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Regioselective C(sp3)–H alkylation of a fructopyra-
nose derivative by 1,6-HAT†

Yanru Li,a Shoto Miyamoto,a Takeru Torigoeb,a and Yoichiro Kuninobu *b,a

Regioselective C(sp3)–H alkylation of a fructopyranose derivative

using electron-deficient alkenes as alkylation reagents was

achieved. The reaction proceeded via 1,6-hydrogen atom transfer

under photoredox iridium catalysis. Several functional groups were

introduced into the fructopyranose derivative.

Development of regioselective C(sp3)–H transformations is an
important issue in recent synthetic organic chemistry.1,2 In
many cases, C(sp3)–H transformations have been developed
using simple substrates. From a practical perspective, it is also
important to realize regioselective C(sp3)–H transformations of
natural products, such as saccharides. One of the synthetic
methods of saccharides is their modification, generally at the
highly reactive primary and secondary hydroxy groups
(Scheme 1a) and anomer positions (Scheme 1b).3

Transformations of saccharide skeletons have also been
reported. For example, alkyl, allyl, and phenyl groups can be
introduced into saccharide skeletons by the oxidation of the
saccharide hydroxy group and a subsequent Grignard reaction
at the resulting carbonyl group. In this method, multiple steps
are required to introduce substituents into the saccharide skel-
etons, and the stereochemistry at the reaction site is not deter-
mined (Scheme 1c).4 Although direct C(sp3)–H transformations
of saccharide skeletons can be considered as an ideal method,
examples of regioselective C(sp3)–H transformations are still
rare.

Hydrogen atom transfer (HAT) has received much attention
as one of the most efficient methods to realize regioselective
C(sp3)–H transformations. Recently, Knowles5 and Rovis6 inde-

pendently reported amide-directed photoredox-catalyzed
C(sp3)–H alkylation by 1,5-HAT using alkenes with an electron-
withdrawing group as alkylation reagents. Later, Rovis et al.
succeeded in the γ-position-selective C(sp3)–H alkylation of

Scheme 1 Several transformations of saccharides.
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carboxylic acid derivatives by 1,5-HAT under visible-light
photoredox catalysis. They reported only one example of
C(sp3)–H alkylation of a saccharide derivative, and the yield of
the alkylated product was moderate.7,8

Herein, we report regioselective C(sp3)–H alkylation of a
fructopyranose derivative by 1,6-HAT using a methylsulfamate
group as the hydrogen atom abstraction moiety (Scheme 1d).9

The generation of a carbon radical species by 1,6-HAT and sub-
sequent trapping of the carbon radical intermediate with an
alkene bearing an electron-withdrawing group produced an
alkylated fructopyranose derivative.

Fructopyranose derivative 1 was reacted with ethyl acrylate
(2a, 3.0 equivalents) in the presence of [Ir{dF(CF3)
ppy}2(dtbbpy)]PF6 (2.0 mol%) and K3PO4 (2.0 equiv.) under
blue LED irradiation (Table 1). The reaction in DMF did not
give the desired product 3a (entry 1). Using benzotrifluoride
(PhCF3), chlorobenzene (PhCl), or dichloromethane (DCM),

mixtures of the desired C–H alkylated product 3a and unde-
sired N–H alkylated product 3a′ were formed (entries 2–4). The
alkylation proceeded regioselectively at the C–H bond of 1, and
3a was formed in 20% GC yield when the reaction was carried
out in 1,2-dichloroethane (DCE, entry 5). A mixed solvent of
DCE and H2O (2 : 1) was suitable for this reaction, and 3a was
formed in 31% yield (entry 6). To improve the yield of 3a, we
investigated the reaction temperature (entries 7 and 8).
Reaction at a lower temperature (15 °C) did not change the
yield of 3a (entry 7). On the other hand, the yield of 3a was
improved when the reaction was carried out at 60 °C, and 3a
was obtained in 46% yield (40% isolated yield, entry 8). The
alkylation reaction did not proceed under dark conditions or
without the iridium photocatalyst (entries 9 and 10). These
results clearly show that the iridium photocatalyst and blue
LED irradiation are indispensable to promote the alkylation
reaction. The alkylation reaction did not proceed using
9-mesityl-10-methylacridinium perchlorate as an organic
photocatalyst.

Under the optimized reaction conditions shown in Table 1
entry 5, we investigated the substrate scope of the alkylation
reagents (Scheme 2). Treatment of fructopyranose derivative 1
with methyl acrylate (2b) or benzyl acrylate (2c) provided alkyl-
ated products 3b and 3c in 40% and 48% yields, respectively.
The alkylation reaction also proceeded using methacrylates 2d
and 2e, and the corresponding alkylated products 3d and 3e
were obtained in 52% and 40% yields, respectively, as a
mixture of diastereomers without inhibition from steric hin-
drance. Acrylates 2f and 2g bearing a methoxy or siloxy group
were also suitable for this reaction and produced 3f and 3g in
46% and 52% yields, respectively, without deprotection of the
methoxy and siloxy groups. The alkylation reaction also pro-
ceeded using acrylamide and acrylonitriles, and the corres-
ponding alkylated products 3h and 3i were obtained in 28%
and 23% yields, respectively.

The proposed mechanism for the regioselective C(sp3)–H
alkylation of fructopyranose derivative 1 is shown in Scheme 3:
(1) excitation of the iridium photocatalyst (IrIII) to IrIII* species
upon blue LED irradiation;10 (2) formation of sulfamyl radical
A through a proton-coupled electron transfer by the excited
IrIII* and a base, and the deactivation and reduction of IrIII*
species to IrII;5,6,11 (3) formation of carbon radical B by 1,6-
HAT;9 (4) reaction of the nucleophilic carbon radical with an
alkene bearing an electron-withdrawing group to generate
alkyl radical intermediate C; (5) reduction of radical intermedi-
ate C by IrII to give anionic intermediate D and regenerate IrIII;
and (6) subsequent protonation of D to produce alkylated
product 3.

The N-methyl sulfamate group of the alkylated fructopyra-
nose derivative 3a can be converted to a hydroxy group
(Scheme 4). Treatment of fructopyranose derivative 3a with
NaN3 in DMSO at 100 °C for 24 h gave 71% yield of the depro-
tected product 4 (Scheme 4). Interestingly, the hydroxylation
reaction proceeded whereas an azide group is generally intro-
duced under these reaction conditions.9c,12 This is possibly
due to the steric hindrance of the fructopyranose skeleton.

Table 1 Effect of solvents and temperatures for C(sp3)–H alkylation of
1

Entry Solvent T (°C)

Yielda (%)

3a 3a′

1b DMF 25 <1 <1
2b PhCF3 25 8 22
3b PhCl 25 15 10
4b DCM 25 20 4
5b DCE 25 20 1
6 DCE/H2O (2/1) 25 31 <1
7 DCE/H2O (2/1) 15 30 <1
8 DCE/H2O (2/1) 60 46 (40) <1
9b,c DCE/H2O (2/1) 25 <1 <1
10b,d DCE/H2O (2/1) 25 <1 <1

aGC yield. Isolated yield is reported in parentheses. b 48 h. cDark.
dWithout [Ir{dF(CF3)ppy}2(dtbbpy)]PF6

.
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The silyl group of the alkylated fructopyranose 3g can be
removed easily by treatment with TBAF, giving 5 bearing a free
hydroxy group (Scheme 5). It is expected that a variety of func-
tional groups and molecules can be introduced using the
hydroxy group.

Conclusions

In summary, we successfully developed the regioselective
C(sp3)–H alkylation of a fructopyranose derivative by 1,6-HAT.
Conventional functionalization of saccharides is achieved by
the conversion of the highly reactive primary and secondary
hydroxy groups and anomer positions. In contrast, these are
maintained after C(sp3)–H alkylation. Using this reaction,
several functional groups can be introduced at the terminal
position of the alkyl chains using several electron-deficient
alkenes, even on a gram scale. The N-methyl sulfamate group,
which abstracts a hydrogen atom from the fructopyranose
derivative, can be converted to a hydroxy group. The silyl
group of the siloxy group at the terminal position of the intro-
duced alkyl chain can be removed easily using TBAF to give a
free hydroxy group. It is expected that a variety of functional
groups and molecules can be introduced into fructopyranose
derivatives using the hydroxy groups. Because there have been
few examples of C(sp3)–H transformations of saccharides, the
results of this work will provide useful insight into C–H trans-
formations and sugar chemistry. In addition, it is expected
that these results will lead to further development of sacchar-
ide chemistry because C(sp3)–H transformations provide sac-
charide derivatives that cannot be produced by the transform-
ations of the hydroxy groups and anomer positions.
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Scheme 2 Scope of alkenes. aMixture of diastereomers (52 : 48).
b25 °C, 48 h, mixture of diastereomers (76 : 24). c25 °C, 48 h.

Scheme 4 Conversion of the N-methyl sulfamate group in alkylated
fructopyranose derivative 3a to a hydroxy group.

Scheme 5 Deprotection of a silyl group of 3g.

Scheme 3 Proposed mechanism.
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