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镍催化的卤代糖苷和卤代芳烃通过还原偶联制备 
芳香碳糖苷类化合物的简易方法 

孙雨人 a    刘建东 a    林  泉 a    姚  建 a    童玮琦 b    钱  群*,b  
(a上海大学材料科学与工程学院  上海大学超分子化学与催化研究中心  上海 200444) 

(b上海大学理学院  上海 200444) 

摘要  报道了在温和条件下通过镍和联吡啶催化的还原偶联反应, 由 C(1)-卤代糖苷和缺电子的芳基溴化物制备芳香

糖苷类化合物的方法. 运用该种方法可以由中等或高的 α-选择性得到芳香碳糖苷类产物. 包括富电子的芳香碘化物在

内的多种卤代芳烃底物适用于该反应, 产率在 40%～95%之间. 该方法可以放大到克级规模, 并在此条件下将镍催化

剂的用量减少到 2 mol%.  
关键词  镍催化; 还原偶联; α-选择性制备; 芳香碳糖苷; 克级反应 

Facile Preparation of Aryl C-Glycosides by Nickel-Catalyzed  
Reductive Coupling of Glycosyl Halides with Aryl Halides 

Sun, Yurena    Liu, Jiandonga    Lin, Quana    Yao, Kena    Tong, Weiqib    Qian, Qun*,b  
(a School of Materials Science and Engineering, Center for Supramolecular Chemistry and Catalysis, Shanghai 200444) 

(b College of Sciences, Shanghai University, Shanghai 200444)  

Abstract  The preparation of C-aryl glycosides via mild Ni/bipyridine-catalyzed reductive arylation of C(1)-glycosyl halides 
with electron-deficient aryl bromides was developed. Moderate to high α-selectivities were achieved for C-glycosides. A broad 
range of aryl halides including electron-rich aryl iodides were employed to yield C-aryl glycosides in 40%～5% yields. This 
method can be scaled up on a gram scale by lowering the loading of nickel catalyst to 2 mol%. 
Keywords  nickel-catalysis; reductive coupling; α-selective preparation; C-aryl glycoside; gram scale 

 

1  Introduction 
C-Glycosides represent an important class of bioactive 

compounds in nature and medicinal chemistry.[1] Numerous 
commercial drugs compose C-aryl glycoside frameworks, 
e.g., empagliflozin for type-2 diabetes.[2] The conventional 
transition-metal-catalyzed coupling of aryl zinc and mag-
nesium reagents with C(1)-glycosyl halides has enabled a 
number of elegant methodologies to achieve α- and β-aryl 
C-glycosides.[3-8] Highly stereoselective access to the β-aryl 
C-glycosides has been well-documented by Gagné and 
Knochel et al.[3-4] via the coupling of aryl-Zn with glycosyl 
halides. In contrast, methods to α-selective aryl C-glyco- 
sides are less advanced.[5-7] For instance, the Co-catalyzed 
Kumada reaction conditions resulted in the aryl C-gluco- 
sides with ＜3∶1 α/β selectivities.[6] However, the use of 

Grignard reagents limited the scope of functional group 
compatibility.[6] It has been reported that under Ni-catalyzed 
reductive coupling conditions, the coupling of readily ac-
cessible glycosyl halides with aryl halides effectively pro-
duced aryl and vinyl C-glycosides (Scheme 1).[9-10] The use 
of pyridine and 4,4',4''-tri-tert-butyl-2,2':6',2''-terpyridine 
ligand allowed us to selectively access C—C(sp2) gluco-
sides in good α- (up to 7∶1 α/β) and high β- (up to 30∶1 
β/α) selectivities, respectively.[9-10] The reaction mechanism 
was proposed via addition of glucosyl (Glu) radical to a 
Ar-(Ln)Ni(II)-X species that leads to a key Ar-Ni(III)-Glu 
intermediate. Good α-selectivity of using pyridine as the 
ligand was attributed to the liability of pyridine ligand 
wherein approach of the glycosyl radical to Ar-(Py)2Ni(II) 
associated with liberation of one pyridine. As a result, a less 
encumbered Glu-(Py)-Ni(III)-Ar intermediate, which is 
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further stabilized by anomeric interaction of oxygen lone 
pair with the σ* empty orbital of the C(1)—Ni bond, was 
formed. Unfortunately, the pyridine-mediated α-selective 
preparation of C-glucosides is limited to certain elec-
tron-deficient aryl iodides, thus constrained the scope of the 
method. To address this problem, we have identified that 
use of bipyridine ligand generally results in C-aryl gluco-
sides in moderate α-selectivities when glucosyl bromide 1 
coupled with electron-rich aryl iodides,[9] but exertion of the 
same protocol to the reaction of electron-deficient aryl 
halides with glycosyl bromides has not been uncovered.  

2  Results and discussion 
Herein, synthesis of C-glycoside using bipyridine as the 

ligand was studied (Scheme 1).[11-12] In particular, the em-
ployment of electron-deficient aryl halides has shown equal 
compatibility to that of electron-rich ones. In contrast, the 
use of bipyridine as the ligand showed broader substrate 
scope than that of pyridine.  
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Scheme 1  Ni-catalyzed reductive synthesis of C-glycosides 

Acetyl protected glucosyl C1-bromide 1 and methyl 
4-bromobenzoate 2 were selected as the coupling partner 
for optimization. Using Ni(ClO4)2•6H2O and dtbBpy as the 
precatalyst, MgCl2 as the additive, Zn as the reductant, and 
N,N-dimethylacetamide (DMA) as the solvent, the reaction 
provided the product 3a in 95% yield with a 2.2∶1 ratio of 
α/β selectivity. Increase of the loading of 2 from 1 to 1.5 
equiv. did not lead to an appreciable change on the selec-
tivity (Entry 2). Variation of the nickel source, ligands, 
solvents and temperature did not result in better selectivity 
(Entries 2～11). In contrast to the bipyridine ligand, phe-
nanthrene L3 was ineffective, which was possibly due to 
better ability of delocalization of an electron from Ni center 
when pyridine was used.[13] The effect of solvent remains 
unclear. However, it is likely that nonprotonic polar sol-
vents such as DMA can stabilize the Ni intermediate by 
weak coordination. Control experiments indicated the ne-
cessity of the reaction parameters (Entries 12～17). Inter-
estingly, whereas MgCl2 is indispensable in the optimized 
reaction conditions (Entry 13), the use of Ni(COD)2 in the 
absence of MgCl2 also generated a good result (Entry 14) 

comparable to that observed in Table 1, Entry 1. This result 
implies that MgCl2 plays an important role in activation of 
Zn and thus facilitate the reduction of Ni catalyst.  
Table 1  Optimization for the coupling between methyl 4-bro- 
mobenzoate with glucosyl bromide 

Ni(ClO4)2 6H2O (5 mol%)
dtbBpy (7 mol%)

MgCl2 (50 mol%), Zn (200 mol%)
DMA/THF (V:V = 1:4)

25 oC, 12 h
1 (0.15 mmol)

O
AcO

AcO
OAc

OAc

O Br
AcO

AcO
OAc

OAc

.

3a, 95% (2:1)

"method A"

Br

CO2Me

CO2Me
2 (1 equiv.)

+

 

Entrya Variation from the  
“standard conditions” Yieldb/% (α∶β) 

1 None 95 (2.2∶1)c 
2 1.5 equiv. of 2 98 (2.2∶1) 
3 Ni(acac)2 instead 70 (2∶1) 
4 NiBr2 instead 80 (2.2∶1) 
5 L1b instead of L1a 85 (1.6∶1) 
6 L2 instead of L1a NDd 
7 L3 instead of L1a Trace 
8 L4 instead of L1a NDd 
9 0 ℃ 95 (2.2∶1) 

10 40 ℃ 93 (2∶1) 
11 THF as solvent 76 (2∶1) 
12 Without L1a NDd 
13 Without MgCl2 NDd 
14 Without MgCl2, Ni(cod)2 was used 85 (2.2∶1) 
15 Without Zn NDd 
16 DMA as solvent 36 (2.8∶1) 
17 Without Ni(ClO4)2•6H2O NDd 

a Reaction conditions: 1 (0.15 mmol), 2 (1 equiv.), Ni(ClO4)2•6H2O (5 mol%), 
ligand (7 mol%), MgCl2 (50 mol%), Zn (2 equiv.), DMA/tetrahydrofuran 
(THF) (V∶V＝1∶4, 0.5 mL), 25 ℃. b NMR yield using 2,5-dimethylfuran as 
the internal reference. The ratios in the parentheses refer to α/β ratios. c Isolat-
ed yields. d Not detected by 1H NMR. 

 

The optimized reaction conditions exhibited excellent 
viability for a wide range of aryl bromides when coupling 
with 1, which delivered α/β selectivities (Table 2). The 
coupling efficiency did not alter appreciably by varying the 
electronic properties of the aryl moieties. The suitable 
electron-withdrawing substituents include ester, cyanide, 
acetyl and fluoride. Of note is the compatibility of cyano- 
substituted aryl bromides (e.g., 3c), which did not partici-
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pate in the coupling process when pyridine was used as the 
ligand.[9] The upgraded conditions also allowed us to ac-
complish the acetyl-protected α- and β-anomers of 3f and 
3g. The β-anomers are commercial anti-diabetes drug pre-
cursors to empagliflozin and dapagliflozin. 

Table 2  Preparation of C-aryl-glycosides using method A (as in 
Table 1, Entry 1) 

 
a ArI was used. b The β-anomers of 3f and 3g are Ac-protected precursors to 
empagliflozin and dapagliflozin, respectively. c Without further notice, yield 
refers to isolated yield, and ratio in parentheses refers to α/β ratio. 

Subsequently, the coupling of 1 with a number of addi-
tional electron-rich aryl iodides that have not been studied 
in the previous work was explored (Table 3).[9] The elec-
tron-rich arenes comprise Boc-aniline and methoxy ben-
zene, 3-, 4- and 7-indoles (3j～3m). For 3n bearing unsub-
stituted phenyl, a yield of 95% was obtained (α/β＝2.5∶1). 
An α- and β-isomeric mixture of 3o was also obtained in 
good efficiency. The β-anomer of 3o is an Ac-protected 
precursor for the anti-diabetes drug-Ipragliflozin. 

The scope of glycosyl halides were also investigated 
(Table 4). For galactosyl bromide, the coupling with elec-
tron-rich and electron-deficient aryl bromides generated 
4a～4f in excellent yields as well as good α-selectivities, 
except for 4c wherein 2-OMe may induced undesired steric 
interaction. Of note is that the ortho-substituted aryl bro-
mide was not suitable in the case of pyridine and 
tertpy-mediated reactions.[9-10] Whereas arabinoside 5 ex-
hibited poor selectivity, 2-phthalimidyl glycoside 6 was 
obtained in high β-selectivity. Maltoside 7 was obtained in 
90% yield with a 4.5∶1 α/β ratio. Mannoside 8 was ob-
tained as α-isomer only in excellent yield. 

The preparation of 3g can be scaled up on a gram scale by 

Table 3  Arylation of C-glycosyl bromides with aryl iodides 
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a Without further notice, yield refers to isolated yield, and ratio in parentheses 
refers to α/β ratio. b The β-anomer of 3o is a Ac-protected precursor to 
Ipraglifozin. 

lowering the loading of nickel catalyst to 2 mol% (Scheme 
2). The coupling yield was not reduced. Upon removal of 
Ac-groups, both dapagliflozin and its α-isomer were ob-
tained.   

3  Conclusions 
In summary, we have detailed the coupling of glycosyl 

halide with aryl halides using bipyridine as the ligand. 
Although moderate α-selectivity was observed for aryl 
C-glucosides, good to excellent α-selectivities were ob-
tained for maltosides, galactosides and mannosides. The 
present method generally resulted in the glycosides in ex-
cellent overall α/β coupling yields, thus rendered this pro-
tocol useful for the facile preparation of α-glycosides     
(～70% yields for α-anomers in many cases), which is easy 
to be scalped up as evident in the synthesis of dapagliflozin 
and its α-anomer. 

4  Experimental section 
4.1  General information  

All manipulations were carried out under an atmosphere 
of nitrogen using standard Schlenk or glovebox techniques. 
DMA (99.5%, extra dry, Acros), THF (99.5%, extra dry, 



   
有机化学 研究论文  

 
1554      http://sioc-journal.cn/ © 2021 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2021, 41, 1551～1562 

Table 4  Preparation of C-aryl-glycosidesa 

 
a Yield refers to isolated yield, and ratio in parentheses refers to α/β ratio.     
b These products were prepared from aryl bromides using method A. c These 
products were prepared from aryl iodides using method B.  

O
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Method C
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Scheme 2  Gram-scale preparation of 3g 

Acros) were purchased and used directly. Deuterated sol-
vents were used as received. Ni(acac)2 (Alfa Aesar), 
Ni(ClO4)2•6H2O (Alfa Aesar) were used as received. Zinc 

powder (＞99.99%, China National Medicines Co., Ltd.) 
was activated with hydrochloric acid before use. Anhydrous 
MgCl2 (Alfa Aesar) was purchased and used directly. Un-
less otherwise noted, all other reagents and starting materi-
als were purchased from commercial sources and used 
without further purification.  

Column chromatography was performed using silica gel 
200～300 mesh (purchased from Qingdao-Haiyang Co., 
China) as the solid support. All NMR spectra were recorded 
on Bruker Avance 600 MHz spectrometer unless otherwise 
indicated. 1H NMR and 13C NMR chemical shifts are re-
ported relative to the chemical shift of residual solvent. 
Reference peaks for chloroform in 1H NMR and 13C NMR 
spectra were set at δ 7.26 and 77.16, for DMSO-d6 in 1H 
NMR and 13C NMR spectra were set at δ 2.50 and 39.52, 
respectively. High-resolution mass spectra (HRMS) were 
obtained using a Bruker APEXIII 7.0 and IonSpec 4.7 
TESLA FTMS. Melting point was recorded on a micro 
melting point apparatus (X-4, YUHUA Co., Ltd, Gongyi, 
China). 
4.2  Reductive coupling of glycosyl halides with aryl 
halides 
4.2.1  Method A 

To a flame-dried Schlenk tube was charged with aryl 
bromide (0.15 mmol, 100 mol%, if solid), glycosyl bromide 
(0.15 mmol, 100 mol%), Zn (20 mg, 0.30 mmol, 200 
mol%), Ni(ClO4)2•6H2O (2.7 mg, 0.008 mmol, 5 mol%), 
4,4'-di-tert-butyl-2,2'-bipyridine (2.8 mg, 0.0105 mmol, 7 
mol%) and MgCl2 (7.1 mg, 0.075 mmol, 50 mol%). The 
tube was capped with a rubber septum. After evacuated and 
backfilled nitrogen three times, aryl bromide (0.15 mmol, 
100 mol%, if liquid) was added via a syringe followed by 
addition of DMA/THF (0.1 mL/0.4 mL) via a syringe. The 
reaction mixture was allowed to stir for 12 h under a N2 
atmosphere at room temperature (25 ℃), and was directly 
loaded onto a silica column without work-up. The residue 
was rinsed with small amount of dichloromethane (DCM) 
or the eluent prior to column chromatography, with which 
the product was isolated.  

Throughout the work, a crude reaction mixture was sub-
jected to quick flash silica column chromatography to af-
ford a new mixture containing both α and β anomers and 
many other impurities. The α/β ratios were determined by 
analysis of the 1H NMR spectra of the new mixture, based 
on the ratios of the characteristic peaks of the two anomers.  
4.2.2  Method B 

To a flame-dried Schlenk tube was charged with aryl 
bromide (0.15 mmol, 100 mol%, if solid), glycosyl bromide 
(0.225 mmol, 150 mol%), Zn (20 mg, 0.30 mmol, 200 
mol%), Ni(ClO4)2•6H2O (5.5 mg, 0.015 mmol, 10 mol%), 
4,4'-di-tert-butyl-2,2'-bipyridine (6.0 mg, 0.0225 mmol, 15 
mol%) and MgCl2 (14.3 mg, 0.15 mmol, 100 mol%). The 
tube was capped with a rubber septum. After evacuated and 
backfilled nitrogen three times, aryl bromide (0.15 mmol, 
100 mol%, if liquid) was added via a syringe followed by 
addition of DMA (1.0 mL) via a syringe. The reaction 
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mixture was allowed to stir for 12 h under a N2 atmosphere 
at ice-water bath, and was directly loaded onto a silica 
column without work-up. The residue was rinsed with small 
amount of DCM or the eluent prior to column chromatog-
raphy, with which the product was isolated.  
4.2.3  Method C 

To a flame-dried Schlenk tube was charged with 2,3,4,6- 
tetra-O-acetyl-α-D-glucopyranosyl bromide (1.025 g, 2.5 
mmol, 50 mol%, first batch), aryl iodide (5.0 mmol, 100 
mol%), Zn (0.65 g, 10.0 mmol, 200 mol%), Ni(acac)2 (25.7 
mg, 0.1 mmol, 2 mol%), 4,4'-di-tert-butyl-2,2'-bipyridine 
(26.8 mg, 0.1 mmol, 2 mol%) and MgCl2 (0.475 g, 5.0 
mmol, 100 mol%). The tube was capped with a rubber 
septum. After evacuated and backfilled nitrogen three 
times, THF (16 mL) was added via a syringe. The reaction 
mixture was allowed to stir for 30 min under a N2 atmos-
phere at ice-water bath, then removed to room temperature 
(r.t., 25 ℃) and stirred for another 3 h. After that, the sec-
ond batch of 2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl 
bromide (1.025 g, 2.5 mmol, 50 mol%) was dissolved in 
THF (5 mL) and added via a syringe, also followed by stir 
for 30 min at ice-water bath, then removed to r.t. and stirred 
for another 6 h. The third batch of glycosyl bromide (1.025 
g, 2.5 mmol, 50 mol%) follow the same process, and re-
moved to r.t. and stirred for another 48 h. The reaction was 
directly loaded onto a silica column without work-up. The 
residue was rinsed with small amount of DCM or the eluent 
prior to column chromatography, with which the product 
was isolated. 
4.2.4  Method D 

To a 500 mL flame-dried round-bottom flask was added 
sodium hydroxide (1.44 g, 36 mmol, 800 mol%), and dis-
solved in deionized water (100 mL). After the system’s 
temperature returned to r.t., C-aryl-glycoside (4.5 mmol, 
100 mol%) in methanol (100 mL) was added and heated to 
50 ℃ for 12 h. The solvent was removed by azeotropic 
distillation with excessive methanol, and the residue was 
purified with silica column chromatography, with which the 
product was isolated. 
4.2.5  Details of the synthetic method and characteri-
zation data for new compounds 

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(4-(methoxycar- 
bonyl)phenyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate 
(3a):[9-10] This compound was prepared according to the 
Method A using 2,3,4,6-tetra-O-acetyl-α-D-glucopy- ra-
nosyl bromide (61.5 mg, 0.15 mmol, 100 mol%), methyl 
4-bromobenzoate (32.3 mg, 0.15 mmol, 100 mol%). Flash 
column chromatography (SiO2: 20% ethyl acetate in pe-
troleum ether) gave a mixture of diastereomers (2.2∶1 α 
to β anomers based on NMR, 66.4 mg, 0.143 mmol, 95% 
yield). For the α-anomer: m.p. 142～144 ℃; 1H NMR 
(600 MHz, CDCl3) δ: 8.02 (d, J＝8.4 Hz, 2H), 7.60 (d, J＝
8.3 Hz, 2H), 5.44 (t, J＝7.1 Hz, 1H), 5.34～5.29 (m, 2H), 
5.08～5.04 (m, 1H), 4.31 (dd, J＝12.2, 5.9 Hz, 1H), 4.07 
(dd, J＝12.3, 2.9 Hz, 1H), 3.90 (s, 3H), 3.81～3.77 (m, 
1H), 2.09 (s, 3H), 2.06 (s, 3H), 2.00 (s, 3H), 1.94 (s, 3H); 

13C NMR (151 MHz, CDCl3) δ: 170.67, 169.79, 169.59, 
169.41, 166.67, 141.09, 130.07, 129.85, 127.67, 72.31, 
71.15, 70.30, 69.97, 68.14, 61.77, 52.30, 20.85, 20.80, 
20.76, 20.68; HRMS (ESI) calcd for 22 27 11C H O  [M＋ 
H]＋ 467.1548, found 467.1589. For the β-anomer: m.p. 
124～126 ℃; 20

D[ ]α －9.1 (c 0.48, CH2Cl2); 1H NMR (600 
MHz, CDCl3) δ: 7.97 (d, J＝8.3 Hz, 2H), 7.38 (d, J＝8.3 
Hz, 2H), 5.30 (t, J＝9.5 Hz, 1H), 5.20 (t, J＝9.7 Hz, 1H), 
5.05 (t, J＝9.7 Hz, 1H), 4.43 (d, J＝9.8 Hz, 1H), 4.26 (dd, 
J＝12.4, 4.8 Hz, 1H), 4.13 (dd, J＝12.4, 2.1 Hz, 1H), 3.86 
(s, 3H), 3.82 (ddd, J＝10.0, 4.7, 2.1 Hz, 1H), 2.05 (s, 3H), 
2.02 (s, 3H), 1.95 (s, 3H), 1.77 (s, 3H); 13C NMR (151 
MHz, CDCl3) δ: 170.73, 170.36, 169.53, 168.78, 166.61, 
141.25, 130.60, 129.71, 127.09, 79.62, 76.20, 74.06, 72.56, 
68.46, 62.26, 52.21, 20.79, 20.65, 20.38.  

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(3-(methoxycarbo-
nyl)phenyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate 
(3b):[9-10] This compound was prepared according to the 
Method A using 2,3,4,6-tetra-O-acetyl-α-D-glucopy- ra-
nosyl bromide (61.5 mg, 0.15 mmol, 100 mol%), methyl 
3-bromobenzoate (32.3 mg, 0.15 mmol, 100 mol%). Flash 
column chromatography (SiO2: 20% ethyl acetate in pe-
troleum ether) gave a mixture of diastereomers (2.1∶1 α 
to β anomers based on NMR, 37.7 mg, 0.081 mmol, 54% 
yield). For the α-anomer: m.p. 76～78 ℃; 1H NMR (600 
MHz, CDCl3) δ: 8.19 (s, 1H), 7.97 (d, J＝8.0 Hz, 1H), 
7.73 (d, J＝7.8 Hz, 1H), 7.44 (t, J＝7.8 Hz, 1H), 5.42 (t,  
J＝7.0 Hz, 1H), 5.32 (d, J＝4.5 Hz, 1H), 5.29 (dd, J＝7.2, 
4.5 Hz, 1H), 5.05 (t, J＝7.5 Hz, 1H), 4.34 (dd, J＝12.1, 6.2 
Hz, 1H), 4.09 (dd, J＝12.1, 3.2 Hz, 1H), 3.90 (s, 3H), 3.85 
(ddd, J＝8.0, 6.3, 3.2 Hz, 1H), 2.10 (s, 3H), 2.07 (s, 3H), 
2.01 (s, 3H), 1.96 (s, 3H); 13C NMR (151 MHz, CDCl3) δ: 
170.79, 169.79, 169.66, 169.47, 166.77, 136.58, 131.88, 
130.73, 129.47, 129.03, 128.73, 72.13, 71.17, 70.36, 69.92, 
68.14, 61.80, 52.36, 20.88, 20.80, 20.71; HRMS (ESI) 
calcd for 22 26 11C H NaO  [M＋Na] ＋  489.1367, found 
489.1354. For the β-anomer: m.p. 126～128 ℃; 1H NMR 
(600 MHz, CDCl3) δ: 7.98 (d, J＝9.0 Hz, 2H), 7.56 (d, J＝
7.7 Hz, 1H), 7.42 (t, J＝7.7 Hz, 1H), 5.33 (t, J＝9.4 Hz, 
1H), 5.23 (t, J＝9.7 Hz, 1H), 5.10 (t, J＝9.6 Hz, 1H), 
4.45(d, J＝9.8 Hz, 1H), 4.28 (dd, J＝12.4, 4.8 Hz, 1H), 
4.16 (dd, J＝12.5, 2.0 Hz, 1H), 3.90 (s, 3H), 3.84 (ddd, J＝
10.0, 4.8, 2.2 Hz, 1H), 2.08 (s, 3H), 2.05 (s, 3H), 1.98 (s, 
3H), 1.80 (s, 3H); 13C NMR (151 MHz, CDCl3) δ: 170.84, 
170.45, 169.60, 168.98, 166.69, 136.90, 131.40, 130.36, 
130.14, 128.81, 128.57, 79.72, 76.30, 74.17, 72.68, 68.59, 
62.38, 52.33, 20.89, 20.75, 20.48; HRMS (ESI) calcd for  

22 26 11C H NaO  [M＋Na]＋ 489.1367, found 489.1359.  
(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(4-cyanophenyl)- 

tetrahydro-2H-pyran-3,4,5-triyl triacetate (3c):[10] This 
compound was prepared according to the Method A using 
2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl bromide (61.5 
mg, 0.15 mmol, 100 mol%), 4-bromobenzonitrile (27.3 
mg, 0.15 mmol, 100 mol%). Flash column chromatography 
(SiO2: 20% ethyl acetate in petroleum ether) gave a mix-
ture of diastereomers (2∶1 α to β anomers based on NMR, 
57.8 mg, 0.134 mmol, 89% yield). For the α-anomer: 1H 
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NMR (600 MHz, CDCl3) δ: 7.66～7.62 (m, 4H), 5.35 (t,  
J＝6.6 Hz, 1H), 5.29～5.27 (m, 1H), 5.04 (t, J＝6.6 Hz, 
1H), 4.37 (dd, J＝12.6, 6.0 Hz, 1H), 4.10～4.06 (m, 2H), 
3.86～3.82 (m, 1H), 2.10 (s, 3H), 2.05 (s, 3H), 2.02 (s, 
3H), 1.94 (s, 3H); 13C NMR (151 MHz, CDCl3) δ: 170.61, 
169.60, 169.53, 169.26, 141.60, 132.36, 128.21, 118.46, 
112.23, 71.72, 69.93, 69.56, 67.70, 61.52, 60.43, 20.82, 
20.76, 20.61. For the β-anomer: 20

D[ ]α －20.2 (c 1.58, 
CH2Cl2); 1H NMR (600 MHz, CDCl3) δ: 7.62 (d, J＝8.3 
Hz, 2H), 7.44 (d, J＝8.2 Hz, 2H), 5.32 (t,  J＝9.5 Hz, 
1H), 5.20 (t, J＝9.7 Hz, 1H), 5.03 (t, J＝9.7 Hz, 1H), 4.44 
(d, J＝9.9 Hz, 1H), 4.27 (dd, J＝12.5, 4.9 Hz, 1H), 4.14 
(dd, J＝12.4, 2.0 Hz, 1H), 3.83 (ddd, J＝10.0, 4.8, 2.1 Hz, 
1H), 2.06 (s, 3H), 2.03 (s, 3H), 1.97 (s, 3H), 1.81 (s, 3H); 
13C NMR (151 MHz, CDCl3) δ: 170.70, 170.34, 169.53, 
168.78, 141.57, 132.30, 127.85, 118.42, 112.88, 79.29, 
76.33, 73.94, 72.49, 68.39, 62.21, 20.82, 20.66, 20.41.  

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(4-acetylphenyl)- 
tetrahydro-2H-pyran-3,4,5-triyl triacetate (3d):[9-10] This 
compound was prepared according to the Method A using 
2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl bromide (61.5 
mg, 0.15 mmol, 100 mol%), 1-(4-bromophenyl)- 
ethan-1-one (29.9 mg, 0.15 mmol, 100 mol%). Flash col-
umn chromatography (SiO2: 20% ethyl acetate in petrole-
um ether) gave a mixture of diastereomers (2∶1 α to β 
anomers based on NMR, 64.1 mg, 0.143 mmol, 95% 
yield). For the α-anomer: 1H NMR (600 MHz, CDCl3) δ: 
7.96 (d, J＝8.3 Hz, 2H), 7.64 (d, J＝8.3 Hz, 2H), 5.46 (t,  
J＝7.1 Hz, 1H), 5.35～5.30 (m, 2H), 5.07 (t, J＝7.5 Hz, 
1H), 4.33 (dd, J＝12.2, 5.8 Hz, 1H), 4.07 (dd, J＝12.2, 3.0 
Hz, 1H), 3.81～3.76 (m, 1H), 2.60 (s, 3H), 2.10 (s, 3H), 
2.07 (s, 3H), 2.01 (s, 3H), 1.96 (s, 3H); 13C NMR (151 
MHz, CDCl3) δ: 197.70, 170.71, 169.86, 169.61, 169.45, 
141.27, 136.90, 128.63, 127.93, 72.34, 71.17, 70.33, 69.97, 
68.17, 61.77, 26.77, 20.88, 20.83, 20.78, 20.73. For the 
β-anomer: m.p. 96～98 ℃; 20

D[ ]α －19.4 (c 0.58, CH2Cl2);  

1H NMR (600 MHz, CDCl3) δ: 7.91 (d, J＝8.3 Hz, 2H), 
7.43 (d, J＝8.3 Hz, 2H), 5.33 (t, J＝9.4 Hz, 1H), 5.22 (t,  
J＝9.7 Hz, 1H), 5.09 (t, J＝9.7 Hz, 1H), 4.45 (d, J＝9.8 
Hz, 1H), 4.28 (dd, J＝12.4, 4.8 Hz, 1H), 4.15 (dd, J＝12.4, 
2.1 Hz, 1H), 3.84 (ddd, J＝10.0, 4.8, 2.2 Hz, 1H), 2.57 (s, 
3H), 2.07 (s, 3H), 2.04 (s, 3H), 1.98 (s, 3H), 1.80 (s, 3H); 
13C NMR (151 MHz, CDCl3) δ: 197.66, 170.77, 170.40, 
169.58, 168.88, 141.46, 137.46, 128.52, 127.37, 79.64, 
76.28, 74.12, 72.58, 68.52, 62.32, 26.74, 20.85, 20.71, 
20.46; HRMS (ESI) calcd for 22 26 10C H NaO  [M＋H]＋ 
473.1418, found 473.1409.  

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(3-fluorophenyl)- 
tetrahydro-2H-pyran-3,4,5-triyl triacetate (3e):[9-10] This 
compound was prepared according to the Method A using 
2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl bromide (61.5 
mg, 0.15 mmol, 100 mol%), 1-bromo-3-fluorobenzene 
(26.3 mg, 0.15 mmol, 100 mol%). Flash column chroma-
tography (SiO2: 20% ethyl acetate in petroleum ether) gave 
a mixture of diastereomers (2∶1 α to β anomers based on 
NMR, 35.8 mg, 0.084 mmol, 56% yield). For the 
α-anomer: m.p. 72～74 ℃; 1H NMR (600 MHz, CDCl3) 

δ: 7.36～7.30 (m, 2H), 7.27 (d, J＝7.9 Hz, 1H), 7.00 (t,   
J＝7.7 Hz, 1H), 5.46 (t, J＝7.5 Hz, 1H), 5.32～5.26 (m, 
2H), 5.06 (t, J＝7.8 Hz, 1H), 4.29 (dd, J＝12.2, 5.7 Hz, 
1H), 4.07 (dd, J＝12.2, 2.9 Hz, 1H), 3.77 (ddd, J＝8.5, 
5.7, 2.9 Hz, 1H), 2.08 (s, 3H), 2.07 (s, 3H), 2.00 (s, 3H), 
1.98 (s, 3H); 13C NMR (151 MHz, CDCl3) δ: 170.71, 
169.91, 169.62, 169.48, 162.97 (d, J＝246.5 Hz), 138.51 
(d, J＝7.1 Hz), 130.30 (d, J＝8.1 Hz), 123.22 (d,  J＝2.8 
Hz), 115.35 (d, J＝21.1 Hz), 114.96 (d, J＝22.8 Hz), 
72.21, 70.84, 70.42, 70.03, 68.37, 61.87, 20.83, 20.78, 
20.74; 19F NMR (565 MHz, CDCl3) δ: －111.81～－
111.93 (m). For the β-anomer: m.p. 113～115 ℃; 20

D[ ]α
－13.6 (c 0.68, CH2Cl2); 1H NMR (600 MHz, CDCl3) δ: 
7.30 (td, J＝7.9, 5.9 Hz, 1H), 7.11 (d, J＝7.7 Hz, 1H), 7.06 
(d, J＝9.4 Hz, 1H), 7.00 (td, J＝8.4, 2.0 Hz, 1H), 5.32 (t,  
J＝9.4 Hz, 1H), 5.22 (t, J＝9.7 Hz, 1H,), 5.07 (t, J＝9.7 
Hz, 1H), 4.39 (d, J＝9.8 Hz, 1H), 4.28 (dd, J＝12.4, 4.8 
Hz, 1H), 4.16 (dd, J＝12.4, 2.1 Hz, 1H), 3.83 (ddd, J＝
10.0, 4.7, 2.2 Hz, 1H), 2.08 (s, 3H), 2.05 (s, 3H), 1.99 (s, 
3H), 1.83 (s, 3H); 13C NMR (151 MHz, CDCl3) δ: 170.86, 
170.49, 169.61, 168.94, 162.75 (d, J＝246.7 Hz), 138.90 
(d, J＝7.4 Hz), 130.11 (d, J＝8.1 Hz), 122.77 (d,  J＝2.8 
Hz), 115.97 (d, J＝21.1 Hz), 114.24 (d, J＝22.4 Hz), 
79.54, 76.26, 74.18, 72.69, 68.54, 62.34, 20.89, 20.76, 
20.75, 20.50; 19F NMR (565 MHz, CDCl3) δ: －112.37～
－112.47 (m). 

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(4-chloro-3-(4- 
(((S)-tetrahydrofuran-3-yl)oxy)benzyl)phenyl)tetrahydro-  
2H-pyran-3,4,5-triyl triacetate (3f):[10,14] This compound 
was prepared according to the Method A using 2,3,4,6-  
tetra-O-acetyl-α-D-glucopyranosyl bromide (61.5 mg, 0.15 
mmol, 100 mol%), (R)-2-(4-(2-chloro-5-iodobenzyl)- 
phenoxy)tetrahydrofuran (62.1 mg, 0.15 mmol, 100 
mol%). Flash column chromatography (SiO2: 20% ethyl 
acetate in petroleum ether) gave a mixture of diastereomers 
(2.3∶1 α to β anomers based on NMR, 74.3 mg, 0.120 
mmol, 80% yield). This compound was also prepared ac-
cording to the Method C using 2,3,4,6-tetra-O-acetyl-  
alpha-D-glucopyranosyl bromide (3.075 g, 7.5 mmol, 150 
mol%), (R)-2-(4-(2-chloro-5-iodobenzyl) phenoxy)tetrahy-  
drofuran (2.07 g, 5.0 mmol, 100 mol%). Flash column 
chromatography (SiO2: 20% ethyl acetate in petroleum 
ether) gave a mixture of diastereomers (2.2∶1 α to β 
anomers based on NMR, 2.63 g, 4.25 mmol, 85% yield). 
For the α-anomer: 1H NMR (600 MHz, CDCl3) δ: 7.36～
7.35 (m, 3H), 7.09 (d, J＝8.3 Hz, 2H), 6.76 (d, J＝8.3 Hz, 
2H), 5.44 (t, J＝7.8 Hz, 1H), 5.26～5.23 (m, 2H), 5.06 (t,   
J＝7.9 Hz, 1H), 4.86 (s, 1H), 4.26 (dd, J＝12.2, 5.4 Hz, 
1H), 4.06 (d, J＝15.3, 1H), 4.01～3.91 (m, 5H), 3.87～
3.84 (m, 1H), 3.71 (td, J＝7.8, 3 Hz,1H), 2.19～2.10 (m, 
2H), 2.07 (s, 3H), 2.04 (s, 3H), 2.00 (s, 3H), 1.87 (s, 3H); 
13C NMR (151 MHz, CDCl3) δ: 170.64, 169.85, 169.54, 
169.38, 155.97, 139.53, 134.58, 134.04, 131.59, 130.39, 
130.03, 129.95, 129.74, 126.94, 115.44, 73.11, 72.25, 
70.52, 70.44, 70.00, 68.37, 67.20, 61.80, 38.39, 33.02, 
20.80, 20.76, 20.71, 20.60. For the β-anomer: 1H NMR 
(600 MHz, CDCl3) δ: 7.35 (d, J＝8.3 Hz, 1H), 7.19 (dd,  
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J＝8.2, 1.6 Hz, 1H), 7.09 (d, J＝1.4 Hz, 1H), 7.06 (d, J＝
8.4 Hz, 2H), 6.78 (d, J＝8.5 Hz, 2H), 5.29 (t, J＝9.4 Hz, 
1H), 5.20 (t, J＝9.7 Hz, 1H), 5.05 (t, J＝9.6 Hz, 1H), 4.89 
(dd, J＝5.6, 4.5 Hz, 1H), 4.32 (d, J＝9.8 Hz, 1H), 4.26 
(dd, J＝12.4, 4.7 Hz, 1H), 4.14 (dd, J＝12.3, 1.7 Hz, 1H), 
4.05 (d, J＝15.5 Hz, 1H), 4.00～3.94 (m, 4H), 3.89 (td,   
J＝8.3, 4.3 Hz, 1H), 3.80 (ddd, J＝9.8, 4.4, 1.9 Hz, 1H), 
2.21～2.11 (m, 2H), 2.08 (s, 3H), 2.05 (s, 3H), 1.99 (s, 
3H), 1.71 (s, 3H); 13C NMR (151 MHz, CDCl3) δ: 170.82, 
170.46, 169.61, 168.86, 156.03, 139.01, 135.25, 134.71, 
131.65, 130.02, 129.94, 129.88, 126.21, 115.47, 79.56, 
77.34, 76.21, 74.18, 73.22, 72.62, 68.55, 67.29, 62.37, 
38.35, 33.09, 20.88, 20.75, 20.41. 

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(4-chloro-3-(4- 
ethoxybenzyl)phenyl)tetrahydro-2H-pyran-3,4,5-triyl tri-
acetate (3g):[15] This compound was prepared according to 
the Method A using 2,3,4,6-tetra-O-acetyl-α-D-gluco- py-
ranosyl bromide (61.5 mg, 0.15 mmol, 100 mol%), 
1-chloro-2-(4-ethoxybenzyl)-4-iodobenzene (55.8 mg, 0.15 
mmol, 100 mol%). Flash column chromatography (SiO2: 
20% ethyl acetate in petroleum ether) gave a mixture of 
diastereomers (2.1∶1 α to β anomers based on NMR, 65.8 
mg, 0.114 mmol, 76% yield). This compound was also 
prepared according to the Method C using 2,3,4,6-tetra-O- 
acetyl-α-D-glucopyranosyl bromide (3.075 g, 7.5 mmol, 
150 mol%), 1-chloro-2-(4-ethoxybenzyl)-4-iodo- benzene 
(1.86 g, 5.0 mmol, 100 mol%). Flash column chromatog-
raphy (SiO2: 20% ethyl acetate in petroleum ether) gave a 
mixture of diastereomers (＞2.2∶1 α to β anomers based 
on NMR, 1.73 g, 3.0 mmol, 60% yield). For the α-anomer: 
1H NMR (600 MHz, CDCl3) δ: 7.37～7.36 (m, 3H), 7.10 
(d, J＝8.6 Hz, 2H), 6.81 (d, J＝8.6 Hz, 2H), 5.45 (t, J＝7.9 
Hz, 1H), 5.28～5.26 (m, 1H), 5.23 (d, J＝4.9 Hz, 1H), 
5.07 (t, J＝7.8 Hz, 1H), 4.27 (dd, J＝12.2, 5.4 Hz, 1H), 
4.12～4.07 (m, 1H), 4.02～3.97 (m, 4H), 3.72 (ddd, J＝
8.5, 5.3, 3.0 Hz,1H), 2.08 (s, 3H), 2.05 (s, 3H), 2.01 (s, 
3H), 1.88 (s, 3H), 1.38 (t, J＝7.0 Hz, 3H); 13C NMR (151 
MHz, CDCl3) δ: 170.72, 169.90, 169.60, 169.46, 157.62, 
139.79, 134.60, 134.12, 131.20, 130.49, 130.00, 129.78, 
126.95, 114.65, 72.39, 70.58, 70.55, 70.15, 68.51, 63.47, 
61.92, 38.48, 29.81, 20.85, 20.81, 20.77, 20.65, 14.96. For 
the β-anomer: 1H NMR (600 MHz, CDCl3) δ: 7.35 (d, J＝
8.2 Hz, 1H), 7.18 (d, J＝8.3 Hz, 1H), 7.06～7.04 (m, 3H), 
6.81 (d, J＝8.5 Hz, 2H), 5.28 (t, J＝9.4 Hz, 1H), 5.20 (t,  
J＝9.8 Hz, 1H), 5.04 (t, J＝9.7 Hz, 1H), 4.31 (d, J＝9.8 
Hz, 1H), 4.26 (dd, J＝12.4, 4.7 Hz, 1H), 4.13 (dd, J＝12.2, 
1.6 Hz, 1H), 4.06～3.96 (m, 4H), 3.79 (ddd, J＝9.7, 4.3, 
1.7 Hz, 1H), 2.07 (s, 3H), 2.05 (s, 3H), 1.99 (s, 3H), 1.70 
(s, 3H), 1.39 (t, J＝7.0 Hz, 3H); 13C NMR (151 MHz, 
CDCl3) δ: 170.86, 170.49, 169.63, 168.91, 157.62, 139.19, 
135.23, 134.72, 131.16, 129.95, 129.92, 126.10, 114.63, 
79.61, 76.24, 74.24, 72.65, 68.59, 63.50, 62.39, 38.37, 
29.82, 20.89, 20.76, 20.42, 14.99. 

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(4-methoxyphenyl)- 
tetrahydro-2H-pyran-3,4,5-triyl triacetate (3h):[5,10] This 
compound was prepared according to the Method B using 
2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl bromide (92.3 

mg, 0.225 mmol, 150 mol%), 1-iodo-4-methoxy- 
benzene (35.1 mg, 0.15 mmol, 100 mol%). Flash column 
chromatography (SiO2: 20% ethyl acetate in petroleum 
ether) gave a mixture of diastereomers (3∶1 α to β 
anomers based on NMR, 62.4 mg, 0.143 mmol, 95% 
yield). For the α-anomer: 1H NMR (600 MHz, CDCl3) δ: 
7.49 (d, J＝8.8 Hz, 2H), 6.91 (d, J＝8.8 Hz, 2H), 5.63～
5.59 (m, 1H), 5.34～5.32 (m, 2H), 5.11 (t, J＝8.3 Hz, 1H), 
4.24 (dd, J＝12.2, 5.0 Hz, 1H), 4.02 (dd, J＝12.2, 2.8 Hz, 
1H), 3.82 (s, 3H), 3.67 (ddd, J＝8.9, 4.9, 2.8 Hz, 1H), 
2.079 (s, 3H), 2.077 (s, 3H), 2.00 (s, 3H), 1.99 (s, 3H); 13C 
NMR (151 MHz, CDCl3) δ: 170.81, 170.29, 169.68, 
159.51, 129.66, 127.43, 114.12, 73.07, 70.97, 70.64, 69.76, 
68.91, 62.09, 55.38, 20.90, 20.86, 20.78. For the β-anomer: 

20
D[ ]α －8.9 (c 0.74, CH2Cl2); 1H NMR (600 MHz, CDCl3) 

δ: 7.25 (d, J＝8.6 Hz, 2H), 6.85 (d, J＝8.7 Hz, 2H), 5.30 
(t, J＝9.4 Hz, 1H), 5.21 (t, J＝9.7 Hz, 1H), 5.13 (t, J＝9.7 
Hz, 1H), 4.34 (d, J＝9.8 Hz, 1H), 4.26 (dd, J＝12.4, 4.7 
Hz, 1H), 4.13 (dd, J＝12.3, 2.0 Hz, 1H), 3.81 (ddd, J＝
10.0, 4.7, 2.2 Hz, 1H), 3.77 (s, 3H), 2.06 (s, 3H), 2.04 (s, 
3H), 1.99 (s, 3H), 1.79 (s, 3H); 13C NMR (151 MHz, 
CDCl3) δ: 170.86, 170.50, 169.63, 169.04, 160.03, 128.62, 
128.33, 113.94, 80.05, 76.14, 74.40, 72.61, 68.70, 62.47, 
55.30, 20.88, 20.78, 20.75, 20.52. 

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(o-tolyl)tetrahydro- 
2H-pyran-3,4,5-triyl triacetate (3i):[5] This compound was 
prepared according to the Method B using 2,3,4,6-tetra- 
O-acetyl-α-D-glucopyranosyl bromide (92.3 mg, 0.225 
mmol, 150 mol%), 1-iodo-2-methylbenzene (32.7 mg, 0.15 
mmol, 100 mol%). Flash column chromatography (SiO2: 
20% ethyl acetate in petroleum ether) gave a mixture of 
diastereomers (3∶1 α to β anomers based on NMR, 60.1 
mg, 0.143 mmol, 95% yield). For the α-anomer: 1H NMR 
(600 MHz, CDCl3) δ: 7.65 (d, J＝6.8 Hz, 1H), 7.28～7.20 
(m, 3H), 5.72 (t, J＝7.9 Hz, 1H), 5.50 (d, J＝5.2 Hz, 1H), 
5.37 (t, J＝9.3 Hz, 1H), 5.13 (t, J＝8.2 Hz, 1H), 4.30～
4.27 (m, 1H), 4.02 (dd, J＝12.2, 2.7 Hz, 1H), 3.71 (ddd,  
J＝8.3, 5.5, 2.8 Hz, 1H), 2.38 (s, 3H), 2.11 (s, 3H), 2.05 (s, 
3H), 2.04 (s, 3H), 1.92 (s, 3H); 13C NMR (151 MHz, 
CDCl3) δ: 170.67, 170.11, 169.71, 169.61, 134.28, 133.03, 
130.54, 128.50, 128.44, 125.44, 71.10, 71.01, 70.25, 68.64, 
62.10, 20.86, 20.80, 20.77, 20.71,19.62. For the β-anomer: 

1H NMR (600 MHz, CDCl3) δ: 7.36 (t, J＝5.0 Hz, 1H), 
7.26～7.20 (m, 2H), 7.14 (t, J＝4.1 Hz, 1H), 5.34～5.30 
(m, 2H), 5.24 (t, J＝9.6 Hz, 1H), 4.69 (d, J＝9.7 Hz, 1H), 
4.26～4.25 (m, 1H), 4.16 (dd, J＝12.3, 1.6 Hz, 1H), 3.86 
(ddd, J＝9.8, 4.5, 1.9 Hz, 1H), 2.41 (s, 3H), 2.08 (s, 3H), 
2.07 (s, 3H), 2.02 (s, 3H), 1.79 (s, 3H); 13C NMR (151 
MHz, CDCl3) δ: 170.81, 170.51, 169.61, 168.94, 137.95, 
136.46, 131.29, 128.77, 127.02, 126.47, 76.28, 74.62, 
72.42, 68.71, 62.44, 20.84, 20.75, 20.72, 20.41,19.42. 

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(4-((tert-butoxycar- 
bonyl)amino)phenyl)tetrahydro-2H-pyran-3,4,5-triyltriace-
tate (3j):[9] This compound was prepared according to the 
Method B (with a condition of 20 ℃ instead of ice bath) 
using 2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl bromide 
(92.3 mg, 0.225 mmol, 150 mol%), tert-butyl (4-iodo- 
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phenyl)carbamate (47.9 mg, 0.15 mmol, 100 mol%). Flash 
column chromatography (SiO2: 20% ethyl acetate in pe-
troleum ether) gave a mixture of diastereomers (2.8∶1 α 
to β anomers based on NMR, 62.8 mg, 0.12 mmol, 80% 
yield). For the α-anomer: 1H NMR (600 MHz, CDCl3) δ: 
7.47 (d, J＝8.6 Hz, 2H), 7.37 (d, J＝8.2 Hz, 2H), 6.73 (s, 
1H), 5.57 (t, J＝7.9 Hz, 1H), 5.32～5.28 (m, 2H), 5.08 (t,  
J＝8.4 Hz, 1H), 4.23 (dd, J＝12.1, 5.1 Hz, 1H), 4.00 (dd,  
J＝12.2, 2.7 Hz, 1H), 3.65 (ddd, J＝9.0, 5.0, 2.8 Hz,1H), 
2.06 (s, 3H), 2.05 (s, 3H), 1.98 (s, 3H), 1.96 (s, 3H), 1.49 
(s, 9H); 13C NMR (151 MHz, CDCl3) δ: 170.77, 170.16, 
169.65, 169.63, 152.76, 138.53, 129.76, 128.95, 118.52, 
72.85, 70.80, 70.45, 69.86, 68.76, 61.99, 28.37, 20.84, 
20.81, 20.79, 20.72; HRMS (ESI) calcd for 25 34 11C H NO  
[M＋H]＋ 524.2126, found 524.2112. For the β-anomer: 
m.p. 151～153 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.33 
(d, J＝8.1 Hz, 2H), 7.23 (d, J＝8.6 Hz, 2H), 6.65 (s, 1H), 
5.30 (t, J＝9.4 Hz, 1H), 5.20 (t, J＝9.7 Hz, 1H), 5.11 (t,  
J＝9.7 Hz, 1H), 4.33 (d, J＝9.8 Hz, 1H), 4.26 (dd, J＝
12.4, 4.8 Hz, 1H), 4.13 (dd, J＝12.4, 2.0 Hz, 1H), 3.81 
(ddd, J＝10.0, 4.7, 2.2 Hz, 1H), 2.06 (s, 3H), 2.03 (s, 3H), 
1.98 (s, 3H), 1.79 (s, 3H), 1.49 (s, 9H); 13C NMR (151 
MHz, CDCl3) δ: 170.88, 170.50, 169.65, 169.09, 152.65, 
139.10, 130.57, 128.02, 118.16, 79.97, 76.14, 74.37, 72.60, 
68.69, 62.46, 28.40, 20.87, 20.76, 20.74, 20.54; HRMS 
(ESI) calcd for 25 34 11C H NO  [M＋H]＋: 524.2126, found 
524.2109.  

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(1H-indol-3-yl)- 
tetrahydro-2H-pyran-3,4,5-triyl triacetate (3k): This com-
pound was prepared according to the Method B using 
2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl bromide (92.3 
mg, 0.225 mmol, 150 mol%), 3-iodo-1H-indole (36.5 mg, 
0.15 mmol, 100 mol%). Flash column chromatography 
(SiO2: 20% ethyl acetate in petroleum ether) gave a mix-
ture of diastereomers (2.7∶1 α to β anomers based on 
NMR, 20.1 mg, 0.045 mmol, 30% yield). For the α- 
anomer: 1H NMR (600 MHz, CDCl3) δ: 8.51 (s, 1H), 7.79 
(d, J＝7.9 Hz, 1H), 7.53 (d, J＝1.1 Hz, 1H), 7.38 (q, J＝
8.2 Hz, 1H), 7.24～7.22 (m, 1H), 7.15～7.11 (m, 1H), 
5.85～5.81 (m, 2H), 5.43～5.38 (m, 1H), 5.14 (t, J＝9.8 
Hz, 1H), 4.17 (dd, J＝11.6, 2.0 Hz, 1H), 3.97 (dd, J＝12.2, 
1.9 Hz, 1H), 3.58 (ddd, J＝10.1, 4.7, 1.9 Hz, 1H), 2.09 (s, 
3H), 2.028 (s, 3H), 2.022 (s, 3H), 1.96 (s, 3H). For the 
β-anomer: 1H NMR (600 MHz, CDCl3) δ: 8.47 (s, 1H), 
7.68 (d, J＝7.9 Hz, 1H), 7.33 (d, J＝8.0 Hz, 1H), 7.24～
7.22 (m, 1H), 7.18 (t, J＝7.1 Hz, 1H), 7.15～7.11 (m, 1H), 
5.43～5.38 (m, 2H), 5.28 (t, J＝9.6 Hz, 1H), 4.85 (d, J＝
9.3 Hz, 1H), 4.30 (dd, J＝12.4, 4.9 Hz, 1H), 4.14 (d, J＝
4.9 Hz, 1H), 3.92 (ddd, J＝10.0, 4.8, 2.2 Hz, 1H), 2.07 (s, 
3H), 2.06 (s, 3H), 2.024 (s, 3H), 1.75 (s, 3H). For the mix-
ture of α- and β-anomer: 13C NMR (151 MHz, CDCl3) δ: 
170.95, 170.93,170.86, 170.58, 169.76, 169.70, 169.69, 
169.54, 136.24, 136.17, 130.01, 129.97, 126.77, 126.27, 
124.36, 122.99, 122.89, 122.61, 120.36, 120.25, 120.13, 
119.10, 111.74, 111.53, 111.25, 108.94, 76.02, 74.79, 
74.24, 72.26, 71.44, 71.14, 70.29, 69.30, 68.88, 62.60, 
62.34, 60.54, 20.91, 20.87, 20.80, 20.79, 20.69, 20.65. 

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(1H-indol-5-yl)-te- 
trahydro-2H-pyran-3,4,5-triyl triacetate (3l): This com-
pound was prepared according to the Method B using 
2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl bromide (92.3 
mg, 0.225 mmol, 150 mol%), 5-iodo-1H-indole (36.5 mg, 
0.15 mmol, 100 mol%). Flash column chromatography 
(SiO2: 20% ethyl acetate in petroleum ether) gave a mix-
ture of diastereomers (3.2∶1 α to β anomers based on 
NMR, 63.7 mg, 0.143 mmol, 95% yield). For the 
α-anomer: 1H NMR (600 MHz, CDCl3) δ: 8.75 (s, 1H), 
7.90 (s, 1H), 7.34 (q, J＝8.4 Hz, 2H), 7.20 (s, 1H), 6.56 
(s, 1H), 5.79 (t, J＝8.5 Hz, 1H), 5.52 (d, J＝5.1 Hz, 1H), 
5.42 (dd, J＝8.6, 5.9 Hz, 1H), 5.16 (t, J＝8.5 Hz, 1H), 
4.26 (dd, J＝12.1, 4.4 Hz, 1H), 4.03 (d, J＝11.8 Hz, 1H), 
3.74 (t, J＝4.0 Hz, 1H), 2.10 (s, 3H), 2.06 (s, 3H), 1.98 (s, 
6H). For the β-anomer: 1H NMR (600 MHz, CDCl3) δ: 
8.67 (s, 1H), 7.58 (s, 1H), 7.32～7.29 (m, 1H), 7.15 (s, 
2H), 6.49 (s, 1H), 5.37 (d, J＝3.4 Hz, 1H), 5.29～5.27 
(m, 2H), 4.48 (d, J＝9.7 Hz, 1H), 4.32～4.30 (m, 1H), 
4.16 (d, J＝12.2, 1H), 3.87 (d, J＝7.3 Hz, 1H), 2.06 (s, 
6H), 2.00 (s, 3H), 1.73 (s, 3H). For the mixture of α- and 
β-anomer: 13C NMR (151 MHz, CDCl3) δ: 170.92, 
170.83, 170.50, 170.32, 169.79, 169.72, 169.16, 136.08, 
135.40, 127.62, 127.24, 126.21, 125.13, 125.01, 122.21, 
120.79, 120.65, 120.03, 111.53, 111.29, 102.79, 102.51, 
81.15, 75.97, 74.55, 73.90, 72.83, 71.16, 70.82, 69.37, 
69.00, 68.78, 62.50, 62.03, 20.81, 20.76, 20.72, 20.69, 
20.65, 20.64, 20.42. 

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(1H-indol-7-yl)- 
tetrahydro-2H-pyran-3,4,5-triyl triacetate (3m): This com-
pound was prepared according to the Method B using 
2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl bromide (92.3 
mg, 0.225 mmol, 150 mol%), 7-iodo-1H-indole (36.5 mg, 
0.15 mmol, 100 mol%). Flash column chromatography 
(SiO2: 20% ethyl acetate in petroleum ether) gave a mix-
ture of diastereomers (1.8∶1 α to β anomers based on 
NMR, 53.6 mg, 0.12 mmol, 80% yield). For the α-anomer: 
1H NMR (600 MHz, CDCl3) δ: 9.01 (s, 1H), 7.67 (d, J＝
7.9 Hz, 1H), 7.60 (d, J＝7.3 Hz, 1H), 7.23 (t, J＝2.6 Hz, 
1H), 7.14 (t, J＝7.7 Hz, 1H), 6.57 (t, J＝2.7 Hz, 1H), 5.88 
(t, J＝8.8 Hz, 1H), 5.79 (d, J＝5.4 Hz, 1H), 5.45 (dd, J＝
10.1, 5.5 Hz, 1H), 5.14 (t, J＝8.7 Hz, 1H), 4.11 (dd, J＝
12.3, 2.3 Hz, 1H), 4.04 (dd, J＝12.2, 5.6 Hz,1H), 3.58～
3.55 (m, 1H), 2.10 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H), 1.98 
(s, 3H); 13C NMR (151 MHz, CDCl3) δ: 170.66, 170.32, 
169.85, 169.72, 134.39, 128.78, 124.37, 121.69, 121.12, 
119.65, 117.77, 102.76, 72.70, 71.07, 70.35, 69.20, 62.12, 
20.88, 20.72. For the β-anomer: 1H NMR (600 MHz, 
CDCl3) δ: 8.98 (s, 1H), 7.60 (d, J＝7.7 Hz, 1H), 7.22 (s, 
1H), 7.00 (t, J＝7.4 Hz, 1H), 6.94 (d, J＝7.1 Hz, 1H), 6.55 
(s, 1H), 5.41 (t, J＝9.5 Hz, 1H), 5.33 (t, J＝9.8 Hz, 1H), 
5.22 (t, J＝9.7 Hz, 1H), 4.75 (d, J＝9.8 Hz, 1H), 4.46 (dd, 
J＝12.4, 4.4 Hz, 1H), 4.20 (dd, J＝12.4, 1.3 Hz,1H), 
3.95～3.93 (m, 1H), 2.15 (s, 3H), 2.09 (s, 3H), 1.99 (s, 
3H), 1.80 (s, 3H); 13C NMR (151 MHz, CDCl3) δ: 170.84, 
170.51, 169.69, 168.86, 133.36, 129.28, 124.72, 121.55, 
120.44, 118.89, 118.62, 102.75, 80.75, 76.16, 74.05, 71.33, 
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68.49, 62.36, 20.95, 20.78, 20.52. 
(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-phenyltetrahydro- 

2H-pyran-3,4,5-triyl triacetate (3n):[9-10] This compound 
was prepared according to the Method B using 2,3,4,6- 
tetra-O-acetyl-α-D-glucopyranosyl bromide (92.3 mg, 
0.225 mmol, 150 mol%), iodobenzene (30.6 mg, 0.15 
mmol, 100 mol%). Flash column chromatography (SiO2: 
20% ethyl acetate in petroleum ether) gave a mixture of 
diastereomers (2.5∶1 α to β anomers based on NMR, 58.1 
mg, 0.143 mmol, 95% yield). For the α-anomer: m.p. 76～
78 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.56 (d, J＝7.6 Hz, 
2H), 7.38 (t, J＝7.6 Hz, 2H), 7.33 (d, J＝4.8 Hz, 1H), 
5.61～5.56 (m, 1H), 5.37～5.32 (m, 2H), 5.11 (t, J＝8.3 
Hz, 1H), 4.27 (dd, J＝12.2, 5.2 Hz, 1H), 4.05 (dd, J＝12.2, 
2.8 Hz, 1H), 3.72 (ddd, J＝8.4, 5.1, 2.9 Hz, 1H), 2.09 (s, 
3H), 2.08 (s, 3H), 2.00 (s, 3H), 1.98 (s, 3H); 13C NMR 
(151 MHz, CDCl3) δ: 170.77, 170.14, 169.66, 169.62, 
135.70, 128.76, 128.39, 128.06, 73.08, 70.80, 70.45, 70.28, 
68.69, 62.00, 20.89, 20.84, 20.80, 20.77; HRMS (ESI) 
calcd for 20 25 9C H O  [M ＋ H] ＋  409.1493, found 
409.1492. For the β-anomer: m.p. 153～155 ℃; 1H NMR 
(600 MHz, CDCl3) δ: 7.36～7.30 (m, 5H), 5.33 (t, J＝9.4 
Hz, 1H), 5.23 (t, J＝9.7 Hz, 1H), 5.14 (t, J＝9.7 Hz, 1H), 
4.39 (d, J＝9.8 Hz, 1H), 4.28 (dd, J＝12.4, 4.8 Hz, 1H), 
4.16 (dd, J＝12.4, 2.1 Hz, 1H), 3.84 (ddd, J＝10.0, 4.7, 2.2 
Hz, 1H), 2.08 (s, 3H), 2.05 (s, 3H), 2.00 (s, 3H), 1.79 (s, 
3H); 13C NMR (151 MHz, CDCl3) δ: 170.90, 170.55, 
169.67, 169.01, 136.33, 129.06, 128.58, 127.27, 80.38, 
76.25, 74.37, 72.76, 68.71, 62.47, 20.91, 20.80, 20.78, 
20.51. 

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(3-(benzo[b]thio- 
phen-2-ylmethyl)-4-fluorophenyl)tetrahydro-2H-pyran- 
3,4,5-triyl triacetate (3o): This compound was prepared 
according to the Method B using 2,3,4,6-tetra-O-acetyl-  
α-D-glucopyranosyl bromide (92.3 mg, 0.225 mmol, 150 
mol%), 2-(2-fluoro-5-iodobenzyl)benzo[b]-thiophene (55.2 
mg, 0.15 mmol, 100 mol%). Flash column chromatography 
(SiO2: 20% ethyl acetate in petroleum ether) gave a mix-
ture of diastereomers (2.4∶1 α to β anomers based on 
NMR, 66.9 mg, 0.117 mmol, 78% yield). For the 
α-anomer: 1H NMR (600 MHz, CDCl3) δ: 7.74 (d, J＝8.0 
Hz, 1H), 7.67 (d, J＝7.8 Hz, 1H), 7.32～7.24 (m, 5H), 
7.05 (s, 1H), 5.49 (t, J＝7.9 Hz, 1H), 5.34～5.32 (m, 1H), 
5.29 (d, J＝6.5 Hz, 1H), 5.09 (dd, J＝8.5, 7.7 Hz, 1H), 
4.29 (dd, J＝12.2, 5.6 Hz, 1H), 4.25 (s, 2H), 4.08 (dd, J＝
12.2, 2.9 Hz, 1H), 3.77 (ddd, J＝8.6, 5.6, 2.9 Hz, 1H), 2.09 
(s, 6H), 2.02 (s, 3H), 2.01 (s, 3H). For the β-anomer: 1H 
NMR (600 MHz, CDCl3) δ: 7.72 (d, J＝9.0 Hz, 1H), 7.64 
(d, J＝7.9 Hz, 1H), 7.32～7.24 (m, 3H), 7.11～7.06 (m, 
2H), 6.98 (s, 1H), 5.34～5.32 (m, 1H), 5.23 (t, J＝9.8 Hz, 
1H), 5.11～5.08 (m, 1H), 4.38 (d, J＝9.8 Hz, 1H), 4.22 (s, 
2H), 4.16 (d, J＝12.3, 1H), 4.13～4.10 (m, 1H), 3.83 (d,   
J＝6.4 Hz, 1H), 2.04 (s, 6H), 2.01 (s, 3H), 1.85 (s, 3H). 
For the mixture of α- and β-anomer: 13C NMR (151 MHz, 
CDCl3) δ: 170.80, 170.70, 170.42, 169.94, 169.60, 169.57, 
169.48, 168.94, 161.62, 161.41, 159.98, 159.77, 142.94, 
142.86, 140.01, 139.99, 139.78, 137.47, 137.00, 136.95, 

131.11, 131.08, 130.90, 127.33, 126.89, 126.78, 124.31, 
124.26, 123.91, 123.84, 123.51, 123.49, 123.09, 123.06, 
122.95, 122.21, 122.19, 122.16, 122.12, 115.21, 115.05, 
114.37, 114.22, 79.31, 76.20, 74.16, 72.61, 72.21, 70.69, 
70.48, 70.09, 68.47, 62.30, 61.90, 29.75, 29.72, 29.68, 
29.67, 20.81, 20.79, 20.76, 20.74, 20.70, 20.68, 20.50. 

(2R,3S,4R,5S,6R)-2-(Acetoxymethyl)-6-(4-(methoxycar- 
bonyl)phenyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate 
(4a)[9]: This compound was prepared according to the 
Method A using 2,3,4,6-tetra-O-acetyl-α-D-galacto- pyra-
nosyl bromide (61.5 mg, 0.15 mmol, 100 mol%), methyl 
4-bromobenzoate (32.3 mg, 0.15 mmol, 100 mol%). Flash 
column chromatography (SiO2: 20% ethyl acetate in pe-
troleum ether) gave a mixture of diastereomers (9∶1 α to 
β anomers based on NMR, 66.4 mg, 0.143 mmol, 95% 
yield). 1H NMR (600 MHz, CDCl3) δ: 7.98 (d, J＝8.4 Hz, 
2H), 7.50 (d, J＝8.2 Hz, 2H), 5.46 (dd, J＝4.9, 3.2 Hz, 
1H), 5.36 (dd, J＝6.4, 3.1 Hz, 1H), 5.33 (dd, J＝6.2, 3.1 
Hz, 1H), 5.29 (d, J＝3.1 Hz, 1H), 4.62 (dd, J＝12.1, 8.7 
Hz, 1H), 4.25～4.19 (m, 1H), 4.12 (dd, J＝12.2, 3.9 Hz, 
1H), 3.88 (s, 3H), 2.12 (s, 3H), 2.09 (s, 3H), 1.99 (s, 3H), 
1.88 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 170.82, 
169.81, 169.42, 169.25, 166.75, 141.26, 129.91, 129.60, 
127.15, 71.40, 70.70, 70.01, 67.74, 66.48, 60.06, 52.21, 
20.92, 20.81, 20.76, 20.57; HRMS (ESI) calcd for 

22 27 11C H O  [M＋H]＋ 467.1548, found 467.1540. 
(2R,3S,4R,5S,6R)-2-(Acetoxymethyl)-6-(4-methoxyph- 

enyl) tetrahydro-2H-pyran-3,4,5-triyl triacetate (4b):[6] 
This compound was prepared according to the Method B 
using 2,3,4,6-tetra-O-acetyl-α-D-galactopyranosyl bro- 
mide (92.3 mg, 0.225 mmol, 150 mol%), 1-iodo-4-me- 
thoxybenzene (35.1 mg, 0.15 mmol, 100 mol%). Flash 
column chromatography (SiO2: 20% ethyl acetate in pe-
troleum ether) gave a mixture of diastereomers (13∶1 α to 
β anomers based on NMR, 64.3 mg, 0.147 mmol, 98% 
yield). 1H NMR (600 MHz, CDCl3) δ: 7.38 (d, J＝8.6 Hz, 
2H), 6.85 (d, J＝8.7 Hz, 2H), 5.44～5.42 (m, 2H), 5.36 
(dd, J＝6.7, 3.8 Hz, 1H), 5.24 (d, J＝3.9 Hz, 1H), 4.43 
(dd, J＝11.3, 7.9 Hz, 1H), 4.13～4.08 (m, 2H), 3.78 (s, 
3H), 2.11 (s, 3H), 2.09 (s, 3H), 1.99 (s, 3H), 1.94 (s, 3H); 
13C NMR (151 MHz, CDCl3) δ: 170.72, 170.00, 169.68, 
169.50, 159.35, 128.83, 127.79, 113.81, 71.46, 70.25, 
69.88, 67.85, 67.11, 60.61, 55.27, 20.90, 20.82, 20.79, 
20.76. 

(2R,3S,4R,5S,6R)-2-(Acetoxymethyl)-6-(2-methoxy- 
phenyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (4c):[9] 
This compound was prepared according to the Method B 
using 2,3,4,6-tetra-O-acetyl-α-D-galactopyranosyl bro- 
mide (92.3 mg, 0.225 mmol, 150 mol%), 1-iodo-2-meth- 
oxybenzene (35.1 mg, 0.15 mmol, 100 mol%). Flash col-
umn chromatography (SiO2: 20% ethyl acetate in petrole-
um ether) gave a mixture of diastereomers (5.3∶1 α to β 
anomers based on NMR, 26.3 mg, 0.06 mmol, 40% yield). 
1H NMR (600 MHz, CDCl3) δ: 7.44 (dd, J＝7.5, 1.0 Hz, 
1H), 7.23 (td, J＝8.0, 1.8 Hz, 1H), 6.91 (t, J＝7.5 Hz, 1H), 
6.80 (d, J＝8.2 Hz, 1H), 5.52 (dd, J＝6.3, 3.0 Hz, 1H), 
5.48 (d, J＝1.3 Hz, 1H), 5.34～5.29 (m, 2H), 4.71 (dd, J＝
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12.4, 9.1 Hz, 1H), 4.45 (ddd, J＝9.2, 6.3, 3.1 Hz, 1H), 4.27 
(dd, J＝12.5, 3.1 Hz, 1H), 3.81 (s, 3H), 2.18 (s, 3H), 2.08 
(s, 3H), 2.01 (s, 3H), 1.76 (s, 3H); 13C NMR (151MHz, 
CDCl3) δ: 171.08, 169.74, 169.37, 169.11, 155.78, 128.90, 
127.73, 124.46, 120.09, 109.88, 72.18, 69.00, 68.15, 65.95, 
64.85, 59.91, 55.49, 21.05, 20.94, 20.83, 20.43. 

(2R,3S,4R,5S,6R)-2-(Acetoxymethyl)-6-(3-((tert-butoxy- 
carbonyl)amino)phenyl)tetrahydro-2H-pyran-3,4,5-triyl tri- 
acetate (4d): This compound was prepared according to the 
Method B (with a condition of 20 ℃ instead of ice bath) 
using 2,3,4,6-tetra-O-acetyl-α-D-galactopyranosyl bro- 
mide (92.3 mg, 0.225 mmol, 150 mol%), tert-butyl (3- 
iodophenyl)carbamate (47.9 mg, 0.15 mmol, 100 mol%). 
Flash column chromatography (SiO2: 20% ethyl acetate in 
petroleum ether) gave a mixture of diastereomers (7.5∶1 
α to β anomers based on NMR, 70.6 mg, 0.135 mmol, 90% 
yield). 1H NMR (600 MHz, CDCl3) δ: 7.55 (s, 1H), 7.29～
7.24 (m, 1H), 7.13 (d, J＝5.5 Hz, 1H), 6.65 (s, 1H), 5.48 (t, 
J＝3.7 Hz, 1H), 5.41 (dd, J＝6.7,3.4 Hz, 1H), 5.35 (dd,   
J＝6.5,3.4 Hz, 1H), 5.24 (d, J＝3.2 Hz, 1H), 4.55 (dd, J＝
11.8, 8.5 Hz, 1H), 4.22 (q, J＝4.2 Hz, 1H), 4.17 (dd, J＝
12.0, 4.1 Hz, 1H), 2.14 (s, 3H), 2.12 (s, 3H), 2.03 (s, 3H), 
1.97 (s, 3H), 1.51 (s, 9H); 13C NMR (151MHz, CDCl3) δ: 
170.84, 169.92, 169.56, 169.46, 152.66, 138.64, 137.01, 
128.95, 121.79, 118.19, 117.37, 71.07, 70.95, 70.03, 67.80, 
66.72, 60.29, 28.37, 20.96, 20.84, 20.80, 20.70. 

(2R,3S,4R,5S,6R)-2-(Acetoxymethyl)-6-(1H-indol-5-  
yl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (4e):[9] This 
compound was prepared according to the Method B using 
2,3,4,6-tetra-O-acetyl-α-D-galactopyranosyl bromide (92.3 
mg, 0.225 mmol, 150 mol%), 5-iodo-1H-indole (36.5 mg, 
0.15 mmol, 100 mol%). Flash column chromatography 
(SiO2: 20% ethyl acetate in petroleum ether) gave a mix-
ture of diastereomers (9.6∶1 α to β anomers based on 
NMR, 48.9 mg, 0.11 mmol, 73% yield). 1H NMR (600 
MHz, CDCl3) δ: 8.40 (s, 1H), 7.80 (s, 1H), 7.34 (d, J＝8.5 
Hz, 1H), 7.27 (d, J＝8.6 Hz, 1H), 7.20 (t, J＝2.5 Hz, 1H), 
6.53 (s, 1H), 5.58 (dd, J＝7.7,3.4 Hz, 1H), 5.49～5.45 (m, 
3H), 4.45～4.42 (m, 1H), 4.17～4.10 (m, 2H), 2.14 (s, 
3H), 2.12 (s, 3H), 1.98 (s, 3H), 1.95 (s, 3H); 13C NMR 
(151 MHz, CDCl3) δ: 170.82, 170.19, 169.89, 169.74, 
135.48, 127.72, 126.90, 124.94, 121.87, 120.09, 111.25, 
102.94, 72.58, 70.17, 70.00, 68.09, 67.40, 60.83, 20.99, 
20.87, 20.85. 

(2R,3S,4R,5S,6R)-2-(acetoxymethyl)-6-(3,4,5-trimetho- 
xyphenyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (4f): 
This compound was prepared according to the Method B 
using 2,3,4,6-tetra-O-acetyl-α-D-galactopyranosyl bro- 
mide (92.3 mg, 0.225 mmol, 150 mol%), 5-iodo-1,2,3-tri- 
methoxybenzene (44.1 mg, 0.15 mmol, 100 mol%). Flash 
column chromatography (SiO2: 20% ethyl acetate in pe-
troleum ether) gave a mixture of diastereomers (＞10∶1 α 
to β anomers based on NMR, 50.0 mg, 0.10 mmol, 67% 
yield). 1H NMR (600 MHz, CDCl3) δ: 6.74 (s, 2H), 5.48 
(dd, J＝7.4, 3.4 Hz, 1H), 5.45 (t, J＝3.7 Hz, 1H), 5.40 (dd, 
J＝7.3, 3.7 Hz, 1H), 5.22 (d, J＝3.7 Hz, 1H), 4.49 (dd, J＝
11.5, 8.1 Hz, 1H), 4.16 (q, J＝4.1 Hz, 1H), 4.14～4.11 (m, 

1H), 3.86 (s, 6H), 3.83 (s, 3H), 2.13 (s, 3H), 2.12 (s, 3H), 
2.02 (s, 3H), 1.98 (s, 3H); 13C NMR (151 MHz, CDCl3) δ: 
170.83, 170.04, 169.72, 169.42, 153.26, 137.71, 131.46, 
104.54, 71.50, 70.75, 70.10, 67.71, 67.23, 60.99, 60.79, 
56.25, 20.98, 20.92, 20.87. 

(3R,4R,5R)-2-(4-(Methoxycarbonyl)phenyl)tetrahydro- 
2H-pyran-3,4,5-triyl triacetate (5):[9] This compound was 
prepared according to the Method A using (2R,3S, 4R,5R)- 
2-bromotetrahydro-2H-pyran-3,4,5-triyl triacetate (50.9 
mg, 0.15 mmol, 100 mol%), methyl 4-bromobenzoate 
(32.3 mg, 0.15 mmol, 100 mol%). Flash column chroma-
tography (SiO2: 20% ethyl acetate in petroleum ether) gave 
a mixture of diastereomers (1.3∶1 α to β anomers based 
on NMR, 46.1 mg, 0.117 mmol, 78% yield). For the 
α-anomer: 1H NMR (600 MHz, CDCl3) δ: 7.98 (d, J＝8.2 
Hz, 2H), 7.40 (d, J＝8.2 Hz, 2H), 5.40 (t, J＝3.0 Hz, 1H), 
5.29 (ddd, J＝8.2, 5.2, 3.2 Hz, 1H), 5.15 (dd, J＝3.8, 1.6 
Hz, 1H), 4.92 (brs, 1H,), 4.04 (dd, J＝10.8, 5.4 Hz, 1H), 
3.89 (s, 3H), 3.83 (t, J＝11.0 Hz, 1H), 2.21 (s, 3H), 2.02 (s, 
3H), 1.85 (s, 3H); 13C NMR (151 MHz, CDCl3) δ: 169.88, 
169.27, 169.03, 166.87, 141.85, 129.82, 129.52, 126.30, 
75.59, 70.53, 66.90, 65.09, 63.95, 52.24, 21.00, 20.86, 
20.50; HRMS (ESI) calcd for 19 23 9C H O  [M ＋ H] ＋ 
395.1337, found 395.1335. For the β-anomer: m.p. 136～
138 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.01 (d, J＝8.1 
Hz, 2H), 7.46 (d, J＝8.0 Hz, 2H), 5.40 (brs, 1H), 5.34 (t,  
J＝9.9 Hz, 1H), 5.18 (dd, J＝10.1, 3.4 Hz, 1H), 4.33 (d,  
J＝9.7 Hz, 1H), 4.16 (d, J＝13.3 Hz, 1H), 3.90 (s, 3H), 
3.82 (d, J＝13.3 Hz, 1H), 2.22 (s, 3H), 2.00 (s, 3H), 1.81 
(s, 3H); 13C NMR (151 MHz, CDCl3) δ: 170.57, 170.37, 
169.03, 166.78, 141.93, 130.62, 129.78, 127.32, 80.94, 
71.82, 70.17, 68.95, 68.62, 52.30, 21.19, 20.83, 20.60; 
HRMS (ESI) calcd for 19 23 9C H O  [M＋H]＋ 395.1337, 
found 395.1340.  

(2R,3S,4R,5S,6S)-2-(Acetoxymethyl)-5-(1,3-dioxoisoin- 
dolin-2-yl)-6-(4-(methoxycarbonyl)phenyl)tetrahydro-2H-  
pyran-3,4-diyl diacetate (6):[10] This compound was pre-
pared according to the Method A using (2R,3S,4R,5R)- 
2-(acetoxymethyl)-6-bromo-5-(1,3-dioxoisoindolin-2-yl)- 
tetrahydro-2H-pyran-3,4-diyl diacetate (74.7 mg, 0.15 
mmol, 100 mol%), methyl 4-bromoenzoate (32.3 mg, 0.15 
mmol, 100 mol%). Flash column chromatography (SiO2: 
20% ethyl acetate in petroleum ether) gave a mixture of 
diastereomers (＞1∶20 α to β anomers based on NMR, 
58.1 mg, 0.105 mmol, 70% yield). m.p. 75～77 ℃; 20

D[ ]α     
－19.3 (c 0.29, CH2Cl2); 1H NMR (600 MHz, CDCl3) δ: 
7.88 (d, J＝8.3 Hz, 2H), 7.82 (d, J＝7.3 Hz, 1H), 7.69 (t,   
J＝7.3 Hz, 1H), 7.65～7.59 (m, 2H), 7.37 (d, J＝8.3 Hz, 
2H), 5.92 (dd, J＝10.2, 9.3 Hz, 1H), 5.41 (d, J＝10.4 Hz, 
1H), 5.32 (t, J＝9.6 Hz, 1H), 4.48 (t, J＝10.4 Hz, 1H), 
4.34 (dd, J＝12.4, 4.6 Hz, 1H), 4.18 (dd, J＝12.3, 1.9 Hz, 
1H), 4.02 (ddd, J＝10.1, 4.5, 2.0 Hz, 1H), 3.82 (s, 3H), 
2.10 (s, 3H), 2.05 (s, 3H), 1.83 (s, 3H); 13C NMR (151 
MHz, CDCl3) δ: 170.88, 170.26, 169.69, 168.23, 166.73, 
166.60, 141.37, 134.57, 134.41, 131.26, 130.73, 130.68, 
129.98, 127.07, 123.74, 123.70, 77.26, 76.40, 71.66, 69.14, 
62.42, 55.93, 52.25, 20.92, 20.78, 20.55. HRMS (ESI) 
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calcd for 28 28 11C H O  [M ＋ H] ＋  554.1657, found 
554.1642.  

(2R,3R,4S,5R,6R)-2-(Acetoxymethyl)-6-(((2R,3R,5S,6R)- 
4,5-diacetoxy-2-(acetoxymethyl)-6-(4-(methoxycarbonyl)- 
phenyl)tetrahydro-2H-pyran-3-yl)oxy)tetrahydro-2H- 
pyran-3,4,5-triyl triacetate (7):[9] This compound was pre-
pared according to the Method A using (2R,3R,4S,5R,6R)- 
2-(acetoxymethyl)-6-(((2R,3R,5R,6R)-4,5-diacetoxy-2- 
(acetoxymethyl)-6-bromotetrahydro-2H-pyran-3-yl)oxy)- 
tetrahydro-2H-pyran-3,4,5-triyl triacetate (104.9 mg, 0.15 
mmol, 100 mol%), methyl 4-bromobenzoate (32.3 mg, 
0.15 mmol, 100 mol%). Flash column chromatography 
(SiO2: 20% ethyl acetate in petroleum ether) gave a mix-
ture of diastereomers (4.5∶1 α to β anomers based on 
NMR, 107.4 mg, 0.143 mmol, 90% yield). 1H NMR (600 
MHz, CDCl3) δ: 8.05 (d, J＝8.4 Hz, 2H), 7.49 (d, J＝8.3 
Hz, 2H), 5.36 (t, J＝9.8 Hz, 1H), 5.33 (d, J＝3.8 Hz, 1H), 
5.30～5.25 (m, 2H), 5.18～5.14 (m, 1H), 5.06 (t, J＝9.8 
Hz, 1H), 4.91 (dd, J＝10.3, 3.7 Hz,1H), 4.41～4.32 (m, 
2H), 4.26～4.12 (m, 4H), 3.93 (s, 3H), 3.72 (dd, J＝6.3, 
3.3 Hz, 1H), 2.14 (s, 3H), 2.13 (s, 3H), 2.09 (s, 3H), 2.05 
(s, 3H), 2.01 (s, 3H), 1.98 (s, 3H), 1.95 (s, 3H); 13C NMR 
(151 MHz, CDCl3) δ: 170.55, 170.48, 170.15, 169.95, 
169.81, 169.42, 169.39, 142.14, 129.65, 126.22, 97.01, 
77.36, 74.52, 72.59, 71.29, 70.05, 69.76, 69.53, 69.00, 
68.46, 68.21, 62.44, 61.80, 52.12, 20.89, 20.75, 20.61, 
20.53, 20.52, 20.44, 20.42; HRMS (ESI) calcd for  

34 43 19C H O  [M＋H＋] 755.2393, found 755.2346. 
(2R,3R,4R,5R,6R)-2-(Acetoxymethyl)-6-(4-(methoxy- 

carbonyl)phenyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate 
(8):[16] This compound was prepared according to the 
Method A using (2R,3R,4S,5S,6R)-2-(acetoxymethyl)- 
6-bromotetrahydro-2H-pyran-3,4,5-triyl triacetate (74.7 
mg, 0.15 mmol, 100 mol%), methyl 4-bromobenzoate 
(32.3 mg, 0.15 mmol, 100 mol%). Flash column chroma-
tography (SiO2: 20% ethyl acetate in petroleum ether) gave 
a mixture of α-anomer (66.4 mg, 0.143 mmol, 95% yield). 
1H NMR (600 MHz, CDCl3) δ: 8.05 (d, J＝8.3 Hz, 2H), 
7.55 (d, J＝8.2 Hz, 2H), 5.90 (t, J＝3.4 Hz, 1H), 5.28 (t,  
J＝8.4 Hz, 1H), 5.10～5.07 (m, 2H), 4.39 (dd, J＝12.1, 
6.5 Hz, 1H), 4.10 (dd, J＝12.1, 2.8 Hz, 1H), 3.89 (s, 3H), 
3.75～3.73 (m, 1H), 2.11 (s, 3H), 2.09 (s, 3H), 2.04 (s, 
3H), 2.00 (s, 3H); 13C NMR (151 MHz, CDCl3) δ: 170.68, 
170.20, 170.18, 169.64, 166.52, 140.54, 130.35, 130.29, 
126.65, 75.04, 71.85, 69.34, 69.06, 66.81, 62.21, 52.31, 
20.95, 20.81, 20.78.   

(2R,3R,4R,5S)-2-(Acetoxymethyl)-6-(3-((5-(4-fluoroph- 
enyl)thiophen-2-yl)methyl)-4-methylphenyl)tetrahydro-2H-  
pyran-3,4,5-triyl triacetate:[9] This compound was prepared 
according to the Method C using 2,3,4,6-tetra-O-acetyl- 
α-D-glucopyranosyl bromide (3.075 g, 7.5 mmol, 150 
mol%), 2-(4-fluoro-phenyl)-5-(5-iodo-2-methylbenzyl)- 
thiophene (2.04 g, 5.0 mmol, 100 mol%). Flash column 
chromatography (SiO2: 20% ethyl acetate in petroleum 
ether) gave a mixture of diastereomers (2.1∶1 α to β 
anomers based on NMR, 2.08 g, 3.4 mmol, 68% yield). 
For the α-anomer: 1H NMR (600 MHz, CDCl3) δ: 7.46 (dd, 

J＝8.6, 5.3 Hz, 2H), 7.43 (s, 1H), 7.41 (d, J＝7.9 Hz, 1H), 
7.20 (d, J＝7.9 Hz, 1H), 7.03 (d, J＝3.6 Hz, 1H), 7.01 (t,  
J＝8.6 Hz, 2H), 6.69 (d, J＝3.5 Hz, 1H), 5.62～5.57 (m, 
1H), 5.37～5.31 (m, 2H), 5.12～5.09 (m, 1H), 4.26 (dd,  
J＝12.2, 5.2 Hz, 1H), 4.17～4.09 (m, 2H), 4.05 (dd, J＝
12.2, 2.8 Hz, 1H), 3.77～3.73 (ddd, J＝9.0, 5.0, 2.7 Hz, 
1H), 2.33 (s, 3H), 2.07 (s, 3H), 2.05 (s, 3H), 1.99 (s, 3H), 
1.94 (s, 3H); 13C NMR (151 MHz, CDCl3) δ: 170.72, 
170.06, 169.59, 169.57, 162.13 (d, J＝246.6 Hz), 143.06, 
141.68, 138.80, 136.55, 133.49, 130.80 (d, J＝3.4 Hz), 
130.76, 129.18, 127.11 (d, J＝7.9 Hz), 126.47, 126.15, 
122.77, 115.79 (d, J＝21.7 Hz), 72.89, 70.84, 70.41, 70.09, 
68.81, 62.03, 34.18, 20.81, 20.75, 20.71, 20.70, 19.23; 
HRMS (ESI) calcd for C32H34FO9S [M＋H＋] 613.1902, 
found 613.2016. For the β-anomer: m.p. 158～160 ℃; 1H 
NMR (600 MHz, CDCl3) δ: 7.47 (dd, J＝8.8, 5.2 Hz, 2H), 
7.21～7.13 (m, 3H), 7.07～6.99 (m, 3H), 6.61 (d, J＝3.6 
Hz, 1H), 5.31 (t, J＝9.5 Hz, 1H), 5.23 (t, J＝9.7 Hz, 1H), 
5.13 (t, J＝9.6 Hz, 1H), 4.36 (d, J＝9.8 Hz, 1H), 4.28 (dd, 
J＝12.4, 4.8 Hz, 1H), 4.15 (dd, J＝12.3, 2.1 Hz, 1H), 
4.14～4.05 (m, 2H), 3.82 (ddd, J＝9.9, 4.7, 2.2 Hz, 1H), 
2.30 (s, 3H), 2.08 (d, J＝13.0 Hz, 3H), 2.05 (s, 3H), 1.99 
(s, 3H), 1.76 (s, 3H); 13C NMR (151 MHz, CDCl3) δ: 
170.92, 170.56, 169.68, 169.01, 162.21 (d, J＝246.7 Hz), 
143.20, 141.70, 138.20, 137.29, 134.33, 130.92, 128.64, 
127.20 (d, J＝7.9 Hz), 126.09, 125.64, 122.79, 115.86 (d,  
J＝21.8 Hz), 80.14, 76.20, 74.45, 72.77, 68.74, 62.52, 
34.12, 20.92, 20.81, 20.79, 20.56, 19.43; HRMS (ESI) 
calcd for 32 34 9C H FO S [M ＋ H ＋ ]: 613.1902, found 
613.2017.  

(2R,3R,4R,5S,6R)-2-(4-Chloro-3-(4-ethoxybenzyl)phen-
yl)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol:[17]  
This compound was prepared according to the Method D 
using (2R,3R,4R,5S,6R)-2-(acetoxymethyl)-6-(4-chloro- 
3-(4-ethoxybenzyl)phenyl)tetrahydro-2H-pyran-3,4,5-triyl  
triacetate (86 mg, 0.15 mmol, 100 mol%). Flash column 
chromatography (SiO2: 10% methanol in ethyl acetate) 
gave α- anomer (52.0 mg, 0.128 mmol, 85% yield). 1H 
NMR (600 MHz, CDCl3) δ: 7.58 (s, 1H), 7.53 (dd, J＝
8.3,1.6 Hz, 1H), 7.35 (d, J＝8.3 Hz, 1H), 7.09 (d, J＝8.6 
Hz, 2H), 6.82 (d, J＝8.6 Hz, 2H), 5.23 (s, 1H), 5.14 (s, 
1H), 4.97 (s, 1H), 4.87 (d, J＝4.5 Hz, 1H), 4.54 (t, J＝5.2 
Hz, 1H), 3.98～3.94 (m, 4H), 3.65 (s, 1H), 3.55～3.53 (m, 
3H), 3.28～3.22 (m, 2H), 1.29 (t, J＝6.9 Hz, 3H); 13C 
NMR (151 MHz, CDCl3) δ: 156.90, 138.92, 137.99, 
131.31, 131.23, 130.94, 129.57, 128.59, 127.70, 114.30, 
76.53, 72.83, 72.69, 72.54, 70.23, 62.89, 60.73, 37.83, 
14.70. 

(2S,3R,4R,5S,6R)-2-(4-Chloro-3-(4-ethoxybenzyl)phen- 
yl)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol  
(dapagliflozin):[18] This compound was prepared according 
to the Method D using (2S,3R,4R,5S,6R)-2-(acetoxy-  
methyl)-6-(4-chloro-3-(4-ethoxybenzyl)phenyl)tetrahydro-   
2H-pyran-3,4,5-triyl triacetate (2.60 g, 4.5 mmol, 100 
mol%). Flash column chromatography (SiO2: 10% metha-
nol in ethyl acetate) gave β-anomer (dapagliflozin, 1.66 g, 
4.05 mmol, 90% yield). 1H NMR (600 MHz, DMSO-d6) δ: 
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7.38 (d, J＝8.2 Hz, 1H), 7.33 (s, 1H), 7.24 (d, J＝8.2 Hz, 
1H), 7.10 (d, J＝8.0 Hz, 2H), 6.83 (d, J＝7.9 Hz, 2H), 4.98 
(t,  J＝4.3 Hz, 2H), 4.86 (d, J＝5.7 Hz, 1H), 4.48 (t, J＝
5.6 Hz, 1H), 4.02～3.95 (m, 5H), 3.71 (dd, J＝11.6, 5.4 
Hz, 1H), 3.45 (q, J＝5.9 Hz, 1H), 3.29～3.22 (m, 2H), 
3.20～3.16 (m, 1H), 3.12 (dd, J＝14.8, 8.8 Hz, 1H), 1.30 
(t, J＝6.9 Hz, 3H); 13C NMR (151 MHz, DMSO-d6) δ: 
157.35, 140.14, 138.28, 132.38, 131.67, 131.27, 130.04, 
129.13, 127.82, 114.74, 81.68, 81.17, 78.76, 75.17, 70.75, 
63.34, 61.81, 38.12, 15.16. 

 
Supporting Information  NMR spectra for new com-
pounds of C-glycoside product. The Supporting Infor-
mation is available free of charge via the Internet at 
http://sioc-journal.cn/. 
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