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Abstract
C24H25BrClNO11, monoclinic, C2 (no. 5), a = 28.914(5) Å,
b = 7.9349(14) Å, c = 13.062(2) Å, β = 114.867(3)°,
V = 2718.9(8) Å3, Z = 4, Rgt(F ) = 0.0352, wRref(F

2) = 0.0888,
T = 296.15 K.

CCDC no.: 2159219

The crystal structure is shown in the figure. Table 1 con-
tains crystallographic data and Table 2 contains the list of
the atoms including atomic coordinates and displacement
parameters.

Source of materials

The title compoundwas synthesized by an improvedSchmidt
glycosylation [5]. To the solution of 5-bromo-4-chloro-
3-indoxyl-1-acetate (2.88 g, 10 mmol) [6] and 2,3,4,6-tetra–
O-acetyl–D-galactopyranosyl trichloroacetimidate (9.84 g,
20 mmol) [7] in anhydrous dichloromethane (100 mL), Et3N
(0.5 mL) was added firstly and followed by dropwise addi-
tion of BF3 ⋅Et2O (5 mL) at −20 °C under argon atmosphere.
The obtained mixture was stirred for 4 h until TLC showed
the reaction was complete. After the reaction was quenched
by saturated NaHCO3 solution (10 mL), it was diluted with
additional dichloromethane (100 mL). Then, the organic
phase was washed with H2O (50 mL) and saturated NaCl
(50 mL). After dried with anhydrous Na2SO4 and filtered,
the solvent was removed in vacuo. The obtained residue
was purified by column chromatography to afford the title
compound (2.80 g, 45.3%), which was further purified by
recrystallization fromethanol. Crystalswere obtainedby slow
evaporation from the ethanol solution at 268–270 K.

Experimental details

Hydrogen atoms were added using the AFIX options of the
SHELX system. Their Uiso values were set to 1.2Ueq of all

Table : Data collection and handling.

Crystal: Block, clear light colourless
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Bruker APEX-II, φ and ω-scans
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: Bruker programs [], OLEX [],
SHELX [], DIAMOND []
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C(H) and C(H,H) groups. TheirUiso values were set to 1.5Ueq

of all C(H,H,H) groups and O(H,H) groups. The absolute
structure was established by the Flack parameter
(0.033(7)).

Comment

The indoxyl glycosides are widely used as chromogenic
substrates for detecting enzyme activities in histochemistry,
biochemistry and bacteriology [8, 9]. Among them, 5-bromo-
4-chloro-3-indoxyl-β–D-galactoside (X-gal) is applied as the
reporter of gene lac-z derived from E. coli., which precipitate
as greenish-blue 5,5′-dibromo-4,4′-dichloroindigo. Although
X-gal is commercially available, it is very expensive. Since
X-galwasfirst describedbyHorwitz in 1964 [10], its synthesis
was seldom reported [11, 12]. During our large-scale
employment X-gal in chromogenic culture media, an effi-
cient synthetic process is needed. In addition, the crystal
structures of indoxyl glycosides were not reported in the
literature, which are important for understanding their
interaction with corresponding glycosylic enzymes. During
the development of its new synthetic process, the crystal
structure of the title compound was obtained.

The asymmetric unit of the title structure contains one
(N-acetyl-5-bromo-4-chloro-3-indoxyl)-2,3,4,6-tetra–O-acetyl-
β–D-galactopyranoside and half a water molecule. The
galactopyranoside derivate consists of N-acetyl-5-bromo-
4-chloro-3-indoxyl and tetra-acetyl-protected galactopyr-
anose that exhibit slightly distorted chair conformation.
Bond lengths and angles are all in the expected ranges.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

x y z Uiso*/Ueq

Br . () . () . () . ()
Cl . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . . () . . ()
HDa

. . . .*
HEa . . . .*
N . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()

Table : (continued)

x y z Uiso*/Ueq

H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*

aOccupancy: ..
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