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Abstract 

 A wide range of medications available for type 2 diabetes (T2DM) are inadequate 

to maintain the glycemic control at HbA1c <7%, hence development of novel drug with 

different mechanism of action is desirable. Type 2 sodium-dependent glucose co-

transporter (SGLT2) is a 672-amino acid, high capacity, low affinity transporter express 

nearly exclusively in the S1 segment o the renal proximal tubule.  Since SGLT2 

mediates the majority of renal glucose reabsorption from the glomerular filtrate, 

inhibiting SGLT2 is believed to be able to decrease the glucose level to achieve glycemic 

control. 

 Dapagliflozin (7), a leading compound with a structure of C-arylglucoside, can 

bind to but not be transported by SGLT2, andacts as a potent and selective SGLT2 

inhibitor. Various glycoform, such as N-glucosides, S-glucosides, thio-C-glucosides and 

dioxa-bicyclo-[3.2.1]octane have been studied for their effect on SGLT2 inhibitions but 

no report was published on glucofuranosides which contain 1% composition of sugars in 

aqueous solution. Herein, we designed and synthesized a series of novel (1S)-1,4-

anhydro-1-C-aryl-D-glucitol derivatives. To get these compounds, 2 key intermediates—

perbenzylated D-glucono-gamma-lactone 46 and C-benzylaldehyde glucoside 65, were 

synthesized and they were sequentially subjected to the coupling reaction and Grignard 

reaction to afford the desired structures. 

 The inhibitory effect of compounds 32a-32r on the uptake of [14C]-AMG were 

tested in COS-7 cell stably expressing hSGLT1, the results showed no inhibitory activity 

of these compounds at 5 μM against hSGLT1. Further study on the cell-based assay of 

hSGLT2 is still in progress.    
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1. Introduction 

1.1 Type 2 Diabetes Mellitus (T2DM)  

Type 2 diabetes mellitus (T2DM), formerly non-insulin-dependent diabetes mellitus 

(NIDDM) or adult-onset diabetes is a highly prevalent disease affecting more than 150 

million people worldwide especially in developed countries.1 However, the number of 

patient has been rapidly increasing in developing countries.2 

Chronic hyperglycemia not only presents as the hallmark of T2DM diagnosis, it is 

also shown to be the main cause of two defects: β-cells failure & insulin resistance.3 This 

glucotoxicity effect is the major risk factor for the microvascular complications including 

retinopathy, neuropathy, nephropathy and heart failure which are the main causes of 

morbidity and mortality in T2DM.4 As been shown by the United Kingdom Prospective 

Diabetes Study (UKPDS), all of these complications are directly proportional to the level of 

glycosylated hemoglobin (HbA1c) which should be controlled between 6.5-7% in diabetic 

subject.5 Therefore, a good control of blood glucose level can not only reduce the risk of 

microvascular complications but also improves the developed metabolic abnormalities. 

Although control of diet and exercise may improve the condition, combination with 

medical regimen is necessary to achieve the optimal effect. 

The initial therapy strategies have been shifting from insulin secretogougues and α-

glucosidase inhibitor which prevents digestion of carbohydrates to monosaccharides to 

insulin sensitizers such as metformin and the thiazolidinediones (TZDs, Figure 1).6 As an 

old drug with generic form available, metformin continues to be the most favorable 

prescription drug due to its low cost and efficacious. Metformin exerts its glycemic effect 
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by suppressing the glucose production in liver (hepatic glucogenesis),7 increasing insulin 

sensitivity, increasing peripheral uptake of glucose8 and decreasing absorption of glucose 

from gastrointestinal tract. Other than that, metformin may promote weight loss compared 

to TZDs which had found to be associated with weight gain,9, 10 fractures and an increased 

risk of congestive heart failure.11,12 The contraindication of metformin being the risk of 

lactic acidosis in patient with kidney, lung or liver disease,13 but this can be easily avoided 

as long as it is not prescribed to the known high-risk groups. Combination regimen (e.g. 

metformin, sulfonylurea, TZDs, meglitinides, DPP-4 inhibitors and GLP-1 receptor 

agonists)   is often used in diabetic treatment in order to achieve sufficient control of blood 

sugar but it is found that none of these combinations is showing prevailing effect over the 

others. Moreover, most of these agents are unable to maintain their glycemic control after 

3-9 years’ time which might be caused by the decline of -cell function where the 

effectiveness of these drugs relies on insulin action.14 Thus, new strategies, especially those 

works independently from insulin is urging to be discovered.   

 

Figure 1. Structure of anti-diabetic drugs 
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1.2 Sodium-Glucose Cotransporter (SGLTs) 

1.2.1 Glucose Transporters Description 

Glucose being the key fuel for cellular metabolism has to be well reserved in living 

body. With its high polarity, glucose is unable to cross the lipid bilayer in living cell, hence 

in order to transport from the extracellular to intracellular space, it needs assistance from 

protein transporters. There are two distinct classes of glucose transporters present:  1) 

Facilitative glucose transporter (GLUTs), consists of 12 transmembrane domains, facilitate 

the passive transport of glucose across the membrane along its concentration gradient, 

hence no energy is required;15,16 2) Sodium-glucose co-transporter (SGLTs), 14 

transmembrane protein spanning α-helices,17,18 translocate glucose across the cellular 

membrane against the concentration gradient, where it consumes energy provided from 

sodium transport along its electrochemical gradient.15, 16 So far there are 6 different genes 

encoded for SGLTs being identified (Table 1)19 in human, SGLT type 1 & 2 encoded by 

the solute carrier genes SLC5A1 and SLC5A2, respectively, are more well-studied and its 

function under both physiological and pathological conditions are being extensively 

elucidated.  

Table 1. The sodium- glucose co-transporter family19 

Co-transporter Gene Substrate Tissue distribution 

SGLT1 SLC5A1 Glucose, galactose 
Intestine, trachea, kidney, heart, brain, 
testis, prostate 

SGLT2 SLC5A2 Glucose Kidney, brain, liver, thyroid, muscle 
and heart 

SGLT4 SLC5A9 Glucose, mannose Intestine, kidney, liver, brain, lung, 
trachea, uterus,pancreas 

SGLT5 SLCA10 Not known Kidney 
SGLT6 SMIT2/SLC5A11 Glucose, myo-inositol Brain, kidney, intestine 

SMIT1 SLC5A3 Glucose, myo-inositol Brain, heart, kidney, lung 
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SGLT1 

 The human SGLT1 (hSGLT1) is a 75 kDa heavily glycosylated protein and its gene 

encodes for 670 amino acids with the extracellular N-terminus and intramembrane C-

terminus. There are 2 glucose binding and translocation domains with one on the 

extracellular face and another on the intracellular face located in the 5 transmembrane 

regions (X, XI, XIII, XIV) nearest to C-terminus.19 The N-terminal segment 4-5 domain is 

responsible for the sodium recognition as well as the coupling of sodium electrochemical 

gradient to the sugar translocation during the cotransport (Figure 2). It is a primarily 

expressed in the S3 segment of renal proximal tubule and intestinal mucosa where it 

transports both glucose & galactose with similar affinity.20 

 

Figure 2. The secondary structure of SGLT120 
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SGLT2 

The human SGLT2 (hSGLT2) is identified in the year of 1991, 4 years after SGLT1 

identification. It has approximately 58 % amino acids sequence homology to SGLT1 and it 

displays the least homology with other SGLTs in the family.21 The gene encodes for a 

protein of ~75 kDa which consisted of 672 amino acids. SGLT2 is primarily expressed on 

the epithelial cell in S1 segment of the proximal tubule.19 It is also expressed in low level in 

the brain & liver.22 SGLT2 only transports D-glucose rather than both glucose and galactose 

as in SGLT1.23 

1.2.2 Glucose Reabsorption in Kidney 

 

Figure 3.  SGLTs role in glucose reabsorption 24 

 The kidney serves a pivotal role in maintaining blood glucose in normal subjects. 

The glomerulus filtered approximately 180 liters of plasma with glucose concentration of 

90 mg/dl each day. About a total of 180 g of glucose is reabsorbed in the proximal tubule in 

normal glucose-tolerant subjects. 90% of work is done by SGLT2 in early convoluted S1 

segment in a high capacity-low affinity (Tmax = 10 nmol/mg protein·min, Km = 2 mM) 

mode while SGLT1 in the distal S3 segment is account for the reuptake of 10% remaining 
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glucose the mode of low capacity-high affinity (Tmax = 2 nmol/mg protein·min, Km = 0.2 

mM) [Figure 3].22,25,26  The glucose reabsorbed through brush border membrane will be 

then transported back into peritubular capillary via exocytosis or efflux through GLUT1 in 

late proximal tubule and GLUT2 in early proximal tubule.27 The Na+/K+ pump functions to 

maintain the low level of intracellular Na+ level in order generate the electrochemical 

gradient for SGLTs function (Figure 4). 22,24 

The maximum glucose transport capacity (Tm) of kidney varies among individuals 

but the average value is approximately 375 mg/min.  In normal glucose-tolerant subjects, 

the filtered glucose load is below 375 mg/min, thus all the filtered glucose will be reuptake 

back to the blood and no glucose will be presented in urine. However, in diabetic patient, 

the plasma glucose concentration is directly related to the amount of filtered glucose which 

is often exceed the threshold of Tm (375 mg/min), hence the excess filtered glucose will be 

passed out with urine. The glucose excreted in urine is directly proportional to the amount 

of filtered glucose. 24 

 

Figure. 4 Mechanism of glucose reuptake28 
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1.2.3 Hyperglycemia Effects in SGLT2 & GLUT2 Gene Expression 

 In theoretical view, hyperglycemia will increase both the interstitial & blood 

glucose concentration and would attenuate the concentration gradient across the basolateral 

membrane (BLM) which will then leads impairment of glucose efflux from epithelial cell 

and as a whole, less glucose reuptake to bloodstream. However, experiments in diabetic 

animal model consistently disapproved this theoretical standpoint. It was found that, in 

uncontrolled diabetic animal model, the rate of glucose reabsorption increased above the 

threshold (375 mg/min). 29-31  It has been also been reported that, under hyperglycemic 

environment, the molecular mechanism adapted by increasing the expression of SGLT2 

gene the renal proximal tubule cells both in experimental animals & humans.32 The 

elevated expressions of SGLT2 mRNA and protein have also been demonstrated to 

correlate with higher glucose reabsorption (Figure 5).32 The treatment with insulin & 

phlorizin had shown to reversed the elevated SGLT2 gene expression by correcting the 

hyperglycemic environment.  

 

Figure 5. SGLT2 mRNA and protein expression and glucose uptake level in healthy versus 
diabetic subjects32 
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 In subject with normal glucose tolerance, the reabsorption of glucose in kidney to 

maintain the energy reservoir is of great benefit to the brain which can only utilize glucose 

to generate energy for neuronal function. However, the data from above experiments 

showed that, the adaptive mechanism in kidney had become the backfire under 

hyperglycemic environment. Instead of exacerbating the condition, it would be desirable 

for the kidney to excrete the excessive glucose as what have been predicted in theoretical 

stand and restore normoglycemia. 

 

1.2.4 Genetic Disorders 

 There are 2 types of genetic disorder involving SCL5A133,34 and SCL5A235,36 genes 

respectively: 1) Glucose-Galactose Malabsorption (GGM, MIM 182380); 2) Familial Renal 

Glucosuria (FRG, MIM233100). GGM is inherited in an autosomal recessive pattern, the 

missense mutation caused SGLT1 protein misfolding that impaired the trafficking to the 

plasma membrane. GGM is a rare disorder found in infancy and is characterized by watery 

diarrhea which may lead to dehydration and death if left untreated. The treatment is 

immediately removal of lactose, glucose and galactose-containing substances from the diet, 

and replacement with fructose-based formula. Some of the affected infant may be able to 

tolerate glucose & galactose. FRG is also an autosomal recessive disease which appears to 

be a benign condition characterized with glycosuria in the absence of hyperglycemia and 

other proximal tubule dysfunction. There are 21 different gene mutation have been 

described for SGLT2, majority of the defects are caused by missense and frameshift 

mutations which result in disruption of transmembrane domains 10-13 of SGLT2 for the 
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binding and translocation of sugar moiety.35 The severity of glycosuria differs among 

individual, ranging from 20~200 g of glucose excreted per day. Despite, the affected 

subjects are generally asymptomatic, except for some unusual and rare case of polyuria or 

hypoglycemia.  

 SGLT2 gene knockout mice were generated in order to investigate the physiological 

impact in the absence of this protein. Compared to WT mice, Sglt2-/- mice showed 

glycosuria, polyuria, increased uptake of food & water without affecting the plasma glucose 

level, glomerular filtration rate (GFR), urinary excretion of other proximal tubular 

substrates.37 This result has provided a proof of concept that inhibition of SGLT2 is a safe 

and potential strategy in sustaining normal blood glucose level free from hypoglycemia and 

insulin control. 

 

1.3 SGLT2 Inhibitors 

Understanding of the interaction binding affinity and stoichiometry of sugar upon 

SGLTs during the translocation serves a pivotal role in molecular based design of potent 

inhibitors. Hence, extensive studies have been carried out on different sugar moiety to 

define the substrate specificity. 

Sugar can only be transported through the transporter in hexose and D-configuration 

except for fructose, which means all others L-conformation sugars will not be transported 

through the sodium-glucose cotransporter. Beta positioning of -OH group and the 

functional group itself are crucial at C1 showing by the 10-fold loss of affinity by 1-deoxy-

D-glucose.19  
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However, short aliphatic in alpha confirmation such as alpha-methyl D-glucose may 

be tolerated. In addition, the binding of beta-glucosides with larger aromatic aglycones are 

well accommodated with the domain at loop 13 of the transporter but not translocated.19 In 

this case, beta-glucoside such as phlorizin (1, Figure 6) is a potent inhibitor for 

sodium/glucose cotransport.  

The equatorial –OH group at C2 and C3 are required for the transport as D-mannose, 

N-glucosamine, D-allose, and 3-deoxy-D-glucose are not transported or transported only at 

a limited extend. The positioning at C4 is of less importance for SGLT1 but not so in 

SGLT2 as it has very much lower affinity for galactose. 6-Deoxy-D-glucose is transported 

but not pentose D-xylose which means the –CH2 group has a more significant role then the 

–OH group here.38 Moreover, at the binding site for C6 to SGLT2 there seems to have a 

hydrophobic pocket for an alkyl group38 which provides a chance in designing an inhibitor 

selectively against SGLT2 over SGLT1. 

 

1.3.1 Evolution of SGLT2 Inhibitors: O-glucosides, C-arylglucosides and Other 

Agents 

 Phlorizin (1, Figure 6) is a glucoside linked to phloretin (2, dihydrochalcone) and 

was found from the bark of apple trees in the year of 1835. Initially it was proposed as 

drugs for fever, infectious disease, and malaria. However, within 50 years, it was found out 

to be causing diabetic-like symptoms such as glycosuria, polyuria and weight loss when 

administered at high doses.  Start from then, it was used as a tool in evaluating the renal 

physiology.28  
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The interaction of 1 with the isolating SGLTs showed a competitive inhibition at the 

D-glucose binding site while the 2 binds to the receptor in a non-competitive form with low 

affinity.39 The aglycone binding site was investigated in rabbit SGLT1 by mutagenesis and 

transport studies in transfected cells. The region between amino-acids amino acids 602-610 

was showed to involve in binding of 1 but not D-glucose.40 The same conclusion was 

reached at the finding of major conformation changes at the position of 602-609 on the 

isolated human SGLT1 with the binding of 1 or 2 but only minor changes was observed 

with D-glucose.41 AAs from 606 to 630 represents the late part of loop XIII & XIV formed 

a condensed conformation which increased in hydrophobicity upon the binding of 1.42 

  The most important point of this molecular studies have to be the differences 

between hSGLT1 and hSGLT2 as there are many sequence similarity and conservative 

replacement in the transmembrane region. The extramembranous loop are more various, 

particularly at the C-terminus which is binding site of aglycone.43 Compared to hSGLT1, 

hSGLT2 has 10 more AAs and 2 more cysteines at loop XIII & XIV close to the assumed 

binding site. Several hydrophilic groups have been replaced by hydrophobic groups in 

hSGLT2 which explained a higher affinity of 1.44  

 

Figure 6. Phlorizin (1) and the aglycone (2) 
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Figure 7. Structure available for SGLT2 inhibitors48 
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A. O-glucosides 

Phlorizin (1) 

Phlorizin (1) (Figure 6) with the ability to normalize the fasting and postprandial 

glucose concentration and reverse insulin resistance in diabetic patient via inhibition of 

SGLT2 however it had not been pursued to clinical trial for treatment of diabetes. This is 

due to its poor absorption in the gastrointestinal tract in the presence of β-glucosidase 

which will cleave the O-glucoside linkage.45 The cleavage will release the aglycone 

phoretin (2) which has shown to antagonize GLUT1, the main glucose transporter in blood 

brain barrier, may lead to serious neurology defects.46  Lastly, 1 binds to SGLT1 although 

in a lower affinity but is sufficient to cause fetal diarrhea.47  Based on these limitations, 1 

has become the lead compound in developing other glycosides with greater bioavailability 

and higher selectivity for SGLT2. 

 

T-1095 (3) 

  With an addition of methyl carbonate group to C6 of phlorizin, a new drug T-1095 

(3) was produced. 3 is a prodrug developed by Tanabe Seiyaku Co. (Figure 7)48 to prevent 

the action of glucosidase in the gut to produce a higher bioavailability after oral 

administration.49 The prodrug will be metabolized into T-1095A (4), the active form that 

inhibits SGLT2 with 30-fold higher specifity over SGLT1 to produce glucosuria. The 

maximal glucosuria effect (1g/100g body weight per 24 h) in normal and diabetic rats was 

achieved by a dose of 300 mg/Kg.48 Due to the insufficient selectivity upon SGLT2, 3 was 

discontinued after phase II clinical trials.  
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Sergliflozin (KGT-1251) (5) 

 Sergliflozin (5) was initially developed by Kissei Pharmaceutical Co. but later on 

being developed by GlaxoSmithKline (GSK) for the indication of diabetes.48 Similar to 3, it 

has also been designed as a prodrug, sergliflozin etabonate with a methyl spacer between 2 

aromatic rings (Figure 7).  With the modification on the aglycones, both 3 & 5 avoid the 

antagonistic effect on GLUT.50 Most importantly, 5 showed a significantly higher 

selectivity of 296-fold over SGLT1 (Ki = 2.39 nM over 708 nM) in human cells expressing 

both SGLT subtypes.24 Oral administration in animal models including rats, mice and dog, 

5 demonstrated a dose dependent glucosuria. An oral dose of 30 mg/Kg caused glocosuria 

in a unit of 1 g/Kg/day in dogs and 2 g/Kg/day in rat.50 However, in 

pharmacodynamics/pharmacokinetic studies in human under fasting and after glucose-

loading, the 24-h glucose excretion at the highest doses of 500 mg was only 18-27% of the 

glomerular filtration amount.51 Hence, it had been discontinued after phase II clinical trial 

and the indication was changed to obesity.  

 

Remogliflozin (6) 

 Remogliflozin etabonate is a prodrug as 3 & 5 with a structure of benzylpyrazole 

glucoside (Figure 7). Compared to 1, 6 showed 2 times greater potency towards rat SGLT2 

with a ratio of selectivity of 38 against SGLT1. Even greater selectivity was shown for 

hSGLT2 with the Ki value of hSGLT1/hSGLT2 equals to 365. Without stimulating insulin, 

6 inhibited the raise of plasma glucose after glucose loading. With a chronic treatment of 6, 

db/db mice showed reduced levels of fasting glucose and HbA1c through ameliorating 
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glucosuria.52 However, the clinical trial initiated by GSK was discontinued after phase II as 

a result of evaluating circumstances including the development status of SGLT2 inhibitors 

by competitors while they chose to develop KGA-3235/DSP-3235 (12, Figure 7), a SGLT1 

inhibitor instead under the license from Kissei Pharmaceuticals.48 

 

B. C-arylglucosides 

In order to further improve the bioavailability of SGLT2 inhibitors, avoiding the 

metabolic instability of the O-glucoside linkage, a new generation of drugs consisted of C-

arylglucosides was developed.  

 

Dapagliflozin (BMS-512148) (7) 

  Dapagliflozin (7, Figure 7) is a competitive, reversible and highly selective SGLT2 

inhibitor which is the furthest advanced compound in development of SGLT2 inhibitor 

class. This drug is being studied by Bristol-Myers Squibb in partnership with AstraZeneca 

and was accepted for review by U.S. Food and Drug Administration in March 2011 with a 

Prescription drug User Fee Act (PDUFA) date set for October 2011 (Table 3).48  

In rats animal model studies, 7 showed 84% bioavailability and a pharmacological 

half-life of 4.6 h.53 In vitro studies in CHO cells expressing SGLT1 and SGLT2, 7 showed 

1200-fold selectivity biased for SGLT2 (Ki = 1.1 vs. 1390 nM for SGLT2 & SGLT1, 

respectively) with 6- and 8-fold greater potency compared to 3 and 5, respectively. 

However, the selectivity dropped to 200-fold in rat in vivo study.53 7 caused a dose-

dependent glucosuria in normal and diabetic rats. With an oral dose of 0.1, 1 and 10 mg/kg 

in normal rats, the glucose excretion increased to 2.75, 5.5 and 9.5 g/Kg/day.54  
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 In preclinical studies, 7 found to have good permeability across Caco-2 cell 

membranes. Although it was found to be a substrate for P-glycoprotein, it did not show 

significant inhibition effect against it. In interaction study with cytochrome-P450 enzymes, 

7 was neither an inhibitor nor inducer of them. When incubated with mice, rats, dogs, 

monkeys, and human hepatocyte, 7 showed highest turnover in rat hepatocytes and was 

most stable in human hepatocytes. The prominent metabolic pathways observed in vitro 

were glucuronidation, hydroxylation (in C2-OH or C6-OH position) and O-deethylation.55 

The pharmacokinetics profile of 7 showed good oral absorption, adequate clearance and 

elimination half-life without any residual metabolites with significant pharmacological 

activity.55,56 All these characteristics of 7 have provided the potential for single daily dosing 

in humans.  

 In 2007, phase IIa clinical trial was enrolled by recruiting 47 T2DM patients with 

unimpaired renal function between the age of 18-70 years old, and were either drug-naïve 

or on stable dose of metformin. The study was conducted in a randomized, double-blind 

state with a daily oral dose of 5, 25, 100 mg or placebo. Results showed that 7 

demonstrated dose-dependent urinary glucose excretion (UGE) and clinical meaningful 

improvement in fasting blood glucose and oral glucose tolerance.57 

 Subsequent to these studies, an international, randomized, double-blind, placebo-

controlled, dose-ranging (2.5, 5. 10, 20 and 50 mg/day) study was initiated in 389 drug-

naïve T2DM patients with elevated HbA1c value. After 12 weeks of study, patients receiving 

showed dose-dependent UGE (52-85g/day) and a reduction of HbA1c of -0.55 to 0.90% 

from baseline (7.6-8%) compared to the placebo group. These results proved the 

effectiveness and tolerance of 7 in the dose-range of 2.5-50 mg/day.58 
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 In Phase II clinical trial examined the efficacy of 7 in T2DM patients who had not 

responded adequately to combined therapy of high-dose of insulin and insulin sensitizer, 7 

showed reduced HbA1c (-0.70 and -0.78%), fasting plasma glucose (FPG) [+2.4 to -9.6 

mg/dl vs. +17.8 in placebo], postprandial glucose (-34.3 to -42.9 mg/dl vs. +18.7 in 

placebo), further body weight decrease (-4.5 to -4.3 kg vs. -1,9 kg in placebo) at dose of 10 

and 20 mg, respectively.59  

 In phase III trials, studies had been carried on the effect of 7 on the patients with 

inadequate glycemic control on metformin (>1500 mg/day), insulin therapy, sulfonylurea 

glimepiride. All the studies showed significant reduced in HbA1c and FPG, causing further 

weight loss and increased UGE. 60-63 

 The ongoing trials are designed to investigate the efficacy and safety of 7 as 

monotherapy and as combination regimen. There are 2 phase III trials examining the safety 

and efficacy of 7 in patients with cardiovascular (CV) disease, added to the existing 

medications. There are also studies designed for patients with moderate renal impairment; 

comparison of glomerular filtration rate with hydrochlorothiazide which is a first-line 

diuretic drug. 64 

 

Canagliflozin (8) 

 Canagliflozin (8) is designed as a structure of C-glucoside with an additional of 

thiophene ring compared to 7 (Figure 7). It has been developed by Johnson & Johnson and 

currently has also reached phase III clinical trial (Table 3).48  
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 In several phase II studies, 8 were given as dose-escalated 30, 100, 200 and 400 mg 

once daily, 300 mg twice daily, sitagliptin 100 mg once daily and placebo to 451 T2DM 

patients. After 12 weeks treatment, the placebo adjust baseline of FPG and HbA1c decreased 

significantly for both 8 and sitagliptin treatment. However, weight loss had only been 

shown in the group of patients receiving 8. Adverse events (AEs) were showing similar 

frequency and severity among all groups, except for symptomatic genital infections report 

for 8 (8%) were slightly higher compared to 2% in both placebo and sitagliptin groups. 

Results had shown the effect of 8 in the improvement of β-cell function where insulin 

secretion rate had increased significantly.65  

 Ongoing Phase III trials have been designed to investigate the efficacy, safety and 

tolerability of 8 as monotherapy or in combination therapy with metformin plus 

sulfonylurea or monotherapy in T2DM patients with moderate renal impairment. A long-

term of up to 4 years phase III study will be launched to assess the CV risk for major 

adverse cardiac events when 8 is added to the standard therapy in T2DM patients.66 

 

LX-4211 (9) 

 LX-4211 (9) is developed by Lexicon pharmaceuticals with a replacement of 

hydroxymethylene with methyl ether at C6 of 7 (Figure 7).48 It is a dual SGLT1/SGLT2 

inhibitor with ~20-fold selectivity favouring SGLT2. In phase IIa studies, 38 patients with 

T2DM were randomized to receive 9 (150 or 300 mg) or placebo once daily for 28 days. 9 

treated patients exhibited increased daily UGE throughout the study period relative to the 

placebo group. Both HbA1c and FPG were also decreased significantly in both doses of 9.67 
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In addition, effect of 9 in blood pressure and triglycerides reduction may distinguish it from 

other SGLT2 inhibitors. 9 exhibited a favorable profile without dose-limiting toxicities. 

Currently no additional phase II or III studies are being registered. 

 

PF-04971729 (10) 

 PF-04971729 (10) belongs to a novel class of potent and selective SGLT2 inhibitor 

incorporating a dioxa-bicyclo-[3.2.1]octane (briged ketal) with exactly the same aglycone 

group with 7 (Figure 7). It demonstrated ~2200 folds of selectivity on hSGLT2 over 

hSGLT1 expressed in CHO cells. 10 is being developed by Pfizer Inc. and is currently in 

phase II clinical trial (Table 3).68 

 Prior to the discovery of this compound, the same research team had synthesized a 

series of C-5-spirocyclic C-glycoside SGLT2 inhibitors (Figure 8)69 showing good potency 

and selectivity for hSGLT2 [IC50 = 6.98 nM, 1540 nM for hSGLT2 & hSGLT1, 

respectively].68 Unfortunately, the lead compound 13 suffered from suboptimal PK profile 

with t1/2 = 1.9 h and predicted a daily dose of >100 mg is needed to produce near maximal 

UGE (60 g/day) in healthy volunteers.70 Studies showed that the elimination of 13 is largely 

mediated through hepatic metabolism (CLplasma/renal/hepatic = 22.3/1.80/20.5 mL/min/Kg). The 

in vitro stability study which revealed an apparent higher value of intrinsic clearance (CLint 

app) in human hepatocytes (HHEP) relative to human liver microsome (HLM) indicated a 

non-CYP mediated metabolic elimination. Indeed, the in vitro metabolite in HHEP was 

identified as a single glucuronide conjugate of 13.68 
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 SAR studies showed that when the oxetane ring in 13 was replaced by an azetidine 

to form compound 14, the CLint app (HHEP) was markedly reduced with the lipophilicity 

remains unchanged. This phenomenon suggested a probability that the missing of H-bond 

donor in compound 13 was the culprit of increase metabolism in human body.  This 

hypothesis was confirmed by the marked reduction of CLint app (HHEP) in both compound 

15 & 16 with similar lipophilicity (Figure 8).68 

  

Figure 8. In vitro CLint app considerations for compound 13-1668 

 

These findings had led the group to focus on the synthesis of dioxa-

bicyclo[3.2.1]octane derivatives because they hypothesized that the bridge ketal would 

confer rigidity to the compound and produce SGTL2 inhibitors with higher potency and 
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selectivity. In addition, the presence of hydroxymethylene group at the initial position of 

the spirocycle is anticipated to reduce the phase 2 metabolism in human.68   

 

C. Other Agents 

There are some of the compounds which are already in clinical trials but their 

structures are not available to public. The compounds are as follow: 

i) BI-10773 & BI-44847 

Both of them has entered the phase II clinical trial and are being developed by 

Boehringer Ingelheim (Table 3).48 Although these 2 compounds came out at almost the 

same time, the clinical activity seems to be centered on BI-10773 where the preclinical data 

demonstrated great blockade of SGLT2 with an IC50 of 3.1±0.7 nM.71 There are active 

phase II trials registered for BI-10773 but not for BI-44847.72 

ii) ASP-1941 

ASP-1941 are being developed by Astellas Pharma and there are 2 ongoing phase 

III trials taking place in Japan assessing the efficacy, safety and tolerability of this drug in 

Japanese T2DM patients (Table 3).48, 73 

iii) Antisense oligonucleotide inhibitor (ISIS-388626) 

ISIS-388626 is an RNAase H chimeric with 12 length of nucleotide sequence 

developed by Isis pharmaceuticals.48 The antisense oligonucleotide is complementary to 

mRNA of SGLT2, upon binding it prevents the production of SGLT2 protein specifically 
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without affecting expression of SGLT1. Earlier animal studies showed that ISIS- 388626 

increased urinary excretion at 14 to 130-fold at the dose of 1-30 mg/Kg in normoglycaemic 

mice.74 The administration of ISIS-388626 weekly demonstrated ~80% reduction in renal 

SGLT2 mRNA expression.75 6 months consecutive treatment with ISIS-388626 in Zucker 

diabetic fatty rats showed no accumulation in cardiac, liver or intestinal tissue, indicating 

that the selectivity of this agent towards the renal proximal tubule.75 Significant reduction 

in HbA1c from 10.9±0.3% to 6.3±0.8% accompanied with marked glucosuria and plasma 

glucose reduction in these rats were also observed.48  The phase I trial is currently 

recruiting to evaluate the safety and tolerability in normal subjects with single subcutaneous 

injection at four increasing dose levels (50, 100, 200, 400 mg) and with multiple dosing 

weekly continues for 6 or 13 weeks.76 

 

iv) TS-071 (11) (Structure shown in Figure 7) 

A series of derivatives of a novel scaffold, C-phenyl 1-thio-D-glucitol were 

synthesized and evaluated for their activities against SGLT2 and SGLT1 activities. SAR 

studies of substituents on the aromatic rings afforded TS-071 (11) with good absorption and 

distribution profile and is stable in human cryopreserved hepatocyte.77 The 

pharmacokinetic parameters of 11 after oral and intravenous administration of rats and dogs 

are being compared with 7. As shown in Table 2, the Tmax, bioavailability (F), Vdss are 

comparable with 7 but the half-life (t1/2) of 11 was shorter most probably due to the faster 

clearance rate  (36.3 ± 2.67 mL/min/Kg) compare to 1.5 ± 0.2 mL/min/Kg for 7.55 
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Table 2. PK profile of TS-071 (11) versus dapagliflozin (7)77 

Compounds 11 (rats) 11 (dogs) 7 (dogs) 
Dose (mg/kg) 1 1 6.6 
Cmax (ng/mL) 35.7 ± 17.0 914 ± 73.4 10700 ± 1600 

Tmax (h) 0.5 ± 0.00 0.67 ± 0.29 0.6 ± 0.4 
t1/2 (h) 2.93 ± 2.00 4.07 ± 0.25 7.4 ± 1.2 
F (%) 35.3 92.7 83 ± 2 

Vdss (L/kg) 2.63 ± 0.57 0.80 ± 0.06 0.80 ± 0.1 
Cl (mL/min/kg) 36.3 ± 2.67 3.19 ± 0.26 1.5 ± 0.2 
 

 At a dose of 3 mg/Kg in rats, 11 demonstrated 24-30 folds higher distribution in 

kidney, the target organ and being excreted within 24 h with no detection of leftover in 

liver, heart or brain. A single dose of 11 (1mg/Kg) in Zucker fatty rats after glucose loading 

induced 30-fold increase in urinary glucose output (180 mg/day) compared to vehicle 

control (6 mg/day) and 180-fold increase in normal control Zucker lean rats (1 mg/day). 

Even higher increment of 2600-fold found in diabetic compared to normal dogs, most 

probably contributed by higher F (%) in dogs described previously.77 11 is currently being 

developed by Taisho pharmaceuticals and is currently undergoing phase II clinical trial.48 

Table 3. SGLT2 inhibitors in the clinical development48 

Drug Alternative name Company Development Phase 
Dapagliflozin (7) BMS-512148 Bristol-Myers Squibb/AstraZeneca IV 
Dapagliflozin (7)/ 
metformin 

BMS-
512148/metformin Bristol-Myers Squibb/AstraZeneca III (USA) 

Canagliflozin (8) TA-7284/JNJ-
28431754 

Johnson & Johnson/ 
Mitsubitshi Tanabe Pharma III 

LX-4211 (9)  Lexicon Pharmaceuticals II (USA) 
ASP-1941  Astellas/Kotobuki III (Japan) 
PF-04971729 (10)  Pfizer Inc. II 
BI-10773  Boehringer Ingelheim II 

BI-44847  Boehringer Ingelheim 
(under license from Ajinomoto) II 

TS-071 (12)  Taisho Pharmaceuticals II (Japan) 
ISIS-SGLT2Rx ISIS-388626 Isis Pharmaceuticals I 
Data obtained from http://clinical.gov/ which is a registry and results database of federally and privately 
supported clinical trials conducted in the United States and around the world 
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D.  Newly Designed Agents 

Other than the above compounds which are going through clinical trials, in recent 

years there are some others newly synthesized compound seeking to find a novel compound 

with comparable or higher potency, improved coefficient (log P) value thus decrease 

plasma protein binding than those current agents in clinical trials. 

JinHwa Lee et. al. 

 This team had published a few compounds with proximal and distal aglycone ring 

replaced with heterocyclic rings and cyclic diarylpolynoid (17-21, 24, 25) to study the 

SARs.78-81, 83  

 

  

  

 

Figure 9. Compounds 17-23 with modified biphenyl rings78-83 
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 The team had proposed that the replacement of proximal or distal ring with 

heterocyclic ring might be able to provide an electronic environment that would increase 

the log P value and potentially decrease the plasma protein binding which might lead to an 

improved pharmacokinetic profile.  

 In the year of 2010, they synthesized compounds 17 and 18 by replacing the 

proximal ring with pyridazine and thiazole moieties, respectively (Figure 9). Unfortunately, 

neither of these surrogates showed improvement in the hSGLT2 inhibition (with IC50 = 610 

nM & 121 nM, respectively) due to the unfavourable electronic environment.78 

 Same year, they synthesized compounds 19 and 20 by replacing the distal ring with 

pyrimidine and 1,3,4-thiadiazolyl rings, respectively (Figure 9).79,80 Although both of these 

compounds showed better IC50 (10.7 nM and 7.03 nM) compared to 17 and 18 but still 

weaker than 7. In addition, compound 20 showed merely 1.4-fold increase in urine volume 

in vivo compared to 5.7-fold increased showed by 7. Extended from that, they synthesized a 

series of analouges comprised of thiazolylmethyl ortho-substituted phenyl glucosides and 

found compound 21 (IC50 = 0.797 nM) with most outstanding in vitro inhibitory activity 

against hSGLT2 in this series.81 This finding suggested that the presence of hydrogen donor 

at the ortho-position of proximal ring might be beneficial.  

 In the midst of exploring SGLT2 inhibitors, two cyclic diarylheptanoids, acreogenin 

A (22) and B (23) has been reported from the bark of Acer nekoense as inhbitors of both 

SGLT1 and SLGT2 but with much stronger activity against SGLT1 (Figure 9).82 Despite, 

the resemblance of 22 and 23 to the structure of diaryl or heteroaryl part of reported SGLT2 

inhibitors provided a hint that the combination of cyclic diaryl with glucoside could lead to 
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a novel potent SGLT2 inhibitors. Disappointingly, all of the anologues of 24 and 25 (Figure 

9) showed modest in vitro inhibitory activity against SGLT2 with the best IC50 of 59.5 nM 

showed by analogue of 24 with n=0.83 

 

Yuanwei Chen et. al. 

 This team synthesized 3 different series of compounds with the core structure of 6’-

O (26,27) and 2’-O-sprio C-aryl glucosides (28)84 and 4’-position substituted C-aryl 

glucosides (29,30)85,86. (Figure 10) 

 

Figure 10. Compounds synthesized by Yuanwei Chen et. al.84-86 

 As stated in Table 4, 2’-O-spiro C-aryl glucosides showed no in vitro hSGLT2 

inhibitory activity at a screening concentration of 1 μM. However, one of the analogues of 

6’-O-spiro C-aryl glucoside 26 exhibited similar inhibitory activity and a slight reduced in 

selectivity compared to 7.84 
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Table 4. In vitro data for hSGLT inhibitory activity and selectivity84 

Compounds hSGLT2 IC50 (nM) hSGLT1 IC50 (nM) Selectivity (hSGLT1/hSGLT2) 

Dapagliflozin 7 6.7 885 132 
26 71 10,000-100,000 141-1410 
27 6.6 620 94 
28 0%a 38%b - 
a Inhibition at a screening concentration of 1 μM. 

b Inhibition at a screening concentration of 100 μM. 

 

 This year, the same team reported a series of C-aryl glucosides substituted at the 4’-

position and found the most potent compound 29 (hSGLT2, IC50 =2.3 nM) in this series of 

compound with 12,600-fold selectivity versus hSGLT1.85 29 is co-crystallized with L-

proline to form 30 in 1:2 stoichiometry. In animal studies, 30 demonstrated increased 

urinary glucose excretion in healthy rats and dogs model with sustained blood glucose and 

HbA1c reducing effect in diabetic mice.  No body weight gain, diarrhea or hypoglycaemia 

was observed. Moreover, 30 was found to significantly prolong the survival of 

spontaneously hypertensive stroke prone (SHRSP) rats on a stroke-promoting diet.86 This 

has made 30 as a potential drug for treating diabetic patient with hypertension comorbidity.  

 

JinChyi Lee et. al.  

 

Figure 11. N-β-D-Xylosylindole derivatives87 
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 This team focused on exploring N-linked D-Xylose SAR on SGLT2 inhibition. The 

results showed that compounds in this series inhibited hSGLT2 at lower potency and weak 

selectivity over hSGLT1 with the best compound 31 (IC50 =161 nM) showed only 1.3-fold 

selectivity over hSGLT1.87 

 

1.3.2 Potential Side Effects and Future Perspective  

Overall studies of SGLT2 inhibitors demonstrated that the benefit of this novel 

group of drugs is able to compensate the limitations of current drugs available for diabetes 

such as hypoglycaemia and weight gain. However, the mechanism of action of SGLT2 

might develop other side effects such as urinary tract infection (UTI), fungal genitourinary 

infections as well as deterioration of renal function.  

The diuresis involving SGLT2 inhibitors treatment might be caused by sodium loss 

or osmotic effect. Until now, the diuresis seems to be modest and without clinical 

significances. The slight elevation also observed in serum magnesium, serum phosphate 

and hematocrit58 which might be due to slight volume depletion but still it did not cause 

clinically significant electrolyte imbalance.24,88 Hence, patients should be educated with the 

importance of hydration under this treatment. As this clinical data was collected from short-

term clinical trials (up to 48 weeks), long term monitoring is necessary due to the concern 

arise from the slight diuretic-like effect of the SGLT2 inhibitors might cause renal 

impairment in long-term usage.  

Another concern is raised from the increase of urinary tract infection (UTI) which 

can be easily predicted as i) high concentration of glucose may promote bacterial growth, ii) 
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chronic hyperglycemia may inhibits phagocytic effect of white blood cell. Same here, long 

term trials have to be performed in order to accurately evaluate the chance of getting UTI 

under SGLT2 inhibitors treatment.24,88 Nonetheless, the risk of UTI can be tackled with 

antibiotic therapy and improvement of phagocytic effect. Or else, patients with history of 

frequent UTI or autonomic neuropathy and neurogenic bladder would have to be 

considered excluded from this kind of treatment.  

In summary, selective inhibition of SGLT2 appears to be an intriguing strategy in 

treating T2DM. SGLT2 inhibitors also show potential indications for treating T1DM and 

obesity. However, a question remains that to what extent, inhibiting SGLT1 along with 

SGLT2 would yield the greatest clinical improvement but we know that over inhibition of 

SGLT1 will cause the treatment-limiting gastrointestinal (GI) symptoms. There are still 

rooms for researchers to focus on the physiological properties of SGLTs and synthesize 

novel compounds to study the SARs of SGLT2 inhibitors.  
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1.4 Purpose & Aim 

Extensive researches had been carried out in modifying the glycosides (eg. N-

xylosides, s-glycosides, dioxa-bicyclo[3.2.1]octance) in order to produce novel compounds 

that could avoid infringement of registered patents.  

Glucose exists as pyranose for more than 99% in aqueous solution while the open-

chain form is limited to about 0.25% and furanose exists only in negligible amounts.89 

Based on this physical property, glucopyranose will have the highest chance of transport 

through SGLT2. However, it was previously showed that five-membered iminocyclitols 

carrying hydroxyl groups with specific orientation mimicking the shape and charge of the 

transition state of the reacting glucopyranose moiety showed significant inhibitory effects 

on both glycosyltransferase- and glycosidase- catalyzed reactions.90 Extended from the 

above phenomena, it is hypothesized that glucofuranosides would have comparable 

inhibitory activity with glucopyranosides against SGLT2. Therefore, we designed a novel 

(1S)-1,4-anhydro-1-C-aryl-D-glucitol derivatives based on the synthesis of 7 to evaluate the 

tolerability of SGLT2 on glucofuranose. 

Based on the SAR studies of substitutions on the biphenyl ring with methyl spacer 

reported by Yamamoto, K. and his team,77 we designed and synthesized analogues (32a-h) 

which were predicted to possess considerable potency and selectivity towards SGLT2 

(Figure 12).  The SARs of the biphenyl ring will be discussed in section 2.1.2. 

 In order to quickly build up the library, we chose 8 Grignard reagents to introduce 

substituted, heteroaryl and benzofused rings at the distal ring position (32i-q).87 Details will 

be discussed in section 2.1.4. With all these compounds available, extensive studies would 
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be conducted on these analogues in order to find out whether D-glucofuranoside offered 

high binding affinity and selectivity towards SGLT2 to produce desirable glucosuria effect 

in treating diabetes.  

Figure 12. Synthesis of analogues 32a-32r 
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2. Results and Discussion 

2.1 Proposed Scheme for the Synthesis of C-Glucofuranoside Analogues 

The previous SAR studies revealed that the meta-substituted diarylmethane to be 

superior SGLT2 ligand at the biphenyl and 1,2-diarylethane binding site.57 A series of 

analogues with preferred C-4′ and C-4 substitutions were synthesized and evaluated, from 

there, a potent and selective SGLT2 inhibitor, dapagliflozin 7, which currently progressed 

furthest in clinical trial for type 2 diabetes, was found. Taking 7 as our reference compound, 

we resynthesized it based on the reported method (Scheme 1) and proposed a scheme of C-

glucofuranoside analogues (Scheme 2).  

The synthesis of 7 was commenced by the preparation of persilylated 

gluconolactone 33 from the commercially available gluconolactone. The commercially 

available benzoic acid 34 was converted to benzoyl chloride with oxalyl chloride and under 

Friedel-Crafts acylation with phenetole generated a 7:1 mixture of regioisomors in favor of 

the desired p-benzophenone 49a, which was purified by recrystallization from ethanol 

twice in a 64% yield. Reduction of 49a with BF3•OEt2 and Et3SiH yielded aglycon 50a in a 

62% yield which followed by lithium halogen exchange to form nascent lithiated aromatic 

rings. Addition of the activated aglycone to 33 gave a mixture of lactols which were 

converted in situ by methansulfonic acid in methanol to form desilylated O-methyl lactols 

35 in a 85% yield (2 steps). Again reduction of the anomeric methoxy group with BF3•OEt2 

and Et3SiH gave de-methoxy intermediate which followed by peracetylation to yield 

tetraacetate 36. 36 was recrystallized with EtOH for the purpose of removal of small 
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amount of α-anomer formed during reduction. Deacetylation was achieved by lithium 

hydroxide to yield 7. 

 

Scheme 1. Synthesis of dapagliflozin 753 

 

2.1.1 Synthesis of D-glucono-gamma-lactone 

 As proposed in Scheme 2, in order to generate protected gluco-gamma-lactone for 

the coupling reaction with biphenyl, we have prepared 5,6,-O-isopropylidene-D-glucono-

1,4-lactone 37 from gluconolactone using 2,2-dimethoxypropane under a promoter-SnCl2.91 
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Persilylated lactone 38 was obtained by treating 37 TMSCl and NMM. Nucleophilic 

addition of 50a with compound 38 was conducted by using n-BuLi in THF and toluene. 

This reaction was expected to form a mixture of corresponding O-methyl lactols 39. 

However, compound 35 was obtained instead, due to the hydrolysis of acetonide caused by 

addition of MsOH and then five-membered ting was opened to form 6-membered ring 35. 

Hence, we concluded that this scheme cannot lead us to our final steps due to the 

conversion of glucofuranoside back to glucopyranoside. In addition, 37 was not an ideal 

intermediate as it was not stable under SnCl2 which cannot be removed through extraction 

or evaporation, also it was not stable through the process of silica gel column 

chromatography. 

Scheme 2. Proposed scheme for synthesis of C-glucofuranoside 

Herein, we proposed another scheme by preparing perbenzylated gluco-gamma-

lactone as an intermediate for the coupling reaction (Scheme 3). With the characteristics of 

being easily introduced with high yield, benzyl ether has demonstrated good stablility under 
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most of the acidic and alkaline conditions and it can be easily removed with Pd/C 

hydrogenesis.  

As shown in Scheme 3, compound 42 was obtained through the hydrolysis of 5,6-

acetonide of the commercially available diacetone-D-glucose 40 followed by protection of 

the three hydroxyl groups with benzyl chloride and NaH. The 1,2-acetonide was then 

removed and anomeric methylation was achieved by treating with 2.0 M HCl in MeOH to 

yield 43. It was followed by benzylation of C2-OH with benzyl chloride and NaH to get 

compound 44 and acid hydrolysis yielded compound 45. Oxidation of compound 45 with 

Dess-Martin periodinane (DMP) produced the perbenzylated lactone 46. Later, this process 

was optimized (Scheme 4) with some minor changes. a) The hydrolysis of acetonide at the 

very beginning was replaced with benzylation reaction in order to obtain a product 47 that 

can be extracted with organic solvent to achieve crude purification. b) For the consideration 

of yield and time consumed, benzyl bromide was used instead of benzyl chloride for 

benzylation. c) For time-saving purpose, DMP as the oxidizing reagent at the final step was 

replaced by PCC.  
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Scheme 3. Synthesis of perbenzylated glucono-gamma-lactone 

Scheme 4. Modified scheme for synthesis of perbenzylated glucono-gamma-lactone 
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2.1.2 Synthesis of Aglycones 

 

Figure 13. SARs of aglycone of TS-071 (11) 

 It was previously described in the synthesis of TS-071 (11), substitution of methoxy 

group at R1 and a bulky group such as isopropyl and tert-butyl group in R3 confer greater 

selectivity to SGLT2, and the methyl or chloro group at R2 is responsible for the increased 

potency towards SGLT2 (Figure 13).77 Based on the mentioned SAR, we synthesized 8 

meta-substituted diarylmethane (50a-h) with preferred C-2, C-4 and C-4’ substitutions 

(Scheme 5). The di-substituted biphenyl was prepared according to the procedure described 

for compound 50a. The tri-substituted biphenyl was prepared from the Friedel-Crafts 

acylation of benzoylchloride 52-54 with compound 51 prepared from methylation of 

commercially available 2-bromo-5-chlorophenol (Scheme 5). 
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Scheme 5. Synthesis of aglycones 50a-50h 
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2.1.3 Coupling of D-glucono-gamma-lactone & Biphenyl 

Scheme 6. Coupling reaction to afford compounds 56a-56h 

The coupling of 50a & 50b with compound 46 was based on the synthesis method 

of 7 where the lactol was converted to O-methyl lactol in situ.  Later on, we found out that 

this step can be saved by directly reduction of the lactol to afford compound 56c-56h 

(Scheme 6).79 Compounds 56a-56h were mixture of anomers, due to their different 

polarities of the biphenyl groups, 56f-56h can be separated in their perbenzylated forms 

through column chromatography on silica gel, but 56a-56e have to be converted in to tetra-

acetates 59a-59e and then to be separated by column chromatography on silica gel to afford 

the β-anomers (Scheme 7). The debenzylation of perbenzylated C-glucoside were carried 

out in the hard acid (BF3) and soft nucleophile (EtSH) system92 to obtain 32f-32h and 58a-

58e.  
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Scheme 7.  Purification of mixture of anomers  

As what we proposed earlier that one of the advantages in using benzyl as protective 

group is that it can be easily removed by Pd/C hydrogenation with the least side products to 

achieve high yields. However, this strategy was not applicable in this case as Pd/C 

hydrogenation will cause de-chlorination and the opening of C-glucosides at the C1 

position which was also a benzylidic position to form a long chain glucitol, instead of five-

membered rings. The NMR data (Figure 14) suggested that the peaks between 2.5-3.0 ppm 

to be 2H at C1 position. The high resolution mass spectra (Figure 15) indicated that a mass 

of 385.1616 was the open ring structure 32j-1 (Figure 15).  
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Figure 14. H-NMR of example open-ring product 32j-1 

 

 

Figure 15. High resolution ESI-TOF of example open-ring product 32j-1 

32j-1 

32j-1 

32j-1 32j 
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2.1.4 Building up Library with Grignard Reactions 

 Besides synthesis of the biphenyl substitutions with known SARs, we were also 

interested in the effect of substitutions at C-2’ and C-3’and the presence of heteroaryl and 

benzofused ring at the distal ring. The present of another benzene ring at the distal position 

may evaluate the tolerability of the aglycone binding site for a larger hydrophobic group, if 

yes, this may confer to a more rigid binding and result in strong binding activity of these 

inhibitors. 

 During the course of synthesis, we found that the coupling reactions as shown in 

Scheme 5 and 6 were not a good way to build the library. As we looked at Scheme 5 & 6, 

in order to produce eight final compounds we need to go through eight Friedel-Crafts 

acylations and eight coupling reactions plus eight times purification to afford β-anomers 

which will not be cost effective. Therefore, we came up with another method by combining 

ideas on the synthesis of N-xylosides proposed by Lee, J. C. team87 and C-glucoside 

alcohol intermediate by Lee, J. H. team79 as shown in Scheme 8 and 9. 
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Scheme 8.  Preparation of β-C-glucoside intermediate 64 

  

The preparation of the β-C-glucoside intermediate prior to the Grignard reaction is 

shown in Scheme 8. The commercially available benzoic acid 34 was converted to methyl 

benzoate 59, which was then reduced with LiAlH4 to form benzyl alcohol 60. The 

subsequent silylation of 60 with TIPSCl in the presence of imidazole and DMAP generated 

61. Lithium-halogen exchanged, followed by the addition of the nascent lithiated aromatic 

compound to perbenzylated glucono-gamma-lactone 46 produced a mixture of 

corresponding lactols. The lactols were reduced in the conditions of BF3•OEt2 and Et3SiH 

to give compound 63, which was desilylated using TBAF and finally purified with column 

chromatography on silica gel to afford alcohol 64 in a single β-anomer at 44% yield over 3 

steps. With the single β-anomer 64 on hand, intensive column chromatography for the 

separation of each anomer as shown in Scheme 7 was not necessary.  
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Scheme 9. Grignard reactions to afford final compound 32i-32q  

 The alcohol 64 was oxidized by PCC to form aldehyde 41 in a 87% yield. Addition 

of various Grignard reagents to 65 to introduce the substituted, heteroaryl and benzofused 

rings at the distal ring position. The resulting alcohol 55i-55q were reduced under standard 

conditions (BF3•OEt2 and Et3SiH) to generate 57i-57p which were debenzylated by using 

hard acid (BF3) and soft nucleophile (EtSH) system to form the desired products 32i-32p.92 

Except for compound 57q, as the methylene group will also be removed under the hard acid 
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condition, we had tried debenzylation through hydrogenation with Pd/C to obtain desired 

product, 32q in a 35% yield with an open-ring side product, 37q-1 in a 48% yield. To 

achieve complete debenzylation while avoiding dechlorination and the formation of side 

product with opened ring at C-1 position, time course of hydrogenation must be controlled 

within 16 to 20 hrs.  

 Some of the aromatic Grignard reagents were not commercially available so we 

have to prepare it in situ as illustrated in Scheme 10. The Grignard reagents were prepared 

from commercially available 4-bromobiphenyl and 4-bromo-4’-methoxybiphenyl by 

magnesium and a catalytic amount of iodine under reflux. The aldehyde 65 was added in 

situ to the Grignard reagent to give the desired product 55r. Other than this, the following 

reduction and debenzylation steps are exactly the same as Scheme 9.  

Scheme 10. Preparative tri-aryl compounds by Grignard reaction 
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2.2 Biological Activity 

The biological assay was carried out in the laboratory of Dr. Lih-Ching, Hsu, 

carried out by the master student, Hong-Chi Chang. The in vitro inhibitory activities of the 

synthesized analogues were tested in COS-7 cells transiently or stably expressing hSGLT1 

and hSGLT2 by measuring the inhibition of sodium-dependent uptake of [14C]-labeled-α-

methyl-D-glucopyranoside (AMG) into the cells. The COS-7 cells stably expressing 

hSGLT2 was prepared by me under the help of Dr. Sherry Hsu in Academia Sinica.  

 

Figure 16. Western blot results of hSGLT2 and backbone (ctrl) transient transfection COS-

7 cell 
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Due the lacking of good hSGLT2 antibodies, we have tried 2 different antibodies 

for western blot. From the picture shown above, the rabbit anti-hSGLT2 (US Biological) is 

not a good antibody for western blot as it showed a lot of nonspecific binding. Although the 

mouse anti-hSGLT2 (abcam) showed a better profile, the desirable band at 72 kDa can 

barely be seen. However, compared to backbone transfected cell (ctrl), the cell transfected 

with hSGLT2 showed smearing at the top which might be caused by the aggregation of 

overexpression hSGLT2 protein.  

 

2.2.1 hSGLT1 In vitro assay 

Using phlorizin 1 (0.5 μM) and dapagliflozin 7 (0.5 μM) as reference compounds, 

all of the inhibitory effects of the synthesized 32a-32r against hSGLT1 were test at a 

concentration of 0.5 μM. The uptake activity were measured with 1 μM [14C]AMG for 90 

mins at 18 ºC. As SGLTs are sodium dependent transporter, positive control were set up by 

adding [14C]AMG into sodium buffer in the absence of any synthesized analogue or 

reference compound, whereas the negative control were carried out in sodium-free buffer 

replaced by choline buffer.  

Results were shown in Figure 16 where only phlorizin 1 showing significant 

inhibition (approx. 70%) on the [14C]AMG uptake. Dapagliflozin 7 inhibited 20% on the 

uptake of isotope. All of the other tested compounds (32a-32r) did not exhibit any 

inhibitory effect on hSGLT1 at this concentration.  
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Figure 17. Inhibitory effects of 32a-32r against hSGLT1  

COS-7 cells transiently transfected with a hSGLT1 expression vector. All inhibitory assays 
are carried out in sodium buffer except for choline buffer control. The total glucose uptakes 
are calculated in unit of percentage in relative to positive control (Na). 

 

2.2.2 hSGLT2 In vitro assay 

 The results of hSGLT2 in vitro assay are still pending.  
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3. Conclusion  

 A series of compounds (32a-32r) containing furanose-type glucose and C-linked 

diaryl and tri-aryl rings had been designed and successfully synthesized. In the course of 

synthesis, we had developed an optimized 7-step scheme using diacetone glucose as a 

starting material, with only one purification step required to obtain a novel glucofuranoside, 

D-glucono-gamma-lactone 46. Besides, we also found the Grignard reaction as a quick way 

to synthesize this serial of compounds without extensive column chromatography to obtain 

the desired single anomer through the key intermediate 65.  

 The in vitro assay showed that the five-membered ring analogues, 32a-32r did not 

inhibit hSGLT1. Future study of the SAR on the substitutions on C-5’ and C-6’ position of 

five-membered ring glucoside and the presence of an additional aromatic ring at the distal 

position of biphenyl will be a worthy approach if the hSGLT2 assay shows promising result.  
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4. Experimental Section 

4.1 Materials  

4.1.1 Chemistry 

All reagents were purchased at the highest commercial quality and used without further 

purification, unless otherwise indicated.  

 

Acros: 

TBAI, benzyl bromide, AcOH, MeOH (dry), THF (dry), CH2Cl2 (dry), DMF (dry), CH3CN 

(dry), toluene (dry), 2M HCl in ether, 5-bromo-2-chlorobenzoic acid, oxalyl chloride, 

phenetole, AlCl3, NaOH, cumene, BF3•OEt2, Et3SiH, MsOH, NH4Cl, EtSH, NaH, 4-

ethylbenzoic acid, 4-isopropylbenzoic acid, LiAlH4, imidazole, DMAP, TIPSCl, TBAF 

 

Sigma-Aldrich: 

2-methoxyphenylmagnesium bromide, 3-methoxyphenylmagnesium bromide, 4-methoxy-

phenylmagnesium bromide, 4-fluorophenylmagnesium bromide, 4-tert-butylphenyl-

magnesium bromide, 4-thioanisolemagnesium bromide, 3,4-(methylenedioxy)phenyl-

magnesium bromide, 4-phenoxyphenylmagnesium bromide, 6-Methoxy-2-naphthyl-

magnesium bromide 
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Alfa: 

Diacetone-D-glucose, NaOMe, 4-ethoxybenzoic acid 

 

Chemetall: 

n-BuLi (2.5 M in hexane) 

 

J.T. Baker: 

KOH, K2CO3, ether (20L, ACS grade) 

 

Fisher Scientific: 

NaHCO3 

 

Matrix Scientific: 

5-bromo-2-methylbenzoic acid 

 

RDH: 

Molecular sieves 4 Å, Celite, MgSO4, Na2SO4 

 

Mallinckrodt Chemicals: (20L, ACS grade solvent) 

CH2Cl2, n-hexane, EA, MeOH, CHCl3, diethyl ether, toluene 

 

Merck: (4L, HPLC grade solvent) 

CH3CN, MeOH 
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Silicycle: 

Silica gel (230 – 400 mesh) 

 

Ethanol (95%) 

 

Iodomethane 

 

4.1.2 General Instrument and Methods 

TLC, Thin layer chromatography: 

Merck silica gel plates (60F-254), UV light (245 nm), anisaldehyde, cerium molydate 

solution as visualizing agents. 

 

NMR Spectra: 

DPX-200 (200 MHz), Bruker AMX-400 (400 MHz), AVIII-600 (600 MHz). Chemical 

shifts in part per million (ppm) are reported relative to the residual CDCl3 (1H = 7.24 ppm, 

13C = 77.0 ppm), CD3OD (1H = 4.78 ppm, 13C = 49.0 ppm) . Splitting patterns are described 

as following abbreviations: s, singlet; d, double; t, triplet; q, quartet; dd, double doublet; m, 

multiplet. Coupling constant (J) are reported in hertz (Hz). 

 

Melting Point: 

Fargo, melting point apparatus, MP-1D 
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High resolution Mass Spectra: 

BioTOF II in Genomics Research Center, Academia Sinica. 

 

HPLC: 

Hitachi L-2130 pump, L-2420 UV-Vis detector, L-2200 autosampler, Mightysil RP-18 GP 

250-4.6 5 (μM) column, Flow rate = 1.0 mL/min, UV detection = 224 nm. 

 

4.1.3 COS-7 cell culture 

COS-7 cells (African Green Monkey Kidney Cells; American Type culture Collection) 

 

Invitrogen, GIBCO: 

Phosphate buffer saline (PBS), High Glucose DMEM (Dulbecco’s Modified Eagle’s 

Medium HG), FBS (Fetal bovine serum), NEAA (non-essential amino acids), 0.05% 

Trypsin-EDTA 

 

Corning Life Sciences: 

6-well plates, 12-well plates, 24-well plates, 10 mm dish, T25 flask 

 

4.1.4 Transformation and Isolation of Plasmid DNA 

Sigma: 

Ampicillin 
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ECOS-101: 

Competent cell 

 

GeneCopoeiaTM: 

hSGLT2 plasmid (OmicsLinkTM Expression Clone Datasheet of EX-C0047-M02), eGFP 

plasmid (OmicsLinkTM Expression Clone Datasheet of EX=EGFP-M02) 

 

QIAGEN: 

QIAprep® Miniprep 

 

4.1.5 Digestion and Ligation 

Thermo Scientific: 

Nanodrop 2000, FastDigest® Restriction Enzymes, FastDigest® Green buffers 

 

Fermentas: 

DNA blunting enzyme (CloneJETTM PCR Cloning Kit #K1231, #K1232), Rapid DNA 

Ligation Kit 

 

4.1.6 Transfection & Stable Clone Selection 

Mirus: 

TransIT®-LT1 Transfection Reagent 
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Invitrogen: 

Opti-MEM® medium, High Glucose DMEM (Dulbecco’s Modified Eagle’s Medium HG), 

FBS (Fetal bovine serum), NEAA (non-essential amino acids), G418, Geneticin® 

 

4.1.7 Western Blot 

Pierce: 

BCATM Protein Assay Kit 

 

Abcam: 

Mouse hSGLT2 antibody (ab58298) 

 

United States Biological: 

Rabbit hSGLT2 antibody 

 

Acros: 

2-Mercaptoethanol 

 

Invitrogen: 

NuPAGE® Novex 4-12% Bis-Tris Gel 1.0 mm, 12 well, NuPAGE® NOPS SDS Running 

Buffer (for Bis-Tris Gels only) (20x),  

 

Bio-Rad®: 

SDS, Tris-base, Glycine , Tween-20 
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4.2 Methods 

4.2.1 Chemistry 

 

3,5,6-O-Tribenzyl-1,2-O-isopropylidene-D-glucofuranose (42) 

To the solution diacetone-D-glucose (50.0 g, 192 mmol) in THF (250 mL) was 

added TBAI (3.55g, 9.61 mmol). The mixture was incubated in ice bath for 10 mins before 

adding NaH (60% in mineral oil, 14.2 g, 355 mmol) followed by benzyl bromide (26 mL, 

211.7 mmol). The temperature of reaction was raised to 60  for 2 h. After the reaction was 

completed, the mixture was incubated in 0  and quenched with MeOH and extracted with 

EA. The organic layer were washed with H2O, ammonium chloride and sat. NaHCO3, dried 

over MgSO4, filtered and concentrated in vacuo to afford crude 47 as a yellow oil. 

To the solution of crude 47, water (200 mL) was added AcOH (400 mL) and stirred 

at 40  for 5 h. After the reaction was completed, water (200 mL) was added before 

concentrated in vacuo to avoid acetylation. Finally toluene (150 mL) and MeOH (50 mL) 

was added and concentrated in vacuo to afford crude 48. 

The crude compound 48 in THF (250 mL) was subjected to NaH (60% in mineral 

oil, 28.4 g, 710 mmol) followed by benzyl bromide (52 mL, 423 mmol) at 0 . After 2 h 

when the reaction was completed, the mixture was incubated in 0  and quenched with 

MeOH and extracted with EA. The organic layer were washed with H2O, ammonium 

chloride and sat. NaHCO3, dried over MgSO4, filtered and concentrated in vacuo to afford 

crude 42 as a yellow oil. Analytical sample was purified by column chromatography (EA/n-
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hexane = 1/10 to 1/8). 1HNMR (400 MHz, CDCl3) δ 7.39-7.24 (m, 15H), 5.94 (d, J = 3.7 

Hz, 1H), 4.85 (d, J = 9.2 Hz, 1H), 4.67-4.61 (m, 4H), 4.53 (d, J = 4.2 Hz, 1H), 4.50 (d, J = 

4.4 Hz, 1H), 4.34 (dd, J = 9.3, 2.9 Hz, 1H), 4.15 (d, J = 2.9 Hz, 1H), 4.12-4.08 (m, 1H), 

3.95 (dd, J = 10.6, 1.32 Hz, 1H), 3.72 (q, J = 5.88 Hz, 1H), 1.51 (s, 3H), 1.34 (s, 3H). 

HRMS (ESI) calcd. for C30H34O6Na+ [M+Na]+: 513.2253, found: 513.2258. 

 

 

 

Methyl 3,5,6-O-tribenzyl-D-glucofuranoside (43) 

In the solution of crude 42 (max 192 mmol) in dry MeOH (575 mL) was added 2.0 

M HCl in diethy ether (28 mL) and stirred for 4 h at 55 . After the reaction completed, 

solvent was removed under reduced pressure, H2O was added from time to time when half 

of the solvent was removed and this was repeated for 5 times. Finally, the mixture was 

extracted with EA, NaHCO3 and brine to afford crude 43 as a yellow oil. Analytical sample 

was purified by column chromatography (EA/n-hexane= 1/16 to 1/10). 1HNMR (200 MHz, 

d4-MeOH) δ 7.21-7.14 (m, 15H), 4.81 (d, J = 4.3 Hz, 1H), 4.59 (dd, J = 11.6, 3.4 Hz, 2H), 

4.39-4.33 (m, 4H), 4.22 (dd, J = 7.6, 4.9 Hz, 1H), 4.11 (dd, J = 4.3, 3.1 Hz, 1H), 3.95 (dd, J 

= 5.1, 3.1 Hz, 1H), 3.90-3.82 (m, 1H), 3.74 (dd, J = 10.6, 2.1 Hz, 1H), 3.55 (q, J = 5.1 Hz, 

1H), 3.29 (s, 3H). 13C-NMR (50 MHz, d4-MeOH) δ 129.29, 128.67, 128.49, 104.01, 84.91, 

78.25, 77.71, 77.48, 74.24, 73.34, 72.83, 71.67, 56.02. HRMS (ESI) calcd. for 

C28H32O6Na+ [M+Na]+: 487.2091, found: 487.2092. 
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2,3,5,6-O-Tetrabenzyl-D-glucofuranose (45) 

 To the solution 43 (max. 192 mmol) in THF (250 mL) was added TBAI (3.55g, 9.61 

mmol). The mixture was incubated in ice bath for 10 mins before adding NaH (60% in 

mineral oil, 14.2 g, 355 mmol) followed by benzyl bromide (26 mL, 211.7 mmol). The 

temperature of reaction was raised to 60  for 2 h. After the reaction was completed, the 

mixture was incubated in 0  and quenched with MeOH and extracted with EA. The 

organic layer were washed with H2O, ammonium chloride and sat. NaHCO3, dried over 

MgSO4, filtered and concentrated in vacuo to afford crude 44. 

To the solution of 44 in AcOH (500 mL), 20 % H2SO4 (150 mL) was added and 

stirred at 40  for 20 h. Upon completion, 100 mL H2O was added and concentrated in 

vacuo to until half of the reaction mixture was evaporated. The reaction mixture was 

extracted with toluene (250 mL) twice, dried over MgSO4, filtered and concentratedin 

vacuo. The resulting mixture was purified by column chromatography (400 g silica gel, 

EA/n-hexane = 1/8 to 1/5) to afford 45 (52.0 g, 96.2 mmol, 50% yield over 6 steps) as a 

colorless oil. 1H-NMR (200 MHz, CDCl3) δ 7.38-7.20 (m, 20H), 5.57-5.28 (m, 1H), 4.99-

4.80 (m, 1H), 4.71-4.28 (m, 8H), 4.21-4.06 (m, 2H), 4.04-3.85 (m, 2H), 3.84-3.71 (m, 1H). 

13C-NMR (50 MHz, CDCl3) δ 128.55, 128.52, 128.40, 128.36, 128.24, 128.20, 128.17, 

128.10, 127.94, 127.86, 127.83, 127.79, 127.56, 127.52, 127.39, 127.36, 101.42, 83.72, 

80.91, 80.45, 80.15, 79.94, 77.78, 76.68, 75.86, 73.37, 73.27, 73.00, 72.68, 72.22, 72.13, 

71.66, 71.13, 70.78. HRMS (ESI) calcd. for C34H36O6Na+ [M+Na]+: 563.2404, found: 

563.2409. 



 

59 
 

 

2,3,5,6-O-Tetrabenzyl-glucono-gamma-lactone (46) 

4 Å molecular sieves (60 g) were dried under vacuum and heated at 300  for 2 h. 

To the molecular sieve were added compound 45 (52.0 g, 96.2 mmol ) in solution of dry 

CH2Cl2 (500 mL) and PCC (36.0 g, 167 mmol). The reaction mixture was stirred at room 

temperature for 5 h. After the reaction was completed, it was evaporated to remove solvent 

under reduced pressure and the residue was filtered through silica gel (50 g) and and the 

filter cake was washed with CH2Cl2. The combined filtrate were concentrated in vacuo to 

afford compound 46 (47.9 g, 88.8 mmol, 93% yield) as a colorless oil. 1H-NMR (400 MHz, 

CDCl3) δ 7.43-7.17 (m, 20H), 4.92 (d, J = 11.7 Hz, 1H), 4.80 (dd, J = 6.3, 5.4 Hz, 1H), 4.76 

(d, J = 11.2 Hz, 1H), 4.63 (d, J = 11.6 Hz, 1H), 4.60-4.45 (m, 5H), 4.35-4.27 (m, 2H), 4.14-

4.07 (m, 1H), 3.87-3.71 (m, 2H). 13C-NMR (50 MHz, CDCl3) δ 172.87, 137.96, 137.90, 

136.92, 136.61, 128.40, 128.36, 128.31, 128.26, 128.12, 128.04, 127.88, 127.64, 127.59, 

127.52, 79.11, 78.73, 76.78, 76.39, 73.35, 72.99, 72.33, 72.22, 69.51. HRMS (ESI) calcd. 

for C34H34O6Na+ [M+Na]+: 561.2248, found: 561.2257. 

 

 

 

 

 

 



 

60 
 

Compound 49a-49h, 50a-50h, 51, 59, 60 and 61 were having the same data 

characteristics with compounds reported by Yamamoto, K. et. al77, therefore only H-NMR 

were included. 

 

 

(5-Bromo-2-chlorophenyl)(4-ethoxyphenyl)methanone (49a) 

To a stirred suspension of 5-bromo-2-chlorobenzoic acid (927 mg, 3.94 mmol) in 

CH2Cl2 (10 mL) was added oxalyl chloride (406 μL, 4.73 mmol) and DMF (15 μL, 0.20 

mmol). The resulting mixture was stirred for 20 h at r.t. After the reaction was completed, 

the mixture was concentrated to afford compound 47 (1.00 g, max. 3.94 mmol) as a 

yellowish solid. 

To the solution of crude 47 in CH2Cl2 (10 mL) were added phenetole (500 μL, 3.94 

mmol) followed by AlCl3 (525 mg, 3.94 mmol) batchwise so that the temperature do not 

exceed 0 . After being stirred at 5  for 3 h, ice water was added to quench reaction. The 

resulting mixture were extracted by CH2Cl2, then washed with 1N HCl, H2O, 1N NaOH, 

brine, dried over MgSO4, filtered and concentrated in vacuo. The residual solid was 

recrystallized from 95% EtOH to give 49a (556 mg, 1.64 mmol, 42 % over 2 steps) as a 

white solid. mp: 62 ºC. 1H-NMR (400 MHz, CDCl3) δ 7.76-7.72 (m, 2H), 7.51 (dd, J = 8.5, 

2.4 Hz, 1H), 7.46 (d, J =2.4 Hz, 1H), 7.30 (d, J = 8.6 Hz, 1H), 6.93-6.89 (m, 2H), 4.10 (q, J 

= 7.0 Hz, 2H), 1.43 (t, J = 7.0 Hz, 3H).  
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(5-Bromo-4-chlorophenyl)(4-isopropylphenyl)methanone (49b) 

Compound 49b (544 mg , 1.61 mmol, 76% yield over 2 steps) as a white solid was 

prepared according to the method described for the synthesis of 49a using 5-bromo-2-

chlorobenzoic acid (500 mg, 2.12 mmol) and cumene (295 μL, 2.12 mmol). mp: 93 ºC. 1H-

NMR (200 MHz, CDCl3) δ 7.66 (d, J = 8.0 Hz, 2H), 7.49-7.33 (m, 2H), 7.30-7.10 (m, 3H), 

2.85 (m, 1H), 1.16 (d, J = 6.87, 6H).   

 

 

 

(5-Bromo-2-methylphenyl)(4-isopropylphenyl)methanone (49d) 

 Compound 49d (453 mg, 1.43 mmol, 57% yield over 2 steps) as a green oil was 

prepared according to the method described for the synthesis of 49a using 5-bromo-2-

methylbenzoic acid (539 mg, 2.51 mmol) and cumene (350 μL, 2.51 mmol) 1H-NMR (400 

MHz, CDCl3) δ 7.71 (d, J = 8.1 Hz, 2H), 7.48 (dd, J = 8.3, 2.2 Hz), 7.40 (d, J = 2.3 Hz, 1H), 

7.30 (d, J = 8.2 Hz, 2H), 7.14 (d, J = 8.0 Hz, 1H), 2.97 (m, 1H), 2.23 (s, 3H), 1.27 (d, J = 

6.9 Hz, 6H).  

 

 

 



 

62 
 

 

1-Bromo-4-chloro-2-methoxybenzene (51) 

 In the solution of 2-bromo-5-chlorophenol (500 mg, 2.41 mmol) in DMF (5 mL), 

K2CO3 (333 mg, 2.41 mmol) and MeI (188 μL, 3.01 mmol) was added subsequently. After 

stirring the mixture at ambient temperature for 6 h, ice water was added to quench reaction. 

The resulting mixture was extracted with EA twice and the combined organic layers were 

washed with H2O and brine to afford 51 as a yellow solution (507 mg, 2.29 mmol, 95% 

yield) as colorless oil. 1H-NMR (400 MHz, CDCl3) δ 7.42 (d, J = 8.5 Hz, 1H), 6.86 (d, J = 

2.2 Hz, 1H), 6.81 (dd, J = 8.3, 2.2 Hz, 1H), 3.86 (s. 3H). 
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(5-Bromo-2-chloro-4-methoxyphenyl)(4-ethoxyphenyl)methanone (49f) 

 Crude 52 (max. 5.25 mmol) as a yellow solution, was prepared according to the 

procedure described for the synthesis of crude 47 using 4-ethoxybenzoic acid (872 mg, 5.25 

mmol). 

 Compound 49f (1.39g, 3.76 mmol, 72% yield over 2 steps) as a white solid, was 

prepared according to the procedure described for the synthesis of 49a using compound 51 

(1.16 g, 5.25 mmol) and crude 52 (max. 5.25 mmol). The crude product is purified with 

column chromatography (25 g silica gel, EA/n-hexane = 1/20 to 1/15 to 1/10). mp: 80 ºC. 

1H-NMR (400 MHz, CDCl3) δ 7.71 (d, J = 8.7 Hz, 2H), 7.52 (s, 1H), 6.91 (s, 1H), 6.87 (d, 

J = 8.9 Hz, 2H), 4.05 (q, J = 7.0 Hz, 2H), 3.90 (s, 3H), 1.38 (t, J = 7.0 Hz, 3H).  

 

 

 

 

 

 

 

 

 

 

 



 

64 
 

 

(5-Bromo-2-chloro-4-methoxyphenyl)(4-ethylphenyl)methanone (49g) 

Crude 53 (max. 3.13 mmol) was prepared according to the procedure described for 

the synthesis of crude 47 using 4-ethylbenzoic acid (470 mg, 3.13 mmol) as a starting 

material. 

 Compound 49g (356 mg, 1.01 mmol, 32% yield over 2 steps) as a colorless oil was 

prepared according to the procedure described for the synthesis of 49a using compound 51 

(658 mg, 2.97 mmol) and crude 53 (max. 3.13 mmol). The crude product is purified with 

column chromatography (6 g silica gel, EA/n-hexane = 1/20 to 1/15 to 1/10). 1H-NMR (200 

MHz, CDCl3) δ 7.68 (d, J = 8.0 Hz, 2H), 7.54 (s, 1H), 7.24 (d, J = 8.3 Hz, 2H), 6.93 (s, 1H), 

3.90 (s, 3H), 2.67 (q, J = 7.6 Hz, 2H), 1.21 (t, J = 7.6 Hz, 3H). 
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(5-Bromo-2-chloro-4-methoxyphenyl)(4-isopropylphenyl)methanone (49h) 

Crude 54 (max. 3.31 mmol) was prepared according to the procedure described for 

the synthesis of crude 47 using 4-isopropylbenzoic acid (543 mg, 3.31 mmol) as a starting 

material. 

 Compound 49h (331 mg, 0.90 mmol, 27% yield over 2 steps) as a yellow oil was 

prepared according to the procedure described for the synthesis of 49a using compound 51 

(658 mg, 2.97 mmol) and 54 (max. 3.31 mmol). The crude product is purified with column 

chromatography (6 g silica gel, EA/n-hexane = 1/20 to 1/15 to 1/10). 1H-NMR (200 MHz, 

CDCl3) δ 7.70 (d, J = 8.2 Hz, 2H), 7.55 (s, 1H), 7.29 (d, J = 8.2 Hz, 2H), 6.94 (s, 1H), 3.92 

(s, 3H), 2.94 (m, 1H), 1.24 (d, J = 6.9 Hz, 6H). 
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4-Bromo-1-chloro-2-(4-ethoxybenzyl)benzene (50a) 

 To a stirred suspension of 49a (15.6 g, 45.8 mmol) in CH2Cl2 (100 mL) was added 

Et3SiH (11.2 mL, 96.2 mmol), followed by BF3•OEt2 (8.6 mL, 60.9 mmol) at 0 . The 

reaction mixture was then returned to r.t. and stirred for 1 h. After the reaction was 

completed, 7.0 N KOH was added to quench the reaction and the resulting mixture was 

extracted with CH2Cl2. The organic layer was then washed with 10% brine, sat. brine, dried 

over MgSO4 and filtered before concentrated in vacuo. The resulting solids were 

recrystallized with 95% EtOH to afford compound 50a (9.95g, 30.6 mmol, 67% yield) as a 

white solid. mp: 78 ºC. 1H-NMR (200 MHz, CDCl3) δ 7.26-7.20 (m, 3H), 7.11-7.02 (m, 

2H), 6.87-6.77 (m, 2H), 3.99 (q, J =6.9 Hz, 2H), 3.97 (s, 2H), 1.39 (t, J = 7.0 Hz, 3H).  
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4-Bromo-1-chloro-2-(4-isopropylbenzyl)benzene (50b) 

Compound 50b (476 mg, 1.47 mmol, 93% yield) as a white solid was prepared 

according to the method described for the synthesis of 50a using compound 49b as a 

starting material. mp: 95 ºC 1H-NMR (400 MHz, CDCl3) δ 7.31-7.25 (m, 2H), 7.24-7.21 (m, 

1H), 7.20-7.09 (m, 4H), 4.03 (s, 2H), 2.95-2.83 (m, 1H), 1.25 (d, J = 6.95, 6H). 

 

 

 

4-Bromo-2-(4-ethoxybenzyl)-1-methylbenzene (50c) 

Crude 49c (600 mg , max. 1.88 mmol) as a green oil was prepared according to the 

method described for the synthesis of 49a using 5-bromo-2-methylbenzoic acid (539 mg, 

2.51 mmol) and phenetole (318 μL, 2.51 mmol) as starting materials. 

Compound 50c (522 mg, 1.71 mmol, 68% yield over 3 steps) as a colorless oil was 

prepared according to the method described for the synthesis of 50a using crude 49c (max, 

1.88 mmol) as a starting material. 1H-NMR (400 MHz, CDCl3) δ 7.30-7.20 (m, 2H), 7.00 (d, 

J = 8.1 Hz, 3H), 6.87-6.78 (m, 2H), 3.99 (q, J = 7.0 Hz, 2H), 3.85 (s, 2H), 1.39 (t, 7.0 Hz, 

3H).  
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4-Bromo-2-(4-isopropylbenzyl)-1-methylbenzene (50d) 

 Compound 50d (250 mg, 0.82 mmol) as a yellow oil was prepared according to the 

method described for the synthesis of 50a using compound 49d (453 mg, 1.43 mmol) as a 

starting material. 1H-NMR (400 MHz, CDCl3) δ 7.32-7.27 (m, 2H), 7.22-7.16 (m, 2H), 

7.10-7.03 (m, 3H), 3.94 (s, 2H), 2.98-2.86 (m, 1H), 2.23 (s, 3H), 1.28 (d, J = 6.9 Hz, 6H).  

 

 

 

4-Bromo-2-(4-ethylbenzyl)-1-methylbenzene (50e) 

Crude 49e (438mg, max. 1.44 mmol) as a pink solution was prepared according to 

the method described for the synthesis of 49a using 5-bromo-2-methylbenzoic acid (524 

mg, 2.44 mmol) and ethylbenzene (300 μL, 2.44 mmol). 

 Compound 50e (215 mg, 0.74 mmol, 31% yield over 3 steps) as a yellowish oil was 

prepared according to the method described for the synthesis of 50a using crude 49e (max. 

1.44 mmol) as a starting material. 1H-NMR (200 MHz, CDCl3) δ 7.35-7.26 (m, 2H), 7.21-

7.11 (m, 2H), 7.11-7.00 (m, 3H), 3.93 (s, 2H), 2.66 (q, J = 7.6 Hz, 2H), 2.22 (s, 3H), 1.26 (t, 

3H). 
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1-Bromo-4-chloro-5-(4-ethylbenzyl)-2-methoxy-benzene (50g) 

 Compound 50g (273 mg, 0.80 mmol, 79% yield) as an off-white solid was prepared 

according to the method described for the synthesis of 50a using compound 49g (356 mg, 

1.01 mmol) as a starting material. mp: 87 ºC. 1H-NMR (200 MHz, CDCl3) δ 7.32 (s, 1H), 

7.18-7.03 (m, 4H), 6.90 (s, 1H), 3.97 (s, 2H), 3.86 (s, 3H), 2.62 (q, J = 7.7 Hz 2H), 1.22 (t, 

J = 7.5 Hz, 3H).  

 

 

 

1-bromo-4-chloro-5-(4-isopropylbenzyl)-2-methoxy-benzene (50h) 

 Compound 50h (182 mg, 0.51 mmol, 57% yield) as a colorless oil was prepared 

according to the method described for the synthesis of 50a using compound 49h (331 mg, 

0.90 mmol) as a starting material. 1H-NMR (200 MHz, CDCl3) δ 7.34 (s, 1H), 7.21-7.04 (m, 

4H), 6.91 (s, 1H), 3.97 (s, 2H), 3.86 (s, 3H), 3.00-2.76 (m, 1H), 1.24 (d, J = 7.0 Hz, 6H). 
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1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-3-(4-ethoxybenzyl)-phenyl]-D-

glucitol (56a) 

 To a stirred -78 °C solution of 50a (604 mg, 1.86 mmol) in 1:2 THF/toluene (15 mL) 

under N2 gas was added n-BuLi (2.5 M in hexane, 742 μL, 1.86 mmol) dropwisely. After 1 

h, to this mixture was added 46 (1.00 g, 1.86 mmol) in toluene (10 mL) while maintaining 

the temperature under -78 °C. After 1 h, MsOH (0.6 N in MeOH, 15 mL) was added; 

whereupon, the reaction was slowly warmed to ambient temperature over 16 h. After the 

reaction was completed, the mixture was quenched with sat. NaHCO3 and later extracted 

with CH2Cl2. The organic layer was then washed with H2O, brine, dried over MgSO4, 

filtered and concentrated under reduced pressure to afford crude 55a. 

 Compound 56a (264 mg, 0.34 mmol, 18% yield over 2 steps) as a colorless oil 

which comprised of a 1:2 mixture of anomers was prepared according to the procedure of 

the synthesis of 50a using crude 55a as a starting material. The purification was carried out 

by column chromatography (10 g silica gel, EA/n-hexane = 1/20). 1H-NMR (400 MHz, 

CDCl3) δ 7.51-7.28 (m, 20H), 7.26-7.19 (m, 2H), 7.18-7.05 (m, 4H), 6.84 (d, J = 8.6 Hz, 

2H), 4.99-4.87 (m, 2H), 4.77-4.51 (m, 6H), 4.49-4.28 (m, 3H), 4.27-4.17 (m, 2H), 4.16-

3.95 (m, 7H), 3.81 (q, J = 5.6 Hz, 1H), 1.43 (t, J = 7.0 Hz, 3H). 13C-NMR (100 MHz, 

CDCl3) δ 157.27, 139.65, 138.86, 138.75, 138.51, 137.59, 137.43, 132.81, 131.16, 129.80, 

129.63, 129.16, 128.88, 128.38, 128.33, 128.18, 128.16,128.11, 127.80, 127.69, 127.56, 

127.51, 127.47, 127.44, 127.31, 125.41, 114.28, 88.43, 85.78, 82.39, 80.83, 77.20, 75.91, 
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73.32, 72.48, 71.63, 71.26, 70.93, 63.16, 38.23, 14.78. HRMS (ESI) calcd. for 

C49H49ClO6Na+ [M+Na]+: 791.3110, found: 791.3110. 

 

 

1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-3-(4-ethoxybenzyl)-phenyl]-D-

glucitol (56b) 

 Crude 55b was prepared according to the procedure described for the synthesis of 

crude 55a using 50b (476 mg, 1.47 mmol) and 46 (712 mg, 1.32 mmol) as starting 

materials. 

 Compound 56b (159 mg, 0.21 mmol, 16% yield over 2 steps) as a colorless oil 

which comprised of a 1:3 mixture of anomers was prepared according to the procedure of 

the synthesis of 50a using 55b (223 mg, 0.28 mmol) as a starting material. The purification 

was carried out by column chromatography (10 g silica gel, EA/n-hexane = 1/20) 1H-NMR 

(400 MHz, CDCl3) δ 7.53-7.22 (m, 21H), 7.22-7.09 (m, 6H), 4.98-4.88 (m, 2H), 4.75-4.52 

(m, 5H), 4.49-4.35 (m, 2H), 4.33-4.20 (m, 2H), 4.20-4.07 (m, 3H), 4.07-3.96 (m, 2H), 3.90-

3.78 (m, 1H). 2.99-2.87 (m, 1H). 1.30-1.29 (m, 6H). 13C-NMR (100 MHz, CDCl3) δ 146.44, 

138.96, 138.54, 138.12, 137.96, 137.73, 137.26, 136.91, 136.76, 133.95, 130.82, 128.95, 

128.87, 128.47, 128.22, 128.13, 128.09, 127.62, 127.50, 127.46, 127.42, 127.34, 127.24, 

126.32, 125.23, 110.49, 86.69, 82.05, 81.72, 76.58, 73.37, 72.36, 71.99, 71.88, 71.47, 38.81, 

33.55, 23.94. HRMS (ESI) calcd. for C50H51ClO5Na+ [M+Na]+: 789.3323, found: 789.3318. 
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2,3,5,6-tetra-O-benzyl-1-C-[3-(4-isopropylbenzyl)-4-methylphenyl]-D-gluco- 

furanoside (56d)  

 To a stirred -78 °C solution of 50d (250 mg, 0.82 mmol) in THF (3 mL) under N2 

gas was added n-BuLi (2.5 M in hexane, 360 μL, 1.01 mmol) dropwisely. After 1 h, to this 

mixture was added 46 (355 mg, 0.66 mmol) in THF (1.5 mL) while maintaining the 

temperature under -78 °C. After stirring for 3 h, NH4Cl was added to quench reaction and 

resulting mixture was extracted with CH2Cl2 and washed with H2O, brine, dried over 

MgSO4, filtered and concentrated under reduced pressure to afford crude 55d. 

To the solution of crude 55d in CH2Cl2 (5 mL) at -50 °C, was added Et3SiH (158 μL, 

0.99 mmol), followed by BF3•OEt2 (76.8 μL, 0.66 mmol) slowly to maintain the 

temperature below -40 °C. The resulting suspension was allowed to warm to -10 °C over 1 

h prior to quenching with K2CO3. After concentrated in vacuo, the resulting mixture was 

extracted with ethyl acetate and washed with brine, dried over MgSO4, filtered and purified 

with column chromatography (5 g silica gel, ethyl acetate/n-hexane = 1/20) to afford 56d 

(75 mg, 0.10 mmol, 15% yield over 2 steps) as a colorless oil which comprised of a 1:3. 1H-

NMR (400 MHz, CDCl3) δ 7.43-6.95 (m, 27H), 4.88 (d, J = 2.8 Hz, 1H), 4.85 (d, J = 11.5 

Hz, 1H), 4.68-4.50 (m, 5H), 4.50-4.35 (m, 2H), 4.32-4.15 (m, 3H), 4.05-3.90 (m, 4H), 3.77 

(dd, J = 10.7, 5.6 Hz, 1H), 2.93-2.80 (m, 1H), 2.24 (s, 3H), 1.23 (d, J = 7.0 Hz, 6H). 13C-

NMR (100 MHz, CDCl3) δ 146.29, 139.01, 138.90, 138.65, 138.45, 137.85, 137.56, 136.89, 

130.26, 128.49, 128.40, 128.31, 128.23, 128.20, 127.75, 127.56, 127.50, 127.34, 127.31, 
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126.30, 124.59, 88.84, 86.62, 82.83, 80.80, 76.06, 73.37, 72.67, 71.68, 71.40, 71.19, 39.07, 

33.61, 24.01, 19.39. HRMS (ESI) calcd. for C51H54O5Na+ [M+Na]+: 769.3863, found: 

769.3833. 

 

 

 

1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-5-(4-ethoxybenzyl)-2-

methoxyphenyl]-D- glucitol (56f) 

 Crude 50f (360 mg, max. 1.01 mmol) was prepared accordimg to the method 

described for the synthesis of 50a using 49f (609 mg, 1.65 mmol) as a starting material.  

 Crude 55f was prepared according to the method described for the synthesis of 

crude 55d using crude 50f and 46 (436 mg, 0.81 mmol) as starting materials. 

 Compound 56f (319 mg, 0.40 mmol, 49% yield over 3 steps) as a yellow oil which 

comprised of a 1:1.3 mixture of anomers was prepared according to the procedure of the 

synthesis of 56d using crude 55f as a starting material. 1H-NMR (400 MHz, CDCl3) δ 7.52-

7.02 (m, 20H), 6.97-6.83 (m, 3H), 6.81 (d, J = 6.7 Hz, 1H), 6.79-6.67 (m, 2H), 5.53-5.32 

(m, 1H), 4.94-4.78 (m, 1H), 4.78-4.49 (m, 5H), 4.49-4.41 (m, 1H), 4.33-4.19 (m, 2H), 4.19-

3.84 (m, 8H), 3.81 (s, 2H), 3.73-3.62 (m, 2H), 1.45-1.30 (m, 3H). 13C-NMR (400 MHz, 

CDCl3) δ 157.10, 157.05, 154.67, 154.29, 139.07, 139.03, 138.69, 138.67, 138.16, 137.93, 

137.73, 132.71, 132.38, 132.17, 131.51, 130.63, 130.30, 130.26, 130.01, 129.54, 129.42, 

128.30, 128.19, 128.17, 128.15, 128.05, 127.78, 127.62, 127.54, 127.52, 127.48, 127.43, 
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127.29, 127.25, 125.68, 114.19, 114.17, 110.84, 110.78, 85.64, 82.48, 82.34, 80.95, 80.90, 

80.57, 79.39, 76.30, 76.00, 73.39, 73.34, 72.38, 72.12, 71.93, 71.71, 71.28, 71.23, 70.57, 

63.21, 63.06, 55.38, 55.31, 37.77, 37.47, 14.80. HRMS (ESI) calcd. for C50H51ClO7Na+ 

[M+Na]+: 821.3221, found: 821.3212. 

 

 

1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-5-(4-isopropylbenzyl)-2- 

methoxyphenyl]-D- glucitol (56h) 

 Crude 55h was prepared according to the method described for the synthesis of 

crude 55d using 50h (182 mg, 0.51 mmol) and 46 (220 mg, 0.41 mmol) as starting 

materials. 

 Compound 56h (127 mg, 0.16 mmol, 40% yield over 2 steps) as a yellow oil which 

comprised of a mixture of 1:3 anomers was prepared according to the procedure of the 

synthesis of 56d using crude 55h as a starting material. 1H-NMR (400 MHz, CDCl3) δ 

8.20-7.78 (m, 2H), 7.64-6.76 (m, 24H), 4.95-4.28 (m, 7H), 4.28-3.50 (m, 13H), 2.91-2.74 

(m, 1H), 1.28-1.17 (m, 6H). 13C-NMR (100 MHz, CDCl3) δ 137.13, 134.50, 133.49, 133.26, 

130.08, 129.77, 128.96, 128.73, 128.34, 128.22, 128.12, 128.09, 127.61, 127.56, 127.49, 

127.34, 126.25, 85.94, 80.96, 80.65, 80.61, 77.20, 76.02, 73.41, 71.35, 71.26, 70.94, 55.43, 

33.60, 29.67. HRMS (ESI) calcd. for C51H53ClO6Na+
 [M+Na]+: 819.3423, found 819.3389. 
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(1S)-1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-5-(4-ethylbenzyl)-2- 

methoxyphenyl]-D-glucitol (57g) 

 Crude 55g was prepared according to the procedure described for the synthesis of 

crude 55d using 50g (273 mg, 0.80 mmol) and 46 (346 mg, 0.64 mmol) as starting 

materials. 

 Crude 56g which comprised of a mixture of 1:3 anomers was prepared according to 

the procedure described for the synthesis of 56d using crude 55g as a starting material. 

Compound 57g (94.0 mg, 0.12 mmol, 19% yield over 2 steps) was obtained through 

the purification of crude 56g (2g silica gel, EA/n-hexane = 1/20 to 1/15). 1H-NMR (400 

MHz, CDCl3) δ 7.38-7.09 (m, 21H), 6.96-6.86 (m, 4H), 6.83 (s, 1H), 5.25 (s, 1H), 4.76-

4.64 (m, 2H), 4.63-4.50 (m, 3H), 4.45 (d, J = 11.3 Hz, 1H), 4.35 (dd, J = 9.3, 3.2 Hz, 1H), 

4.18 (s, 2H), 4.05 (d, J = 3.3 Hz, 1H), 3.98-3.88 (m, 3H), 3.85-3.79 (m, 2H), 3.76 (s, 3H), 

3.58 (dd, J = 10.7, 5.2 Hz, 1H), 2.48 (q, J = 7.7 Hz, 2H), 1.11 (t, J = 7.6 Hz, 3H). 13C-

NMR (100 MHz, CDCl3) δ 154.75, 141.57, 139.08, 138.69, 138.21, 137.97, 137.44, 132.85, 

130.44, 130.06, 129.01, 128.42, 128.35, 128.25, 128.19, 128.10, 127.69, 127.64, 127.57, 

127.51, 127.49, 127.35, 127.29, 125.72, 125.28, 110.81, 82.53, 80.95,79.43, 77.81, 76.36, 

73.43, 72.47, 72.16, 71.97, 71.85, 55.36, 38.25, 28.38, 15.56. HRMS (ESI) calcd. for 

C50H51ClO6Na+
 [M+Na]+: 805.3266, found: 805.3234. 
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(1S)-1,4-Anhydro-1-[4-chloro-5-(4-ethoxybenzyl)-2-methoxyphenyl]-D-glucitol (32f) 

Compound 57f (180 mg, 0.22 mmol, 56% yield) was obtained after purification of 

56f (319 mg, 0.40 mmol) with column chromatography (6 g silica gel, EA/n-hexane = 1/20 

to 1/15). 

To the solution of 57f in CH2Cl2 (2 ml), BF3•OEt2 (893 μL, 7.04 mmol) and EtSH 

(318 μL, 4.40 mmol) was added and stirred for 20 h. After the reaction was completed, H2O 

was added to quench reaction, the resulting mixture was extracted with CH2Cl2 and the 

aqueous layer was extracted with EA. The combine organic layers was concentrated in 

vacuo and the resulting oil was purified with column chromatography (2 g silica gel, 

CH2Cl2/d4-MeOH = 20/1) to obtain 32f (28.0 mg, 0.064 mmol, 29% yield) as a colorless oil. 

1H-NMR (400 MHz, d4-MeOH) δ 7.32 (d, J =13.5 Hz, 1H), 7.02-6.95 (m, 2H), 6.87 (s, 1H), 

6.74-6.67 (m, 2H), 4.25 (dd, J = 13.7, 3.4 Hz, 1H), 4.10-3.84 (m, 7H), 3.77 (s, 2H), 3.75 (s, 

3H), 3.58 (q, J =5.4 Hz, 1H), 1.29 (t, J = 7.0 Hz, 3H). 13C-NMR (100 MHz. d4-MeOH) δ 

158.64, 133.75, 133.41, 131.67, 131.44, 130.77, 130.61, 129.53, 126.85, 115.31, 112.09, 

82.43, 81.24, 79.77, 78.56, 71.51, 65.55, 64.43, 38.56, 15.20. HRMS (ESI) C22H27ClO7Na+ 

[M+Na]+:461.1338, found: 461.1380. 
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(1S)-1,4-Anhydro-1-[4-chloro-5-(4-ethylbenzyl)-2-methoxyphenyl]-D-glucitol (32g) 

Compound 32g (4.00 mg, 0.009 mol, 27% yield) was prepared according to the 

procedure of the synthesis of 32f using 57g (15.3 mg, 0.035 mmol) as a starting material. 

1H-NMR (400 MHz, d4-MeOH) δ 7.37 (s, 1H), 7.02-6.97 (m, 4H), 6.87 (s, 1H), 4.90-4.88 

(m, 1H), 4.06 (dd, J = 3.0, 1.1 Hz, 1H), 4.03-3.92 (m, 3H), 3.89 (s, 2H), 3.76 (s, 3H), 3.73 

(dd, J = 11.7, 3.4 Hz, 1H), 3.57 (dd, J = 11.5, 5.4 Hz, 1H), 2.52 (q, J = 7.7 Hz, 2H), 1.13 (t, 

J = 7.7 Hz, 3H). 13C-NMR (150 MHz, d4-MeOH) δ 156.64, 143.05, 138.69, 133.81, 131.51, 

130.60, 129.58, 128.72, 112.23, 84.24, 84.46, 82.46, 78.90, 71.32, 65.40, 39.04, 29.44. 

HRMS (ESI) calcd. for C22H27ClO6Na+
 [M+Na]+: 445.1388, found, 445.1368. 
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(1S)-1,4-Anhydro-1-[4-chloro-5-(4-isopropylbenzyl)-2-methoxyphenyl]-D-glucitol (32h)  

Compound 57h (68.9 mg, 0.086 mmol, 54% yield) was obtained after purification 

of 56h (127 mg, 0.16 mmol) with column chromatography (6 g silica gel, EA/toluene/n-

hexane = 1/1/20 to 1/1/15). 

Compound 32h (17mg, 0.039 mmol, 45% yield was prepared according to the 

procedure of the synthesis of 32f using 57h as a starting material. 1H-NMR (600 MHz, d4-

MeOH) δ 7.06-7.00 (m, 4H), 6.91 (d, J = 1.9 Hz, 1H), 6.76 (s, 1H), 4.49 (s, 1H), 3.96-3.92 

(m ,1H), 3.77 (s, 3H), 3.72 (s, 3H), 3.67 (dd, J = 11.1, 3.4 Hz, 1H), 3.64-3.58 (m, 3H), 3.57 

(dd, J = 7.6, 1.7 Hz, 1H), 3.52 (dd, J = 11.3, 5.7 Hz, 1H), 2.81-2.74 (m, 1H), 1.15 (d, J = 

6.9 Hz, 6H). 13C-NMR (150 MHz, d4-MeOH) δ 157.65, 147.70, 140.74, 134.91, 133.21, 

129.89, 129.87, 129.05, 128.11, 127.46, 111.63, 84.40, 82.59, 79.09, 71.52, 65.64, 64.51, 

36.03, 35.13, 24.66. HRMS (ESI) calcd. for C23H29ClO6Na+
 [M+Na]+: 459.1550, found, 

459.1548. 
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1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-[4-chloro-3-(4-ethoxybenzyl)phenyl]-D- 

glucitol (58a) 

 Compound 58a (19 mg, 0.046 mmol, 43% yield) was prepared according to the 

procedure of the synthesis of 32f using 56a (84 mg, 0.11 mmol) as a starting material. 1H-

NMR (400 MHz, d4-MeOH) δ 7.31-7.19 (m, 3H), 7.04-6.99 (m, 2H), 6.77-6.71 (m, 2H), 

4.51 (d, J = 3.8 Hz, 1H), 4.16-.411 (m, 1H), 3.99-3.91 (m, 6H), 3.87 (dd, J = 3.8, 2.1 Hz, 

1H), 3.75 (dd, J = 11.4, 3.0 Hz, 1H), 3.60 (dd, J = 11.4, 5.2 Hz, 1H), 1.30 (t, J = 7.1 Hz, 

3H). 13C-NMR (100 MHz, d4-MeOH) δ 158.86, 133.85, 132.85, 131.09, 130.83, 130.81, 

130.25, 130.16, 126.77, 115.47, 88.15, 86.10, 82.35, 79.50, 71.41, 65.23, 64.45, 39.22, 

15.19. HRMS (ESI) calcd. for C21H25ClO6Na+ [M+Na]+: 431.1232, found: 431.1228. 
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(1S)-1,4-Anhydro-1-[4-chloro-3-(4-ethoxybenzyl)phenyl]-D-glucitol (32a) 

 To the solution of 58a (19 mg, 0.046 mmol) in pyridine (1 mL), Ac2O (100 μL, 1.06 

mmol) and DMAP (1mg, 0.010 mmol) were added and the resulting mixture was stirred at 

ambient temperature for 3 h. After the reaction was completed, H2O was added to quench 

reaction and the resulting mixture was extracted with EA. The organic layer was then was 

with 1.0 N HCl, 1.0 N NaOH, H2O and brine and concentrated in vacuo. The resulting oil 

was purified by column chromatography (500 mg silica gel, EA/n-hexane = 1/2 to 1/1) to 

afford 34a (17 mg, 0.029 mmol, 66% yield) as a white solid. 

 To the solution of 34a in MeOH (2 mL) was added NaOMe (3 mg) and the resulting 

mixture was stirred at ambient temperature for 3 h. After the reaction was completed, the 

resulting mixture was extracted with EA and the organic layer was washed with 1.0 N HCl, 

NaHCO3, H2O and brine. The resulting solid was purified with column chromatography 

(200 mg silica gel, MeOH/CH2Cl2 = 1/10) to obtain 5a (12.0 mg, 0.029 mmol, 97% yield) 

as a colorless oil. 1H-NMR (400 MHz, d4-MeOH) δ 7.29-7.18 (m, 3H), 7.04-6.98 (m, 2H), 

6.77-6.71 (m, 2H), 4.51 (d, J = 3.8 Hz, 1H), 4.11 (q, J = 1.7 Hz, 1H), 3.99-3.89 (m, 6H), 

3.87 ( dd, J = 3.7, 1.7 Hz, 1H), 3.77-3.72 (m, 1H), 3.59 (dd, J = 11.4, 5.4 Hz, 1H), 1.29 (t, J 

= 7.0 Hz, 3H). 13C-NMR (150 MHz, d4-MeOH) δ 159.01, 141.55, 140.25, 134.00, 133.01, 

130.99, 130.40, 130.32, 126.93, 115.63, 88.30, 86.25, 82.51, 79.66, 71.57, 65.38, 64.61, 

39.37, 15.34. HRMS (ESI) calcd. for C21H25ClO6Na+ [M+Na]+: 431.1232, found: 431.1231. 
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(1S)-1,4-Anhydro-1-[4-chloro-3-(4-isopropylbenzyl)phenyl]-D-glucitol (32b) 

 Crude 58b (19 mg, 0.046 mmol, 42% yield) was prepared according to the 

procedure described for the synthesis of 32f using 56b (159 mg, 0.206 mmol) as a starting 

material. 

 Crude 59b was prepared according to the procedure described the synthesis of 59a 

using crude 58b as a starting material  

Compound 32b (3 mg, 0.007 mmol, 15% yield over 3 steps) was prepared 

according to the procedure described for the synthesis of 32a using crude 59b as a starting 

material. 1H-NMR (400 MHz, d4-MeOH) δ 7.30-7.19 (m, 2H), 7.08-7.00 (m, 5H), 4.50 (d, 

J = 3.8 Hz, 1H), 4.11 (q, J = 1.8 Hz, 1H), 4.04-3.89 (m, 3H), 3.86 (dd, J = 3.7, 1.5 Hz, 1H), 

3.82 (s, 1H), 3.74 (dd, J = 11.3, 3.0 Hz, 1H), 3.58-3.54 (m, 1H). 13C-NMR (100 MHz, d4-

MeOH) δ 141.40, 140.39, 130.37, 130.19, 129.83, 129.80, 127.39, 127.36, 126.85, 88.16, 

86.13, 82.35, 79.52, 74.34, 71.41, 42.45, 35.01, 24.49. HRMS (ESI) calcd. for 

C22H27ClO5Na+ [M+Na]+: 429.1439, found: 429.1456. 
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(1S)-1,4-Anhydro-1-[3-(4-ethoxybenzyl)-4-methylphenyl]-D-glucitol (32c) 

 Compound 55c (588 mg, 0.77 mmol, 45% yield) as a colorless oil was prepared 

according to the procedure described for the synthesis of 55d using 50c (522 mg, 1.71 

mmol) and 22 (921 mg, 1.71 mmol) as starting materials.  

 Compound 56c (414 mg, 0.55 mmol, 71.8% yield) as a colorless oil was prepared 

according to the procedure of the synthesis of 55d using 55c (588 mg, 0.77 mmol) as a 

starting material. 

 Compound 58c (97.0 mg, 0.25 mmol, 46% yield) as a colorless oil was prepared 

according to the procedure described for the synthesis of 32f using 56c as a starting 

material. 

 Compound 59c (93.5 mg, 0.17 mmol, 68% yield) was prepared according to the 

procedure described for the synthesis of 59a using 58c as a starting material. 

 Compound 32c (62.4 mg, 0.16 mmol, 94% yield) was prepared according to the 

procedure described for the synthesis of 32a using 59c as a starting material. 1H-NMR (400 

MHz, d4-MeOH) δ 7.17-7.10 (m, 2H), 7.05-6.99 (m, 1H), 6.96-6.89 (m. 2H), 6.73-6.67 (m, 

2H), 4.48 (d, J = 4.2 Hz, 1H), 4.14 (dd, J = 3.8, 1.8 Hz, 1H), 4.01-3.94 (m, 1H), 3.94-3.86 

(m, 4H), 3.82 (s, 2H), 3.76 (dd, J = 11.5, 3.3 Hz, 1H), 3.59 (dd, J = 11.5, 5.9 Hz, 1H), 2.09 

(s, 3H), 1.27 (t, J = 7.0 Hz, 3H). 13C-NMR (150 MHz, d4-MeOH) δ 158.69, 140,62, 139.63, 

137.05, 133.90,131.25, 130.72, 129.37, 125.70, 115.54, 88.74, 86.31, 82.23, 79.86, 71.60, 

65.31, 64.63, 39.71, 19.58, 15.34. HRMS (ESI) calcd. for C22H28O6Na+
 [M+Na]+: 411.1778, 
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411.1775. 

 

 

(1S)-1,4-Anhydro-1-[3-(4-isopropylbenzyl)-4-methylphenyl]-D-glucitol (32d) 

 Compound 58d (16.6 mg, 0.043 mmol, 43% yield) as a colorless oil was prepared 

according to the procedure described for the synthesis of 32f using 56d as a starting 

material. 

 Compound 59d (15.0 mg, 0.027 mmol, 63% yield) was prepared according to the 

procedure described for the synthesis of 59a using 58d as a starting material. 

Compound 32d (10.0 mg, 0.026 mmol, 95% yield) was prepared according to the 

procedure described for the synthesis of 32a using 59d (75mg, 0.10 mmol) as a starting 

material. 1H-NMR (400 MHz, d4-MeOH) δ 7.22-7.03 (m, 2H), 7.03-6.90 (m, 5H), 4.78 (d, 

J = 4.2 Hz, 1H), 4.13 (q, J = 1.9 Hz, 1H), 4.02-3.94 (m, 1H), 3.93-3.87 (m, 2H), 3.81-3.86 

(m, 2H), 3.76 (dd, J = 11.2, 3.2 Hz, 1H), 3.59 (dd, J = 11.5, 6.2 Hz, 1H), 2.79-2.69 (m, 1H), 

2.09 (s, 3H), 1.13 (d, J = 6.9 Hz, 6H). 13C-NMR (100 MHz, d4-MeOH) δ 147.55, 140.25, 

139.56, 139.14, 131.10, 129.59, 127.25, 125.61, 88.64, 86.22, 82.10, 79.76, 71.49, 65.22, 

40.04, 34.95, 24.50, 19.47. HRMS (ESI) calcd. for C23H30O5Na+ [M+Na]+: 409.1985, found: 

409.1999. 
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(1S)-1,4-Anhydro-1-[3-(4-ethylbenzyl)-4-methylphenyl]-D-glucitol (32e) 

 Compound 55e (450 mg, 0.59 mmol, 80% yield) as a colorless oil was prepared 

according to the procedure described for the synthesis of 55d using 50e (215 mg, 0.74 

mmol) and 46 (320 mg, 0.59 mmol) as starting materials.  

 Compound 56e (235 mg, 0.32 mmol, 55% yield) as a colorless oil was prepared 

according to the procedure of the synthesis of 56d using 55e as a starting material. 

 Compound 58e (50.0 mg, 0.13 mmol, 42% yield) as a colorless oil was prepared 

according to the procedure described for the synthesis of 32f using 56e as a starting 

material. 

 Compound 59e (44.0 mg, 0.081 mmol, 61% yield) was prepared according to the 

procedure described for the synthesis of 59a using 58e as a starting material. 

 Compound 32e (29.0 mg, 0.078 mmol, 96% yield) was prepared according to the 

procedure described for the synthesis of 32a using 59e as a starting material. 1H-NMR (400 

MHz, d4-MeOH) δ 7.20-7.13 (m, 2H), 7.05-6.98 (m, 3H), 6.97-6.92 (m, 2H), 4.48 (d, J = 

4.2 Hz, 1H), 4.13 (dd, J = 3.9, 1.8 Hz, 1H), 4.00-3.95 (m ,1H), 3.94-3.90 (m, 1H), 3.87 (s, 

2H), 3.76 (dd, J = 11.3, 3.4 Hz, 1H), 3.60 (dd, J = 11.5, 5.9 Hz, 1H), 2.51 (q, J = 7.6 Hz, 

2H), 2.11 (s, 3H), 1.12 (t, J = 7.5 Hz, 3H). 13C-NMR (150 MHz, d4-MeOH) δ 142.97, 

140.29, 139.60, 139.03, 136.95, 131.10,, 129.64,129.36, 128.75, 125.62, 88.68, 86.25, 

82.15, 79.80, 71.53, 65.25, 40.07, 29.42, 19.45, 16.23. HRMS (ESI) calcd. for C22H28O5 

[M+Na]+: 395.1829, 395.1827.  
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Methyl 5-bromo-2-chlorobenzoate (59) 

 To the solution of 5-bromo-2-chlorobenzoic acid (23.6 g, 0.10 mol) and K2CO3 

(13.8 g, 0.10 mol) in DMF (50 mL), MeI (17.7 g, 0.13 mol) was added and the resulting 

suspension was stirred for 3h at rt. After the reaction was completed, ice was added to 

quench reaction and the resulting mixture was extracted with EA (2x). The conbined 

organic layers were washed with brine, dried over MgSO4 filtered and concentrated in 

vacuo to obtain crude 35 (24.5 g, 0.098 mol, 98% yield). 1H-NMR (400 MHz, CDCl3) δ 

7.87 (d, J = 2.4 Hz, 1H), 7.44 (dd, J = 8., 2.5 Hz, 1H), 7.23 (d, J = 8.5 Hz, 1H), 3.86 (s, 3H). 
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(5-Bromo-2-chlorophenyl)methanol (60) 

 To the solution of 59 (24.5 g, 0.098 mol) in toluene (100 mL), LiAlH4 (4.10 g, 0.11 

mol) was added at 0 °C and the resulting mixture was returned to room temperature and 

stirred for 2 h. After the reaction was completed, H2O was added to quench reaction and the 

resulting mixture was extracted with EA. The organic layer was washed with 1.0 N NaOH, 

H2O and brine and concentrated to yield 60 (20.0 g, 0.090 mol, 92% yield) as a white solid. 

mp: 70 ºC. 1H-NMR (400 MHz, CDCl3) δ 7.62 (d, J = 2.3 Hz, 1H), 7.32 (dd, J = 8.4, 2.5 

Hz, 1H), 7.18 (d, J = 8.4 Hz, 1H), 4.71 (s, 2H). 
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(5-Bromo-2-chlorobenzyloxy)triisopropylsilane (61)  

 To the solution of 60 (17.0 g, 76.8 mmol) in DMF (50 mL), imidazole (10.5 g, 154 

mmol), DMAP (470 mg, 3.80 mmol) and TIPSCl (20.2 mL, 94.4 mmol). The resulting 

mixture was stirred at ambient temperature for 12 h. After the reaction was completed, the 

reaction was quenched with NH4Cl and extracted with EA. The organic layer was then 

washed with H2O and brine, dried over MgSO4, filtered and concentrated in vacuo to afford 

61 (23.5 g, 62.3 mmol, 81% yield) as a colorless oil. 1H-NMR (400 MHz, CDCl3) δ 7.81-

7.74 (m, 1H), 7.30 (dd, J = 8.4, 2.4 Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H), 4.84 (s, 2H), 1.15-

1.04 (m, 21H).  
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(1S)-1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[(4-chloro-3-hydroxymethyl)- 

phenyl]-D-glucitol (64) 

 Crude 62 as yellow oil was prepared according to the procedure described for the 

synthesis of 56f using 61 (6.44 g, 17.0 mmol) and 46 (7.35 g, 13.6 mmol) as starting 

materials. 

 To the solution of crude 62 in CH2Cl2 (10 mL) at -50 °C, was added Et3SiH (4 mL, 

25.0 mmol), followed by BF3•OEt2 (3.2 mL, 27.5 mmol) slowly to maintain the 

temperature below -40 °C. The resulting suspension was allowed to warm to -10 °C over 1 

h prior to quenching with K2CO3. After concentrated in vacuo, the resulting mixture was 

extracted with EA and washed with brine, dried over MgSO4, filtered and concentrated to 

afford crude 63 as a yellow oil. 

 To the solution of crude 63 in THF (10 mL) was added TBAF (1.0 M in THF, 17.0 

mL, 17.0 mmol) and the reaction mixture was stirred at ambient temperature for 2 h. After 

removal of organic volatiles under reduced pressure, the residue was extracted twice 

between EA and NH4Cl. The combined organic layers were then washed with brine, dried 

over MgSO4, filtered and purified with column chromatography (200 g silica gel, 

EA/toluene/n-hexane = 1/1/8) to afford 64 (4.0 g, 6.01 mmol, 44% yield over 3 steps) as a 

colorless oil. 1H-NMR (400 MHz, CDCl3) δ 7.59-7.28 (m, 21H), 7.25-7.14 (m, 2H), 5.01 (d, 

J = 2.6, 1H), 4.94 (d, J = 11.3 Hz, 1H), 4.79-4.56 (m, 7H), 4.54-4.39 (m, 3H), 4.37-4.31 (m, 

1H), 4.27 (d, J = 3.2 Hz, 1H), 4.13-4.02 (m, 2H), 3.87 (dd, J = 5.6, 10.6 Hz, 1H). 13C-NMR 
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(100 MHz, CDCl3) δ 139.77, 138.73, 138.37, 138.02, 137.54, 137.39, 131.31, 128.93, 

128.35, 128.16, 128.14, 127.77, 127.56, 127.50, 127.48, 127.46, 127.30, 126.65, 126.56, 

88.41, 85.95, 82.37, 80.87, 75.85, 73.30, 72.54, 71.69, 71.20, 71.06, 62.40.  

 

 

 

(1S)-1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-(4-chloro-3-oxomethylphenyl)-D- 

glucitol (65) 

Compound 65 (3.47 g, 5.23 mmol, 87% yield) was prepared according to the 

procedure described for the synthesis of 46 using 64 (4.0 g, 6.01 mmol) as a starting 

material. 1H-NMR (400 MHz, CDCl3) δ 7.93-7.76 (m, 1H), 7.55 (dd, J = 8.2, 1.6 Hz, 1H), 

7.45-7.15 (m, 19H), 7.11-6.83 (m, 2H), 5.02-4.79 (m, 2H), 4.71-4.45 (m, 5H), 4.38 (s, 1H), 

4.35 (dd, J = 9.1, 3.2 Hz, 1H), 4.30-4.20 (m, 1H), 4.20-3.87 (m, 4H), 3.79 (dd, J = 10.7, 5.5 

Hz, 1H). 13C-NMR (100 MHz, CDCl3) δ 189.54, 140.68, 138.77, 138.46, 137.47, 137.28, 

136.52, 133.15, 132.01, 130.44, 128.51, 128.46, 128.27, 128.25, 128.23, 127.98, 127.65, 

127.62, 127.59, 127.56 127.46, 127.42, 127.11, 88.29, 85.35, 82.27, 81.12, 75.88, 73.44, 

72.61, 71.88, 71.49, 71.00. HRMS (ESI) calcd. for C41H39ClO6 [M+Na]+: 685.2333, found : 

685.2288. 
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(1S)-1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-3-(2-methoxybenzyl)- 

phenyl]-D-glucitol (57i) 

 To the solution of 65 (150 mg, 0.23 mmol) in anhydrous THF (2 mL) under N2 

atmosphere was added a solution of 2-methoxyphenylmagnesium bromide (0.80 mL, 0.80 

mmol, 1.0 M in THF) drop wisely at -78 . After stirring for 2.5 h under -78 , NH4Cl 

was added to quench reaction and the resulting mixture was extracted with CH2Cl2. The 

organic phase was removed under reduced pressure and co-evaporated with toluene twice 

to afford crude 55i. 

 Compound 57i (145 mg, 0.19 mmol, 83% yield over 2 steps) as a colorless oil was 

prepared according to the procedure described for the synthesis of 56d using crude 55i as a 

starting material. 1H-NMR (400 MHz, CDCl3) δ 7.50-7.23 (m, 22H), 7.18-7.10 (m, 2H), 

7.07-7.01 (m, 1H), 6.97-.689 (m, 2H), 4.97 (d, J = 2.7 Hz, 1H), 4.94 (d, J = 11.6 Hz, 1H), 

4.74-4.65 (m, 2H), 4.65 (d, J = 11.6 Hz, 1H), 4.58 (s, 2H), 4.50-4.42 (m, 2H), 4.40 (dd, J = 

9.1, 3.4 Hz, 1H), 4.28-4.23 (m, 2H), 4.18 (s, 2H), 4.07- 4.01 (m, 2H), 3.87-3.80 (m, 4H). 

13C-NMR (100 MHz, CDCl3) δ 157.33, 139.44, 138.85, 138.51, 137.94, 137.58, 137.43, 

133.12, 130.01, 129.04, 128.96, 128.36, 128.17, 128.15, 127.77, 127.63, 127.52, 127.47, 

127.30, 125.30, 120.31, 110.11, 88.51, 85.85, 82.45, 80.80, 75.86, 73.31, 72.51, 71.59, 

71.24, 71.04, 55.10, 33.28. HRMS (ESI) calcd. for C48H47ClO6 [M+Na]+: 777.2953, found: 

777.2928 
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(1S)-1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-3-(3-methoxybenzyl)- 

phenyl]-D- glucitol (57j) 

 Crude 55j was prepared according to the procedure described for the synthesis of 

55i using 65 (150 mg, 0.23 mmol) and 3-methoxyphenylmagnesium bromide (0.80 mL, 

0.80 mmol, 1.0 M in THF). 

 Compound 57j (33 mg, 0.044 mmol, 19% yield over 2 steps) as a colorless oil was 

prepared according to the procedure described for the synthesis of 56d using crude 55j as a 

starting material. 1H-NMR (400 MHz, CDCl3) δ 7.38-7.11 (m, 22H), 7.04-6.98 (m, 2H), 

6.74-6.67 (m, 3H), 4.84 (d, J = 2.6 Hz, 1H), 4.81 (d, J = 11.4 Hz, 1H), 4.63-4.42 (m, 5H), 

4.39-4.30 (m, 2H), 4.26 (dd, J = 9.1, 3.4 Hz, 1H), 4.15-4.09 (m, 2H), 4.01 (s, 2H), 3.95-

3.88 (m, 2H), 3.72 (dd, J = 11.0, 5.2 Hz, 1H), 3.69 (s, 3H). 13C-NMR (100 MHz, CDCl3) δ 

159.67, 141.00, 139.78, 138.95, 138.62, 138.14, 137.68, 137.52, 133.02, 129.32, 129.09, 

128.47, 128.26, 128.24, 127.88, 127.64, 127.60, 127.58, 127.56, 127.39, 125.70, 121.31, 

114.82, 111.41, 88.59, 85.88, 82.49, 80.94, 76.01, 73.42, 72.60, 71.77, 71.37, 71.12, 55.03, 

39.18, 29.68. HRMS [ESI] calcd. for C48H47ClO6 [M+Na]+: 777.2953, found: 777.2914. 
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(1S)-1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-3-(4-methoxybenzyl)- 

phenyl]-D-glucitol (57k) 

 Crude 55k was prepared according to the procedure described for the synthesis of 

55i using 65 (150 mg, 0.23 mmol) and 4-methoxyphenylmagnesium bromide (1.60 mL, 

0.80 mmol, 0.5 M in THF). 

 Compound 57k (138 mg, 0.18 mmol, 79% yield over 2 steps) a yellowish oil was 

prepared according to the procedure described for the synthesis of 56d using crude 55k as a 

starting material. 1H-NMR (400 MHz, CDCl3) δ 7.49-7.29 (m, 18H), 7.28-7.22 (m, 3H), 

7.15-7.08 (m, 4H), 6.89-6.83 (m, 2H), 4.97 (d, J = 2.6 Hz, 1H), 4.93 (d, J = 11.4 Hz, 1H), 

4.69 (d, J = 2.1 Hz, 2H), 4.64 (d, J = 11.6 Hz, 1H), 4.62-4.52 (m, 2H), 4.45 (d, J = 3.0 Hz, 

2H), 4.41 (dd, J = 9.0, 3.4 Hz, 1H), 4.27-4.21 (m, 2H), 4.09.4.00 (m, 4H), 3.83 (dd, J = 

10.6, 5.6 Hz, 1H), 3.78 (s, 3H). 13C-NMR (100 MHz, CDCl3) δ 157.91, 139.68, 138.88, 

138.71, 138.52, 137.60, 137.45, 132.81, 131.31, 129.80, 129.17, 128.86, 128.37, 128.17, 

128.15, 127.79, 127.55, 127.49, 127.45, 127.30, 127.28, 125.43, 113.73, 88.46, 85.76, 

82.43, 80.86, 77.20, 75.92, 73.32, 72.47, 71.64, 71.26, 70.96, 54.99, 38.23. HRMS (ESI) 

calcd. for C48H47ClO6 [M+Na]+: 777.2953, found: 777.2903 
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(1S)-1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-3-(4-fluorobenzyl)- 

phenyl]-D-glucitol (57l) 

 Crude 55l was prepared according to the procedure described for the synthesis of 

55i using 65 (150 mg, 0.23 mmol) and 4-fluorophenylmagnesium bromide (0.80 mL, 0.80 

mmol, 1.0 M in THF). 

 Compound 57l (134 mg, 0.18 mmol, 78% yield over 2 steps) as a colorless oil was 

prepared according to the procedure described for the synthesis of 56d using crude 55l as a 

starting material. 1H-NMR (400 MHz, CDCl3) δ 7.24-7.19 (m, 20H), 7.17 (d, J = 2.0 Hz, 

1H), 7.10-7.02 (m, 4H), 6.96-6.89 (m, 2H), 4.91 (d, J = 2.5 Hz, 1H), 4.88 (d, J = 11.4 Hz, 

1H), 4.64 (s, 2H), 4.61-4.49 (m, 3H), 4.40 (s, 2H), 4.34 (dd, J = 9.1, 3.4 Hz, 1H), 4.18 (d, J 

= 3.4 Hz, 2H), 4.02 (s, 2H), 3.99 (dd, J = 10.8, 2.0 Hz, 1H), 3.96 (d, J = 2.6 Hz, 1H), 3.77 

(dd, J = 10.7, 5.5 Hz, 1H). 13C-NMR (100 MHz, CDCl3) δ 162.57, 160.14, 139.88, 138.89, 

138.55, 138.14, 137.63, 137.63, 137.47, 135.03, 135.00, 132.90, 130.29, 130.21, 129.33, 

128.92, 128.45, 128.24, 127.89, 127.64, 127.56, 127.54, 127.51, 127.37, 125.75, 115.20, 

114.99, 88.50, 85.79, 82.44, 80.96, 75.95, 73.41, 72.56, 71.73, 71.34, 71.07, 38.36. HRMS 

(ESI) calcd. for C47H44ClFO5 [M+H]+: 743.2940, found: 743.2904.   
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(1S)-1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-3-(4-tert-butylbenzyl)- 

phenyl]-D-glucitol (57m) 

 Crude 55m was prepared according to the procedure described for the synthesis of 

55i using 65 (150 mg, 0.23 mmol) and 4-tert-butylphenylmagnesium bromide (1.60 mL, 

0.80 mmol, 0.5 M in THF). 

 Compound 57m (125 mg, 0.16 mmol, 70% yield over 2 steps) as a colorless oil was 

prepared according to the procedure described for the synthesis of 56d using crude 55m as 

a starting material. 1H-NMR (400 MHz, CDCl3) δ 7.47-7.20 (m, 23H), 7.14-7.06 (m, 4H), 

4.92-4.84 (m, 2H), 4.66-4.56 (m, 3H), 4.55-4.47 (m, 2H), 4.45-4.36 (m, 2H), 4.32 (dd, J = 

9.0, 3.4 Hz, 1H), 4.25-4.19 (m, 1H), 4.18 (d, J = 3.4 Hz, 1H), 4.06 (s, 2H), 3.99 (dd, J = 

10.8, 1.9 Hz, 1H), 3.95 (d, J = 2.8 Hz, ), 3.77 (dd, J = 10.6, 5.6 Hz, 1H), 1.31 (s, 9H). 13C-

NMR (100 MHz, CDCl3) δ 148.85, 139.70, 138.87, 138.54, 138.44, 137.64, 137.48, 136.33, 

133.05, 129.33, 129.12, 128.44, 128.41, 128.25, 128.23, 128.22, 127.86, 127.60, 127.55, 

127.54, 127.37, 125.66, 125.23, 85.54, 85.94, 82.49, 80.89, 75.95, 73.39, 72.60, 71.72, 

71.30, 71.10, 38.63, 34.28, 31.32. HRMS (ESI) calcd. for C51H53ClO5 [M+Na]+: 803.3474, 

found: 803.3442.  
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(1S)-1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-3-(4-methylthiobenzyl)- 

phenyl]-D-glucitol (57n) 

 Crude 55n was prepared according to the procedure described for the synthesis of 

55i using 65 (150 mg, 0.23 mmol) and 4-thioanisolemagnesium bromide (1.60 mL, 0.80 

mmol, 0.5 M in THF). 

 Compound 57n (102 mg, 0.13 mmol, 58% yield over 2 steps) was prepared 

according to the procedure described for the synthesis of 56d using crude 55n as a starting 

material. 1H-NMR (400 MHz, CDCl3) δ 7.44-7.27 (m, 19H), 7.25-7.15 (m, 4H), 7.10-7.05 

(m, 4H), 4.94 (d, J = 2.5 Hz, 1H), 4.90 (d, J = 11.5 Hz, 1H), 4.66 (d, J = 1.5 Hz, 2H), 4.63-

4.54 (m, 3H), 4.41 (d, J = 2.4 Hz, 2H), 4.37 (dd, J = 9.0, 3.3 Hz, 1H), 4.22-4.16 (m, 2H), 

4.04 (s, 2H), 4.01 (dd, J = 10.7, 1.9 Hz, 1H), 3.98 (d, J = 2.5 Hz, 1H), 3.78 (dd, J = 10.7, 

5.5 Hz, 1H), 2.44 (s, 3H). 13C-NMR (100 MHz, CDCl3) δ 139.76, 138.84, 138.51, 138.12, 

137.58, 137.42, 136.27, 135.81, 132.86, 129.33, 129.92, 128.40, 128.19, 127.82, 127.58, 

127.51, 127.49, 127.48, 127.31, 126.78, 125.61, 88.42, 85.74, 82.36, 80.84, 75.91, 73.33, 

72.46, 71.65, 71.27, 70.86, 38.57, 15.89. HRMS (ESI) calcd. for C48H47ClO5S [M+H]+: 

771.2905, found: 771.2879. 
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(1S)-1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-3-(4-phenoxybenzyl)- 

phenyl]-D-glucitol (57o) 

 Crude 55o was prepared according to the procedure described for the synthesis of 

55i using 65 (150 mg, 0.23 mmol) and 4-phenoxyphenylmagnesium bromide (1.6 mL, 0.80 

mmol, 0.5 M in THF). 

 Compound 57o (131 mg, 0.16 mmol, 70% yield over 2 steps) as a yellowish oil was 

prepared according to the procedure described for the synthesis of 56d using crude 55o as a 

starting material. 1H-NMR (400 MHz, CDCl3) δ 4.48-7.27 (m, 20 H), 7.20-7.04 (m, 9H), 

7.00-6.95 (m, 2H), 5.00 (d, J = 2.4 Hz, 1H), 4.95 (d, J = 11.4 Hz, 1H), 4.72-4.55 (m, 5H), 

4.49-4.37 (m, 3H), 4.31-4.21 (m, 2H), 4.11 (s, 2H), 4.08 (dd, J = 10.7, 1.9 Hz, 1H),  4.04 (d, 

J = 2.7 Hz, 1H), 3.85 (dd, J = 10.6, 5.5 Hz, 1H). 13C-NMR (100 MHz, CDCl3) δ 157.25, 

157.14, 155.41, 139.78, 138.83, 138.48, 138.30, 137.56, 137.41, 134.20, 132.89, 130.59, 

130.02, 129.62, 129.57, 129.28, 128.96, 128.40, 128.19, 128.17, 127.83, 12758, 127.50, 

127.48, 127.32, 125.66, 123.09, 122.95, 118.77, 118.61, 88.43, 85.79, 82.39, 80.87, 75.91, 

73.33, 72.50, 71.65, 71.28, 70.95, 38.39. HRMS (ESI) calcd. for C53H49ClO6 [M+Na]+
: 

839.3110, found: 839.3074. 
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(1S)-1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-3-(6-methoxy-naphtha- 

len-2-yl)methyl] phenyl]-D-glucitol (57p) 

Crude 55p was prepared according to the procedure described for the synthesis of 

55i using 65 (150 mg, 0.23 mmol) and 6-Methoxy-2-naphthylmagnesium bromide 

solution (1.6 mL, 0.80 mmol, 0.5 M in THF). 

 Compound 57p (120 mg, 0.15 mmol, 65% yield over 2 steps) as a yellowish oil was 

prepared according to the procedure described for the synthesis of 56d using crude 55p as a 

starting material. 1H-NMR (400 MHz, CDCl3) δ 7.83-7.45 (m, 5H), 7.37-7.25 (m, 13H), 

7.23-7.13 (m, 7H), 7.10-6.91 (m, 4H), 4.91 (m, 1H), 4.70-4.64 (m, 1H), 4.60-4.51 (m, 2H), 

4.50-4.43 (m, 2H), 4.37-4.23 (m, 3H), 4.09 (dd, J = 8.8, 3.5 Hz, 1H), 4.00-3.92 (m, 2H), 

3.92-3.87 (m, 2H), 3.87-3.82 (m, 3H), 3.74-3.63 (n, 1H), 3.40-3.33 (m, 2H). 13C-NMR (100 

MHz, CDCl3) δ 157.73, 138.92. 138.61, 137.50, 134.05, 132.11, 129.55, 128.57, 128.48, 

128.26, 128.22, 127.87, 127.62, 127.59, 127.52, 127.39, 126.96, 126.61, 126.22, 126.17, 

126.04, 125.71, 125.57, 118.79, 105.62, 88.48, 85.74, 82.35, 80.90, 76.03, 73.41, 72.58, 

72.47, 71.72, 71.37, 57.14, 29.74. HRMS (ESI) calcd. for C52H49ClO6 [M+Na]+: 827.3110, 

found: 827.3217. 
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(1S)-1,4-Anhydro-2,3,5,6-tetra-O-benzyl-1-C-[4-chloro-3-(3,4-methylenedioxy- 

benzyl)phenyl]-D-glucitol (57q) 

 Crude 55q was prepared according to the procedure described for the synthesis of 

55i using 65 (150 mg, 0.23 mmol) and 3,4-(methylenedioxy)phenylmagnesium 

bromide (0.8 mL, 0.80 mmol, 1.0 M in THF/toluene = 1/1). 

 Compound 57q (106 mg, 0.14 mmol, 60% yield over 2 steps) as a colorless oil was 

prepared according to the procedure described for the synthesis of 56d using crude 55q as a 

starting material. 1H-NMR (400 MHz, CDCl3) δ 7.41-7.20 (m, 19H), 7.20-7.15 (m, 2H), 

7.07-7.02 (m, 2H), 6.69 (d, J = 7.9 Hz, 1H), 6.63-6.56 (m, 2H), 5.85 (dd, J = 5.2, 1.5 Hz, 

2H), 4.88 (d, J = 2.6 Hz, 1H), 4.86 (d, J = 11.5 Hz, 1H), 4.62 (d, J = 1.3 Hz, 2H),  4.57 (d, 

J = 11.6 Hz, 1H), 4.51 (d, J = 7.1 Hz, 2H), 4.43-4.34 (m, 2H), 4.31 (dd, J = 9.0, 3.5 Hz, 

1H), 4.20-4.14 (m, 2H), 3.99-3.94 (m, 3H), 3.93 (d, J = 2.6 Hz, 1H), 3.76 (dd, J = 10.8, 5.7 

Hz, 1H). 13C-NMR (100 MHz, CDCl3) δ 189.54, 140.68, 138.77, 138.46, 137.47, 137.28, 

136.52, 133.15, 132.01, 130.46, 128.51, 128.27, 128.25, 128.23, 127.98, 127.65, 127.62, 

127.59, 127.56, 127.46, 127.42, 127.11, 88.29, 85.35, 82.27, 81.12, 75.88, 73.44, 72.61, 

71.88, 71.49, 71.00. HRMS (ESI) calcd. for C48H45ClO7 [M+Na]+:791.2752, found: 

791.2746. 
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(1S)-1,4-Anhydro-1-[4-chloro-3-(2-methoxybenzyl)phenyl]-D-glucitol (32i) 

 Compound 32i (32.3 mg, 0.082 mmol, 43% yield) as a colorless oil was prepared 

according the procedure described for the synthesis of 32f using 57i (145 mg, 0.19 mmol) 

as a starting material. 1H-NMR (400 MHz, d4-MeOH) δ 7.27-7.18 (m, 2H), 7.17-7.09 (m, 

2H), 6.92-6.83 (m, 2H), 6.79-6.72 (m, 1H), 4.46 (d, J = 3.7 Hz, 1H), 4.12-4.08 (m, 1H), 

3.99-3.89 (m, 4H), 3.85 (dd, J = 3.8, 1.5 Hz, 1H), 3.77-3.68 (m, 4H), 3.61-3.52 (m, 1H). 

13C-NMR (100 MHz, d4-MeOH) δ 158.87, 141.05, 139, 134.02, 131.59, 131.12, 130.81, 

130.10, 129.90, 128.81, 128.76, 126.56, 121.39, 111.46, 88.08, 86.05, 82.22, 79.46, 71.33, 

65.17, 55.80, 34.26. HRMS (ESI) calcd. for C20H23ClO6 [M+Na]+:417.1075, found: 

417.1075. 
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(1S)-1,4-Anhydro-1-[4-chloro-3-(3-methoxybenzyl)phenyl]-D-glucitol (32j) 

 Compound 32j (8.00 mg, 0.022 mmol, 50% yield) as a colorless oil was prepared 

according the procedure described for the synthesis of 32f using 57j (33 mg, 0.044 mmol) 

as a starting material. 1H-NMR (400 MHz, d4-MeOH) δ 7.33-.719 (m, 3H), 7.14-7.06 (m, 

1H), 6.72-6.64 (m, 3H), 4.52 (d, J = 3.7 Hz, 1H), 4.12 (dd, J = 3.4, 1.6 Hz, 1H), 4.01-3.92 

(m, 4H), 3.87 (dd, J = 2.7, 1.7 Hz, 1H), 3.75 (dd, J = 11.4, 3.0 Hz, 1H), 3.67 (s, 3H), 3.59 

(dd, J = 11.4, 5.4 Hz, 1H). 13C-NMR (100 MHz, d4-MeOH) δ 161.24, 142.48, 141.46, 

139.51, 133.92, 131.60, 131.25, 130.85, 130.36, 130.19, 126.93, 122.24, 115.58, 112.57, 

88.13, 86.12, 82.36, 79.49, 71.40, 65.23, 55.55, 40.03. HRMS (ESI) calcd. for C20H23ClO6 

[M+Na]+: 417.1075, found: 417.1075. 
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(1S)-1,4-Anhydro-1-[4-chloro-3-(4-methoxybenzyl)phenyl]-D-glucitol (32k) 

 Compound 32k (30.6 mg, 0.077 mmol, 43% yield) as a colorless oil was prepared 

according the procedure described for the synthesis of 32f using 57k (138 mg, 0.18 mmol) 

as a starting material. iH-NMR (400 MHz, d4-MeOH) δ 7.29-7.19 (m, 3H), 7.07-6.99 (m, 

2H), 6.79-6.71 (m, 2H), 4.51 (d, J = 3.6 Hz, 1H), 4.11 (dd, J = 3.4, 1.6 Hz, 1H), 4.01-3.91 

(m, 4H), 3.87 (dd, J = 3.6, 1.6 Hz, 1H), 3.75 (dd, J = 11.3, 2.9 Hz, 1H), 3.69 (s, 3H), 3.59 

(dd, J = 11.4, 5.3 Hz, 1H). 13C-NMR (100 MHz, d4-MeOH) δ 141.41, 140.09, 133.84, 

132.92, 131.61, 131.25, 130.85, 130.25, 130.16, 126.79, 114.85, 88.15, 86.09, 82.36, 79.50, 

71.41, 65.23, 55.65, 39.21. HRMS (ESI) calcd. for C20H23ClO6 [M+Na]+:417.1075, found: 

417.1075. 
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(1S)-1,4-Anhydro-1-[4-chloro-3-(4-fluorobenzyl)phenyl]-D-glucitol (32l) 

Compound 32l (27.6 mg, 0.072 mmol, 40% yield) as a colorless oil was prepared 

according the procedure described for the synthesis of 32f using 57l (134 mg, 0.18 mmol) 

as a starting material. 1H-NMR (400 MHz, d4-MeOH) δ  6.34-7.23 (m, 3H), 7.15-7.07 (m, 

2H), 6.96-6.86 (m, 2H), 4.53 (d, J = 3.7 Hz, 1H), 4.13 (dd, J = 3.5, 1.7 Hz, 1H), 4.04-3.92 

(m, 4H), 3.88 (dd, J = 3.7, 1.6 Hz, 1H), 3.76 (dd, J = 11.4, 3.0 Hz, 1H), 3.61 (dd, J = 11.3, 

5.4 Hz, 1H). 13C-NMR (100 MHz, d4-MeOH) δ 141.55, 139.44, 136.87, 133.86, 131.59, 

131.49, 131.41, 131.21, 130.82, 130.29, 130.27, 127.04, 116.05, 115.84, 88.10, 86.08, 

82.37, 79.46, 71.39, 65.22, 39.23. HRMS (ESI) calcd. for C19H20ClFO5 [M+Na]+: 443.1596, 

found: 443.1598. 
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(1S)-1,4-Anhydro-1-[4-chloro-3-(4-tert-butylbenzyl)phenyl]-D-glucitol (32m) 

 Compound 32m (29.0 mg, 0.069 mmol, 43% yield) as a colorless oil was prepared 

according the procedure described for the synthesis of 32f using 57m (125 mg, 0.16 mmol) 

as a starting material. 1H-NMR (400 MHz, d4-MeOH) δ 7.47-7.41 (m, 3H), 7.24-7.21 (m, 

2H), 7.06-7.01 (m, 2H), 4.51 (d J = 3.8 Hz, 1H), 4.12 (dd, J = 3.5, 1.7 Hz, 1H), 4.01-3.90 

(m, 4H), 3.88 (dd, J = 3.7, 1.6 Hz, 1H), 3.76 (dd, J = 11.4, 3.1 Hz, 1H), 3.60 (dd, J = 11.4, 

5.4 Hz, 1H), 1.23 (s, 9H). 13C-NMR (100 MHz, d4-MeOH) δ 141.39, 139.84, 137.88, 

133.92, 131.61, 131.24, 130.84, 130.36, 130.18, 129.51, 126.84, 126.26, 88.14, 86.12, 

82.33, 79.52, 71.41, 65.23, 44.40, 39.54, 35.18, 34.67, 31.86, 31.82. HRMS (ESI) calcd. for 

C23H30clO5 [M+Na]+: 405.0876, found: 405.0876.  
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(1S)-1,4-Anhydro-1-[4-chloro-3-(4-methylthiobenzyl)phenyl]-D-glucitol (32n) 

 Compound 32n (18.7 mg, 0.045 mmol, 35% yield) as a yellowish oil was prepared 

according the procedure described for the synthesis of 32f using 57m (102 mg, 0.13 mmol) 

as a starting material. 1H-NMR (400 MHz, d4-MeOH) δ 7.30-7.21 (m, 3H), 7.15-7.08 (m, 

2H), 7.07-7.01 (m, 2H), 4.52 (d, J = 3.6 Hz, 1H), 4.12 (dd, J = 3.4, 1.6 Hz, 1H), 3.99-3.91 

(m, 4H), 3.87 (dd, J = 3.7-1.7 Hz, 1H), 3.75 (dd, J = 11.3, 2.8 Hz, 1H), 3.59 (dd, J = 11.3, 

5.3 Hz, 1H), 2.37 (s, 3H). 13C-NMR (100 MHz, d4-MeOH) δ 141.50, 139.53, 137.98, 

137.51, 130.43, 130.32, 130.23, 128.01, 126.96, 88.13, 86.10, 82.37, 79.48, 71.41, 65.23, 

39.53, 16.05. HRMS (ESI) C20H23ClO5S [M+Na]+: 433.0847, found: 433.0869.  
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(1S)-1,4-Anhydro1-[4-chloro-3-(4-phenoxybenzyl)phenyl]-D-glucitol (32o) 

Compound 32o (23.4 mg, 0.051 mmol, 32% yield) as a colorless oil was prepared 

according the procedure described for the synthesis of 32f using 57o (131 mg, 0.16 mmol) 

as a starting material. 1H-NMR (400 MHz, d4-MeOH) δ 7.31 (d, J = 1.8 Hz, 1H), 7.28-7.21 

(m, 4H), 7.13-7.08 (m, 2H), 7.02-6.97 (m, 1H), 6.91-6.85 (m ,2H), 6.84-6.79 (m, 2H), 4.52 

(d, J = 3.6 Hz, 1H), 4.12 (dd, J = 1.6, 3.5 Hz, 1H), 4.02-3.92 (m, 4H), 3.87 (d, J = 3.7, 1.6 

Hz, 1H), 3.76 (dd, J = 11.3, 3.0 Hz, 1H), 3.60 (dd, J = 11.4, 5.6 Hz, 1H). 13C-NMR (100 

MHz, d4-MeOH) δ 158.94, 157.00, 141.53, 139.70, 136.03, 133.90, 131.24, 130.81, 130.32, 

130.25, 126.98, 124.15, 119.96, 119.90, 119.62, 88.16, 86.14, 82.39, 79.51, 71.42, 65.25, 

39.36. HRMS (ESI) calcd. for C25H25ClO6 [M+Na]+: 479.1232, found: 479.1219.  
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(1S)-1,4-Anhydro-1-[4-chloro-3-(6-methoxy-naphthalen-2-yl)methyl]phenyl]-D- 

glucitol (32p) 

 Compound 32p (10 mg, 0.023 mmol, 15% yield) as a colorless oil was prepared 

according the procedure described for the synthesis of 32f using 57p (120 mg, 0.15 mmol) 

as a starting material. 1H-NMR (400 MHz, d4-MeOH) δ 7.58 (dd, J = 13.7, 8.4 Hz, 2H), 

7.45 (s, 1H), 7.36-7.18 (m, 4H), 7.11 (d, J = 2.4 Hz), 7.01 (dd, J = 9.0, 2.6 Hz, 1H), 4.51 (d, 

J = 3.6 Hz, 1H), 4.18-4.07 (m, 3H), 3.97-3.97 (m, 2H), 3.88 (dd, J = 3.6, 1.6 Hz, 1H), 3.81 

(s, 3H), 3.73-3.67 (m, 1H), 3.60-3.52 (m, 1H). 13C-NMR (100 MHz, d4-MeOH) δ 158.87, 

141.48, 139.71, 136.08, 134.76, 134.01, 130.52, 130.45, 130.25, 130.01, 128.87, 128.00 

127.96, 126.93, 119.69, 106.64, 88.14, 86.09, 82.34, 79.48, 71.38, 65.18, 55.79, 40.02. 

HRMS (ESI) calcd. for C24H25ClO6 [M+Na]+: 469.1232, found: 479.1233. 
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(1S)-1,4-Anhydro-1-[4-chloro-3-(3,4-methylenedioxy-benzyl)phenyl]-D-glucitol (32q) 

Compound 32q (20 mg, 0.049 mmol, 35% yield) as a colorless oil was prepared 

according the procedure described for the synthesis of 32f using 57q (106 mg, 0.14 mmol) 

as a starting material. 1H-NMR (400 MHz, d4-MeOH) δ 7.32-7.19 (m, 3H), 6.68-6.54 (m, 

3H), 5.81 (s, 2H), 4.51 (d, J = 3.7 Hz, 1H), 4.14-4.19 (m, 1H), 4.00-3.90 (m, 4H), 3.89-3.85 

(m, 1H), 3.75 (dd, J = 11.3, 2.8 Hz, 1H), 3.59 (dd, J = 11.2, 5.2 Hz, 1H). 13C-NMR (100 

MHz. d4-MeOH) δ 149.11,141.4345, 139.80, 134.72, 133.81, 130.23, 130.18, 126.89, 

122.88, 110.16, 108.99, 102.11, 88.13, 86.07, 82.36, 79.46, 71.38, 65.20, 39.67.  HRMS 

(ESI) calcd. for C20H21ClO7Na+ [M+Na]+: 431.0868, found: 431.0876. 
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(1S)-1,4-Anhydro-1-[4-chloro-3-(4-biphenylmethyl)phenyl]-D-glucitol (32r) 

 To a stirred suspension of magnesium (30.9 mg, 1.27 mmol) and 4-bromo-biphenyl 

(250 mg, 1.07 mmol) in THF (2 mL) was added I2 (136 mg, 1.07 mmol) and reflux for 1.5 

h. After colling to r.t., the resulting Grignard reagent was cooled to -78 ºC before adding 65 

(0.51 mmol, 338 mg) in THF (1 mL). The resulting mixture was stirred at -78 ºC for 3 h 

and quenched with sat. NH4Cl and extracted twice with EA. The combined organic layers 

were washed with brine, dired over MgSO4 and concentrated to afford crude 55r. 

 Crude 57r was prepared according to the procedure described for the synthesis of 

56f using crude 55r as a starting material. 

 Compound 32r (4 mg, 0.010 mmol 1% yield over 4 steps) as a colorless oil was 

prepared according to the procedure described for the synthesis of 32f using 57r (76.9 mg, 

0.096 mmol) as a starting material. 1H-NMR (400 MHz, d4-MeOH) δ 7.52 (d, J = 7.0 Hz, 

2H ), 7.49-7.43 (m, 3H), 7.37-7.31 (m, 3H), 7.29-7.25 (m, 2H), 7.20 (d, J = 8.3 Hz, 2H), 

4.53 (d, J = 3.5 Hz, 1H), 4.12 (q, J = 1.7 Hz, 1H), 4.07 (s, 2H), 4.00-3.92 (m ,2H), 3.88 (dd, 

J = 3.7, 1.6 Hz, 1H), 3.75 (dd, J = 11.3, 2.9 Hz, 1H), 3.59 (dd, J = 11.4 ,5.2 Hz, 1H). 
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4.2.2 Transformation and Isolation of Plasmid DNA 

 The purchased hSGLT2 and EGFP plasmid came with the filter disc. The sample 

discs were placed separately in 1.5 mL microcentrifuge tubes and 50 μL of water were 

added and let stood at r.t. for 30 mins.   

 The frozen competent cell ECOS-101 was thawed on ice for 5 mins to obtain 

approximately 1/3 thawed state. 50 μL of ECOS-101 was extracted to another 1.5 mL 

microcentrifuge tube. Immediate after that, 5 μL of each plasmid was added separately to 

the 50 μL ECOS-101 prepared. The mixtures were tapped for 1 sec to homogenize and 

were immediately incubated at 42 ºC for 45 sec. Afterwards, the mixtures were again 

tapped for 1 sec before being transferred to chilled and dry agar plates (coated with 

Ampicillin), spreading by YB plating beads (autoclaved, dried, 4.0 mm diameter). The agar 

plates were immediately incubated at 37 ºC for 16 hrs.  

 5 colonies were selected from each plate and incubated in LB broth (1 mL) with 

ampicillin (final concentration 100mg/mL) at 37 ºC for 16 hrs. The isolation of plasmid 

DNA was carried out using QIAprep® Miniprep. The isolated plasmid DNA were treated 

with FastDigest® restriction enzymes (HindIII/EcORI for EGFP, SacI, SacI/XhoI, 

ScaI/NheI for hSGLT2) to confirm the band patterns are compatible to the plasmid sizes. 

The amount of DNA isolated was calculated with Nanodrop 2000. 

 

4.2.3 Digestion and Ligation 

 In order to generate plasmid DNA without the open reading frame (ORF) of 

hSGLT2 for the transfection of control cell, the ORF sequence was removed with 

restriction enzymes, SacI and XhoI. The backbone and the ORF sequence were separated 
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with 10% agar electrophoresis. The extracted hSLGT2 backbone was treated with DNA 

blunting enzyme and re-ligated with Rapid DNA ligation Kit. 

 

4.2.4 Transfection  

A. Plate cells 

 COS-7 cells (2 x 105/well) were plated in 6-well plate in High-glucose DMEM 

(10%FBS, 1% NEAA, 0.5% PS) 20 hrs before transfection. 2 h before transfection replaced 

the existing medium with fresh medium. 

 

B. Prepare TransIT-LT1 Reagent – DNA complex (amount stated for 1-well only) 

 This procedure was carried out immediately before the transfection. TransIT-LT1 

reagent was warmed to r.t. and was vortexed before use. 7.5 μL of TransIT-LT1 reagent was 

added to 250 μL of serum-free Opti-MEM in a sterile tube. After pipetting and mixed 

gently, 2.5 μg of plasmid DNA (EGFP, hSGLT2, backbone) was added to the dilute 

TransIT-LT1 reagent. After mixing gently, the mixtures were incubated at r.t. for 30 mins.  

 

C. Add complexes to cells in complete growth medium 

The mixtures prepared in step B were added dropwisely to the prepared cells in 6-

well plate. After addition, culture vessels were rocked back and forth and form side to side 

to evenly distribute the TransIT-LT1 reagent – DNA complexes. After 48 hrs of incubation, 

cells were harvest for stable clone selection and western blot. 
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4.2.5 Stable Clone Selection 

Cells were dissociated by PBS wash and centrifuged at 300 rom for 5 mins. 

Different numbers of cells (104, 3x104, 105/per well) were plated into 6-well plate. G418 

with final concentration of 500 μg/mL was added to the culture medium for selection. After 

the single colonies were formed, they were picked up by pipetting and transferred into 96-

well plate. When the cells were confluent in 96-well plate, they were transferred to 24-well 

plate. Again, they were transferred to 6-well plate and to T25 flask after the wells were 

confluent.   

 

4.2.6 Western Blot 

All protein concentrations were determined by BCA protein Assay Kit. Lysate 

buffer was added to the samples containing total 10 μg of protein to make up to total 

volume of 15 μL. To this mixture, 1μL of Beta-ME and 5 μL Laemmli buffer were added 

and heated to 90 ºC for 5 mins. The proteins were resolved by NuPAGE® Novex 4-12% 

Bis-Tris Gel 1.0 mm, 12 well, and transferred to nitrocellulose membrane. After blocking 

with 5% skimmed milk plus Tween-20, 0.1% for 30 mins, blots were probed in the same 

buffer with mouse anti-hSGLT2 (1:500) or anti-rabbit-hSLGT2 (1:500) for 1 hr at r.t. and 

washed with 0.05% Tween-20 4 times for 5 mins each. The blots were then incubated with 

secondary antibodies (1:2000) for 1 hr at r.t. Washes were performed as above and then 

visualized with an enhanced chemiluminscence kit. 
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