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Abstract

A series of gem-dimethyl-bearing C-glucosides were designed and synthesized as SGLT?2 inhibitors, with anhydrous aluminum
chloride-mediated Friedel-Crafts alkylation to construct the gem-dimethyl functionality being the key step. The in vivo anti-
hyperglycemic activity was evaluated with mice oral glucose tolerance test (OGTT), and all the synthesized compounds showed
significant but less potent anti-hyperglycemic activity than the positive control dapagliflozin.
© 2011 Gui Long Zhao. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
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Diabetes is a chronic metabolic disease which is characterized by hyperglycemia. If not being controlled
appropriately, hyperglycemia would lead to a variety of severe diabetic complications.

Over 99% of the plasma glucose that is filtered in the renal glomerulus is reabsorbed into the blood mainly by
sodium-glucose co-transporter 2 (SGLT?2) in the renal proximal tubule [1]. Therefore, inhibition of SGLT2 would
suppress the reabsorption of glucose from glomerular filtrate, thus lowering the blood glucose levels. SGLT2 inhibitors
have become a promising class of hypoglycemic agents for the treatment of type 2 diabetes.

The origin of the discovery of SGLT2 inhibitors was the natural product phlorizin (Fig. 1), which has been
discovered as a glycosuric agent more than several decades ago. More recently, phlorizin was found to be a SGLT2
inhibitor, but it was non-selective against SGLT2/SGLT1 and was liable to the degradation by B-glycosidase in the
small intestine [2]. Encouraged by these observations, a number of O-glucosides were discovered as SGLT2 inhibitors
based on the molecular structure of phlorizin in the earlier stage (Fig. 1). However, like phlorizin, they were later found
to be still liable to the degradation by B-glycosidase [3], whose pre-clinical or clinical trials were all discontinued.

The C-glucosides were subsequently designed, and they were found to be robust to the degradation by B-
glycosidase (Fig. 2). Among the C-glucosides discovered as SGLT?2 inhibitors so far, dapagliflozin was the most
advanced one, which is now in phase III clinical trials [1].

The benzylic methylene group between the two benzene rings of dapaglifiozin was liable to be hydroxylated in in
vivo metabolism, and the metabolite thus formed was not a SGLT?2 inhibitor [4]. Inspired by these observations, a
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Fig. 1. Molecular structures of some well-established O-glucosides as SGLT2 inhibitors in the earlier stage.

variety of gem-dimethyl-bearing C-glucosides have been designed and evaluated in vivo in our laboratories, which
were found to be potent SGLT?2 inhibitors (Fig. 3) [5]. In order to further investigate the structure-activity relationship
of this novel class of gem-dimethyl-bearing SGLT2 inhibitors, a new series of C-glucosides were further designed here
to explore the effect of the substituents at the different positions of benzene ring adjacent to the glucose moiety on the
anti-hyperglycemic activity (Scheme 1).

The synthetic route to the title compounds was outlined in Scheme 1. p-Glucolactone 2 was pertrimethylsilylated
according to a known procedure [1,6]. Benzoic acids 4a—d were converted to their ethyl esters Sa—d following a
standard procedure. Esters Sa—d were treated with excess MeMgCl in THF to smoothly furnish the tertiary alcohols
6a—d, which were coupled with phenetol to give rise to 7a—d by AICl;-mediated Friedel-Crafts alkylation.
Bromides 7a—d were treated with n-BuLi at —78 °C to give the corresponding aryl lithiums, which were trapped in
situ with 3 to afford 8a—d. The intermediates 8a—d formed were treated in sifu with methanol in the presence of
MsOH to yield 9a—d. The anomeric methoxy group in 9a—d was reductively removed with Et3SiH in the presence of
BF;-Et,0 to furnish C-glucosides 10a—d as anomeric mixtures. Peracetylation of 10a—d to 11a—d with Ac,0 was
achieved in refluxing acetic acid in the presence of anhydrous NaOAc. Tetraacetates 11a—d, which were still in the
form of anomeric mixtures, were subjected to column chromatography to separate the desired 8-anomers 12a—d.
Treatment of tetraacetates 12a—d with MeONa in methanol at room temperature smoothly cleavaged all the acetyl
groups to afford the desired products 1a—d [8] after neutralizing the MeONa in the reaction mixture with strongly
acidic resin in H" form.
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Fig. 2. Molecular structures of some SGLT2 inhibitors that are now in clinical trials.
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Fig. 3. The SGLT2 inhibitors designed previously in our laboratories.
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Scheme 1. Reagents and conditions: (i) TMSCI (6 eq), NMM (8 eq), THF, 0-35 °C; (ii) CH,SO,, EtOH, PhH, reflux; (iii) 2MeMgCl, THF, —5 °C to
0 °C; (iv) AICl;, PhOEt, CH,Cl,, 0 °C — rt; (v) n-BuLi, THE, —78 °C; then, 3 in PhMe, —78 °C; (vi) MsOH, MeOH, rt; (vii) Et3SiH, BF5-Et,0,
CH,Cl,, 0-5 °C and then rt; (viii) NaOAc, Ac,0, AcOH, reflux; (ix) column chromatography; (x) NaOMe, MeOH, rt; then strongly acidic resin H*
form), rt.

The anti-hyperglycemic activities of 1a—d were evaluated in vivo using mice oral glucose tolerance test (OGTT)
according to a known procedure [5,7], and the results were summarized in Fig. 4 and Table 1. As shown in Table 1, the
anti-hyperglycemic activities of 1a—d were all significant but less potent than the positive control dapagliflozin, and
the inhibition rates were in the following order, 1b > 1d > 1c¢ > 1a, demonstrating that substituents at the 4-postion of
the benzene ring adjacent to the glucose moiety were the most preferred and the order of preference for positions on
this benzene ring is 4-position > 6-position > 5-position > 2-position, which is consistent with the SAR obtained
from analogous structures [1].

In conclusion, a series of gem-dimethyl C-glucosides were designed and synthesized as SGLT2 inhibitors, and the
in vivo anti-hyperglycemic activities were evaluated with mice oral glucose tolerance test, which revealed that
substituents at the 4-position of the benzene adjacent to the glucose moiety were most preferred.
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Fig. 4. Changes of mean blood glucose levels following administration of compounds la-c.
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Table 1

In vivo inhibition of blood glucose levels of la—c.

Compounds Dapagliflozin la 1b 1c 1d
Inhibition rates/% 79 57 72% 65 68°

* p < 0.05 (vs dapagliflozin).
® p < 0.05 (vs dapaglifiozin).
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