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First synthesis of indirubin N-glycosides (red sugars)
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Abstract—The first indirubin N-glycosides were prepared by reaction of isatine N-glycosides with indoxyl acetate under basic
conditions.
© 2006 Elsevier Ltd. All rights reserved.

Glycosylated indole derivatives are of considerable HsC., O ,OH HsC., O _.NHPh
pharmacological relevance (e.g., cancerostatic stauro- U [ ﬁ ii
sporine, K-252d, rebeccamycin and the tjipanazoles).!-? HO” > “OH HO” > “OH
Recently, we have reported? the first synthesis of indigo H H
N-glycosides (blue sugars), which represent analogues of o
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the naturally occurring akashins.* In contrast to phar-
macologically inactive parent indigo, the akashins show
a considerable activity against various human tumour
cell lines. Recently, the first isoindigo glycosides were HaC.. O .NHPh HC. o o
prepared, which exhibit antiproliferative activity. /[JW i 3 N
Indirubjn, the.mo_st impor_ta.nt isomer of indigq, anc_l sev- ACO” > "OAc Ac OU o)
eral of its derivatives exhibit considerable antiprolifera- dAc I "OAc
tive activity.®’ Herein, we report what are, to the best AcO

of our knowledge, the first syntheses of indirubin 30,8 (85%) 40,3 (63%)
N-glycosides.
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N-(2,3,4-Tri-O-acetyl-o,B-L-rhamnopyranosyl)isatine O
(4o.p) was prepared from L-rhamnose.® !> Simple o
indirubins have been previously prepared by reaction 0 /) NH
of a methanolic solution of indoxyl acetate with m OAc O
isatines.'® The reaction of the pure beta anomer 4f with N O . 0
. . . . B AN v N
indoxyl acetate resulted in the formation of the desired _ .OAc ™ —> : on
deprotected N-(B-L-rhamnopyranosyl)indirubin Sf in oy H o "
up to 77% vyield (Scheme 1).'* During the optimisation HaC" “OAG .,

. . . HsC OH
of this reaction, the use of an excess of sodium carbon- OAc 3 &
ate proved to be important to achieve a complete cleav-
age of the acetyl protective groups of the sugar moiety. 1] 5B (77%)

Scheme 1. Synthesis of N-(B-L-rhamnopyranosyl)indirubin = 5f.
Reagents and conditions: (i) PhNH,, EtOH, rt, 12 h; (ii)) Ac,0,
pyridine, 0—4 °C, 8-12 h; (iii) oxalyl chloride, AlCl;, 55 °C, 1.5 h; (iv)
Na,CO;, MeOH, rt, 4 h.

Following this procedure, the anomerically pure indiru-
bin glycosides of p-glucose (product 6p), p-ribose (prod-
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Scheme 2. Synthesis of N-(B-p-glucopyranosyl)indirubin 6§, N-(B-p-
ribopyranosyl)indirubin 7f, N-(B-p-galactopyranosyl)indirubin 8§ and
N-(B-p-mannopyranosyl) indirubin 9p; the yields, based on the
corresponding N-B-glycosyl isatine, are given in brackets.

corresponding N-glycosyl isatines (Scheme 2). In case of
L-rhamnose, both anomeric glycosyl isatines could be
isolated after cyclisation of 3, with oxalyl chloride.
In contrast, only traces of a-anomers were detected for
all other sugars. In these cases, isomerically enriched
B-anomers (B/o >5:1) of the corresponding acetylated
N-glycosyl anilines were employed in the cyclisation
reaction. However, the B/a-ratio seems to slightly vary
during the course of the reaction; otherwise, higher
amounts of the a-anomeric N-glycosyl isatines would
have been detected after the reaction. The determination
of the anomeric configuration of the products was car-
ried out by two-dimensional NMR spectroscopy
(*H,'H COSY, 'H,'H NOESY, '*C,'H COR, HMBC).

In conclusion, we have reported the first syntheses of
deprotected N-glycosides of indirubin (red sugars).
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and sodium carbonate (4.0 equiv) were added under argon
atmosphere. The mixture was stirred for 1.54 h at 20 °C.
The yellow to orange colour of the solution changed from
red to violet. The mixture was neutralised with IR 120
(H"), filtered and the filtrate was concentrated under
reduced pressure. Column chromatography of the residue
gave the indirubin glycosides as red to violet solids:
Starting with 4p (300 mg, 0.715 mmol) (reaction time: 4 h),
5B (224 mg, 77%) was isolated by column chromatography
(CHCI3/MeOH, 20: 1%10 1). '"H NMR (500. 13 MHz,
DMSO) o: 10.08 (s, , NH); 8.80 (dd 1H, *Jy5=
7.9 Hz, *J46 = 1.0 Hz, H4) 7.67 (d, 1H, *Jy; 1, = 7.6 Hz,
H 11); 7.64 (d, 1H o7 = 79Hz H-7); 7.60 (dt, 1H,
J13|4—79HZ J1213—76HZ J1113—10HZ H13)
742 (d, 1H, J1314—79Hz H-14); 7.23 (dt, 1H,
3‘](,,7:7.9HZ J56—75HZ J46—10HZ H6) 7.06—
702(m 2H, H-5,12); 5.62 (s (br), 1H, H- 15) 5.12 (d, 1H,
J]GOH—SOHZ OH]G)) 4.96 (d lH J]gOH—SOHZ
OH 18)) 4.85 (d IH .117 OH — =6.0 HZ OH(17)) 3.86 (Il’l
1H, H-16); 3.50 (m, 1H, H-17); 3.41-3.35 (m, 2H, H-
18,19); 1.27 (d, 3H, 3Jlg,z(,:s.s Hz, Me(y); "C NMR
(125.8 MHz, DMSO) §: 188.7 (C-10); 168.5 (C-2); 152.4
(C-14a); 140.9 (C-7a); 138.8 (C-9); 137.3 (C-13); 128.5
(C-6); 124.6 (C-11); 123.7 (C-4); 121.6, 121.5 (C-5,12);
120.7 (C-3a); 119.2 (C-10a); 114.9 (C-7); 113.6 (C-14);
105.5 (C-3); 82.3 (C-15); 75.5 (C-18); 73.3 (C-17); 72.0
(C-16); 71.5 (C-19); 18.3 (C-20). HRMS (ESI): m/z caled
for CyH,N,NaOg ([M+NaJ): 431.1214; found:
431.1216.

Compound 6p: N-(2,3,4,6-tetra-O-acetyl-B-p-glucopyr-
anosyl)isatine (160 mg, 0.335 mmol) was converted
according to the above mentioned procedure (reaction
duration: 4 h). Column chromatography (CHCl;-MeOH,
20:1—10:1) yielded 6p (100 mg, 70%). Compound 7p: N-
(2,3,4-tri-O-acetyl-B-p-ribopyranosyl)isatine (120 mg,
0.296 mmol) was converted according to the above men-
tioned procedure (reaction duration: 1.5h). Column
chromatography (CHCl;-MeOH, 20:1—10:1) yielded 78
(95 mg, 81%). Compound 8: N-(2,3,4,6-tetra-O-acetyl-f-
D-galactopyranosyl)isatine (200 mg, 0.419 mmol) was con-
verted according to the above mentioned procedure
(reaction duration: 3h). Column chromatography
(CHC13-MeOH, 20:1—10:1) yielded 8B (130 mg, 73%).
Compound 9f: N-(2,3,4,6-tetra-O-acetyl-B-pD-mannopyr-
anosyl)isatine (190 mg, 0.398 mmol) was converted
according to the above mentioned procedure (reaction
duration: 3 h). Column chromatography (CHCl;-MeOH,
20:1—10:1) yielded 9 (100 mg, 59%).
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