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Synthesis of Benzofuran Derivatives by Diphenylperhydroindolinol
Silyl Ether-Catalyzed Asymmetric [3+ 3] Aza-cyclization of
a,B-Unsaturated Aldehydes

Wen, Huiling Luo, Nianhua Ouyang, Lu Luo, Renshi*
(School of Pharmacy, Gannan Medical University, Ganzhou, Jiangxi 341000)

Abstract A highly enantioselective [3-+3] aza-cyclization of a,f-unsaturated aldehydes with 3-aminobenzofuran promoted
by diphenylperhydroindolinol silyl ether has been described, which afforded benzofuran derivatives in high yields (up to 93%),
diastereoselectivities (dr>>20 : 1) and enantioselectivities (86%~>99% ee). This method also enabled to obtain benzofu-
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ran derivatives in gram scale-up.
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1 Introduction

Benzofuran derivatives are an important class of com-
pounds with broad application prospects. Many bioactive
substances or important chiral drugs contain benzofuran
skeleton. More than half of the top 200 drugs currently
sold worldwide are chiral drugs, for example, anti-Alz-
heimer’ s drug galantamine, urinary incontinence drug
darifenacin, drugs for the treatment of diseases caused by
arterial occlusion beraprost, analgesics morphine, sleep
agent ramelteon, antifungal drug griseofulvin (Figure 1).
Therefore, an economical, effective and direct method for
the preparation of chiral benzofuran would provide theo-
retical guidance and practical reference on the synthesis of
optically active drugs.!"!

* Corresponding author. E-mail: luorenshi2010@163.com

After the efforts of chemists, there are now mature theo-
ries and techniques to synthesize benzofuran derivatives.
Generally, synthesis of benzofuran derivatives can be di-
vided into biosynthesis and chemical synthesis. Biosynthe-
sis has been limited in its application due to its particular
characteristic.’! Besides, benzofuran derivatives can be
synthesized by chemical synthesis through chiral resolu-
tion or chiral sources and asymmetric catalysis. The meth-
odology of asymmetric catalysis has the advantages of
environmental protection, high efficiency and quickness,
etc., which has become the main method for the synthesis
of chiral drugs containing benzofuran skeleton. Different
metal-catalyzed asymmetric reactions, such as Mg,*) Cu,¥
Sc,”! Cr,'® 1 and Rh,™® have been reported for the syn-
thesis of chiral benzofuran compounds recently. Mean-
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Figure 1 Chiral drugs with benzofuran skeleton

while, organocatalysts'”! were also employed to promote
asymmetric transformation to achieve such compounds.
For example, Chen et al!"” exploited a chiral primary
amine to construct chiral benzofuran derivatives and Sa-
hin''"! brought whole-cell biocatalyst for green synthesis of
enantiopure (S)-1-(benzofuran-2-yl)ethanol. Besides, Raf-
inski!'®! reported N-heterocyclic carbene (NHC)-catalyzed
organocatalytic asymmetric approach for the synthesis of
functionalized benzofurans via an intramolecular Stetter
reaction. Except for asymmetric desymmetrization,”! lac-
tonization,[4] bromoaminocyclization,[5] dearomatization,®
and cascade!” strategies for the synthesis of above chiral
benzofurans, enantioselective [4-+2],"! [4+ 1], [3+
31,11 and [3+2]"% cyclization strategies were also ap-
plied.

Although asymmetric catalytic reactions for the synthe-
sis of benzofuran derivatives have been widely studied and
achieved remarkable results, there are still many basic
problems and deficiencies for asymmetric catalytic reac-
tions, such as reactive speed, selectivity and catalysis effi-
ciency. So new methodologies of asymmetric catalysis for
the synthesis of chiral drugs are still the key to efficient,
green and sustainable development.

As we all know, proline and its derivatives are kinds of
important organic small molecule catalysts. Studies have
shown that the catalytic activity and efficiency can be
greatly changed by simply modifying proline.!'” (25,3aS,
7aS)-Perhydroindoline-2-carboxylic acid is similar in stru-
cture to proline, but its steric hindrance is larger. After
modifying the structure by our group, it was found that
Cat-1 and Cat-2 employed in asymmetric Michael addi-
tion reaction showed better catalytic effect than proline
(Figure 2a).!"")

In 2018, Deng et al.!™ reported the aza-[3+3] cycload-
dition of N-tosyl-3-aminobenzofuran with o,f-unsaturated
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aldehydes for the synthesis of biologically active and syn-
thetically challenging polysubstituted fused benzofuran
derivatives by sterically hindered prolinol silyl ether deriv-
ative (TBS). Aiming at further exploring the potential of
perhydroindole derivatives in organocatalysis, herein we
report diphenylperhydroindolinol silyl ether-mediated asy-
mmetric [3+3] aza-cyclization of a,f-unsaturated alde-
hydes with 3-aminobenzofuran, in high yields (up to 93%),
diastereoselectivites (dr=>20 : 1) and enantioselectivities
(>99% ee) (Figure 2).

Previous asymmetric reaction reported by our group:

(a) Michael addition:

R1
Cat-1 (10 mol%
RSN 4 oo Cat-1 (10 mol%) OHC\‘/K/NOZ
CH,Cl,
RZ
up to 95% yield
99% ee
R1
Cat-2 (10 mol%)
ANNO, 4 g o2 O MOTR) OHC\‘/bNo2
R R® "CHO NaCl aq.
R2
up to 95% vyield
H H 98% ee
g Ph : OH
L= (L
-~N OTMS =N
HH HH
Cat-1 Cat-2
This work: asymmetric [3+3] aza-cyclization with Cat-1
(b) [3+3] aza-cyclization:
NH—-Ts
X Cat-1 (20 mol%
R171 A\ + R /Mo #,
Z~0 2 MeCN, -10 °C
Ts pH 4-02NCGH4COOH

\

N—
R17‘\ \

| _ g R2
up to 93% yield 99% ee

Figure 2 Diphenylperhydroindolinol silyl ether-catalyzed asy-
mmetric reactions

2 Results and discussion

According to our previous work,!"™ catalysts Cat-1~
Cat-5 were firstly synthesized. With this catalyst in hand,
N-(benzofuran-3-yl)-4-methylbenzenesulfonamide (1a)
and cinnamaldehyde (2a) were used as template reaction to
investigate the catalytic activity (Table 1). The results
showed that different catalysts had different catalytic effi-
ciency when CH3;CN was used as solvent at 0 “C with 20
mol% catalyst loading. Using Cat-1 as catalyst, the reac-
tion was completely converted in 24 h with 82% ee (Table
1, Entry 1). Unfortunately, only 18% ee was obtained (Ta-
ble 1, Entry 2) with Cat-2 as the catalyst, which achieved
great catalytic effect in the asymmetric Michael addition
reaction. In order to prove the importance of steric hin-
drance in this reaction, catalysts Cat-3~Cat-5 were then
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used for comparison. The results showed that the size of
steric hindrance of substituents attached to the catalysts
had large effect on enantioselectivity of the reaction (Table
1, Entries 3~5). In order to compare the catalytic effect
with the proline derivative, Cat-6 was used to conduct a
control test with Cat-1. The experimental results showed
that Cat-1 had better catalytic result than Cat-6 under the
same condition (Table 1, Entry 6).

Table 1 Catalyst screening”

NH-Ts Ts, OH
N
NN Cat-1 (20 mol%)
d O CHseN, 0°C N
o} Ph
1a 2a 3a

H Cat-1: R = Ph, R' = (CH3);Si Ph

: R Cat-2R=H R=H O—%Ph
%R Cat-3:R=Ph, R =H N omms

N OR' Cat4:R = H, R = (CHg),t-BuSi

HH Cat-5: R = H, R' = Phyt-BuSi Cat-6

Entry Cat. t/h Yield®/% ee/%
1 Cat-1 24 85 82
2 Cat-2 18 84 18
3 Cat-3 36 73 38
4 Cat-4 36 71 10
5 Cat-5 36 75 50
6 Cat-6 48 75 71

“ Reactions performed using cat. (0.02 mmol), 1a (0.1 mmol), 2a (0.15 mmol)
in MeCN (2 mL) at 0 °C. ” Isolated yield. “ Determined by chiral HPLC analy-
sis, dr>20 : 1 by '"H NMR.

The above preliminary research results showed that
Cat-1 could effectively catalyze the [3+ 3] aza-cyclization
reaction of unsaturated a,f-aldehydes with 3-aminobenzo-
furan, which afforded fully converted product. The disad-
vantage was that the enantioselectivity of the reaction was
just good. In order to obtain better enantioselectivity, the
solvents were next screened (Table 2). .the experiments
showed that dichloromethane (DCM) and other commonly
used solvents could obtain excellent reactivity, but the
solvents had different impacts on enantioselectivity. For
example, ether solvents such as tetrahydrofuran (THF) and
Et,O only obtained 51% ee (Table 2, Entry 5 and 6) and
CH;CN was the best reaction solvent. With the best sol-
vent in hand, the reaction was transferred to —10 ‘C or
—20 °C, and it was found that the temperature had little
effect on the activity, while the enantioselectivity was in-
creased to 94% and 93% ee, respectively (Table 2, Entries
9 and 10).

In order to obtain the best catalytic system, the effect of
additive was discussed (Table 3). The results showed that
additives such as aromatic acids had a greater effect on this
reaction. Therefore, several acids for comparison were
tried. First, 40 mol% 3,5-dinitrobenzoic acid (DNBA) was
used as an additive. The enantioselectivity of the reaction
did not change, but the time required for complete conver-
sion of the reaction was doubled (Table 3, Entry 1). When
PhCOOH (BA) was added as an additive, the reactivity
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Table 2  Solvent screening”

NH-Ts
A Cat-1 (20 mol%
R‘I:_ AN + RZMO —>( )
2~ MeCN, -10 °C
Ts OH 4-0O,NCgH,COOH

\

N—
R1:—\ A\
= o R2

up to 93% yield 99% ee

Entry  Solvent t/h Yield’/% ec%
1 CH,Cl, 28 89 74
2 Toluene 24 91 71
3 Hexane 24 91 60
4 Acetone 24 92 70
5 THF 28 85 51
6 Et,O 24 81 51
7 MeOH 28 88 61
8 MeCN 24 95 82

94 MeCN 16 86 94
10¢ MeCN 18 87 93

“ Reactions performed using Cat-1 (0.02 mmol), 1a (0.1 mmol), 2a (0.15
mmol) in MeCN (2 mL) at 0 ‘C. *Isolated yield. ¢ Determined by chiral HPLC
analysis, dr>20 : 1 by '"HNMR. ¢ —10 ‘C.¢ —20 C.

Table 3 Condition optimization®

NH—Ts
N Cat-1 (20 mol%)
RHT XN RN, ————
~g MeCN, -10 °C
s OH 4-O,NCgH,COOH
N
R1:_ \
% o R2

up to 93% yield 99% ee

Entry Cat-1/mol% Additive  #h  Yield/% ee/%

1 20 DNBA 48 83 93
2 20 BA 15 86 83
3 20 PNBA 5 95 98
44 20 PNBA 6 91 98
5 20 PNBA 5 93 98
6 20 PNBA 8 91 93
7 10 PNBA 32 63 97
8 5 PNBA 120 31 97

© 2021 Chinese Chemical Society & SIOC, CAS

“ Reactions performed using Cat-1 (0.02 mmol), 1a (0.1 mmol), 2a (0.15
mmol) in MeCN (2 mL) at 0 °C. ® Isolated yield. ¢ Determined by chiral HPLC
analysis, dr>20: 1 by '"H NMR. ¢ —20 C. ° 60 mol% additive.” 20 mol%
additive.

was slightly improved, but the enantioselectivity of the
reaction was reduced to 83% ee (Table 3, Entry 2). With
4-nitrobenzoic acid (PNBA) as an additive, the reaction
could be completely converted within 5 h, and the enanti-
oselectivity of the reaction was increased to 98% ee (Table
3, Entry 3). Further reducing the reaction temperature to
—20 C or increasing the amount of additive to 60 mol%
had little effects on activity or enantioselectivity (Table 3,
Entries 3 and 4). But if the loading of additives was re-
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duced to 20 mol%, the enantioselectivity of the reaction
was decreased to 93% ee (Table 3, Entry 5). On the other
hand, if the catalyst loading was reduced to 10 mol% or 5
mol%, the enantioselectivity had little effect, but it had a
great effect on the reaction activity (Table 3, Entres 7 and
8).

Under the above optimal catalytic conditions, the sub-
strates to test this catalytic system had been extended (Ta-
ble 4). The results showed that the reaction of different
substituted cinnamaldehyde with 3-aminobenzofuran ob-
tained good results. The reaction yields were between 87%
and 93%, dr were greater than 20 : 1, and most reaction
products obtained >99% ee (Table 4). Specifically, the
different substituent groups on the substrate had little ef-
fect on the enantioselectivity of the reaction, but the reac-
tion rates were slightly different. For example, 3-substitu-
tion cinnamaldehyde required the longest reaction time
(Table 4, Entries 3 and 22). In addition, when unsubstitut-
ed 3-aminobenzofuran was used to react with different
cinnamaldehydes, a minimum of 91% ee was obtained
when 3-chlorophenylcinnamaldehyde and 2-methoxy-
phenylcinnamaldehyde were employed (Table 4, Entries 3
and 11). When cinnamaldehyde was para-substituted, the
enantioselectivity of the reaction was up to 99% ee (Table
4, Entries 2, 5, 7, 8 and 12). When 6-chloro-3-aminobenzo-
furan was used, over 99% ee was obtained with any sub-
stituted cinnamaldehyde (Table 4, Entries 13~23). 98% ee
was also obtained even when cinnamaldehyde was used as
the substrate (Table 4, Entry 24). In addition, when al-
kyl-substituted o,f-unsaturated aldehyde such as hexenal
was employed as the substrate, good ee and moderate yield
were achieved, which indicated the limited tolerance of
different substrates of this asymmetric methodology (Table
4, Entry 25).

In order to verify the practicality of Cat-1, gram-scale
experiment was tried with the template reaction. Based on
the above optimal standard conditions, a fully converted
addition product was obtained in yield of 93% and enanti-
oselectivity of 98% after reacting for 18 h with 5 mmol of
1a and 7.5 mmol of 2a (Figure 3).

NH-Ts
Cat-1 (20 mol%
R1}—\ N + R /MO #,
A ~0 2 MeCN, -10 °C
Ts. OH 4-0,NCgH,COOH

up to 93% yield, 99% ee
Figure 3 Gram-scale experiment

3 Conclusion

In conclusion, a diphenylperhydroindolinol silyl ether-
catalyzed [3+ 3] aza-cyclization of a,f-unasaturated alde-
hydes with 3-aminobenzofuran has been developed for the
preparation of functionalized benzofuran derivatives in

Chin. J. Org. Chem. 2021, 41, 348~356

Table 4 Screening of substrate scope”

NH-Ts
X Cat-1 (20 mol%)
R1;7 N + RZMO —0>
A~ MeCN, -10 °C
Ts QH 4-02NC6H4COOH

N—
R17: N N
= O R2

up to 93% yield 99% ee

Entry  R' R? th  Yield”/% (3) ee/%
1 H Ph 5 93 (3aa) 98
2 H 4-CICH, 14 92 (3ab) >99
3 H 3-CICeH, 72 90 (3ac) 91
4 H 2-CICH, 17 89 (3ad) 97
5 H 4-NO,C¢H, 8 90 (3ae) >99
6 H 2-NO,C¢H, 12 87 (3af) 95
7 H 4-BrCeH, 14 93 (3ag) >99
8 H 4-FC¢H, 13 93 (3ah) >99
9 H 4-CH;CeH, 24 92 (3ai) 96
10 H 4-OCH,Cg¢H, 18 93 (3aj) 97
11 H 2-OCH,Cg¢H, 24 92 (3ak) 91
12 H  2,6-F,CeH, 18 93 (3al) >99
13 6-Cl 4-BrCeH, 15 92 (3ba) >99
14  6-Cl 4-CIC¢H, 15 91 (3bb) >99
15  6-Cl 4-FCgH, 13 92 (3be) >99
16  6-Cl 4-CH,CgH, 18 92 (3bd) >99
17 6-Cl 2-OCH;C¢H, 24 93 (3be) >99
18  6-Cl 4-OCH;C¢H, 18 91 (3bf) >99
19  6-Cl 2-CIC¢H, 15 90 (3bg) >99
20 6-Cl 4-NO,C¢H, 13 90 (3bh) >99
21 6-Cl 2-NO,C¢H, 18 92 (3bi) >99
22 6-Cl 3-CICeH, 72 92 (3bj) >99
23 6-Cl 2,6-F,C¢H, 18 93 (3bk) >99
24 6-Cl Ph 8 93 (3bl) 97
25 H Propyl 72 43 (3bm) 867

© 2021 Chinese Chemical Society & SIOC, CAS

“ Reactions performed using Cat-1 (0.02 mmol),1 (0.1 mmol), 2 (0.15 mmol)
in MeCN (2 mL) at 0 C. ” Isolated yield. Determined by chiral HPLC analy-
sis, dr>20 : 1 by ' HNMR. ¢ Determined by the acetylated compound.

high yields (up to 93%), diastereoselectivities (dr>>20 : 1)
and enantioselectivities (up to>99% ee). The experimental
results show that Cat-1 has better catalytic result than
Cat-6. Moreover, this simple and readily method also ena-
bles to obtain chiral benzofuran compound in gram scale-
up. Even more important, this protocol gives a new view-
point on classical [3+3] aza-cyclization. Ongoing studies
are focused on exploring the Cat-1-cataylzed organic
methodology on different reactions and the applications.

4 Experimental section

4.1 General information

Reagents were purchased from commercial sources and
were used as received. 'H NMR and "C NMR spectra
were recorded on a Bruker AVANCE NEO 400 MHz
NMR spectrometers. Chemical shifts (J) are reported from
internal tetramethylsilane for 'H NMR and relative to the
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central CDCl; resonance (6=77.16 for *C NMR. The
melting points were determined on a WRR melting point
apparatus and were uncorrected. Optical rotations were
recorded on a PerkinElmer PE-341 instrument. Sin-
gle-crystal X-ray diffraction experiments were carried out
with a Bruker APEX DUO diffractometer using graph-
ite-monochromated Cu Ka radiation. HPLC separations
were performed on an Agilent 1100 system. Conversion
was monitored by thin layer chromatography (TLC). Flash
column chromatography was performed over silica gel
(200~300 mesh).

4.2 General procedures for the synthesis of prod-
ucts (3aa~3bm)

A round-bottom flask was charged with Cat-1 (0.02
mmol), 1 (0.1 mmol), 2 (0.15 mmol) and additive 4-O,N-
C¢H,COOH (0.04 mmol) in MeCN (2 mL) at 0 “C. The
reaction mixture was stirred at 0 C until the reaction was
completely converted to 1. The residue was purified by
flash chromatography on silica gel using petroleum
ether/EtOAc (V. V=5 © 1) to afford the desired products.
Analogues 3aa~3bm were synthesized by using similar
procedures. The racmic products of 3aa~3bm were pre-
pared with racemic Cat-6 under the same conditions.

(2R,45)-4-Phenyl-1-tosyl-1,2,3,4-tetrahydrobenzofuro| 3,
2-b]pyridin-2-ol (3aa): Light yellow solid, 38.9 mg, 93%
yield, m.p. 183~184 C (Lit."™ 182~184 C); [a]y +
56 (CH,Cl,, ¢ 0.24); 'H NMR (400 MHz, Chloroform-d) 9:
8.24~8.21 (m, 1H), 7.58~7.53 (m, 2H), 7.38~7.27 (m,
5H), 7.24~7.17 (m, 3H), 6.70~6.66 (m, 2H), 5.87 (d, J=
2.0 Hz, 1H), 4.22 (dd, J=11.7, 7.1 Hz, 1H), 2.99 (s, 1H),
243 (s, 3H), 2.22 (ddd, J=14.2, 7.1, 2.6 Hz, 1H), 1.26~
120 (m, 1H); C NMR (100 MHz, Chloroform-d) o:
154.2, 148.2, 144.6, 140.2, 133.6, 130.0 (2C), 128.7 (20),
128.0 (2C), 127.8 (2C), 127.4, 124.8, 124.7, 123.2, 122.5,
116.3, 111.4, 80.5, 36.2, 35.4, 21.7.; HPLC [Chiralpak IF,
V(n-hexane)/V(i-propanol)=80/20, 1.0 mL/min, 254 nm],
tg=12.35 min (major), 17.95 min (minor).

(2R,4S)-4-(4-Chlorophenyl)-1-tosyl-1,2,3,4-tetrahydro-
benzofuro[3,2-b]pyridin-2-ol (3ab): Light yellow solid,
40.5 mg, 92% yield, m.p. 182~183 C (Lit."™ 182~
184 C); [a]y) +372 (CH,Cl, ¢ 0.13); 'H NMR (400
MHz, Chloroform-d) ¢: 8.27~8.15 (m, 1H), 7.55 (d, J=
8.1 Hz, 2H), 7.39~7.25 (m, 5H), 7.16 (d, J=8.2 Hz, 2H),
6.60 (d, J/=8.3 Hz, 2H), 5.85 (s, 1H), 4.19 (dd, J=11.7,
7.1 Hz, 1H), 3.42 (s, 1H), 2.45 (s, 3H), 2.17 (ddd, J=13.9,
7.1, 2.1 Hz, 1H), 1.16 (t, J=12.8 Hz, 1H); *C NMR (100
MHz, Chloroform-d) J: 154.2, 147.6, 144.7, 138.7, 133.5,
133.1, 130.0 (2C), 129.1 (2C), 128.8 (2C), 128.0 (20),
124.9, 124.5, 123.3, 122.5, 116.5, 111.4, 80.3, 35.6, 35.2,
21.7. HPLC [Chiralpak IF, V{(n-hexane)/V(i-propanol)=
80/20, 1.0 mL/min, 254 nm], fg=13.67 min (major), 18.61
min (minor).

(2R,4S)-4-(3-Chlorophenyl)-1-tosyl-1,2,3,4-tetrahydro-
benzofuro[3,2-b]pyridin-2-ol (3ac): Light yellow solid,
41.0 mg, 90% yield, m.p. 183~184 C (Lit."* 183~
184 C); [a]y +310 (CH,Cl, ¢ 0.16); 'H NMR (400
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MHz, Chloroform-d) J: 8.26~8.20 (m, 1H), 7.55 (d, J=
7.9 Hz, 2H), 7.40~7.30 (m, 5H), 7.24~7.14 (m, 2H), 6.79
(d, J/=7.2 Hz 1H), 6.54 (s, 1H), 5.86 (s, 1H), 4.20 (dd, J=
11.7, 7.1 Hz, 1H), 2.90 (s, 1H), 2.44 (s, 3H), 2.19 (dd, /=
13.8, 7.0 Hz, 1H), 1.11 (t, J=13.0 Hz, 1H); *C NMR (100
MHz, Chloroform-d) 6: 154.3, 147.4, 145.0, 142.2, 134.7,
133.4, 130.2 (2C), 130.0, 127.9 (2C), 127.7, 127.3, 126.6,
125.0, 124.6, 123.4, 122.7, 116.7, 111.5, 80.3, 35.9, 35.0,
21.8. HPLC [Chiralpak IF, V(n-hexane)/V(i-propanol)=
80/20, 1.0 mL/min, 254 nm], fg=11.02 min (major), 15.28
min (minor).
(2R,4S)-4-(2-Chlorophenyl)-1-tosyl-1,2,3,4-tetrahydro-
benzofuro[3,2-b]pyridin-2-ol (3ad): Light yellow solid,
39.9 mg, 89% yield, m.p. 188~189 C (Lit.!""* 188~
189 C); [alh +363 (CH,ClL, ¢ 0.1); 'H NMR (400
MHz, Chloroform-d) ¢: 8.28~8.17 (m, 1H), 7.59~7.51
(m, 2H), 7.41~7.29 (m, 4H), 7.26~7.21 (m, 2H), 7.20~
7.11 (m, 1H), 7.02~6.94 (m, 1H), 6.27 (d, J=7.3 Hz,
1H), 5.89 (s, 1H), 4.78 (dd, J=11.0, 7.2 Hz, 1H), 3.28 (s,
1H), 2.43~2.31 (m, 4H), 1.14~0.97 (m, 1H); °C NMR
(100 MHz, Chloroform-d) d: 154.2, 147.3, 144.5, 138.0,
134.0, 133.7, 129.9 (2C), 129.8, 128.5, 128.5, 128.0 (20),
126.9, 124.8, 124.7, 123.3, 122.5, 117.3, 111.4, 80.4, 33.2,
33.2,21.6. HPLC [Chiralpak IF, V(n-hexane)/V(i-propanol) =
80/20, 1.0 mL/min, 254 nm], fr=14.40 min (major), 18.10
min (minor).
(2R,45)-4-(4-Nitrophenyl)-1-tosyl-1,2,3,4-tetrahydrobe-
nzofuro[3,2-b]pyridin-2-ol (3ae): Light yellow solid, 40.7
mg, 90% yield, m.p. 185~ 186 C (Lit."™ 185~
186 C); [alhy +197 (CH,ClL, ¢ 0.1); 'H NMR (400
MHz, Chloroform-d) ¢: 8.07~8.02 (m, 2H), 7.58~7.53
(m, 2H), 7.37~7.27 (m, 5H), 6.85 (d, J=8.6 Hz, 2H),
5.90 (s, 1H), 4.35 (dd, J=11.6, 7.1 Hz, 1H), 3.21 (brs,
1H), 2.45 (s, 3H), 2.23 (ddd, J=14.1, 7.2, 2.6 Hz, 1H),
1.23~1.14 (m, 1H); >C NMR (100 MHz, Chloroform-d)
0: 153.3, 147.0, 146.3, 145.4, 143.9, 132.5, 129.0 (2C),
127.6 (2C), 127.0 (2C), 124.2, 123.3, 123.0 (2C), 122.5,
121.7, 116.0, 110.4, 79.1, 35.1, 34.0, 20.8. HPLC [Chi-
ralpak IF, V(n-hexane)/ V(i-propanol)=80/20, 1.0 mL/min,
254 nm], tg=22.88 min (major), 27.52 min (minor).
(2R,4S5)-4-(2-Nitrophenyl)-1-tosyl-1,2,3,4-tetrahydroben-
zofuro[3,2-b]pyridin-2-ol (3af): Light yellow solid, 40.0
mg, 87% yield, m.p. 175~176 C; [alp +224 (CH,Cl,,
¢ 0.1); '"H NMR (400 MHz, Chloroform-d) J: 8.24~8.18
(m, 1H), 7.90 (d, J=8.2 Hz, 1H), 7.62~7.55 (m, 2H),
7.42~7.22 (m, 7TH), 6.31 (d, J=7.8 Hz, 1H), 5.91 (s, 1H),
4.85 (dd, /=112, 7.0 Hz, 1H), 3.21 (brs, 1H), 2.63 (dd,
J=12.8, 7.2 Hz, 1H), 2.40 (s, 3H), 1.22~1.13 (m, 1H);
C NMR (100 MHz, Chloroform-d) J: 154.2, 149.8,
146.8, 144.6, 135.6, 133.8, 132.9, 130.0 (2C), 129.5,
128.2, 128.0 (20), 125.1, 124.8, 124.5, 123.4, 122.6,
117.7, 111.4, 80.4, 34.6, 32.3, 21.7. HRMS (ESI-TOF)
caled for Cp4HN,OsSNa [M+Na]™ 487.0940; found
487.0939. HPLC [Chiralpak IF, V(n-hexane)/V(i-propanol)=
80/20, 1.0 mL/min, 254 nm], fg=25.75 min (major), 29.48
min (minor).
(2R,4S)-4-(4-Bromophenyl)-1-tosyl-1,2,3,4-tetrahydro-
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benzofuro[3,2-b]pyridin-2-ol (3ag): Light yellow solid,
457 mg, 93% yield, m.p. 186~187 ‘C (Lit."* 186~
187 C); [aly +233.3 (CH.CL, ¢ 0.20); '"H NMR (400
MHz, Chloroform-d) ¢: 8.23~8.19 (m, 1H), 7.54 (d, J=
8.3 Hz, 2H), 7.36~7.26 (m, 7H), 6.55 (d, /=8.4 Hz, 2H),
5.85 (t, J/=2.4 Hz, 1H), 4.18 (dd, J=11.6, 7.1 Hz, 1H),
3.23 (brs, 1H), 2.45 (s, 3H), 2.18 (ddd, J=14.1, 7.1, 2.5
Hz, 1H), 1.16 (ddd, J=14.1, 11.9, 2.5 Hz, 1H); "C NMR
(100 MHz, Chloroform-d) d: 154.2, 147.5, 144.7, 139.2,
133.6, 131.8 (2C), 130.0 (2C), 129.5 (2C), 128.0 (20),
124.9, 124.5, 123.3, 122.6, 121.2, 116.6, 111.4, 80.3, 35.7,
35.1, 21.7. HPLC [Chiralpak IF, V(n-hexane)/V(i-propanol)=
80/20, 1.0 mL/min, 254 nm], fg=15.51 min (major), 21.46
min (minor).
(2R,4S5)-4-(4-Fluorophenyl)-1-tosyl-1,2,3,4-tetrahydro-
benzofuro[3,2-b]pyridin-2-ol (3ah): Light yellow solid,
40.2 mg, 93% yield, m.p. 186~187 C; [a]y +231.8
(CH,Cl,, ¢ 0.88); '"H NMR (400 MHz, Chloroform-d) o:
8.23~8.19 (m, 1H), 7.55 (d, J=8.3 Hz, 2H), 7.36~7.27
(m, 5H), 6.88 (dd, /=12.0, 5.3 Hz, 2H), 6.68-6.60 (m,
2H), 5.86 (t, J=2.5 Hz, 1H), 4.21 (dd, J=11.6, 7.1 Hz,
1H), 3.13 (brs, 1H), 2.44 (s, 3H), 2.19 (ddd, J=14.1, 7.1,
2.5 Hz, 1H), 1.23~1.14 (m, 1H); *C NMR (100 MHz,
Chloroform-d) 6: 154.2, 147.9, 144.7, 135.8, 135.8, 133.6,
130.0 (2C), 129.3, 129.2, 128.0 (2C), 124.9, 124.6, 123.3,
122.5, 116.4, 115.7, 115.5, 111.4, 80.4, 35.4, 35.4, 21.7.
HRMS (ESI-TOF) caled for CyHpgFNO4SNa [M+Na]+:
460.0995; found 460.0994. HPLC [Chiralpak IF, V(n-
hexane)/V(i-propanol)=80/20, 1.0 mL/min, 254 nm], tx=
13.52 min (major), 19.48 min (minor).
(2R,4S5)-4-(p-Tolyl)-1-tosyl-1,2,3,4-tetrahydrobenzofu-
ro[3,2-b]pyridin-2-ol (3ai): Light yellow solid, 39.4 mg,
92% yield, m.p. 142~143 C; [a]p +223 (CH,Cl, c
0.15); '"H NMR (400 MHz, Chloroform-d) &: 8.26~8.20
(m, 1H), 7.57 (d, J=8.2 Hz, 2H), 7.38~7.27 (m, 5H),
7.02 (d, J=7.9 Hz, 2H), 6.59 (d, J/=8.0 Hz, 2H), 5.87 (t, J
=2.4 Hz, 1H), 4.19 (dd, J=11.5, 7.0 Hz, 1H), 3.07 (brs,
1H), 2.45 (s, 3H), 2.34 (s, 3H), 2.18 (ddd, J=14.1, 7.1, 2.5
Hz, 1H), 1.23~1.19 (m, 1H); *C NMR (100 MHz, Chlo-
roform-d) J: 154.2, 148.5, 144.6, 137.0, 137.0, 133.6,
130.0 (2C), 1294 (2C), 128.0 (2C), 127.7 (2C), 124.7,
124.6, 123.1, 122.4, 116.1, 111.4, 80.5, 35.8, 35.3, 21.7,
21.2. HRMS (ESI-TOF) calcd for C,sH,,NO,S [M-+H]":
434.1426; found 434.1426. HPLC [Chiralpak IF,
V(n-hexane)/ V(i-propanol)==80/20, 1.0 mL/min, 254 nm],
tr=13.22 min (major), 17.93 min (minor).
(2R,45)-4-(4-Methoxyphenyl)-1-tosyl-1,2,3,4-tetrahy-
drobenzofuro[3,2-b]pyridin-2-ol (3aj): Light yellow solid,
41.3 mg, 93% yield, m.p. 175~176 ‘C (Lit."™ 175~
176 C); [a]h +488 (CH,Cl,, ¢ 0.1); '"H NMR (400 MHz,
Chloroform-d) ¢: 8.25~8.15 (m, 1H), 7.58~7.52 (m, 2H),
7.39~7.24 (m, 5H), 6.76~6.69 (m, 2H), 6.63~6.55 (m,
2H), 5.85 (s, 1H), 4.17 (dd, J=12.0, 7.1 Hz, 1H), 3.80 (s,
3H), 3.14 (s, 1H), 2.45 (s, 3H), 2.26~2.11 (m, 1H), 1.19
(t, J=12.9 Hz, 1H); *C NMR (100 MHz, Chloroform-d)
o: 158.8, 154.2, 148.6, 144.6, 133.6, 132.0, 130.0 (20),
128.7 (2C), 128.0 (2C), 124.7, 124.7, 123.2, 122.4, 116.1,
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114.1 (2C), 111.4, 80.5, 55.4, 35.4, 35.3, 21.7. HPLC
[Chiralpak IF, V(n-hexane)/V(i-propanol)==80/20, 1.0 mL/
min, 254 nm], tx=15.58 min (major), 19.48 min (minor).
(2R,485)-4-(2-Methoxyphenyl)-1-tosyl-1,2,3,4-tetrahy-
drobenzofuro[3,2-b]pyridin-2-ol (3ak): Light yellow solid,
40.9 mg, 92% yield, m.p. 184~185 ‘C (Lit.'"* 183~
185 C); [alp +252 (CH,CL, ¢ 0.1); 'H NMR (400
MHz, Chloroform-d) ¢: 8.22 (d, J=7.5 Hz, 1H), 7.54 (d,
J=1.7 Hz, 2H), 7.40~7.15 (m, 6H), 6.86 (d, /=8.3 Hz,
1H), 6.68 (t, J/=7.5 Hz, 1H), 6.16 (d, J=7.5 Hz, 1H),
5.87~5.83 (m, 1H), 4.75 (dd, J=11.3, 7.1 Hz, 1H), 3.80
(s, 3H), 2.88 (s, 1H), 2.38 (s, 3H), 2.36~2.28 (m, 1H),
1.07 (t, J=12.6 Hz, 1H); *C NMR (100 MHz, Chloro-
form-d) J: 157.2, 154.0, 148.7, 144.5, 133.6, 129.9 (20),
128.4, 128.3, 127.9 (2C), 127.7, 1249, 124.5, 123.1,
122.3, 120.5, 116.8, 111.4, 110.6, 80.6, 55.5, 33.6, 29.2,
21.7. HPLC [Chiralpak IF, V(n-hexane)/V(i-propanol)=
80/20, 1.0 mL/min, 254 nm], fg=15.17 min (major), 17.46
min (minor).
(2R,45)-4-(2,6-Difluorophenyl)-1-tosyl-1,2,3,4-tetrahy-
drobenzofuro[3,2-b]pyridin-2-ol (3al): Light yellow solid,
42.1 mg, 93% vyield, mp. 175~176 C; [a]y + 194
(CH,Cl,, ¢ 0.4); 'H NMR (400 MHz, Chloroform-d) o:
8.26 (d, J/=7.8 Hz, 1H), 7.58 (d, J/=8.0 Hz, 2H), 7.38~
7.18 (m, 6H), 6.81(t, J=8.8 Hz, 1H), 5.89 (s, 1H), 4.72
(dd, J=12.1, 6.3 Hz, 1H), 3.12 (s, 1H), 2.40 (s, 3H), 2.13
(ddd, J=13.4, 6.2, 2.2 Hz, 1H), 1.30~1.24 (m, 1H); *C
NMR (100 MHz, Chloroform-d) ¢: 162.8 (d, J=7.6 Hz,
1C), 160.4 (d, J/=7.8 Hz, 1C), 153.8, 145.9, 144.3, 134.3,
130.0 (2C), 129.1 (t, J/=10.4 Hz, 1C), 127.8 (2C), 124.5,
124.5, 123.1, 122.6, 115.2, 114.8 (t, J=16.6 Hz, 10),
111.8 (d, /=3.3 Hz, 1C), 111.6 (d, J/=3.3 Hz, 1C), 111.3,
79.9, 30.9, 25.4, 21.7. HRMS (ESI-TOF) calcd for Cy4-
H,oF,NO,SNa [M +Na] ": 478.0901; found 478.0898.
HPLC [Chiralpak IF, V{(n-hexane)/V(i-propanol)=80/20,
1.0 mL/min, 254 nm], ff=12.58 min (major), 15.57 min
(minor).
(2R,45)-4-(4-Bromophenyl)-7-chloro-1-tosyl-1,2,3,4-te-
trahydrobenzofuro[3,2-b]pyridin-2-ol (3ba): Light yellow
solid, 48.4 mg, 92% vyield, m.p. 188~189 C; [a]d
+212 (CH,Cl,, ¢ 0.2); "H NMR (400 MHz, Chloroform-d)
0: 8.13 (d, J/=8.6 Hz, 1H), 7.52 (d, J/=8.2 Hz, 2H), 7.38~
7.27 (m, 6H), 6.53 (d, J/=8.4 Hz, 2H), 5.85 (s, 1H), 4.20~
4.13 (m, 1H), 2.92 (s, 1H), 2.46 (s, 3H), 2.20 (ddd, J=
14.1, 7.1, 2.5 Hz, 1H), 1.22~1.09 (m, 1H); >C NMR (100
MHz, Chloroform-d) d: 154.2, 148.2, 144.9, 138.8, 133.4,
131.9 (20), 130.8, 130.1 (2C), 129.4 (2C), 128.0 (20),
124.1, 123.2, 123.2, 121.4, 116.5, 112.0, 80.3, 35.6, 35.0,
21.8; HRMS (ESI-TOF) calcd for Cp4H;sBrCINO,S [M—
H] : 529.9828; found 529.9819; HPLC [Chiralpak IF, V(n-
hexane)/V(i-propanol)=80/20, 1.0 mL/min, 254 nm], tx=
13.74 min (major), 34.55 min (minor).
(2R,4S5)-7-Chloro-4-(4-chlorophenyl)-1-tosyl-1,2,3,4-te-
trahydrobenzofuro[3,2-b]pyridin-2-ol (3bb): Light yellow
solid, 44.4 mg, 91% yield, m.p. 165~166 C; [a]f +70
(CH,Cl,, ¢ 0.3); '"H NMR (400 MHz, Chloroform-d) o:
8.10 (d, J/=8.6 Hz, 1H), 7.50 (d, J=8.1 Hz, 2H), 7.37~
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7.23 (m, 4H), 7.14 (d, /=8.2 Hz, 2H), 6.56 (d, /=8.3 Hz,
2H), 5.83 (s, 1H), 4.16 (dd, J=11.6, 7.1 Hz, 1H), 3.08 (s,
1H), 2.43 (s, 3H), 2.17 (ddd, J=14.1, 7.1, 2.2 Hz, 1H),
1.18~1.05 (m, 1H); *C NMR (100 MHz, Chloroform-d)
0: 154.2, 148.3, 144.9, 138.3, 133.4, 133.3, 130.8, 130.1
(20), 129.0 (2C), 129.0 (2C), 128.0 (20), 124.1, 123.2
(20), 116.4, 112.0, 80.3, 35.5, 35.1, 21.8. HRMS (ESI-
TOF) caled for Cp,H;oC,NO,SNa [M+Na]': 510.0310;
found 510.0307. HPLC [Chiralpak IF, V(n-hexane)/V(i-
propanol)=80/20, 1.0 mL/min, 254 nm], {x=13.16 min
(major), 33.35 min (minor).
(2R,4S5)-7-Chloro-4-(4-fluorophenyl)- 1-tosyl-1,2,3,4-te-
trahydrobenzofuro[3,2-b]pyridin-2-ol (3be): Light yellow
solid, 42.9 mg, 92% yield, m.p. 189~190 C; [a]d
+242 (CH,Cl,, ¢ 0.3); "H NMR (400 MHz, Chloroform-d)
0: 8.10 (d, J/=8.6 Hz, 1H), 7.50 (d, /=8.2 Hz, 2H), 7.35~
7.32 (m, 1H), 7.31~7.24 (m, 3H), 6.86 (t, J=8.5 Hz, 2H),
6.64~6.57 (m, 2H), 5.82 (s, 1H), 4.16 (dd, J=11.5, 7.1
Hz, 1H), 3.17 (s, 1H), 2.42 (s, 3H), 2.17 (ddd, J=14.1, 7.1,
2.3 Hz, 1H), 1.13 (t, J=12.9 Hz, 1H); *C NMR (100
MHz, Chloroform-d) J: 163.4, 160.8, 154.2, 148.6, 144.9,
135.4 (d, J/=3.1 Hz, 1C), 133.4, 130.8, 130.1 (2C), 129.2
(d, J/=8.0 Hz, 1C), 128.0 (2C), 124.0, 123.3, 123.2, 116.3,
115.8, 115.6, 112.0, 80.4, 354, 35.3, 21.7. HRMS
(ESI-TOF) caled for CyH;oFCINO,SNa [M + Na] .
494.0605; found 494.0600. HPLC [Chiralpak IF, V(n-
hexane)/V(i-propanol)=80/20, 1.0 mL/min, 254 nm], tx=
11.90min (major), 30.60 min (minor).
(2R,4S5)-7-Chloro-4-(p-tolyl)-1-tosyl-1,2,3,4-tetrahydro-
benzofuro[3,2-b]pyridin-2-ol (3bd): Light yellow solid,
425 mg, 92% vyield, m.p. 142~143 C; [aly +319
(CH,Cl,, ¢ 0.17); "H NMR (400 MHz, Chloroform-d) o:
8.12 (d, /=8.6 Hz, 1H), 7.54 (d, /=8.2 Hz, 2H), 7.54 (d,
J=8.2 Hz, 1H), 7.32~7.27 (m, 3H), 7.01 (d, J=7.8 Hz,
2H), 6.55 (d, J/=8.0 Hz, 2H), 5.87~5.83 (m, 1H), 4.17
(dd, J=11.2, 6.8 Hz, 1H), 3.32 (s, 1H), 2.46 (s, 3H), 2.33
(s, 3H), 2.18 (ddd, J=14.1, 7.1, 2.5 Hz, 1H), 1.20 (ddd,
J=14.1, 11.9, 2.4 Hz, 1H); >C NMR (100 MHz, Chloro-
form-d) J: 154.2, 149.2, 144.8, 137.2, 136.6, 133.4, 130.5,
130.0 (2C), 129.5 (2C), 128.0 (2C), 127.6 (2C), 123.9,
123.4, 123.1, 116.1, 111.9, 80.5, 35.7, 35.2, 21.7, 21.2.
HRMS (ESI-TOF) calcd for C,sH,»CINO4SNa [M+Na]+:
490.0856; found 490.0847. HPLC [Chiralpak IF, V(n-he-
xane)/V(i-propanol)=80/20, 1.0 mL/min, 254 nm], tx=
11.42 min (major), 27.36 min (minor).
(2R,4S)-7-Chloro-4-(2-methoxyphenyl)-1-tosyl-1,2,3,4-t
etrahydrobenzofuro[3,2-b]pyridin-2-ol (3be): Light yellow
solid, 44.5 mg, 93% yield, m.p. 162~163 C; [a]d
+173 (CH,Cl,, ¢ 0.3); "H NMR (400 MHz, Chloroform-d)
0:8.11 (d, J/=8.6 Hz, 1H), 7.52 (d, /=8.2 Hz, 2H), 7.37~
7.35 (m, 1H), 7.30~7.17 (m, 4H), 6.86 (d, J=8.2 Hz,
1H), 6.68 (t, J=7.4 Hz, 1H), 6.14 (d, /=6.9 Hz, 1H), 5.84
(s, 1H), 4.73 (dd, J/=11.4, 7.0 Hz, 1H), 3.79 (s, 3H), 3.31
(brs, 1H), 2.39 (s, 3H), 2.30 (ddd, J/=13.9, 7.0, 2.4 Hz,
1H), 1.12~0.98 (m, 1H); *C NMR (100 MHz, Chloro-
form-d) 6: 157.2, 154.1, 149.5, 144.6, 133.4, 130.3, 130.0
(20), 128.4, 128.1, 127.9 (20), 127.7, 123.8, 123.6, 123.0,
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120.5, 116.7, 111.9, 110.7, 80.5, 55.5, 33.6, 29.2, 21.7.
HRMS (ESI-TOF) calcd for C,sH,,CINOsSNa [M+Na] '
506.0805; found 506.0808. HPLC [Chiralpak IF, V(n-he-
xane)/V(i-propanol)=75/25, 1.0 mL/min, 220 nm], &=
13.57 min (major), 23.96 min (minor).
(2R,4S5)-7-Chloro-4-(4-methoxyphenyl)-1-tosyl-1,2,3,4-
tetrahydrobenzofuro[3,2-b]pyridin-2-ol (3bf): Light yellow
solid, 43.5 mg, 91% yield, mp. 161~162 C; [a]d
+245 (CH,Cl,, ¢ 0.1); "H NMR (400 MHz, Chloroform-d)
o0: 8.11 (d, J=8.5 Hz, 1H), 7.51 (d, J/=7.7 Hz, 2H), 7.35~
7.32 (m, 1H), 7.31~7.25 (m, 3H), 6.71 (d, J=8.0 Hz,
2H), 6.54 (d, J=7.9 Hz, 2H), 5.83 (s, 1H), 4.13 (dd, J=
11.5, 7.1 Hz, 1H), 3.77 (s, 3H), 2.84 (s, 1H), 2.43 (s, 3H),
2.17 (dd, J=14.1, 7.1 Hz, 1H), 1.17 (t, J=12.8 Hz, 1H);
C NMR (100 MHz, Chloroform-d) J: 159.0, 154.2,
149.3, 144.8, 133.5, 131.6, 130.6, 130.1 (2C), 128.7 (20),
128.0 (2C), 123.9, 123.4, 123.1, 116.1, 114.2 (2C), 112.0,
80.5, 55.4, 35.3, 35.3, 21.8. HRMS (ESI-TOF) caled for
C,sH,CINOsSNa [M+Na]" 506.0805; found 506.0797.
HPLC [Chiralpak IF, V(n-hexane)/ V(i-propanol)="75/25,
1.0 mL/min, 220 nm], g=11.94 min (major), 28.22 min
(minor).
(2R,4S5)-7-Chloro-4-(2-chlorophenyl)-1-tosyl-1,2,3,4-te-
trahydrobenzofuro[3,2-b]pyridin-2-ol (3bg): Light yellow
solid, 43.8 mg, 90% yield, m.p. 186~187 C; [a]d
+251 (CH,Cl, ¢ 0.2); 'H NMR (400 MHz, Chloroform-d)
0: 8.12 (d, J=8.6 Hz, 1H), 7.50 (d, /=28.0 Hz, 2H), 7.37~
7.34 (m, 1H), 7.34~7.27 (m, 2H), 7.26~7.21 (m, 2H),
7.15 (t, J=7.7 Hz, 1H), 6.96 (t, J=7.5 Hz, 1H), 6.20 (d,
J=17.6 Hz, 1H), 5.85 (d, /=2.1 Hz, 1H), 4.73 (dd, J=
11.4, 7.0 Hz, 1H), 3.02 (s, 1H), 2.37 (s, 3H), 2.36~2.30
(m, 1H), 1.04 (t, J=12.8 Hz, 1H); >C NMR (100 MHz,
Chloroform-d) 6: 154.2, 148.0, 144.8, 137.6, 134.0, 133.5,
130.8, 130.0 (2C), 130.0, 128.7, 128.4, 127.9 (2C), 127.0,
124.0, 123.3, 123.2, 117.1, 112.0, 80.4, 33.2, 33.1, 21.7.
HRMS (ESI-TOF) caled for C,4H;9CLNO4SNa [M+Na]+:
510.0310; found 510.0300. HPLC [Chiralpak IF, V(n-
hexane)/V(i-propanol)=75/25, 1.0 mL/min, 220 nm], tx=
11.59 min (major), 24.25 min (minor).
(2R,45)-7-Chloro-4-(4-nitrophenyl)-1-tosyl-1,2,3,4-te-
trahydrobenzofuro[3,2-b]pyridin-2-ol (3bh): Light yellow
solid, 44.6 mg, 90% yield, m.p. 190~191 C; [a]d
+250 (CH,Cl,, ¢ 0.16); '"H NMR (400 MHz, Chloro-
form-d) o: 8.12 (d, J/=8.6 Hz, 1H), 8.03 (d, /=8.8 Hz,
2H), 7.52 (d, J=8.3 Hz, 2H), 7.35~7.27 (m, 4H), 6.81 (d,
J=8.7 Hz, 2H), 5.87~5.84 (m, 1H), 4.31 (dd, J=11.6,
7.1 Hz, 1H), 3.19 (s, 1H), 2.44 (s, 3H), 2.23 (ddd, J=14.0,
7.1, 2.6 Hz, 1H), 1.18~1.08 (m, 1H); “C NMR (100
MHz, Chloroform-d) 6: 154.3, 147.6, 147.4, 147.1, 145.1,
133.4, 131.2, 130.1 (2C), 128.6 (2C), 128.0 (2C), 124.3,
124.0 (2C), 123.4, 123.0, 117.0, 112.0, 80.1, 36.0, 34.9,
21.8. HRMS (ESI-TOF) caled for C24H20C1N206S [M+
H]" 499.0731; found 499.0703. HPLC [Chiralpak IF,
V(n-hexane)/V(i-propanol)=80/20, 1.0 mL/min, 254 nm],
tg=21.77 min (major), 51.22 min (minor).
(2R,45)-7-Chloro-4-(2-nitrophenyl)-1-tosyl-1,2,3,4-te-
trahydrobenzofuro[3,2-b]pyridin-2-ol (3bi): Light yellow
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solid, 42.6 mg, 86% yield, m.p. 157~158 C; [a]h +
370 (CH,Cl,, ¢ 0.1); 'H NMR (400 MHz, Chloroform-d) o:
8.11 (d, J/=8.5 Hz, 1H), 7.88 (d, /=8.1 Hz, 1H), 7.54 (d,
J=8.0 Hz, 2H), 7.34~7.25 (m, 6H), 6.25 (d, J/=7.7 Hz,
1H), 5.89 (s, 1H), 4.82 (dd, J=11.2, 6.9 Hz, 1H), 3.04 (s,
1H), 2.62 (dd, J=13.7, 6.9 Hz, 1H), 2.39 (s, 3H), 1.14 (t,
J=12.3 Hz, 1H); *C NMR (100 MHz, Chloroform-d) o:
154.2, 149.8, 147.5, 144.8, 135.2, 133.7, 132.9, 131.0,
130.1 (2C), 129.4, 128.4, 128.0 (2C), 124.9, 124.2, 123.3,
123.2, 117.7, 112.0, 80.3, 34.5, 32.3, 21.7. HRMS (ESI-
TOF) caled for CoHoCIN,OsSNa [M-+H]": 521.0550;
found 521.0550. HPLC [Chiralpak IF, V(n-hexane)/
V(i-propanol) =80/20, 1.0 mL/min, 254 nm], =29.52
min (major), 49.55 min (minor).
(2R,4S5)-7-Chloro-4-(3-chlorophenyl)-1-tosyl-1,2,3 4-te-
trahydrobenzofuro[3,2-b]pyridin-2-ol (3bj): Light yellow
solid, 41.6 mg, 85% yield, m.p. 193~194 C; [a]d
+289 (CH,Cl,, ¢ 0.2); "H NMR (400 MHz, Chloroform-d)
0:8.12 (d, J/=8.6 Hz, 1H), 7.51 (d, /=7.9 Hz, 2H), 7.38~
7.28 (m, 4H), 7.22~7.12 (m, 2H), 6.75 (d, J=7.2 Hz,
1H), 6.48 (s, 1H), 5.83 (s, 1H), 4.16 (dd, J/=11.7, 7.0 Hz,
1H), 2.88 (s, 1H), 2.42 (s, 3H), 2.17 (dd, J=12.2, 7.0 Hz,
1H), 1.06 (t, J=12.9 Hz, 1H); C NMR (100 MHz, Chlo-
roform-d) J: 154.3, 148.1, 1452, 141.8, 134.7, 133.3,
130.9, 130.3 (2C), 130.1, 127.8, 127.8 (2C), 127.2, 126.6,
124.1, 123.3, 123.2, 116.6, 112.0, 80.3, 35.9, 35.0, 21.9.
HRMS (ESI-TOF) caled for C,4H;sCI,NO,SNa [M+Na]":
510.0310; found 510.0306. HPLC [Chiralpak IF, V(n-
hexane)/V(i-propanol)=75/25, 1.0 mL/min, 220 nm], tx=
8.90 min (major), 24.27 min (minor).
(2R,4S)-7-Chloro-4-(2,6-difluorophenyl)-1-tosyl-1,2,3,4-
tetrahydrobenzofuro[3,2-b]pyridin-2-ol (3bk): Light yel-
low solid, 45.0 mg, 93% yield, m.p. 161~162 C; [a]3
+148 (CH,Cl,, ¢ 0.4); "H NMR (400 MHz, Chloroform-d)
0: 8.10 (dd, /=17.9, 1.2 Hz, 1H), 7.51 (d, J/=8.2 Hz, 2H),
7.33~7.12 (m, 7H), 6.69~6.60 (m, 2H), 5.86~5.80 (m,
1H), 4.22 (dd, J=11.6, 7.1 Hz, 1H), 3.02 (brs, 1H), 2.41
(s, 3H), 2.20 (ddd, J=14.2, 7.2, 2.6 Hz, 1H), 1.20 (ddd,
J=14.2, 11.6, 2.6 Hz, 1H); *C NMR (100 MHz, Chloro
form-d) 6: 162.8 (d, J=7.6 Hz, 1C), 160.3 (d, J="7.7 Hz,
1C), 153.8, 146.6, 144.5, 134.1, 130.3, 130.0 (2C), 129.2
(t, J=10.46 Hz, 1C), 127.7 (2C), 123.8, 123.3, 123.2,
115.1, 114.5 (t, J/=16.61 Hz, 1C), 111.8, 111.8, 111.6 (d,
J=16.61 Hz, 1C), 79.9, 30.8, 254, 21.7. HRMS (ESI-
TOF) calcd for[Co4H sCIF,NO,SNa [M+Na]' 512.0511;
found 512.0509; HPLC [Chiralpak IF, V(n-hexane)/
V(i-propanol)=75/25, 1.0 mL/min, 220 nm], x=10.84
min (major), 22.81 min (minor).
(2R,4S5)-7-Chloro-4-phenyl-1-tosyl-1,2,3,4-tetrahydro-
benzofuro[3,2-b]pyridin-2-ol (3bl): Light yellow solid,
41.5 mg, 93% yield, m.p. 190~191 C (Lit."* 204~
206 C); [alp +336 (CH,CL, ¢ 0.2); 'H NMR (400
MHz, Chloroform-d) ¢: 8.11 (d, /=8.6 Hz, 1H), 7.51 (d,
J=8.2 Hz, 2H), 7.35~7.33 (m, 1H), 7.31~7.26 (m, 3H),
7.23~7.15 (m, 3H), 6.63 (d, J/=6.9 Hz, 2H), 5.84 (d, J=
2.5Hz, 1H),4.17 (dd, J=11.7, 7.1 Hz, 1H), 2.93 (t, J=2.4
Hz, 1H), 2.42 (s, 3H), 2.20 (ddd, J=14.2, 7.1, 2.5 Hz, 1H),
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1.19 (ddd, J=14.0, 11.8, 2.4 Hz, 1H); “C NMR (100
MHz, Chloroform-d) o: 154.2, 149.0, 144.8, 139.8, 133.4,
130.6, 130.1 (2C), 128.8 (2C), 128.0 (2C), 127.7 (2C),
127.5, 124.0, 123.3, 123.2, 116.2, 112.0, 80.4, 36.1, 35.2,
21.7. HPLC [Chiralpak IF, V(n-hexane)/V(i-propanol)=
75/25, 1.0 mL/min, 220 nm], = 10.66 min (major), 32.78
min (minor).
(25,4S5)-4-Propyl-1-tosyl-1,2,3,4-tetrahydrobenzofuro[3,
2-b]pyridin-2-yl acetate (3bm): Oil, 37.5 mg, 43% vyield;
[a]h +67 (MeOH, ¢ 0.07); 'H NMR (400 MHz, Chloro-
form-d) J: 8.16~8.05 (m, 1H), 7.54 (d, /=8.1 Hz, 2H),
7.50~7.41 (m, 1H), 7.36~7.28 (m, 2H), 7.26 (d, J=8.0
Hz, 2H), 6.75 (t, J=2.8 Hz, 1H), 3.01~2.90 (m, 1H), 2.41
(s, 3H), 2.07~2.01 (m, 1H), 1.99 (s, 3H), 1.70~1.56 (m,
1H), 1.31~1.18 (m, 1H), 1.13~0.95 (m, 3H), 0.84 (t, J=
7.2 Hz, 3H); >C NMR (100 MHz, Chloroform-d) J: 169.0,
153.8, 149.6, 144.5, 133.9, 129.8, 127.9, 124.4, 1244,
123.1, 122.4, 115.8, 111.1, 79.1, 33.7, 30.4, 28.9, 21.6,
21.1, 19.0, 14.2; HRMS (ESI-TOF) calcd for C,4H;5CIF,-
NO,SNa [M+Na]": 450.1360; found 450.1346; HPLC
(Chiralpak AS, V(n-hexane)/V(i-propanol) = 98/2, 1.0
mL/min, 254 nm), fr=18.9 min (minor), 21.1 min (major).

Supporting Information '"H NMR and ">C NMR spectra
of 3aa~3bm, X-ray crystallographic data of 3bec. The
Supporting Information is available free of charge via the
Internet at http://siooc-journal.cn/.
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