yield 
with shorter reaction times of 8.5 and 5.5 hours respectively. Owing to the low solubility of 
aldehydes 12 and 16 in t-BuOH and 2-methylbut-2-ene, dioxane had to be added to achieve 
complete dissolution of starting compounds. In the next step, treatment of acids 18-20 with PCl3 
afforded the unstable acid chlorides 21-23, which were used in subsequent reactions as crude 
products. In the synthesis of 1-methoxybrassenin B (4a), we examined an approach via the acyl 
isothiocyanate used in the preparation of its demethoxyanalog 4b.8 Transformation of acid 
chloride 21 to acyl isothiocyanate 24 (Scheme 3) proceeded smoothly and the product could be 
isolated by column chromatography and crystallization or preferably used in the next step as a 
crude product. Reaction of isothiocyanate 24 with NaSH and methyl iodide afforded 
dithiocarbamate 25 (23% yield from acid 18) and thioester 26 (25% yield from acid 18) as a side 
product. Methylation of 25 afforded 1-methoxybrassenin B (4a, 81%). The efficiency of this 
method was low, because the important intermediate 25 was formed only in 23% yield. Finally, 
the target phytoalexin 4a was advantageously prepared in 47% yield by the acylation of dimethyl 
carbonimidodithioate hydroiodide17 with acid chloride 21 in pyridine. This reaction was 
previously used in the case of pyridine-4-carbonyl chloride18 and a protected derivative of 
glucopyranosylindol-3-carbonyl chloride6a. Application of this method to ribofuranosyl acid 
chlorides 22 and 23 afforded the α- and β-anomers of protected ribofuranosyl derivatives of 27 
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and 29 in 46 and 39% yield from the acids 19 and 20, respectively. The target nucleosides 
derived from 1-methoxybrassenin B were obtained by final deprotection. The removal of the 
isopropylidene group of 27 with trifluoroacetic acid and subsequent treatment of 5’-O-acetyl 
derivative 28 with sodium methoxide afforded 1-(α-D-ribofuranosyl)brassenin B (6a). The 
deprotection of peracetylated compound 29 with catalytic amount of sodium methoxide in 
methanol smoothly afforded target compound 6b. 
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Scheme 3. (i) NaClO2, NaH2PO4·2H2O, t-BuOH, 2-methylbut-2-ene, for 17 39h, 95%16, for 12 
dioxane, 8.5 h, 91%, for 16 dioxane, 5.5 h, 81%. (ii) PCl3, dry toluene, dry CH3CN, for 18 and 
19 1 h, for 20 2.5 h. (iii) KSCN, acetone, 1.5 h. (iv) NaSH, CH3I, dry THF, DMF, 10 min, 23% 
of 25 and 25% of 26. (v) CH3I, K2CO3, dry acetone, 1 h, 81%. (vi) (SCH3)2C=NH·HI, py, for 21 
20 min, 47%, for 22 1 h, 46%, for 23 1.5 h, 39%. (vii) TFA, CH2Cl2, 20 h, 84%. (viii) MeONa, 
MeOH, 20 min, 89%. (ix) MeONa, MeOH, 20 min, 83%. 
 
 The structures of all nucleoside analogs were confirmed by spectral methods. In their 1H and 
13C NMR spectra, the signals were assigned on the basis of 2D COSY and hetero-correlated 
HSQC spectra. The structures of α- and β-ribofuranosylindole 11a and 11b were determined by 
NOE experiments depicted on Figure 1 and 2. Irradiation of H-1´ signal enhanced the signal of 
H-2´ (8.7%) for 11a and signal H-4´for 11b (2.0%), in agreement with their respective α- and β-
configurations. The observed NOE between H-1´and H-2´, H-3´ (Figure 3) in the 1-(5-O-acetyl-
α-D-ribofuranosylbrassenin B (28) confirmed its α-anomeric structure. The β-anomeric 
configuration of 1-(β-D-ribofuranosyl)brassenin B (6b) was confirmed by interaction between H-
1´ and H-4´ (Figure 4). The conformation of the aglycone relative to the sugar moiety was 
suggested on the basis of strong interaction between H-1´ and H-7 as well as H-1´ and H-2 
signals (Figure 1-4). 
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Figure 1. NOE enhancements (%) for 11a. 
 

 
 
Figure 2. NOE enhancements (%) for 11b. 
 

 
 
Figure 3. NOE enhancements (%) for 28. 
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Figure 4. NOE enhancements (%) for 6b. 
 
 It was our final goal to obtain information about antiproliferative activities of the synthesized 
compounds and compare them with phytoalexin aglycons as well as previously prepared 1-(β-D-
glucopyranosyl) derivatives 5a and 5b. The antiproliferative activities were examined towards 
Jurkat cells (acute T-lymphoblastic leukemia), CEM (acute T-lymphoblastic leukemia), CEM-
VCR (acute T-lymphoblastic leukemia, VCR-resistant), MCF-7 (mammary gland 
adenocarcinoma, estrogen receptor expressed), HeLa (cervix carcinoma) by an MTT (thiazolyl 
blue) test19 in a culture medium containing the tested chemicals at a concentration of 10-4 mol×L-

1 after 72 h incubation. The determined activity of compounds is given in Table 1 as the percent 
of living cells compared to solvent control (100%). The highest activity was found with indole 
phytoalexin 1-methoxybrassenin B (4a), whereas its demethoxy analog 4b was less active in all 
tested cell lines. Replacement of the methoxy group by a protected glycosyl moiety resulted in a 
small decrease of activity, with ribofuranosyl derivatives 27 and 29 being generally more active 
compared to glucopyranosyl derivative 5a. Nucleoside analogs 5b, 6a and 6b obtained after 
removal of the protecting groups almost completely lost antiproliferative activity, probably 
because of decreased lipophilicity. Compounds with a marked activity at 10-4 mol×L-1 were 
examined at the concentrations 10-5 - 10-9 mol×L-1. A weak activity was found only in Jurkat 
cells, where compounds 4a, 4b, 5a and 29 at a concentration of 10-6 mol×L-1 inhibited 
proliferation to 80-90%.  
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Table 1. Antiproliferative activitya of 1-methoxybrassenin B and its analogs 

 
 

Comp. R Jurkat CEM
CEM-
VCR 

MCF-
7 

HeLa

4a OCH3 7 5 18 18 17 
4b H 22 26 40 55 41 
5a tetraacetyl-β-D-glucopyranosyl 9 100 62 87 86 
5b β-D-glucopyranosyl 100 100 100 100 100 

27 
5-O-acetyl-2,3-O-isopropylidene-α-D-

ribofuranosyl 
11 4 22 20 43 

6a α-D-ribofuranosyl 90 100 100 90 58 
29 triacetyl-β-D-ribofuranosyl 14 32 27 22 38 
6b β-D-ribofuranosyl 70 100 90 90 90 

aAntiproliferative activity is given as the percent of living cells compared to solvent control 
(100%) at a concentration 10-4 mol×L-1 after 72 h incubation. 
 
 
Experimental Section 
 
General Procedures. Melting points were determined on a Kofler micro melting point apparatus 
and are uncorrected. IR spectra were recorded on an IR-75 spectrometer (Zeiss Jena). 1H and 13C 
NMR spectra were measured on a Varian Gemini 2000 spectrometer using TMS as an internal 
standard. All new compounds were characterized by 1H, 13C NMR as well as 1H-1H and 1H-13C 
correlation experiments. Specific optical rotations were measured on a digital polarimeter P3002 
(Kruess) in a 1 dm cell and are given in 10-1deg×cm2×g-1; concentration is given in g/100 ml. 
Microanalyses were performed with a Perkin-Elmer, Model 2400 analyzer. The EI mass spectra 
were recorded on a Finigan SSQ 700 spectrometer at ionization energy of 70 eV, whereas 
MALDI-TOF mass spectra were measured on a MALDI IV (Shimadzu, Kratos Analytical). The 
samples were ionized with a N2-laser (λ = 337 nm). The progress of chemical reactions was 
monitored by thin layer chromatography, using Macherey-Nagel plates Alugram®Sil G/UV254. 
Preparative column chromatography was performed on Kieselgel Merck Typ 9385 (40-63 µm).  
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1-(2,3-O-Isopropylidene-β-D-ribofuranosyl)indoline (9) 
To a solution of 2,3-O-isopropylidene-D-ribofuranose20 (8, 6.243 g, 32.82 mmol) in anhydrous 
methanol (10 mL) was added indoline (7, 3.68 mL, 3.911g, 32.82 mmol) and reaction mixture 
was stirred under reflux for 5 h, then concentrated in vacuum and the obtained residue 
chromatographed on silica gel (150 g, hexane/acetone 3/1) to give 9 (6.1 g, 64%), as light yellow 
oil. Spectral data were identical with the described compound.12  
1-(2,3-O-Isopropylidene-5-O-acetyl-β-D-ribofuranosyl)indoline (10) 
To a cooled (0 °C) and stirred solution of 1-(2,3-O-isopropylidene-β-D-ribofuranosyl)indoline 9 
(6.1 g, 20.9 mmol) in pyridine (10 mL) was added dropwise acetic anhydride (5.2 mL) within 10 
min, with cooling to 0 °C. The reaction mixture was stirred for 2 h at room temperature and set 
aside overnight. Then the obtained solution was poured into water (150 mL), extracted with 
diethyl ether (2×60 mL), collected organic layers washed with 1M HCl (70 mL), dried over 
Na2SO4, concentrated in vacuum and the obtained residue was subjected to column 
chromatography on silica gel (80 g, hexane/ethyl acetate 5/1) to give 10 (5.1 g, 73%) as light 
yellow oil. [α]D

20 –51.9 (c 0.37, CHCl3); IR (CHCl3) λ (cm-1) 1733 (C=O); 1H NMR (300 MHz, 
CDCl3) δ (ppm) 7.09-7.06 (m, 2H, Harom.), 6.76- 6.72 (m, 2H, Harom.), 5.41 (d, J1´,2´ = 3.7 Hz, 1H, 
H-1´), 4.83 (dd, J2´,1´ = 3.7 Hz, J2´,3´ = 6.6 Hz, 1H, H-2´), 4.59 (dd, J3´,2´ = 6.6 Hz, J3´,4´ = 3.9 Hz, 
1H, H-3´), 4.32-4.17 (m, 3H, H-4´, H-5´a, H-5´b), 3.53 (t, J = 8.4 Hz, 2H, CH2 indoline), 3.01 (t, J = 
8.4Hz, 2H, CH2 indoline), 2.08 (s, 3H, CH3CO), 1.59 (s, 3H, C(CH3)2), 1.37 (s, 3H, C(CH3)2); 13C 
NMR (75 MHz, CDCl3) δ (ppm) 170.87 (CH3CO), 149.75 (q), 130.60 (q), 127.47, 124.97, 
119.64 and 108.90 (Carom.), 114.76 (C(CH3)2), 93.29 (C-1´), 81.63 (C-2´), 80.84 (C-3´), 80.46 
(C-4´), 64.32 (C-5´), 47.51 and 28.52 (C-2, C-3), 27.59 and 25.69 (C(CH3)2), 21.02 (CH3CO); EI 
MS, m/z (%): 333 [M+] (100), 173 (16), 147 (90), 119 (21), 118 (44), 68 (16), 43 [Ac+] (62); 
Anal. Calcd for C18H23NO7 (333.4): C 64.85 H 6.95 N 4.20. Found: C 65.02 H 6.71 N 4.38. 
 
Oxidation of 10 with DDQ 
To a solution of 10 (3.622 g, 10.86 mmol) in anhydrous toluene (57 ml) was added dropwise 
within 15 min a solution of DDQ (2.7 g, 11.95 mmol) in anhydrous toluene (57 ml). Reaction 
mixture was stirred for 10 min at room temperature and then poured into 4% aqueous solution of 
K2CO3 (100 mL). The product was extracted with CHCl3 (100 and 50 mL). The combined 
extracts were washed with water (100 and 50 mL), dried over Na2SO4 and concentrated under 
reduced pressure. Chromatography on silica gel (75 g, cyclohexane/ethyl acetate 20/1) of the 
obtained residue afforded compounds 11a (1.627 g, 45%) and 11b (0.75 g, 21%) as colorless 
oils.  
 
1-(2,3-O-Isopropylidene-5-O-acetyl-α-D-ribofuranosyl)indole (11a) 
Rf = 0.34 (cyclohexane/acetone 4/1); [α]D

20 –70.5 (c 0.28, CHCl3); IR (CHCl3) λ (cm-1) 1740 
(C=O); 1H NMR (300 MHz, CDCl3) δ (ppm) 7.61 (d, J4,5 = 7.5 Hz, 1H, H-4), 7.52 (d, J2,3 = 3.3 
Hz, 1H, H-2), 7.33 (d, J7,6 = 8.2 Hz, 1H, H-7), 7.20 (ddd, J6,7 = 8.0 Hz, J6,5 = 7.1, J = 1.1 Hz, 1H, 
H-6), 7.12 (ddd, J5,4 = 7.9 Hz, J5,6 = 6.9 Hz, J = 1.1 Hz, 1H, H-5), 6.56 (d, J3,2 = 3.3 Hz, 1H, H-
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3), 6.28 (d, J1´,2´ = 3.9 Hz, 1H, H-1´), 4.87 (dd, J2´,1´ = 3.8 Hz, J2´,3´ = 6.0 Hz, 1H, H-2´), 4.81 (dd, 
J3´,2´ = 6.0 Hz, J3´,4´ = 1.1 Hz, 1H, H-3´), 4.53 (t, J = 4.4 Hz, 1H, H-4´), 4.34 (dd, J5´b, 5´a = 11.9 
Hz, J5´b, 4´ = 5.3 Hz, 1H, H-5´b), 4.19 (dd, J5´a, 5´b = 11.9 Hz, J5´a, 4´ = 4.2 Hz, 1H, H-5´a), 2.16 
(s, 3H, CH3CO), 1.53 (s, 3H, C(CH3)2), 1.31 (s, 3H, C(CH3)2); 13C NMR (75 MHz, CDCl3) δ 
(ppm) 170.61 (CH3CO), 136.11 (q), 128.98 (q), 127.07, 121.94, 121.27, 120.33, 109.23 and 
102.87 (Carom.), 114.10 (C(CH3)2), 86.59 (C-1´), 82.08 (C-3´), 80.30 (C-4´), 80.04 (C-2´), 64.58 
(C-5´), 26.21 and 24.67 (C(CH3)2), 21.17 (CH3CO); Difference NOE spectra (CDCl3): irr. at δ 
6.28 (H-1´) enhanced signals (H-2´, 8.7 %) and (H-7, 9.0 %) and (H-2, 1.4 %), irr. at δ 7.33 (H-
7) enhanced signals (H-1´, 7.3 %); EI MS, m/z (%): 331 [M+] (100), 145 (26), 117 (32), 43 [Ac+] 
(58); Anal. Calcd for C18H21NO7 (331.4): C 65.24 H 6.39 N 4.23. Found: C 65.51 H 6.02 N 4.49. 
1-(2,3-O-Isopropylidene-5-O-acetyl-β-D-ribofuranosyl)indole (11b) 
Rf = 0.41 (cyclohexane/acetone 4/1); [α]D

20 –49.4 (c 0.71, CHCl3); IR (CHCl3) λ (cm-1) 1740 
(C=O); 1H NMR (300 MHz, CDCl3) δ (ppm) 7.62 (d, J4,5 = 7.7 Hz, 1H, H-4), 7.48 (d, J7,6 = 8.1 
Hz, 1H, H-7), 7.24 (ddd, J6,7 = 8.1 Hz, J6,5 = 7.3 Hz, J = 1.1 Hz, 1H, H-6), 7.20 (d, J2,3 = 3.1 Hz, 
1H, H-2), 7.17-7.12 (J5,4 = 7.9 Hz, J5,6 = 7.0 Hz, J = 1.0 Hz, 1H, H-5), 6.55 (d, J3,2 = 3.3 Hz, 1H, 
H-3), 6.08 (d, J1´,2´ = 3.1 Hz, 1H, H-1´), 4.97 (dd, J2´,1´ = 2.9 Hz, J2´,3´ = 6.6 Hz, 1H, H-2´), 5.84 
(dd, J3´,2´ = 6.6 Hz, J3´,4´ = 3.8 Hz, 1H, H-3´), 4.39-4.34 (m, 2H, H-4´, H-5´b), 4.22 (dd, J5´a, 5´b = 
13.0 Hz, J5´a,4´ = 5.7 Hz, 1H, H-5´a), 2.08 (s, 3H CH3CO), 1.64 (s, 3H, C(CH3)2), 1.36 (s, 3H, 
C(CH3)2); 13C NMR (75 MHz, CDCl3) δ (ppm) 170.76 (CH3CO), 135.48 (q), 129.68 (q), 124.84, 
122.37, 121.42, 120.65, 110.48 and 103.53 (Carom.), 115.23 (C(CH3)2), 92.08 (C-1´), 84.60 (C-
3´), 82.45 (C-4´), 80.90 (C-2´), 63.98 (C-5´), 27.46 and 25.58 (C(CH3)2), 20.98 (CH3CO); 
Difference NOE spectra (CDCl3): irr. at δ 6.08 (H-1´) enhanced signals (H-7, 4.8 %) and (H-2, 
3.5 %) and (H-4´, 2 %), irr. at δ 7.20 (H-2) enhanced signals (H-3, 3.9 %) and (H-1´, 3.5 %) and 
(H-2´, 2.2 %), irr. at δ 7.48 (H-7) enhanced signals (H-1´, 5.3 %) and (H-2´, 2.0 %) and (H-3´, 
1.3 %); EI MS, m/z (%): 331 [M+] (100), 145 (22), 117 (26), 69 (13), 43 [Ac+] (50); Anal. Calcd 
for C18H21NO7 (331.4): C 65.24 H 6.39 N 4.23. Found: C 65.53 H 6.18 N 3.96. 
1-(2,3-O-Isopropylidene-5-O-acetyl-α-D-ribofuranosyl)indole-3-carboxldehyde (12) 
To a solution of indole 11a (2.57 g, 7.76 mmol) in dry DMF (8.2 mL) cooled to 0 °C was added 
dropwise a mixture of POCl3 (2.06 mL, 3.45 g, 22.50 mmol) in dry DMF (6.5 mL) prepared at 0 
°C. Reaction mixture was stirred for 20 min at room temperature, until the starting material was 
consumed (TLC monitoring, eluent cyclohexane/ethyl acetate 3/1). Reaction mixture was poured 
into crushed ice (60 mL), neutralized with 4% aqueous solution of K2CO3 (330 ml), extracted 
with diethyl ether (3×60 mL) and dried over Na2SO4. After removal of the solvent, the residue 
was crystallized from propan-2-ol to give 12 (2.40 g, 86%) as colorless crystals. [α]D

20 –87.9 (c 
1.14, CHCl3); mp 101-103 °C; IR (CHCl3) λ (cm-1) 1743 a 1657 (C=O); 1H NMR (300 MHz, 
CDCl3) δ (ppm) 10.04 (s, 1H, CHO), 8.33 –8.31 (m, 1H, H-4), 8.09 (s, 1H, H-2), 7.35-7.30 (m, 
3H, H-5, H-6, H-7), 6.30 (d, J1´,2´ = 4.1 Hz, 1H, H-1´), 4.96 (dd, J2´,1´ = 4.1 Hz, J2´,3´ = 5.9 Hz, 
1H, H-2´), 4.86 (d, J3´,2´ = 6.0 Hz, 1H, H-3´), 4.65 (t, J = 4.4 Hz, 1H, H-4´), 4.37 (dd, J5´b, 5´a = 
12.0 Hz, J5´b, 4´ = 5.0 Hz, 1H, H-5´b), 4.23 (dd, J5´a, 5´b = 12.0 Hz, J5´a, 4´ = 3.9 Hz, 1H, H-5´a), 2.17 
(s, 3H, CH3CO), 1.40 (s, 3H, C(CH3)2), 1.29 (s, 3H, C(CH3)2); 13C NMR (75 MHz, CDCl3) δ 
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(ppm) 185.12 (CHO), 170.29 (CH3CO), 137.80 (C-2), 136.54 (q, Carom.), 125.26 (q, Carom.), 
124.17, 123.28 and 109.57 (C-5, C-6, C-7), 122.43 (C-4), 118.92 (q, Carom.), 114.20 (C(CH3)2), 
87.10 (C-1´), 81.97 (C-3´), 80.57 (C-4´), 79.90 (C-2´), 64.42 (C-5´), 25.86 and 24.42 (C(CH3)2), 
21.00 (CH3CO); EI MS, m/z (%): 359 [M+] (100), 215 (22), 144 (15), 69 (16), 43 [Ac+], (62); 
Anal. Calcd for C19H21NO6 (359.4): C 63.50 H 5.89 N 3.90. Found: C 63.21 H 6.17, N 3.75. 
1-(2,3,5-Tri-O-acetyl-β-D-ribofuranosyl)indoline (14) 
To a suspension of peracetylated β-D-ribofuranose 13 (2 g, 6.28 mmol) in dry ethanol (16 ml) 
were added indoline 7 (2.25 g, 2.11 mL, 18.84 mmol) and 97% acetic acid (0.25 mL). Reaction 
mixture was refluxed for 6 h, solvent evaporated and the residue chromatographed on silica gel 
(200 g, hexane/ethyl acetate 3/1; after removal of unreacted indoline; eluent was changed to 
hexane/ethyl acetate 1/1) to give 14 (1.48 g, 63%) as light yellow oil. [α]D

20 –35.4 (c 0.37, 
CHCl3); IR (CHCl3) λ (cm-1) 1753 (C=O); 1H NMR (300 MHz, CDCl3) δ (ppm) 7.10 – 7.05 (m, 
2H, Harom.), 6.76 – 6.70 (m, 2H, Harom.), 5.64 (d, J1´,2´ = 7.3 Hz, 1H, H-1´), 5.45 (dd, J2´,1´ = 6.9 
Hz, J2´,3´ = 5.8 Hz, 1H, H=2´), 5.28 (dd, J3´,2´ = 5.2 Hz, J3´,4´ = 2.3 Hz, 1H, H-3´), 4.26 – 4.21 (m, 
3H, H-4´, H-5´a, H-5´b), 3.59 (t, J = 9.6 Hz, 2H, CH2 indoline); 3.02 (t, J = 9.5 Hz, 2H, CH2 indoline), 
2.14 (s, 3H, CH3CO), 2.10 (s, 3H, CH3CO), 2.09 (s, 3H, CH3CO); 13C NMR (75 MHz, CDCl3) δ 
(ppm) 170.48 (CH3CO), 169.89 (CH3CO), 169.75 (CH3CO), 149.55 (q), 130.24 (q), 127.35, 
125.04, 119.65 and 107.94 (Carom.), 87.66 (C-1´), 77.93 and 64.01 (C-4´, C-5´), 71.29 (C-3´), 
69.77 (C-2´), 45.15 and 28.14 (C-2, C-3), 20.82 (CH3CO), 20.74 (CH3CO), 20.63 (CH3CO); EI 
MS, m/z (%): 377 [M+] (82), 304 (28), 259 (22), 174 (27), 148 (97), 139 (46), 118 (32), 43 [Ac+] 
(100); Anal. Calcd for C19H23NO7 (377.4): C 60.47 H 6.14 N 3.71. Found: C 60.12 H 6.03 N 
3.95. 
1-(2,3,5-Tri-O-acetyl-β-D-ribofuranosyl)indole (15) 
To a solution of indoline 14 (1.48 g, 3.93 mmol) in anhydrous toluene (20 mL) was added 
dropwise a solution of DDQ (0.98 g, 4.32 mmol) in dry toluene (20 mL) within 10 min. Reaction 
mixture was stirred at room temperature for 1 h and then poured into 4% aqueous solution of 
K2CO3 (40 mL). The product was extracted with CHCl3 (2×30 mL), combined extracts washed 
with water (2×75 mL), dried over Na2SO4 and concentrated in vacuum. The crude product 15 
(1.45 g, 98%) was used in the next reaction as colorless oil. [α]D

20 –9.5 (c 0.28, CHCl3); IR 
(CHCl3) λ (cm-1) 1753 (C=O); 1H NMR (300 MHz, CDCl3) δ (ppm) 7.62 (d, J = 7.9 Hz, 1H) and 
7.50 (d, J = 8.1 Hz, 1H, H-4,  H-7), 7.28 (d, J2,3 = 3.3 Hz, 1H, H-2); 7.25-7.13 (m, 2H, H-5, H-
6), 6.60 (d, J3,2 = 3.2 Hz, 1H, H-3), 6.18 (d, J1´,2´ = 6.3 Hz, 1H, H-1´), 5.59 (dd, J2´,1´ = 6.1 Hz, 
J2´,3´ = 5.8 Hz, 1H, H-2´), 5.47 (dd, J3´,2´ = 5.4 Hz, J3´,4´ = 3.3 Hz, 1H, H-3´), 4.37 (m, 3H, H-4´, 
H-5´a, H-5´b), 2.16 (s, 6H, 2 x CH3CO), 2.03 (s, 3H, CH3CO); 13C NMR (75 MHz, CDCl3) δ 
(ppm) 170.43 (CH3CO), 169.73 (CH3CO), 169.43 (CH3CO), 136.18 (q), 129.33 (q), 123.90, 
122.42, 121.30, 120.69, 109.81 a 104.32 (Carom.), 86.81 (C-1´), 79.49 and 63.46 (C-4´, C-5´), 
73.05 (C-3´), 70.79 (C-2´), 20.85 (CH3CO), 20.68 (CH3CO), 20.44 (CH3CO); EI MS, m/z (%): 
375 [M+] (52), 259 (24), 139 (29), 117 (18), 97 (15), 43 [Ac+] (100); Anal. Calcd for C19H21NO7 
(375.4): C 60.79 H 5.64 N 3.73. Found: C 60.98 H 5.40 N 3.51. 
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1-(2,3,5-Tri-O-acetyl-β-D-ribofuranosyl)indole-3-carboxaldehyde (16) 
To a solution of indole 15 (1.45 g, 3.86 mmol) in dry DMF (4 mL) cooled to 0 °C was added 
dropwise a mixture of POCl3 (1.7 g, 1.02 mL, 11.1 mmol) in dry DMF (3.4 mL) prepared at 0 
°C. Reaction mixture was stirred for 15 min at 0 °C and 1 h at room temperature, then poured 
into crushed ice (100 ml), neutralized with 4% aqueous solution of K2CO3 (160 mL), extracted 
with ethyl acetate (2×50 mL) and dried over Na2SO4. After removal of the solvent, the residue 
was crystallized from diethyl ether to give 16 (0.96 g, 61%) as colorless crystals. [α]D

20 53.1 (c 
0.89, CHCl3); mp 107-108 °C; IR (CHCl3) λ (cm-1) 1740 and 1653 (C=O); 1H NMR (300 MHz, 
CDCl3) δ (ppm) 10.06 (s, 1H, CHO), 8.33 –8.30 (m, 1H, H-4), 8.03 (s, 1H, H-2), 7.55 (dd, J7,6= 
7.2 Hz, J =1.1 Hz, 1H, H-7), 7.37-7.34 (m, 2H, H-5,H-6), 6.17 (d, J1´,2´ = 5.3 Hz, 1H, H-1´), 5.56 
(t, J = 5.4 Hz, 1H, H-2´), 5.44 (dd, J3´,2´ = 5.2 Hz, J3´,4´ = 5.0 Hz, 1H, H-3´), 4.50-4.43 (m, 3H, H-
4´, H-5´a, H-5´b), 2.18 (s, 3H, CH3CO), 2.16 (s, 3H, CH3CO), 2.10 (s, 3H, CH3CO); 13C NMR 
(75 MHz, CDCl3) δ (ppm) 184.81 (CHO), 170.25 (CH3CO), 169.60 (CH3CO), 169.31 (CH3CO), 
136.59 (q, Carom.), 134.49 (C-2); 125.79 (q, Carom.), 124.63 and 123.68 (C-5, C-6), 122.38 (C-4), 
119.81 (q, Carom.), 110.44 (C-7), 87.67 (C-1´), 80.09 (C-4´), 73.74 (C-2´), 70.18 (C-3´), 62.85 (C-
5´), 20.85 (CH3CO), 20.59 (CH3CO), 20.45 (CH3CO); EI MS, m/z (%): 403 [M+] (37), 259 (44), 
144 (11),139 (36), 97 (16), 43 [Ac+] (100); Anal. Calcd for C20H21NO8 (403.4): C 59.55 H 5.25 
N 3.47. Found: C 59.37 H 5.48 N 3.27. 
1-(2,3-O-Isopropylidene-5-O-acetyl-α-D-ribofuranosyl)indole-3-carboxylic acid (19) 
A solution of 80% NaClO2 (3.46 g, 30.61 mmol) and NaH2PO4.2H2O (3.58 g, 22.95 mmol) in 
water (15 mL) was added at 0 °C to a suspension of aldehyde 12 (0.55 g, 1.53 mmol) in tert-
butyl alcohol (15 mL) and 2-methylbut-2-ene (15 mL). Dioxane (5 mL) was added to dissolve 
starting aldehyde 12 and the mixture was stirred at room temperature for 8.5 h (TLC, monitoring, 
eluent cyclohexane/acetone 2/1). After dilution with water (45 mL), the product was extracted 
with chloroform (2×30 ml), extract washed with brine (60 mL) and water (40 mL), dried over 
Na2SO4, solvent evaporated under reduced pressure and the residue submitted to chromatography 
on silica gel (15 g, cyclohexane/acetone 2/1) to give 19 (0.52 g, 91%) as colorless amorphous 
compound. [α]D

20 –55.2 (c 0.96, CHCl3); mp 146-149°C; IR (CHCl3) λ (cm-1) 3153 (O-H), 1740 
and 1663 (C=O); 1H NMR (300 MHz, CDCl3) δ (ppm) 8.28 (s, 1H, H-2), 8.26 –8.23 (m, 1H, H-
4), 7.34-7.28 (m, 3H, H-5, H-6, H-7), 6.30 (d, J1´,2´ = 4.2 Hz, 1H, H-1´), 4.94 (dd, J2´,1´ = 4.2 Hz, 
J2´,3´ = 6.0 Hz, 1H, H-2´), 4.85 (dd, J3´,2´ = 6.0 Hz, J3´,4´ = 0.8 Hz, 1H, H-3´), 4.65 (t, 1H, J = 4.2 
Hz, H-4´), 4.37 (dd, J5´b, 5´a = 12.0 Hz, J5´b, 4´ = 4.9 Hz, 1H, H-5´b), 4.23 (dd, J5´a, 5´b = 12.0 Hz, 
J5´a, 4´ = 3.9 Hz, 1H, H-5´a), 2.18 (s, 3H, CH3CO), 1.44 (s, 3H, C(CH3)2), 1.29 (s, 3H, C(CH3)2); 
13C NMR (75 MHz, CDCl3) δ (ppm) 170.51 and 170.43 (COOH and CH3CO), 136.15 (q, Carom.), 
134.89 (C-2), 127.03 (q, Carom.), 123.20, 122.69, 122.21 (C-6, C-5, C-4), 114.44 (C (CH3)2), 
109.73 (C-7), 107.63 (q, Carom.), 87.30 (C-1´), 82.16 (C-3´), 80.55 (C-4´), 80.10 (C-2´), 64.77 (C-
5´), 25.99 and 24.68 (C(CH3)2), 21.24 (CH3CO); MALDI-TOF MS, m/z (%): 414 [M+K] + (24), 
398.3 [M+Na] + (58), 375.8 [M+H] + (88), 358 [M-H2O] + (100); Anal. Calcd for C19H21NO7 

(375.4): C 60.79 H 5.64 N 3.73. Found: C 60.52 H 5.79 N 3.59. 



Issue in Honor of Prof. Arlette Solladie-Cavallo                                                        ARKIVOC 2008 (viii) 85-104 

ISSN 1551-7012                                                       Page 98                                                       ©ARKAT USA, Inc. 

1-(2,3,5-Tri-O-acetyl-β-D-ribofuranosyl)indole-3-carboxylic Acid (20) 
A solution of 80% NaClO2 (4.52 g, 40 mmol) and NaH2PO4.2H2O (4.68 g, 30 mmol) in water 
(20 mL) was added at 0 °C to a suspension of aldehyde 16 (0.81 g, 2 mmol) in tert-butyl alcohol 
(20 mL) and 2-methylbut-2-ene (20 mL). Dioxane (10 mL) was added to dissolve starting 
aldehyde 16 and the mixture was stirred at room temperature for 5.5 h. After dilution with water 
(60 mL), the product was extracted with chloroform (2 x 40 mL), extract washed with brine (60 
mL) and water (60 mL), dried over Na2SO4, and solvent was evaporated under reduced pressure. 
Residue was crystallized from ethyl acetate/hexane to give 20 (0.68 g, 81%) as colorless crystals. 
[α]D

20 –44.41 (c 0.97, CHCl3); mp 174-177 °C; IR (CHCl3) λ (cm-1) 3126 (O-H), 1740 and 1663 
(C=O); 1H NMR (300 MHz, CDCl3) δ (ppm) 8.26 (s, 1H, H-2), 8.25-8.24 (m, 1H, H-4.), 7.55 
(dd, 1H, J = 6.7 Hz, J = 1.8 Hz, 1H, H-7), 7.35-7.33 (m, 2H, H-5, H-6), 6.19 (d, J1´,2´ = 5.0 Hz, 
1H, H-1´), 5.57 (t, J = 5.2 Hz, 1H, H-2´); 5.47 (dd, J3´,2´ = 5.2 Hz, J3´,4´ = 4.9 Hz, 1H, H-3´), 4.47-
4.43 (m, 3H H-4´, H-5´a, H-5´b), 2.27 (s, 3H, CH3CO), 2.15 (s, 3H, CH3CO), 2.11 (s, 3H 
CH3CO); 13C NMR (75 MHz, CDCl3) δ (ppm) 170.56, 169.92, 169.60 and 169.34 (COOH, 3 x 
CH3CO); 136.15 (q, Carom.), 131.91, 127.24 (q, Carom.), 123.68, 123.04, 122.20 and 110.35 
(Carom.), 108.77 (q, Carom.), 87.65 (C-1´), 80.02 (C-4´), 74.00 (C-3´), 70.18 (C-2´), 62.71 (C-5´), 
20.83 (CH3CO), 20.60 (CH3CO), 20.47 (CH3CO); EI MS, m/z (%): 419 [M+] (23), 259 (48), 144 
(12), 139 (45), 97 (20), 43 [Ac+] (100); Anal. Calcd for C20H21NO9 (419.4): C 57.28 H 5.05 N 
3.34. Found: C 57.49 H 4.82 N 3.46. 
 
General procedure for the preparation of acid chlorides 21-23 
To a suspension of acid (0.5 mmol of 18, or 1 mmol of 19 or 20) in dry toluene (2 mL, or 8 mL) 
and dry acetonitrile (0.3 mL, or 1.2 mL) was added phosphorus trichloride (0.5 mmol for 18, 1 
mmol for 19 and 2 mmol for 20) and the mixture was stirred at room temperature for 1 h (18 and 
19) or 2.5 h (20). The resulting solution was decanted from phosphorus acid deposited on the 
flask walls, the flask washed with dry toluene (3 ml) and obtained solution concentrated to 
approximately ¼ of its original volume to remove the excess of phosphorus trichloride. The 
obtained solution of unstable crude product was immediately used in the next reaction. 
 
1-Methoxyindole-3-ylcarbonyl Isothiocyanate (24) 
To a solution of crude chloride 21 freshly prepared from 0.5 mmol of acid 18 was added a 
solution of KSCN (0.048 g, 0.5 mmol) in dry acetone (1 mL). The reaction mixture was stirred at 
room temperature for 1 h, solvent evaporated and the obtained crude isothiocyanate was 
immediately used in next reaction or isolated by flash chromatography on silica gel (5g, 
cyclohexane/acetone 3/1) to give 24 (0.042 g, 36%) as unstable colorless crystals, mp 53-60 °C 
(acetone/hexane). IR (CHCl3) λ (cm-1) 1966 (NCS), 1680 (C=O). 
Reaction of 24 with NaSH and CH3I 
To a solution of crude isothiocyanate 24, obtained from 0.5 mmol of acid 18, in dry THF (2 mL) 
and dry DMF (0.5 mL) was added methyl iodide (0.16 g, 0.07 mL, 1.1 mmol) and then 
NaSH×H2O (0,148 g; cca 2 mmol) under cooling with cold water. Reaction mixture was stirred 
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at room temperature for 10 min, then poured into water (10 mL), extracted with ethyl acetate 
(3×15 mL), collected extracts washed with brine (2×15 mL), dried over Na2SO4 and evaporated. 
Chromatography on silica gel (30 g, hexane/ethyl acetate 3/1) of the obtained residue afforded 
compounds 25 (0.033 g, 23% from acid 18) as light yellow crystals and 26 (0,028 g, 25% from 
acid 18) as colorless crystals.  
1-Methoxyoxobrassinin (25). Rf = 0,46 (hexane/ethyl acetate 3/1); mp = 145-455 °C 
(acetone/hexane); 1H NMR (300 MHz, CDCl3) δ (ppm) 10.02 (s, 1H, NH), 8.19 (d, J = 7.3 Hz, 
1H, Harom.), 7.99 (s, 1H, H-2), 7.53 (d, J = 7.3 Hz, 1H, Harom.), 7.36-7.40 (m, 2H, Harom.), 4.20 (s, 
3H, OCH3), 2.72 (s, 3H SCH3); 13C NMR (75 MHz, CDCl3) δ (ppm) 205.2 (C=S), 160.1 (C=O), 
132.6 (q), 126.9, 124.6, 123.6, 122.4 (q), 121.2, 109.4 and 104.8 (q) (Carom.), 67.2 (OCH3), 20.8 
(SCH3); EI MS, m/z (%): 280 [M+H] + (4), 249 (12), 232 (34), 174 (100), 143 (38), 115 (43), 159 
(43), 47 (42); Anal. Calcd for C12H12N2O2S2 (280,37): C 51.41 H 4.31 N 9.99. Fond: C 51.16 H 
4.58 N 10.23. 
Methyl 1-methoxyindole-3-carbothioate (26). Rf = 0,61 (hexane/ethyl acetate 3/1); mp 65-67 
°C (diethyl ether/petroleum ether); IR (CHCl3) λ (cm-1) 1633 (C=O); 1H NMR (300 MHz, 
CDCl3) δ (ppm) 8.29 (dd, J = 6.9 Hz, J = 1.9 Hz, 1H, Harom.), 8.04 (s, 1H H-2), 7.48 (dd, J = 6.6 
Hz, J = 1.9 Hz, 1H, Harom.), 7.31-7.35 (m, 2H, Harom.), 4.17 (s, 3H, OCH3), 2.51 (s, 3H, SCH3); 
13C NMR (75 MHz, CDCl3) δ (ppm) 185.2 (C=O), 132.3 (q), 127.4, 124.1, 123.2, 122.3, 121.9 
(q), 112.3 (q) and 108.8 (Carom.), 67.0 (OCH3), 11.2 (SCH3); EI MS, m/z (%): 221 [M+H] (19), 
174 (100), 159 (54), 143 (47), 115 (39), 114,88 (16), 63 (11), 62 (15), 47 (15), 45 (18), 43 (12), 
32 (49); Anal. Calcd for C11H11N2O2S (221.28): C 59.71 H 5.01 N 6.33. Found: C 59.40 H 5.27 
N 6.58. 
 
Synthesis of 1-methoxybrassenin B (4a) by methylation of 25 
To the solution of 25 (0.033 g, 0.12 mmol) in dry acetone (1 mL) was added methyl iodide 
(0.022 mL, 0.5 g, 0.36 mmol) and powdered K2CO3 (0.017 g, 0.12 mmol) and mixture was 
stirred at room temperature for 1 h. Reaction mixture was then poured into cold water (20 mL), 
extracted with ethyl acetate (10 and 2×5 mL) and dried over Na2SO4. After evaporation of 
solvent the residue was crystallized from ethyl acetate/hexane to give 4a (0.028 g, 81%) as 
colorless crystals, mp 71-73 °C; lit.7 73-74 °C, spectral data are identical with natural 1-
methoxybrassenin B.7 
 
General procedure for preparation of 1-methoxybrassenin B (4a) and its analogs 27, 29 
To a stirred solution of crude acid chloride 21, 22 or 23 freshly prepared from 0.5 mmol of acid 
18, or 1 mmol of 19 or 20, was added a solution of dimethyl carbonimidothioate hydroiodide 
(0.5 mmol for 4a and 1 mmol for 27 or 29) in pyridine (2 mL or 8 mL) and reaction mixture was 
stirred at room temperature for 30 min (4a), 1 h (27) and 1.5 h (29). After pouring into water (50 
mL or 150 mL), the product was extracted with diethyl ether (3×20 mL or 3×75 mL), the extract 
washed with saturated solution NaHCO3 (3×60 mL or 3×70 mL), dried over Na2SO4, solvent 
evaporated and the residue chromatographed on silica gel.  
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1-Methoxybrassenin B (4a). After chromatography on silica gel (12 g, hexane/ethyl acetate 3/1) 
and crystallization from ethyl acetate/hexane; compound 4a (0,069 g, 47% from acid 18) was 
obtained as colorless crystals,  mp 71-73 °C; lit.7 73-74 °C; spectral data are identical with the 
natural 1-methoxybrassenin B.7 

1-(2,3-O-Isopropylidene-5-O-acetyl-α-D-ribofuranosyl)brassenin B (27). After 
chromatography on silica gel (20 g, hexane/ethyl acetate 2/1) compound 27 (0,22 g, 46% from 
acid 19) was isolated as colorless amorphous substance. [α]D

20 –13.1 (c 0.81, CHCl3); mp 45-50 
°C; IR (CHCl3) λ (cm-1) 1737 a 1620 (C=O); 1H NMR (300 MHz, CDCl3) δ (ppm) 8.36 (dd, J = 
6.6 Hz, J = 1.1 Hz, 1H, H-4), 8.21 (s, 1H, H-2), 7.36-7.27 (m, 3H, H-5, H-6, H-7), 6.30 (d, J1´,2´ 
= 3.8 Hz, 1H, H-1´), 4.92 (dd, J2´,1´ = 4.1 Hz, J2´,3´ = 6.0 Hz, 1H, H-2´), 4.85 (dd, J3´,2´ = 6.0 Hz, 
J3´,4´ = 0.8 Hz, 1H, H-3´), 4.63 (t, J = 4.4 Hz, 1H, H-4´), 4.37 (dd, J5´b, 5´a = 12.1 Hz, J5´b, 4´ = 5.2 
Hz, 1H, H-5´b), 4.21 (dd, J5´a, 5´b = 12.1 Hz, J5´a, 4´ = 4.0 Hz, 1H, H-5´a), 2.58 (s, 6H, 2 x SCH3), 
2.17 (s, 3H, CH3CO), 1.46 (s, 3H, C(CH3)2) and 1.29 (s, 3H, C(CH3)2); 13C NMR (75 MHz, 
CDCl3) δ (ppm) 174.36 and 172.94 (O=C-N=C), 170.39 (CH3CO), 136.52 (q, Carom.) 135.02 (C-
2), 127.10 (q, Carom.), 123.29, 122.68, 122.61 (C-6, C-5, C-4), 114.22 (C(CH3)2), 113.81 (q, 
Carom.), 109.45 (C-7), 86.95 (C-1´), 82.13 (C-3´), 80.42 (C-4´), 80.01 (C-2´), 64.59 (C-5´), 26.04 
and 24.66 (C(CH3)2), 21.22 (CH3CO), 16.14 (double intensity, SCH3); Difference NOE spectra 
(CDCl3): irr. at δ 6.30  (H-1´) enhanced signals (H-2´, 11%) and (H-7, 14%) and (H-2, 2%), irr. 
at δ 4.92 (H-2´) enhanced signals (H-1´, 10%); MALDI-TOF MS, m/z (%): 517.5 [M+K] + (28), 
501.4 [M+Na] + (14), 479 [M+H] + (9), 357.7 [M-NC(SCH3)2] + (100); Anal. Calcd for 
C22H26N2O7S2 (478.6): C 55.21 H 5.48 N 5.85. Found: C 55.48 H 5.37 N 5.63. 
1-(2,3,5-Tri-O-acetyl-β-D-ribofuranosyl)brassenin B (29). After chromatography on silica gel 
(40 g, hexane/ethyl acetate 1/1) and crystallization from diethyl ether/hexane; compound 29 
(0.12 g, 39% from acid 20) was obtained as colorless crystals. [α]D

20 –88.3 (c 1.08, CHCl3), mp 
127-128 °C; IR (CHCl3) λ (cm-1) 1753 (C=O), 1630 (O=C-N=C); 1H NMR (300 MHz, CDCl3) δ 
(ppm) 8.30 (dd, J = 7.1 Hz, J = 1.8 Hz, 1H, H-4), 8,12 (s, 1H, H-2), 7.54-7.51 (m, 1H, H-7), 
7.33-7.30 (m, 2H, H-5, H-6), 6.17 (d, J1´,2´ = 5.7 Hz, 1H, H-1´), 5.67 (dd, J2´,1´ = 5.7 Hz, J2´,3´ = 
5.5 Hz, 1H, H-2´), 5.45 (dd, J3´,2´ = 5.5 Hz, J3´,4´ = 4.2 Hz, 1H, H-3´), 4.47 (ddd, J4´,3´ = 4.2 Hz, 
J4´,5´b = 2.8 Hz, J4´,5´a = 3.3 Hz, 1H, H-4´), 4.43 (dd, J5´b,5´a = 12.1 Hz, J5´b,4´ = 2.8, 1H, H-5´b), 
4.38 (dd, J5´a,5´b = 12.1 Hz, J5´a,4´ = 3.3 Hz, 1H, H-5´a), 2.60 (s, 6H, 2 x SCH3), 2.17 (s, 3H, 
CH3CO), 2.16 (s, 3H, CH3CO), 2.08 (s, 3H, CH3CO); 13C NMR (75 MHz, CDCl3) δ (ppm) 
175.92 and 172.58 (O=C-N=C), 170.48, 169.71 and 169.39, (3 x CH3CO), 136.65 (q, Carom.), 
131.81 (C-2), 127.48 (q, Carom.), 123.75, 123.04 (C-5, C-6), 122.62 (C-4), 115.20 (q, Carom.), 
110.49 (C-7), 87.58 (C-1´), 80.30 (C-4´), 73.70 (C-2´), 70.72 (C-3´), 63.19 (C-5´), 20.96 
(CH3CO), 20.79 (CH3CO), 20.62 (CH3CO), 16.20 (double intensity, SCH3); MALDI-TOF MS, 
m/z (%): 562.4 [M+K]+ (48), 549.3 [M+Na]+ (100), 523.3 [M+H]+ (9), 402.7 (20); Anal. Calcd 
C23H26N2O8S2 (522.6): C 52.86 H 5.01 N 5.36. Found: C 53.05 H 4.82 N 5.15. 
1-(5-O-Acetyl-α-D-ribofuranosyl)brassenin B (28). To a cooled (0 °C) and stirred solution of 
27 (0.07 g, 0.15 mmol) in CH2Cl2 (1 mL) was added TFA (1.13 mL, 1.67 g, 14.63 mmol) and 
reaction mixture was stirred at room temperature for 4 h and then set aside overnight. Then 10% 
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solution of NaHCO3 (12.3 mL, 14.63 mmol) was added and product was extracted with CH2Cl2 
(2×20 mL). Collected organic layers were dried over Na2CO3, solvent evaporated and the residue 
chromatographed on silica gel (4 g, cyclohexane/acetone 1/1) to give 28 (0.055 g, 84%) as 
amorphous colorless solid. [α]D

20 +13.0 (c 0.91, CHCl3); mp 50-59 °C; IR (CHCl3) λ (cm-1) 
3280, 3140 (O-H),1720 (C=O), 1620 (O=C-N=C);1H NMR (300 MHz, CDCl3) δ (ppm) 8.24 (s, 
1H, H-2), 8.12 (dd, J = 6.3 Hz, J = 1.3 Hz, 1H, H-4), 7.33 (dd, J = 6.9 Hz, J = 1.9 Hz, 1H, H-7), 
7.24-7.22 (m, 2H, H-5, H-6), 6.23 (d, J1´,2´ = 4.1 Hz, 1H, H-1´), 4.46 (d, J2´,1´ = 4.1 Hz, 1H, H-
2´), 4.43 (dd, J4´,3´ = 5.7 Hz, J4´,5´b = 2.8 Hz, J4´,5´a = 5.2 Hz, H-4´), 4.33 (dd, J5´b, 5´a = 12.1 Hz, 
J5´b, 4´ = 2.8 Hz, 1H, H-5´b), 4.28-4.25 (m, 1H, H-3´), 4.17 (dd, J5´a, 5´b = 12.1 Hz, J5´a, 4´ = 5.2 Hz, 
1H, H-5´a), 3.81 (s, 1H, CD3COOD exchangeable, OH), 3.57 (s, 1H, CD3COOD exchangeable, 
OH), 2.53 (s, 6H, 2 x SCH3), 2.09 (s, 3H, CH3CO); 13C NMR (75 MHz, CDCl3) δ (ppm) 175.70 
and 173.58 (O=C-N=C), 171.03 (CH3CO), 136.77 (q, Carom.), 135.50 (C-2), 126.79 (q, Carom.), 
123.30, 122.67, 122.05 (C-6, C-5, C-4), 113.48 (q, Carom.), 110.20 (C-7), 86.73 (C-1´), 81.75 (C-
4´), 71.96 (C-3´), 71.88 (C-2´), 64.25 (C-5´), 21.11 (CH3CO), 16.29 (double intensity, SCH3); 
Difference NOE spectra (CDCl3): irr. at δ 6.23 (H-1´) enhanced signals (H-7, 14%) and (H-2´, 
9%) and (H-2, 3%) and (H-3´, 3%), irr. at δ 4.26 (H-3´) enhanced signals (H-1´, 2%) and (H-2´, 
5%), irr. at δ 8.24 (H-2) enhanced signals (H-1´, 2%) and (H-2´, 2%);. MALDI-TOF MS, m/z 
(%): 477.7 [M+K] + (22), 461.5 [M+Na] + (90), 439.2 [M+H] + (84), 318.1 [M-HN=C(SCH3+H)] 

+ (100). Anal. Cald for C19H22N2O6S2 (438.5): C 52.04 H 5.06 N 6.39. Found: C 51.82 H 5.29 N 
6.03. 
 
1-(α-D-Ribofuranosyl)brassenin B (6a)  
To a stirred suspension of 28 (0.06 g, 0.137 mmol) in dry methanol (2 mL) was added 0.1 M 
methanolic solution of MeONa (0.14 mL, 0.014 mmol) and stirring was continued at room 
temperature for 20 min. After neutralization with Amberlite IR-75 H+ (0.07 g) and stirring for 5 
min, the resin was filtered off, washed with methanol, the filtrate evaporated and obtained 
residue chromatographed on silica gel (3 g, CH2Cl2/MeOH 19/1) to give 6a (0.048 g, 89%) as  
colorless amorphous solid. [α]D

20 +38,2 (c =0,463, CHCl3); mp 53-75 °C; IR (KBr) λ (cm-1) 
3380, 3280 (O-H), 1627 (O=C); 1H NMR (300 MHz, CDCl3, 50°C) δ (ppm) 8.24 (s, 1H, H-2), 
8.20 (dd, J = 7.4 Hz, J = 1.4 Hz, 1H, H-4), 7.34-7.22 (m, 3H, H-7, H-6, H-5), 6.22 (d, J1´,2´ = 4.4 
Hz, 1H, H-1´), 4.45 –4.42 (m, 1H) and 4.36-4.28 (m 2H, H-2´, H-3´, H-4´), 3.85 (d, J5´b, 5´a = 
12.4 Hz, 1H, H-5´b), 3.74 (d, J5´a, 5´b = 11.8 Hz, 1H, H-5´a), 3.11 (s, 1H, CD3COOD 
exchangeable, OH), 3.01 (s, 1H, CD3COOD exchangeable, OH), 2.54 (s, 6H, 2 x SCH3), 2.14 (s, 
1H, CD3COOD exchangeable, OH); 13C NMR (75 MHz, CDCl3) δ (ppm) 175.71 and 173.68 
(O=C-N=C), 136.77 (C-2), 135.45 (q, Carom.), 126.77 (q, Carom.), 123.33, 122.68, 122.06 (C-6, C-
5, C-4), 113.39 (q, Carom.), 110.31 (C-7), 86.80 (C-1´), 84.34 (C-4´), 72.13 (C-3´), 71.44 (C-2´), 
62.46 (C-5´), 16.27 (double intensity, 2 x SCH3); MALDI-TOF HS, m/z (%): 435.8 [M+K] + 
(18), 420.1 [M+Na] + (62), 397.5 [M+H] + (42), 276.3 [M-HN=C(SCH3+H)] + (48); Anal. Calcd 
for C17H20N2O5S2 (396.5): C 51.50 H 5.08 N 7.07. Found: C 51.74 H 4.82 N 7.39. 
 



Issue in Honor of Prof. Arlette Solladie-Cavallo                                                        ARKIVOC 2008 (viii) 85-104 

ISSN 1551-7012                                                       Page 102                                                       ©ARKAT USA, Inc. 

1-(β-D-Ribofuranosyl)brassenin B (6b) 
To a stirred solution of triacetyl derivative 29 (0.1 g, 0.20 mmol) in dry methanol (2 mL) was 
added 0.1 M methanolic solution of MeONa (0.20 mL, 0.020mmol) and stirring was continued at 
room temperature for 20 min. After neutralization with Amberlite IR-75 H+ (0.1 g) and stirring 
for another 5 min, the resin was filtered off, washed with methanol, filtrate evaporated and 
obtained residue chromatographed on silica gel (3g, CH2Cl2/methanol 19/1) to give 6b (0.063g, 
83%) as colorless amorphous compound. [α]D

20 –27.0 (c 0.22, CHCl3); mp 57-67 °C; IR 
(CHCl3) λ (cm-1) 3427 (O-H), 1623 (C=O); 1H NMR (300 MHz, CDCl3) δ (ppm) 8.25 (s, 1H, H-
2), 8.00 (d, 1H, J = 7.2 Hz, H-4), 7.42 (d, J = 7.2 Hz, 1H, H-7), 7.21-7.14 (m, 2H, H-5, H-6), 
5.95 (d, J1´,2´ = 3.1 Hz, 1H, H-1´), 4.32-4.29 (m, 3H, H-2´, H-3´, CD3COOD exchangeable OH), 
4.08-4.02 (m, 2H, H-4´, CD3COOD exchangeable OH ), 3.87-3.71 (m, 2H, H-5´a, H-5´b), 3.38 (s, 
1H, CD3COOD exchangeable OH), 2.45 (s 6H, 2 x SCH3); 13C NMR (75 MHz, CDCl3) δ (ppm) 
175.98 and 173.89 (O=C-N=C), 136.54 (q, Carom.), 133.18 (C-2), 126.69 (q, Carom.), 123.39 and 
122.71 (C-5, C-6), 121.69 (C-4), 113.48 (q, Carom.), 110.70 (C-7), 90.00 (C-1´), 83.92 (C-
4´), 75.06 (C-2´), 70.13 (C-3´), 61.63 (C-5´), 15.95 (double intensity, 2 x SCH3); Difference 
NOE spectra (CDCl3): irr. at δ 5.95 (H-1´) enhanced signals (H-7, 11%) and (H-2, 7%) and (H-
2´, 2.4%) and (H-4´, 2.3%), irr. at δ 4.26 (H-4´) enhanced signals (H-1´, 2.6%); MALDI-TOF 
MS, m/z (%): 435.7 [M+K]+ (30), 419.6 [M+Na]+ (69), 397.0 [M+H]+ (82), 276.0 (100); Anal. 
Calcd for C17H20N2O5S2 (396.5): C 51.50 H 5.08 N 7.07. Found: C 51.74 H 4.82 N 7.39. 
 
Cell culture  
CEM (human T-cell acute lymphoblastic leukemia cells) and drug-resistant sublines CEM/VCR 
(vincristine-selected) as well as Jurkat cells (human acute T-lymphoblastic leukemia cells), 
MCF-7 cells (breast cancer) and HeLa cells (cervix cancer) were kindly provided by Dr. M. 
Hajdúch (Olomouc, Czech Republic). Cells were maintained in RPMI 1640 medium (CEM, 
CEM-VCR, Jurkat and HeLa cells) or Dulbeco´s medium (MCF-7 cells) with Glutamax-I 
supplemented with 10% fetal calf serum, penicillin (100 IU×mL-1) and streptomycin (100 
µg×mL-1) (all from Invitrogen, UK), in the atmosphere 5% CO2 in humidified air at 37 °C. Cell 
viability, estimated by trypan blue exclusion, was greater than 95% before each experiment. 
 
Assessment of antiproliferative activity by MTT assay 
The antiproliferative activity of the synthesized compounds was examined by MTT (thiazolyl 
blue) test19 using the selected human cancer cell lines. Briefly, 1×104 cells were plated per well 
in 96-well polystyrene microplates (Sarstedt, Germany) in the culture medium containing the 
tested chemicals at final concentrations 10-4-10-9 mol×L-1. After 72 h incubation, 10 µL of MTT 
(5 mg×mL-1) were added in each well. After additional 4 h, during which insoluble formazan 
was produced, 100 µl of 10% sodium dodecylsulphate were added in each well and another 12 h 
were allowed the formazan to be dissolved. The absorbance was measured at 540 nm using the 
automated MRX microplate reader (Dynatech laboratories UK). Absorbance of control wells was 
taken as 100%, and the results were expressed as a percent of control.  
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Statistical Analysis  
For all experiments, mean values and standard deviations (from 3 experiments) were calculated 
using the ArcusQuickstat software package. To evaluate the statistical significance observed 
between groups, Student’s t-test was employed. The statistical significance was considered to be 
present if P<0.05. 
 
 
Acknowledgements 
 
This work was supported by the Slovak Research and Development Agency under the contract 
No. APVV-0514-06 and by the Slovak Grant Agency for Science (grants No. 1/2472/05 and No. 
1/3365/06). 
 
 
References and Notes 
 
1. Reviews on indole phytoalexins: (a) Pedras M. S. C.; Jha M., Ahiahonu P. W. K. Curr. Org. 

Chem. 2003, 7, 1635. (b) Pedras M. S. C.; Zheng Q.; Sarma-Mampillapalle V. K. Nat. Prod. 
Commun. 2007, 2, 319. (c) Mezencev R.; Mojžiš J.; Pilátová M.; Kutschy P. Neoplasma 
2003, 50, 239. 

2. (a) Beecher C. W. W. Am. J. Clin. Nutr. 1994, 59 (suppl), 66S. (b) Verhoeven D. T. H.; 
Verhagen H.; Goldbohm R. A.; van den Brandt P. A.; van Poppel G. Chem. Biol. Interact. 
1997, 103, 79. 

3. Nettleton D. E.; Doyle T. W.; Kirshnan B., Matsumoto G. K.; Clardy J. Tetrahedron Lett. 
1985, 26, 4011. (b) Prudhomme M. Curr. Med. Chem. 2000, 7, 1189. 

4. Kojiri K.; Kondo H.; Yoshinari T.; Arakawa H.; Nakajima S.; Satoh F.; Kawamura K.; 
Okura A.; Suda H.; Okanishi M. J. Antibiot. 1991, 44, 723. (b) Yoshinari T.; Ohkubo M.; 
Fukasawa K.; Egashira S.; Hara Y.; Matsumoto M.; Nakai K.; Arakawa H.; Morishima H.; 
Nishimura S. Cancer Res. 1999, 59, 4271. (c) Arakawa H.; Morita M.; Kodera T.; Okura A.; 
Ohkubo M.; Morishima H.; Nishimura S. Jpn. J. Cancer Res. 1999, 90, 1163. (d) Ohkubo 
M.; Nishimura T.; Kawamoto H.; Nakano M.; Honma T.; Yoshinari T.; Arakawa H.; Suda 
H.; Morishima H.; Nishimura S. Bioorg. Med. Chem. Lett. 2004, 10, 419. 

5. Chen J. J.; Wei Y.; Drach J. C.; Townsend L. B. J. Med. Chem. 2000, 43, 2449. 
6. (a) Kutschy P.; Sabol M.; Marušková R.; Čurillová Z.; Dzurilla M.; Géci I.; Alföldi J.; 

Kováčik V. Collect. Czech. Chem. Commun. 2004, 69, 850. (b) Humeník M.; Dzurilla M.; 
Kutschy P.; Solčániová E.; Kováčik V.; Bekešová S. Collect. Czech. Chem. Commun. 2004, 
69, 1657. (c) Humeník M.; Kutschy P.; Valková K.; Horváth B.; Kováčik V.; Bekešová S. 
Collect. Czech. Chem. Commun. 2005, 70, 72. (d) Humeník M.; Kutschy P.; Kováčik V.; 
Bekešová S. Collect. Czech. Chem. Commun. 2005, 70, 487. (e) Čurillová Z.; Kutschy P.; 



Issue in Honor of Prof. Arlette Solladie-Cavallo                                                        ARKIVOC 2008 (viii) 85-104 

ISSN 1551-7012                                                       Page 104                                                       ©ARKAT USA, Inc. 

Mudroňová M.; Dzurilla M. 10th Blue Danube Symposium on Heterocyclic Chemistry, 
Vienna, Austria, September 3-6, 2003: Abstract PO-39. 

7. Monde K.; Sasaki A.; Takasugi M. Phytochemistry 1991, 30, 3921. 
8. Kutschy P.; Dzurilla M.; Takasugi M.; Sabová A. Collect. Czech. Chem. Commun. 1999, 64, 

348. 
9. Gaubert G.; Wengel J. Tetrahedron Lett. 2004, 45, 5629. 
10. Zembower D. E.; Zhang H.; Lineswala J. P.; Kuffel M. J.; Aytes S. A.; Ames M. M. Bioorg. 

Med. Chem. Lett. 1999, 9, 145. 
11. Preobrazhenskaya M. N.; Korbukh I. A. In: Chemistry of Nucleoside and Nucleotides; 

Townsend L. B. Ed; Plenum Press: New York, 1994; Vol.3, p 1. 
12. Chavis C.; de Gourcy C.; Imbach J.-L. Carbohydr. Res. 1983, 113, 1. 
13. Garaeva L. D.; Bakhmedova A. A.; Yartseva I. V.; Melnik S. Ya.; Adanin V. M. Russ. J. 

Bioorg. Chem., 2003, 29, 160. 
14. Acheson R. M.; Hunt P. G.; Littlewood D. M.; Murrer B. A.; Rosenberg H. E. J. Chem. Soc. 

Perkin Trans.1 1978, 1117. 
15. Kawasaki T.; Kodama A.; Nishida T.; Shimizu K.; Somei M. Heterocycles 1991, 32, 221. 
16. Somei M.; Tanimoto A.; Orita H.; Yamada F.; Ohta T. Heterocycles 2001, 54, 425. 
17. Masataka Y.; Hidekatsu H. Synthesis 1985, 891. 
18. Richter M.; Richter W. Z. Chem. 1988, 8, 292. 
19. Mosmann T. J. Immunol. Methods 1983, 65, 155. 
20. Kaskar B.; Meise G. L.; Michalak R. S.; Vishnuvayjala B. R. Synthesis 1990, 1031. 



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


