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Abstract: Sugar hemiacetals were smoothly transformed into the
corresponding glycosyl bromides by treatment with carbon tetra-
bromide in N,N-dimethylformamide with tris(2,2′-bipyridyl)ruthe-
nium(II) chloride as a catalyst under visible-light irradiation.
Protecting groups commonly used in carbohydrate derivatives are
unaffected by the mild conditions for bromination.
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In carbohydrate chemistry, protected glycosyl bromides
are important and versatile synthons that permit the prep-
aration of functional derivatives or intermediates, includ-
ing 1,6-anhydrosaccharides,1 azides,2 thioglycosides,3

glycals,4 and thiols.5 Moreover, aldosyl bromides, in the
presence of various promoters, are sometimes used as do-
nors for chemical O-glycosylation.6 Therefore, the syn-
thesis of these bromides is of great significance and
considerable interest.

Continual efforts have been made to develop efficient ap-
proaches for regioselective bromination at the anomeric
position. Generally, glycosyl bromides are prepared di-
rectly from their peracetyl derivatives by treatment with
hydrobromic acid,7 phosphorus tribromide,8 or trimethyl-
silyl bromide.9 Other methods involve the bromination of
sugar lactols with deoxohalogenation reagents.10 Howev-
er, the harsh reaction conditions are incompatible with
acid-sensitive functional groups present in the substrate.
In addition, stoichiometric amounts of highly toxic re-
agents or heavy metal salts are required, leading to serious
effects on the environment when the reactions are scaled
up. Therefore, the development of an environmentally be-
nign and mild procedure for bromination would be highly
desirable and valuable. Catalytic synthesis mediated by
visible light has promise in the development of practical
scalable industrial processes, with considerable environ-
mental benefits.11 Several examples of chemical transfor-
mations at the anomeric position of sugars that are
facilitated by photocatalysis have been recently report-
ed.12 Stephenson and co-workers described a new method
for the synthesis of bromides from alcohols13 in which,
presumably, a Vilsmeier–Haack reagent or a variant
thereof is generated in situ from carbon tetrabromide and
N,N-dimethylformamide by irradiation in the presence of
a photocatalyst. Taking our cue from this photochemical

synthesis, we have developed a fairly efficacious and op-
erationally simple protocol for preparing glycosyl bro-
mides in the presence of the visible-light activated
photocatalyst tris(2,2′-bipyridyl)ruthenium(II) chloride
[Ru(bpy)3Cl2]. 

To optimize the conditions for this reaction, we chose
2,3,4,6-tetra-O-benzoyl-D-glucopyranose (1b) as a model
substrate and a domestic blue light-emitting diode (LED,
13 W) as the light source, and we examined the effects of
the photocatalyst loading and various quantities of carbon
tetrabromide. The desired bromide 2b was produced in
82% isolated yield (Table 1, entry 2) when a mixture of
compound 1b, tetrabutylammonium bromide (2.0 equiv),
and carbon tetrabromide (2.0 equiv) in N,N-dimethyl-
formamide containing Ru(bpy)3Cl2 (0.05 equiv) was irra-
diated at room temperature for 15 h. Having identified
these optimal conditions, we subjected a variety of sugar
hemiacetals to this visible light-promoted photocatalytic
bromination protocol to establish the scope of the reac-
tion. As shown in Table 1, the reaction proceeded smooth-
ly in all cases to give the desired bromides in various
isolated yields. Compound 1a, protected by acid-labile
acetonide groups, gave a low isolated yield (54%) because
of instability of the product 2a (entry 1). The other sub-
strates 1b–j were suitable substrates for our protocol and
gave good to excellent yields (82–92%) of the corre-
sponding bromides (entries 2–10).

It is worth mentioning that we failed to obtain 2,3,4,6-tet-
ra-O-benzyl-α-D-glycosyl bromide by chromatographic
purification because the bromide is fairly labile. The pro-
cedure tolerated a number of commonly employed pro-
tecting groups, including acetals, silyl ethers, acetates,
benzyl ethers, and benzoates. The crude reaction mixtures
were amenable to flash column chromatography on silica
gel, and the products were isolated as white amorphous
solids or colorless oils. The bromides were characterized
by NMR spectroscopy, which typically showed signals
from anomeric protons at δ = 6–7 ppm, signifying α-ano-
meric configurations. No products of interglycosidic bond
cleavage were detected in the cases of disaccharide sub-
strates (entries 7–10).

In conclusion, we have developed a practical and simple
protocol for the synthesis of glycosyl bromide by photo-
catalytic bromination. Various readily accessible sugar
hemiacetals can be smoothly converted into the corre-
sponding glycosyl bromides. The procedure is compatible
with acid- or base-labile protecting groups. Readily avail-
able reagents are used, and no strong acids or hazardous
reagents are required.
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Table 1  Photocatalytic Synthesis of Glycosyl Bromides

Entry Substrate Product Yielda (%)

1

1a 2a

54

2

1b 2b

82

3

1c 2c

91

4

1d 2d

88

5

1e 2e

88

6

1f 2f

86

7

1g 2g

92

8

1h 2h

90

photocatalyst, DMF

CBr4, blue LED, TBAB
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Glassware was dried in an oven at 150 °C and cooled under a dry
atmosphere before use. Unless otherwise indicated, reactions were
performed open to the air. All reagents and solvents were commer-
cial products and were used as received, unless otherwise noted.
DMF was distilled over CaH2 before use. Conversion was moni-
tored by TLC on precoated plates of silica gel HF254 (0.5 mm; Yan-
tai, China). Compounds were visualized by UV radiation at 254 nm
or by dipping the plates into 20% H2SO4 in EtOH with subsequent
rapid heating. Flash column chromatography was performed on sil-
ica gel (300–400 mesh). 1H and 13C NMR spectra were recorded at
400 and 100 MHz on Varian Mercury 400 spectrometers. Chemical
shifts are reported in ppm relative to TMS or the appropriate solvent
as internal standard. Optical rotations were measured with a JASCO
DIP-370 digital polarimeter with a sodium lamp (λ = 589 nm) at
20 °C. High-resolution mass spectra were recorded on a Bruker
APEX II mass spectrometer using electrospray ionization. IR spec-
tra were recorded on a Nicolet Nexus 670 Fourier-transform spec-
trophotometer by using thin films on NaCl plates for oils or KBr
discs for solids.

Glycosyl Bromides 2a–j; General Procedure
A dry 25 mL Schlenk tube was charged with substrate 1a–j (1
mmol), CBr4 (2.0 equiv), Ru(bipy)3Cl2 (0.05 equiv), and TBAB (2.0
equiv) in anhydrous DMF (5 mL). The tube was sealed with a rub-
ber septum and the solution was degassed by three freeze–pump–
thaw cycles under argon. The tube was placed approximately 5 cm
from the irradiation source (blue LEDs, 13 W), and the mixture was
stirred and irradiated for 10–15 h until the starting alcohol was com-
pletely consumed (TLC). Et2O (25 mL) and H2O (25 mL) were add-
ed, the layers were separated, and the aqueous layer was extracted
with Et2O (2 × 25 mL). The organic layers were combined, washed
with sat. aq Na2S2O3, dried (NaSO4), and concentrated in vacuo.
The residue was purified by chromatography (silica gel).

2,3:5,6-Di-O-isopropylidene-α-D-mannofuranosyl Bromide (2a)
Colorless oil; yield: 174 mg (54%; unstable); [α]D

20 +82.6 (c 0.5,
CHCl3); Rf = 0.78 (PE–EtOAc, 4:1).

IR (thin film): 3467, 3074, 1238, 1126, 921, 848 cm–1.
1H NMR (400 MHz, CDCl3): δ = 6.39 (s, 1 H), 5.16 (d, J = 6.4 Hz,
1 H), 4.89 (dd, J = 4.0, 5.2 Hz, 1 H), 4.47 (dd, J = 6.4, 11.2 Hz, 1
H), 4.20–4.12 (m, 1 H), 4.10–4.08 (m, 1 H), 4.02–3.98 (m, 1 H),
1.47 (s, 3 H), 1.46 (s, 3 H), 1.39 (s, 3 H), 1.33 (s, 3 H). 

13C NMR (100 MHz, CDCl3): δ = 113.2, 109.6, 92.8, 90.0, 83.3,
78.3, 72.0, 66.7, 26.9, 25.8, 25.1, 24.6.

HRMS (ESI): m/z [M + Na]+ calcd for C12H19BrNaO5: 345.0314;
found: 345.0311.

2,3,4,6-Tetra-O-benzoyl-α-D-glucopyranosyl Bromide (2b)14

White solid; yield: 540 mg (82%); mp 128 °C; [α]D
20 +108.6 (c 2.0,

CHCl3); Rf = 0.66 (PE–EtOAc, 3:1).

IR (KBr): 3487, 3062, 3029, 3007, 1721, 1250 cm–1.
1H NMR (400 MHz, CDCl3): δ = 8.09–7.87 (m, 8 H), 7.24–7.58 (m,
12 H), 6.88 (d, J = 4.0 Hz, 1 H), 6.29 (t, J = 10.0 Hz, 1 H), 5.86 (t,
J = 10.0 Hz, 1 H), 5.35 (dd, J = 4.0, 9.6 Hz, 1 H), 4.77–4.67 (m, 2
H), 4.52 (dd, J = 4.4, 12.8 Hz, 1 H).
13C NMR (100 MHz, CDCl3): δ = 165.9, 165.5, 165.2, 165.0, 133.7,
133.6, 133.2, 130.0, 129.8, 129.7, 129.6, 129.4, 128.7, 128.4, 128.3,
86.8, 72.6, 71.4, 70.5, 67.9, 61.8.

HRMS (ESI): m/z [M + Na]+ calcd for C34H27BrNaO9: 681.0736;
found: 681.0734.

2,3-Di-O-acetyl-4,6-O-benzylidene-α-D-Glucopyranosyl Bro-
mide (2c)
White solid; yield: 377 mg (91%); mp 125 °C; [α]D

20 +108 (c 0.1,
CHCl3); Rf = 0.42 (PE–EtOAc, 4:1).

IR (KBr): 3057, 1749, 1637, 1572, 1263, 1137, 720 cm–1.
1H NMR (400 MHz, CDCl3): δ = 7.36–7.45 (m, 5 H), 6.60 (d, J =
3.6 Hz, 1 H), 5.67 (t, J = 6.0 Hz, 1 H), 5.52 (s, 1 H), 4.85 (dd, J =
4.0, 9.6 Hz, 1 H), 4.37–4.33 (m, 1 H), 4.28–4.22 (m, 1 H), 3.85–3.73
(m, 2 H), 2.12 (s, 3 H), 2.08 (s, 3 H).
13C NMR (100 MHz, CDCl3): δ = 170.0, 136.5, 129.2, 128.2, 126.1,
101.6, 86.9, 78.1, 71.3, 68.8, 68.6, 67.8, 67.0, 20.8.

HRMS (ESI): m/z [M + Na]+ calcd for C17H19NaBrO7: 437.0212;
found: 437.0213.

2,3,4-Tri-O-acetyl-6-O-[tert-butyl(dimethyl)silyl]-α-D-manno-
pyranosyl Bromide (2d)
Colorless oil; yield: 424 mg (88%); [α]D

20 +77.6 (c 0.2, CHCl3);
Rf = 0.52 (PE–EtOAc, 3:1).

IR (thin film): 2998, 1756, 1268, 1108, 830 cm–1.
1H NMR (400 MHz, CDCl3): δ = 6.33 (d, J = 3.6 Hz, 1 H), 5.70 (dd,
J = 3.2, 10.0 Hz, 1 H), 5.45 (m, 1 H), 5.37 (t, J = 9.6 Hz, 1 H), 4.36–

9

1i 2i

93

10

1j 2j

87

a Isolated yield.

Table 1  Photocatalytic Synthesis of Glycosyl Bromides (continued)

Entry Substrate Product Yielda (%)

photocatalyst, DMF

CBr4, blue LED, TBAB
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4.32 (m, 1 H), 4.24–4.21 (m, 1 H), 4.15–4.12 (m, 1 H), 2.07 (s, 3 H),
1.98 (s, 3 H), 1.94 (s, 3 H), 0.85 (s, 9 H), 0.02 (s, 3 H), 0.00 (s, 3 H).
13C NMR (100 MHz, CDCl3): δ = 170.3, 170.2, 169.7, 91.9, 71.2,
70.3, 69.1, 66.6, 62.6, 25.8, 20.8, 20.7, 18.4, –5.4, –5.5.

HRMS (ESI): m/z [M + Na]+ calcd for C18H31BrNaO8Si: 505.0869;
found: 505.0865.

2,4,6-Tri-O-acetyl-3-O-benzyl-α-D-glucopyranosyl Bromide 
(2e)
Colorless oil; yield: 403 mg (88%); [α]D

20 +132 (c 0.5, CHCl3);
Rf = 0.46 (PE– EtOAc, 3:1).

IR (thin film): 3379, 2907, 2859, 1728, 892 cm–1.
1H NMR (400 MHz, CDCl3): δ = 7.36–7.25 (m, 5 H), 6.64 (d, J =
3.6 Hz, 1 H), 5.18 (t, J = 10.0 Hz, 1 H), 4.78–4.73 (m, 2 H), 4.63 (m,
1 H), 4.26 (dd, J = 4.4, 12.8 Hz, 1 H), 4.19–4.16 (m, 1 H), 4.10–4.04
(m, 2 H), 2.08 (s, 6 H), 1.96 (s, 3 H).
13C NMR (100 MHz, CDCl3): δ = 170.4, 169.6, 169.1, 137.7, 128.3,
127.8, 127.5, 87.9, 75.0, 72.9, 72.5, 68.0, 61.1, 20.1, 20.0.

HRMS (ESI): m/z [M + Na]+ calcd for C19H23BrO8Na: 481.0474;
found: 481.0477.

2,3,4,6-Tetra-O-acetyl-α-D-galactopyranosyl Bromide (2f)15

White solid; yield: 353 mg (86%); mp 86 °C; [α]D
20 +216 (c 1.0,

CHCl3); Rf = 0.70 (PE– EtOAc, 1:1).

IR (thin film): 3422, 1745, 1378, 1249, 1053, 901 cm–1.
1H NMR (400 MHz, CDCl3): δ = 6.71 (d, J = 4.0 Hz, 1 H), 5.52–
5.46 (m, 1 H), 5.40 (dd, J = 3.2, 10.8 Hz, 1 H), 5.05 (dd, J = 4.0,
10.8 Hz, 1 H), 4.51–4.48 (m, 1 H), 4.19 (dd, J = 6.4, 11.8 Hz, 1 H),
4.11 (dd, J = 6.4, 11.2 Hz, 1 H), 2.16 (s, 3 H), 2.12 (s, 3 H), 2.07 (s,
3 H), 2.01 (s, 3 H).
13C NMR (100 MHz, CDCl3): δ = 170.1, 169.8, 169.7, 169.5, 88.0,
70.9, 67.8, 67.6, 66.8, 60.6, 20.5, 20.4, 20.3, 20.0. 

HRMS (ESI): m/z [M + Na]+ calcd for C14H19BrNaO9: 433.0110;
found: 433.0112.

2,3,6,2′,3′,4′,6′-Hepta-O-acetyl-α-D-maltosyl bromide (2g)16

White solid; yield: 642 mg (92%); mp 83 °C; [α]D
20 +107 (c 1.0,

CHCl3); Rf = 0.32 (PE–EtOAc, 1:1). 

IR (KBr): 3426, 2971, 1749, 1376, 1230 cm–1.
1H NMR (400 MHz, CDCl3): δ = 6.53 (d, J = 4.0 Hz, 1 H), 5.61 (dd,
J = 8.8, 9.6 Hz, 1 H), 5.41 (d, J = 3.6 Hz, 1 H), 5.54–5.51 (m, 1 H),
5.35 (t, J = 10.0 Hz, 1 H), 5.08 (dd, J = 9.6, 10.0 Hz, 1 H), 4.87 (dd,
J = 3.6, 10.0 Hz, 1 H), 4.72 (dd, J = 10.0, 12.5 Hz, 1 H), 4.29–4.24
(m, 3 H), 4.14–4.03 (m, 3 H), 2.15 (s, 3 H), 2.10 (s, 3 H), 2.08 (s, 3
H), 2.05 (s, 3 H), 2.04 (s, 3 H), 2.03 (s, 3 H), 2.01 (s, 3 H).
13C NMR (100 MHz, CDCl3): δ = 170.3, 170.1, 169.9, 169.4, 169.2,
169.0, 95.4, 85.9, 72.2, 72.0, 71.3, 70.6, 69.7, 68.8, 68.3, 67.5, 61.5,
61.0, 20.7, 20.5, 20.4, 20.3, 20.2.

HRMS (ESI): m/z [M + Na]+ calcd for C26H35BrNaO17: 721.0955;
found: 721.0957.

2,3,6,2′,3′,4′,6′-Hepta-O-acetyl-α-D-lactosyl Bromide (2h)17

White solid; yield: 649 mg (93%); mp 140 °C; [α]D
20 +112 (c 1.0,

CHCl3); Rf = 0.30 (PE–EtOAc, 1:1).

IR (KBr): 3432, 2935, 1751, 1641, 1371, 1223, 1048 cm–1.
1H NMR (400 MHz, CDCl3): δ = 6.53 (d, J = 4.0 Hz, 1 H), 5.55 (t,
J = 9.6 Hz, 1 H), 5.35 (dd, J = 9.6, 10.0 Hz, 1 H), 4.97 (dd, J = 3.6,
10.4 Hz, 1 H), 4.76 (dd, J = 4.0, 10.0 Hz, 1 H), 4.53–4.49 (m, 2 H),
4.22–4.03 (m, 4 H), 3.92–3.85 (m, 2 H), 2.17 (s, 3 H), 2.14 (s, 3 H),
2.10 (s, 3 H), 2.07 (s, 3 H), 2.06 (s, 3 H), 2.05 (s, 3 H), 1.97 (s, 3 H).
13C NMR (100 MHz, CDCl3): δ = 170.2, 170.0, 169.8, 100.6, 86.3,
74.8, 72.8, 70.6, 69.5, 68.9, 66.5, 60.9, 60.8, 20.6, 20.5, 20.3.

HRMS (ESI): m/z [M + Na]+ calcd for C26H35BrNaO17: 721.0955;
found: 721.0957.

2,3,6,2′,3′,4′,6′-Hepta-O-acetyl-α-D-cellobiosyl Bromide (2i)18

White solid; yield: 628 mg (90%); mp 186 °C; [α]D
20 +96 (c 1.0,

CHCl3); Rf = 0.33 (PE–EtOAc, 1:1).

IR (KBr): 3469, 1745, 1434, 1372, 1229, 1047, 908 cm–1.
1H NMR (400 MHz, CDCl3): δ = 6.53 (d, J = 4.0 Hz, 1 H), 5.53 (dd,
J = 9.6, 10.0 Hz, 1 H), 5.13 (dd, J = 9.2, 10.0 Hz, 1 H), 5.08 (dd,
J = 9.6, 10.0 Hz, 1 H), 4.94 (dd, J = 8.8, 10.0 Hz, 1 H), 4.77 (dd,
J = 4.0, 10.0 Hz, 1 H), 4.56–4.52 (m, 2 H), 4.38 (dd, J = 4.4, 12.0
Hz, 1 H), 4.21–4.15 (m, 2 H), 4.04 (dd, J = 2.0, 12.0 Hz, 1 H), 3.84
(t, J = 9.6 Hz, 1 H), 3.68 (ddd, J = 2.0, 4.0, 9.6 Hz, 1 H), 2.15 (s, 6
H), 2.10 (s, 3 H), 2.05 (s, 3 H), 2.02 (s, 6 H), 1.99 (s, 3 H).
13C NMR (100 MHz, CDCl3): δ = 170.4, 170.2, 170.0, 169.9, 169.2,
168.9, 100.5, 86.4, 75.1, 72.9, 72.8, 72.6, 71.9, 71.5, 70.7, 69.3,
67.7, 61.5, 60.8, 20.7, 20.6, 20.5.

HRMS (ESI): m/z [M + Na]+ calcd for C26H35BrNaO17: 721.0955;
found: 721.0955.

2,3,6,2′,3′,4′,6′-Hepta-O-acetyl-α-D-melibiosyl Bromide (2j)
White solid; yield: 607 mg (87%); mp 133 °C; [α]D

20 +105.3 (c 0.5,
CHCl3); Rf = 0.35 (PE–EtOAc, 1:1). 

IR (KBr): 3411, 2896, 1737, 1427, 1364, 1219, 1169, 1038 cm–1.
1H NMR (400 MHz, CDCl3): δ = 6.60 (d, J = 4.0 Hz, 1 H), 5.56 (t,
J = 9.6 Hz, 1 H), 5.47 (m, 1 H), 5.35 (m, 1 H), 5.32 (dd, J = 5.2, 11.2
Hz, 1 H), 5.20–5.17 (m, 1 H), 5.10 (dd, J = 10.0, 11.2 Hz, 1 H), 4.80
(dd, J = 4.0, 9.6 Hz, 1 H), 4.20 (m, 1 H), 4.16–4.08 (m, 1 H), 4.07–
4.05 (m, 2 H), 3.79–3.75 (m, 1 H), 3.65–3.62 (m, 1 H), 2.14 (s, 3 H),
2.13 (s, 3 H), 2.11 (s, 3 H), 2.07 (s, 3 H), 2.05 (s, 3 H), 2.04 (s, 3 H),
1.99 (s, 3 H).
13C NMR (100 MHz, CDCl3): δ = 170.4, 170.2, 169.7, 169.2, 96.1,
86.4, 72.8, 70.5, 70.1, 67.9, 66.3, 65.3, 61.5, 20.7, 20.5.

HRMS (ESI): m/z [M + Na]+ calcd for C26H35Br O17Na: 721.0955;
found: 721.0954.
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