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The first synthesis of 1-(β-D-glucopyranosyl)brassinin, 1-(β-D-glucopyranosyl)brassenin A,
1-(β-D-glucopyranosyl)brassenin B and 9-(β-D-glucopyranosyl)cyclobrassinin, nucleoside
analogs derived from indole phytoalexins, was achieved by linear approach, using the
1-(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)indole-3-carbaldehyde as a starting compound.
Antiproliferative and antimicrobial activity of synthesized compounds against murine leu-
kaemia tumor cell line L1210 and selected bacteria and fungi was examined and compared
with the corresponding phytoalexin aglycons.
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Indole nucleoside antibiotics are a rare type of natural products. The first
compound of this group, neosidomycin (1), possessing a weak activity
against Gram-negative bacteria was isolated from the fermentation broth of
a Streptomyces hygroscopicus1a strain and its structure was finally confirmed
by synthesis1b.

Another indole nucleoside termed SF-2140 (2) with antiviral properties
was obtained from Actinomadura species from a Japanese soil sample1c and
later synthesized1b. Recently, kahakamide A (3) and B (4) possessing the
same 4-deoxy-α-D-lyxo-hexonopyranoside moiety, were isolated from the
Norcadiopsis dassonwillei actinomycete from a shallow water sediment col-
lected on the Kauai island, Hawaii1d. The antitumor nucleoside antibiotic
rebeccamycin (5) isolated from actinomycete Nocardia aerocoligenes1e con-
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tains fused indolocarbazole moiety, linked with a β-glycosidic bond to
4-O-methyl-D-glucose residue. Rebeccamycin and its analogs, acting as DNA
topoisomerase I inhibitors have been identified as attractive cancer chemo-
therapy agents1f. Interestingly, the N1-(β-D-glucopyranosyl)-L-tryptophan
(6) has not been isolated from microorganisms. It was recently found in
pear juice and was also detected in other fruits and juices1g. Compound 6,
belonging to a new group of tryptophan glycoconjugates found in pro-
teins1h is biosynthesized by enzymatic glycosylation of L-tryptophan1g. The
role of nucleoside 6 is not clear; however, it should be noted that trypto-
phan serves as a precursor for the plant hormone indole-3-acetic acid,
phytoalexins, glucosinolates and alkaloids. Thus tryptophan plays an im-
portant role in the regulation of plant development, in pathogen defence
response, and plant-insect interactions1i. Very recently 1-(β-D-glucopyrano-
syl)camalexin (7), the first naturally occurring nucleoside analog derived
from indole phytoalexin, has been isolated as a detoxification product of
indole phytoalexin camalexin, produced by fungus Sclerotinia sclerotiorum1j.
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Within our continuing investigation of the synthesis of tryptophan-
derived cruciferous phytoalexins2a–2e and their analogs2f,2g, we have also fo-
cused our attention on the synthesis and biological activity of N-glucosides
derived from indole phytoalexins brassinin (8)3a, methoxybrassenin A
(11)3b, methoxybrassenin B (13)3b and cyclobrassinin (14)3a. Previously
brassinin (8) and cyclobrassinin (14) were found to exhibit cancer chemo-
preventive activity against 7,12-dimethylbenz[a]anthracene (DMBA) in-
duced mammary gland lesions4a and skin carcinogenesis4b in mice, and
antiproliferative activity against murine leukaemia L1210 tumor cell line4c.
Our recent syntheses of brassinin (8)2a, cyclobrassinin (14)2a as well as
demethoxybrassenin A (10)2a and demethoxybrassenin B (12)2f have cre-
ated a starting position for the present investigation of convergent and
linear synthesis of N-glucosides of phytoalexins 8, 11, 13 and 14. With
brassinin (8) possessing two reactive sites, at indole nitrogen and thiocarba-
moyl grouping, the convergent synthesis has not been studied; however,
with 10, 12 (demethoxy analogs of 11 and 13) and 14, a convergent ap-
proach was attractive, since only the indole nitrogen is available for a reac-
tion with electrophilic glycosylating reagents. Although, the nucleo-
philicity of indole nitrogen is in general low and standard methods, used in
nucleoside chemistry fail to afford indole nucleosides5, several successful
glucosylations of indoles are described. 1-(β-D-Glucopyranosyl)indole deriv-
atives were obtained by glycosylation of 7-chloroindole-3-acetamide with
1,2-anhydro-2,3,6-tri-O-benzyl-4-O-methyl-α-glucopyranose6a, of 5-meth-
oxy-2,3-diphenylindole with 2,3,4,6-tetra-O-acetyl-1-O-(trichloroacetimido-
yl)-α-D-glucopyranose6b, of indolocarbazoles with 2,3,4,6-tetra-O-acetyl-
α-D-glucopyranosyl bromide or 2,3,4,6-tetra-O-benzyl-α-D-glucopyranosyl
chloride6c,6d and derivatives of 4-bromo-3-(1H-indol-3-yl)-1-methyl-2,5-di-
hydro-1H-pyrrole-2,5-dione via Mitsunobu reaction (PPh3, diethyl azodi-
carboxylate (DEAD))6c,6e. In our case, however, these methods or their mod-
ifications failed to afford the desired glucosides from compounds 10, 12
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and 14, probably because of the low reactivity of starting indoles, and ei-
ther no reaction or decomposition was observed. In the case of successful
glucosylation with benzylated glucosyl donors, another problem would be
expected: the sulfur-containing phytoalexin moieties are unstable under
reductive conditions required for the removal of benzyl protecting groups.
Therefore in further investigation of the synthesis of the target compounds,
we focused our attention on the linear synthesis, using the acetyl protect-
ing groups, easily removable under mild conditions by treatment with a
catalytic amount of sodium methoxide in methanol7.

For this purpose 1-(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)indole-
3-carbaldehyde (15, Scheme 1), readily available by the indoline–indole
method5, was selected as a starting compound.
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Aldehyde 15 is formed in a high yield by glycosylation of indoline with
1,2,3,4,6-penta-O-acetyl-α-(or β)-D-glucopyranose, subsequent oxidation of
glucosylindoline with 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ)8a–8c

and Vilsmeier formylation8d. Reaction of aldehyde 15 with hydroxylamine
afforded the corresponding oxime 16 as a mixture of Z and E isomers. Its
reduction by a method elaborated for 1-methylindole-3-carbaldehyde ox-
ime2a resulted in the formation of a highly unstable amine, which was in
dichloromethane immediately transformed to 1-(2,3,4,6-tetra-O-acetyl-
β-D-glucopyranosyl)brassinin (17; Scheme 1) in 22% yield. Next, we have
studied the methylation of protected glucosylbrassinin 17 with methyl
iodide according to the method used for methylation of brassinin (8) to
demethoxybrassenin A (10) in 40% yield by treatment with methyl iodide
and lithium hydride as a base in dimethylformamide at room tempera-
ture2a. Compound 10 was previously also prepared by the methylation of
brassinin with methyl iodide in the presence of sodium hydride (solvent
and experimental details not given)9. However, we have found that in the
presence of sodium hydride at room temperature or 0 °C, the brassinin had
decomposed to 3-[(methylsulfanyl)methyl]indole to a significant extent.
This type of decomposition of brassinin in a strongly basic medium was al-
ready observed in our laboratory2a. With the aim to improve the yield, we
have first optimized the methylation of brassinin (8). It has been found
that the yield can be raised up to 76% by using lithium hydride and methyl
iodide in dry acetonitrile and performing the reaction at 0 °C for 25 min
and then at room temperature for 7 h. Applying these optimized condi-
tions, glucosylbrassinin (17) afforded 1-(2,3,4,6-tetra-O-acetyl-β-D-gluco-
pyranosyl)brassenin A (19) in 88% yield (Scheme 1). The protected gluco-
sylbrassinin (17) appeared to be a suitable starting compound for the prepa-
ration of 9-(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)cyclobrassinin (21) in
40% yield by cyclization with N-bromosuccinimide, the reagent previously
used for cyclization of brassinin to cyclobrassinin, in 35% yield4b. Removal
of the acetyl groups from protected glucosides 17, 19 and 21 with sodium
methoxide in dry methanol7a,7b and subsequent neutralization with an ion
exchange resin7c–7e (IR-120 H+) resulted in the preparation of 1-(β-D-gluco-
pyranosyl)brassinin (18), 1-(β-D-glucopyranosyl)brassenin A (20) and
9-(β-D-glucopyranosyl)cyclobrassinin (22), the first synthesized glucosides
of indole phytoalexins in 36–53% yields.

The synthesis of 1-(β-D-glucopyranosyl)brassenin B (30; Scheme 2) was
started by oxidation of aldehyde 15 to carboxylic acid 23. After some at-
tempts to oxidize aldehyde 15 with potassium permanganate in alkaline
medium, according to the procedure for indole-3-carboxylic acid10a, afford-
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ing only 12% yield, we have found that the acid 23 can be advantageously
prepared by the oxidation with potassium permanganate (50% yield) or so-
dium chlorite (93% yield) under neutral conditions, using modifications of
the procedures previously applied to preparation of 2-chloro-1-methyl-
indole-3-carboxylic acid10b and 1-methoxyindole-3-carboxylic acid10c. Fur-
ther treatment of acid 23 with phosphorus trichloride afforded an unstable
acid chloride 24, which was successfully used in the subsequent reactions as
a crude product.

Collect. Czech. Chem. Commun. (Vol. 69) (2004)

(β-D-Glucopyranosyl)brassinin and -brassenins 855

O

N
OAc

OAc
AcO

COOH

OAc

PCl3

O

N
OAc

OAc
AcO

CONH2

OAc

O

N
OAc

OAc
AcO

COCl

OAc

KSCN

O

N
OAc

OAc
AcO

CONCS

OAc

HN
SCH3

SCH3

OAc

NH
SCH3

S

O

O

N
OAc

OAc
AcO

. HI

O

N
OAc

OAc
AcO

COSCH3

OAc

O

N
OR

OR
RO

OR

N
SCH3

H3CS

O

CH3ONa
29, R = Ac

30, R = H83%

15
KMnO4 or NaClO2

50 or 93%

23 24

26

25

2827

     51%
 27:28 = 1:2

NH3 (g)

73%

35%

1. NaH, CS2

2. CH3I

NaSH/CH3I

K2CO3/CH3I 58%

24

33% from 23

SCHEME 2



In a previous paper2f we have described the reaction of indol-3-ylcarbonyl
isothiocyanate with NaSH and methyl iodide in a mixture of dimethyl-
formamide and methanol, resulting in the formation of oxobrassinin (9) in
31% yield (based on starting indole-3-carboxylic acid), which was methyl-
ated to demethoxybrassenin B (12) in 87% yield. Therefore, the same ap-
proach was examined for the synthesis of target compound 30. Transforma-
tion of acid chloride 24 to isothiocyanate 25 proceeded smoothly and com-
pound 25 appeared to be stable enough to be isolated by column chroma-
tography and crystallization, albeit in low 35% yield because of decomposi-
tion during chromatography separation (red column). Therefore, the crude
product obtained in a substantially higher yield was used in the next reac-
tion. However, reaction of glucosyl isothiocyanate 25 with NaSH and meth-
yl iodide afforded only 17% yield of 1-(2,3,4,6-tetra-O-acetyl-β-D-gluco-
pyranosyl)oxobrasinin (27) and the corresponding thioester 28 was isolated
as the main product in 34% yield. The formation of thioester 28 can be ex-
plained by instability of isothiocyanate 25 and its decomposition to corre-
sponding ketene like intermediate, as it was described previously for analo-
gous indole-3-carbonyl isothiocyanates2e,2f. Variation of the solvents (aceto-
nitrile, tert-butyl alcohol, acetone, toluene and tetrahydrofuran) and tem-
peratures from room temperature to –20 °C, using a methanolic solution of
sodium hydrogen sulfide freshly prepared by bubbling of sulfane through a
methanolic solution of sodium hydroxide, or commercially available
NaSH·xH2O, resulted only in a moderate improvement. The best results, af-
fording 17% of glucosylated oxobrassinin 27, were obtained by using
NaSH·xH2O in THF at room temperature. Methylation of 27 lead to the pro-
tected 1-(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)brassenin B (29) and its
deprotection with sodium methoxide afforded 1-(β-D-glucopyranosyl)-
brassenin B (30) in 83% yield.

Because of the low yield of intermediate 27, other ways of utilization of
chloride 24 for the synthesis of target compound 30 have been investi-
gated. In its reaction with methyl aminomethanedithioate in dry tetra-
hydrofuran in the presence of 4-(dimethylamino)pyridine11a, no expected
oxobrassinin glucoside 27 was formed and the starting compound decom-
posed within several hours. Reaction of a benzene solution of 24 with gas-
eous ammonia smoothly afforded the corresponding carboxamide 26. Its
treatment with sodium hydride, carbon disulfide and methyl iodide, ac-
cording to the method previously used for the preparation of the dimethyl
N-acylcarbonimidodithioates derived from 3-phenylacrylamide11b, furan-
2-carboxamide11c, 3-chloro-1-benzothiophene-2-carboxamide11d, pyridine-
2-carboxamide11e and benzothiazole-2-carboxamide11e did not afford the
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desired 29, and only decomposition products were formed. Finally we suc-
ceeded by the reaction of chloride 24 as the acylating reagent, with
dimethyl carbonimidodithioate hydroiodide11f in pyridine, previously used
in the case of pyridine-4-carbonyl chloride11g. Thus protected derivative 29
was obtained in 33% yield from acid 23.

The structure of the prepared nucleoside analogs was confirmed by spec-
tral methods. In the electron impact mass spectra of compounds 17–20, 22,
23, 29, 30, it was not possible to detect their unstable molecular ions.
Therefore MALDI-TOF spectra were measured, in which the presence of
quasimolecular [M + Na]+ ions confirmed the expected molecular weights.
In 1H and 13C NMR spectra, the signals were assigned on the basis of 2D
H-H COSY and HSQC heterocorrelated spectra. The β-anomeric configura-
tion of all compounds was confirmed by vicinal trans-diaxial coupling con-
stants J(1′,2′) = 8.0–9.1 Hz.

It was our final goal to obtain an information about antitumor and
antimicrobial activities of the synthesized glucosides and compare them
with brassinin (8), cyclobrassinin (14) and phytoalexin analogs 9, 10 and
12. Antiproliferative activity at concentration 10–5 mol l–1 was examined
using the murine leukaemia tumor cell line L1210 under the conditions
described previously4c. Antimicrobial activity was tested by the standard
disc diffusion method against selected bacteria (Pseudomonas aeruginosa
ULM 162/78, Enterococcus faecalis CCM 1875, Escherichia coli CCM 3954 and
Staphylococcus aureus CCM 4223) and fungi (Candida albicans ATCC 60193,
Candida crusei CCM 29748 and Candida tropicalis CCM 29927). None of the
synthesized compounds exhibited considerable antitumor or antimicrobial
activity.

In conclusion, a new linear synthesis of nucleoside analogs derived from
indole phytoalexins has been elaborated, using hitherto unknown glucosyl-
ated (indol-3-ylmethyl)amine and indole-3-carboxylic acid as a key inter-
mediates. It was found that convergent synthesis using the known
glucosylating methods fails to afford target nucleosides because of a low
reactivity of the indole nitrogen to used glycosylating agents. Biological
screening of antiproliferative and antimicrobial activity revealed no signi-
ficant activity of the prepared compounds.

EXPERIMENTAL

The infrared absorption spectra were recorded on an IR-75 spectrometer (Zeiss Jena); the
wavenumbers (ν) are given in cm–1. 1H and 13C NMR spectra were measured on a Bruker
Avance 300 DPX FT NMR spectrometer, using tetramethylsilane as an internal standard.
Chemical shifts (δ) are reported in ppm, downfield from tetramethylsilane, coupling con-
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stants (J) in Hz. The assignment of proton and carbon atom signals is based on H-H COSY,
DEPT and HSQC spectra of compounds 16, 18–21, 25, 26, 28–30. Microanalyses were per-
formed with a Perkin–Elmer, Model 2400 analyzer. The EI mass spectra were recorded on a
Finigan SSQ 700 spectrometer at an ionization energy of 70 eV, whereas MALDI-TOF mass
spectra were measured on a Compact Kratos Maldi III spectrometer. The analyzed sample
was dissolved in acetonitrile and water mixture (1:1). Matrix 2,4-dihydroxybenzoic acid
(DHB) was dissolved in the same mixture. The solutions of sample and matrix were mixed
in the 1:10 ratio. After drying on target, the samples were bombarded with the 3 ns dose
(100 doses) of N2 laser (λ = 337 nm). Optical rotations were determined on a digital
polarimeters POLAR L-mP (IBZ Messtechnik) and P3002 (Kruess); specific rotations are given
in 10–1 deg cm2 g–1. The reaction course was monitored by thin layer chromatography, us-
ing Silufol plates (Kavalier ). The preparative column chromatography (flash chromatogra-
phy) was performed on the Kieselgel Merck Type 9385, 230–400 mesh.

1-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)indol-3-carbaldehyde Oxime (16)

To a stirred solution of aldehyde 15 8d (1.423 g, 3 mmol) in ethanol (165 ml) was added a
solution of hydoxylamine hydrochloride (0.417 g, 6 mmol) and sodium carbonate (0.318 g,
3 mmol) in water (3 ml), and the mixture was stirred under reflux for 45 min. After addition
of water (21 ml), ethanol was evaporated, the precipitated product filtered off with suction,
washed with water and dried. Yield 1.260 g (80%), m.p. 208–210 °C (ethanol–water), [ ]α D

25

–52.5 (c 0.236, dichloromethane). For C23H26N2O10 (490.5) calculated: 56.32% C, 5.34% H,
5.71% N; found: 56.09% C, 5.44% H, 5.98% N. IR (CHCl3): 3597 (O–H); 1753 (C=O).
1H NMR (300 MHz, DMSO-d6): 11.65 s, 0.42 H and 10.84 s, 0.58 H (=CH); 8.45 s, 0.42 H and
8.35 s, 0.58 H (H-2); 8.09 d, 0.58 H, J(4,5) = 7.9 and 7.99 d, 0.42 H, J(4,5) = 7.9 (H-4);
7.90–7.78 m, 2 H (H-7, OH); 7.42–7.28 m, 2 H (H-5, H-6); 6.41 d, 0.42 H, J(1′,2′) = 8.0 and
6.35 d, 0.58 H, J(1′,2′) = 8.0 (H-1′); 5.68–5.66 m, 2 H (H-2′, H-3′); 5.39–5.33 m, 1 H (H-4′);
4.43–4.40 m, 1 H (H-5′); 4.22–4.20 m, 2 H (H-6′a, H-6′b); 2.15 s, 3 H; 2.09 s, 3 H; 2.07 s, 3 H
and 1.73 s, 3 H (CH3CO). EI MS, m/z (%): 490 (M+, 22), 330 (4), 169 (45), 160 (8), 127 (9),
109 (30), 43 (100).

1-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)brassinin (17)

To a solution of nickel(II) chloride hexahydrate (0.615 g, 2.58 mmol) in methanol (30 ml)
was added sodium tetrahydridoborate (0.195 g, 5.15 mmol) within 5 min. To the formed
black suspension of nickel boride (Ni2B), a solution of oxime 16 (1.050 g, 2.19 mmol) in
methanol (350 ml) prepared by heating and then cooled to 30–35 °C was added. Then so-
dium tetrahydridoborate (0.750 g, 19.8 mmol) was added in two portions during 1 min, and
after the gas evolution ceased (5 min), the reaction mixture was filtered, concentrated to ap-
proximately 50 ml until turbidity appeared and poured into a mixture of water (185 ml) and
25% ammonium hydroxide (6 ml). The product was extracted with ethyl acetate (1 × 400
and 1 × 200 ml), the extract dried with anhydrous sodium sulfate and solvent evaporated.
The obtained unstable {[1-(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)indol-3-yl]methyl}amine
was immediately dissolved in dichloromethane (25 ml). Triethylamine (0.305 ml, 0.221 g,
2.19 mmol) and carbon disulfide (0.39 ml, 0.494 g, 6.48 mmol) were added with stirring at
room temperature, followed after 5 min by methyl iodide (0.27 ml, 0.617 g, 4.34 mmol) and
stirring was continued for 35 min. The reaction mixture was diluted with 10 ml of dichloro-
methane, a small amount of silica gel (particle size 100–250 µm) was added, solvent evapo-
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rated and the product preabsorbed on silica gel was chromatographed on silica gel (120 g,
eluent benzene–acetone 7:1). Yield 263 mg (22%), m.p. 165–167 °C (chloroform–light
petroleum), [ ]α D

25 –15.5 (c 0.21, dichloromethane). For C25H30N2O9S2 (566.7) calculated:
52.99% C, 5.30% H, 4.94% N; found: 53.12% C, 5.41% H, 4.78% N. IR (CHCl3): 3387 (N–H);
1753 (C=O); 1457 (NHCS); 1217 (C–O). 1H NMR (300 MHz, CDCl3): 7.60 d, 1 H, J(4,5) = 7.8
(H-4); 7.42 d, 1 H, J(6,7) = 8.3 (H-7); 7.32–7.26 m, 2 H and 7.20 t, 1 H, J = 7.3 (H-2, H-4,
H-5); 7.07 s, 1 H (NH); 5.62 d, 1 H, J(1′,2′) = 8.67 (H-1′); 5.51–5.41 m, 2 H (H-2′, H-3′);
5.30–5.24 m, 1 H (H-4′); 5.03 d, 1.6 H, J = 4.4 and 4.75 d, 0.4 H, J = 4.4 (CH2N); 4.30 dd, 1 H,
J(6′b,6′a) = 12.5, J(6′b,5′) = 4.9 (H-6′b); 4.14 dd, 1 H, J(6′a,6′b) = 12.5, J(6′a,5′) = 2.5 (H-6′a);
4.20–3.98 m, 1 H (H-5′); 2.75 s, 0.6 H and 2.66 s, 2.4 H (SCH3); 1.65 s, 3 H; 2.03 s, 3 H and
2.06 s, 6 H (4 × CH3CO). 13C NMR (75 MHz, CDCl3): 198.30 (C=S); 170.53, 170.09, 169.35
and 168.72 (CH3CO); 136.59 (q), 127.59, 124.11 (q), 123.20, 121.21, 119.38, 112.71 (q) and
109.84 (C-arom.); 83.01 (C-1′); 74.70, 73.09, 70.55 and 68.01 (C-2′–C-5′); 61.76 (C-6′);
42.79 (CH2N); 20.66, 20.53 and 20.05 (CH3CO); 18.10 (SCH3). MALDI-TOF MS, m/z (%):
605.7 [M + K]+ (63), 589.1 [M + Na]+ (100), 558.3 (7), 543.4 (14), 505.8 (8), 160.2 (16),
331.0 (17).

1-(β-D-Glucopyranosyl)brassinin (18)

To a stirred suspension of 17 (0.057 g, 0.1 mmol) in dry methanol (1 ml) was added 0.1 M

methanolic solution of sodium methoxide (0.1 ml, 0.01 mmol) and the reaction mixture
was stirred at room temperature for 100 min. After addition of Amberlite IR-120 H+ (0.040 g)
to a clear solution and 5 min stirring, the reaction mixture was filtered, solvent evaporated
and the obtained residue chromatographed on silica gel (10 g, eluent dichloromethane–
methanol 8:1), affording the product as a white crystalline powder. Yield 0.021 g (53%),
m.p. 105–109 °C, [ ]α D

25 –5.5 (c 0.16, methanol). For C17H22N2O5S2 (398.5) calculated: 51.24% C,
5.56% H, 7.03% N; found: 51.36% C, 5.40% H, 6.87% N. IR (KBr): 3400 (br, O–H); 1453
(NHCS). 1H NMR (300 MHz, (CD3)2CO): 9.08 br s, 1 H (D2O exchangeable, NH); 7.65 d, 1 H,
J(4,5) = 7.7 (H-4); 7.55 d, 1 H, J(6,7) = 8.2 (H-7); 7.51 s, 1 H (H-2); 7.17 t, 1 H, J = 7.2 and
7.07 t, 1 H, J = 7.5 and 7.0 (H-5, H-6); 5.55 d, 1 H, J = 9.0 (H-1′); 5.11–5.08 m, 2 H (CH2N);
4.48 d, 1 H, J = 4.0 (OH-3′); 4.41 d, 1 H, J = 4.8 (OH-2′); 4.35 d, 1 H, J = 4.0 (OH-4′);
3.96–3.91 m, 1 H (H-2′); 3.87–3.84 m, 1 H (H-6′b); 3.72–3.56 m, 5 H (H-3′, H-4′, H-5′, H-6′a,
OH-6′); 2.61 s, 3 H (SCH3). 13C NMR (75 MHz, (CD3)2CO): 198.55 (C=S); 137.82 (q), 128.77
(q), 126.31, 122.73, 120.69, 119.87, 112.01 (q) and 111.67 (C-arom.); 86.25 (C-1′); 80.20,
79.04 and 71.49 (C-3′, C-4′, C-5′); 73.44 (C-2′); 62.81 (C-6′); 43.13 (CH2N); 17.52 (SCH3).
MALDI-TOF MS, m/z (%): 420.9 [M + Na]+ (52), 292.7 (38).

1-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)brassenin A (19)

To a stirred suspension of lithium hydride (0.027 g, 3.34 mmol), cooled with ice to 0 °C was
added protected 1-(β-D-glucopyranosyl)brassinin (17; 0.2 g, 0.35 mmol), followed after 10 min
by methyl iodide (0.26 ml, 0.593 g, 4.2 mmol). After stirring at 0 °C for 25 min and at room
temperature for 7 h, the mixture was poured into cold water (100 ml), the product was ex-
tracted with ethyl acetate (2 × 50 ml) and the extract dried over anhydrous sodium sulfate.
Evaporation of solvent afforded pure product as a pale yellow crystals. Yield 0.18 g (88%),
m.p. 93–95 °C, [ ]α D

25 –19.6 (c 0.20, dichloromethane). For C26H32N2O9S2 (580.7) calculated:
53.78% C, 5.55% H, 4.85% N; found: 53.50% C, 5.81% H, 4.68% N. IR (CHCl3): 1753 (C=O);
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1213 (C–O). 1H NMR (300 MHz, CDCl3): 7.73–7.70 m, 1 H, 7.41 d, 1 H, J = 8.2 and
7.28–7.18 m, 3 H (H-arom.); 5.64 d, 1 H, J = 9.3 (H-1′); 5.62–5.58 m, 1 H (H-2′); 5.45 t, 1 H,
J = 9.3 and 8.7 (H-3′); 5.30 t, 1 H, J = 9.8 and 9.5 (H-4′); 4.28 s, 2 H (CH2N); 4.30 dd, 1 H,
J(6′b,6′a) = 12.3, J(6′b,5′) = 4.8 (H-6′b); 4.16 d, 1 H, J(6′a,6′b) = 12.4 (H-6′a); 4.02–3.98 m
(H-5′); 2.63 s, 3 H and 2.54 s, 3 H (2 × SCH3); 2.09 s, 3 H; 2.08 s, 3 H; 2.05 s, 3 H and 1.76 s,
3 H (CH3CO). 13C NMR (75 MHz, CDCl3): 170.65, 170.20, 169.47 and 168.87 (CH3CO);
156.60 (C=N); 136.77 (q), 128.22 (q), 124.38, 122.64, 120.61, 120.08, 113.14 (q) and 109.71
(C-arom.); 83.20 (C-1′); 74.50 (C-5′); 73.62 (C-3′); 70.08 (C-2′); 68.23 (C-4′); 61.98 (C-6′);
48.11 (CH2N); 20.74, 20.63 and 20.27 (CH3CO); 15.00 (SCH3). MALDI-TOF MS, m/z (%): 619
[M + K]+ (52), 603 [M + Na]+ (100). EI MS, m/z (%): 581 (M+, 5), 460 (12), 169 (14), 109 (12),
43 (100).

1-(β-D-Glucopyranosyl)brassenin A (20)

To a stirred solution of tetraacetyl derivative 19 (0.174 g, 0.3 mmol) in dry methanol was
added 0.1 M methanolic solution of sodium methoxide (0.3 ml, 0.03 mmol) and the mixture
was stirred at room temperature for 20 min. After addition of Amberlite IR-120 H+ (0.210 g)
and 5 min stirring, the resin was filtered off, washed with methanol, the filtrate was evapo-
rated and the obtained residue was chromatographed on silica gel (19 g, eluent dichloro-
methane–methanol 8:1). The eluate was evaporated to approximaltely 1 ml, diethyl ether
added until turbidity appeared and set aside at 3 °C overnight. Separated yellow crystals
were filtered, washed with diethyl ether and dried. Yield 0.045 g (36%), m.p. 88–90 °C, [ ]α D

25

–8.7 (c 0.17, methanol). For C18H24N2O5S2 (412.5) calculated: 52.41% C, 5.86% H, 6.79% N;
found: 52.11% C, 5.51% H, 7.07% N. IR (KBr): 3420 (br, O–H); 1610 (C=N); 1066 (C–O).
1H NMR (300 MHz, (CD3)2CO): 7.62 d, 1 H, J(6,7) = 7.9 (H-7); 7.53 d, 1 H, J(4,5) = 8.1 (H-4);
7.40 s, 1 H (H-2); 7.11 t, 1 H, J = 8.2 and 7.1 and t, 1 H, J = 7.7 and 7.1 (H-5, H-6); 5.51 d,
1 H, J(1′,2′) = 9.0 (H-1′); 4.76 s, 2 H (CH2N); 4.50 br s, 2 H (OH-2′, OH-4′); 4.37 br s, 1 H
(OH-3′); 3.97 t, 1 H, J = 8.7 and 8.8 (H-2′); 3.81 dd, 1 H, J(6′b,6′a) = 11.6, J(6′b,5′) = 1.8
(H-6′b); 3.71–3.55 m, 5 H (H-3′, H-4′, H-5′, H-6′a, OH-6′); 2.62 s, 3 H and 2.38 s, 3 H (2 ×
SCH3). 13C NMR (75 MHz, (CD3)2CO): 151.83 (C=N); 138.19 (q), 129.17 (q), 124.48, 122.51,
120.33, 120.16, 115.42 (q) and 111.59 (C-arom.); 86.26 (C-1′); 80.18 (C-3′); 79.70 (C-5′);
73.33 (C-2′); 71.48 (C-4′); 62.83 (C-6′); 48.48 (CH2N); 14.80 and 14.65 (SCH3). MALDI-TOF
MS, m/z (%): 413 [M + K]+ (100).

9-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)cyclobrassinin (21)

To a solution of 1-(tetraacetyl-β-D-glucopyranosyl)brassinin (17; 0.057 g, 0.1 mmol) in
dichloromethane (1.2 ml) stirred at 30 °C was added a solution of N-bromosuccinimide
(0.018 g, 0.1 mmol) in dichloromethane (1.2 ml). After stirring for 5 min, triethylamine
(0.028 ml, 0.024 g, 0.2 mmol) was added, solvent evaporated and the residue chroma-
tographed on silica gel (10 g, eluent cyclohexane–acetone 4:1). During evaporation the
product separated as colorless crystals. Yield 0.022 g (40%), m.p. 140–142 °C, [ ]α D

25 –29.5
(c 0.19, dichloromethane). For C25H28N2O9S2 (564.6) calculated: 53.18% C, 5.00% H,
4.96% N; found: 52.93% C, 4.76% H, 6.96% N. IR (CHCl3): 1757 (C=O); 1220 (C–O).
1H NMR (300 MHz, CDCl3): 7.46–7.44 m, 2 H (H-5, H-8); 7.26–7.15 m, 2 H (H-6, H-7);
5.63–5.60 m, 1 H (H-2′); 5.59 d, 1 H, J = 9.0 (H-1′); 5.42–5.33 m, 2 H (H-3′, H-4′); 5.19 d, 1 H
and 4.83 d, 1 H, J = 18.0 (CH2N); 4.29–4.26 m, 2 H (H-6′a, H-6′b); 3.98–3.95 m, 1 H (H-5′);
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2.58 s, 3 H (SCH3); 2.16 s, 3 H; 2.11 s, 3 H; 2.04 s, 3 H and 1.58 s, 3 H (CH3CO). 13C NMR
(75 MHz, CDCl3): 170.54, 170.01, 169.36 and 168.22 (CH3CO); 153.02 (C=N); 136.98 (q),
126.22 (q), 123.93 (q), 122.29, 121.01, 117.61, 110.09 (q) and 106.06 (C-arom.); 83.50
(C-1′); 74.95 (C-5′); 72.87 (C-3′); 69.99 (C-2′); 67.81 (C-4′); 61.59 (C-6′); 48.55 (CH2N);
20.38, 20.64 and 19.89 (CH3CO); 15.53 (SCH3). EI MS, m/z (%): 564 (M+, 14), 272 (12), 230
(12), 201 (100), 169 (46), 109 (20), 43 (82).

9-(β-D-Glucopyranosyl)cyclobrassinin (22)

To a stirred solution of tetraacetyl derivative 21 (0.110 g, 0.2 mmol) in dry methanol (2 ml)
was added 0.1 M methanolic solution of sodium methoxide (0.4 ml, 0.04 mmol) and stirring
was continued at room temperature for 25 min. After neutralization with Amberlite IR-75 H+

(0.100 g) and stirring for 5 min, the resin was filtered off, washed with methanol, the fil-
trate was evaporated and the obtained residue chromatographed on silica gel (13 g, eluent
dichloromethane–methanol, 8:1). Yield 0.039 g (55%), m.p. 218–220 °C (acetone–hexane),
[ ]α D

25 84.9 (c 0.17, methanol). For C17H20N2O5S2 (396.5) calculated: 51.50% C, 5.08% H,
7.07% N; found: 51.78% C, 5.35% H, 6.90% N. IR (CHCl3): 3400 (br, O–H); 1617 (C=N);
1017 (C–O). 1H NMR (300 MHz, (CD3)2CO): 7.57 d, 1 H, J = 7.3 and 7.51 d, 1 H, J = 8.5
(H-5, H-8); 7.16–7.07 m, 2 H (H-6, H-7); 5.50 d, 1 H, J = 9.0 (H-1′); 5.31 d, 1 H and 4.77 d,
1 H, J = 17.7 (CH2N); 4.60 d, 1 H, J = 4.9, 4.44 d, 1 H, J = 4.4 and 4.37 d, 1 H, J = 3.2 (D2O
exchangeable, 3 × OH); 4.07–4.03 m, 2 H (H-2, OH); 3.92 d, 1 H, J(6′b,6′a) = 10.7 (H-6′a);
3.78 dd, 1 H, J(6′a,6′b) = 10.4, J(6′b,5′) = 4.8 (H-6′b); 3.69–3.61 m, 3 H (H-3′, H-4′, H-5′).
13C NMR (75 MHz, (CD3)2CO): 150.43 (C=N); 138.51 (q), 125.16 (q), 123.39 (q), 122.41,
120.97, 117.87, 112.35 (q) and 108.50 (C-arom.); 87.27 (C-1′); 80.89, 78.61 and 71.39 (C-3′,
C-4′, C-5′); 63.60 (C-2′); 61.59 (C-6′); 49.05 (CH2N); 15.24 (SCH3). MALDI-TOF MS, m/z (%):
395.3 [M – H2 + H]+ (100).

1-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)indole-3-carboxylic Acid (23)

A. By oxidation of aldehyde 15 with potassium permanganate: To a solution of 1-(2,3,4,6-
tetra-O-acetyl-β-D-glucopyranosyl)indole-3-carbaldehyde (15; 1.900 g, 4 mmol) in acetone
(80 ml) was added a solution of potassium permanganate (1.800 g, 11.4 mmol) in distilled
water (36 ml). The reaction mixture was stirred at room temperature for 3.5 h, decolorized
by addition of 3% solution of hydrogen peroxide (53 ml) and filtered. From the filtrate, the
acetone was evaporated thoroughly, the resulting solution diluted with distilled water
(30 ml), filtered and acidified with 2 M hydrochloric acid (2.7 ml). The separated precipitate
of acid 23 was filtered off with suction and dried. Yield 0.98 g (50%), m.p. 224–226 °C
(methanol).

B. By oxidation of aldehyde 15 with sodium chlorite: A solution of sodium chlorite (1.809 g,
20 mmol) and sodium dihydrogenphosphate dihydrate (2.940 g, 15 mmol) in water (10 ml)
was added at 0 °C to a suspension of 1-(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)indole-3-carb-
aldehyde (15; 0,475 g, 1 mmol) in a mixture of tert-butyl alcohol (10 ml) and 2-methyl-
but-2-ene (10 ml). Dioxane (12 ml) was added to dissolve starting aldehyde 15 and the mix-
ture was stirred at room temperature for 2 h. After dilution with water (30 ml), the product
was extracted with chloroform (2 × 20 ml), the extract was washed with brine (30 ml) and
water (50 ml), dried over anhydrous sodium sulfate, and solvent was evaporated under re-
duced pressure. Yield 0.460 g (93%), m.p. 234–237°C (ethyl acetate–hexane), [ ]α D

25 –34.4
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(c 0.20, dichloromethane). For C23H25NO11 (491.5) calculated: 56.21% C, 5.13% H, 2.85% N;
found: 56.37% C, 4.90% H, 2.61% N. IR (CHCl3): 3650 (O–H); 1750 and 1666 (C=O).
1H NMR (300 MHz, CDCl3): 8.27–8.24 m, 1 H, 8.09 s, 1 H, 7.50–7.48 m, 1 H and
7.35–7.28 m, 2 H (H-arom.); 5.68 d, 1 H, J = 8.6 (H-1′); 5.56–5.51 m, 2 H (H-2′, H-3′);
5.37–5.34 m, 1 H (H-4′); 4.34 dd, 1 H, J(6′b,6′a) = 12.6, J(6′b,5′) = 4.8 (H-6′b); 4.21 d, 1 H,
J(6′b,6′a) = 12.3 (H-6′a); 4. 05–4.02 m, 1 H (H-5′); 2.12 s, 3 H; 2.11 s, 3 H; 2.05 s, 3 H and
1.71 s, 3 H (4 × CH3CO). 13C NMR (75 MHz, CDCl3): 170.65, 170.21, 169.60 169.40 and
168.57 (CH3CO, C=O); 136.32 (q), 132.54, 126.93 (q), 123.72, 123.09, 122.27, 110.42 and
109.19 (q) (C-arom.); 83.76 (C-1′); 75.12 (C-5′); 73.02 (C-3′); 70.77 (C-2′); 67.94 (C-4′); 61.77
(C-6′); 20.75, 20.61 and 20.06 (CH3CO). MALDI-TOF MS, m/z (%): 530.6 [M + K]+ (36), 514.7
[M + Na]+ (76), 492 [M + H]+ (30), 474.1 (100).

1-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)indole-3-carbonyl Chloride (24)

To a suspension of carboxylic acid 23 (0.492 g, 1 mmol) in a mixture of dry benzene (10 ml)
and dry acetonitrile (1.6 ml) was added phosphorus trichloride (0.270 g, 0.175 ml, 2 mmol)
and the mixture was stirred at 50 °C (bath temperature) for 35 min. The resulting solution
was decanted from phosphorous acid deposited on the flask walls, the flask was washed with
dry benzene (12 ml) and the obtained solution concentrated to ca. 1/6 of its original volume
(bath temperature up to 30 °C) to remove excess of phosphorus trichloride. The obtained so-
lution of the unstable crude product was used in the next reactions.

1-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)indole-3-carbonyl Isothiocyanate (25)

The solution of crude acid chloride 24 freshly prepared from 1 mmol of acid 23 was diluted
with dry acetone (9 ml) and added in one portion to a solution of potassium thiocyanate
(0.097 g, 1 mmol) in dry acetone (4 ml). The mixture was stirred at room temperature for
1 h, filtered and the flask washed with dry acetone (10 ml). After evaporation of acetone the
crude isothiocyanate 25 is pure enough for the next reaction; however, it can be isolated
in pure crystalline form as follows: to an acetone solution of isothiocyanate prepared from
0.25 mmol of acid 23 was added a small amount of silica gel (100/200 µm) and, after evapo-
ration of acetone, the preadsorbed isothiocyanate was chromatographed on silica gel (40 g,
eluent hexane–ethyl acetate 1:1). Yield 0.080 g (25% based on 23), m.p. 175–178 °C
(acetone–cyclohexane), [ ]α D

25 –33.0 (c 0.09, dichloromethane). For C24H24N2O10S (532.5) cal-
culated: 54.13% C, 4.54% H, 5.26% N; found: 54.42% C, 4.20% H, 4.93% N. IR (CHCl3):
1966 (N=C=S); 1750 and 1706 (C=O). 1H NMR (300 MHz, CDCl3): 8.24–8.20 m, 1 H (H-4);
8.03 s, 1 H (H-2); 7.49–7.46 m, 1 H (H-7); 7.49–7.27 m, 2 H (H-5, H-6); 5.67 d, 1 H, J = 8.9
(H-1′); 5.47 m, 2 H (H-2′, H-3′); 5.35–5.32 m, 1 H (H-4′); 4.34 dd, 1 H, J(6′b,6′a) = 12.5,
J(6′b,5′) = 4.8 (H-6′b); 4.22–4.18 m (H-6′a); 4.05–4.00 m, 1 H (H-5′); 2.11 s, 3 H; 2.10 s, 3 H;
2.03 s, 3 H and 1.68 s, 3 H (4 × CH3CO). 13C NMR (75 MHz, CDCl3): 170.58, 170.12, 169.37
and 168.56 (CH3CO); 136.77 (q), 134.05, 128.41 (q), 124.69, 123.97, 122.32, 112.43 (q) and
110.57 (C-arom.); 126.32 (NCS); 83.64 (C-1′); 75.34 (C-5′); 72.79 and 70.97 (C-2′, C-3′);
67.86 (C-4′); 61.73 (C-6′); 20.76, 20.60 and 20.04 (CH3CO). EI MS, m/z (%): 532 (M+, 23),
474 [M – NCS]+ (100), 472 (53), 331 (91), 271 (14), 229 (13), 211 (13), 186 (17).
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1-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)indole-3-carboxamide (26)

The freshly prepared crude acid chloride 24 obtained from acid 23 (0.500 g, 0.102 mmol)
after evaporation of the reaction mixture to dryness was dissolved in dry benzene (8 ml) and
gaseous ammonia was bubbled through the solution until the formation of precipitate
stopped. The dissolved portion of product was precipitated by adding hexane, the precipi-
tate was filtered off, dried and thoroughly washed with water to remove ammonium chlo-
ride and then dried. Yield 0.366 g (73% based on 23), m.p. 216–219 °C (ethanol), [ ]α D

25 –33.8
(c 0.45, chloroform). For C23H26N2O10 (490.5) calculated: 56.32% C, 5.34% H, 5.71% N;
found: 56.19% C, 5.48% H, 5.66% N. IR (CHCl3): 3417 (N–H); 1750 and 1653 (C=O).
1H NMR (300 MHz, (CD3)2SO): 8.28–8.24 m, 2 H (H-2, H-4); 7.80 d, 1 H, J = 7.9 (H-7);
7.53 br s, 1 H (NH); 7.27–7.36 m, 2 H (H-5, H-6); 7.06 br s, 1 H (NH); 6.38 d, 1 H, J = 8.5
(H-1′); 5.69–5.65 m, 1 H (H-3′); 5.59–5.56 m, 1 H (H-2′); 5.34–5.26 m, 1 H (H-4′); 4.46–4.44 m,
1 H (H-5′); 4.26–4.19 m, 2 H (H-6′a, H-6′b); 2.15 s, 3 H; 2.10 s, 3 H; 2.07 s, 3 H and 1.73 s,
3 H (4 × CH3CO). 13C NMR (75 MHz, (CD3)2SO): 170.21, 169.66, 168.57, 167.27 and 165.87
(CH3CO, C=O); 136.22 (q), 128.74, 126.86 (q), 122.84 (double intensity), 121.71, 112.25 (q)
and 111.04 (C-arom.); 81.88 (C-1′); 73.38 (C-5′); 72.55 (C-3′); 70.45 (C-2′); 68.09 (C-4′);
62.13 (C-6′); 20.66, 20.57, 20.42 and 19.92 (CH3CO). EI MS, m/z (%): 490 (M+, 22), 331 (14),
169 (47), 144 (14), 109 (30), 43 (100).

Reaction of 1-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)indole-3-carbonyl
Isothiocyanate (25) with Sodium Hydrogensulfide

To a solution of crude isothiocyanate 25, prepared from 1 mmol of acid 23, in dry tetra-
hydrofuran (12 ml) was added methyl iodide (426 mg, 0.118 ml, 3 mmol) and sodium
hydrogensulfide hydrate (NaSH·xH2O, 0.222 g, ca. 2.5 mmol) and the mixture was stirred at
room temperature for 3 h. To the resulting mixture was added a small amount of aluminium
oxide and solvent evaporated. Chromatography of the preadsorbed product on aluminium
oxide (Brockmann II, 105 g, eluent benzene–acetone 7:1) afforded compounds 27 and 28.

1-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)oxobrassinin (27). Yield 0.099 g (17% based on
23), m.p. 152–155 °C (acetone–cyclohexane), [ ]α D

25 –52.0 (c 0.19, dichloromethane). For
C25H28N2O10S2 (580.6) calculated: 51.71% C, 4.86% H, 4.82% N; found: 51.46% C, 4.57% H,
5.08% N. IR (CHCl3): 3400 (N–H); 1753 and 1683 (C=O); 1453 (NHCS). 1H NMR (300 MHz,
CDCl3): 10.05 s, 1 H (NH); 8.18–8.15 m, 1 H, 7.97 s, 1 H, 7.49–7.46 m, 1 H and 7.37–7.35 m,
2 H (H-arom.); 5.75 d, 1 H, J = 8.6 (H-1′); 5.54–5.42 m, 2 H (H-2′, H-3′); 5.34–5.28 m, 1 H
(H-4′); 4.38–4.28 m, 2 H (H-6′a, H-6′b); 4.20–4.16 m, 1 H (H-5′); 2.72 s, 3 H (SCH3); 2.12 s,
3 H; 2.11 s, 3 H; 2.05 s, 3 H and 1.63 s, 3 H (4 × CH3CO). 13C NMR (75 MHz, CDCl3):
185.63 (C=S); 170.50, 170.21, 169.30 and 168.51 (CH3CO, C=O); 136.14 (q), 129.80, 125.59
(q), 123.91, 123.25, 122.30, 118.13 (q) and 110.18 (C-arom.); 83.56 (C-1′); 75.02 (C-5′);
72.91 (C-3′); 70.56 (C-2′); 67.87 (C-4′); 61.69 (C-6′); 20.65, 20.51 and 19.96 (CH3CO); 10.97
(SCH3). EI MS, m/z (%): 532 [M – CH3SH]+ (24), 474 (80), 331 (17), 169 (91), 144 (22), 109
(38), 43 (100).

Methyl 1-(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)indole-3-carbothioate (28). Yield 0.18 g
(34% based on 23), m.p. 144–146 °C (toluene–light petroleum), [ ]α D

25 –30.4 (c 0.10, dichloro-
methane). For C24H27NO10S (521.5) calculated: 55.27% C, 5.22% H, 2.69% N; found: 55.56% C,
5.41% H, 2.80% N. IR (CHCl3): 1753 and 1640 (C=O); 1213 (C–O). 1H NMR (300 MHz,
CDCl3): 8.28–8.25 m, 1 H, 8.01 s, 1 H, 7.47–7.44 m, 1 H and 7.35–7.18 m, 2 H (H-arom.);
5.65 d, 1 H, J = 8.7 (H-1′); 5.55–5.43 m, 2 H (H-2′, H-3′); 5.35–5.28 m, 1 H (H-4′); 4.32 dd,
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1 H, J(6′b,6′a) = 12.5, J(6′b,5′) = 4.9 (H-6′b); 4.19 dd, 1 H, J(6′b,6′a) = 12.5, J(6′b,5′) = 2.0
(H-6′a); 4. 05–4.01 m, 1 H (H-5′); 2.49 s, 3 H (SCH3); 2.10 s, 3 H; 2.09 s, 3 H; 2.03 s, 3 H and
1.69 s, 3 H (4 × CH3CO). 13C NMR (75 MHz, CDCl3): 170.57, 170.08, 169.45 and 168.56
(CH3CO); 159.88 (C=O); 136.50 (q), 128.63, 126.05 (q), 124.49, 123.23, 121.80, 110.68 (q)
and 110.02 (C-arom.); 83.00 (C-1′); 75.34 (C-5′); 72.59 (C-3′); 71.20 (C-2′); 68.07 (C-4′);
62.12 (C-6′); 20.61 (triple intensity), 19.96 (CH3CO, SCH3); 10.97 (SCH3). EI MS, m/z (%):
521 [M]+ (24), 474 (36), 331 (9), 169 (100), 144 (35), 109 (34), 43 (44).

1-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)brassenin B (29)

A. By reaction of oxobrassinin 27 with methyl iodide: To a solution of oxobrassinin 27 (0.1 g,
0.17 mmol) in dry acetone (6 ml) was added methyl iodide (0.072 g, 0.032 ml, 0.51 mmol)
and anhydrous potassium carbonate (0.024 g, 0.17 mmol) and the mixture was stirred at
room temperature for 1 h. After pouring into cold water (20 ml), the product was extracted
with chloroform (3 × 25 ml), the extract was dried with anhydrous sodium sulfate and sol-
vent evaporated. The precipitate, formed after addition of diethyl ether to the oily residue,
was filtered off and dried. Yield 0.059 g (58%).

B. By the reaction of acid chloride 24 with dimethyl carbonimidodithioate: To a stirred solution
of crude acid chloride 24 (the reaction mixture concentrated to approximately 1/4 of its
original volume), freshly prepared from 0.4 mmol of acid 23, was added a solution of
dimethyl carbonimidodithioate hydroiodide (0.100 g, 0.4 mmol) in pyridine (4 ml, stored
over sodium hydroxide) and the reaction mixture was stirred at room temperature for 1.5 h.
After pouring into water (70 ml), the product was extracted with diethyl ether (3 × 30 ml),
the extract was washed with saturated solution of sodium hydrogencarbonate (3 × 50 ml),
dried over anhydrous sodium sulfate, solvent was evaporated and the obtained residue was
chromatographed on silica gel (30 g, eluent hexane–ethyl acetate 1:1). Yield 0.078 g (33%,
from acid 23), m.p. 175–177 °C (acetone–cyclohexane), [ ]α D

25 –56.4 (c 0.21, dichloro-
methane). For C26H30N2O10S2 (594.7) calculated: 52.51% C, 5.08% H, 4.71% N; found:
52.77% C, 5.19% H, 4.53% N. IR (CHCl3): 1750 and 1623 (O=C–N=C); 1212 (C–O). 1H NMR
(300 MHz, CDCl3): 8.38–8.36 m, 1 H, 8.00 s, 1 H, 7.46–7.44 m, 1 H and 7.35–7.28 m, 2 H
(H-arom.); 5.69 d, 1 H, J(1′,2′) = 9.1 (H-1′); 5.60 t, J(1′,2′) = 9.1, J(2′,3′) = 9.2 (H-2′); 5.48 t,
1 H, J(2′,3′) = 9.2, J(3′,4′) = 9.2 (H-3′); 5.32 t, 1 H, J(4′,5′) = 9.7, J(3′,4′) = 9.7 (H-4′); 4.32 dd,
1 H, J(6′b,6′a) = 12.5, J(6′b,5′) = 5.1 (H-6′b); 4.19 d, 1 H, J(6′b,6′a) = 12.1 (H-6′a); 4.08–4.04 m,
1 H (H-5′); 2.63 s, 6 H (2 × SCH3); 2.10 s, 3 H; 2.09 s, 3 H; 2.05 s, 3 H and 1.74 s, 3 H (4 ×
CH3CO). 13C NMR (75 MHz, CDCl3): 176.79 and 172.25 (O=C–N=C); 170.55, 170.11, 169.44
and 168.76 (CH3CO); 136.83 (q), 132.06, 127.20 (q), 123.76, 123.04, 122.68, 115.57 (q) and
110.09 (C-arom.); 83.44 (C-1′); 74.90 (C-5′); 73.27 (C-3′); 70.15 (C-2′); 68.03 (C-4′); 61.83
(C-6′); 20.72, 20.61 and 20.17 (CH3CO); 16.11 (SCH3). MALDI-TOF MS, m/z (%): 634.6
[M + K]+ (19), 617.8 [M + Na]+ (63), 595.4 [M + H]+ (76), 474.1 (100).

1-(β-D-Glucopyranosyl)brassenin B (30)

To a stirred solution of tetraacetyl derivative 29 (0.059 g, 0.1 mmol) in dry methanol (1 ml)
was added 0.1 M methanolic solution of sodium methoxide (0.1 ml, 0.001 mmol) and stir-
ring was continued at room temperature for 20 min. After neutralization with Amberlite
IR-75 H+ (0.050 g) and stirring for 5 min, the resin was filtered off, washed with methanol,
the filtrate was evaporated and the obtained residue chromatographed on silica gel (7 g,
eluent dichloromethane–methanol 8:1). The oily product obtained after evaporation of
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eluate crystallized after addition of diethyl ether. Yield 0.035 g (83%), m.p. 108–112 °C, [ ]α D
25

–7.7 (c 0.14, methanol). For C18H22N2O6S2 (426.5) calculated: 50.69% C, 5.20% H, 6.75% N;
found: 50.42% C, 4.99% H, 6.81% N. IR (CHCl3): 3420 (br, O–H); 1606 (O=C–N=C). 1H NMR
(300 MHz, (CD3)2CO): 8.26–8.23 m, 2 H, 7.68–7.66 m, 1 H and 7.27–7.24 m, 2 H (H-arom.);
5.61 d, 1 H, J(1′,2′) = 9.0 (H-1′); 4.69 d, 1 H, J = 4.8, 4.53 s, 1 H and 4.39 s, 1 H (D2O ex-
changeable, 3 × OH); 4.72–4.66 m, 1 H (H-2′); 4.00–3.75 m, 4 H (H-4′, H-5′, H-6′a, H-6′b);
3.67–3.62 m, 1 H (H-3′); 2.60 s, 6 H (2 × SCH3). 13C NMR (75 MHz, (CD3)2CO): 175. 22 and
174.12 (O=C–N=C); 138.18 (q), 135.34, 127.76 (q), 124.21, 123.34, 122.18, 113.72 (q) and
112.85 (C-arom.); 86.67 (C-1′); 80.13 (C-3′); 78.12 (C-5′); 73.02 (C-2′); 70.57 (C-4′); 62.02
(C-6′); 16.07 (SCH3). MALDI-TOF MS, m/z (%): 465.5 [M + K]+ (48), 449.7 [M + Na]+ (100),
427.6 [M + H]+ (70).

We thank the Slovak Grant Agency for Science (grant No. 1/9246/02) for financial support of this
work.
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