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ABSTRACT: Synthesis of diarylmethanes, a key building block for SGLT2 inhibitors, has been developed through ketone synthesis
by Friedel−Crafts acylation with TiCl4, followed by reduction with TiCl4/NaBH4. The new protocol proceeded more cleanly than
the previous methods employing AlCl3 and BF3·OEt2/Et3SiH to provide the diarylmethanes corresponding to canagliflozin,
empagliflozin, and luseogliflozin in a highly expedient and affordable manner. In the case of a diarylmethane for the synthesis of
dapagliflozin, the reduction step took place by an alternative method using InCl3/Al/BF3·OEt2.

■ INTRODUCTION
Diarylmethanes 1 have received keen interest as a significant
building block for drugs and natural products (Figure 1).1

Intensive research has been directed toward an efficient
synthesis of this class of compounds including Friedel−Crafts
benzylation of benzyl alcohols2a or benzyl halides2b or benzyl
acetates or benzyl ammonium salts;2c Suzuki coupling of aryl
boronic acids2d or benzyl boronic acids;2e Negishi coupling of
benzyl zinc reagents;2f Kumada coupling of benzyl Grignard
reagents;2g Stille coupling of benzyl tin reagents,2h and
coupling of aromatic carboxylic acids2i (Scheme 1). Among
them, synthesis using aromatic carboxylic acids 22i represents
one of the major approaches to 1 because of commercial
abundance of the carboxylic acids.3

In the meantime, as a part of our ongoing research program
to develop an efficient and practical synthetic method for
pharmaceuticals and their intermediates, we have undertaken
the process development of SGLT2 inhibitors (sodium-glucose
transporter 2 inhibitors) 3 due to their attractive medical
efficacies such as a dual action for both diabetes and heart
failure (Figure 2).4 The compounds contain a characteristic

diarylmethane motif as a common structure in the molecules.
Reported herein is a novel and efficient synthesis of
diarylmethanes 1 in the SGLT2 inhibitors through Ti-based
Friedel−Crafts acylation and reduction of the carbonyl group
to methylene.

■ RESULTS AND DISCUSSION
For the synthesis of the diarylmethanes 1 leading to 3, a well-
documented approach is the method involving synthesis of
diarylketones 5 followed by reduction of the carbonyl group to
methylene (Scheme 2). Although the method has been
implemented on a large commercial scale to meet the growing
demand of 1, they still have a drawback of employing
expensive triethylsilane (reagent price: ca. US$153 per 1 mole
of active hydride) as the reductant.2i To address this challenge,
reported herein is an expedient synthesis of 1 by means of
readily available TiCl4-mediated Friedel−Crafts acylation and
subsequent reduction of the resulting ketones with TiCl4−
NaBH4 or InCl3/BF3·OEt2/Al.
In our initial study, synthesis of diarylketones 5 from

aromatic carboxylic acids 2 has been examined through
Friedel−Crafts acylation of acid chlorides in situ generated

Received: March 24, 2023
Accepted: April 28, 2023
Published: May 8, 2023

Figure 1. Diarylmethanes 1.
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from 2 (Table 1).2i,5 For a Lewis acid to effect the
transformation, AlCl3 is most widely employed for the
aromatic substitution. Nonetheless, handling of the moisture-

sensitive solid Lewis acid is problematic, especially on a large
scale. Hence, as an alternative approach, the use of a readily
available liquid TiCl4 was tested. Thus, treatment of an acid

Scheme 1. Synthetic Approaches to Diarylmethanes 1

Figure 2. SGLT2 inhibitors 3a−d and diarylmethane building blocks 1a−e.

Scheme 2. Synthesis of Diarylmethanes 1 from Aromatic Carboxylic Acids 2
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chloride obtained from 5-iodo-2-methylbenzoic acid 2a with 2-
(4-fluorophenyl)thiophene 4a in the presence of TiCl4 was
tested to provide the diarylketone 5a in 91% yield, which is
comparable to the outcome with AlCl3 (89%, Table 1, entries
1, 2). Although use of TiCl4 for Friedel−Crafts acylation has
been reported,6 it was only applied to simple substrates.
Functionalized substrates such as the present case has never
been employed especially for the synthesis of SGLT2

inhibitors.4a Then, the method was applied to the synthesis
of other diaryl ketones 5b−e including bromides for the
synthesis of canagliflozin (3a), dapagliflozin (3b), empagli-
flozin (3c), and luseogliflozin (3d) (Table 1, entries 3−6) to
give the corresponding diarylketones in moderate to high
yields. The lower yield of empagliflozin intermediate 5d (39%)
was owing to incomplete conversion with substrates remained
intact. No formation of regioisomers was detected for all

Table 1. Synthesis of Diarylketones 5 from Aromatic Carboxylic Acids 2

entry compd X Y R Ar Lewis acid (equiv) temp. (°C) time (h) yield (%)a

1 5a I H H A TiCl4 (1.5) 0−30 4 91
2 5a I H H A AlCl3 (1.2) 5−25 2.5 89
3 5b Br H H A TiCl4 (1.5) 0−30 4 88
4b 5c Br Cl H B TiCl4 (1.5) 8−12 3.3 74
5 5d Br Cl H C TiCl4 (1.5) 0−50 16 39
6c 5e Br H OMe B TiCl4 (1.5) 5−25 2.3 80

aIsolated yield. bThe acid chloride formation was conducted using oxalyl chloride (1.1 equiv) at 10−25 °C for 20 h. cThe acid chloride formation
was conducted using oxalyl chloride (1.1 equiv) in CHCl3 at 6−25 °C for 12 h.

Table 2. Reduction of Diaryl Ketone 5a to Diaryl Methane 1a

entry reductant (equiv) additive (equiv) solvent (V) temp. (°C) time (h) yield (%)a

1 Et3SiH (4.0) BF3·OEt2 (3.8) DCM/CH3CN (10:10) 0−25 4 41
2 TCS (4.0) BF3·OEt2 (3.8) CH3CN (20) 50 5 NRb

3 PMHS (4.0) BF3·OEt2 (3.8) DME (20) 70 5 NRb

4 NaBH4 (1.2) H2SO4 (0.6) THF (10) 50 3 NRb

5 NaBH4 (1.0) MgCl2 (0.5) diglyme (10) 50 3 c

6 NaBH4 (1.0) CaCl2 (0.5) DME (10) 50 3 c

7 NaBH4 (1.0) FeCl3 (1.0) DME (10) 50 3 c

8 NaBH4 (1.0) TiCl4
d (1.0) DME (20) 70 3 64

9e NaBH4 (1.5) TiCl4
d (1.0) DME (10) 70 2 85

50 5
aIsolated yield. bNo reaction. cThe product was an alcohol 6a as shown below:

dAdded as a 25 wt % of DCM solution. eSequential treatment with NaBH4 at 70 °C for 2 h and with TiCl4 at 50 °C for 5 h.
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reactions. Remarkably, in contrast to AlCl3, operation of TiCl4
in DCM was quite easy in terms of avoiding exposure to
moisture, and after addition of the TiCl4 solution to the
reaction mixture, a homogeneous solution was maintained
throughout the reaction.
Reduction of the diarylketones 5 to methylene derivatives 1

was our next subject for investigation. Combination of
inexpensive reductants with various metal salts was tested
using conversion of 5a to 1a as a typical example (Table 2).
For a control experiment, a known procedure using Et3SiH/
BF3·OEt2 was tested to provide the desired product 1a in 41%
yield (Table 2, entry 1).7 Expecting cost reduction, either use
of trichlorosilane (TCS) or polymethylhydrosilane (PMHS) in
the presence of BF3·OEt2 was tried (Table 2, entries 2 and 3).
However, no desired product 1a was obtained with complete
recovery of 5a. As alternative approaches, use of inexpensive
NaBH4 (reagent price: ca. US$7.7 per 1 mole of active
hydride) in the presence of Brønsted acid (H2SO4) or Lewis
acid (MgCl2, CaCl2, FeCl3) was attempted (Table 2, entries
4−7). Contrary to our expectation, no reaction or formation of
alcohol 6a resulted. Finally, the TiCl4/NaBH4 system was
tested (Table 2, entry 8). To our delight, by the treatment, the
desired product 1a was obtained in 64% yield. Finally,
sequential reduction of 5a with NaBH4 (1.5 equiv) at 70 °C
for 2 h to alcohol 6 followed by reaction with TiCl4 (1.5 equiv)
at 50 °C for 5 h provided 1a in 85% yield (Table 2, entry 9). It
should be noted that addition of TiCl4 to the mixture resulted
in no raise in temperature and heating up was needed to reach
50 °C. Hence, as far as for the scale of the reaction indicated,
there is no concern about any significant exothermic reaction
on adding TiCl4.
The reduction protocol was applied to the synthesis of

diarylmethanes (1b (bromide), 1c, 1d, 1e) for canagliflozin
(3a), empagliflozin (3c), and luseogliflozin (3d) to give the
desired products in good yields (Table 3, entries 1, 3, and 4).
In marked contrast, when reduction of diarylketone (5c)
corresponding to dapagliflozin (3b) was examined, the
reaction gave a dimer 7c (Table 3, entry 2).8

For reduction of 5c, another protocol using InCl3/Al/BF3·
OEt2

9 was tested to furnish the desired diarylmethane 1c in
56% yield (Scheme 3).
A possible reaction mechanism for TiCl4/NaBH4 reduction

of diarylketone 5 to diarylmethane 1 is shown in Scheme 4. To
begin with, benzyl alcohol 6 is generated by treatment of 5
with NaBH4.

10 Then, benzylic carbocation 8 is formed from 6
by addition of TiCl4. Subsequent single electron transfer
(SET) produces benzylic radical 9, which produces diaryl-
methane 1 through another SET and protonation. Switch of
the product from 1c to the dimer 7c was observed for the
reaction starting from 5c. This might be accounted for by a
subtle difference in stabilities of the benzylic radicals, but the
detailed reasons behind this remain unclear.11

■ CONCLUSIONS
An alternative synthesis of diarylmethanes has been worked
out by using TiCl4-mediated Friedel−Crafts acylation and
reduction of the resulting diarylketones either by TiCl4/
NaBH4 or InCl3/Al/BF3·OEt2 depending on the substrate
employed. The entire procedure can be carried out using
readily available and cheap reagents under mild reaction
conditions. The scale-up studies such as precise evaluation of
the quality of the products, safety assessment, telescoping of
the reaction sequence, and removal of silica gel column

chromatography purification are under current investigation,
which will be reported elsewhere in due course.

■ EXPERIMENTAL SECTION
General. 1H, 13C, and 19F NMR spectra (JEOL JNM-LA

500 spectrometer, 500, 126, and 376 MHz, respectively) were
recorded with tetramethylsilane used as an internal standard.
Melting points were determined using a Büchi (Model M565)
automated melting point system (temperature measurement
accuracy is 0.1 °C). High-resolution mass spectrometry was
performed by the Elemental Analysis Section of Osaka
University. Thin-layer chromatography (TLC) was carried
out on E. Merck 0.25 mm pre-coated glass-backed plates (60
F254). Development was accomplished using 5% phosphomo-
lybdic acid in ethanol with heating or visualized by UV light
where feasible. Column chromatography was performed with
SiO2 (Silica Flash F60, 230−400 mesh). All solvents and
reagents were used as received.
Typical Procedure for Synthesis of Diarylketone 5. (5-

(4-Fluorophenyl)-thiophen)-2-yl-(5-iodo-2-methylphenyl)-
methanone (5a).7 To a suspension of 5-iodo-2-methylbenzoic
acid 2a (5.00 g, 19.1 mmol) in CH2Cl2 (35 mL) was added
DMF (0.0700 g, 0.950 mmol) followed by SOCl2 (4.77 g, 40.1
mmol) at 20−30 °C. The mixture was stirred at 50 °C for 1 h
under an argon atmosphere. Progress of the reaction was
monitored through TLC by quenching with MeOH. The
reaction mixture was evaporated, and the residue was dissolved
in CH2Cl2 (35 mL). A solution of TiCl4 (5.43 g, 28.6 mmol)

Table 3. Reduction of Diaryl Ketone 5b−e to
Diarylmethane 1b−e with NaBH4/TiCl4

entry compd X Y R Ara
temp
(°C)

time
(h)

yield
(%)c

1c 1b Br Me H A 65−70 3 86
45−50 5

2d 1c Br Cl H B 50 0.2 96e

50 2
3c 1d Br Cl H C 65−70 2 79

45−50 6
4f 1e Br Me OMe B 70 2 79

40 7
aStructures of Ar groups:

bIsolated yields. cSequential treatment with NaBH4 at 65−70 °C and
with TiCl4 at 45−50 °C. dSequential treatment with NaBH4 at 50 °C
and with TiCl4 at 50 °C. eThe product was not 1c but a dimer 7c as
shown below:

fSequential treatment with NaBH4 at 70 °C and with TiCl4 at 40 °C.
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in CH2Cl2 (17.5 mL) was added to the mixture at 0−10 °C,
and the mixture was stirred at the same temperature for 30
min. Then, a solution of 2-(4-fluorophenyl)thiophene (4a)10

(3.40 g, 19.1 mmol) in CH2Cl2 (17.5 mL) was added to the
above mixture at 0−10 °C and further stirred at 20−30 °C for
4 h. After quenching the reaction by addition of water (50
mL), the reaction mixture was extracted with CH2Cl2 (2 × 25
mL). Combined CH2Cl2 extracts were washed with water (2 ×
25 mL) followed by sat. aq. NaHCO3 (2 × 25 mL), dried over
sodium sulfate, evaporated to give a crude 5a as a light brown
solid (8.8 g). Trituration of the crude 5a in heptane (50 mL)
provided pure 5a (7.30 g, 91%) as a light brown solid. MP:
138−142 °C; IR (NaCl) νmax: 1638, 1612, 1530, 1441, 1294,
1235, 1160, 1059, 813 cm−1; 1H NMR (500 MHz, CDCl3) δ:
7.75 (d, J = 1.9 Hz, 1H), 7.70 (dd, J = 8.1, 1.9 Hz, 1H), 7.67−
7.61 (m, 2H), 7.36 (d, J = 4.0 Hz, 1H), 7.25 (d, J = 3.9 Hz,
1H), 7.15−7.09 (m, 2H), 7.04 (d, J = 8.1 Hz, 1H), 2.32 (s,
3H); 13C{1H} NMR (126 MHz, CDCl3) δ: 188.23, 163.30 (d,
1JC−F = 250.74 Hz), 153.27, 142.69, 140.32, 139.07, 136.81,
136.18, 135.98, 132.93, 129.43 (d, 4JC−F = 3.7 Hz), 128.19 (d,
3JC−F = 8.4 Hz), 124.09 (d, 5JC−F = 1.6 Hz), 116.26 (d, 2JC−F =
22.68 Hz), 89.62, 19.28; 19F{1H} NMR (376 MHz, CDCl3, 30
°C) δ: −111.16.

(5-(4-Fluorophenyl)-thiophen)-2-yl- (5-bromo-2-
methylphenyl)methanone (5b).7 The compound was pre-
pared according to the typical procedure for the synthesis of 5a
using 5-bromo-2-methylbenzoic acid 2b (5.00 g, 23.3 mmol),
SOCl2 (5.80 g, 48.8 mmol), TiCl4 (6.62 g, 34.9 mmol), and 2-
(4-fluorophenyl)thiophene 4a (4.14 g, 23.2 mmol). Yield: 7.70
g (88%) as a pale-yellow solid. MP: 122−126 °C; IR (NaCl)
νmax: 1639, 1599, 1531, 1504, 1442, 1296, 1257, 1235, 1161,
1059 cm−1; 1H NMR (500 MHz, CDCl3) δ: 7.67−7.61 (m,
2H), 7.57 (d, J = 2.2 Hz, 1H), 7.50 (dd, J = 8.2, 2.1 Hz, 1H),
7.37 (d, J = 4.0 Hz, 1H), 7.25 (d, J = 4.0 Hz, 1H), 7.17 (d, J =

8.1 Hz, 1H), 7.15−7.09 (m, 2H), 2.33 (s, 3H); 13C{1H} NMR
(126 MHz, CDCl3) δ: 188.36, 163.30 (d, 1JC−F = 250.74 Hz),
153.29, 142.64 (d, 5JC−F = 0.9 Hz), 139.97, 136.81, 135.35,
133.12, 132.71, 130.45, 129.41 (d, 4JC−F = 3.7 Hz), 128.18 (d,
3JC−F = 8.4 Hz), 124.08 (d, 5JC−F = 1.6 Hz), 118.76, 116.25 (d,
2JC−F = 22.68 Hz), 19.17; 19F{1H} NMR (376 MHz, CDCl3,
30 °C) δ: −111.15.

(5-Bromo-2-chlorophenyl)(4-ethoxyphenyl)methanone
(5c).12 To a suspension of 5-bromo-2-chlorobenzoic acid (2c)
(5.00 g, 21.2 mmol) in CHCl3 (60 mL) was added DMF
(0.0150 g, 0.200 mmol). Then, oxalyl chloride (2.96 g, 23.3
mmol) was added at 10 °C, and the mixture was stirred at 25
°C for 20 h. The mixture was evaporated, and the residue was
dissolved in CH2Cl2 (20 mL). To the solution was added
TiCl4 (6.04 g, 31.8 mmol) in CH2Cl2 (20 mL) at 10 °C over 3
min, and the mixture was stirred at 10 °C for 15 min. To the
solution was added phenetole 4b (2.59 g, 21.2 mmol) at 8−12
°C over 15 min, and the mixture was stirred at the same
temperature for 3 h. To the mixture was added water (20 mL).
The aqueous phase was extracted with CH2Cl2 (20 mL) and
the combined organic phases were washed with water (20
mL), dried over MgSO4, and evaporated to give crude 5c (7.1
g), which was subjected to recrystallization using hexane (30
mL) to obtain pure 5c as a colorless solid (5.30 g, 74%). MP:
68−70 °C; IR (NaCl) νmax: 1736, 1659, 1595, 1244 cm−1; 1H
NMR (500 MHz) δ: 7.75 (d, J = 8.7 Hz, 1H), 7.53−7.48 (m,
1H), 7.46 (dd, J = 2.2, 0.8 Hz, 1H), 7.30 (dd, J = 8.6, 0.7 Hz,
1H), 6.93−6.89 (m, 2H), 4.09 (q, J = 7.0 Hz, 1H), 1.42 (t, J =
7.0 Hz, 2H). 13C{1H} NMR (125 MHz) δ: 192.13, 163.95,
140.78, 133.78, 132.67, 131.62, 131.53, 130.17, 128.65, 120.59,
114.56, 64.04, 14.74.

(S)-(5-Bromo-2-chlorophenyl)(4-((tetrahydrofuran-3-yl)-
oxy)phenyl)methanone (5d).13 The compound was prepared
according to the typical procedure for the synthesis of 5a using
5-bromo-2-methylbenzoic acid 2b (0.500 g, 2.12 mmol) in
CH2Cl2 (3.5 mL), DMF (7.76 mg, 0.106 mmol), SOCl2 (0.530
g, 4.46 mmol), TiCl4 (0.60 g, 3.18 mmol), and (S)-3-
phenoxytetrahydrofuran 4c (0.418 g, 2.55 mmol) under the
conditions described in Table 1. The crude 5d was purified by
silica gel column chromatography (hexane/ethyl acetate
9.5:0.5 to 6:4) to afford pure 5d (0.316 g, 39%) as a colorless
sticky oil. IR (NaCl) νμmax: 3058, 2980, 2953, 2867, 1668,
1661, 1598, 1572, 1506, 1456, 1423, 1251, 1084, 845, 736
cm−1; 1H NMR (500 MHz, CDCl3) δ: 7.79−7.67 (m, 2H),
7.51 (dd, J = 8.5, 2.4 Hz, 1H), 7.45 (d, J = 2.4 Hz, 1H), 7.29
(d, J = 8.5 Hz, 1H), 6.97−6.81 (m, 2H), 4.98 (ddt, J = 6.1, 4.1,
1.9 Hz, 1H), 4.04−3.92 (m, 3H), 3.88 (td, J = 8.4, 4.3 Hz,
1H), 2.31−2.19 (m, 1H), 2.17−2.09 (m, 1H); 13C{1H} NMR
(126 MHz, CDCl3) δ: 191.85, 162.14, 140.42, 133.65, 132.48,
131.40, 131.35, 129.94, 128.79, 120.40, 115.10, 77.72, 72.83,
67.07, 32.86.

Scheme 3. Reduction of Diarylketone 5c to Diarylmethane 1c with InCl3/Al/BF3·OEt2

Scheme 4. Possible Mechanism for TiCl4/NaBH4 Reduction
of Diarylketones 5 to Diarylmethanes 1
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(5-Bromo-4-methoxy-2-methylphenyl)(4-ethoxyphenyl)-
methanone (5e).14 To a suspension of 5-bromo-4-methox-
ytoluic acid (3.00 g, 12.2 mmol) in CHCl3 (36 mL) was added
DMF (1 drop). To the mixture was added dropwise oxalyl
chloride (1.71 g, 13.5 mmol) at 6 °C over 2 min. The mixture
was stirred at the same temperature for 2 h and at 25 °C for 10
h. The mixture was evaporated, and the residue was dissolved
in CH2Cl2 (12 mL). Then, TiCl4 (3.50 g, 18.5 mmol) in
CH2Cl2 (12 mL) was added at 10−12 °C over 5 min. The
mixture was stirred at the same temperature for 15 min, and
phenetole (1.50 g, 12.3 mmol) was added at 5−8 °C over 15
min. The mixture was stirred at the same temperature for 2 h
and at 25 °C for 2 h. The mixture was poured into ice water
(20 mL). The organic phase was separated and evaporated. To
the residue was added hexane (30 mL) and the mixture was
stirred at 5−10 °C for 1 h. The solid formed was filtered to
give 5e as a white solid (3.40 g, 80%). MP: 83.0 °C. IR (KBr)
νmax: 2938, 1641, 1601, 1591, 1572 cm−1; 1H NMR (500 MHz,
CDCl3, 30 °C) δ: 7.75 (d, J = 9.0 Hz, 2H), 7.51 (s, 1H), 6.93
(d, J = 9.0, 2H), 6.79 (s, 1H), 4.11 (q, J = 7.0 Hz, 2H), 3.95 (s,
3H), 2.33 (s, 3H), 1.45 (t, J = 7.0 Hz, 3H). 13C{1H} NMR
(126 MHz) δ: 195.69, 163.56, 157.33, 139.22, 134.22, 132.93,
130.88, 114.71, 114.65, 114.63, 108.19, 64.30, 56.79, 20.81,
15.15.
Typical Procedure for Synthesis of Diarylmethane 1.

2-(4-Fluorophenyl)-5-(5-iodo-2-methylbenzyl)thiophene
(1a).7 To a solution of (5-(4-fluorophenyl)-thiophen)-2-yl-(5-
iodo-2-methylphenyl)methanone (5a) (100 mg, 0.240 mmol)
in DME (1 mL) was added NaBH4 (14.0 mg, 0.370 mmol)
and the mixture was stirred at 70 °C for 2 h. Then, the mixture
was cooled down to 25 °C, and TiCl4 (67.0 mg, 0.350 mmol)
in CH2Cl2 (0.2 mL) was added over 1 min, and the mixture
was stirred at 50 °C for 5 h. The mixture was cooled down to
25 °C, water (5 mL) was added and the mixture was stirred for
30 min. The mixture was extracted with CHCl3 (10 mL), and
the organic phase was washed with water (2 × 5 mL) and
evaporated. The residue was purified by silica gel column
chromatography (hexane/AcOEt = 20:1) to give 1a as a white
solid (83.2 mg, 85%). MP: 106−110 °C; IR (NaCl) νmax:
1509, 1480, 1440, 1232, 1159, 1098, 832, 800 cm−1; 1H NMR
(500 MHz, CDCl3) δ: 7.57 (d, J = 1.5 Hz, 1H), 7.50 (dt, J =
8.1, 2.3 Hz, 3H), 7.09−7.01 (m, 3H), 6.93 (d, J = 8.0 Hz, 1H),
6.68 (d, J = 3.5 Hz, 1H), 4.06 (s, 2H), 2.28 (s, 3H); 13C{1H}
NMR (126 MHz, CDCl3) δ: 162.05 (d, 1JC−F = 246.96 Hz),
142.20 (d, 5JC−F = 1.1 Hz), 141.73, 140.54, 138.01, 136.00,
135.90, 132.32, 130.64 (d, 4JC−F = 3.5 Hz), 127.08 (d, 3JC−F =
8.0 Hz), 126.15, 122.66 (d, 5JC−F = 1.7 Hz), 115.69 (d, 2JC−F =
21.42 Hz), 90.99, 33.63, 19.08; 19F{1H} NMR (376 MHz,
CDCl3, 30 °C) δ: −116.3.

( 5 - ( 4 - F l uo ropheny l ) t h i ophen -2 - y l ) ( 5 - i odo -2 -
methylphenyl)methanol (6a).15 NaBH4 (0.13 g, 3.56 mmol)
was added to a solution of (5-(4-fluorophenyl)thiophen-2-
yl)(5-iodo-2-methylphenyl)methanone 5a (1.00 g, 2.37 mmol)
in DME (10 mL) at 20−30 °C. The mixture was heated to
65−70 °C for 3 h. After cooling the mixture to 20−30 °C, the
reaction was quenched by addition of water (10 mL). The
mixture was extracted with CH2Cl2 (2 × 10 mL). Combined
CH2Cl2 extracts were washed with water (10 mL) and sat. aq.
NaHCO3 (10 mL), dried over sodium sulfate and evaporated
to give crude compound 6. Trituration of the crude 6a with a
mixture of heptane and Et2O provided pure 6a (0.920 g, 92%)
as a yellow solid. MP: 111−115 °C; IR (NaCl) νmax: 1508,
1472, 1458, 1232, 1159, 1097, 833, 806 cm−1; 1H NMR (500

MHz, DMSO-d6) δ: 7.87 (d, J = 1.9 Hz, 1H), 7.65−7.56 (m,
2H), 7.50 (dd, J = 7.9, 2.0 Hz, 1H), 7.23 (d, J = 3.7 Hz, 1H),
7.20−7.13 (m, 2H), 6.95−6.90 (m, 1H), 6.77 (dd, J = 3.7, 0.8
Hz, 1H), 6.29 (s, 1H), 5.97 (s, 1H), 2.17 (s, 3H); 13C{1H}
NMR (126 MHz, DMSO-d6) δ: 161.74 (d, 1JC−F = 244.44
Hz), 148.14, 145.25, 141.63, 135.99, 134.65, 134.51, 132.76,
130.59 (d, 4JC−F = 3.2 Hz), 127.34 (d, 3JC−F = 8.1 Hz), 126.07,
123.27 (d, 5JC−F = 0.8 Hz), 116.12 (d, 2JC−F = 21.42 Hz),
91.63, 67.25, 18.60.

Synthes i s of 2- (4-F luoropheny l ) -5 - (5- iodo-2-
methylbenzyl)thiophene (1a) from (5-(4-Fluorophenyl)-
thiophen-2-yl)(5-iodo-2-methylphenyl)methanol (6a).
NaBH4 (13.0 mg, 0.340 mmol) was added to a solution of
(5-(4-fluorophenyl)thiophen-2-yl)(5-iodo-2-methylphenyl)-
methanol (6a) (50.0 mg, 0.120 mmol) in DME (1 mL) at 25
°C. Then, TiCl4 (67.0 mg, 0.350 mmol) in CH2Cl2 (0.140
mL) was slowly added, and the mixture was stirred at 50 °C for
3 h. To the mixture was added water (5 mL), and the mixture
was stirred at 25 °C for 30 min. The mixture was extracted
with AcOEt (3 mL), dried over MgSO4, and evaporated. The
residue was purified by silica gel column chromatography
(hexane/AcOEt = 20:1) to give 1a as a white solid (37.5 mg,
78%). The analytical data were the same as those of 1a
obtained from 5a.

2-(4-Fluorophenyl)-5-(5-bromo-2-methylbenzyl)-
thiophene (1b).7 The compound was prepared according to
the typical procedure for the synthesis of 1a using (5-(4-
fluorophenyl)-thiophen)-2-yl-(5-bromo-2-methylphenyl)-
methanone (5b) (1.00 g, 2.66 mmol), NaBH4 (0.15 g, 4.00
mmol), and TiCl4 (0.76 g, 4.00 mmol) under the conditions
described in Table 3. Trituration of crude 1b in methanol
provided pure 1b (0.83 g, 86%) as an off-white solid. MP:
102−106 °C; IR (NaCl) νmax: 1592, 1548, 1509, 1483, 1471,
1231, 1097, 865, 829, 798 cm−1; 1H NMR (500 MHz, CDCl3)
δ: 7.54−7.47 (m, 2H), 7.37 (d, J = 1.8 Hz, 1H), 7.32 (dd, J =
8.1, 2.0 Hz, 1H), 7.11−7.00 (m, 4H), 6.69 (d, J = 3.5 Hz, 1H),
4.09 (s, 2H), 2.29 (s, 3H); 13C{1H} NMR (126 MHz, CDCl3)
δ: 162.07 (d, 1JC−F = 246.96 Hz), 142.12 (d, 5JC−F = 1.2 Hz),
141.78, 140.29, 135.25, 132.09, 132.00, 130.65 (d, 4JC−F = 3.6
Hz), 129.84, 127.08 (d, 3JC−F = 8.1 Hz), 126.22, 122.67 (d,
5JC−F = 1.7 Hz), 119.61, 115.69 (d, 2JC−F = 21.42 Hz), 33.76,
18.97; 19F{1H} NMR (376 MHz, CDCl3, 30 °C): −114.75.

( S ) - 3 - ( 4 - ( 5 - B romo -2 - ch l o robenzy l ) phenoxy ) -
tetrahydrofuran (1d).13 The compound was prepared
according to the typical procedure for the synthesis of 1a
using (S)-(5-bromo-2-chlorophenyl)(4-((tetrahydrofuran-3-
yl)oxy)phenyl)methanone (5d) (0.100 g, 0.262 mmol),
NaBH4 (14.9 mg, 0.393 mmol), and TiCl4 (75.0 mg, 0.393
mmol) under the conditions described in Table 3. Crude 1d
was purified by silica gel column chromatography (hexane/
ethyl acetate 9.5:0.5 to 6:4) to afford pure 1d (76.1 mg, 79%)
as a white solid. MP: 48−52 °C; IR (NaCl) νmax: 2980, 2867,
2355, 1610, 1582, 1507, 1464, 1436, 1352, 1240, 1131, 1116,
971, 812 cm−1; 1H NMR (500 MHz, CDCl3) δ: 7.30−7.24 (m,
2H), 7.23−7.18 (m, 1H), 7.12−7.07 (m, 2H), 6.84−6.76 (m,
2H), 4.88 (d, J = 2.8 Hz, 1H), 4.02−3.95 (m, 5H), 3.92−3.86
(m, 1H), 2.22−2.10 (m, 2H); 13C{1H} NMR (126 MHz,
CDCl3) δ (ppm): 155.90, 141.00, 133.34, 132.88, 130.70,
130.64, 130.40, 129.86, 120.30, 115.28, 77.08, 72.91, 66.99,
37.98, 32.83.

1-Bromo-5-(4-ethoxybenzyl)-2-methoxy-4-methylben-
zene (1e).14 The compound was prepared according to the
typical procedure for the synthesis of 1a using (5-bromo-4-
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methoxy-2-methylphenyl)(4-ethoxyphenyl)methanone (5e)
(8.10 g, 23.2 mmol), NaBH4 (1.30 g, 34.4 mmol), and TiCl4
(6.58 g, 34.7 mmol) under the conditions described in Table 3.
Crude 1e was purified by silica gel column chromatography
(ethyl acetate). Product 1e obtained was dissolved at 50 °C in
heptane (20 mL). The mixture was cooled down to 25 °C over
30 min and stirred at 5−10 °C for 2 h. The solid formed was
filtered and washed with cooled heptane (5 mL) to give pure
1e as a white solid (6.10 g, 79%). MP: 65.0 °C; IR (KBr) νmax:
2976, 1514, 1491, 1248, 1045 cm−1; 1H NMR (500 MHz,
CDCl3, 30 °C) δ: 7.24 (s, 1H), 6.98 (d, J = 8.7 Hz, 2H), 6.78
(d, J = 8.6 Hz 2H), 6.69 (s, 1H), 3.98 (q, J = 7.0 Hz, 2H), 3.84
(s, 3H), 3.80 (s, 2H), 2.18 (s, 3H), 1.38 (t, J = 7.0 Hz, 3H);
13C{1H} NMR (126 MHz) δ: 57.41, 154.18, 137.20, 134.25,
133.27, 132.00, 129.61, 129.51, 114.56, 114.23, 63.49, 56.36,
37.65, 19.92, 15.02.

Attempt to Obtain 1-Bromo-4-chloro-5-(4-ethoxybenzyl)-
benzene (1c) Using TiCl4/NaBH4. To a solution of (5-bromo-
2-chlorophenyl)(4-ethoxyphenyl)methanone (5c) (1.00 g,
2.94 mmol) in DME (10 mL) was added NaBH4 (0.220 g,
5.82 mmol), and the mixture was stirred at 50 °C for 10 min
(foaming observed). Then, the mixture was cooled down to 25
°C, and TiCl4 (1,12 g, 1.12 mmol) in CH2Cl2 (2 mL) was
added over 1 min, and the mixture was stirred at 50 °C for 2 h.
The mixture was cooled down to 25 °C, and water (30 mL)
was added. The mixture was evaporated to remove organic
solvent and extracted with AcOEt (2 × 15 mL). The combined
organic phases were combined, washed with water (15 mL),
dried over MgSO4, and evaporated. The residue was purified
by silica gel column chromatography (AcOEt) to give 1,2-
bis(5-bromo-2-chlorophenyl)-1,2-bis(4-ethoxyphenyl)ethane
(7c) (0.93 g, 97%) as an off-white semisolid. IR (NaCl) νmax:
2925, 1612, 1582, 1511 cm−1; 1H NMR (500 MHz), δ: 7.55
(s, 2H), 7.13−7.02 (m, H), 6.67 (d, J = 7.9 Hz, 4H), 5.21 (s,
2H), 3.90 (q, J = 7.0 Hz, 4H), 1.34 (td, J = 6.9, 0.8 Hz, 6H).
13C{1H} NMR (125 MHz) δ: 157.57, 142.67, 132.77, 132.29,
131.62, 131.02, 130.55, 129.63, 120.70, 114.37, 77.37, 77.12,
76.86, 63.31, 50.37, 14.91. HRMS: [M + H]+ calcd for
C30H27Br2Cl2O2 649.9768, found 650.0461.

1-Bromo-4-chloro-5-(4-ethoxybenzyl)benzene (1c).16 In a
25 mL round-bottom flask were placed 2-propanol (1.50 mL)
and (5-bromo-2-chlorophenyl)(4-ethoxyphenyl)methanone
(5c) (250 mg, 0.740 mmol), and the mixture was warmed to
50 °C. To this was added BF3·Et2O (0.180 mL, 1.47 mmol)
followed by finely shredded aluminum foil (Nippaku Foil,
Mitsubishi Aluminium Corporation, 496 mg, 18.4 mmol).
Then, to the mixture was added indium(III) chloride (0.800
mg, 0.04 mmol) dissolved in 2-propanol (50 μL) via a syringe
slowly. After gently stirring overnight, the resulting mixture was
diluted with MTBE (10 mL), filtered through a Celite pad and
water (5 mL). Insoluble material was filtered off, and the
filtrate was washed with a mixture of MTBE and 5 N HCl (10
mL). The organic layer was further washed with water. Then,
the organic layer was concentrated using a rotary evaporator to
obtain pale-yellow color crude 1c which was purified by silica
gel column chromatography using ethyl acetate and hexane to
obtain pure 1c (134 mg, 56%) as an off-white semisolid. IR
(KBr) νmax: 2480, 1609, 1508, 1244 cm−1; 1H NMR (500
MHz), δ: 7.55 (s, 1H), 7.13−7.02 (m, 4H), 6.67 (d, J = 7.9
Hz, 2H), 5.21 (s, 1H), 3.90 (q, J = 7.0 Hz, 2H), 1.34 (dt, J =
6.9, 0.8 Hz, 4H). 13C{1H} NMR (125 MHz) δ: 157.73,
141.44, 133.63, 133.17, 130.95, 130.62, 130.46, 130.04, 120.55,
114.69, 77.38, 77.12, 76.87, 63.49, 38.30, 14.98.
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Anisoĺe and Its Comparison with Toluene. Predominant Ortho-Para
Substitution under Kinetic Conditions and the Effect of Thermody-
namic Isomerizations. J. Am. Chem. Soc. 1984, 106, 5284−5290.
(c) Maity, P.; Shacklady-McAtee, D. M.; Yap, G. P. A.; Sirianni, E. R.;
Watson, M. P. Nickel-Catalyzed Cross Couplings of Benzylic
Ammonium Salts and Boronic Acids: Stereospecific Formation of
Diarylethanes via C−N Bond Activation. J. Am. Chem. Soc. 2013, 135,
280−285. (d) Xiang, M.; Zhou, C.; Yang, X.-L.; Chen, B.; Tung, C.-
H.; Wu, L.-Z. Visible Light-Catalyzed Benzylic C-H Bond
Chlorination by a Combination of Organic Dye (Acr+-Mes) and N-
Chlorosuccinimide. J. Org. Chem. 2020, 85, 9080−9087. (e) Flaherty,
A.; Trunkfield, A.; Barton, W. Palladium-Catalyzed Cross-Coupling of
B-Benzyl-9-borabicyclo[3.3.1]nonane to Furnish Methylene-Linked
Biaryls. Org. Lett. 2005, 7, 4975−4978. (f) Manolikakes, G.; Schade,
M. A.; Hernandez, C. M.; Mayr, H.; Knochel, P. Negishi Cross-

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c01972
ACS Omega 2023, 8, 17288−17295

17294

https://pubs.acs.org/doi/10.1021/acsomega.3c01972?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c01972/suppl_file/ao3c01972_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Masahiko+Seki"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-9942-377X
https://orcid.org/0000-0002-9942-377X
mailto:m.seki.tk@tokuyamagr.com
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kazushi+Mashima"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
mailto:mashima@phs.osaka-u.ac.jp
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sandeep+Ramesharao+Tapkir"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Maheshwara+Reddy+Nadiveedhi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shaheen+Kasim+Mulani"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01972?ref=pdf
https://doi.org/10.1016/j.bmcl.2005.06.044
https://doi.org/10.1016/j.bmcl.2005.06.044
https://doi.org/10.1021/ol0616790?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol0616790?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol0616790?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5b05076?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5b05076?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5b05076?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5b05076?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.1c00932?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.1c00932?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00330a042?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00330a042?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00330a042?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00330a042?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja3089422?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja3089422?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja3089422?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.0c01000?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.0c01000?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.0c01000?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol051929x?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol051929x?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol051929x?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol8009013?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c01972?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Couplings of Unsaturated Halides Bearing Relatively Acidic Hydro-
gen Atoms with Organozinc Hydrogen Atoms with Organozinc
Reagents. Org. Lett. 2008, 10, 2765−2768. (g) Tobisu, M.; Takahira,
T.; Chatani, N. Nickel-Catalyzed Cross-Coupling of Anisoles with
Alkyl Grignard Reagents via C−O Bond Cleavage. Org. Lett. 2015, 17,
4352−4355. (h) Qiu, D.; Wang, S.; Meng, H.; Tang, S.; Zhang, Y.;
Wang, J. Synthesis of Benzyltributylstannanes by the Reaction of N-
Tosylhydrazones with Bu3SnH. J. Org. Chem. 2017, 82, 624−632.
(i) Xu, B.; Lv, B.; Feng, Y.; Xu, G.; Du, J.; Welihinda, A.; Sheng, Z.;
Seed, B.; Chen, Y. O-Spiro C-Aryl Glucosides as Novel Sodium-
Dependent Glucose Co-Transporter 2 (SGLT2) inhibitors. Bioorg.
Med. Chem. Lett. 2009, 19, 5632−5635.
(3) Gooßen, L. J.; Ghosh, K. Palladium-Catalyzed Synthesis of Aryl
Ketones from Boronic Acids and Carboxylic Acids Activated in situ by
Pivalic Anhydride. Eur. J. Org. Chem. 2002, 3254−3267.
(4) (a) Aguillón, A. R.; Mascarello, A.; Segretti, N. D.; de Azevedo,
H. F.; Cristiano, R. W.; Guimaraes, C. R. W.; Leandro, S. M.;
Miranda, L. S. M.; Rodrigo, O. M. A.; de Souza, R. O. M. A. Synthetic
Strategies toward SGLT2 Inhibitors. Org. Process Res. Dev. 2018, 22,
467−488. (b) Talode, J.; Kato, D.; Nagae, H.; Tsurugi, H.; Seki, M.;
Mashima, K. Syntheses of SGLT2 Inhibitors by Ni- and Pd-Catalyzed
Fukuyama Coupling Reactions. J. Org. Chem. 2020, 85, 12382−
12392. (c) Kato, D.; Murase, T.; Talode, J.; Haruki Nagae, H.;
Tsurugi, H.; Seki, M.; Mashima, K. Diarylcuprates for Selective
Syntheses of Multifunctionalized Ketones from Thioesters under Mild
Conditions. Chem. − Eur. J. 2022, 28, No. e202200474. (d) Zelniker,
T. A.; Bonaca, M. P.; Furtado, R. H. M.; Mosenzon, O.; M, D.; Julia F
Kuder, J. F.; Murphy, S. A.; Bhatt, D. L.; Leiter, L. A.; McGuire, D. K.;
Wilding, J. P. H. A.; Budaj, A.; Kiss, R. G.; Padilla, F.; Gause-Nilsson,
I.; Langkilde, A. M.; Raz, I.; Sabatine, M. S.; Wiviott, S. D. Effect of
Dapagliflozin on Atrial Fibrillation in Patients With Type 2 Diabetes
Mellitus Insights From the DECLARE-TIMI 58 Trial. Circulation
2020, 141, 1227−1234.
(5) (a) Crafts, J. M.; Ador, E. The Reaction of Phosgene with
Toluene in The Presence of Aluminum Chloride. Ber. Dtsch. Chem.
Ges. 1877, 10, 2173−2176. (b) Crafts, J. M.; Ador, E. Effect of
Phthalic Anhydride on Naphthalin in the Presence of Aluminum
Trichloride. Bull. Soc. Chim. France 1880, 531−532.
(6) Cullinane, N. M.; Chard, S. J.; Leyshon, D. M. Titanium
Tetrachloride as a Catalyst in the Friedel-Crafts Reaction. Part I.
Acylation. J. Chem. Soc. 1952, 74, 376−380.
(7) Sasikala, C. V. A.; Annapragada, R.; Basu, D.; Singarapu, K. K.;
Mohammad, A. A.; Bandichhor, R. Efficient Route to Canagliflozin via
Anhydroketopyranose. Org. Lett. 2022, 24, 3450−3454.
(8) Formation of diarylmethane 1 and dimer 7 by reduction of
diarylmethanol 6, see: (a) Luh, T.-Y. Transition Metal Promoted
Reactions VIII. Iron Pentacarbonyl Promoted Reduction of Diaryl-
and Triarylmethanols. Synth. Commun. 1981, 11, 829−833.
(b) Nishino, T.; Nishiyama, Y.; Sonoda, N. Deoxygenative
Dimerization of Benzylic and Allylic Alcohols, and Their Ethers and
Esters Using Lanthanum Metal and Chlorotrimethylsilane in the
Presence of a Catalytic Amount of Iodine and Copper(I) Iodide. Bull.
Chem. Soc. Jpn. 2003, 76, 635−641. (c) Kurosawa, M. B.; Kato, M. K.;
Yamaguchi, J. Unified synthesis of multiply arylated alkanes by
catalytic deoxygenative transformation of diarylketones. Chem. Sci.
2022, 13, 10743−10751.
(9) Chung, C. K.; Cleator, E.; Dumas, A. M.; Hicks, J. D.;
Humphrey, G. R.; Maligres, P. E.; Nolting, A. F.; Rivera, N.; Ruck, R.
T.; Shevlin, M. A Synthesis of a Spirocyclic Macrocyclic Protease
Inhibitor for the Treatment of Hepatitis C. Org. Lett. 2016, 18, 1394−
1397.
(10) The alcohol 6a was isolated and characterized. The isolated 6a
was subjected to TiCl4/NaBH4 reduction to obtain 1a in 78% yield.
(11) Dust, J. M.; Arnold, D. R. Substituent Effects on Benzyl Radical
ESR Hyperfine Coupling Constants. The σα· Scale Based upon Spin
Delocalization. J. Am. Chem. Soc. 1983, 105, 1221−1227.
(12) Wu, J.; Liu, Y.; Ma, X.; Liu, P.; Gu, C.; Dai, B. Cu(II)-
Catalyzed Ligand-Free Oxidation of Diarylmethanes and Second
Alcohols in Water. Chin. J. Chem. 2017, 35, 1391−1395.

(13) Wang, X.-J.; Zhang, L.; Byrne, D.; Nummy, L.; Weber, D.;
Krishnamurthy, D.; Yee, N.; Senanayake, C. H. Efficient Synthesis of
Empagliflozin, an Inhibitor of SGLT-2, Utilizing an AlCl3-Promoted
Silane Reduction of a β-Glycopyranoside. Org. Lett. 2014, 16, 4090−
4093.
(14) Kakinuma, H.; Oi, T.; Hashimoto-Tsuchiya, Y.; Arai, M.;
Kawakita, Y.; Fukasawa, Y.; Iida, I.; Hagima, N.; Takeuchi, H.; Chino,
Y.; Asami, J.; Okumura-Kitajima, L.; Io, F.; Yamamoto, D.; Miyata,
N.; Takahashi, T.; Uchida, S.; Yamamoto, K. (1S)-1,5-Anhydro-1-[5-
(4-ethoxybenzyl)-2-methoxy-4-methylphenyl]-1-thio-d-glucitol (TS-
071) is a Potent, Selective Sodium-Dependent Glucose Cotransporter
2 (SGLT2) Inhibitor for Type 2 Diabetes Treatment. J. Med. Chem.
2010, 53, 3247−3261.
(15) Bhirud, S. B.; Naik, S.; Srivastava, S.; Deore, D.; Sinha, S.
Process for Preparation of Canagliflozin. WIPO Patent
WO2015181692A1, 2015.
(16) Triantakonstanti, V. V.; Mountanea, O. G.; Papoulidou, K.-E.
C.; Andreou, T.; Koftis, T. V.; Gallos, J. K. Studies towards the
synthesis of ertugliflozin from l-Arabinose. Tetrahedron 2018, 74,
5700−5708.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c01972
ACS Omega 2023, 8, 17288−17295

17295

https://doi.org/10.1021/ol8009013?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol8009013?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol8009013?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b02200?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b02200?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.6b02639?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.6b02639?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.bmcl.2009.08.030
https://doi.org/10.1016/j.bmcl.2009.08.030
https://doi.org/10.1002/1099-0690(200210)2002:19<3254::AID-EJOC3254>3.0.CO;2-6
https://doi.org/10.1002/1099-0690(200210)2002:19<3254::AID-EJOC3254>3.0.CO;2-6
https://doi.org/10.1002/1099-0690(200210)2002:19<3254::AID-EJOC3254>3.0.CO;2-6
https://doi.org/10.1021/acs.oprd.8b00017?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.8b00017?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.0c01635?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.0c01635?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/chem.202200474
https://doi.org/10.1002/chem.202200474
https://doi.org/10.1002/chem.202200474
https://doi.org/10.1161/CIRCULATIONAHA.119.044183
https://doi.org/10.1161/CIRCULATIONAHA.119.044183
https://doi.org/10.1161/CIRCULATIONAHA.119.044183
https://doi.org/10.1002/cber.187701002241
https://doi.org/10.1002/cber.187701002241
https://doi.org/10.1039/JR9520000376
https://doi.org/10.1039/JR9520000376
https://doi.org/10.1039/JR9520000376
https://doi.org/10.1021/acs.orglett.2c00980?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.2c00980?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1080/00397918108065663
https://doi.org/10.1080/00397918108065663
https://doi.org/10.1080/00397918108065663
https://doi.org/10.1246/bcsj.76.635
https://doi.org/10.1246/bcsj.76.635
https://doi.org/10.1246/bcsj.76.635
https://doi.org/10.1246/bcsj.76.635
https://doi.org/10.1039/D2SC03720C
https://doi.org/10.1039/D2SC03720C
https://doi.org/10.1021/acs.orglett.6b00331?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.6b00331?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00359a604?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00359a604?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00359a604?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/cjoc.201700115
https://doi.org/10.1002/cjoc.201700115
https://doi.org/10.1002/cjoc.201700115
https://doi.org/10.1021/ol501755h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol501755h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol501755h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm901893x?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm901893x?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm901893x?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm901893x?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.tet.2018.08.005
https://doi.org/10.1016/j.tet.2018.08.005
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c01972?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

