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A convergent synthesis of 1-(B-p-glucopyranosyl)-, 1-(a-p-mannopyranosyl)- and 1-(3-p-ribo-
furanosyl)benzocamalexin was elaborated as an alternative route to the linear approach
based on the indoline-indole method. 1,2-Anhydrosaccharides and 1,2-cyclic sulfites as
saccharide donors were used in the key glycosylation step. Coupling with benzocamalexin
resulted in moderate to excellent yields of nucleoside analogs, depending on the saccharide
donor, catalyst and solvent used.
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Indole glycosides are a group of nucleoside analogs possessing a broad spec-
trum of biological activities. Neosidomycin'®1® and SF-2140 10-1¢ kahak-
amides A and B19 and recently developed glycosides of isoindigo’® and
oxindole!f are compounds with antibacterial properties. On the other hand,
rebeccamycin, a microbial metabolite isolated from cultures of Saccharothrix
aerocolonigenes, possesses anticancer activity?®. Intensive structure-activity
relationship studies of rebeccamycin analogs uncovered several interesting
glycosylindolocarbazoles as attractive cancer chemotherapy agents??:2¢,
Our research aimed at 1-glycosides derived from natural phytoalexins®
outlined the structures of 1-a-D-mannopyranosyl- (1c), 1-B-b-ribofuranosyl-
benzocamalexin*® (1d) and 1-B-pD-glucopyranosyl-6-methoxybenzo-
camalexin®® (1b) with promising antiproliferative activity. Recently we de-
scribed the synthesis of compounds 1b-1d via the linear indoline-indole
method® starting from corresponding glycosylindolines®. The linear ap-
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proach took advantage of enhanced nucleophilicity of indoline in compari-
son with the less nucleophilic indole ring thus allowing utilization of either
unprotected saccharides!®!f or their peracetylated, commercially and syn-
thetically easily accessible derivatives*. On the other hand, a synthetic
pathway from glycosylated indoline to the target benzocamalexin moiety
inevitably influences the saccharide due to side reactions diminishing the
yields and limits the selection of suitable reaction conditions for modifica-
tion of aglycon. These inconveniences could be avoided in the conver-
gent approach based on separate preparation of final aglycon structure and
its subsequent coupling with appropriate saccharide donor in the glyco-
sylation step. However, indole derivatives exhibit low nucleophilicity and
hence highly reactive saccharide donors should be employed.
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Our initial attempts at glycosylation of benzocamalexin (1a) included
widely used glycosyl donors, namely tetra-O-acetyl-a-D-glucopyranosyl
bromide under the Koenigs-Knorr conditions®’, trichloroacetimidates’,
tetra-O-benzyl-a-b-glucopranosyl chlorides®, tetra-O-benzyl-bD-gluco-
pyranose in the Mitsunobu reaction® and 5-O-(tert-butyldimethylsilyl)-
2,3-0O-isopropylidene-a-b-ribofuranosyl chloride in the Robinson method?°,
All of these methods failed in preparation of benzocamalexin glycosides.
Continuous search for suitable glycosyl donors finally led us to examine
the Danishefsky method using 1,2-anhydrosacharides!! along with a new
type of glycosylation agents setting as epoxide replacement!?13 — 1,2-cyclic
sulfites.

Applicability of 1,2-epoxides and corresponding 1,2-cyclic sulfites in
stereoselective synthesis of B-D-glucopyranosyl-, B-D-ribofuranosyl- and
a-D-mannopranosylbenzocamalexin is reported.

The benzylated saccharide donor, 1,2-anhydro-a-D-glucopyranose (4a),
was prepared from commercial penta-O-acetyl-B-D-glucose (2) in five steps
(Scheme 1). Bromination of 2143 reductive elimination with Zn in acetic
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acid® followed by deacetylation!4¢ and benzylation!4d afforded the de-
scribed 3,4,6-tri-O-benzylglucal (3)*¢ in a good, 70% overall yield from 2
(Scheme 1). This sequence was performed without time-consuming chro-
matographic purifications except for compound 3. Epoxidation of 3, effi-
ciently performed with the Camp reagent, 3-chloroperoxybenzoic acid
(CPBA), and KF afforded a mixture of 1,2-anhydroglucopyranose (4a) and
1,2-anhydromannopyranose (4b; Scheme 1) in the ratio 9:1, as reported in
literature¥'. Instability of epoxides precluded separation of isomers and a
mixture of 4a and 4b was used in reaction with saccharide acceptor 1a.
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(i) 33% HBr in AcOH, CH,Cl,, 0 °C-r.t., 1.5 h; (i) Zn, 50% AcOH, —15 °C—r.t., 2.5 h; (iii) K,COs3,
MeOH, 40 min; (iv) KOH, BnBr, DMSO, 48 h, 70% based on 2; (v) CPBA, KF, CH,Cl,, Ny, 17 h

SCHEME 1

Stereoselective preparation of 1,2-anhydro-B-D-mannopyranose (4b) uti-
lized intramolecular ring closure for 2-O-acetyl-3,4,6-tri-O-benzyl-a-D-
mannopyranosyl chlorid (7; Scheme 2). Compound 7 was prepared from
D-mannose (5) peracetylated in a mixture of pyridine/acetic anhydride fol-
lowed by bromination'4d. The 1,2-orthoester ring formation> furnished
peracetylated 3,4,6-tri-O-acetyl-1,2-O-(1-methoxyethylidene)-a-D-manno-
pyranoside which was transformed to the described perbenzylated analog
6 15° in overall 75% yield based on 5 (Scheme 2). Again, no column chro-
matography was employed except for 6 which was subsequently smoothly
converted to 1,2-anhydro-f-D-mannopyranose 4b by the well-known cyclic
orthoester ring opening with trimethylsilyl chloride!® (TMSCI) followed by
one-pot hydrolysis of chloride!” 7. The course of the reaction was difficult
to monitor since 1,2-anhydrosugar 4b completely decomposes when spot-
ted on TLC plate. However, disappearance of the starting material could be
clearly indicated. The reactivity of 4b allowed its structure verification after
quantitative methanolysis to 1-O-methyl-3,4,6-tri-O-benzyl-a-D-manno-
pyranoside!®.
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(i) Ac,0, pyridine, 5 h; (i) 33% HBr in AcOH, CH,Cl,, 0 °C-r.t., 2.5 h; (iii) MeOH, BugNBr, Et3N,
1,2-DCE, N, 75 °C, 16 h; (iv) K,CO3, MeOH, 2 h; (v) BnBr, KOH, DMSO, 48 h, 75% based on 5;
(vi) TMSCI, CH,Cly, 0 °C, Ny, 1.5 h; (vii) t-BuOK, THF, Ny, r.t.—reflux, 1 h

SCHEME 2

The strategy and conditions for preparation of the perbenzylated
orthoester 6 (Scheme 2) were used for the synthesis of 1,2-anhydro-a-D-
ribofuranose (12; Scheme 3). Commercial peracetylated B-D-ribofuranose
(8) was chlorinated with a mixture of acetyl chloride and methanol serving
as a milder source of HCI compared with the reported SOCI,/acetic acid
mixture'®. The orthoester ring formation was to date described for the reac-
tion of 2,3-di-O- acetyl-5-O-benzyl-B-D-ribofuranosyl chloride with
(dimethoxymethyl)dimethylamine?°. The same orthoester ring formation
was in our case achieved by the treatment of crude tetra-O-acetyl-B-D-ribo-
furanosyl chloride with methanol, Bu,NBr and Et;N in dry 1,2-dichloro-
ethane (1,2-DCE) at 70 °C. The required 3,5-di-O-acetyl-1,2-O-(1-methoxy-
ethylidene)-a-p-ribofuranoside (9) was obtained from 8 in excellent 98%
yield. An exchange of protecting groups yielded compound 10 (77%;
Scheme 3). Instability of new, as yet undescribed 1,2-cyclic orthoesters 9
and 10 allowed confirmation of structure only by *H and *3C NMR analysis
since attempts to obtain an accurate elemental analysis and mass spectra
were unsuccessful. The reaction of 10 with TMSCI afforded chloride 11 and
one-pot reaction with t-BuOK in dry THF afforded 1,2-anhydro-a-D-ribo-
furanose (12) after the SN2 reaction of C-2 acetoxy group with anomeric
chlorine as a living group. The opposite ring closure of C-1 acetoxy group
with C-2 tosyl living group was reported?l. The ring closure reaction ap-
peared temperature-sensitive. Heating of the reaction mixture, as in the
case of mannopyranosyl derivative (Scheme 2), caused decomposition since
no methyl 3,5-di-O-benzyl-B-b-ribofuranoside was detected after alcoholysis
in dry methanol?!. Ambient temperature appeared sufficient for the effec-
tive epoxide ring formation but some loss could not by avoided since cool-
ing of the reaction produced only diol 17 (Scheme 5). Due to its instability,
the structure of compound 12 was confirmed after alcoholysis in dry meth-
anol with the formation of expected methyl 3,5-di-O-benzyl-B-D-ribo-
furanoside?! in 63% yield.
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(i) AcCl, MeOH, CH,Cl,, 3 days; (i) MeOH, EtzN, BuyNBr, 1,2-DCE, Ny, 70 °C,
24 h, 98% based on 8; (jii) K,COz, MeOH, 30 min; (iv) BnBr, KOH, DMSO, 24 h,
77%; (v) TMSCI, CH,Cl,, 0 °C, N, 5 min; (vi) t-BuOK, THF, Np, 0 °C-r.t., 1 h

SCHEME 3

The glycosylation step included in situ generation of benzocamalexin an-
ion with NaH (1 equivalent) in appropriate solvent (DMF or CH;CN)?? and
subsequent condensation with a mixture of epoxides 4a and 4b (prepared
from 2 to 3 equivalents of 3) under N, atmosphere. The reaction mixture
was stirred at elevated temperature (Table I) and products isolated by silica
gel chromatography. Two compounds, major B-glucopyranoside 13 and mi-
nor a-mannopyranoside 14 (Scheme 4) were obtained in good to very good
yields (60-81%). The ratio of compounds 13 and 14 appeared to be signifi-
cantly solvent-dependent (Table 1). To the best of our knowledge, similar
chemistry of 1,2-anhydrosacharides is not known in glycoside preparations.
Plausibly, less polar acetonitrile discriminates more between the reactivities
of epoxides 4a and 4b (Scheme 1) favoring a-isomer 4a and thus producing

TaBLE |
The effect of reaction conditions on glucosylation of benzocamalexin (1a) in the reaction
with a mixture of epoxides 4a and 4b

Epoxides 4a and

4b equiv. Reaction conditions Yield, % Ratio 13:14
2 NaH, DMF, 50 °C, 5 h 60

3 NaH, DMF, 50 °C, 5 h 81 1
2.25 NaH, CH,CN, 55 °C, 5 h 70

2.25 NaH, CH,CN, 18-crown-6, 60 °C, 3 h 79 191
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a high yield of B-glycoside 13 whereas less reactive compound 4b is mostly
consumed in competitive side and decomposition reactions.
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(i) 1. 1a, NaH, N, CH3CN, 18-crown-6 or 15-crown-5, 40 °C, 30 min, 2. 12, CH3CN, N,, 55 °C,

2 h, 35 or 41%; (i) 1. 1a, NaH, N, CH3CN, 18-crown-6, 40 °C, 30 min, 2. 4b, CH3CN, N, 65 °C,

5 h, 69%; (iii) 1. 1a, NaH, N, CH3CN, 18-crown-6, 40 °C, 30 min, 2. 4a and 4b, CH3CN, N, 60 °C,
3 h, 79%, for other conditions, see Table |

SCHEME 4

The minor a-mannopyranosylbenzocamalexin 14 (Scheme 4) was selec-
tively prepared in a good 69% vyield by an analogous reaction of benzo-
camalexin sodium salt with epoxide donor 4b obtained in one-pot se-
quence from orthoester 6 (Scheme 2). Ribosylation of 1a was not as effi-
cient as previous preparations of glucosyl and mannosyl derivatives (13 and
14, respectively). Employing either 18-crown-6 catalysts or 15-crown-5
ether, better fitting Na cation, brought no significant improvement and
benzylated B-D-ribofuranosylbenzocamalexin 15 (Scheme 4) was prepared
in moderate 35 or 41% yields. Lower yields of ribofuranoside 15 could be
ascribed to the above mentioned higher instability of epoxide 12, com-
pared with pyranosyl analogs 4a and 4b. While decomposition and side re-
actions competed with glycosylation in the case of 1,2-anhydroglucose 4a
and 1,2-anhydromannose 4b, they became prevalent in ring closure
(Scheme 3) and opening (Scheme 4) reactions of 1,2-anhydroribose 12 and,
consequently, minimized the yield of ribofuranosylbenzocamalexin 15.
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Anhydrosugars worked well in glycosylation of benzocamalexin 1a as de-
scribed above; however, their instability affected the yields of target
glycosides. These results prompted us to study 1,2-cyclic sulfites derived
from glucose, mannose and ribose as isolable, stable and accessible substi-
tutes for epoxides 4a, 4b and 12. Our interest arose from the reported func-
tion of 1,2-cyclic sulfites as an epoxide replacement in preparation of chiral
amino alcohols along with their stability’? described for glucopyranosyl-
20282-23¢ gand ribofuranosyl- 21 24¢ analogs (Scheme 6). Cyclic sulfites are
rarely exploited compounds in glycosylation chemistry; they are mainly
used in the synthesis of several C-1, C-4 and C-6 azidosaccharides?#2-24d and
in preparation of uracil derivatives?32. To the best of our knowledge, similar
reactions of indoles as nucleophiles with 1,2-cyclic sulfites have not been
described.

Synthesis of 1,2-O-sulfinyl-a-D-glucopyranose (20; Scheme 6) was previ-
ously accomplished by treatment of SOCI, or 1,1'-sulfinyldiimidazole
[SO(Im),] with appropriately protected diol 19 (Scheme 5), generated by
hydroxylation of the corresponding glucal 3 (Scheme 1)230:23¢_|n our case,
we used conveniently prepared orthoesters 6 and 10 (Schemes 2 and 3).
Their acid hydrolysis'®® afforded in excellent 95 to good 78% yields the re-
quired diols 16 and 17 (Scheme 5), known from literature?>®25>_ Prepara-
tion of diol 19 started from penta-O-acetyl-B-D-glucose (2; Scheme 1) which
was transformed in four steps to 3,4,6-tri-O-benzyl-1,2-O-(1-methoxyethyl-

. OBnOH ) BnO o
6 0] BnO -0 10 (ii) OH
BnO
16 OH BnO OH
17
OBn OBn
(iii)y—(vi) BnO (e} (vii) BnO o}
BnO o BnO HO ““OH
<20
18 O\ 19

(i) 1.5 M HySOy, dioxane, 110 °C, 1.5 h, 95%; (ii) 1.5 M H,SOy, dioxane, 110 °C, 1 h,
78%: (iii) 33% HBr in ACOH, CH,Cl,, 0 °Cr.t., 1.5 h; (iv) MeOH, BugNBr, Et3N, 1,2-DCE,
N, 45 °C, 16 h; (v) K,CO3, MeOH, 2 h; (vi) BnBr, KOH, DMSO, 48 h, 70% from 2; (vii)

1 M H,S0,, dioxane, 110 °C, 2 h, 93%

SCHEME 5
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idene)-a-D-glucopyranose (18) in 70% overall yield from 2 (Scheme 6) un-
der the same conditions as used for synthesis of orthoester 6 (Scheme 2).
The acid hydrolysis'® of known orthoester 18 25¢ gave diol 19259 in 93%
yield (Scheme 5) without using column chromatography except for the last
step.

The reaction of diols 17 and 19 with SOCI, in the presence of pyridine as
acid scavenger in dry CH,CI, (lit.*?") proceeded smoothly and afforded
1,2-cyclic sulfites 20 and 21 (Scheme 6). Compounds 20 and 21 were easy
to isolate in very good 83 and 71% yields as a mixture of endo and exo
diastereoisomer at sulfur, as reported?® (Scheme 6). Unexpectedly, attempts
at thionylation of 2,4,6-tri-O-benzyl-D-mannopyranose (16) failed. Treat-
ment of 16 either with SOCI, in dry CH,CI, or with more reactive
1,1'-sulfinyldiimidazole [SO(Im),] in THF 23>:23¢ did not produce the re-
quired cyclic sulfite 22 (Scheme 6). Monitoring the reaction by TLC re-
vealed the presence of the unreacted starting material along with strong de-
composition. 1,2-Cyclic sulfite 22 is probably highly instable due to the
anomeric affect causing destabilization of the saccharide in unfavorable

B-configuration.
(i) >*< (i)
BnO o OBn ,/o
BnO
BnO P BnO (0]

BnO 0-&
2 W
20 © 21 o 22

N
©
=
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o

(i) SOCl,, pyridine, CH,Cly, 0 °C, Ny, 15 min, 83%; (i) SOCl,, pyridine, CH,Cl,, 0 °C, Ny,
1 h, 71%; (iii) SOCI,, pyridine, CH,Cl,, 0 °C, N, or SO(Im) 5, THF, —20 °C, N,

SCHEME 6

The sodium salt of benzocamalexin la was glycosylated in a model reac-
tion employing the conditions reported for preparation of carbocyclic ade-
nine derivative!®. The nucleophilic opening of sulfite 20 by 3 h heating at
100 °C in dry DMF under N, atmosphere proceeded with complete stereo-
and regioselectivity via C-1' attack to give 1,2-trans glycoside 13 (Scheme 4)
albeit in modest 19% vyield (Table Il, entry 1). Exchange of either the cata-
lyst or base did not lead to improvement of the yield (Table I1). In addition,
glycosylation carried out at ambient temperature revealed low reactivity of
cyclic sulfite and substantial amount of 20 was present in the reaction mix-
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ture even after 48 h reaction. Thus, compared with epoxides 4a and 4b, the
proposed stability of 1,2-cyclic sulfite 20 at ambient temperatures but, hand
by hand, their lower reactivity required elevated reaction temperatures
(=100 °C) led to decomposition which was faster than the ring opening Sy2
substitution.

TaBLE 1l
Reaction conditions in glycosylation of benzocamalexin (1a) with cyclic sulfite 20

Entry Reaction conditions Yield, %
1 NaH, DMF, 18-crown-6, 100 °C 19
2 NaH, DMF, 15-crown-6, 100 °C 20
3 DBU, DMF, 60 °C 15

The treatment of benzocamalexin 1a with KOH (8 equivalents) in DMF in
the presence of drying agent Na,SO, appeared to be more promising. The
added 1,2-O-sulfinyl-a-D-glucopyranose 20 was consumed at room tempera-
ture in 0.5 h, providing glycoside 13 in 44% yield (Table Ill, entry 1). Our
effort continued by changing the reagent and temperature but compound
13 was only prepared in a lower yield (Table Ill, entries 2-7) underlining
the low reactivity of 20.

TasLE 111
Reaction conditions in glycosylation of benzocamalexin (1a) with cyclic sulfite 20

Entry Reaction conditions Yield, %1
1 KOH (8.0 equiv.), DMF, Na,SO,, r.t. 44
2 KOH (8.0 equiv.), DMF, Na,SO,, 0 °C 24
3 t-BuOK (8.0 equiv.), DMF, r.t. 31
4 KOH (8.0 equiv.), CH;CN, Na,SO,, r.t. 24
5 KOH (1.2 equiv.), DMF, Na,SO,, r.t. 17
6 KOH (1.5 equiv.), DMF, Na,SO,,100 °C 28
7 KOH (8.0 equiv.), DMF, mol. sieves 4A, r.t. 33
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The treatment of 3,5-di-O-benzyl-1,2-O-sulfinyl-a-D-ribofuranoside (21;
Scheme 6) with saccharide acceptor la under most appropriate reaction
conditions (Table 111, entry 1) afforded B-riboside 15 although similarly in a
moderate 29% yield.

Debenzylation of compounds 13, 14 and 15 (Scheme 4) was inevitably
the last task in development of convergent glycosylation of indole aglycon
1la inasmuch as deprotected compounds 1c, 1d and 23 were tested and re-
vealed antiproliferative activities®. The catalytic hydrogenation on Pd black
was exploited for many indolocarbazole derivatives2®-2¢-6a |n our case we
proposed a thiazole ring interaction with the catalyst since sulfur acts as
a well-known catalytic poison of Pd. On the other hand, deprotection of
benzyl ether with Lewis acids BBr; (1it.25%) and AICI,/PhNMe, (lit.?5) is de-
scribed. These debenzylations were used in the preparation of glycosyl-
isoindigo’® and oxindolelf with good (60%)'¢ to modest (26%)f yields.
More efficient deprotection using FeCl; for simple mono-27227° and oligo-
saccharides?’ was reported as well. Previous reaction conditions?’¢ were ad-
justed in our case of indole glycosides 13-15 (Scheme 4) and 4 equivalents
of FeCl; per benzyl group, 0 °C and 45-min reaction time were necessary to
deprotect the saccharide moiety. Unfortunately, the presence of decomposi-
tion products complicated chromatographic purification of glycosides 1c,
1d and 23. Thus, before isolation, acetylation in a Py/Ac,0 mixture was
performed and recently described peracetylated products 24 (81%), 26
(77%)** and the new (tri-O-acetyl-B-D-ribofuranosyl)benzocamalexin 25
(75%) were easy to isolate. The described deacetylation of compounds 24,
26 “2 and 25 with K,CO4 in dry methanol afforded target compound 1c, 1d
and 23 identical with those reported in literature®?

AcO

OAc
AcO -Q
N AcO
S /)
26 N
4 j\ l:
AcO
N
o NE
S
23, R=OH @

24, R = OAc AcO OAc 25

We recently reported detailed NMR study of acetylated glycoside 26. Its
B-counterpart adopted undoubtedly common “C; conformation as de-
picted. This conclusion arose from comparison of hydrogen coupling con-
stants of a-D-mannopyranosyl ring: J(3',4") = 8.4 and J(4',5') = 8.3 Hz, that
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represent a clear vicinal trans-diaxial interaction of hydrogen H-3', H-4' and
H-5' (lit.*8). The benzylated analog 14 (Scheme 4) revealed considerably
lower trans-diequatorial coupling constants J(4',5') = 5.3 and J(3',4") =
5.8 Hz thus confirming a transformation into C, conformation. This un-
usual conformation can be attributed to the bulkiness of the indole moiety
which prefers the less hindered equatorial conformation in spite of pre-
sented anomeric affect. This stereoelectronic factor is not as dominant in
N-glycosides as in O-glycosides; thus steric hindrance of the indole moiety
and benzylated mannopyranosyl ring became prevalent in 14. The ex-
change of bulky benzyl protecting groups for small acetyls in 26 dimin-
ished the mentioned interactions and caused the anomeric effect to become
more important for the mannopyranosyl ring than steric factors: the con-
formation of 26 flipped back to 4C,.

1,2-Anhydrosacharides derived from glucose (4a) and mannose (4b) are
reactive saccharide donors in the synthesis of 1-glycosylbenzocamalexins.
This route is more efficient than the alternative indoline-indole linear ap-
proach®. Although 1,2-anhydroribofuranose 12 due to its high instability
and 1,2-cyclic sulfites 20 and 21 due to low reactivity coupled with
benzocamalexin with lover efficiency, both types of saccharide donors can
be used in the reactions with indole aglycons which are not suitable for the
use of the linear method starting from 1-glycosylindoline.

EXPERIMENTAL

IH and 3C NMR spectra were measured on a Varian Mercury Plus spectrometer operating
at 400 MHz for *H and at 100 MHz for *3C. Chemical shifts (3) are reported in ppm, down-
field from tetramethylsilane used as an internal standard, coupling constants (J) in Hz.
Microanalyses were performed with a Perkin-Elmer, Model 2400 analyzer. The MALDI-TOF
mass spectra were measured on a MALDI IV (Shimadzu, Kratos Analytical) instrument. For
MALDI measurements, the analyzed samples were dissolved in an acetonitrile-water mixture
(1:1). The matrix, 2,5-dihydroxybenzoic acid, was dissolved in the same mixture. Solutions
of a sample and the matrix were mixed in the ratio 1:10. After drying on target, the samples
were bombarded with a 3 ns dose (100 doses) of a nitrogen laser (A = 337 nm). The ion acce-
leration voltage was 5 kV. The reaction course was monitored by thin layer chromatography,
using plates Macherey—Nagel AlugramOSil G/UV254. The preparative column chromatogra-
phy (flash chromatography) was performed on Kieselgel Merck Type 9385, 230-400 mesh.

Benzocamalexin (1a)

Solution of commercial indole-3-carbaldehyde (1.0 g, 6.88 mmol) in methanol (10 ml) was
treated with 2-aminobenzene-1-thiol (0.86 g, 0.73 ml, 6.88 ml) and 3 drops of concentrated
HCI were added. The reaction mixture was heated for 30 min, cooled to room temperature
and neutralized with few drops of NH,OH. The solution was poured into a crushed ice-
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water mixture (50 ml) and the precipitated product was filtered off. Yield 0.930 g (54%),
lit.?® 54%; C,H,(N,S (250.3); yellow-grey crystals; m.p. 155-157 °C (methanol), lit.?
169.5-170.5 °C.

3,4,6-Tri-O-benzylglucal (3)

Penta-O-acetyl-B-p-glucopyranose (2; 2.0 g, 5.12 mmol) was dissolved in dry CH,CI, (2 ml),
cooled to 0 °C and a commercial 33% solution of HBr in AcOH (1.97 ml) was added drop-
wise into a vigorously stirred solution of 2. The reaction mixture was stirred at room tem-
perature for 1.5 h, diluted with CH,CI, (20 ml), washed with ice-cold water (2x) and neu-
tralized with cooled saturated solution of NaHCO,. The organic layer was washed with
brine, dried over anhydrous Na,SO,, filtered off and concentrated. Well powdered crude
bromide was added in several portions into a mixture of Zn (3.15 g, 48.3 mmol) in 50%
AcOH at -15 °C during 10 min. Dark grey slurry was stirred at 0 °C for another 2.5 h, then
filtered through Celited, diluted with CH,CI,, washed with cold water and saturated solu-
tion of NaHCO,. The organic layer was dried over anhydrous Na,SO, and filtered. The
filtrate was concentrated and crude 3,4,6-tri-O-acetylglucal was deacetylated with K,COg4
(0.06 g, 0.468 mmol) in dry methanol (25 ml) during 40 min The reaction mixture was con-
centrated under reduced pressure and the residue was dissolved in DMSO (40 ml). The solu-
tion was treated with fine powdered KOH (2.57 g, 45.90 mmol), cooled to 0 °C and benzyl
bromide (4.37 g, 3.03 ml, 26.6 mmol) was added dropwise. The reaction mixture was stirred
vigorously at ambient temperature for 48 h, poured into a crushed ice and extracted with
two portions of diethyl ether. Organic extracts were dried with anhydrous Na,SO,, and the
solvent was evaporated under reduced pressure. Flash column chromatography afforded
3,4,6-tri-O-benzylglucal (3; 1.49 g, 70% based on 2); C,,H,50, (416.5); colorless oil. Spectral
data were in accordance with those reported in lit.14¢.

1,2-Anhydro-3,4,6-tri-O-benzyl-a-p-glucopyranose (4a) and
1,2-anhydro-3,4,6-tri-O-benzyl-B-p-mannopyranose (4b)

KF (0.746 g, 12.84 mmol) was added to 3-chloroperoxybenzoic acid (1.10 g, 6.42 mmol) in
dry CH,CI, (20 ml) and the suspension was kept under N, at room temperature with stir-
ring. After 30 min glucal 3 was added (1.07 g, 2.57 mmol) in CH,CI, (8 ml) and the mixture
was stirred for 17 h. Insoluble complexes were filtered off through Florisil, and the solvent
was removed under reduced pressure. White solid residue was used immediately in the next
glycosylation step.

3,4,6-Tri-O-benzyl-1,2-0-(1-methoxyethylidene)-B3-pD-mannopyranoside (6)

p-Mannose (5; 1.44 g, 7.99 mmol) was dissolved in dry pyridine (5 ml), cooled to 0 °C and
acetic anhydride (3 ml) was added dropwise. The reaction mixture was stirred at room tem-
perature for 5 h and crushed ice was added. After stirring for another 30 min, the mixture
was washed with diethyl ether (2x). Ether extracts were washed with cold water (2x), satu-
rated NaHCOj solution (2x), aqueous 1 m HCI (2x), dried (anhydrous Na,SO,), filtered and
evaporated. The residue was dissolved in dry CH,CI, (4 ml) and ice-cold solution was treated
with 33% HBr solution in AcOH. The reaction mixture was kept for 2.5 h at ambient tem-
perature, then diluted with CH,CIl,, washed with cold water (2x) and neutralized with satu-
rated NaHCO, solution. The organic layer was washed with brine, dried (anhydrous Na,SO,),
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filtered and concentrated. The crude bromide was dissolved in dry 1,2-dichloroethane (20 ml)
and Et;N (1.62 g, 2.23 ml, 15.9 mmol), methanol (0.28 g, 0.356 ml, 8.79 mmol) and Bu,NBr
(1.28 g, 3.99 mmol) were added under N, atmosphere. The reaction mixture was stirred at
75 °C overnight, cooled to room temperature and concentrated. The dark residue was dis-
solved in diethyl ether and the precipitated salt was removed by filtration trough a pad of
silica gel. The filtrate was concentrated and the pale yellow residue was dissolved in dry
methanol. Fine powdered K,CO4 (0.110 g, 0.80 mmol) was added and the reaction mixture
was stirred for 2 h. The deacetylated product was concentrated and the residue was dissolved
in DMSO (40 ml). The solution was cooled to 0 °C and powdered KOH (4.34 g, 77.5 mmol)
was added followed by benzyl bromide (7.34 g, 5.15 ml, 43.0 mmol). The reaction mixture
was stirred for 48 h, poured into a crushed ice-water mixture, extracted with cold diethyl
ether (2x), dried (anhydrous Na,SO,), and filtered. The residue was purified by flash column
chromatography (cyclohexane-ethyl acetate 5:1). Yield 3.03 g (75%); C3,H3,0; (506.6);
white solid; m.p. 83-87 °C (diethyl ether—hexane); lit.*>® 74-76 °C. Spectral data were in ac-
cordance with those reported in lit.2%°.

1,2-Anhydro-3,4,6-tri-O-benzyl-B-p-mannopyranoside (4b)

The benzylated orthoester 6 (0.182 g, 0.36 mmol) was dissolved in dry CH,CI, (3.5 ml)
under N, atmosphere and the solution was cooled to 0 °C. TMSCI (0.047 g, 0.055 ml,
0.432 mmol) was added with a syringe and the reaction mixture was stirred at room temper-
ature for 1.5 h, then diluted with CH,CI,, filtered through Florisil, and evaporated. Crude
colorless chloride 7 was immediately dissolved in dry THF (3.5 ml) under N, atmosphere
and the solution was treated with t-BuOK (0.060 g, 0.534 mmol) at room temperature. The
reaction mixture was heated for 1 h, cooled to room temperature, diluted with CH,CI, and
washed with brine (2x). The aqueous layer was extracted with another portion of CH,CI,,
combined organic extracts were dried (anhydrous Na,SO,), filtered and evaporated under
reduced pressure affording crude white solid epoxide 4a immediately used in glycosylation
reactions.

3,5-Di-O-acetyl-1,2-O-(1-methoxyethylidene)-a-p-ribofuranoside (9)

Commercial peracetylated (-p-ribose 8 (3.215 g, 10.1 mmol) was dissolved in dry CH,CI,
(70 ml). Acetyl chloride (7.9 g, 7.18 ml, 101 mmol) and dry methanol (0.642 g, 0.82 ml,
20.2 mmol) were added and the reaction mixture was kept without stirring at room temperature
for 3 days. The reaction mixture was concentrated and residue was coevaporated several times
with toluene until the smell of acetic acid disappeared. The crude chloride (colorless oil) was dis-
solved in dry 1,2-dichloroethane (80 ml), and Et;N (5.71 g, 7.86 ml, 56.4 mmol), dry methanol
(0.903 g, 1.14 ml, 28.19 mmol) and Bu,NBr (1.52 g, 4.7 mmol) were added to the stirred so-
lution. The reaction mixture was heated at 75 °C under N, atmosphere for 24 h, cooled to
room temperature and concentrated. Diethyl ether was added to the dark brown residue and
insoluble salt was removed by filtration through a pad of silica gel. The pale yellow solution
was concentrated and the residue was subjected to column chromatography (cyclohexane-
ethyl acetate 3:1). Yield 2.87g (98%); mixture of two diastereocisomers of orthoester in the ra-
tio 10:1; major diastereoisomer C,,H,3O0g (290.3); colorless oil. *"H NMR (CDCl,): 1.69 s, 3 H
(CHg, orthoester); 2.10 s, 3 H (CHj, acetyl); 2.16 s, 3 H (CHj, acetyl); 3.21 s, 3 H (OCHj,
orthoester); 4.15 dd, 1 H, J(5a,5b) = 12.3, J(4,5a) = 5.1 (H-5a); 4.23 ddd, 1 H, J(3,4) = 9.2,
J(4,5a) = 5.1, J(4,5b) = 2.5 (H-4); 4.38 dd, 1 H, J(5a,5b) = 12.3, J(4,5b) = 2.5 (H-5b); 4.66 dd,
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1 H,J)3,4) =9.2, J(2,3) =5.2 (H-3); 4.95 dd, 1 H, J(2,3) = 5.2, J(1,2) = 4.0 (H-2); 5.95 d, 1 H,
J(1,2) = 4.0 (H-1). 13C NMR (CDCl,): 20.53 and 20.76 (CH,, acetyl); 22.80 (CH,, orthoester);
49.55 (OCHg, orthoester); 62.24 (C-5); 72.23, 76.00 and 77.75 (C-2-C-4); 104.18 (C-1);
124.96 (Cqg-orthoester); 170.08 and 170.64 (CO acetyl).

3,5-Di-0O-benzyl-1,2-0-(1-methoxyethylidene)-a-p-ribofuranoside (10)

K,CO4 (0.220 g, 1.59 mmol) was added to a solution of peracetylated orthoester 9 (2.315 g,
7.98 mmol) in dry methanol (50 ml). The mixture was stirred at room temperature for
30 min, evaporated to dryness and the residue was dissolved in DMSO (25 ml). The solution
was cooled to 0 °C and finely powdered KOH (2.68 g, 47.9 mmol) was added followed by
dropwise addition of benzyl bromide (4.36 g, 3.03 ml, 25.5 mmol). The reaction mixture
was stirred at room temperature for 24 h and partitioned between diethyl ether and cold wa-
ter. The aqueous layer was extracted with diethyl ether, combined organic layers were dried
(anhydrous Na,SO,), filtered and evaporated. The residue was purified by silica gel column
chromatography (cyclohexane-ethyl acetate 3:1). Yield 2.37 g (77%); C,,H,504 (386.4); pale
yellow oil. *H NMR (CDCl,): 1.72 s, 3 H (CH,); 3.23 s, 3 H (OCH,); 3.57 dd, 1 H, J(5a,5b) =
11.2, J(4,5a) = 4.0 (H-5a); 3.77 dd, 1 H, J(5a,5b) = 11.2, J(4,5b) = 2.1 (H-5b); 3.86 dd, 1 H,
3(3,4) = 9.0, J(2,3) = 4.7 (H-3); 4.08 ddd, 1 H, J(3,4) = 9.0, J(4,5a) = 4.0, J(4,5b) = 2.1 (H-4);
450d, 1 H,1J =122 (CH,); 454 d, 1 H, ]=12.4 (CH,); 457 d, 1 H, ] = 13.3 (CH,); 4.64 dd,
1 H, J2,3) = 4.7, J(1,2) = 4.0 (H-2); 4.72 d, 1 H, J(1,2) = 4.0 (H-1); 7.26-7.35 bm, 10 H
(H arom.). *C NMR (CDCl,): 22.74 (CH,); 49.05 (OCH,); 68.05 (C-5); 72.56 and 73.73 (2 x
CH,Bn); 77.41, 78.18 and 78.85 (C-2-C-4); 104.47 (C-1); 124.97 (Cg-orthoesther); 127.91,
127.96, 128.29, 128.60, 128.59, 137.57 and 138.14 (C arom.).

1,2-Anhydro-3,5-0O-benzyl-a-bp-ribofuranoside (12)

Trimethylsilyl chloride (0.092 g, 0.108 ml, 0.854 mmol) was added into a solution of
benzylated orthoester 10 (0.3 g, 0.776 mmol) in dry CH,CI, (6 ml) cooled to 0 °C under N,
atmosphere. The reaction mixture was stirred at decreased temperature for 5 min before con-
centration under reduced pressure. Crude chloride 11 (colorless oil) was immediately dis-
solved in dry THF (6 ml) under N, atmosphere. The solution was cooled to 0 °C and treated
with t-BuOK (0.13 g, 1.16 mol). The reaction mixture was stirred at 0 °C for 15 min and at
ambient temperature for another 45 min, filtered through Florisil, washed with dry THF and
evaporated under reduced pressure. The residue (pale yellow oil) was subjected immediately
to glycosylation reaction.

3,4,6-Tri-O-benzyl-p-mannopyranose (16)

1.5 m aqueous solution of H,SO, (10.8 ml) was added to a stirred solution of benzylated
orthoester 6 (3.06 g, 6.04 mol) in dioxane (30 ml). The reaction mixture was stirred at
110 °C for 1.5 h, cooled to room temperature and carefully neutralized with powdered
NaHCO, while stirring. Precipitated inorganic salts were filtered off and the filtrate was con-
centrated under reduced pressure. The resulting residue was partitioned between CH,CI, and
water, the organic layer was washed with brine, dried (anhydrous Na,SO,), filtered and con-
centrated in vacuo to afford 2.59 g (95%). Compound 16: C,,H;,04 (450.5); white solid,
m.p. 92-95 °C (hexane—ethyl acetate), lit.2>? 96-98 °C. Spectral data were in accordance with
those reported in lit.2%?
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3,5-di-O-benzyl-bp-ribofuranose (17)

Diol 17 was prepared according to the procedure for synthesis of 16 after 1-h heating. Yield
78%; C,oH,,05 (330.4); white solid; m.p. 85-87 °C, 1it.2°® 79.8 °C. Spectral data were in ac-
cordance with those reported in lit.?5°

3,4,6-Tri-O-benzyl-1,2-0-(1-methoxyethylidene)-a-p-glucopyranoside (18)

Perbenzylated orthoester 18 was prepared according to the procedure for synthesis of
mannopyranosyl orthoester 6 in overall yield 70% from commercial penta-O-acetyl-f3-p-
glucopyranose (2). C5,H;,0, (506.6); pale-yellow oil. Spectral data were in accordance with
those reported in 1it.2>

3,4,6-Tri-O-benzyl-b-glucopyranose (19)

Diol 19 was prepared according to the procedure for synthesis of 16. 1 m aqueous solution
of H,SO, was used and the reaction mixture was stirred for 2 h. Yield 1.93 g (93%);
C,;H3,04 (450.5); white solid; m.p. 85-87 °C (hexane—ethyl acetate), lit.?>9 80-82 °C. Spec-
tral data were in accordance with those reported in lit.2%¢

3,4,6-Tri-O-benzyl-1,2-O-sulfinyl-a-b-glucopyranoside (20)

Diol 19 (0.250 g, 0.555 mmol) was dissolved in dry CH,CI, (2 ml) under N, atmosphere at 0 °C,
and pyridine (0.219 g, 0.222 ml, 2.77 mmol) and SOCI, (0.092 g, 0.056 ml, 0.777 mmol)
were added to the cooled solution. The reaction mixture was stirred for 15 min, dissolved in
CH,CI, and the solution was washed with ice-cold water (2x). The organic layer was dried
over anhydrous Na,SO,, filtered through a pad of Florisil and evaporated. Pure product 20
was obtained in the yield 0.229 g (83%). C,;H,30,S (496.6); colorless oil. It was used in
glycosylation reaction. Its physical data were identical with those reported in lit.2%?

3,5-Di-0-benzyl-1,2-O-sulfinyl-a-b-ribofuranoside (21)

Sulfite 21 was prepared according to procedure for synthesis of 20 during 1 h. Yield 71%;
C,oH5006S (376.4); colorless oil. It was used in glycosylation reaction. Its physical data were
identical with those reported in lit.24¢

3-(Benzothiazol-2-yl)-1-(3,4,6-tri-O-benzyl-B-p-glucopyranosyl)-1H-indole (13)

Method A: A solution of benzocamalexin l1a (0.04 g, 0.159 mmol) in dry CH;CN (1 ml)
was treated with 18-crown-6 (0.021 g, 0.0799 mmol) and NaH (8.3 mg, 0.208 mmol), and
the reaction was stirred at 40 °C for 30 min. The mixture of epoxides 4a and 4b (freshly pre-
pared from 0.360 mmol of glucal 3) in dry CH;CN (1 ml) was added into a previously pre-
pared solution of benzocamalexin salt. The reaction mixture was stirred under N, atmo-
sphere at 60 °C for 3 h, cooled to room temperature and concentrated. The residue was dis-
solved in ethyl acetate, washed with 1 m aqueous solution of HCI and brine. The organic
layer was dried (anhydrous Na,SO,), filtered and concentrated. Column chromatography
(cyclohexane-ethyl acetate 5:1) afforded compounds 13 and 14 (0.086 g, 79% overall yield)
in the ratio 19:1 and benzocamalexin 1a (6.7 mg, 17%) was recovered. Glycosides 13 and 14
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were separated by column chromatography (cyclohexane-ethyl acetate 5:1), which afforded
compounds 13 (0.081 g, 75%) and 14 (4.0 mg 4%).

Method B: Anhydrous Na,SO, (1.16 g, 8.15 mmol) and KOH (0.203 g, 3.62 mmol) were
added to a solution of benzocamalexin 1a (0.113 g, 0.453 mmol) in dry DMF (5 ml). The re-
action mixture was vigorously stirred at room temperature for 30 min and a solution of sul-
fite 20 (0.449 g, 0.906 mmol) in DMF (5 ml) was added. Stirring was continued for another
30 min and the reaction mixture was partitioned between ethyl acetate and ice-cold water.
The organic layer was washed with brine, dried (anhydrous Na,SO,), filtered and concen-
trated. The residue was subjected to column chromatography (cyclohexane-ethyl acetate
5:1) and compound 13 (0.136 g) was obtained in 44% yield along with the starting com-
pound 1a (0.06 g, 53%).

Compound 13: For C,,H35N,05S (682.8) calculated: 73.88% C, 5.61% H, 4.10% N; found:
73.63% C, 5.77% H, 3.96% N; pale yellow crystals; m.p. 165-168 °C (ethyl acetate—petroleum
ether). 'H NMR (CDCly): 3.73-3.81 bm, 3 H (H-5', H-6'a and H-6'b); 3.84 dd, 1 H, J(2',3") =
8.1, J(3',4') = 9.2 (H-3"); 3.92 dd, 1 H, J(3',4") = J(4',5') = 9.2 (H-4"); 4.12 bs, 1 H (OH,
CH;COOD exchangeable); 4.33 dd, 1 H, J(1',2") = 8.9, J(2',3') = 8.1 (H-2'); 447 d, 1 H, ] =
12.1 (CH,); 4.56 d, 1 H, J = 12.1 (CH,); 4.68 d, 1 H, ] = 10.7 (CH,); 494 d, 1 H, J = 10.7
(CH,); 498 d, 1 H, J = 11.3 (CH,); 5.03 d, 1 H, J = 11.3 (CH,); 5.38 d, 1 H, J(1',2") = 8.9
(H-1); 7.04t,1H,J=75;7.14t 1H,)]=7.5; 7.25-7.41 bm, 17 H (H arom.); 7.45d, 1 H,J =
8.2, 778d,1H,J=78;787d,1H,)=8.0;804s, 1H;826d,1H,J=79 (H arom).
13C NMR (CDCl,): 68.77 (C-6'); 73.11 (C-2'); 73.72 and 75.42 (3 x CH,Bn); 75.84, 78.16 and
85.60 (C-3'-C-5'); 87.87 (C-1'); 111.97, 112.08, 121.05, 121.38, 122.01, 122.23, 123.20,
124.25 and 126.27 (C aglycon); 127.84, 127.91, 128.10, 128.12, 128.19, 128.21, 128.59,
128.72 and 128.80 (Bn); 133.71 and 136.11 (C aglycon); 138.23, 138.27, 138.72 (Bn); 153.16
and 162.78 (C aglycon). MS MALDI-TOF, m/z (%): 683 (100) [M + H]*, 705 (6) [M + Na]*,
721 (10) [M + K]*.

3-(Benzothiazol-2-yl)-1-(3,4,6-tri-O-benzyl-a-p-mannopyranosyl)-1H-indole (14)

Compound 14 was prepared according to the procedure for synthesis of 13 (method A),
starting from epoxide 4b (freshly prepared from orthoester 6). Column chromatography
(cyclohexane-ethyl acetate 5:1) afforded the title compound 14 (69%) and the starting
benzocamalexin la (28%). Compound 14: For C,,H3gN,O5S (682.8) calculated: 73.88% C,
5.61% H, 4.10% N; found: 73.96% C, 5.43% H, 4.28%N; pale yellow oil. *H NMR (CDCly):
2.83 bs, 1 H (OH, CH;COOD exchangeable); 3.66 dd, 1 H, J(6'a,6'b) = 10.3, J(5',6'a) = 4.2
(H-6'a); 3.86 dd, 1 H, J(6'a,6'b) = 10.3, J(5',6'b) = 5.7 (H-6'b); 3.92 ddd, 1 H, J(5',6'b) = 5.7,
J(5',6'a) = 4.2, J(4',5") = 5.3 (H-5'); 3.99 dd, 1 H, J(3,4') = 5.8, J(4',5") = 5.3 (H-4); 4.13 dd,
1H,J3,4)=58,2,3) = 3.6 (H-3); 4.47 d, 1 H, ] = 12.0 (CH,); 4.52 dd, 1 H, J(1',2') = 5.6,
J(2',3") = 3.6 (H-2'); 457 d, 1 H, ) = 12.0 (CH,); 4.62d, 1 H, J = 11.6 (CH,); 468 d, 1 H,J =
4.8 (CH,); 469d,1H,J=64(CH,); 476d, 1 H,J =116 (CH,); 591 d, 1 H, J(1',2") = 5.6
(H-1');7.24-7.40 bm, 18 H (H arom.); 7.45 m, 1 H; 7.63d, 1 H,J=8.4; 7.87s,1 H; 7.88d, 1 H,
1=6.0;803d,1H,1=7.6;839d,1H,1J=28.0 (Harom.). 3*C NMR (CDCl,): 67.31 (C-2');
67.72 (C-6'); 73.31, 73.33 and 73.38 (3 x CH,Bn); 73.40 (C-4'); 74.11 (C-3'); 78.51 (C-5');
82.11 (C-1"); 111.98, 112.49, 121.18, 121.27, 122.21, 122.30, 123.55, 124.20, 125.93, 126.00
and 126.99 (C aglycon); 127.73, 127.80, 127.90, 127.94, 128.21, 128.40, 128.50, 128.54 and
128.89 (Bn); 133.92 (C aglycon); 137.09, 137.23 and 137.67 (Bn); 137.84, 153.76 and 162.32
(C aglycon). MS MALDI-TOF, m/z (%): 683 (100) [M + H]".
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3-(Benzothiazol-2-yl)-1-(3,5-di-O-benzyl-p-b-ribofuranosyl)-1H-indole (15)

Compound 15 was prepared according to the procedure for synthesis of 13 (method A),
starting from epoxide 12 (freshly prepared form orthoester 10) and employing 15-crown-5 as
catalyst instead of 18-crown-6 ether. Column chromatography (cyclohexane-ethyl acetate
5:1) afforded the required compound 15 (41%) and benzocamalexin 1 (54%). Method B af-
forded ribofuranosylbenzocamalexin 15 in 29% yield and starting compound la (67%) after
column chromatography (cyclohexane—-ethyl acetate 5:1). Compound 15: For C5,H;,N,0,S
(562.7) calculated: 72.58% C, 5.37% H, 4.98% N; found: 72.39% C, 5.55% H, 5.08% N; pale
yellow oil. TH NMR (CDCly): 8.73 bs, 1 H (OH, CH;COOD exchangeable); 3.63 dd, 1 H,
J(5'a,5'b) = 10.6, J(4',5'a) = 2.3 (H-5'a); 3.84 dd, 1 H, J(5'a,5'b) = 10.8, J(4',5'b) = 2.5 (H-5'b);
4.32m, 2 H (H-3', H-4); 4.47 dd, 1 H, J(2',3') = 4.6, J(1',2') = 4.5 (H-2'); 459 d, 1 H, J = 11.9
(CH,); 4.63's,2 H (2 x CH,); 4.72 d, 1 H, J = 11.9 (CH,); 6.05 d, 1 H, J(1',2") = 4.5 (H-1);
7.28-7.38 bm, 13 H (H arom.); 7.45dt, 1 H,J=8.2, 7.1, 1.2; 7.56 d, 1 H, J = 8.1; 7.84 dd,
1H,J=77,09;802d, 1H,J=2819;826s,1H;8461td, 1 H J=7.7 09 (H arom.).
3C NMR (CDCly): 69.02 (C-5'); 73.00 and 73.71 (2 x CH,Bn); 74.15, 77.49 and 81.15
(C-2'-C-4"); 90.60 (C-1"); 110.53, 112.25, 121.19, 121.52, 122.15, 122.20, 123.35, 124.12,
125.90, 126.19 and 126.91 (C aglycon); 127.91, 127.94, 128.15, 128.50, 128.56 and 128.74
(2 x Bn); 133.87 (C aglycon); 136.38 (Bn); 136.73 (C aglycon); 137.56 (Bn); 154.00 and
162.86 (C aglycon). MS MALDI-TOF, m/z (%): 563 (100) [M + H]*.

Debenzylation/Acetylation of Compounds 13-15. General Procedure

FeCl; (4 equivalents per benzyl group) was added to a solution of compounds 13, 14 and 15
(0.058 mmol) dissolved in dry CH,CI, (2 ml) under N, atmosphere at 0 °C. The reaction
mixture was stirred for 45 min and 0.1 ml of water was added to quench the reaction. The
reaction mixture was diluted with methanol (10 ml) and filtered through a pad of silica gel.
The filtrate was concentrated and rest of water was coevaporated with toluene (2x). The resi-
due was dissolved in dry pyridine (0.8 ml) and Ac,O (0.5 ml) was added dropwise. The reac-
tion mixture was stirred overnight and partitioned between ethyl acetate and water. The or-
ganic layer was washed with saturated NaHCO, solution (2x), aqueous 1 m HCI and brine,
dried over anhydrous Na,SO,, filtered and concentrated. Column chromatography (cyclo-
hexane-ethyl acetate 5:1) afforded acetylated compounds 24 (81%), 25 (75%) and 26 (77%).

3-(Benzothiazol-2-yl)-1-(2,3,4,6-tetra-O-acetyl-B-pD-glucopyranosyl)-1H-indole (24): C,gH,gN,0gS
(580.6); white crystals; m.p. 224-226 °C (methanol), lit.*3 228-230 °C. Spectral data were
identical with those reported in lit.*?

3-(Benzothiazol-2-yl)-1-(2,3,5-tri-O-acetyl-B-p-ribofuranosyl)-1H-indole (25): For C,gH,,N,0S
(508.5) calculated: 61.41% C, 4.76% H, 5.51% N; found: 61.21% C, 4.92% H, 5.38% N; pale
yellow amorphous solid. *H NMR (CDCly): 2.09 s, 3 H (CHy); 2.17 s, 3 H (CHy); 2295, 3 H
(CH,); 4.44-4.48 bm, 3 H (H-4', H-5'a, H-5'b); 5.51 dd, 1 H, J(2',3') = 5.4, )(3,4') = 4.2 (H-3');
5.61 dd, 1 H, J(1',2') = 5.7, J(2',3') = 5.4 (H-2'); 6.24 s, 1 H (H-1'); 7.33-7.38 m, 3 H; 7.47 dt,
1H,J=77,12;757m,1H;789d,1H,J=76;803d,1H,J=7.6;8.15s, 1H; 847 m,
1 H (H arom.). 3C NMR (CDCl,): 20.43, 20.60 and 20.71 (CH,CO); 63.05 (C-5'); 70.46,
73.80 and 80.00 (C-2'-C-4'); 87.34 (C-1'); 110.28, 113.48, 121.33, 121.67, 122.36, 122.51,
123.73, 124.40, 125.74, 126.11, 126.22, 133.90, 136.48, 153.82 and 162.00 (C arom.);
169.34, 169.61 and 170.52 (CH,CO). MS MALDI-TOF, m/z (%): 509 (100) [M + H]*, 531 (23)
[M + Nal*, 547 (7) [M + K]".
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3-(Benzothiazol-2-yl)-1-(2,3,4,6-tetra-O-acetyl-a-pD-mannopyranosyl)-1H-indole (26): C,qH,gN,0gS

(580.6); white crystals; m.p. 135-137 °C (methanol), lit.*? 133-135 °C. Spectral data were
identical with those reported in lit.*?

We thank the Grant Agency for Science, Slovak Republic for financial support of this work (grants

No. 1/9246/02 and No. 1/2472/05).

8.

REFERENCES

.a) Furuta R., Naruto S., Tamura A., Yokogawa K.: Tetrahedron Lett. 1979, 20, 1701;

b) Buchanan J. G., Stoddard J., Wightman R. H.: . Chem. Soc., Perkin Trans. 1 1994,
1417; c) Ito T., Ohbai K., Koyama M., Sezaki M., Tohyama H., Shomura T., Fukuyasu H.,
Kazuno Y., Niwa T., Kojima M., Niida T.: J. Antibiot. 1984, 37, 931; d) Schumacher
R. W., Harrigan B. L., Davidson B. S.: Tetrahedron Lett. 2001, 42, 5133; e) Sassatelli M.,
Saab E., Anizon F., Prudhomme M., Moreau P.: Tetrahedron Lett. 2004, 45, 4827;
f) Messaoudi S., Sancelme M., Polard-Housset V., Aboab B., Moreau P., Prudhomme M.:
Eur. J. Med. Chem. 2004, 39, 453.

. a) Nettleton D. E., Doyle T. W., Kirshnan B., Matsumoto G. K., Clardy ].: Tetrahedron Lett.

1985, 26, 4011; b) Prudhomme M.: Eur. ]. Med. Chem. 2003, 38, 123; c¢) Balasubramanian
N. B., St. Laurent D. R. S., Saulnier M. G., Long B. H., Bachand C., Beaulieu F., Clarke W.,
Deshpande M., Eummer J., Fairchild C. R., Frennesson D. B., Kramer R., Lee F. Y., Mahler M.,
Martel A., Naidu B. N., Rose W. C., Russell ]J., Ruediger E., Solomon C., Stoffan K. M.,
Wong H., Zimmermann K., Vyas D. M.: J. Med. Chem. 2004, 47, 1609.

. Pedras M. S. C., Okanga F. 1., Zaharia I. L., Khan A. Q.: Phytochemistry 2000, 53, 161.
. a) Humenik M., Dzurilla M., Kutschy P., Sol¢dniova E., Kovacik V., BekeSovéa S.: Collect.

Czech. Chem. Commun. 2004, 69, 1657; b) Humenik M., Kutschy P., Valkova K., Horvéth B.,
Kovacik V., BekeSova S.: Collect. Czech. Chem. Commun. 2005, 70, 72.

. a) Suvorov N. N., Preobrazhenskaya M. N.: Zh. Obshch. Khim. 1961, 2839; b) Walton E.,

Holly F. W,, Jenkins S. R.: J. Org. Chem. 1968, 33, 192; c) Magnin A. A., Stephen A. M.,
Davis R. J. H.: Tetrahedron 1972, 28, 3069; d) Preobrazhenskaya M. N., Suvorov N. N.:
Zh. Obshch. Khim. 1965, 893; e) Preobrazhenskaya M. N., Korbukh I. A. in: Chemistry of
Nucleosides and Nucleotides (L. B. Townsend, Ed.), Vol. 3, p. 1. Plenum Press, New York
1994; f) Preobrazhenskaya M. N., Tolkachev V. N., Geling O. N., Kostyuchenko P. P.: Zh.
Org. Khim. 1974, 10, 1764.

. a) Tanaka S., Ohkubo M., Kojiri K., Suda H.: J. Antibiot. 1992, 45, 1797; b) Kaneko T.,

Wong H., Okamoto T. K., Clardy ].: Tetrahedron Lett. 1985, 26, 4015.

. a) El-Desoky E. I., Abel-Rahman A. H.: Liebigs Ann. Chem. 1990, 877; b) Sokolova T. N.,

Shevchenko V. E., Preobrazhenskaya M. N.: Carbohydr. Res. 1980, 83, 249; c¢) Buchanan
J. G., Stoddart J., Wightman R. H.: J. Chem. Soc., Perkin Trans. 1 1994, 1417.

a) Ohkubo M., Kawamoto H., Ohno T., Nakano M., Morishima H.: Tetrahedron 1997,
53, 585; b) Akao A., Hiraga S., lida T., Kamatani A., Kawasaki M., Mase T., Nemoto T.,
Satake N., Weissman A. S., Tschaen M. D., Rossen K., Petrillo D., Reamer A. R., Volante
R. P.: Tetrahedron 2001, 57, 8917.

.a) Ohkubo M., Nishimura T., Honma T., Nishimura I., Ito S., Yoshinari T., Arakawa H.,

Suda H., Morishima H., Nishimura S.: Bioorg. Med. Chem. Lett. 1999, 9, 3307; b) Ohkubo M.,
Nishimura T., Kawamoto H., Nakano M., Honma T., Yoshinari T., Arakawa H., Suda H.,

Collect. Czech. Chem. Commun. (Vol. 70) (2005)


http://dx.doi.org/10.1016/S0040-4039(01)93628-7
http://dx.doi.org/10.1039/p19940001417
http://dx.doi.org/10.1039/p19940001417
http://dx.doi.org/10.1016/S0040-4039(01)00979-0
http://dx.doi.org/10.1016/j.tetlet.2004.04.167
http://dx.doi.org/10.1016/j.ejmech.2004.01.001
http://dx.doi.org/10.1016/S0040-4039(00)89280-1
http://dx.doi.org/10.1016/S0040-4039(00)89280-1
http://dx.doi.org/10.1016/S0223-5234(03)00011-4
http://dx.doi.org/10.1021/jm034197s
http://dx.doi.org/10.1016/S0031-9422(99)00494-X
http://dx.doi.org/10.1135/cccc20041657
http://dx.doi.org/10.1135/cccc20041657
http://dx.doi.org/10.1135/cccc20050072
http://dx.doi.org/10.1021/jo01265a602
http://dx.doi.org/10.1016/0040-4020(72)80022-X
http://dx.doi.org/10.1016/S0040-4039(00)89281-3
http://dx.doi.org/10.1016/S0008-6215(00)84538-3
http://dx.doi.org/10.1039/p19940001417
http://dx.doi.org/10.1016/S0040-4020(96)01004-6
http://dx.doi.org/10.1016/S0040-4020(96)01004-6
http://dx.doi.org/10.1016/S0040-4020(01)00895-X
http://dx.doi.org/10.1016/S0960-894X(99)00595-8

1,2-Anhydrosaccharides and 1,2-Cyclic Sulfites as Saccharide Donors 505

10.
11.

12.

13.

14.

15.
16.
17.
18.
19.
20.
21.

22.
23.

24.

25.

Morishima H., Nishimura S.: Bioorg. Med. Chem. Lett. 2000, 10, 419; c¢) Ohkubo M.,
Nishimura T., Jona H., Honma T., Ito S., Morishima H.: Tetrahedron 1997, 53, 5937;
d) Zembower D. E., Zhang H., Lineswala J. P., Kuffel M. J., Aytes S. A.,, Ames M. M.:
Bioorg. Med. Chem. Lett. 1999, 9, 145; e) Voldoire A., Sancelme M., Prudhomme M.,
Colsom P., Houssier C., Bailly C., Léonce S., Lambel S.: Bioorg. Med. Chem. 2001, 9, 357.
Chen J. J., Wei Y., Drach C. ]J., Townsend B. L.: J. Med. Chem. 2000, 43, 2449.

a) Gallant M., Link J. T., Danishefsky S. J.: J. Org. Chem. 1993, 58, 343; b) Link J. T.,
Gallant M., Danishefsky S. J., Huber S.: J. Am. Chem. Soc. 1993, 115, 3782; c) Link J. T.,
Subharekha R., Danishefsky S. J.: J. Am. Chem. Soc. 1995, 117, 552; d) Eils S., Winterfeld E.:
Synthesis 1998, 2, 275.

a) Lohray B. B., Ahuja J. R.: J. Chem. Soc., Chem. Commun. 1991, 95; b) Kim B. M.,
Sharpless K. B.: Tetrahedron Lett. 1990, 31, 4317; c) Gao Y., Zepp C. M.: Tetrahedron Lett.
1991, 32, 3155; d) Guiller A., Gagnieu C. H., Pacheco H.: Tetrahedron Lett. 1985, 26,
6343; e) Nymann K., Svendsen J. S.: Acta Chem. Scand. 1994, 48, 183; f) Lohray B. B.:
Synthesis 1992, 1035; g) Nymann K., Mylvaganam S., Svendsen J. S.: Acta Chem. Scand.
1998, 52, 1060.

a) Jeong L. S., Marquez V. E.: Tetrahedron Lett. 1996, 37, 2353; b) Moon H. R., Kim H. O.,
Chun M. W,, Jeong L. S.: J. Org. Chem. 1999, 64, 4733.

a) Draghetti V., Poletti L., Prosperi D., Lay L.: J. Carbohydr. Chem. 2001, 20, 813;
b) Kozikowski P. A., Lee. J.: J. Org Chem. 1990, 55, 863; c) Perrin C. L., Fabian A. M.,
Brunckova ]J., Brian K. O.: J. Am. Chem. Soc. 1999, 121, 6911; d) Chmielewski M., Kaluza Z.,
Abramski W., Grodner J., Belzecki C., Sedmera P.: Tetrahedron 1989, 45, 227; e) Fisher S.,
Hamann C. H.: J. Carbohydr. Chem. 1995, 14, 327; f) Bellucci G., Catelani G., Chiappe C.,
D’Andrea F.: Tetrahedron. Lett. 1994, 35, 8433.

a) Asai N., Fusetani N., Matsunaga S.: J. Nat. Prod. 2001, 64, 1210; b) Zhong-Jun L., Hui L.,
Meng-Shen C.: Carbohydr. Res. 1999, 320, 1.

Kolb C. H., Sharpless B. K.: Tetrahedron 1992, 48, 10515.

a) Du Y., Kong F.: J. Carbohydr. Chem. 1995, 14, 341; b) Xianglan D., Kong F.:
J. Carbohydr. Chem. 1998, 17, 915; ¢) Manabe S., Marui Y., Ito Y.: Chem. Eur. ]. 2003, 9,
1435; d) Xue J., Shao N., Guo Z.: J. Org. Chem. 2003, 68, 4020.

Ogawa T., Katano K., Sasajima K., Matsui M.: Tetrahedron 1981, 37, 2779.

a) Chittenden G. J. F.: Carbohydr. Res. 1993, 242, 297; b) Dini C., Collette P., Drochon N.,
Guillot J. C., Lemoine G., Mauvais P., Aszodi ]J.: Bioorg. Med. Chem. Lett. 2000, 10, 1839.
Chan L., Just G.: Tetrahedron Lett. 1988, 29, 4049.

Ning J., Kong F.: Carbohydr. Res. 1997, 300, 355.

Faul M. M., Winneroski L. L., Krumrich A. C.: J. Org. Chem. 1999, 64, 2465.

a) Gagnieu C. H., Guiller A., Pacheco H.: Carbohydr. Res. 1988, 180, 223; b) Sanders W. ].,
Kiessling L. L.: Tetrahedron Lett. 1994, 35, 7335; c¢) Sanders W. J., Manning D. D., Koeller
K. M., Kiessling L. L.: Tetrahedron 1997, 53, 16391.

a) Tewson T. J.: J. Org. Chem. 1983, 48, 3507; b) Guiller A., Gagnieu C. H., Pacheco H.:
J. Carbohydr. Chem. 1986, 5, 153; c) Guiller A., Gagnieu C. H., Pacheco H.: J. Carbohydr.
Chem. 1986, 5, 161; d) El Meslouti A., Beaupere D., Deamailly G., Uzan R.: Tetrahedron
Lett. 1994, 35, 3913.

a) Ponpipom M. M.: Carbohydr. Res. 1977, 59, 311; b) Bachir-Lesage S., Gode P., Goethals G.,
Villa P., Martin P.: J. Carbohydr. Chem. 2003, 22, 35; c) Ogawa T., Nozachi M., Matsui M.:
Tetrahedron 1980, 36, 2641; d) Carpintero M., Nieto I., Fernandez-Mayoralas A.: J. Org.
Chem. 2001, 66, 1768.

Collect. Czech. Chem. Commun. (Vol. 70) (2005)


http://dx.doi.org/10.1016/S0960-894X(00)00004-4
http://dx.doi.org/10.1016/S0040-4020(97)00286-X
http://dx.doi.org/10.1016/S0960-894X(98)00710-0
http://dx.doi.org/10.1016/S0968-0896(00)00251-0
http://dx.doi.org/10.1021/jm990320x
http://dx.doi.org/10.1021/jo00054a015
http://dx.doi.org/10.1021/ja00062a057
http://dx.doi.org/10.1021/ja00106a072
http://dx.doi.org/10.1039/c39910000095
http://dx.doi.org/10.1016/S0040-4039(00)79709-7
http://dx.doi.org/10.1016/S0040-4039(00)79709-7
http://dx.doi.org/10.1016/S0040-4039(01)84594-9
http://dx.doi.org/10.1016/S0040-4039(01)84594-9
http://dx.doi.org/10.1055/s-1992-26295
http://dx.doi.org/10.1016/0040-4039(96)00289-4
http://dx.doi.org/10.1021/jo990010m
http://dx.doi.org/10.1081/CAR-100108658
http://dx.doi.org/10.1021/jo00290a014
http://dx.doi.org/10.1021/ja9911566
http://dx.doi.org/10.1016/0040-4020(89)80050-X
http://dx.doi.org/10.1016/S0040-4039(00)74426-1
http://dx.doi.org/10.1021/np010177m
http://dx.doi.org/10.1016/S0040-4020(01)88349-6
http://dx.doi.org/10.1002/chem.200390163
http://dx.doi.org/10.1002/chem.200390163
http://dx.doi.org/10.1016/S0040-4020(01)92345-2
http://dx.doi.org/10.1016/0008-6215(93)80045-G
http://dx.doi.org/10.1016/S0960-894X(00)00349-8
http://dx.doi.org/10.1016/S0040-4039(00)80414-1
http://dx.doi.org/10.1016/S0008-6215(97)00060-8
http://dx.doi.org/10.1021/jo982277b
http://dx.doi.org/10.1016/0008-6215(88)80079-X
http://dx.doi.org/10.1016/0040-4039(94)85307-X
http://dx.doi.org/10.1016/S0040-4020(97)01024-7
http://dx.doi.org/10.1021/jo00168a026
http://dx.doi.org/10.1016/S0040-4039(00)76700-1
http://dx.doi.org/10.1016/S0040-4039(00)76700-1
http://dx.doi.org/10.1016/S0008-6215(00)83173-0
http://dx.doi.org/10.1081/CAR-120019012
http://dx.doi.org/10.1016/0040-4020(80)80136-0
http://dx.doi.org/10.1021/jo0014515
http://dx.doi.org/10.1021/jo0014515

506 Humenik, Kutschy, Kovécik, BekeSova:

26.a) Ward D. E., Gai Y., Kaller B. F.: J. Org. Chem. 1995, 60, 7830; b) Akiyama T., Hirofuji H.,
Ozaki S.: Tetrahedron Lett. 1991, 32, 1321.

27.a) Kartha K. P. R., Dasgupta F., Singh P. P., Srivastava H. C.: J. Carbohydr. Chem. 1986,
5, 437; b) Park M. H., Takeda R., Nakanishi K.: Tetrahedron Lett. 1987, 28, 3823;
c) Rodebaugh R., Debenham ]J. S., Fraser-Reid B.: Tetrahedron Lett. 1996, 37, 5477.

28. Palmer P. J., Trigg R. B., Warrington J. V.: J. Med. Chem. 1971, 14, 248.

Collect. Czech. Chem. Commun. (Vol. 70) (2005)


http://dx.doi.org/10.1021/jo00129a024
http://dx.doi.org/10.1016/S0040-4039(00)79656-0
http://dx.doi.org/10.1016/S0040-4039(00)96395-0
http://dx.doi.org/10.1016/0040-4039(96)01169-0
http://dx.doi.org/10.1021/jm00285a022

