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Highlights:

> Novel 6-deoxyO-spiroketalC-arylglucosides as SGLT2 inhibitors were designed,
synthesized, and evaluated.

» The structure-activity relationship (SAR) of thisuvel series of 31 compounds
was demonstrated.

» Compound 39 demonstrated excellenin vitro inhibitory activities against
hSGLT2 (IGo= 4.5 nM), which was higher than positive contrd&gagliflozin,
ICs50= 8.3 nM in this assay).

» Compound39 displayed more remarkable efficacy on promotingary glucose
excretion and improving oral glucose tolerance tiramketed drug tofogliflozin
did in C57BL/6J mice.

» The half-life of compound9 in mice was longer than tofogliflozin after oral

administration (5.95 h vs 2.57 h).
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ABSTRACT:
In this work, aiming at finding a novel, potent,daselective sodium-dependent

glucose cotransporter 2 (SGLT?2) inhibitor with gg@thrmacokinetic profiles for the
treatment of diabetes, we focus on modifying thgasumoiety of SGLT2 inhibitors,
which dominates the binding with glucose binding $if hSGLT, via removing the
C-6 hydroxy group to adjust the physicochemicalpprties and target-recognition
manners of SGLT2 inhibitors. In addition, tofoghtin containing a special
O-spiroketal C-arylglucoside scaffold, displayed good efficacyd dmoavailability

both in animals and in humans. Therefore, a seoks6-deoxy O-spiroketal

C-arylglucosides as novel SGLT2 inhibitors were desd, synthesized, and
evaluated in this work. The structure-activity telaship (SAR) research on this
novel series and a comprehensimevitro andin vivo biological evaluation afforded
compound39 with high in vitro hSGLT2 inhibitory activity (IGy = 4.5 nM), good

pharmacokinetic profiles, and more remarkable afficin C57BL/6J mice and

Sprague-Dawley rats than marketed drug tofoglifiozi

Keywords: SGLT2 inhibitors, Diabetes, Sugar modification, uSture-activity

relationship, Urinary glucose excretion, Oral glsedolerance



INTRODUCTION

Diabetes Mellitus (DM), as a chronical, progressivetabolic disorder causing
many devastating short and long-term effects, lepsesented one of the primary
threats to health and human development these egc#idmainly consists of three
types: type 1 diabetes (T1DM), type 2 diabetes (W2Dand gestational diabetes
(GDM), and T2DM accounts for around 90% of all cds€he common medications
for T2DM treatment are insulin and its analogswali as metformin, sulphonylureas,
GLP-1 analogs, and DPP4 inhibitdr&or TIDM patients, current small molecular
drugs usually fail in reducing blood glucose leyalsd long-term injection of insulin
is indispensable because the lack of basal indunliT1DM patients: However,
various adverse effects of those medications sschyaoglycemia, cardiovascular
risk and weight gain cannot be ignoredRecently, the newly developed
sodium-dependent glucose cotransporter 2 (SGLT3jibitors have become
increasingly popular and widely accepted for T20#drapy! ° and the clinical trials
of T1IDM treatment using SGLT2 inhibitors combinedthw insulin are well
underway .

SGLT2, mostly distributed in proximal renal tubyles a major transporter
responsible for over 90% of renal glucose reabgmrghat is known as one of the
major pathways to maintain glucose homeostdsitn diabetes, continuous
hyperglycemia leads to upregulation of SGLT2, r@sglin stronger absorption of
renal glucose and consequently higher blood gludesels!*'® Based on the
revelation that mutations of the SGLT2 gene cadasdlial renal glycosuria without
affecting daily activities, researchers have presdirthat inhibiting the hyperactive
SGLT2 in kidneys of diabetic patients, thus inchegglucose excretion, should be a
promising approach to reduce blood glucose le¥els. Moreover, this approach
causes no hypoglycemia and weight gain becausestharkable anti-diabetic effects
is independent with insulin secretion or insulirti@e'* ** ' Most excitingly, the
EMPA-REG OUTCOME trial revealed that using SGLTibitor treatment with

empagliflozin displayed significant reduction of anie failure hospitalization and



cardiovascular deaths in T2DM patiefitd’, and similar results of other gliflozins
were also reportdd®® ?® which has never been achieved by other classes of
anti-diabetic medicatiofis®*?® Several putative mechanisms of the cardiovascular
benefits have been proposed, including the améloraof ventricular preload and
afterload, improvement in cardiac metabolism, iittih of myocardial N&H"
exchange, reduction of necrosis and cardiac fibr@sid so of’? Besides, it has been
reported that TLDM patients treated with SGLT2 lnifoirs need less dosage of insulin
injection to improve glycemic control, which may associated with a lower rate of
hypoglycemia events *°

The first reported SGLT2 inhibitor was phlorizih, Figure 1), a natural product
that was proved to cause glucosuria and hypoglyceiffiect via nonselective SGLT
inhibition. Nonetheless, phlorizin was not suitafe clinical use mainly because of
its poor metabolic stability tos-glucosidases, moderate potency, and severe
gastrointestinal side effects resulting from ites Iselectivity of hSGLT2. Therefore,
large amounts of efforts have been promoted tocowee these drawbacks and plenty
of promising SGLT2 inhibitors have sprung*tif? Generally, SGLT2 inhibitors are
divided into three categoriesQ-glucosides, C-glycosides, and O-spiroketal
C-arylglucosides® The metabolic susceptibility tgs-glucosidases limited the
development ofO-glucosides, while the latter two structural categg which are
proved highly stable against glucosidases, haven bedensively and rapidly
investigated, yielding up to seven drugs launclwdte treatment of T2DM (Figure
1). Among the first few drugs on the market, dajflagin>* (2), canagliflozif® (3),
empagliflozirt® (4), and ipraglifloziri’ (5) are C-glucosides; tofoglifloziff (6) is of
O-spiroketal C-arylglucoside class; luseoglifloZth (7) and the latest approved
ertugliflozin®® (8) are specialC-glycosides: the former one containsCaphenyl
1-thio-D-glucitol scaffold, and the latter one imporates a unique bridged ketal ring.
Although up to seven gliflozins are already on tharket, the hypoglycemic effects
as well as cardiovascular benefits of them stilchenprovement, and it is worthy of

efforts on developing new drugs to avert adversetsf such as ketoacidosis.
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Figure 1. Phlorizin and the marketed SGLT2 inhibitors.

It was noticed that all the currently marketed S@&lihibitors share the same
pattern of four hydroxy groups in the glucose mpi&s some results of binding
studies of phlorizift and marketed gliflozirf§ ** “*with hSGLTs had been revealed,
the critical role of the sugar moiety in targetagugition attracted our attention to
searching for a novel and potent SGLT2 inhibitorthwimore satisfactory
pharmacokinetics profiles via sugar modificatiokierein, we report the design,
synthesis, and biological evaluation of a novelieserof 6-deoxyO-spiroketal
C-arylglucosides9-39, among which compoun@9 was selected as a highly potent

SGLT2 inhibitor.

RESULTS AND DISCUSSION

Design of 6-deoxyO-spiroketal C-arylglucosides
Recent decades have witnessed large amounts oélgiftorts on the SAR

investigation of selective SGLT2 inhibitdfs** ***° Generally, three main elements
are proved critical to the maintenance of SGLT4h4ibry activity: a glucose moiety
or its analogues with the same chair configuratemroximal aromatic ring, and a
distal ring where a lipophilic substituent is fazble.

Although the interactions between SGLT2 inhibitarsl the target have not been
achieved in detail because the crystal structur8@ET2 is unavailable yet, several

studies have disclosed that it was the ectodomainSGLT that recognized the



inhibitors'” °°°2 The glucose-binding site of hSGLT dominates titeraction with
the sugar moiety of SGLT2 inhibitors, while the diimy of aglucone moiety influence
the affinity of the entire inhibitdt ** >* Furthermore, inhibition kinetics and binding
studies of phloriziff, dapagliflozirt?, and luseoglifloziff suggested that modification
of the sugar moiety may profoundly influence thesogsation and dissociation
manners of SGLT2 inhibitors with hSGLT2. For exaepuseogliflozin, containing a
distinctive 1-thio-D-glucitol sugar ring, display@dmuch longer dissociation half-life
(7 hours)®® than empagliflozin (about 60 mii) which might interpret its long
duration of action on urinary glucose excretion

At present, most SGLT2 inhibitors have been desigfecusing on the
modification of aglucon®, while the efforts in sugar modification were talaly
rare® 4% 447 Besides, the same pattern of four hydroxy grdopthe sugar moiety
was retained in all the marketed drugs (Figurdrithe course of our efforts to the
development of novel, potent and selective SGLTaibitors with good
pharmacokinetic profiles, we envisioned that thée rof the sugar moiety in
target-recognition might need more in-depth inygggion, and removing the C-6
hydroxy group from the glucose moiety might notyoalter the physicochemical
properties of the molecule, but also influenceabsociation and dissociation manners
of SGLT2 inhibitors with the target. On the othemnd, the interesting scaffold of
O-spiroketal C-arylglucoside in tofoglifloziff attracted our attention because of its
high potency and selectivity >

Therefore, we designed and synthesized a novedssefi6-deoxyO-spiroketal

C-arylglucoside®-39 as SGLT2 inhibitors (Figure 2).

6 (tofogliflozin) 9-39

Figure 2. Design of 6-deox-spiroketalC-arylglucosides as SGLT2 inhibitors.
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The synthetic route of 6-deox@-spiroketal C-arylglucosides9-24 is outlined in
Scheme 1. Methyl glucopyrano44 was converted td5 in three consecutive steps to
selectively leave the 6-OH group free. Direct bnoation of 45 with
triphenylphosphine and carbon tetrabromide, affdrgeantitatively the bromidé6.
Efficient reduction of46 with the tributyltin hydride furnished?. Acid hydrolysis of
47 afforded hemiacetal8, which was finally oxidized by DMSO tprovide the key
intermediate49. On the other hand, reduction of the two carbogybups of
commercially available 2-bromoterephtalic a&€, followed by protection of the
resulting hydroxy groups with 2-methoxypropenepiaféd intermediaté2. Addition

of lactone49 to intermediaté2 gave the desire@-spiroketalC-arylglucoside53 by
the treatment withp-toluenesulfonic acid. Oxidation &3 provided aldehydé4,
which was further reacted with Ar-X (X = Br or H) to aftb55a-55p Alcohols
55a-55p were converted tdb6a-56p by using triethylsilane and borontrifluoride
diethyletherate. Finally, debenzylation with borotrichloride or catalytic
hydrogenation with palladium hydroxide under a log#m atmosphere afforded the

target compoundg-24.

Scheme 1. Synthetic routes of 6-deoxy-spiroketal C-arylglucosides 9-24.



OBn OH
56a-56p 9-24

®Reagents and conditions: (a) Imidazole, TIPSCI, DBIRC to rt, 24 h; (b) NaH,
BnBr, DMF, 0 °C to rt, 12 h; (c) TBAF, THF, rt, 12 (d) PhP, CBy, THF, 0 °C, 1 h;
(e) BusSnH, AIBN, toluene, 80 °C, 4 h; (f) 3 M.BO, aq, AcOH, 85 °C, 2.5 h; (g)
Ac,0, DMSO, rt, overnight; (h) BESMe,, THF, 0 °C to 70 °C, 4 h; (i) pyridinium
p-toluenesulfonate, 2-methoxypropene, THF, 0 °C; @)m-BuLi, THF, —78 °C, 3 h;
(K) p-toluenesulfonic acid, THF-MeOH, rt, 15 h; (I) PCCH.Cl,, rt, 4 h; (m) Ar-X
(X =H or Br),n-BuLi, THF, —78 °C, 3 h; (n) Et3SiH, BR;- OE}, CH,Cl,, —40 °C, 1 h;
(0) Hp, Pd(OHY/C, MeOH-AcOEt, 2 M HCI aqg, rt, 5 h, or B§IMes-benzene,
CHCl,, =78 °C, overnight.

Synthetic routes of compoun#@§-28and33-37are shown in Scheme 2. Dig® was
obtained from commercially availabl/ via a three-step procedure consisting of
dibromination, nucleophilic substitution reacti@nd hydrolysisCompound59 was
transformed into compoun@5-28and 33-37by a similar method to that in Scheme

1.



Scheme 2. Synthetic routes of compounds 25-28 ang-372
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®Reagents and conditions: (a) NBS, AIBN, EtOAc,uefl0.5 h; (b) NaOAc, DMF,
80 °C, 3 h; (¢) KOH, THF-EtOH-$O, 80 °C, 4.5 h; (d) pyridinium

p-toluenesulfonate, 2-methoxypropene, THF, 0 °C; @jn-BuLi, THF,—78 °C, 3 h;
(f) p-toluenesulfonic acid, THF-MeOH, rt, 15 h; (g) PGTH.Cly, rt, 4 h; (h) Ar-X (X
= H or Br),n-BuLi, THF, =78 °C, 3 h; (i) EtzSiH, BRs: OEb, CH,Cl, —40 °C, 1 h; (j)
BCl3, Mes-benzene, CbCl,, —78 °C, overnight.

Synthetic routes to compoun@®-32 are shown in Scheme 3. Aldehyé@ was
coupled with 2-bromothiophene followed by a reduttieaction to give intermediate
66. A formyl group was introduced to compoun@6 by the use of
N,N-dimethylformamide (DMF), giving aldehyd&/. Debenzylation 067 afforded
compound 29, further reduction of the formyl group 085 furnished the
corresponding alcohdBO. On the other hand, the oxidation of aldehy¥eusing
iodine under basic conditions afforded esé& which was further subjected to
debenzylation to furnish compouBd. Aldehyde67 was treated with chloroform and

KOH to give intermediat€9, which was subsequently transforrrehto aryl acetic



acid 70. Final debenzylation of intermediaf® followed by the after-treatment with

methanol yielded compourg®.

Scheme 3. Synthetic routes of compounds 29-32.

®Reagents and conditions: (a) 2-bromothiophemBuLi, THF, =78 °C, 3 h; (b)
Et;SiH, BRs: OEb, CHy,Cl,, —40 °C, 1 h; (¢) DMF, n-BuLi, THF, —70 °C, overnight; (d)
BCls, Mes-benzene, CKCl,, —78 °C, overnight; (¢) NaBH4, MeOH, rt, 2 h; (f) 4,
KOH, MeOH, 0 °C, 3 h; (g) CHG] KOH, MeOH, DMF ,-9 °C, 2 h; (h) NaOH
(newly grinded powder), NaBit-BuOH, 35 °C, 48 h.

Compounds 38-39 were synthesized as shown in Scheme 4. Reduction of
commercially available 71 under sodium borohydride condition generated
(2-bromo-5-fluorophenyl)methanal2, which was further subjected to formylation

and reduction and gave compouftl Diol 73 was transformed into compou38 by



a similar synthetic method to that in Scheme 1. faund39 was prepared starting
from commercially availabl&9. Diol 82 was obtained froni9 via chloromethylation,
substitution reaction, acetylation and hydroly§iempound82 was then transformed

into compound9 by a similar synthetic route to that in Scheme 1.

Scheme 4. Synthetic routes of compounds 38-39.
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®Reagents and conditions: (a) NaBMeOH, 0 °C to rt, 2.5 h; (b) HTMm-Buli,
DMF, THF, -78 °C to rt, 3.5 h; (c) pyridinium+toluenesulfonate, 2-methoxypropene,
THF, 0 °C, 2 h; (d) ZnG| paraformaldehyde, HCI (gas), 60 °C, 24 h; (e) NeO
DMF, 80 °C, 3 h; (f) KOH, THF-EtOH-bD, 80 °C, 4.5 h; (g)-BuLi, THF, -78 °C,

3 h; (h) p-toluenesulfonic acid, THF-MeOH, rt, 15 h; (i) PCCH.CI,, rt, 4 h; ())
2-ethylthiophenen-BuLi, THF, —78 °C, 3 h; (k) EtsSiH, BR;- OEb, CH.Cl,, —40 °C, 1

h; (I) BCl;, Mes-benzene, CKCl,, =78 °C, overnight.

Structure—Activity Relationships of 6-deoxyO-spiroketal C-arylglucosides

The in vitro cell-based SGLT2 AMG (methy-D-glucopyranoside) assay was



performed to evaluate the inhibitory effects of syhthesized compound®s39 on
hSGLT2 and hSGLT1 inhibitory activiti€s. In the SAR exploration, our first
attempts were focused on the series of compofiitswith R as a hydrogen atom as
in the case of tofogliflozin. The distal aromating, ranging from alkylphenyl,
alkoxyphenyl, alkylthiophenyl to arylthiophenyl, ptahyl and even heteroaromatic
fused rings, were investigated (Table 1). Unfortalya most of these compounds
showed weak activities, and even the best oneemh timamely, compountD with an
ethylphenyl ring, just displayed an g of 63.5 nM against hSGLT2, while thesiC
values of the others were all above 100 nM (TableVle assumed that the R
substitution of this novel scaffold of 6-deof¢spiroketalC-arylglucoside might be
quite different from the case of tofogliflozin, ladugh they share similar spiroketal
moieties. Then, compourzb was designedtlia the alteration of R group to a chloride
atom while the ethylphenyl group was reserved &s distal Ar moiety. To our
excitement, compoungs was about twice more potent than the hydrogentsutesi
counterpart10, Table 1). When the ethyl group on the distal gheng was changed
into a para-ethyoxyl group, the activity of the correspondimgmpound was
significantly enhanced, with an 4g€of 8.8 nM against hSGLT2 (compoura in
Table 1). Next, several thiophenyl-substituted agaés were investigated.
Compound 27, containing a 5-methylthiophenyl substitution, was potent as
compound26 whose Ar group was para-ethyoxylphenyl ring. Compoun@8 with
the distal ring of 5-chlorothiophenyl group instezdalkylthiophenyl groups, showed
good inhibitory activity with an hSGLT2 g of 15.9 nM. On the other hand, some
electron-deficient-group substituted thiophenylgeanwere not quite favored in
promoting hSGLT2 inhibition, as well as in the casé hydrophobic ester derivatives,
and the corresponding compounds possessed mod€gtealues around 50 nM
against hSGLT2 (compoun@®, 30, 31 and32 in Table 1). In addition, compounds
bearing hydrophobic chains that contain differdkbxy groups exhibited moderate
potencies, and the extension of the length of aligmoups might slightly improve the
potency and selectivity (compoun@8, 34, and 35 in Table 1). Compounds with
4-phenyl substituted thiophenyl and benzothiophgmglips as the Ar moieties were



also investigated. Results showed that the compautidthe latter substitutior3{)
displayed much higher inhibitory activity #¢= 24.0 nM) than the compound with
the former substitution36, ICso > 100 nM). The above results indicated that some
extension of the size of R substituent from the I@stahydrogen atom might be
critical to the augmentation of hSGLT2 inhibitoryctigities. Therefore, other
substituents such as fluorine atom and methyl gasiR group were explored. The
results showed that only the methyl-substituted maund 39 displayed satisfactory
activity against hSGLT2 (lés = 4.5 nM), while in the other case, the;d@alue was
around 26.2 nM (Table 1). Consequently, it wasrief@ that the size of R group as
large as a chlorine atom or a methyl group justtimed this novel scaffold; smaller R
groups were not preferred.

To conclude, the SAR studies showed that, i) arrdRig as large as a chlorine
atom or a methyl group was critical to improve ti#GLT2 inhibitory activities of
compounds derived from the novel scaffold of 6-de@xspiroketalC-arylglucoside;
i) the electron-withdrawing group substituted astim rings, arylthiophenyl and
aromatic fusing rings as the distal Ar moiety, we quite favored; iii) alkyl or
alkoxy substituted aromatic rings were benefic@limproving hSGLT2 activities

when R was a chlorine atom or a methyl group.

Table 1 Structures anth vitro inhibitory activity against hSGLT2 and hSGLT1.

IC 50+ SD
Compd. R Ar hSGLT2 hSGLT1 Selectivity?
(nM) (nM)
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(&N

33 cl s ST 69.4+14.4 4.7+0.3 68
s o
34 cl T 67.5+143 48+0.4 71
35 ol £ 8y 423:90 50205 117
F
36 Cl s > 100 ND ND
\
37 c <1 240+24 20%0.1 81
38 FosCr 26.2+2.0 259+43 988
39 Me T 45+0.8 1.0£0.1 216
Dapaglifiozin - - 83+0.7 123+11 1483

Tofogliflozin® - 2.9 8.44 2912

aThe selectivity values were calculated byd@SGLT1/1GohSGLT2P ND refers to

Not Determined, similarly hereinaftérSee ref 34.

Urinary Glucose Excretion in C57BL/6J Mice and Sprgue-Dawley Rats

In the in vitro biological evaluation, compoun89 showed excellenin vitro
inhibitory activities against hSGLT2 (¢¢= 4.5 nM), and good selectivities against
hSGLT1 (selective ratio: 216-fold), which were cargble to the marketed drugs
dapagliflozinand tofogliflozin (Table 1). Therefore, compouB@was selected fan
vivo biological evaluation.

We explored and compared the effect88fand tofogliflozin on urine volume,
urine glucose concentration and urinary glucoseetian (UGE) in C57BL/6J mice
after single oral administration at a dose of 1kgdfFigure 3A-C and Table 2). The
amounts of 24-hour urinary glucose excretion cause89 and tofogliflozin were
110.53 mg/100 g and 48.85 mg/100 g, respectiveigu(E 3C and Table 2),
indicating that compound39 displayed higher SGLT2 inhibitory effect than
tofogliflozin. Similarly, 39 did not influence the urinary volume in in Spragdawley
(SD) rats (Figure 3D) but induced more excretiomahary glucose (134.23 + 46.72
mg/100 g) than tofogliflozin (73.68 £ 29.52 mg/1§0on the same dose and duration
(Figure 3F and Table 3).
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Figure 3. The effect of39 on urinary glucose excretion during 24 h afterl ora
administration. The urinary volume (A, n=9), glueosoncentration (B, n=9) and
glucose excretion (C, n=9) 80 and tofogliflozin in C57BL/6J mice and the urinary
volume (D, n=6), glucose concentration (E, n=6) ghatose excretion (F, n=6) 88
and tofogliflozin in SD rats were determined by tjecose-oxidase method. All
results are expressed as mean + SEM.value<0.05; **p value<0.01; *** p value

< 0.001 compared with the control vehicle groupvwg-tailst-test.

Table 2 Effects of single oral administration & and tofogliflozin on urinary
glucose excretion in C57BL/6J mice during 24 h.



Urine glucose Urine Urine glucose

Dose . .
Groups concentration volume excretion
(mg/kg)
(mmol/L) (mL) (mg/100 g)
Vehicle 0.5% MC 0.74+0.14 1.24+0.45 0.84+0.40
39 1 92.99+72.53 1.21+0.28 110.53+93.81
Tofogliflozin 1 56.27+51.46 1.30+0.49 48.85+24.34

All results are expressed as mean + SD (n = 9)p¥alue<0.01, ***,p value < 0.001;

compared with the vehicle group by two-taiest.

Table 3 Effects of single oral administration & and tofogliflozin on urinary

glucose excretion in SD rats during 24 h.

Dose Urine glucose Urine Urine glucose
Groups concentration volume excretion
(mg/kg)
(mmol/L) (mL) (mg/100 g)
Vehicle 0.5% MC 0.28+0.16 24.17+7.11 0.51+0.40
39 1 03.80+44.64" 24.67+8.91 134.23+46.72
Tofogliflozin 1 43.67+21.66 26.50+4.81 73.68+29.52

All results are expressed as mean + SD (n = 6), p*value < 0.001; compared with

the vehicle group by two-taitstest.

Oral Glucose Tolerance Tests (OGTT) in C57BL/6J Mie

Based on the excellent effect 82 on UGE in both mice and rats, it was
supposed thaB9 should have good performance of improving glucosetrol.
Further investigation of compourg® on its hypoglycemic effect on C57BL/6J mice
showed that single oral dose of compo®®d3 mg/kg) significantly improved oral
glucose tolerance in mice in a dose-dependent maitez an oral glucose overload
(Figure 4A-B and Table 4). It is worth noting thampound39 displayed more
remarkable improvement on oral glucose toleranag tbfogliflozin did in C57BL/6J
mice at the same dose (Figure 4A-B and Table 4)icating its great potential of

treating diabetes.
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Figure 4. The effect of compoun®9 on improving oral glucose tolerance after
single-dose administration in C57BL/6J mice. (A)o&l glucose levels were
determined 2 h before (-120 minutes) and at 030560, 90, and 120 minutes after
oral glucose challenge in C57BL/6J mice (n=8). fig¢as under curves (AUGH) in
C57BL/6J mice were calculated by the trapezoidld. rAll results are expressed as
mean + SEM (n = 8). *, # and p,value<0.05; **, ## and +4g value<0.01; ***, ###
and +++,p value < 0.001 compared with the control vehicleugr one-way ANOVA
with Dunnett’s correction for OGTT or by two-tailstest for AUG., . The
significance of 3 mg/kg9 and 1 mg/kg and 3 mg/kg Tofo compared with vehicle

group are marked as *, # and + respectively. Twfmgliflozin.

Table 4. Areas under the curveA(C,. ) of blood glucose after single oral
administration o839 andtofogliflozin in C57BL/6J mice with oral glucose challenge.

AUC.2
Dose
Groups N

(ma/kg) (mmol/L-h)
Vehicle 0.5% MC 8 23.95+2.33
39 1 8 27.63+4.90
3 8 16.73+1.04"
o 1 8 22.02+1.81
Tofogliflozin .
3 8 20.52+2.04

All results are expressed as mean = SD (n = 8), p*alue < 0.001 (3 mg/k89); ++,



p value < 0.01 (3 mg/kg tofogliflozin) compared kvihe control vehicle group by

two-tailst-test.

Pharmacokinetic Profiles

Administration of a single intravenous dose€ ahg/kg and a single oral dose of
10 mg/kg to mice revealed that compoud@ possessed the following specialties:
acceptable oral bioavailability (53.4%), longerfHdé than tofogliflozin (5.95 h vs
2.57 h, p.o.), and moderate exposure in plasmaektremely large steady-state
volume of distribution (Vs obs> 10 L/kg). Clearly, the ¥ onsvalue was much greater
than the total blood volume in mie indicating remarkable enrichment 89 in
extravascular spate (e.g., the target organ kidriy which may explain its
advantage over tofogliflozin on promoting urinaty@pse excretion and improving
glucose tolerance.

Table 5 Pharmacokinetic parameters38fafter i.v. and p.o. administration in mice.

Admin. AYA p.o.

' Dose (mg/kg) ' 2 | 10 |
T2 (M) 10.8 + 10.7 5.95 +2.32
Tma () - 0.33+0.14
Cma» (Ng/mL) - 740 £ 294
AUCps (h*ng/mL) 1128 + 309 3009 + 408
AUCNE ob: (*ng/mL) 2322 + 1087 5576 + 1535
CL ob: (ML/min/kg) 19.9+11.0 -
MRT e obs (D) 13.1+13.0 8.9+34
Ve obe (ML/KQ) 10107 + 3155 -

F (%) 53.4

CONCLUSION

In this work, we modifed the sugar moiety of SGLimBibitors via removing the
C-6 hydroxy group of glucose, aiming to find a nlogad potent SGLT2 inhibitor

with good pharmacokinetic profiles. A novel serie$ 6-deoxy O-spiroketal



C-arylglucosides as SGLT2 inhibitors were desigrsstithesized, and evaluated, and
the structure-activity relationship (SAR) of thiouel series was demonstrated.
Among these newly designed and synthesized SGLAiBitors,compound39 was a
promising anti-diabetic agent with high inhibitaagtivity against hSGLT2, favorable
pharmacokinetic profiles, and excellent effectsfacilitating the glucose outflow in
C57BL/6J mice and SD rats and improving glucoserswice in C57BL/6J mice,

which were better than the positive control tofthgin.

B EXPERIMENTAL SECTION

Chemistry

All reagents (chemicals) were commercially avagalind used without further
purification. Analytical thin-layer chromatograpyLC) was performed on HSGF
254 (0.1 mm thickness). Column chromatography wadopmed on silica gel
200-300 mesh to purify the compounds. NMR spectrarewrecorded on
Varian-MERCURY Plus-400 and AVANCE Il 500 in CDLChnd Methanot,.
Chemical shifts were reported in parts per milligmpm, J) downfield from
tetramethylsilane. Proton coupling patterns werszdieed as s = singlet, d = doublet,
dd = doublet of doublet, t = triplet, q = quartety = multiplet. Low- and
high-resolution mass spectra (LRMS and HRMS) weineerg with electrospray
ionization (ESI).

All target compounds9-39 were confirmed with over 95% purity which were
determined by Agilent 1260 HPLC with binary pumphoppdiode array detector
(DAD), using Agilent XDB-C18 (4.6 x 250 mm,Bn), MeOH/HO = 80/20 (v/v) at
1.0 mL/min, or Agilent XDB-C18 (4.6 x 250 mmuBn), MeOH/HO = 75/25 (v/v) at
1.0 mL/min, or Agilent Extend-C18 (4.6 x 250 mmura), MeOH/HO = 75/25 (v/v)

at 1.0 mL/min and calculated the peak areas an2h4

(1S,3'R,4'S,5'S,6'R)-6'-methyl-6-(4-methylbenzyl)-3',4',5',6'-tetrahydro-3H-spiro[
isobenzofuran-1,2'-pyran]-3',4',5'-triol (9). To a solution of

1-bromo-4-methylbenzene (1.00 g, 5.85 mmol) in a@nbys THF (30 mL), 2.4 M



n-BuLi in hexane solution (2.44 mL, 5.85 mmol) waklad dropwise at —78 °C under
a nitrogen atmosphere and the resultant mixturestiagd under the same condition
for 1 h. A solution of compoun®4 (322.0 mg, 0.58 mmol) in anhydrous THF (5 mL)
was then added dropwise to the resultant mixtune.réaction mixture was stirred for
2 h, and then water was added thereto. The resutatiure was extracted with
EtOAc. The organic layer was washed with brinegedirover NaSQ,, and then
evaporated under reduced pressure to remove thiensollhe obtained residue was
purified by column chromatography on silica geltfpkeum ether/EtOAc = 4/1) to
give compound5a(338.5 mg, 90%) as a colorless oil.

To a solution of compound5a (338.0 mg, 0.53 mmol) in G&l, (30 mL),
triethylsilane (419.9.L, 2.63 mmol) and BfOEb (71.4uL, 0.58 mmol) were added
at —40 °C and the mixture was stirred at the samgerature for 1 h. After addition
of water, the reaction mixture was extracted witH,Cl,. The organic layer was
washed with brine, dried over p&0,, and then evaporated under reduced pressure to
remove the solvent. The obtained residue was pdrlfly column chromatography on
silica gel (petroleum ether/EtOAc = 10/1) to givargpound56a (310.0 mg, 94%) as
a colorless oil.

To a solution of compound6a (310.0 mg, 0.49 mmol) and pentamethylbenzene
(733.2 mg, 4.95 mmol) in Ci€l, (30 mL) was added 1.0 M B£in toluene solution
(4.95 mL, 4.95 mmol) at —78 °C under a nitrogenadphere, and the mixture was
stirred at the same temperature overnight. Afteditemh of MeOH (10 mL), the
reaction mixture was warmed to rt and evaporatetbureduced pressure to remove
the solvent. The obtained residue was purified &lyran chromatography on silica
gel (CHCI,/MeOH = 20/1) to give compound (100 mg, 57%) as a white solid.
HPLC purity: 95.84%. m.p. 145-146 °@&4 NMR (400 MHz, Methanotl) 6 7.24 —
7.18 (m, 2H), 7.16 — 7.12 (m, 1H), 7.12 — 7.05 4id), 5.15 — 5.04 (m, 2H), 3.96 (s,
2H), 3.91 — 3.81 (m, 1H), 3.77 — 3.66 (m, 2H), 3-18.10 (m, 1H), 2.29 (s, 3H), 1.20
(d, J = 6.3 Hz, 3H).23C NMR (125 MHz, Methanotk) 6 142.7, 140.3, 139.7, 139.3,
136.7, 131.1, 130.1, 129.9, 123.4, 121.8, 111.5%,7/6.1, 75.2, 73.4, 71.4,42.2,21.1,
18.2. LRMS (ESI) m/z: 357 [M+H] HRMS (ESI) cacld for gH»40sNa [M+NaJ'"



379.1516; found: 379.1510.

((2R,3R,4S,5R,69)-3,4,5-tris(benzyloxy)-6-methoxytetrahydro-2-pyran-2-yl)met
hanol (45).To a cooled solution (0 °C) efD-Methylglucoside44 (20.00 g, 103.00
mmol) and imidazole (21.04 g, 308.99 mmol) in DMB@ mL), TIPSCI (24.27 mL,
113.30 mmol) was added dropwise over a period ef lmour. After 24 h at rt, the
reaction was diluted with water and extracted wiiH,Cl,. The combined organic
layer was washed with brine, dried over,8@,, concentrated in vacuo. A solution of
this crude product and BnBr (61.17 mL, 514.98 mnmoIpMF (350 mL) was cooled
to 0 °C, and NaH (60% in mineral oil, 20.60 g, ®B4.mmol) was added. The
reaction mixture was allowed to warm to r.t. Afte2 h, the reaction mixture was
carefully quenched by water. The reaction mixtumes vextracted with EtOAc. The
combined organic layer was washed with brine, doeer NaSO,, and concentrated
in vacuo. The crude product was combined with TB&B.86 g, 205.99 mmol) and
THF (350 mL) was added. The reaction solution viiased at rt for 12 h, diluted with
H,0, and extracted with EtOAc. The combined orgaayet was washed with brine,
dried over NaSQ,, concentrated in vacuo, and purified by colummoaotatography
on silica gel (petroleum ether/EtOAc = 2/1) to go@npoun5 (37.50 g, 78%) (3
steps) as a colorless syrupi NMR (400 MHz, Chlorofornd) § 7.40 — 7.27 (m,
15H), 4.99 (dJ = 10.9 Hz, 1H), 4.92 — 4.77 (m, 3H), 4.70 — 4.61 2i), 4.56 (d,J

= 3.6 Hz, 1H), 4.01 (tJ = 9.3 Hz, 1H), 3.81 — 3.61 (m, 3H), 3.58 — 3.45 @H),
3.37 (s, 3H). LRMS (EShvz): 487 [M+NaJ.

(2S,3R,4S,5R,6R)-3,4,5-tris(benzyloxy)-2-methoxy-6-methyltetrahydo-2H-pyran
(47). At 0 °C, PhP (25.41 g, 96.87 mmol) and CB{32.12 g, 96.87 mmol) were
added successively to a solution4d (30.00 g, 64.58 mmol) in THF (300ml). The
mixture was stirred for 1 h and then filtered. Tiieate was concentrated in vacuo
and purified by column chromatography on silica (@eitroleum ether/EtOAc = 10/1)
to give compoundi6 (33.70 g, 99%) as a colorless syrup. LRMS (E8k): 549
[M+Na]".



To a solution of compound6 (31.89 g, 60.46 mmol) in dry toluene (250 mL) @t 2
°C was added BS$nH (19.45 mL, 72.55 mmol) and AIBN (992.82 mg,5%rfmol)
successively. The mixture was stirred for 4 h at@0The solution was evaporated to
syrup which was purified by column chromatography silica gel (petroleum
ether/EtOAc = 10/1) to give compoudd (23.59 g, 87%) as a colorless syru.
NMR (400 MHz, Chloroformd) 6 7.42 — 7.22 (m, 15H), 4.98 (d,= 10.9 Hz, 1H),
4.90 (d,J = 10.9 Hz, 1H), 4.86 — 4.76 (m, 2H), 4.72 — 4.60 &), 4.53 (d]) = 3.6
Hz, 1H), 3.95 (tJ = 9.3 Hz, 1H), 3.79 — 3.66 (m, 1H), 3.52 (dd&k 9.7, 3.6 Hz, 1H),
3.37 (s, 3H), 3.13 (] = 9.3 Hz, 1H), 1.24 (dJ = 6.3 Hz, 3H). LRMS (ESIW2): 471
[M+Na]".

(3R,4S,5R,6R)-3,4,5-tris(benzyloxy)-6-methyltetrahydro-2H-pyran-2-one (49).To

a solution of compound7 (15.10 g, 33.66 mmol) in glacial acetic acid (300) was
added 3.0 M sulfuric acid (33.66 mL, 100.99 mmalier stirring at 85°C for 2.5 h,
the reaction mixture was cooled to room temperat@ie,Cl, was added to the
system and the mixture was added sat. ag. NaH@@l no gas generated. The
organic layer was separated, washed with brineddsver NgSO,. Concentrated in
vacuo, and purified by column chromatography oicaigel (petroleum ether/EtOAc
= 2/1) to give compound8 (13.01 g, 89%) as a white solid. LRMS (EB¥z): 457
[M+Na]".

To a solution of compoundi8 (25.20 g, 57.99 mmol) in DMSO (200 mL) was added
acetic acid anhydride (50 mL). The mixture wasatirovernight before diluted with
water, then sat. ag. NaHG@as added into the mixture until no gas generafee.
mixture was extracted with EtOAc. The combined argdayer was washed with
brine, dried over N&QO, concentrated in vacuo, and purified by column
chromatography on silica gel (petroleum ether/EtGAE0/1) to give compound9
(24.70 g, 98%) as a white solitH NMR (400 MHz, Chlorofornd) J 7.48 — 7.19 (m,
15H), 4.95 (dJ = 11.5 Hz, 1H), 4.74 — 4.61 (m, 3H), 4.61 — 4.48 &ir), 4.12 (d,J

= 5.0 Hz, 1H), 3.97 — 3.87 (m, 1H), 3.46 (dc& 8.8, 5.7 Hz, 1H), 1.41 (d,= 6.4 Hz,
3H). LRMS (ESIm2): 433 [M+H]".



2-bromo-1,4-bis(((2-methoxypropan-2-yl)oxy)methyl)lenzene (52).To a solution
of 2-bromo-terephthalic acifi0 (15.00 g, 61.22 mmol) in anhydrous THF (200 mL)
was added 2.0 M B¥SMe, in THF (91.83 mL, 183.65 mmol) at 0 °C. The mixur
was stirred for 2 h at 70 °C. After the exotherm@action was over, the reaction was
cooled by ice-water bath. The reaction was quentlyedropwise addition of water.
The resulting mixture was extracted with EtOAc. Tnganic layer was washed with
brine and concentrated under reduced pressurevéocgmpouncdsbl (11.90 g, 89%)
as an off-white solid.

To a solution of51 (11.90 g, 54.82 mmol) in anhydrous THF (200 mL)svealded
2-methoxypropene (51.61 mL, 548.24 mmol) and pgidn p-toluenesulfonate
(275.55 mg, 1.10 mmol) at 0 °C, and the resultamture was stirred at 8C for 2 h.
Sat. ag. NaHC@was added thereto, and then the resultant mixtaseextracted with
EtOAc (500 mL) containing BN (1.5 mL). The organic layer was washed with brine
dried over NaSQ,, concentrated in vacuo, and purified by columrootatography
on silica gel (petroleum ether / EtOAc = 20/1) teegcompoundb2 (13.62 g, 69%) as
a colorless oil*H NMR (400 MHz, Chlorofornd) 6 7.54 (d,J = 1.3 Hz, 1H), 7.50 (d,
J= 7.9 Hz, 1H), 7.28 (ddl= 7.9, 1.6 Hz, 1H), 4.53 (s, 2H), 4.44 (s, 2H), 3&43H),
3.23 (s, 3H), 1.45 (s, 6H), 1.42 (s, 6H).

(1S,3'R,4'S,5'R,6'R)-3',4',5'-tris(benzyloxy)-6'-methyl-3',4',5',6'-tetrahydro-3H-s
piro[isobenzofuran-1,2'-pyran]-6-carbaldehyde (54)To a solution of compounsl
(20.00 g, 27.68 mmol) in anhydrous THF (100 mL¥, &1 n-BuLi in hexane solution
(12.69 mL, 30.45 mmol) was added dropwise at —7&ifi@er a nitrogen atmosphere
and the resultant mixture was stirred under theeseomdition for 1 h. A solution of
compound49 (10.54 g, 24.36 mmol) in anhydrous THF (50 mL) wihen added
dropwise to the resultant mixture. The reactiontor was stirred for 2 h, and then
water was added thereto. The resultant mixture @ssacted with EtOAc. The
resultant organic layer was washed with water amteland then dried over pBO,.

The solvent was then removed by distillation unastuced pressure. The obtained



residue was dissolved in a mixed solvent of THRO(frf(L) and MeOH (50 mL), and
p-toluenesulfonic acid (5.24 g, 30.45 mmol) was adtleereto. The mixture was
stirred at rt for 15 h. After most of the MeOH wesgaporated, the solution was
extracted with EtOAc. The combined organic layeswashed with sat. aq. NaHgO
brine, dried over N&Q, concentrated in vacuo, and purified by column
chromatography on silica gel (petroleum ether/EtGA4/1) to give compoun83

(7.67 g, 57%) as a colorless oil. LRMS (E®z): 553 [M+H]".

To a solution of compounsi3 (11.20 g, 20.27 mmol) in Gi&l, (120 mL), pyridinium
chlorochromate (PCC) (6.55 g, 30.40 mmol) andaijel (200-300 mesh, 15 g) were
added at rt and the mixture was stirred for 4 heA€ompletion, the reaction mixture
was evaporated under reduced pressure to remov@bbhent. The obtained residue
was purified by column chromatography on silica (peitroleum ether/EtOAc = 10/1)
to give compound54 (9.00 g, 81%) as a white solidH NMR (400 MHz,
Chloroforms) ¢ 9.86 (s, 1H), 7.88 (dl = 7.7 Hz, 1H), 7.50 (s, 1H), 7.41 @= 7.8
Hz, 1H), 7.38 — 7.27 (m, 10H), 7.13Jt= 7.2 Hz, 1H), 7.07 (t) = 7.3 Hz, 2H), 6.77
(d,J= 7.3 Hz, 2H), 5.24 (s, 2H), 4.97 @z 11.1 Hz, 3H), 4.73 (dl = 10.9 Hz, 1H),
4.65 (d,J = 11.4 Hz, 1H), 4.25 (d] = 11.2 Hz, 1H), 4.15 (J = 9.3 Hz, 1H), 4.11 —
4.01 (m, 1H), 3.92 (d) = 9.5 Hz, 1H), 3.36 (1) = 9.3 Hz, 1H), 1.26 (d] = 6.2 Hz,
3H). LRMS (ESIm2): 573 [M+NaJ.

(1S,3'R,4'S,5'S,6'R)-6-(4-ethylbenzyl)-6'-methyl-3',4',5",6'-tetrahydro-3H-
spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (10). Compound 10 was prepared
from 54 and 1-bromo-4-ethylbenzene according to the praeediescribed for
compound9 in 38% vyield (3 steps) as a white solid. HPLC purP6.43%. m.p.
136-138 °CH NMR (400 MHz, Methanotk) & 7.24 — 7.17 (m, 2H), 7.16 (s, 1H),
7.11 (d,J = 1.8 Hz, 4H), 5.16 — 5.03 (m, 2H), 3.97 (s, 2HY13- 3.81 (m, 1H), 3.77

— 3.66 (M, 2H), 3.18 — 3.10 (M, 1H), 2.59 Jo5 7.6 Hz, 2H), 1.24 — 1.16 (m, 6H).
13C NMR (125 MHz, Methanotl) 6 143.2, 142.7, 140.3, 139.7, 139.6, 131.2, 129.9,
128.9, 123.4, 121.8, 111.5, 77.4, 76.1, 75.2, 7814, 42.2, 29.4, 18.2, 16.3. LRMS



(ESI) m/z: 371 [M+H]; HRMS (ESI) cacld for gH,0sNa [M+Na]: 393.1672;
found: 393.1668.

(1S,3'R,4'S,5'S,6'R)-6'-methyl-6-(4-propylbenzyl)-3',4',5',6'-tetrahydro-3H-spiro[
isobenzofuran-1,2'-pyran]-3',4',5'-triol (11). Compoundll was prepared frond4
and 1-bromo-4-propylbenzene according to the pno@edescribed for compoursd
in 50% yield (3 steps) as a white solid. HPLC puri7.18%. mp 135-138 °CH
NMR (400 MHz, Methanoby) 5 7.25 — 7.18 (m, 2H), 7.17 (s, 1H), 7.10 J&& 8.2
Hz, 4H), 5.14 — 5.05 (m, 2H), 3.97 (s, 2H), 3.92.80 (m, 1H), 3.77 — 3.67 (m, 2H),
3.19 — 3.10 (m, 1H), 2.60 — 2.48 (m, 2H), 1.69 541(m, 2H), 1.20 (dJ = 6.3 Hz,
3H), 0.92 (t,J = 7.4 Hz, 3H).*C NMR (100 MHz, Methanotl) 6 142.7, 141.5,
140.3, 139.7, 139.7, 131.2 129.8, 129.6, 123.4,812M1.5, 77.4, 76.1, 75.2, 73.5,
71.4, 42.2, 38.7, 25.8, 18.2, 14.1. LRMS (ESI) 385 [M+H]"; HRMS (ESI) cacld
for Co3H280sNa [M+Na]': 407.1829; found: 407.1829.

(1S,3'R,4'S,5'S,6'R)-6-(4-isopropylbenzyl)-6'-methyl-3',4',5',6'-tetrahydro-3H-spi
ro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (12). Compoundl12 was prepared from
54 and 1-bromo-4-isopropylbenzene according to thecemore described for
compound9 in 56% vyield (3 steps) as a white solid. HPLC fyurB5.26%. mp
134-136 °CH NMR (400 MHz, Methanotk) & 7.25 — 7.18 (m, 2H), 7.17 (s, 1H),
7.13 (s, 4H), 5.14 — 5.05 (m, 2H), 3.97 (s, 2HYP13- 3.82 (m, 1H), 3.78 — 3.67 (m,
2H), 3.18 — 3.10 (m, 1H), 2.91 — 2.80 (m, 1H), 1-24.18 (m, 9H)**C NMR (100
MHz, Methanole,) 6 147.8, 142.7, 140.3, 139.8, 139.7, 131.2, 1299,4, 123.4,
121.8, 111.5, 77.4, 76.1, 75.2, 73.5, 71.4, 42520,324.5, 18.2. LRMS (ESI) m/z:
385 [M+H]; HRMS (ESI) cacld for @H.sOsNa [M+Na]: 407.1829; found:
407.1825.

(1S,3'R,4'S,5'S,6'R)-6-(4-methoxybenzyl)-6'-methyl-3',4',5",6'-tetrahydro-3H-spir
o[isobenzofuran-1,2'-pyran]-3',4',5'-triol (13). Compound56e was prepared from

54 and 1-bromo-4-methoxybenzene according to the proeedescribed fob6a in



87% vyield (2 steps) as colorless oil. Then, tolatgm of compound6e (297.00 mg,
0.46 mmol) in MeOH (1.5 mL) and EtOAc (1.5 mL), 20Pd(OH) (16.22 mg,
0.023mmol) was added and N HCI (27.72 uL, 0.055mmol) was further added.
Under a hydrogen atmosphere, the reaction mixtuae stirred for 5 h and then
filtered to remove the catalyst. After distillindf ¢the solvent under reduced pressure,
the obtained residue was purified by silica gelunoh chromatography (Gl /
MeOH = 20:1) to give compouriB (125.00 mg, 73%) as a white solid. HPLC purity:
96.62%. m.p. 139-140 °GH NMR (400 MHz, Methanotly) § 7.24 — 7.18 (m, 2H),
7.16 — 7.09 (m, 3H), 6.86 — 6.79 (M, 2H), 5.14 655m, 2H), 3.95 (s, 2H), 3.91 —
3.82 (m, 1H), 3.75 (s, 3H), 3.74 — 3.68 (M, 2H1&- 3.10 (m, 1H), 1.20 (d,= 6.3
Hz, 3H). **C NMR (125 MHz, Methanot) ¢ 159.6, 142.9, 140.3, 139.7, 134.5,
131.1 130.9, 123.3, 121.8, 114.9, 111.5, 77.4,, 7@, /3.4, 71.4, 55.6, 41.7, 18.2.
LRMS (ESI) m/z: 373 [M+H]; HRMS (ESI) cacld for @H,OsNa [M+NaJ:
395.1465; found: 395.1457.

(1S,3'R,4'S,5'S,6'R)-6-(4-ethoxybenzyl)-6'-methyl-3',4',5",6'-tetrahydo-3H-spiro[
isobenzofuran-1,2'-pyran]-3',4',5'-triol (14). Compoundl4 was prepared frons4
and 1-bromo-4-ethoxybenzene according to the proeedescribed fo® in 49%
yield (3 steps) as a white solid. HPLC purity: 8@ m.p. 134-136 °C'H NMR
(400 MHz, Methanol,) 6 7.25 — 7.17 (m, 2H), 7.17 — 7.07 (m, 3H), 6.85.786(m,
2H), 5.16 — 5.04 (m, 2H), 3.99 (@= 7.0 Hz, 2H), 3.94 (s, 2H), 3.91 — 3.81 (m, 1H),
3.77 — 3.66 (m, 2H), 3.14 (= 8.9 Hz, 1H), 1.36 (t) = 7.0 Hz, 3H), 1.20 (d] = 6.3
Hz, 3H). °C NMR (125 MHz, Methanot,) J 158.8, 142.9, 140.3, 139.7, 134.4,
131.1, 130.9, 123.3, 121.8, 115.5, 111.5, 77.4,,7&0.2, /3.5, 71.4, 64.4, 41.7, 18.2,
15.2. LRMS (ESI) m/z: 387 [M+H] HRMS (ESI) cacld for &H.s0sNa [M+Na]':
409.1622; found: 409.1622.

(1S,3'R,4'S,5'S,6'R)-6'-methyl-6-((5-methylthiophen-2-yl)methyl)-3',4',5',6'-tetra
hydro-3H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (15). Compound15 was
prepared fronb4 and 2-methylthiophene according to the proceduseridzed for9



in 49% yield (3 steps) as a white solid. HPLC pur@i6.76%. m.p. 153-154 °CH
NMR (400 MHz, Methanoty) 6 7.27 (dd,J = 7.8, 1.3 Hz, 1H), 7.24 — 7.18 (m, 2H),
6.60 (d,J = 3.3 Hz, 1H), 6.57 — 6.54 (m, 1H), 5.16 — 5.05 2M), 4.10 (s, 2H), 3.92
—3.82 (m, 1H), 3.78 — 3.67 (m, 2H), 3.19 — 3.11 T), 2.43 — 2.35 (m, 3H), 1.21 (d,
J = 6.3 Hz, 3H)."*C NMR (125 MHz, Methanotl) ¢ 142.7, 141.9, 140.4, 140.1,
139.5, 130.8, 126.2, 125.8, 123.1, 121.9, 111.5},776.1, 75.3, 73.5, 71.5, 36.8, 18.2,
15.2. LRMS (ESI) m/z: 363 [M+H] HRMS (ESI) cacld for @H305S [M+H]":
363.1261; found: 363.1261.

(1S,3'R,4'S,5'S,6'R)-6-((5-ethylthiophen-2-yl)methyl)-6'-methyl-3',4' 5',6'-tetrahy
dro-3H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (16). Compound 16 was
prepared fronb4 and 2-ethylthiophene according to the procedurerdes] for9 in
57% yield (3 steps) as a white solid. HPLC pur@9.41%. m.p. 142-144 °CH
NMR (500 MHz, Methanob) 6 7.29 — 7.25 (m, 1H), 7.22 (d,= 8.5 Hz, 2H), 6.62
(d,J = 3.3 Hz, 1H), 6.58 (d] = 3.4 Hz, 1H), 5.17 — 5.04 (m, 2H), 4.11 (s, 2HY53-
3.82 (m, 1H), 3.81 — 3.63 (m, 2H), 3.26 — 3.08 i), 2.75 (qJ = 7.5 Hz, 2H), 1.32
— 1.15 (m, 6H).°C NMR (125 MHz, Methanotl) § 147.2, 142.4, 141.9, 140.3,
140.1, 130.8, 125.9, 124.0, 123.2, 121.9, 111.5,76.1, 75.2, 73.5, 71.5, 36.8, 24.3,
18.2, 16.5. LRMS (ESI) m/z: 377 [M+H] HRMS (ESI) cacld for gH2,0OsNaS
[M+Na]*: 399.1237; found: 399.1231.

(1S,3'R,4'S,5'S,6'R)-6'-methyl-6-((5-propylthiophen-2-yl)methyl)-3',4',5',6'-tetra
hydro-3H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (17). Compoundl17 was
prepared fronb4 and 2-propylthiophene according to the proceduseriged for9 in
59% vyield (3 steps) as a light yellow solid. HPL@ripy: 99.23%. m.p. 156-157 °C;
'H NMR (400 MHz, Methanotk) § 7.25 (dd,J = 20.4, 9.3 Hz, 3H), 6.62 (d,= 3.2
Hz, 1H), 6.58 (dJ = 3.1 Hz, 1H), 5.21 — 5.03 (m, 2H), 4.12 (s, 2HR63- 3.82 (m,
1H), 3.81 — 3.65 (m, 2H), 3.15 {,= 9.0 Hz, 1H), 2.70 (tJ = 7.4 Hz, 2H), 1.70 —
1.56 (m, 2H), 1.21 (d] = 6.3 Hz, 3H), 0.94 (t) = 7.3 Hz, 3H)*C NMR (125 MHz,
Methanold,) 0 145.3, 142.5, 141.8, 140.3, 140.1, 130.8, 1252¢,.8, 123.2, 121.9,



111.5,77.4, 76.1, 75.3, 73.5, 71.5, 36.8, 33.11,288.2, 13.9. LRMS (ESI) m/z: 391
[M+H]*; HRMS (ESI) cacld for gH.60sNaS [M+NaJ: 413.1393; found: 413.1384.

(1S,3'R,4'S,5'S,6'R)-6-((5-chlorothiophen-2-yl)methyl)-6'-methyl-3',4',5",6'-tetrah
ydro-3H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (18). Compound 18 was
prepared fronb4 and 2-chlorothiophene according to the proceduserdzed for9 in
53% vyield (3 steps) as a light yellow solid. HPL@ripy: 98.59%. m.p. 150-152 °C;
'H NMR (400 MHz, Methanotly) 6 7.33 — 7.18 (m, 3H), 6.77 (d,= 3.7 Hz, 1H),
6.68 (d,J = 3.7 Hz, 1H), 5.18 — 5.05 (m, 2H), 4.13 (s, 2H®B- 3.82 (M, 1H), 3.80
—3.66 (M, 2H), 3.21 — 3.10 (m, 1H), 1.21 J&& 6.3 Hz, 3H).X*C NMR (125 MHz,
Methanold,) 6 144.6, 140.9, 140.6, 140.5, 130.8, 128.7, 12725,9, 123.3, 122.1,
111.5, 77.4, 76.1, 75.3, 73.5, 71.5, 36.8, 18.MBRESI) m/z: 383 [M+H]; HRMS
(ESI) cacld for GgH1s0sCINaS [M+NaJ: 405.0534; found: 405.0527.

(1S,3'R,4'S,5'S,6'R)-6'-methyl-6-((5-phenylthiophen-2-yl)methyl)-3',4,5',6'-tetra
hydro-3H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (19). Compound19 was
prepared fronb4 and 2-phenylthiophene according to the proceduserdeed for9 in
55% vyield (3 steps) as a white solid. HPLC pur$.11%. m.p. 149-151 °CH
NMR (500 MHz, Methanob) 6 7.53 (d,J = 7.5 Hz, 2H), 7.36 — 7.28 (m, 3H), 7.28 —
7.19 (m, 3H), 7.18 (d] = 3.6 Hz, 1H), 6.82 (d] = 3.5 Hz, 1H), 5.16 — 5.07 (m, 2H),
4.19 (s, 2H), 3.95 — 3.84 (m, 1H), 3.78 Jc& 9.6 Hz, 1H), 3.72 (t) = 9.2 Hz, 1H),
3.17 (t,J = 9.2 Hz, 1H), 1.22 (d] = 6.2 Hz, 3H).23C NMR (125 MHz, Methanotk,)

0 1449, 144.1, 141.5, 140.5, 140.3, 135.9, 139,99, 128.2, 127.6, 126.3, 123.9,
123.3, 122.1, 111.5, 77.4, 76.1, 75.3, 73.5, 73668, 18.2. LRMS (ESI) m/z: 425
[M+H]™; HRMS (ESI) cacld for g&H»40sNaS [M+Na]: 447.1237; found: 447.1224.

(1S,3'R,4'S,5'S,6'R)-6-((5-(4-fluorophenyl)thiophen-2-yl)methyl)-6'-mehyl-3',4',5

',6'-tetrahydro-3 H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (20). Compound
20 was prepared frori4 and 2-(4-fluorophenyl)thiophene according to thecedure
described fo9 in 49% vyield (3 steps) as a white solid. HPLC tyur96.06%. m.p.



174-176 °C'*H NMR (400 MHz, Methanotl) § 7.54 (ddJ = 8.7, 5.3 Hz, 2H), 7.32
(d,J= 8.1 Hz, 1H), 7.25 (d] = 7.8 Hz, 2H), 7.13 (d] = 3.5 Hz, 1H), 7.07 (t} = 8.7
Hz, 2H), 6.82 (dJ = 3.5 Hz, 1H), 5.17 — 5.06 (m, 2H), 4.19 (s, 2HY63- 3.83 (M,
1H), 3.82 — 3.65 (m, 2H), 3.16 (= 9.1 Hz, 1H), 1.21 (d] = 6.2 Hz, 3H)**C NMR
(125 MHz, MethanoH,) ¢ 163.5 (dJ = 243.6 Hz), 145.0, 143.0, 141.5, 140.5, 140.3,
132.4, 132.4, 130.9, 128.2 (@= 8.0 Hz), 127.6, 124.0, 123.3, 122.1, 116.6J(d,
21.9 Hz), 111.5, 77.4, 76.1, 75.3, 73.5, 71.5, 3682. LRMS (ESI) m/z: 443
[M+H]*; HRMS (ESI) cacld for @H.40sFS [M+H]": 443.1323; found: 443.1328.

(1S,3'R,4'S,5'S,6'R)-6'-methyl-6-((5-(pyridin-2-yl)thiophen-2-yl)methyl)-3',4',5',6
'-tetrahydro-3 H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (21). Compound21
was prepared fronb4 and 2-(thiophen-2-yl)pyridine according to the m@mdare
described fo9 in 27% vyield (3 steps) as a white solid. HPLC ur$9.00%. m.p.
146-147 °CH NMR (400 MHz, Methanotk) 6 8.65 — 8.58 (m, 1H), 8.45 (td,=
8.3, 1.5 Hz, 1H), 8.19 (dl = 8.3 Hz, 1H), 7.89 (dJ = 3.9 Hz, 1H), 7.82 — 7.74 (m,
1H), 7.41 — 7.34 (m, 1H), 7.30 @@= 7.5 Hz, 2H), 7.16 (d] = 3.9 Hz, 1H), 5.13 (d]

= 2.7 Hz, 2H), 4.35 (s, 2H), 3.93 — 3.83 (m, 1HY®B- 3.68 (M, 2H), 3.19 — 3.11 (m,
1H), 1.21 (d,J = 6.3 Hz, 3H).2*C NMR (125 MHz, Methanotk) 6 155.0, 148.3,
147.3, 142.8, 140.9, 140.9, 140.3, 132.5, 131.0.312125.1, 125.1, 123.5, 122.4,
111.5, 77.4, 76.1, 75.3, 73.4, 71.5, 36.9, 18.MBRESI) m/z: 426 [M+H]; HRMS
(ESI) cacld for GsH»405sNS [M+H]": 426.1370; found: 426.1366.

(1S,3'R,4'S,5'S,6'R)-6'-methyl-6-(naphthalen-2-ylmethyl)-3',4',5',6'-tetrahydro-3
H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (22). Compound22 was prepared
from 54 and 2-Bromonaphthalene according to the procedeseribed for9 in 36%
yield (3 steps) as a white solid. HPLC purity: 988 m.p. 148-149 °C‘H NMR
(500 MHz, Methanob,) 6 7.82 — 7.72 (m, 3H), 7.67 (s, 1H), 7.46 — 7.37 BH),
7.34 (dd,J = 8.4, 1.6 Hz, 1H), 7.31 — 7.26 (m, 1H), 7.22J& 8.6 Hz, 2H), 5.20 —
5.02 (m, 2H), 4.17 (s, 2H), 3.94 — 3.82 (m, 1HY%B- 3.64 (m, 2H), 3.20 — 3.07 (m,
1H), 1.20 (d,J = 6.2 Hz, 3H).2*C NMR (125 MHz, Methanotk) 6 227.3, 142.3,



140.4, 140.0, 139.9, 135.1, 133.6, 131.3, 129.8.6.2128.6, 128.1, 127.0, 126.4,
123.6, 122.0, 111.5, 77.4, 76.1, 75.2, 73.5, 74257, 18.2. LRMS (ESkn/z): 393
[M+H]"; HRMS (ESI) cacld for gH»40sNa [M+Na]': 415.1516; found: 415.1509.

(1S,3'R,4'S,5'S,6'R)-6-(benzop]thiophen-2-ylmethyl)-6'-methyl-3',4',5',6'-tetrahy
dro-3H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol  (23). Compound 23 was
prepared fronb4 and benzo[b]thiophene according to the proceduserdeed for9 in
51% vyield (3 steps) as a white solid. HPLC pur$.75%. m.p. 178-180 °CH
NMR (400 MHz, Methanob,) 6 7.73 (d,J = 7.8 Hz, 1H), 7.67 (d) = 7.5 Hz, 1H),
7.36 (ddJ = 7.7, 1.5 Hz, 1H), 7.32 — 7.19 (m, 4H), 7.09 (s),15419 — 5.06 (m, 2H),
4.29 (s, 2H), 3.87 (dd,= 9.6, 6.3 Hz, 1H), 3.80 — 3.64 (m, 2H), 3.20 — 1G9 1H),
1.21 (d,J = 6.3 Hz, 3H).2*C NMR (125 MHz, Methanotk) § 146.2, 141.5, 141.2,
140.8, 140.5, 140.5, 131.0, 125.2, 124.8, 124.3.402123.0, 123.0, 122.1, 111.5,
77.4,76.1, 75.2, 73.5, 71.5, 37.4, 18.2. LRMS JESkE: 399 [M+H]; HRMS (ESI)
cacld for GoH2:0sNaS [M+Na]: 421.1080; found: 421.1071.

(1S,3'R,4'S,5'S,6'R)-6-(benzofuran-2-ylmethyl)-6'-methyl-3',4',5',6'-tetrahydro-3
H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (24). Compound24 was prepared
from 54 and benzofuran according to the procedure descfired in 48% vyield (3
steps) as a white solid. HPLC purity: 97.12%. mf2—163 °C*H NMR (400 MHz,
Methanold,) § 7.51 = 7.44 (m, 1H), 7.36 (d,= 7.4 Hz, 2H), 7.33 — 7.24 (m, 2H),
7.23 — 7.11 (m, 2H), 6.54 — 6.44 (m, 1H), 5.18 675m, 2H), 4.17 (s, 2H), 3.93 —
3.82 (m, 1H), 3.80 — 3.67 (m, 2H), 3.20 — 3.10 (i), 1.21 (dJ = 6.3 Hz, 3H).°C
NMR (125 MHz, Methanot,) ¢ 159.1, 156.4, 140.5, 140.5, 138.6, 131.2, 130.2,
124.5, 123.6, 123.6, 122.1, 121.5, 111.6, 111.8,31077.4, 76.1, 75.3, 73.5, 71.5,
35.4, 18.2. LRMS (ESI) m/z: 383 [M+H]HRMS (ESI) cacld for GH»306 [M+H] *:
383.1489; found: 383.1486.

(2-bromo-5-chloro-1,4-phenylene)dimethanol (59).To a solution (150 mL) of
1-bromo-4-chloro-2,5-dimethylbenzers (25.00 g, 113.89 mmol) in EtOAc was



added N-bromosuccinimide (NBS) (50.68 g, 284.73 mmol) and
2,2-azobis(isobutyronitrile) (AIBN) (935.1 mg, 5.69 i}y and the resultant mixture
was stirred for 0.5 h at reflux temperature. Thecti®n mixture was cooled to rt, and
then EtOAc was added thereto. The resultant mixtume washed with water and
brine. The organic layer was dried overn8i@;, and the solvent was then removed by
distillation under reduced pressure. The obtaimadesproduct was dissolved in DMF
(200 mL), and AcONa (28.03 g, 341.68 mmol) was dddereto. The resultant
mixture was stirred for 3 h at 80 °C. The reactiomture was cooled to rt, and then
CH.Cl, was added thereto. The mixture was washed witterwand brine. The
organic layer was dried over p&0,, and the solvent was then removed by distillation
under reduced pressure. To the obtained residuadded EtOAc (200 mL), and this
solution was stirred for 15 h at rt. Undissolvedtenial was collected by filtration to
obtain the compoun®8 (10.32 g, 27%) as a white solid.

To a solution of compoun88 (10.32 g, 30.75 mmol) in a mixture of THF (80 mL),
EtOH (80 mL) and water (40 mL), potassium hydrox{@el8 g, 92.26 mmol) was
added, and the resultant mixture was stirred féridat 80 °C. The reaction mixture
was cooled to rt, and then solvent was removeddiyldtion under reduced pressure.
To the resulting residue were added water (70 mid AcOEt (35 mL), and this
mixture was stirred for 1 h at rt. Undissolved mialewvas collected by filtration and
dried to give compoun®9 (7.10 g, 92%) as a white soliH NMR (400 MHz,
Methanold,) 6 7.71 (s, 1H), 7.52 (s, 1H), 4.66 (s, 2H), 4.612(3).

1-bromo-4-chloro-2,5-bis(((2-methoxypropan-2-yl)oxymethyl)benzene (60).
Compound60 was prepared frorb9 according to the procedure described3arin
91% vyield as a white solidH NMR (400 MHz, Chlorofornd) 6 7.68 (s, 1H), 7.51 (s,
1H), 4.53 (s, 2H), 4.48 (s, 2H), 3.24 — 3.21 (m),6H47 — 1.43 (m, 12H).

(1S,3'R,4'S,5'R,6'R)-3',4',5'-tris(benzyloxy)-5-chloro-6'-methyl-3',4',5',6'-tetrahy
dro-3H-spiro[isobenzofuran-1,2'-pyran]-6-carbaldehyde (62 Compound62 was
prepared fron##9 and60 according to the procedure described54in 38% yield (3



steps) as a colorless oiH NMR (400 MHz, Chlorofornd) § 10.35 (s, 1H), 7.57 (s,
1H), 7.40 — 7.27 (m, 11H), 7.16 — 7.04 (m, 3H),36-86.76 (m, 2H), 5.19 (s, 2H),
4.99 — 4.88 (m, 3H), 4.69 (dd= 18.4, 11.2 Hz, 2H), 4.23 (d,= 11.6 Hz, 1H), 4.11
—3.96 (m, 2H), 3.85 (d = 9.5 Hz, 1H), 3.33 (= 9.4 Hz, 1H), 1.24 (d] = 6.2 Hz,
3H). LRMS (ESI,m/2): 607 [M+NaJ".

(1S,3'R,4'S,5'S,6'R)-5-chloro-6-(4-ethylbenzyl)-6'-methyl-3',4',5',6'tetrahydro-3
H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (25). Compound25 was prepared
from 62 and 1-bromo-4-ethylbenzene according to the praeedascribed foB in
52% vyield (3 steps) as a white solid. HPLC pur.48%. m.p. 130-132 °CH
NMR (500 MHz, Methanob) § 7.35 (s, 1H), 7.18 (s, 1H), 7.10 (s, 4H), 5.12.0645
(m, 2H), 4.08 (s, 2H), 3.89 — 3.81 (m, 1H), 3.73.66 (m, 2H), 3.16 — 3.09 (m, 1H),
2.60 (q,d = 7.6 Hz, 2H), 1.24 — 1.16 (m, 6HYC NMR (125 MHz, Methanotk) J
143.4, 141.9, 139.7, 139.3, 137.9, 136.2, 129.8,9225.6, 123.1, 111.3, 77.3, 76.0,
75.2, 72.9, 71.6, 39.8, 29.4, 18.2, 16.2. LRMS (B®4): 405 [M+H]"; HRMS (ESI)
cacld for GoH2:0sCINa [M+Na]': 427.1283; found: 427.1273.

(1S,3'R,4'S,5'S,6'R)-5-chloro-6-(4-ethoxybenzyl)-6'-methyl-3',4',5',6‘tetrahydro-
3H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (26). Compound26 was prepared
from 62 and 1-bromo-4-ethoxybenzene according to the proeedescribed fo@ in
48% vyield (3 steps) as a white solid. HPLC pury.30%. m.p. 109-112 °CH
NMR (500 MHz, Methanotl) 6 7.35 (s, 1H), 7.16 (s, 1H), 7.12 — 7.07 (m, 2H$46
— 6.79 (M, 2H), 5.12 — 5.04 (m, 2H), 4.05 (s, 28189 (q,J = 7.0 Hz, 2H), 3.89 —
3.82 (m, 1H), 3.72 — 3.65 (m, 2H), 3.17 — 3.09 i), 1.36 (tJ = 7.0 Hz, 3H), 1.20
(d,J = 6.3 Hz, 3H).X*C NMR (125 MHz, Methanot}) 5 158.9, 141.8, 140.0, 139.3,
136.1, 132.5, 130.9, 125.5, 123.1, 115.5, 111.3,76.0, 75.2, 72.9, 71.6, 64.4, 39.3,
18.2, 15.2. LRMS (ESIm/2): 421 [M+H]"; HRMS (ESI) cacld for GHys0sCINa
[M+Na]*: 443.1232; found: 443.1221.

(1S,3'R,4'S,5'S,6'R)-5-chloro-6'-methyl-6-((5-methylthiophen-2-yl)methyl)-3',4',5



',6'-tetrahydro-3 H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (27). Compound
27 was prepared fror62 and 2-bromo-5-methylthiophene according to the gaace
described for9 in 36% yield (3 steps) as a white solid. HPLC fyurD7.24%.H
NMR (400 MHz, Methanot) 5 7.33 (s, 1H), 7.24 (s, 1H), 6.63 — 6.50 (M, 2HY75
(t, = 1.4 Hz, 2H), 4.23 — 4.13 (m, 2H), 3.85 (d& 9.7, 6.2 Hz, 1H), 3.74 — 3.65 (m,
2H), 3.14 (dddJ = 9.3, 5.8, 3.1 Hz, 1H), 2.37 (s, 3H), 1.20 J& 6.3 Hz, 3H)*°C
NMR (125 MHz, Methanot,) ¢ 140.82, 139.35, 138.18, 138.01, 137.71, 134.40,
125.17, 124.46, 123.90, 121.79, 109.99, 109.9389/5/4.65, 73.84, 71.59, 70.20,
33.16, 16.84, 13.84. LRMS (EShV2): 396.9 [M+H]:; HRMS (ESI) cacld for
C1gH2:CIOsS[M+H]™: 397.0871; found: 397.0861.
(1S,3'R,4'S,5'S,6'R)-5-chloro-6-((5-chlorothiophen-2-yl)methyl)-6'-metyl-3',4',5'
,6'-tetrahydro-3H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (28). Compound
28 was prepared fror62 and 2-bromo-5-chlorothiophene according to the @dace
described for9 in 56% vyield (3 steps) as a white solid. HPLC purD8.09%.H
NMR (400 MHz, Methanob) & 7.38 (d,J = 1.1 Hz, 1H), 7.30 (s, 1H), 6.76 (dbz=
3.8, 0.9 Hz, 1H), 6.65 (dd,= 3.7, 1.0 Hz, 1H), 5.09 (d,= 2.5 Hz, 2H), 4.22 (s, 2H),
3.90 — 3.80 (m, 1H), 3.75 — 3.65 (m, 2H), 3.30Jp; 1.6 Hz, 1H), 3.17 — 3.11 (m,
1H), 1.20 (d,J = 6.3 Hz, 3H)X*C NMR (125 MHz, Methanotk) 5 141.05, 141.03,
138.00, 136.48, 134.19, 127.09, 125.43, 124.62,872321.72, 109.67, 75.66, 74.38,
73.60, 71.32, 69.98, 33.09, 16.55. LRMS (E®l7): 417.1 [M+H]; HRMS (ESI)
cacld for GgH19Cl,0sS [M+H]": 417.0325; found: 417.0325.
(1S,3'R,4'S,5'S,6'R)-5-chloro-6-((5-(2-methoxyethyl)thiophen-2-yl)metll)-6'-met
hyl-3',4',5",6'-tetrahydro-3 H-spiro[isobenzofuran-1,2'-pyran]-3',4",5'-triol ~ (33).
Compound33 was prepared fro82 and 2-(2-methoxyethyl)thiophene according to
the procedure described f8rin 49% yield (3 steps) as a white solid. HPLC tyuri
98.43%.'H NMR (400 MHz, Methanot) § 7.35 (s, 1H), 7.26 (s, 1H), 6.68 — 6.60
(m, 2H), 5.08 (dJ) = 2.2 Hz, 2H), 4.21 (d] = 3.7 Hz, 2H), 3.85 (dgl = 9.7, 6.2 Hz,
1H), 3.73 — 3.65 (m, 2H), 3.56 (= 6.6 Hz, 2H), 3.32 (s, 3H), 3.14 (ddik 9.3, 6.7,
2.3 Hz, 1H), 2.96 (t) = 6.6 Hz, 2H), 1.20 (d] = 6.3 Hz, 3H)*C NMR (100 MHz,
Methanold,) &6 142.77, 141.93, 141.90, 139.94, 139.52, 136.2%.8® 126.42,



125.88, 123.69, 111.82, 77.79, 76.52, 75.72, 74857, 72.09, 59.31, 35.08, 31.85,
18.73. LRMS (ESI,m/2): 462.9 [M+Na]; HRMS (ESI) cacld for GH»sClOgS
[M+H]*: 441.1133; found: 441.1131.

(1S,3'R,4'S,5'S,6'R)-5-chloro-6-((5-(2-ethoxyethyl)thiophen-2-yl)methi)-6'-meth
yl-3',4',5',6'-tetrahydro-3 H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (34).
Compound34 was prepared fror62 and 2-(2-ethoxyethyl)thiophene according to the
procedure described fd@ in 44% vyield (3 steps) as a white solid. HPLC puri
98.18%."H NMR (400 MHz, Methanol) & 7.38 (s, 1H), 7.29 (s, 1H), 6.70 — 6.63
(m, 2H), 5.11 (dJ = 2.6 Hz, 2H), 4.25 (d] = 5.2 Hz, 2H), 3.87 (dd] = 9.6, 6.3 Hz,
1H), 3.75 — 3.67 (m, 2H), 3.63 @t= 6.7 Hz, 2H), 3.52 (g] = 7.0 Hz, 2H), 3.16 (ddd,
J=9.2,6.4,2.5 Hz, 1H), 3.03 — 2.95 (m, 2H), (@3 = 6.2 Hz, 3H), 1.19 (= 7.0
Hz, 3H).»*C NMR (125 MHz, Methanot) & 140.63, 139.85, 139.75, 137.81, 137.39,
134.16, 124.65, 124.23, 123.71, 121.52, 109.686/5/4.39, 73.60, 71.31, 70.63,
69.94, 65.62, 32.92, 29.90, 16.55, 13.80. LRMS (BE®4): 476.9 [M+Na]; HRMS
(ESI) cacld for GoH2gClOgS [M+H]™: 455.1290; found: 455.1292.

(1S,3'R,4'S,5'S,6'R)-5-chloro-6'-methyl-6-((5-(2-propoxyethyl)thiophen2-yl)met
hyl)-3',4',5',6'-tetrahydro-3 H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol  (35).
Compound35 was prepared frond2 and 2-(2-propoxyethyl)thiophene according to
the procedure described f@rin 40% yield (3 steps) as a white solid. HPLC tyuri
97.36%."H NMR (400 MHz, Methanotk) & 7.38 (s, 1H), 7.29 (s, 1H), 6.66 =
4.4 Hz, 2H), 5.11 (dJ = 2.8 Hz, 2H), 4.25 (d] = 6.2 Hz, 2H), 3.94 — 3.83 (m, 1H),
3.76 — 3.67 (m, 2H), 3.62 (,= 6.6 Hz, 2H), 3.43 (J = 6.6 Hz, 2H), 3.16 (ddd), =
9.3, 6.5, 2.4 Hz, 1H), 3.00 (,= 6.6 Hz, 2H), 1.59 (hJ = 7.1 Hz, 2H), 1.23 (d] =
6.2 Hz, 3H), 0.93 (tJ = 7.4 Hz, 3H).23C NMR (125 MHz, Methanott) 5 140.63,
139.93, 139.75, 137.80, 137.41, 134.17, 124.60,2P24123.71, 121.52, 109.68,
75.67, 74.39, 73.60, 72.05, 71.31, 70.82, 69.94933229.90, 22.25, 16.54, 9.34.
LRMS (ESI, m/z); 490.9 [M+Na]; HRMS (ESI) cacld for @H3.ClOsS [M+H]":
469.1446; found: 469.1457.



(1S,3'R,4'S,5'S,6'R)-5-chloro-6-((5-(4-fluorophenyl)thiophen-2-yl)mettyl)-6'-met
hyl-3',4',5",6'-tetrahydro-3 H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol ~ (36).
Compound36 was prepared fron62 and 2-(4-fluorophenyl)thiophene according to
the procedure described f@rin 51% yield (3 steps) as a light yellow solid. ItHP
purity: 97.24%. mp 115-117 °é4 NMR (500 MHz, Methanol,) § 7.58 — 7.51 (m,
2H), 7.38 (s, 1H), 7.33 (s, 1H), 7.12 (& 3.6 Hz, 1H), 7.11 — 7.03 (m, 2H), 6.80 (d,
J= 3.6 Hz, 1H), 5.14 — 5.06 (m, 2H), 4.30 (s, 2HB23- 3.81 (m, 1H), 3.77 — 3.67
(m, 2H), 3.20 — 3.10 (m, 1H), 1.21 (d,= 6.3 Hz, 3H)."*C NMR (125 MHz,
Methanold,) 6 163.51 (d,J = 243.8 Hz), 143.1, 143.0, 142.5, 139.6, 138.7, 9,35.
132.4,132.3, 128.2 (d,= 8.0 Hz), 127.9, 125.4, 124.0, 123.3, 116.6)(d,21.9 Hz),
111.3, 77.3, 76.1, 75.3, 73.0, 71.6, 34.7, 18. MBRESI,m/2): 477 [M+H]"; HRMS
(ESI) cacld for GsH2,0sCIFNaS [M+Na]: 499.0753; found: 499.0739.

(1S,3'R,4'S,5'S,6'R)-6-(benzo[b]thiophen-2-ylmethyl)-5-chloro-6'-methy-3',4',5",
6'-tetrahydro-3H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (37). Compound
37 was prepared fror62 and benzo[b]thiophene according to the proceduserideed
for 9in 49% yield (3 steps) as a white solid. HPLC tyur99.14%. Mp 119-121 °C.
'H NMR (500 MHz, Methanoty) 5 7.73 (d,J = 8.0 Hz, 1H), 7.65 (s, 1H), 7.40 (s,
1H), 7.36 (s, 1H), 7.31 — 7.20 (m, 2H), 7.03 (s),15415 — 5.07 (m, 2H), 4.38 (s, 2H),
3.91 — 3.81 (m, 1H), 3.76 — 3.65 (m, 2H), 3.18093m, 1H), 1.21 (dJ = 6.3 Hz,
3H). 3¢ NMR (125 MHz, Methanot) 0 144.4, 142.6, 141.4, 141.1, 139.6, 138.2,
136.0, 125.6, 125.2, 124.8, 124.0, 123.3, 123.3,02A11.3, 77.3, 76.0, 75.2, 73.0,
71.6, 35.3, 18.2. LRMS (ESImW2): 433 [M+H]; HRMS (ESI) cacld for
C22H210sCINaS [M+Na]: 455.0690; found: 455.0681.

5-(((1S,3'R,4'S,5'R,6'R)-3",4',5'-tris(benzyloxy)-5-chloro-6'-methyl-3',4',5',6'-tetr
ahydro-3H-spiro[isobenzofuran-1,2'-pyran]-6-yl)methyl)thiophene-2-carbaldehy



de (67). To a solution of 2-bromothiophene (1.00 g, 6.1®ot) in anhydrous THF
(30 mL), 2.5 Mn-BuLi in hexane solution (2.71 mL, 6.77 mmol) waklad dropwise
at —78 °C under a nitrogen atmosphere and thetassuhixture was stirred under the
same condition for 1 h. A solution of compoufd (720.0 mg, 1.23 mmol) in
anhydrous THF (5 mL) was then added dropwise to rdsiltant mixture. The
reaction mixture was stirred for 2 h, and then watas added thereto. The resultant
mixture was extracted with EtOAc. The organic layes washed with brine, dried
over NaSQO,, and then evaporated under reduced pressure toveethe solvent. The
obtained residue was purified by column chromatalgyaon silica gel (petroleum
ether/EtOAc = 4/1) to give compoubd (576.5 mg, 70%) as a colorless oll.

To a solution of compound5 (550.0 mg, 0.82 mmol) in Gi&l, (50 mL),
triethylsilane (656.3.L, 4.11 mmol) and BfOE#b (121.7uL, 0.99 mmol) were added
at —40 °C and the mixture was stirred at the samgerature for 1 h. After addition
of water, the reaction mixture was extracted witH,Cl,. The organic layer was
washed with brine, dried over p&0,, and then evaporated under reduced pressure to
remove the solvent. The obtained residue was pdrlfly column chromatography on
silica gel (petroleum ether/EtOAc = 10/1) to givarpound66 (397.3 mg, 74%) as a
colorless oil.'H NMR (400 MHz, Chlorofornd) § 7.34 (dd,J = 7.8, 3.7 Hz, 11H),
7.21 — 7.11 (m, 5H), 6.90 (dd,= 5.1, 3.4 Hz, 1H), 6.83 — 6.77 (m, 3H), 5.22 125.
(m, 2H), 4.99 — 4.88 (m, 3H), 4.72 (@= 11.0 Hz, 1H), 4.57 (d] = 10.9 Hz, 1H),
4.35—4.19 (m, 2H), 4.13 — 4.03 (m, 3H), 3.82)d,9.5 Hz, 1H), 3.33 (] = 9.4 Hz,
1H), 1.28 (d,J = 6.2 Hz, 3H).

To a solution of compoun@6 (392.0 mg, 0.60 mmol) in anhydrous THF (20 mL)
under argon atmosphere, 2.5rMBuLi in hexane solution (3604L, 0.90 mmol) was
added dropwise at =78 °C and the resultant mixtwas stirred under 0 °C for 1 h.
Then, the reaction mixture was cooled to -78 °C@l was added with DMF (924L,
1.20 mmol). The resulting mixture was stirred ovwghh under -70 °C. After
completion, water was added to the reaction mixtditee resultant solution was
extracted with EtOAc. The organic layer was wasiét brine, dried over N&O,,

and then evaporated under reduced pressure to eethevsolvent. The obtained



residue was purified by column chromatography tinasgel (petroleum ether/EtOAc
= 8/1) to give compoun@7 (305.4 mg, 75%) as a light-yellow solitH NMR (400
MHz, Chloroformd) ¢ 9.71 (s, 1H), 7.58 (s, 1H), 7.53 — 7.47 (m, 2H3,/7~ 7.21 (m,
15H), 7.10 (dJ = 7.5 Hz, 1H), 4.75 — 4.55 (m, 6H), 4.46 (dck 14.3, 12.3 Hz, 2H),
4.37 (d,J = 7.0 Hz, 1H), 4.31 (dJ = 12.4 Hz, 1H), 4.21 (td] = 13.1, 12.5, 6.3 Hz,
2H), 3.88 (tJ = 7.0 Hz, 1H), 3.47 (1) = 7.0 Hz, 1H), 1.34 (d] = 6.8 Hz, 3H).

5-(((1S,3'R,4'S,5'S,6'R)-5-chloro-3',4',5'-trihydroxy-6'-methyl-3',4",5',6 '-tetrahyd
ro-3H-spiro[isobenzofuran-1,2'-pyran]-6-yl)methyl)thiophene-2-carbaldehyde
(29).To a solution of compoun@7 (120.0 mg, 0.176 mmol) and pentamethylbenzene
(268.2 mg, 1.76 mmol) in Ci€l, (30 mL) was added 1.0 M B£in toluene solution
(1.06 mL, 1.06 mmol) at =78 °C under a nitrogen adphere, and the mixture was
stirred at the same temperature overnight. Afteditemh of MeOH (10 mL), the
reaction mixture was warmed to rt and evaporatetbureduced pressure to remove
the solvent. The obtained residue was purified dlyran chromatography on silica
gel (CHCl,/MeOH = 15/1) to give compoun2d (45.3 mg, 62%) as a white solid.
HPLC purity: 97.21%H NMR (400 MHz, Methanobl,) § 9.79 (s, 1H), 7.77 (dl =
3.8 Hz, 1H), 7.41 (dJ = 16.2 Hz, 2H), 7.05 (d] = 3.8 Hz, 1H), 5.13 (d] = 2.7 Hz,
2H), 4.42 (s, 2H), 3.94 — 3.83 (m, 1H), 3.80 — JB6 2H), 3.17 (tJ = 8.9 Hz, 1H),
1.23 (d,J = 6.3 Hz, 3H)*C NMR (150 MHz, Methanott,) J 183.58, 154.15, 142.38,
141.66, 138.41, 137.72, 136.15, 134.60, 127.15,312422.17, 109.93, 75.90, 74.61,
73.83, 71.61, 70.26, 33.90, 16.85. LRMS (EBV2): 432.7 [M+Na] and 445.0
[M+CI]"; HRMS (ESI) cacld for @H2ClOsS [M+H]": 411.0664; found: 411.0663.

(1S,3'R,4'S,5'S,6'R)-5-chloro-6-((5-(hydroxymethyl)thiophen-2-yl)methy)-6'-met
hyl-3',4',5",6'-tetrahydro-3 H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol ~ (30).

To a solution of compoun#9 (33.0 mg, 0.08 mmol) in methanol (4 mL) was added
NaBH,; (6.1 mg, 0.16 mmol) at 0 °C, and the reaction orixtwas stirred at room
temperature for 1 h. After completion, the reactmixture was evaporated under

reduced pressure to remove the solvent. The olstaesdue was purified by column



chromatography on silica gel (GEI,/MeOH = 10/1) to give compourigD (33.1 mg,
99%) as a white solid. HPLC purity: 95.11961 NMR (400 MHz, Methanob,) &
7.35 (s, 1H), 7.27 (s, 1H), 6.78 (= 3.4 Hz, 1H), 6.68 (d] = 3.4 Hz, 1H), 5.08 (d]

= 2.4 Hz, 2H), 4.63 (s, 2H), 4.31 — 4.19 (m, 2HB(dq,J = 9.7, 6.2 Hz, 1H), 3.73 —
3.65 (m, 2H), 3.13 (ddd} = 9.3, 6.1, 2.8 Hz, 1H), 1.20 (d= 6.3 Hz, 3H)*C NMR
(125 MHz, Methanold,) ¢ 143.10, 141.65, 140.72, 137.86, 137.25, 134.1%,6R
124.37, 123.72, 121.56, 109.68, 75.67, 74.39, 73530, 69.94, 58.45, 33.02, 16.55.
LRMS (ESI, m/z): 434.7 [M+Na] and 446.9 [M+CI} HRMS (ESI) cacld for
C19H21C1,06S [M+CI]: 447.0441; found: 447.0445.

methyl
5-(((1S,3'R,4'S,5'R,6'R)-3',4",5'-tris(benzyloxy)-5-chloro-6'-methyl-3',4',5',6'-tetr
ahydro-3H-spiro[isobenzofuran-1,2'-pyran]-6-yl)methyl)thiophene-2-carboxylate
(68). To a solution of compourdl7 (200.0 mg, 0.29 mmol) in methanol (4 mL) under
0 °C, a methanol solution (2 mL) of KOH (42.8 mg, Orifol) and 4 (96.9 mg, 0.38
mmol) was added and the resulting mixture wasestirat 0°C for 3 h. After
completion, saturated NaO; agq. was added dropwise into the reaction mixtuntd u
the solution did not change color any more, thenowe the methanol via rotary
evaporation. The residue was extracted with dicm@thane, and the organic layer
was washed with brine, dried over 48&, and then concentrated under reduced
pressure. The obtained residue was purified byneolachromatography on silica gel
(petroleum ether/EtOAc = 12/1) to give compowB&i(104.0 mg, 50%) as a white
solid. '"H NMR (400 MHz, Methanot,) § 7.59 (d,J = 3.7 Hz, 1H), 7.35 (dd] = 9.0,
2.8 Hz, 11H), 7.23 — 7.12 (m, 4H), 6.82 {d 7.3 Hz, 2H), 6.77 (d] = 3.8 Hz, 1H),
5.23 — 5.13 (m, 2H), 4.99 — 4.89 (m, 3H), 4.73Xd,11.0 Hz, 1H), 4.60 (d = 11.1
Hz, 1H), 4.33 — 4.18 (m, 2H), 4.15 — 4.03 (m, 38182 (d,J = 9.2 Hz, 1H), 3.81 (s,
3H), 3.34 (tJ = 9.4 Hz, 1H), 1.28 (d] = 6.1 Hz, 3H).

methyl
5-(((1S,3'R,4'S,5'S,6'R)-5-chloro-3',4',5'-trihydroxy-6'-methyl-3',4',5',6 '-tetrahyd



ro-3H-spiro[isobenzofuran-1,2'-pyran]-6-yl)methyl)thiophene-2-carboxylate (31).
Compound 31 was prepared from intermedia@8 according to the procedure
described fo29 in 62% yield as a white solid. HPLC purity: 97.94% NMR (400
MHz, Methanolely) 6 7.62 (d,J = 3.8 Hz, 1H), 7.40 (s, 1H), 7.36 (s, 1H), 6.90)¢
3.8 Hz, 1H), 5.20 — 5.06 (m, 2H), 4.33 (s, 2H),03(8t,J = 9.6, 6.3 Hz, 1H), 3.83 (s,
3H), 3.80 — 3.70 (m, 2H), 3.18 (= 8.9 Hz, 1H), 1.23 (d] = 6.2 Hz, 3H)}*C NMR
(150 MHz, MethanoHt,) ¢ 162.75, 150.74, 141.49, 138.33, 136.48, 134.58,483
131.33, 126.42, 124.26, 122.11, 109.93, 75.89,37/4/8.83, 71.61, 70.26, 51.22,
33.53, 16.87. LRMS (ESkW2): 462.9 [M+Naf and 475.0 [M+CI} HRMS (ESI)
cacld for GgH2,CIO;S [M+H]": 441.0769; found: 441.0770.

methyl

2-(5-(((1S,3'R,4'S,5'S,6'R)-5-chloro-3',4',5'-trihydroxy-6'-methyl-3',4',5',6 '-tetrah
ydro-3H-spiro[isobenzofuran-1,2'-pyran]-6-yl)methyl)thiophen-2-yl)acetate (32).
The DMF solution of compoun@7 (300.0 mg, 0.44 mmol) was protected with argon
and cooled to -9C. The cooled solution was added with chlorofori.¢g:L, 1.10
mmol), then was added dropwise with a methanoltes{300uL) of KOH (19.8 mg,
0.35 mmol) at the same temperature. The reactianstiaed for 2 h under & and
then quenched with Ml HCI ag. The resulting mixture was extracted wit&c. The
organic layer was washed with saturated NaBI@Q, and brine, dried over p&0,,
and then evaporated under reduced pressure to eethevsolvent. The obtained
residue was purified by column chromatography tinasgel (petroleum ether/EtOAc
= 10/1) to give compoun69 (286.0 mg, 81%) as a white solftH NMR (400 MHz,
Chloroformd) ¢ 7.34 (ddJ = 5.4, 3.1 Hz, 11H), 7.21 — 7.11 (m, 4H), 7.07.647(m,
1H), 6.78 (dtJ = 8.2, 1.9 Hz, 2H), 6.72 (dd,= 3.7, 1.1 Hz, 1H), 5.26 (s, 1H), 5.23 —
5.12 (m, 2H), 4.99 — 4.88 (m, 3H), 4.76 — 4.70 (i), 4.58 (dd,J = 10.8, 3.5 Hz,
1H), 4.37 — 4.02 (m, 5H), 3.82 (ddi= 9.5, 3.6 Hz, 1H), 3.37 — 3.30 (m, 1H), 1.27 (d,
J=6.2 Hz, 3H).

To a solution of compoun@ (630.0 mg, 0.79 mmol) irBuOH (10 mL) was added
with NaOH (powder, 103.9 mg, 2.60 mmol) at %D, then the mixture was stirred



vigorously for 10 min, followed by the addition N&BH, (59.5 mg, 1.57 mmol). The
heterogeneous mixture was warmed td®G5and stirred vigorously at for 48 h. After
completion, the solverttBuOH was removed by rotary evaporation and th&lues
was dissolved in diethyl ether and water (12 mL#il2). The resulting solution was
cooled to 0°C and was adjusted to pH 1 withNLHCI. The product was extracted
with diethyl ether, dried over N8Oy, and then evaporated under reduced pressure to
remove the solvent. The obtained residue was pdrlfly column chromatography on
silica gel (petroleum ether/EtOAc = 4/1 +0.5%HOA@)give compound0 (235.10
mg, 42%) as a yellow oil. LRMS (ESty/2): 709 [M-H].

Compound 32 was prepared from intermediat®) according to the procedure
described fo29 in 24% yield as a white solid. HPLC purity: 95.52%4 NMR (400
MHz, Methanoles) 6 *H NMR (400 MHz, Methanotl) & 7.38 (s, 1H), 7.31 (s, 1H),
6.75 (dt,J = 3.4, 1.0 Hz, 1H), 6.72 — 6.66 (m, 1H), 5.16 865(m, 2H), 4.26 (dJ =
2.4 Hz, 2H), 3.92 — 3.83 (m, 1H), 3.79 (&= 0.9 Hz, 2H), 3.75 — 3.71 (m, 2H), 3.70
(s, 3H), 3.17 (dddj = 9.7, 7.3, 1.6 Hz, 1H), 1.23 (d= 6.3 Hz, 3H)*C NMR (125
MHz, Methanold,) 6 171.48, 141.65, 140.99, 138.09, 137.41, 134.43,983 126.31,
125.01, 124.03, 121.84, 109.99, 109.92, 75.90,374/8.82, 71.57, 70.20, 51.27,
34.56, 33.17, 16.81. LRMS (ESt¥2): 476.9 [M+Naf and 489.0 [M+CI} HRMS
(ESI) cacld for G;H23CI,07S [M+CI]: 489.0547; found: 489.0547.

(2-bromo-5-fluorophenyl)methanol (72). To a solution of
2-bromo-5-fluorobenzaldehydél (25.00 g, 123.15 mmol) in MeOH (200 mL) was
added NaBH (4.66 g, 123.15 mmol) portionwise at 0 °C, andrttigture was stirred
at room temperature for 2.5 h. Water was added tlamdolvent was removed under
reduced pressure to about a half volume. The maxiwas poured into EtOAc and
water. The organic layer was washed with brine @neld over anhydrous N8O..
The solvent was removed under reduced pressuliggagmpound’2 (21.00 g, 83%)
as a white solid*H NMR (400 MHz, Methanot) § 7.53 (dd,J = 8.7, 5.2 Hz, 1H),
7.30 (ddJ = 9.7, 3.1 Hz, 1H), 6.95 (td,= 8.4, 3.4 Hz, 1H), 4.61 (s, 2H).



(2-bromo-5-fluoro-1,4-phenylene)dimethanol (73).Tetramethylpiperidine (34.57
mL, 204.85 mmol) was dissolved in THF (250 mL). the resultant solution was
added 2.4 M n-BuLi in hexane solution (85.36 mL43% mmol) at 0°C., and this
solution was stirred for 15 minutes. The resultantture was cooled to -78 °C. and a
solution of compound2 (20 g, 97.55 mmol) in THF (100 mL) was added drizew
thereto. The temperature of the solution was ramest 2 h to -40 °C. The solution
was again cooled to -78 °C., and then DMF (18.8Q @13.87 mmol) was added
thereto. The temperature of the solution was raitsedoom temperature, and the
solution was stirred for 1 h. Saturated aqueous @mum chloride was then added
thereto, and the resultant mixture was extractdd athyl acetate. The organic layer
was dried over anhydrous p&0,, and then concentrated under reduced pressure. The
obtained residue was dissolved in MeOH (200 mLyl ldaBH, (3.69 g, 97.55 mmol)
was added thereto portionwise at 0 °C. The mixtuas stirred at room temperature
for 2.5 h. Water was added, and the solvent wa®vethunder reduced pressure to
about a half volume. The mixture was poured int®@At and water. The organic
layer was washed with brine and dried over anhygidaSO,, and then evaporated
under reduced pressure to remove the solvent. btened residue was purified by
column chromatography on silica gel (petroleum EEI®Ac = 1/1) to give
compound73 (7.62 g, 33%) as a white solid (2 step¥t NMR (400 MHz,
Methanold,) 6 7.62 (d,J = 6.8 Hz, 1H), 7.26 (d] = 10.8 Hz, 1H), 4.63 (s, 2H), 4.60
(s, 2H).

1-bromo-4-fluoro-2,5-bis(((2-methoxypropan-2-yl)oxymethyl)benzene (74).
Compound74 was prepared froni3 according to the procedure described3arin
96% vyield as a colorless ot NMR (400 MHz, Chlorofornd) 6 7.59 (d,J = 6.7 Hz,
1H), 7.26 (dJ = 10.8 Hz, 1H), 4.50 (s, 2H), 4.48 (s, 2H), 3.243(d), 3.22 (s, 3H),
1.45 (s, 6H), 1.43 (s, 6H).

(1S,3'R,4'S,5'R,6'R)-3',4',5'-tris(benzyloxy)-5-fluoro-6'-methyl-3',4",5',6'-tetrahy
dro-3H-spiro[isobenzofuran-1,2'-pyran]-6-carbaldehyde (7 Compound76 was



prepared fron19 and74 according to the procedure describedSéin 25% vyield (2
steps) as a white solitH NMR (400 MHz, Chlorofornd) ¢ 10.20 (s, 1H), 7.52 (d,

= 6.0 Hz, 1H), 7.38 — 7.27 (m, 10H), 7.17 — 7.06 &H), 7.03 (dJ = 9.5 Hz, 1H),
6.84 — 6.77 (m, 2H), 5.20 (s, 2H), 4.95 Jd&s 12.7 Hz, 3H), 4.70 (dd} = 17.8, 11.2
Hz, 2H), 4.24 (dJ = 11.5 Hz, 1H), 4.10 (] = 9.3 Hz, 1H), 4.07 — 3.97 (m, 1H), 3.85
(d, J= 9.5 Hz, 1H), 3.33 (tJ = 9.4 Hz, 1H), 1.24 (d) = 6.3 Hz, 3H). LRMS (ESI,
m/z): 567 [M-HJ.

(1S,3'R,4'S,5'S,6'R)-6-((5-ethylthiophen-2-yl)methyl)-5-fluoro-6'-methyl-3',4',5',6
'-tetrahydro-3 H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (38). Compound38
was prepared frori6 and 2-ethylthiophene according to the procedurerdesi for
9 in 36% vield (3 steps) as a white solid. HPLC fur®7.31%. mp 127-128 °CH
NMR (500 MHz, Methanobl) 6 7.22 (d,J = 6.7 Hz, 1H), 7.03 (d) = 9.4 Hz, 1H),
6.62 (d,J = 3.4 Hz, 1H), 6.58 (dJ = 3.4 Hz, 1H), 5.13 — 5.04 (m, 2H), 4.10 (&=
3.5 Hz, 2H), 3.91 — 3.79 (m, 1H), 3.75 — 3.65 (iH),28.18 — 3.10 (m, 1H), 2.75 (@,
= 7.5 Hz, 2H), 1.27 — 1.17 (m, 6HC NMR (125 MHz, Methanott) 6 162.9 (d,J
= 244.0 Hz), 147.3, 142.6 (d= 9.3 Hz), 140.7, 135.9, 128.8 (= 17.5 Hz), 126.0,
125.4 (dJ = 5.3 Hz), 124.0, 111.3, 109.0 @+ 25.1 Hz), 77.3, 76.1, 75.3, 73.1 {d,
= 2.0 Hz), 71.5, 30.1 (d, = 3.8 Hz), 24.3, 18.2, 16.5. LRMS (E®¥2): 395 [M+H[';
HRMS (ESI) cacld for gH240sFS [M+H]": 395.1323; found: 395.1313.

1-bromo-2,5-bis(chloromethyl)-4-methylbenzene (80)A 100 g (584.68 mmol)
sample of 1-bromo-4-methylbenzer@was melted in the bottom of a flask held at 60
°C in an oil bath, and then powdered zinc chloriéd.75 g, 467.74 mmol) and
paraformaldehyde (52.67 g) were added. Hydrogeoridal gas was blown over the
surface of the reaction mixture. After the mixtuvas stirred at 66C for 6 h, zinc
chloride (4 g) and paraformaldehyde (4 g) were ddeleery hour for the next 3 h.
After stirring at 60 °C for an additional overniglthe resulting mixture was cooled,
water was added, and the reaction mixture was agttawvith CHCl,. The organic

layer was dried over N8Q,, and the solvent was then removed by distillatioder



reduced pressure. The obtained residue was relimedafrom toluene to give
compounds0 (33.05 g, 21%) as a white solitH NMR (400 MHz, Chlorofornd) ¢
7.54 (s, 1H), 7.31 (s, 1H), 4.65 (s, 2H), 4.52@), 2.38 (s, 3H).

(2-bromo-5-methyl-1,4-phenylene)bis(methylene)diatate (81). To a solution of
compound80 (33.00 g, 123.14 mmol) in DMF (180 mL), and AcOK&0.31 g,
369.43 mmol) was added thereto. The resultant maxtas stirred for 3 h at 80 °C.
The reaction mixture was cooled to rt, and then,@iwas added thereto. The
mixture was washed with water and brine. The o&er was dried over N8O,
and the solvent was then removed by distillatiomlannreduced pressure. To the
obtained residue was added EtOAc (70 mL) and n+eex®00 mL), and this solution
was stirred for 15 h at rt. Undissolved materiabwallected by filtration to obtain the
compound8l (32.15 g, 83%) as a white solftH NMR (400 MHz, Chlorofornd) ¢
7.54 (s, 1H), 7.22 (s, 1H), 5.15 (s, 2H), 5.062(3), 2.30 (s, 3H), 2.14 (s, 3H), 2.12 (s,
3H).

1-bromo-2,5-bis(((2-methoxypropan-2-yl)oxy)methyl4-methylbenzene (83).
Compound83 was prepared frorB1 according to the procedure described60rin
63% vyield as a colorless oil (two step$).NMR (400 MHz, Chlorofornd) § 7.57 (s,
1H), 7.29 (s, 1H), 4.50 (s, 2H), 4.41 (s, 2H), 3(&53H), 3.23 (s, 3H), 2.27 (s, 3H),
1.45 (s, 6H), 1.44 (s, 6H).

(1S,3'R,4'S,5'R,6'R)-3',4',5'-tris(benzyloxy)-5,6'-dimethyl-3',4',5',6'-tetrahydro-3
H-spiro[isobenzofuran-1,2'-pyran]-6-carbaldehyde (8% Compound 85 was
prepared fron19 and83 according to the procedure described5din 42% yield as
a white solid (3 stepsfH NMR (400 MHz, Chlorofornd) § 10.05 (s, 1H), 7.43 (s,
1H), 7.38 — 7.28 (m, 10H), 7.17 — 7.03 (m, 4H),46-86.76 (m, 2H), 5.20 (s, 2H),
5.00 — 4.86 (m, 3H), 4.73 (d= 10.9 Hz, 1H), 4.65 (dl = 11.4 Hz, 1H), 4.26 (d =
11.4 Hz, 1H), 4.13 () = 9.3 Hz, 1H), 4.09 — 4.00 (m, 1H), 3.91 {5 9.5 Hz, 1H),



3.35 (t,J = 9.4 Hz, 1H), 2.69 (s, 3H), 1.25 (@= 6.3 Hz, 3H). LRMS (ESI2): 565
[M+H] "

(1S,3'R,4'S,5'S,6'R)-6-((5-ethylthiophen-2-yl)methyl)-5,6'-dimethyl-3',4',5',6'-tetr
ahydro-3H-spiro[isobenzofuran-1,2'-pyran]-3',4',5'-triol (39).

Compound39 was prepared frorB5 and 2-ethylthiophene according to the procedure
described fo9 in 36% vyield (3 steps) as a white solid. HPLC purp5.51%. mp
139-141 °CH NMR (500 MHz, Methanotly) & 7.14 (s, 1H), 7.10 (s, 1H), 6.56 (H,
= 3.4 Hz, 1H), 6.50 (d] = 3.4 Hz, 1H), 5.13 — 5.04 (m, 2H), 4.10 (s, 2HYB- 3.83
(m, 1H), 3.78 — 3.65 (m, 2H), 3.20 — 3.11 (m, 1RY5 (q,J = 7.5 Hz, 2H), 2.31 (s,
3H), 1.27 — 1.16 (m, 6H)}°C NMR (125 MHz, Methanotl) ¢ 146.9, 141.9, 140.6,
139.7, 139.1, 138.0, 125.7, 124.0, 123.9, 123.3,611/7.4, 76.2, 75.3, 73.4, 71.4,
34.9, 24.3, 19.9, 18.2, 16.5. LRMS (E8¥2): 391 [M+H]; HRMS (ESI) cacld for
C21H2705S [M+H]": 391.1574; found: 391.1573.

Pharmacology
In Vitro SGLT Inhibition Assay
Cell Line Culture and Generation of hNSGLT1 or hSGLT2-Expressing Cell Lines.
NIH3T3 cells were cultured at 3 in DMEM supplemented with 25 mmol/L
glucose and 10% FBS (DMEM-HG-10% FBS). Human SGhantl SGLT2 cDNAs
were amplified by PCR and subcloned as EcoR I[-Sdragments into the
pBABE-puro expression vector and sequences wergriemd by DNA sequencing.
Then, NIH3T3 cells were infected with retroviralntaining full-length hSGLT1 or
hSGLT2. For infection, cells were plated with thieal supernatant supplemented
with 8 pg/mL polybrene and incubated in 5% £ 37°C for 24 h. After infection,
transduced cells were selected using puromycing{2nji) for 2 weeks to generate

stable cell lines.

Radioactive Flux Measurements

NIH3T3 cells stably overexpressing human SGLT1 GLE® were plated into



96-well IsoPlate (PerkinElmer) at 3.0X1@ll /well for 2 days prior to the assay. Then
the medium was changed to DMEM-HG-10% FBS contgirthmmol/L sodium
butyrate on the second day. For uptake assay,wells washed three times with 100
uL uptake buffer (137 mmol/L NaCl, 5.4 mmol/L KCI,.& mmol/L CaC}, 1.2
mmol/L MgCl, 10 mmol/L tris(hydroxymeth-yl)aminomethane/
N-2-hydroxyethylpiperaziné-ethane sulfonic acid, pH 7%) and incubated with
100 puL sodium buffer for 30 min. Cells were moved to @0 uptake buffer
containing tested compounds and 1.67 mmol/L (0.1 per well)
methyl-a-D-[U**C]glucopyranoside (PerkinElmer) and incubated at’G7for 1 h.
Cells were washed three times with 100cold PBS (137 mmol/L NaCl, 2.7 mmol/L
KCI, 10 mmol/L NaHPO,12H,0, 2 mmol/L KHPO,) and dissolved with 50L 1%o
Triton-X 100 for 10 min. 15Q.L scintillation solution was added to measure their
radioactivity by scintillation counter (PerkinEIm&450-023). Uptake buffer without
tested compounds and sodium-free uptake buffer @8idl/L N-methyl-glucamine,
5.4 mmol/L KCI, 2.8 mmol/L CaG] 1.2 mmol/L MgC}, 10 mmol/L Tris/Hepes, pH

7.2y instead of sodium buffer were used as negativeaioand blank control.

In Vivo Study
Animals and Groups

Male C57BL/6J mice and male SD rats were boughimfr8hanghai Slac
Laboratory Animal Co., Ltd.. All were bred at a SBRimal room (temperature:
22-2471, humidity: 45-80%, lighting: 150-300 Ix with 12-tao day and night
alternate) in Shanghai Insitute of Materia Medind aaintained with free access to
water and food. Animal experiments were approvedhagy Animal Care and Use
Committee, Shanghai Institute of Materia Medica7B&/6J mice and SD rats were
randomized to various treatment groups by body teand postprandial blood

glucose (PBG) levels at about 9 weeks of age.

Urinary Glucose Excretion Assay

At about 9 weeks of age, the animals were randairiiyebody weight to receive



a single dose of vehicle (0.9% NaCl solution cantey 0.5% methyl cellulose, n = 9
for mice and n = 6 for rats) or indicated dosageahpounds (1 mg/kg, n = 9 for
mice and n = 6 for rats) by gavage and housed atoneetabolic cages (Tecniplast)
for 24 h. After the urine of each mouse or rat waléected and its volume measured,
an aliquot of each urine sample was collected doced at -20/ until use. The
urinary glucose concentration was determined byt 8dsed on the glucose-oxidase
method (Shanghai Mind Biological Engineering Cotd.) in a SpectraMax M5
microplate reader (Molecular Devices) and the uginglucose excretion were
calculated as follow:

UGE (mg/100 g) = 18.016 x the urine volume (mLh#& glucose concentration
(mM)/body weight (g).

Oral Glucose Tolerance Test

After overnight fasting (14 h), SD rats or C57BLf6ice were randomized to receive
0.9% NacCl solution containing 0.5% methyl cellulas® vehicle control group or
indicated dosage &9 or tofogliflozin by gavage, followed by glucose overloading at
3 g/kg by gavage after 2 hours. Blood glucose weasured before grouping and at 0O,

15, 30, 60, 90, and 120 minute after glucose owerlo

Statistical Analysis

All results are showed as mean + SEM. Differencesvben two groups were
analyzed by two-tailg-test. Differences among various groups were coatpéy
one-way ANOVA with Dunnett’s correction. Only comi@ns among various
groups in fasting blood glucose and postprandialodhl glucose during 5-week
administration were performed by two-way ANOVA wilunnett’'s correctionP <

0.05 was considered to be statistically significant
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