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General information

Unless otherwise stated, all reagents were purchased from commercial suppliers and used without
purifications. '"H NMR and '3C NMR spectra were recorded on a Bruker AVANCE III spectrometer in
CDCl; using TMS as the internal standard, operating at 500 MHz and 126 MHz, respectively. HRMS
data were measured on an Agilent 6120 LC/TOF-MS with ESI source. Chiral HPLC analyses were
performed using Agilent 1260 chromatography and JASCO LC-2000 Plus. Chiralpak 1A, IC, AD-H and
OD-H columns were purchased from Daicel Chemical Industries (Shanghai, China). Optical rotations
were measured on a Rudolph Autopol IV polarimeter. Flash column chromatography experiments were
conducted using silica gel GF254 (200-300 mesh) eluting with ethyl acetate (EtOAc) and petroleum ether
(PE). TLC experiments were carried out on glass-backed silica plates. Starting materials 2-
(phenyl(tosyl)methyl)phenols! and 4-halogen pyrazolones? were synthesized according to the known
method.
Typical experimental procedure for [4+1] cyclization

Ts @)
= 2 Br /R3 IVb, K2CO3
1 | R N
R + —\  CHCly HO,rt
R4
1 2 3

To a Schlenk tube equipped with a magnetic stir bar was charged with the catalyst IVb (0.010 mmol,
10 mol%), K,CO; (2.6 equiv., 0.26 mmol), the substituted 2-(phenyl(tosyl)methyl)phenol 1 (0.1 mmol)
and 4-halogen pyrazolones 2 (1.3 equiv., 0.13 mmol), and 1.5 mL CHCIl; and 0.15 mL H,O were then
added through syringe. The resulting solution was stirred at room temperature for 24 h. The reaction
mixture was extracted with CH,Cl,, and the organic layer was concentrated under reduced pressure. The
crude product was purified by flash column chromatography eluting with ethyl acetate (EtOAc) and
petroleum ether (PE) to afford the resulting product. The enantiomeric excess was determined by HPLC
using a Chiralpak IA, IC, ID, AD-H or OD-H column.

Diastereodivergent construction of the 4-spiropyrazolone
Ts PhO

O , _Ph
Ph

+ Halo \-Ph lilb or IVb (10 mol%), K,CO4 /N

OH —\ CHCI3, H,0, r.t. o WN

OMe OMe
Halo = Br,

To a Schlenk tube equipped with a magnetic stir bar was charged with the catalyst IIIb or IVb  (0.010
mmol, 10 mol%), K,COs; (2.6 equiv., 0.26 mmol), the substituted 2-(phenyl(tosyl)methyl)phenol 1 (0.1
mmol) and 4-halogen pyrazolones 2 or 4 (1.3 equiv., 0.13 mmol), 1.5 mL CHCI; and 0.15 mL H,O were
then added through syringe. The resulting solution was stirred at room temperature for 24 h. Then it was
extracted with CH,Cl,, and the organic layer was concentrated under reduced pressure. The crude product
was purified by flash chromatography on silica gel, eluting with petroleum ether/ethyl acetate 1/10 (v/v)
and the enantiomeric excess was determined by HPLC on Daicel Chiralpak IA with hexane/i-PrOH
(90:10) as the eluent, flow = 1.0 mL/min, UV =254 nm.
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Ts \‘ [ ‘ﬂ'w
Q W fil 4
Ph +Br - K2003 2 % “ | I‘ ‘I
oH ,NN CHCI3 rt. . I |“ “.
OMe A I
Raceme I [ [\ |
| \ “ '\ IF
e J / J v
# Hisl LR = 3 T igEmil v 2eH
1 10,113 2296.2 126 0.27247 0.88 16.534 | BV
2 11,135 2371.3 122.1 0.2945 0.545 17.075 VB
3 12,687 4562 234.6 0.2969 0.809 32.850 BV
4 13,582 4557.8 2113 0.3372 0.835 33.540 VB
i
Ph, oMb (10 mol%), KpCOq I
CHCl3, H,0, rt. | 'wl
Pl
92% yleld, 86:14 dr, 98% ee IJI "\
]\ s e
# sl U -5 (1A SRR gD %% 2eA
1 10,122 24392.2 1267 0.2886 0.792 958. 748 BVR
2 11.223 309.1 13.4 0.3356 1.066 1.252 VBE
I
Ts o ‘ I\
Ph, 5 phIVb (10 mol%), K,COy k P \I \
on _ CHCly, HyO, rit, I‘ ‘.‘
" OMe OMe “ ‘.‘
95% yield, 90:10 dr, 96% ee |\
# i+ el [CiTE R = R HIERET gm0 v XA
1 10,255 162.9 10.7 0.2314 0.3 2,360 BE
2 11,231 6739.1 372.1 0.2773 0.705 97.640 BE
s Fho |‘ \"
Ph, llb (10 mol%), K,COq _:\‘\N’Ph I ‘
; oH CHClg, H;0, rt. J N i ‘|‘ "
OMe OMe N [
92% yield, 75:25 dr, 96% ee I\ |
= | R
# il (=47 7E = R SHERET gD ve A
1 12,846 9649 54.5 0.2707 0.799 2.167 BVE
2 13.656 43555 1954.1 0.3407 0.71 97.833 VER
: B
Ts PhQ [
R _Ph ||
Ph, IVb (10 mol%), K,COy Q\/Q\N A
= OH CHClg, H,0, rit. o #N |
. OMe OMe r i
;a 95% yield, 82:18 dr, 98% ee ,“ ﬂ
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# i iel 175 L [E5=3 RS HERET il % A
1 12.712 434184 2214.5 0.3464 0.844 | 99.324 |[BVR

2 13.575 336.3 13.9 0.3469 0.362 0.676 VB E

Control experiences for the racemic [4+1] cyclization

Ts
i Base 3 -Ph
Ph Haio N-Ph N
OH + *N/ CHCl3, r.t. o WN
OMe OMe

Halo = CI KoCO3 (2.6 eq) 3aa, 85:15dr
NEt3 (2.6 eq) 3aa, 76:24dr
Halo = Br Ko,CO3 (2.6 eq) 3aa, 54:46dr
NEt; (2.6 eq) 3aa, 59:41dr

To a Schlenk tube equipped with a magnetic stir bar was charged with organic base or inorganic base
(2.6 equiv., 0.26 mmol), the substituted 2-(phenyl(tosyl)methyl)phenol 1 (0.1 mmol) and 4-halogen
pyrazolones 2 or 4 (1.3 equiv., 0.13 mmol), 1.5 mL CHCI; were then added through syringe. The
resulting solution was stirred at room temperature for 24 h. Then it was extracted with CH,Cl,, and the
organic layer was concentrated under reduced pressure. The crude product was purified by flash
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 1/10 (v/v) and the diastereo ratio
was determined by chiral HPLC (JASCO LC-2000 Plus) on Daicel Chiralpak IA with hexane/i-PrOH
(90:10) as the eluent, flow = 1.0 mL/min, UV =254 nm.

The reduction of 3aa with LiAlH,

PhO Ph

©j>;\iN/Ph + LiAH THF, rt., 6h N
g &N 4 o NH
OMe OMe
3aa 5
99% ee, > 95:5dr 77% yield, > 95:5 dr, 99% ee

Under nitrogen atmosphere, the solution of 3aa (0.05 mmol) in dry THF (1.0 mL) was cooled to -10 °C
and LiAlH, (2.5 M solution in THF, 80ul, 0.2 mmol) were then added through syringe. The mixture was
warmed to room temperature and stirred for 6 h. Saturated NH4Cl solution (0.5 mL) was added to quench
the reaction and the aqueous layer was extracted with EA. The combined organic layers was concentrated
under reduced pressure. The crude product was purified by flash chromatography on silica gel, eluting
with petroleum ether/ethyl acetate 1/20 (v/v). The racemate of 5 was synthesized through the reduction
of the corresponding pre-isolated diastereoisomer, and the enantiomeric excess was determined by chiral
HPLC (JASCO LC-2000 Plus) on Daicel Chiralpak AD-H with hexane/i-PrOH (80:20) as the eluent,
flow = 1.0 mL/min, UV =254 nm.

Characterization and NMR spectra of resulting products
(25,35)-7-methoxy-3'-methyl-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3aa)

PhO
: _Ph
1.

OMe

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (95% yield, 37.0 mg). '"H NMR (500 MHz, CDCls) & 7.34 (q, J = 1.8 Hz, 1H), 7.33 (dd,

S3



J=2.1,1.1 Hz, 1H), 7.32 -7.27 (m, 3H), 7.27 - 7.23 (m, 4H), 7.12 - 7.07 (m, 1H), 7.02 (dd, /= 8.1, 7.5
Hz, 1H), 6.94 (dt, J= 8.2, 1.0 Hz, 1H), 6.79 (dt, J= 7.5, 1.1 Hz, 1H), 5.16 (s, 1H), 3.96 (s, 3H), 2.40 (s,
3H). 3C NMR (126 MHz, CDCl;) § 168.04, 158.08, 148.25, 144.83, 136.98, 133.76, 129.10, 128.58,
128.48, 128.47, 127.84, 125.18, 123.00, 119.11, 117.47, 112.66, 92.32, 56.19, 55.34, 13.11. [a]p*® = -
198.4 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column
at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: tr = 8.25 min, minor enantiomer:
tg=7.50 min. 90:10 dr, 98% ee. HRMS (ESI) calcd for C,4H,)N,O3Na m/z [M + Na]*: 407.1366, found:
407.1360.

5 OR0T &, 55=054 T RR360.100 [ DATANRIIS RACOTI0TE SR TS TS0 D)

Es g

# i el Uil = R ARET IEmid v 2
1 7.489 31719 193.5 0.2402 1.039 16.465 BY
2 8,29 3267.3 192, 1 0.2564 0.985 16,961 [ VB
3 9,441 6315.1 388.3 0.2473 0.584 32797 | BV
4 10.124 6306.9 3411 0.2905 0.944 33777 | VB
# i il [ETE IS R AR gl % ZA
1 7.498 116.6 8.5 0.2102 0.938 1.217 BE

z 8,252 9468.7 6222 0.2315 0.768 98.7583 BY

(25,3S5)-7-ethoxy-3'-methyl-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3ba)

PhO
: _Ph
oy

OEt

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (93% yield, 37.2 mg). '"H NMR (500 MHz, CDCl;)  7.35 — 7.32 (m, 1H), 7.32 (dd,
J=2.1,1.1Hz, 1H), 7.31 - 7.29 (m, 1H), 7.29 — 7.25 (m, 3H), 7.25 — 7.23 (m, 3H), 7.13 — 7.06 (m,
1H), 6.99 (dd, J=8.2, 7.4 Hz, 1H), 6.97 — 6.90 (m, 1H), 6.77 (dt, J=7.4, 1.2 Hz, 1H), 5.14 (s, 1H),
421 (g, J = 7.0 Hz, 2H), 2.40 (s, 3H), 1.49 (t, J = 7.0 Hz, 3H). 3C NMR (126 MHz, CDCl;) §
168.18, 158.29, 148.52, 144.14, 137.01, 133.92, 129.13, 128.59, 128.47, 128.45, 127.94, 125.18,
122.93, 119.12, 117.44, 114.13, 92.30, 64.80, 55.41, 14.93, 13.17. [a]p*® = -163.0 (¢ = 1.0 in
CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak ID-H column at 254 nm
(n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tg = 10.45 min, minor enantiomer: tg
= 9.92 min. 86:14 dr, 92% ee. HRMS (ESI) calcd for C,sH;N,O3Na m/z [M + NaJ*: 421.1523,
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found: 421.1522.

mau ) = & i ii 5

[ 2

1 A

| | |

| |

| I

I | 1 |

\ [ [ 1 [

RVANNA /
# HiEl =g = [ AT igmil % 2H
1 3.867 7195.6 5223 0.2087 0.617 24,986 BY
2 10,478 77399.9 533.1 0.2168 0.623 27.084 v
3 11. 719 6915.9 441.7 0.2367 0,701 24,015 VB
4 15.031 6337.1 352.5 0.3 0. 746 23.915 EB
e |
o |

I

I

[

| “.

|\
# mH il [=FTE L g =R AT gl o 2
1 3.916 953.4 63,1 0.212 0.753 4,067 EVE
2 10.457 22634.2 1594.4 0.2136 0.714 95,933 VWR (2S5,35)-

6-methoxy-3'-methyl-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3ca)

MeO

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (95% yield, 36.5 mg). '"H NMR (500 MHz, CDCl3) 8 7.37 — 7.30 (m, 4H), 7.30 — 7.24 (m,
4H), 7.23 (dd, J=6.1, 1.8 Hz, 2H), 7.12 — 7.08 (m, 1H), 7.07 — 7.03 (m, 1H), 6.92 (dd, /= 1.8, 1.1 Hz,
1H), , 5.13 (s, 1H), 3.94 (s, 3H), 2.40 (s, 3H). *C NMR (126 MHz, CDCls) & 167.63, 157.43, 147.55,
145.20, 136.81, 132.82, 129.50, 129.00, 128.71, 128.62, 128.58, 125.29, 120.26, 119.07, 116.12, 114.42,
92.50, 56.44, 55.05, 13.06. [0]p* = -189.38 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by
HPLC using Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major
enantiomer: tg = 14.26 min, minor enantiomer: tg = 23.28 min. 94:6 dr, 95% ee. HRMS (ESI) calcd for

Cy4HoN,O3Na m/z [M + Na]*: 407.1366, found: 407.1363.
- K A
[ [
o itk |
| | 3
W | | \
‘ | \
# el g min = g RRET il o e
1 12.3 3234.1 99.6 0.4348 0.377 22,997 BE
2 14,732 3899 97.5 0.5404 0.417 27.725 BE
3 21.926 3174.2 57.3 0.7588 0.455 22,571 BE
4 24.21 3755.7 59,5 0.864 0.442 26.706 BEBA
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# = EmEil S R AT el e 2R
1 14.259 20509.9 471.3 0.5878 0.469 | 97.379 [BB
2 | 23282 552.1 8.9 0.8313 0.351 2.621 | BBA

(25,35)-5-bromo-7-methoxy-3'-methyl-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-

one (3da)

PhO

: _Ph
Br \\\,Tl

OMe
Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)

as colorless oil (95% yield, 44.0 mg). 'H NMR (500 MHz, CDCl3) 6 7.37 — 7.28 (m, 5H), 7.28 — 7.24
(m, 2H), 7.24 — 7.21 (m, 2H), 7.12 — 7.04 (m, 2H), 6.95 — 6.88 (m, 1H), 5.13 (s, 1H), 3.94 (s, 3H), 2.39
(s, 3H). BC NMR (126 MHz, CDCl;) 8 167.67, 157.47, 147.59, 145.24, 136.84, 132.85, 129.03, 128.75,
128.66, 128.62, 128.15, 125.32, 120.30, 119.11, 116.15, 114.45, 92.54, 56.47, 55.08, 13.10. [a]p*® = -
227.5 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak OD-H
column at 254 nm (n-hexane/i-PrOH = 96/4), 0.7 mL/min; Major enantiomer: tg = 16.97 min, minor
enantiomer: tg = 20.97 min. 80:20 dr, 98% ee. HRMS (ESI) calcd for C,4H9N,O;3;Na m/z [M + Na]*:

485.0471, found: 485.04609.

i |
I [\ 3
Il | N
o O (A i
i e |
1 | “ ‘|
\I | |
. - | 1 P i
# Kl [ TR g [ AR igEmil % 28
1 14.773 18213.6 661.1 0.4214 0.574 26,930 BY
2 15.743 19445, 2 636.6 0.4624 0.573 28.753 W
3 17.532 15915.2 460.9 0.5208 0.547 23.532 | vB
4 21.318 14053 313.4 0.6754 0.47 20,736 BB

2
—_—
P

@il

R AT lemil oe 2R

# Hisl ==Y
1 16,966 35434, 3 1084.7 0.5079 0.474 99,111 EE
2 20,965 327 7.2 0.6878 0,757 0.889 EE
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(25,35)-3-(4-fluorophenyl)-7-methoxy-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3ea)

F

OMe

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (95% yield, 38.1 mg). '"H NMR (500 MHz, CDCl5) 8 7.41 — 7.36 (m, 2H), 7.27 (dd,
J=28.7,7.3 Hz, 2H), 7.21 (dd, J = 8.5, 5.4 Hz, 2H), 7.11 (t, J = 7.4 Hz, 1H), 7.04 — 6.92 (m, 4H),
6.74 (d, J= 7.5 Hz, 1H), 5.13 (s, 1H), 3.95 (s, 3H), 2.38 (s, 3H). 13C NMR (126 MHz, CDCl3) &
167.96, 6 162.70 (d, J = 247.6 Hz), 158.13, 148.13, 144.87, 136.96, 130.86 (d, J = 8.3 Hz), 129.68
(d, J=3.1 Hz), 128.68, 127.79, 125.30, 123.14, 118.97, 117.27, 115.47 (d, J = 21.6 Hz), 112.78,
92.13, 56.20, 54.61, 13.07. F NMR (471 MHz, CDCl3) & -113.21. [a]p*® = -150.30 (¢ = 1.0 in
CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column at 254 nm
(n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tg = 9.44 min, minor enantiomer: tg =
8.51 min. 82:18 dr, 98% ee. HRMS (ESI) calcd for Cp4H9FN,O3;Na m/z [M + Na]*: 425.1272,
found: 425.1271.

el IEmil S R AR Emid % 23

#

1 3.48 4555.4 342.2 0.2213 0.368 27.823 | MM
2 9.431 4525.5 322.8 0. 2264 0.714 29.472 | BB
3 10.509 347.6 235.2 0.223 0.795 21.057 | BB
4 11.933 3544.6 215.1 0.2523 0.815 21649 | BB

i

el

[F3n

HIEET @m0 % A

# [ i 7 L [E5=1
1 8.513 187.5 14.9 01,2094 0.304 1.184 | MM
2 9.9441 15651.5 1170.5 0,206 0,708 98.816 | BV

(25,35)-3-(4-chlorophenyl)-7-methoxy-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol|-
5'(1'H)-one (3fa)

S7



Cl

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (93% yield, 38.9 mg). '"H NMR (500 MHz, CDCls) & 7.41 — 7.37 (m, 2H), 7.30 — 7.27 (m,
2H), 7.27 — 7.24 (m, 2H), 7.19 — 7.16 (m, 2H), 7.14 — 7.10 (m, 1H), 7.04 — 6.99 (m, 1H), 6.94 (d, /=8.2
Hz, 1H), 6.73 (dt, J = 7.6, 1.1 Hz, 1H), 5.11 (s, 1H), 3.96 (s, 3H), 2.37 (s, 3H). *C NMR (126 MHz,
CDCl3) 8 167.83, 158.09, 148.15, 144.89, 136.93, 134.41, 132.54, 130.50, 128.68, 127.55, 125.34,
123.18, 119.00, 117.24, 112.85, 91.96, 56.19, 54.65, 13.03. [a]p*® = -152.30 (¢ = 1.0 in CH,Cl,). The

enantiomers were analyzed by HPLC using Daicel Chiralpak IA column at 236 nm (n-hexane/i-PrOH =

85/15), 0.7 mL/min; Major enantiomer: tg = 10.12 min, minor enantiomer: tg = 8.10 min. 82:18 dr, 98%

ee. HRMS (ESI) calcd for Cy,H 9CIN,O3Na m/z [M + Na]*: 441.0976, found: 441.0975.

5175 1

[E35

HIEET IEmiD % A

# f el =
1 9.027 3480.6 404.9 0.,2039 0.645 24,347 | BB
2 10,092 3333, 1 3751 0,2217 0.67 24,589 BE
3 11,415 5840.5 364.3 0.2431 0,922 25,946 BE
4 12,587 3634.2 340.4 0.2533 0.76 25,118 BEA

Il

|

|1

|

I

A

|

|
# R il [T £ ERE SRR iEmil v 2R
1 9.093 166.6 15.7 0.1765 1.058 1,163 MM
2 10,126 14154.6 1027.9 0,2087 0.686 98.837 | BV

(25,35)-7-methoxy-3'-methyl-1'-phenyl-3-(4-(trifluoromethyl)phenyl)-3H-spiro[benzofuran-2,4'-
pyrazol]-5'(1'H)-one (3ga)

S8



CF,

OMe

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (83% yield, 37.5 mg). 'H NMR (500 MHz, CDCl;) 6 7.55 (d, J= 8.1 Hz, 2H), 7.36 (d, J
= 8.1 Hz, 2H), 7.32 — 7.29 (m, 2H), 7.28 — 7.23 (m, 2H), 7.14 — 7.09 (m, 1H), 7.06 — 7.01 (m, 1H), 6.96
(d, J=8.2Hz, 1H), 6.74 (dt,J=7.5, 1.1 Hz, 1H), 5.19 (s, 1H), 3.96 (s, 3H), 2.39 (s, 3H). *C NMR (126
MHz, CDCl;) 6 167.68, 158.05, 148.26, 144.98, 138.25, 136.75, 130.68 (q, J=32.6 Hz), 129.64, 128.69,
127.09, 125.49, 125.41 (q, J = 3.6 Hz), 123.86 (q, /=272.8 Hz), 123.32, 119.07, 117.21, 112.97, 91.95,
56.21, 54.98, 13.07. ’F NMR (471 MHz, CDCls) 8 -62.73. [a]p*® = -113.24 (¢ = 1.0 in CH,Cl,). The
enantiomers were analyzed by HPLC using Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH =
96/4), 0.7 mL/min; Major enantiomer: tg = 24.82 min, minor enantiomer: tg=21.81 min. 88:12 dr, 96%
ee. HRMS (ESI) calcd for CysH9F3N,O;3Na m/z [M + Na]*: 475.1240, found: 475.1239.

A |
I
0 g
O
| g \ | /N
# g g i = R HEHRET iEmEdl %
1 21.557 22019.4 425.7 0,7975 0,682 26,381 BY
2 24,792 25027.1 395.5 10,9289 1.029 29,985 VE R
3 27.637 18040.5 293.7 0,9506 0.671 21.614 |BE
4 57.883 18379.3 148.2 1.879 0,723 22,020 BE
[\
|“‘I
[
I‘ “I
|
# g g il = R EERE T iEmdl % eI
i 21.81 635.3 12.4 0,7979 0.728 1.901 BE
2 24,825 327911 571.5 0,8735 0,732 93,099 BE

(25,35)-7-methoxy-3'-methyl-1'-phenyl-3-(3-(trifluoromethyl)phenyl)-3H-spiro[benzofuran-2,4'-
pyrazol]-5'(1'H)-one (3ha)
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (95% yield, 42.8 mg). '"H NMR (500 MHz, CDCls) § 7.54 — 7.49 (m, 2H), 7.44 — 7.40 (m,
2H), 7.38 — 7.33 (m, 2H), 7.28 — 7.23 (m, 2H), 7.12 — 7.09 (m, 1H), 7.04 (dd, J= 8.2, 7.5 Hz, 1H), 6.96
(dt,J=8.2, 1.0 Hz, 1H), 6.74 (dt, J=7.4, 1.1 Hz, 1H), 5.19 (s, 1H), 3.96 (s, 3H), 2.39 (s, 3H). *C NMR
(126 MHz, CDCl;) 8 167.72, 158.06, 148.27, 144.98, 136.83, 135.26, 132.64, 6 130.90 (q, J = 32.6 Hz),
128.65, 127.02, 125.81 (q, J = 3.7 Hz), 125.37 (q, J = 3.5), 125.35, 123.79 (q, J = 271), 123.38, 118.91,
117.16, 113.01, 92.02, 56.21, 55.05, 13.07. F NMR (471 MHz, CDCl;) § -62.63. [a]p*° = -148.30 (c =
1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak IC column at 254 nm
(n-hexane/i-PrOH = 95/5), 0.7 mL/min; Major enantiomer: tx = 14.04 min, minor enantiomer: tg=11.55
min. 81:19 dr, 96% ee. HRMS (ESI) calcd for CysH9F3sN,O3Na m/z [M + Na]*: 475.1240, found:
475.1236.

[l I i
[ il i
1 N j
w I A
| | " | -3
| | |\ (! |\
| \ JI \ JI '\.
# il [T E = R HIRRET gD ve A
1 11,562 2981.4 176.7 0.2568 0.667 25.808 VB
2 14,213 3022.7 1458.3 0.3097 0.647 26,166 =
3 15.617 2770.6 127.7 0.3311 0.774 23.983 VB
4 18,122 275 99.7 0.437 0.744 24,043 EBA
. i
0 [
00 |
[
: [
i
|
# Htil TR 5= =354 SRR gl v 2R
1 11,598 312.3 15.9 0.3031 0.788 1.655 EE
2 14.04 185a60.4 808.5 0.3538 0.59 98.345 BV

(25,35)-7-methoxy-3'-methyl-1'-phenyl-3-(2-(trifluoromethyl)phenyl)-3H-spiro[benzofuran-2,4'-
pyrazol]-5'(1'H)-one (3ia)
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (84% yield, 38 mg). 'H NMR (500 MHz, CDCl3) 8 7.62 (d, J = 7.8 Hz, 1H), 7.59 — 7.48
(m, 3H), 7.38 (t, J= 7.6 Hz, 1H), 7.33 — 7.24 (m, 3H), 7.16 — 7.11 (m, 1H), 7.04 — 6.91 (m, 2H), 6.64 (d,
J=17.5Hz, 1H), 5.39 (s, 1H), 4.12 (s, 3H), 3.98 (s, 3H), 2.21 (s, 3H). *C NMR (126 MHz, CDCl;) &
166.98, 158.36, 147.54, 144.86, 137.30, 134.10, 133.63, 131.52, 129.37, 128.67, 6 128.39 (q, J =29.2
Hz), 128.19, 125.43 (q,J=5.7 Hz), 125.24, 124.23 (q, J=272.08), 123.60, 119.15, 117.30, 112.69, 90.12,
56.19, 49.81, 12.71. 9F NMR (471 MHz, CDCl;) & -58.04. [a]p*® = 21.04 (¢ = 1.0 in CH,Cl,). The
enantiomers were analyzed by HPLC using Daicel Chiralpak ID column at 254 nm (n-hexane/i-PrOH =
85/15), 0.7 mL/min; Major enantiomer: t; =12.33 min, minor enantiomer: tg = 8.15 min. 96:4 dr, 99%
ee. HRMS (ESI) calcd for CysH9F3N,O;3Na m/z [M + Na]*: 475.1240, found: 475.1239.

e §
\
‘| |
|\
| I
I
| I\
# HHiel i Al =3 IEEEE HAIEE T gl o 2
1 8.13 12311.7 1224.5 0.1533 0,739 39,900 EE
2 12.328 12327.2 7 0,.2988 0,717 39,950 EE
3 21.048 3065.5 106.68 0.4475 0,814 9,935 BV
4 30,512 3152 61.7 0,754 0,685 10,215 EE
\
\
|
[
[
|
g [
# Higl [Efi g ] = IR AFEET igmil v 2m
1 8.152 124.9 9,2 0.1962 0.859 0,573 EE
2 12,338 21444.7 1281.3 0.2573 0.6356 99,421 EE

(25,35)-7-methoxy-3'-methyl-1'-phenyl-3-(p-tolyl)-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one
(3ja)




Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10
(v/v) as white solid (93% yield, 37.0 mg). 'H NMR (500 MHz, CDCl;) 6 7.38 (ddd, /=8.7, 2.0, 1.1
Hz, 2H), 7.29 — 7.24 (m, 2H), 7.15 — 7.08 (m, 5H), 7.04 — 6.98 (m, 1H), 6.93 (dt, J = 8.3, 1.0 Hz,
1H), 6.78 (dt, J= 7.6, 1.1 Hz, 1H), 5.13 (s, 1H), 3.96 (s, 3H), 2.39 (s, 3H), 2.29 (s, 3H). *C NMR
(126 MHz, CDCl;) 6 168.12, 158.15, 148.16, 144.79, 138.19, 137.09, 130.66, 129.17, 128.98,
128.55,128.15, 125.12, 122.94, 119.13, 117.46, 112.59, 92.31, 56.18, 55.02, 21.07, 13.09. [a]p** =
-213.43 (c = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak A
column at 254 nm (n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tg = 8.84 min, minor
enantiomer: tg = 9.91 min. 85:15 dr, 94% ee. HRMS (ESI) calcd for C,5H,,N,O3Na m/z [M + Na]*:
421.1523, found: 421.1520.

fls
|-
| I
|
||
, \l l‘. | \|
| {9 )
[ | | A
B o _A.‘/\_‘ g i " S -
# il e it = R HIRET gl ve A
1 8.572 2920 176.8 0.2752 0.802 29.644 MM
2 10,003 3070.7 156.4 0.3272 0.745 31.174 MM
3 11,268 1900, 1 112.2 0.2821 1.1049 19,290 MM
4 11.815 1959.5 107.6 0.3036 0,785 19.893 MM
I
|
Il
[
11
I
| |
# el = fTTE R [ R HIRET gD v KA
1 3.844 510.8 32.5 0.2618 1.131 3.103 MM
2 9.908 15951.1 1015.8 0.2392 0.731 96.897 BV (25,35)-

7-methoxy-3'-methyl-1'-phenyl-3-(m-tolyl)-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3ka)

Q)

_Ph
Ly

OMe
Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)

as white solid (95% yield, 38.0 mg). 'H NMR (500 MHz, CDCl;) & 7.39 — 7.34 (m, 2H), 7.28 — 7.24
(m, 2H), 7.20 — 7.15 (m, 1H), 7.11 — 7.00 (m, 5H), 6.93 (d, J = 7.9 Hz, 1H), 6.79 (dd, J=17.3, 0.9
Hz, 1H), 5.13 (s, 1H), 3.96 (s, 3H), 2.40 (s, 3H), 2.27 (s, 3H). >*C NMR (126 MHz, CDCl3)5 168.11,
158.16, 148.21, 144.80, 138.12, 137.05, 133.71, 129.62, 129.20, 128.56, 128.35, 127.91, 126.16,
125.13,122.96, 119.08, 117.55, 112.61, 92.34, 56.18, 55.29, 21.26, 13.09. [a]p**=-176.35 (¢ = 1.0
in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column at 254 nm
(n-hexane/i-PrOH = 95/5), 0.7 mL/min; Major enantiomer: tg = 13.79 min, minor enantiomer: tg =
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12.18 min. 85:15 dr, 94% ee. HRMS (ESI) calcd for CysH,N,O3Na m/z [M + Na]™: 421.1523,
found: 421.1520.

ma

T 0401 £ 55-254.4 Ram350.100 [ DRTAICHIA 100 RAC 1303 ERa0T8-05.2113 4256 0

R AR Emil v 23

# [55)
1 11.959 4936.4 261.4 0.2865 0.673 23.889 BB
2 13.677 4982.6 231.2 0.3235 0.673 23.871 BB
3 15.274 5423.3 235.6 0. 3506 0.815 25.982 BY
4 16.636 5430.7 222.5 0.3754 0.8 26,257 VB

A

[
5 [

IR\

!

I\

1\
# Hisl [ TR = g2 HIEET D ve AR
1 12,177 247.7 12 0.3147 0.773 1.390 BB
2 13,735 17567.9 7618 0.3451 0.573 93.610 BB

(25,35)-7-methoxy-3'-methyl-1'-phenyl-3-(o-tolyl)-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one
(3la)

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10
(v/v) as white solid(92% yield, 36.6 mg). 'H NMR (500 MHz, CDCl;) § 7.40 (d, J = 7.8 Hz, 2H),
7.30 —7.26 (m, 2H), 7.19 — 7.10 (m, SH), 7.01 (t,J= 7.8 Hz, 1H), 6.92 (d, /= 8.1 Hz, 1H), 6.70 (d,
J=17.5Hz, 1H), 5.44 (s, 1H), 3.97 (s, 3H), 2.36 (s, 3H), 2.30 (s, 3H). 3C NMR (126 MHz, CDCl;)
5 168.00, 159.14, 148.09, 144.77, 137.16, 136.34, 133.25, 130.77, 130.05, 129.09, 128.67, 128.05,
125.98, 125.20, 123.05, 119.13, 117.58, 112.39, 91.09, 56.18, 51.38, 19.45, 13.14. [a]p** = -212.42
(c = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column
at 254 nm (n-hexane/i-PrOH = 95/5), 0.7 mL/min; Major enantiomer: tg = 13.44 min, minor
enantiomer: tg = 11.91 min. 95:5 dr, 96% ee. HRMS (ESI) calcd for C,5H,,N,O3Na m/z [M + Na]*:
421.1523, found: 421.1521.
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B gEn g 8% HGET IR % A

L
1 11,888 5232.9 216.2 0.3704 0,833 29,568 VB
2 13,355 5286.2 207.6 0.393 0,786 29,809 BE
3 15.273 36608.9 142.6 0,3962 0,912 20,731 BE
4 21,918 3510 105.4 0.5105 0,809 19.833 BB
- i

[

8

i

‘ |

I

[

ikt
# iiel Il [E 553 N HEETF Emil % 28
1 11,907 280.6 12.6 0.3327 0,693 1.656 BB
2 13,443 16660, 5 729.4 0,3485 0,642 95.3% | BB

(25,35)-7-methoxy-3-(3-methoxyphenyl)-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3ma)

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as colorless 0il(90% yield, 37.2 mg). '"H NMR (500 MHz, CDCl;) $ 7.52 (dd, J= 8.7, 1.2 Hz, 2H),
7.31—-7.27 (m, 2H), 7.23 (ddd, J=7.7, 6.1, 1.7 Hz, 2H), 7.11 (ddt, J= 8.6, 7.2, 1.2 Hz, 1H), 7.03
(t,J=7.8 Hz, 1H), 6.96 — 6.91 (m, 2H), 6.84 — 6.74 (m, 2H), 5.53 (s, 1H), 3.95 (s, 3H), 3.65 (s, 3H),
2.33 (s, 3H). BC NMR (126 MHz, CDCl3)8 167.78, 158.88, 157.26, 148.13, 144.84, 137.51, 130.00,
129.18, 128.60, 127.64, 124.79, 123.43, 122.68, 120.52, 118.71, 117.82, 112.35, 109.53, 91.15,
56.13,55.08,48.11, 12.95. [a]p*® =-116.23 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by
HPLC using Daicel Chiralpak IA column at 254 nm (n-hexane/i-PrOH = 93/7), 0.7 mL/min; Major
enantiomer: tg = 17.53 min, minor enantiomer: tg = 15.50 min. 87:13 dr, 96% ee. HRMS (ESI) calcd
for C,5sHoN,O3Na m/z [M + NaJ*™: 437.1472, found: 437.1471.
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HIEET Il % A

# Hidl [E{iTE = T
1 15,414 4230.2 153.4 0.4275 0.735 21,4962 BY
2 16.638 5643.4 205.3 0.423 0,902 28.323 WY
3 17.674 4347.4 141.1 0.4674 0.734 21.799 VB
4 19.448 Baa7 173.3 0.4209 0.833 258,416 EB
= P
fe
M
|
|
[\
| \
# Hidl IEE im0 = IEEET AT lEmdD oo 2M
1 15.498 507.5 20.5 0.3332 0.303 1,933 BY
2 17.529 25017.4 848.3 0.4915 0,569 93.012 MM

(25,35)-7-methoxy-3-(2-methoxyphenyl)-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3na)

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (92% yield, 38.1 mg). '"H NMR (500 MHz, CDCls) & 7.52 — 7.44 (m, 2H), 7.28 — 7.18 (m,
4H), 7.10 — 7.06 (m, 1H), 7.00 (dd, J = 8.1, 7.5 Hz, 1H), 6.93 — 6.88 (m, 2H), 6.79 (dt, /= 7.6, 1.1 Hz,
1H), 6.74 (dd, J = 8.2, 1.1 Hz, 1H), 5.50 (s, 1H), 3.92 (s, 3H), 3.62 (s, 3H), 2.30 (s, 3H). 3*C NMR (126
MHz, CDCl5) 6 167.81, 158.92, 157.29, 148.17, 144.87, 137.54, 130.05, 129.22, 128.64, 127.67, 124.83,
123.46, 122.71, 120.56, 118.75, 117.86, 112.37, 109.56, 91.19, 56.16, 55.11, 48.14, 12.99. [a]p*® = -
215.43 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak IC column
at 254 nm (n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tg = 25.99 min, minor enantiomer:
tg=20.18 min. 95:15 dr, 98% ee. HRMS (ESI) calcd for C,5sH,,N,O3Na m/z [M + Na]*: 437.1472, found:

437.1470.
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P

P

HERE T gl v ZEA

# il = [
1 20,22 4759.8 109.7 0.7233 0.664 29.581 MM
2 22,83 3026 5E.1 0.8997 0.896 18,805 MM
3 26,2494 4399.8 34 0.9717 0.85 30.451 MM
4 31.122 3405.3 52.7 1.0754 0.697 | 21163 |MM
< V j
o “‘u‘

|

| \I
e |
20 |‘
# il [EfTE = IR SRR lgmdl % 2eH
1 20,182 197.5 4.7 0.6393 0.744 0.900 BB
2 25,987 21738.7 3877 0.8582 0.633 99,100 BB

(28,3R)-3-(benzo|[d][1,3]dioxol-4-yl)-7-methoxy-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'
pyrazol]-5'(1'H)-one (30a)

: _Ph
iy

OMe
Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)

as white solid (89% yield, 36.8 mg). 'HNMR (500 MHz, CDCl;) § 7.47 (dt, J=8.7, 1.6 Hz, 2H), 7.31
—7.27 (m, 2H), 7.14 — 7.10 (m, 1H), 7.01 (t, /= 7.8 Hz, 1H), 6.92 (d, J = 8.1 Hz, 1H), 6.79 — 6.68 (m,
4H), 5.89 (dd, J=9.9, 1.4 Hz, 2H), 5.07 (s, 1H), 3.95 (s, 3H), 2.36 (s, 3H). *C NMR (126 MHz, CDCl;)
5 168.07, 158.13, 148.04, 147.75, 147.66, 144.80, 137.18, 128.63, 128.03, 127.42, 125.14, 123.02,
122.68, 118.97, 117.42, 112.69, 109.49, 108.13, 101.11, 92.18, 56.16, 55.10, 13.05. [a]p*® =-100.50 (¢
= 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column at 254
nm (n-hexane/i-PrOH = 96/4), 0.7 mL/min; Major enantiomer: tg = 37.02 min, minor enantiomer: tg =
39.83 min. 80:20 dr, 94% ee. HRMS (ESI) calcd for C,5sH,0N,OsNa m/z [M + Na]*: 451.1264, found:

451.1267.

AL e e

i g
§

il
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el

=175 1

[E45

HEET IEmD %

# =1 5
1 33.622 3552.7 67.5 0.802 0.762 | 30,103 |BB
2 37.544 2387.2 39.7 10024 0,634 | 20.227 [MF
3 39.644 2448.6 37.8 1.0784 0,658 | 20.748 [FM
4 | 42859 3413.4 54.8 1.0334 0.718 | 28.923 | MM

¢

I

I

|

|

|

N |

# iial Il IS R AR gm0 XA
1 37.023 40256.4 601.8 11149 0419 | 96962 | MF
2 39.835 1261.1 18.6 1.1274 0,661 3.038__{FM

(25,35)-7-methoxy-3'-methyl-3-(naphthalen-1-yl)-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3pa)

: _Ph
iy

OMe
Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)

as colorless oil (90% yield, 39.4 mg). 'H NMR (500 MHz, CDCl;) 6 7.83 — 7.73 (m, 3H), 7.43 — 7.35
(m, 3H), 7.26 — 7.22 (m, 1H), 7.14 — 7.08 (m, 2H), 7.06 — 6.97 (m, 4H), 6.93 (d, J = 8.1 Hz, 1H), 6.78
(d, J = 7.5 Hz, 1H), 5.89 (s, 1H), 3.95 (s, 3H), 2.41 (s, 3H). 13C NMR (126 MHz, CDCl;) & 167.46,
158.71, 148.16, 144.95, 136.81, 133.54, 131.88, 131.62, 129.12, 128.72, 128.49, 128.38, 128.18, 126.48,
125.63, 125.25, 125.13, 123.16, 121.40, 119.25, 118.06, 112.51, 90.88, 56.14, 50.36, 13.13. [a]p*® = -
449.90 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column
at 254 nm (n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tg = 15.85 min, minor enantiomer:
tr=10.62 min. 96:4 dr, 99% ee. HRMS (ESI) calcd for C,3H,,N,0O3Na m/z [M + Na]*: 457.1523, found:
457.1519.

i
280 e

[\

b % e

R AR gm0 A

# el il =)

1 10.505 4313.3 237 0,2755 0.625 26.174 | BY
2 11.798 3918.1 216.8 0.2743 0.802 23.79 | VB

3 15.988 4392.2 162.7 (0.4005 0.56 20,622 |[VER
4 24.723 3869.6 103.8 0,5669 0.725 23.455 | BB
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[E34

HEEET IEmiD % A

# il [E7E [E3=)
1 10.621 67.6 3.4 0,3041 0.779 0,203 EE
2 15.853 33277.9 1155.3 0.4291 0.412 99.797 | BB

(25,35)-7-methoxy-3'-methyl-3-(naphthalen-2-yl)-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3qa)

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
colorless oil (75% yield, 32.6 mg) after flash column chromatography on silica-gel. 'H NMR (500 MHz,
CDCl3)6 7.83 —7.73 (m, 3H), 7.43 — 7.35 (m, 3H), 7.26 — 7.22 (m, 1H), 7.14 — 7.08 (m, 2H), 7.06 — 6.97
(m, 4H), 6.93 (d, J = 8.1 Hz, 1H), 6.78 (d, J= 7.5 Hz, 1H), 5.89 (s, 1H), 3.95 (s, 3H), 2.41 (s, 3H). 3C
NMR (126 MHz, CDCl;) 6 171.04, 158.41, 147.67, 145.05, 137.65, 133.20, 132.46, 128.95, 127.93,
127.75, 127.39, 127.19, 126.65, 126.55, 125.99, 125.50, 123.19, 119.06, 117.91, 91.82, 56.87, 56.20,
14.57. [a]p®® = -28.07 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel
Chiralpak OD-H column at 254 nm (n-hexane/i-PrOH = 50/50), 0.7 mL/min; Major enantiomer: ty =
9.54 min, minor enantiomer: tg = 35.52 min. 68:32 dr, 99% ee. HRMS (ESI) calcd for C,3H;,N,O3;Na
m/z [M + Na]*: 457.1523, found: 457.1520.

I E il =

IEERE

AR Emil % 268

# sl

1 9.537 13406.7 835.2 0,3222 0.62 25,365 BB
2 13.121 12402.6 396.6 0.4733 0.674 24,390 BB
3 17.147 12302.4 297.6 0.6343 0,721 24,193 BB
4 33.923 12733.8 135 1.44499 0.633 25.051 BEA
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# Hisl [ TE

S

R AR EED % 25

b1 ] 9525 | 95431

| 453.9

0.3146 |

0.628 | 100.000 |vB

(28,3R)-3-(furan-2-yl)-7-methoxy-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-

5'(1'H)-one (3ra)

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
colorless oil (92% yield, 34.4 mg). '"H NMR (500 MHz, CDCl3) § 7.63 (dt, J = 8.8, 1.6 Hz, 2H), 7.36 —
7.29 (m, 3H), 7.19 — 7.13 (m, 1H), 7.05 — 7.00 (m, 1H), 6.92 (t, J = 7.4 Hz, 2H), 6.34 — 6.28 (m, 2H),
5.23 (s, 1H), 3.94 (s, 3H), 2.33 (s, 3H). 13C NMR (126 MHz, CDCl;) 8 167.53, 157.88, 148.91, 144.85,
142.92, 137.40, 128.87, 128.70, 125.74, 125.16, 123.10, 118.94, 117.30, 113.05, 110.74, 109.58, 90.42,
56.19,48.56, 12.97. [a]p*® =-160.32 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using
Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tg
=26.01 min, minor enantiomer: tg = 17.60 min. 83:17 dr, 85% ee. HRMS (ESI) calcd for C,,HsN,O4Na

m/z [M + Na]*: 397.1159, found: 397.1156.

o
& il ,
N | 3 @
T
" Il [ f\
Nl A
[ \ |
| |
\ |\ ( [\
4, / iy
F‘ \\‘ ‘; . J - ’/
# Hisl [EfTTE N = RS SRR T gm0 #R
1 15.579 5162.4 164.9 0.4703 0.71 20,191 EE
2 17.668 7889.5 228.5 0.5228 0.6495 30,856 BB
3 26,193 7524.9 145.1 0.8641 0.67 29,430 MM
4 32,739 4991.6 791 0.9545 0.678 19,523 BB
mAl- d B i %
I
|
\
{1
|
|
|
# B+ el g A 5= R HERET IEmiD v 2
1 17.597 1020.9 29.5 0.524 0.682 7.759 EE
2 26,008 12136 230.2 0.8009 0.64 92.241 EE
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(25,35)-7-methoxy-3'-methyl-1'-phenyl-3-(thiophen-2-yl)-3H-spiro[benzofuran-2,4'-pyrazol|-
5'(1'H)-one (3sa)

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as solid (91% yield, 35.5 mg). '"H NMR (500 MHz, CDCl;) 6 7.50 (dt, J= 8.8, 1.6 Hz, 2H), 7.32 - 7.27
(m, 2H), 7.21 (dd, J= 5.1, 1.2 Hz, 1H), 7.15 - 7.11 (m, 1H), 7.04 — 7.00 (m, 2H), 6.98 — 6.89 (m, 3H),
5.42 (s, 1H), 3.95 (s, 3H), 2.37 (s, 3H). 13C NMR (126 MHz, CDCl;) 8 167.62, 157.72, 147.70, 144.77,
137.11, 135.90, 128.64, 127.79, 127.61, 127.16, 125.83, 125.20, 123.09, 119.03, 117.32, 113.05, 91.90,
56.19, 50.14, 13.05. [a]p*® = -241.48 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using
Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tg =
25.26 min, minor enantiomer: tg = 19.26 min. 87:13 dr, 92% ee. HRMS (ESI) calcd for C,,H;sN,O3;SNa

m/z [M + Na]": 413.0930, found: 413.0930.

3 A0 E 5w

# it il [Tl = UEEEE SRR gl v R
1 15.07 0011.3 209.6 0.4327 0.634 23.917 BB
2 19.432 ©85330.2 167.7 0.,5883 0.633 25,9581 BB
3 25.64 0570.8 123.7 0.8059 0.617 26,143 BB
4 31316 0021.9 99.5 0.9162 0,665 23.959 BB

A

|

| \

[\
# il il 5= RS SRR T g oo A
1 19,265 1034.4 26.7 0.5836 0.6e9 4,244 EE
2 25.256 23335.3 442.1 0.7998 0,589 95.756 EE

(25,35)-7-methoxy-3,3'-dimethyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3ta)

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
colorless oil (56% yield, 18.0 mg). 'H NMR (500 MHz, CDCl;) § 7.92 — 7.82 (m, 2H), 7.45 — 7.36 (m,
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2H), 7.24 — 7.16 (m, 1H), 6.96 (td, /= 7.8, 5.9 Hz, 1H), 6.87 — 6.75 (m, 2H), 3.90 (s, 3H), 3.87 (q, J =
7.5 Hz, 1H), 2.20 (s, 3H), 1.43 (d, J = 7.1 Hz, 3H). 3C NMR (126 MHz, CDCl;) & 168.52, 158.98,
146.64, 144.57, 137.64, 130.66, 128.87, 125.22, 122.94, 118.73, 115.83, 112.26, 91.35, 56.12, 43.15,
14.09, 12.94. [a]p3* = -15.03 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel
Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: tr = 54.02
min, minor enantiomer: tg = 13.05 min. 66:34 dr, 60% ee. HRMS (ESI) calcd for C;9H;sN,O3;Na m/z [M
+ Na]*: 345.1221, found: 345.1217.

i ;.
L
1
\I ‘
| |
- |
R
1 i
= sl [Efig (= R HERET IgmiD o 2R
1 12,432 2546.5 78.5 0.5145 0.673 20,459 BB
2 14,718 36317 938.8 0.5887 0.643 29.178 BB
3 33.838 3672 45,2 1.2753 0,705 29.535 BB
4 49.474 2592.5 22.9 1.7132 0.7 20.829 BB
.|
g 7
\I\ [ &
al |1 /
.
# HiE LTTE = R HERRET gD ve A
i 13.051 25249 76.4 0.5232 0.682 20,4993 BB
2 54.021 9811.6 721 2.1377 0.723 79.507 BB

(25,35)-3-ethyl-7-methoxy-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one
(Bua)

EtO

OMe

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
colorless oil (65% yield, 21.8 mg). "H NMR (500 MHz, CDCls) 6 7.86 — 7.83 (m, 2H), 7.42 — 7.37 (m,
2H), 7.21 — 7.17 (m, 1H), 6.94 (dd, J = 8.6, 7.1 Hz, 1H), 6.83 (d, J = 8.1 Hz, 2H), 3.89 (s, 3H), 3.75 —
3.66 (m, 1H), 2.20 (s, 3H), 2.04 — 1.96 (m, 2H), 0.99 (t, J= 7.5 Hz, 3H). *C NMR (125 MHz, CDCl;) §
168.37, 159.41, 146.54, 144.65, 137.63, 130.17, 128.90, 125.27, 122.72, 118.82, 116.30, 112.18, 90.55,
56.09, 50.37, 23.37, 12.97, 12.38. [a]p*® = -37.07 (c = 1.0 in CH,Cl,). The enantiomers were analyzed
by HPLC using Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major
enantiomer: tg = 61.79 min, minor enantiomer: tg = 12.60 min. 83:17 dr, 60% ee. HRMS (ESI) calcd for
CyoH20N,O3Na m/z [M + Na]*: 359.1377, found: 359.1367.
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3'-methyl-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3va)

ﬁ

I

\

I

| f\

[ \\I

Mol

vz key ; 3
# Kl Ui = 1A PR gl % 2
1 12,44 ©5509.5 197.7 0.5221 0.652 32.577 BE
2 15.255 34774 90.6 0.6079 0.63 17.403 BE
3 43.168 3445.9 318 1.6258 0.74 17.245 BE
4 51.328 5549 43.9 2,438 0.757 32.775 MM

N

I\

I

I
# Hisl [ TR gE= EEEE SRR IEmil % 23
1 12,599 1472.9 47.2 0.4977 0.712 20.014 BE
2 651.791 5a56.8 39.5 2,452 0.79% 79,986 MM (25,35)-

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
colorless oil (94% yield, 33.2 mg). 'H NMR (500 MHz, CDCl;) 8 7.26 — 7.23 (m, 3H), 7.20 — 7.11 (m,
8H), 6.99 — 6.94 (m, 3H), 5.01 (s, 1H), 2.26 (s, 3H). 3*C NMR (126 MHz, CDCls) & 168.44, 160.01,
158.56, 136.99, 134.06, 129.46, 129.07, 128.60, 128.51, 128.48, 128.15, 126.62, 125.62, 125.19, 122.21,
119.01,110.51,92.02, 55.15, 13.05. [a]p>® =-81.162 (c = 1.0 in CH,Cl,). The enantiomers were analyzed
by HPLC using Daicel Chiralpak IA column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major
enantiomer: tg = 11.29 min, minor enantiomer: tg = 6.96 min. 72:18 dr, 50% ee. HRMS (ESI) calcd for
Cy3HgN,O,Na m/z [M + Na]*: 377.1260, found: 377.1263.

=T WD . 5%

i A

5175

[E35

HEEET gD % A

# il =

1 6.924 4501.9 432.3 0. 1676 0.872 36,269 BB
2 8.516 1812.6 141.4 0.1955 0.871 13.691 BB
3 9.684 15819.5 116.4 0.2334 0.242 13.743 BB
4 11.171 4305.5 252.7 0.2393 0.943 36.297 BB
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# el IEE il S R AR il o XA
1 6.963 5046.4 541.2 0.1428 0733 | 24829 |EB
2 11,287 15278.3 970.8 0.2396 0817 | 75171 |BB

(25,35)-3-(2-methoxyphenyl)-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one
(3wa)

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (90% yield, 34.6 mg). 'H NMR (500 MHz, CDCl;) 3 7.48 — 7.42 (m, 2H), 7.22 — 7.16 (m,
4H), 7.12 — 7.06 (m, 2H), 7.03 — 6.92 (m, 3H), 6.84 (td, J= 7.5, 1.1 Hz, 1H), 6.67 (d, J = 8.2 Hz, 1H),
5.38 (s, 1H), 3.53 (s, 3H), 2.20 (s, 3H). 3C NMR (126 MHz, CDCl;) 8 168.16, 159.88, 159.27, 157.27,
137.57,129.88, 129.24, 129.20, 128.66, 126.40, 125.97, 124.79, 123.71, 121.94, 120.58, 118.61, 110.48,
109.55,90.87, 55.11, 47.84, 12.94. [a]p*° =-173.35 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed
by HPLC using Daicel Chiralpak ID column at 254 nm (n-hexane/i-PrOH = 80/20), 1.0 mL/min; Major
enantiomer: tg = 20.56 min, minor enantiomer: tx = 13.33 min. 83:17 dr, 61% ee. HRMS (ESI) calcd for
C4HN,0O3Na m/z [M + Na]*: 407.1366, found: 407.1368.

\
| 1A 5

Il =

B HBET e e X

#

1 11.745 23581.5 133.5 0.2752 0,592 9.749 BB
2 13.248 9784.2 452.4 0.3363 0.776 40.051 BB
3 20.685 98728 310.4 0.491 0.661 40.413 BE
4 2391 4.9 0,572 0.885 9.787 BB
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# el [EiT5 £33 RS HRET idmid ve 23
1 13.334 100038 437.6 0.3175 0.753 19.350 | B8
2 20.563 41721.1 1114.9 0.5546 0.335 | 80.650 |[EBB

(25,39)-

1'-(4-fluorophenyl)-7-methoxy-3'-methyl-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-
one (3ab)

OMe

F

3\\\ ’}l Q
—N

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (83% yield, 33.4 mg). '"H NMR (500 MHz, CDCl) § 7.31 — 7.22 (m, 7H), 7.05 — 6.99 (m,
1H), 6.93 (t, J= 8.7 Hz, 3H), 6.78 (d, J= 7.5 Hz, 1H), 5.16 (s, 1H), 3.96 (s, 3H), 2.40 (s, 3H). *C NMR
(126 MHz, CDCl;) 6 168.00, 160.01 (d, J = 244.6 Hz), 158.29, 148.25, 144.86, 133.72, 133.07 (d, J =
2.7 Hz), 129.10, 128.53, 128.51, 127.73, 123.09, 120.96 (d, J = 8.1 Hz), 117.49, 115.36 (d, J=22.7 Hz),
112.71, 92.35, 56.21, 55.42, 13.10. '°F NMR (471 MHz, CDCl;) & -58.04. [a]p*® = -225.45 (c = 1.0 in
CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column at 254 nm (n-
hexane/i-PrOH = 90/10), 0.7 mL/min; Major enantiomer: tg = 10.36 min, minor enantiomer: tg = 9.70
min. 89:11 dr, 98% ee. HRMS (ESI) caled for C,4HoFN,O3Na m/z [M + Na]*: 425.1272, found:
425.1273.

I
Im|
0] A
!
I { |
; [
# Hisl [T TE = IEEER AR Igmil % 23
1 9.703 4266.9 299,2 0.2184 0.827 33.428 BY
2 10.429 4586.3 299.5 0.2326 0.805 35.931 L
3 11,294 1988.2 125.1 0.2453 0.891 15.576 VB
4 13.467 1922.9 107.2 0.2772 0.941 15.065 BE
may ;I
I
‘ |
|
[
\
# sl =775 = [F3n IR IEmiD v 23
1 9.699 332.5 24.5 0.2105 0.83 0,922 BY
2 10.36 35724.9 2285 0.2924 0.653 99.078 L)

(25,3S5)-1'-(4-bromophenyl)-7-methoxy-3'-methyl-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-



5'(1'H)-one (3ac)

Br
PhO

B \\\\\\N
\ |

OMe

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (79% yield, 36.5 mg). '"H NMR (500 MHz, CDCls) & 7.39 — 7.33 (m, 2H), 7.30 — 7.25 (m,
S5H), 7.22 (dd, J=17.5, 1.9 Hz, 2H), 7.02 (t, J= 7.8 Hz, 1H), 6.94 (s, 1H), 6.78 (d, J= 7.5 Hz, 1H), 5.15
(s, 1H), 3.96 (s, 3H), 2.40 (s, 3H). *C NMR (126 MHz, CDCl;) 5 168.01, 158.50, 148.17, 144.83, 136.05,
133.60, 131.61, 129.02, 128.55, 128.50, 127.64, 123.12, 120.25, 117.99, 117.46, 112.70, 92.34, 56.18,
55.43,13.11.[a]p*®=-242.48 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel
Chiralpak AD-H column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: ty =
10.09 min, minor enantiomer: tg = 8.43 min. 99:1 dr, 98% ee. HRMS (ESI) calcd for Chemical Formula:
C4H1oBrN,O;3;Na m/z [M + Na]* : 485.0482, found: 485.0480.

. I

| \

I

11l [

e " f.‘ \

_ _ o t TR _ .
¢ HH I = BT RET IS % A
1 3.469 14167.9 90&.8 0.2a04 0.623 29.032 MM
2 10,135 13730.8 725.3 0.2849 0.61 28.136 BY
3 10,897 10688.4 321.3 0.3032 0.628 21,902 VB
4 14.913 10213.7 3619 0.4193 0.607 20,929 EBA
A

i
- I‘ “.‘
|\
#  Hi i 5= R ARET IEE v Ao
1 3,420 3828 22,1 0,2398 0,564 1.176 VB
2 10,088 30473.6 1558.7 00,2921 0,56 93.524 EE

(25,35)-1'-(3-bromophenyl)-7-methoxy-3'-methyl-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3ad)
Br
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as colorless oil (93% yield, 43.3 mg). '"H NMR (500 MHz, CDCl3) 8 7.55 (t, J=2.0 Hz, 1H), 7.33 (ddd,
J=8.2,2.1,1.0 Hz, 1H), 7.28 — 7.24 (m, 3H), 7.21 — 7.16 (m, 3H), 7.07 (t, J= 8.1 Hz, 1H), 7.02 — 6.98
(m, 1H), 6.92 (d, J=8.2 Hz, 1H), 6.76 (dt,J= 7.6, 1.1 Hz, 1H), 5.13 (s, 1H), 3.94 (s, 3H), 2.38 (s, 3H).
BC NMR (126 MHz, CDCl3) 8 168.09, 158.58, 148.15, 144.84, 138.12, 133.52, 129.94, 129.04, 128.61,
128.56, 127.99, 127.67, 123.15, 122.26, 121.59, 117.47, 117.11, 112.71, 92.40, 56.21, 55.47, 13.14.
[a]p*® = -244.49 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak
IC column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: tg = 13.30 min, minor
enantiomer: tg = 10.82 min. 98:2 dr, 98% ee. HRMS (ESI) calcd for Cp,H9BrN,OsNa m/z [M + Na]*:
485.0482, found: 485.0479.

[ [
1 R f\
A
L |
\ / ’J
# Hisl [T TE = R HIRET il ve A
1 2.34 7306.2 235.5 0.4385 0.328 17.3837 | WR
2 10,891 14095.8 393.7 0.5204 0.698 33.544 VB
3 13,466 14121.7 331.3 0.6373 0.596 33.605 EE
4 26,112 5493.5 34.9 1.2447 0.616 15,465 EBEA
# il [[E7TE L) = U AERETF gEmiD v 28
1 10,823 501.3 15.1 0.4363 0.667 1.233 BB
2 13,298 33559.1 941 0.6601 0.553 93.717 BB

(25,35)-7-methoxy-3'-methyl-1'-(perfluorophenyl)-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3ae)

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (91% yield, 42.9 mg). '"H NMR (500 MHz, CDCls) & 7.37 — 7.32 (m, 3H), 7.26 — 7.21 (m,
2H), 7.03 (t, /= 7.8 Hz, 1H), 6.94 (d, /= 8.1 Hz, 1H), 6.77 (dt, /= 7.6, 1.1 Hz, 1H), 5.20 (s, 1H), 3.98
(s, 3H), 2.38 (s, 3H), 1.30 (d, J= 14.3 Hz, IH). 3C NMR (126 MHz, CDCl;) § 168.69, 159.88, 147.81,
144.89, 144.81-144.63(m), 142.76-142.57(m), 140.67-140.40(m), 138.81-138.51(m), 136.79-
136.51(m), 133.21, 129.18, 128.74, 128.73, 127.70, 123.34, 117.41, 112.60, 111.50-111.24(m), 90.51,
56.14,55.50, 13.13. 9F NMR (471 MHz, CDCl;) § -161.58 — (-161.69) (m, 2F), -152.92 (t, J=21.2, 2F),
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-142.82 — (-142.65) (m, 1F). [a]p?® = -254.51 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by
HPLC using Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major
enantiomer: tg = 19.30 min, minor enantiomer: tg = 17.92 min. 90:10 dr, 99% ee. HRMS (ESI) calcd for

Cy4H;5FsN,O3Na m/z [M + Na]*: 497.0906, found: 497.0900.

= i i
A || | “
Al [ I
M |1 |
\ | [
\ { o\ “I \'\
# sl =g = R SHERET gl ve A
1 15.445 7056.3 328 0.2995 1.528 21.571 VWR
2 15.853 7055 314.7 0.3335 0.7 21.567 VB
3 17.868 9340.7 365.5 0.3861 0.729 28.554 BB
4 19.494 9260, 1 Jl2 0.3911 0,721 28,308 BBA
A
|
|
# il =i == R SRR Sl % 2R
1 17.917 391.9 12.7 0.9538 0.696 0,575 EE
2 19,304 67632.2 2315.2 0.9438 0.581 99.424 EE

(25,35)-7-methoxy-3'-methyl-3-phenyl-1'-(p-tolyl)-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one
(3af)

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (84% yield, 33.4 mg). '"H NMR (500 MHz, CDCl;) & 7.30 — 7.23 (m, 5H), 7.19 (d, /= 8.5
Hz, 2H), 7.03 (dd, /=20.3, 8.1 Hz, 3H), 6.93 (d, /= 8.1 Hz, 1H), 6.79 (d, /= 7.5 Hz, 1H), 5.15 (s, 1H),
3.96 (s, 3H), 2.39 (s, 3H), 2.28 (s, 3H). 13C NMR (126 MHz, CDCI;) 8 167.90, 157.89, 148.29, 144.82,
134.94, 134.53, 133.81, 129.12, 128.46, 128.43, 127.89, 122.95, 119.26, 117.48, 112.66, 92.31, 56.19,
55.30,20.88, 13.08. [a]p*® =-228.46 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using
Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: tg =
22.36 min, minor enantiomer: tg =20.26. 92:8 dr, 98% ee. HRMS (ESI) calcd for C,5H,,N,0O3Na m/z [M

+ Na]*: 421.1523, found: 421.1526.
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# Hidl [EiE = RS SHERET igdmil %o A
1 15.218 1828.5 40.5 0.647 0.471 17.395 BE
2 20,569 3399.5 53.5 0.9119 0.472 32,341 BY
3 22,885 3467.5 43 1.0322 0,432 32,988 VB
4 36.334 1815.9 17 14906 0,488 17,276 BB
)
|\
oA
R
|\
| \
# Hidl U i [EI= R HERET il ve A
1 20.257 326.3 6.2 0.7677 0,605 0.661 EB
2 22,345 49001.6 6717 1.0391 0,412 99.339 BE

(25,35)-1'-(2-ethylphenyl)-7-methoxy-3'-methyl-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-

5'(1'H)-one (3ag)

PhO

OMe
Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)

as colorless oil (81% yield, 33.6 mg). 'H NMR (500 MHz, CDCls) 6 7.35 (ddd, J=19.4, 5.0, 2.5 Hz,
S5H), 7.21 (td, J= 7.6, 1.2 Hz, 1H), 7.16 (d, J = 6.6 Hz, 1H), 7.10 (td, /= 7.7, 1.6 Hz, 1H), 7.02 — 6.97
(m, 1H), 6.92 (d, J = 8.1 Hz, 1H), 6.73 (ddd, /= 19.4, 7.7, 1.0 Hz, 2H), 5.20 (s, 1H), 3.97 (s, 3H), 2.39
(s, 3H), 1.91 (dd, /= 19.8, 7.6 Hz, 2H), 0.95 (t, J= 7.5 Hz, 3H). *C NMR (126 MHz, CDCl3) & 169.15,
157.62,148.13, 144.80, 141.02, 134.72, 133.79, 129.73, 128.70, 128.60, 128.59, 128.52, 128.35, 126.26,
126.21, 122.93, 117.31, 112.45, 91.58, 56.14, 55.16, 23.35, 14.07, 13.16. [a]p*° = -13.03 (¢ = 1.0 in
CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak ID column at 254 nm (n-
hexane/i-PrOH = 93/7), 1.0 mL/min; Major enantiomer: tg = 21.23 min, minor enantiomer: tr = 24.92
min. 85:15 dr, 95% ee. HRMS (ESI) calcd for Cp¢H»4N,O3Nam/z [M + Na]*: 435.1679, found: 435.1682.
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# iEl [EgiTE = IR HIEET IEmil v 268
1 21,922 1042.9 27 0.5922 0.612 33.600 | BB
) 4.7 1009.9 16.8 0.8723 0.394 32,536 | BB
3 34.154 529.6 11.3 0.7319 0.82 17.063 | BB
4 36.011 521,5 8.4 0.9172 0.582 15,800 | BBA
' [\

I

I

el

) :

| ;{f,‘
# Hig Al ==Y I HEEETF Igmil v 2/
1 21226 7730.2 195,4 0.5796 0,355 93.686 | BB
) 24.922 102.9 16 1.0442 0.617 1.314 | MM

(25,35)-7-methoxy-3'-methyl-1'-(naphthalen-2-yl)-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-

5'(1'H)-one (3ah)

PhO

B \\\\\\N
\ |

OMe
Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)

as white solid (95% yield, 41.3 mg). 'H NMR (500 MHz, CDCl;) 8 8.38 (d, /= 1.9 Hz, 1H), 8.11 (dd,
J=28.9,22 Hz, 1H), 7.94 — 7.84 (m, 3H), 7.50 (dddd, J = 20.9, 8.1, 6.9, 1.3 Hz, 2H), 7.38 — 7.33 (m,
3H), 7.24 - 7.20 (m, 2H), 7.10 — 7.06 (m, 1H), 6.99 — 6.89 (m, 2H), 5.40 (t, /= 0.9 Hz, 1H), 3.97 (s, 3H),
1.65 (s, 3H). 3C NMR (126 MHz, CDCl;) & 171.12, 158.61, 147.58, 144.95, 135.19, 134.99, 133.42,
131.16, 128.99, 128.79, 128.47, 128.21, 127.98, 127.60, 127.28, 126.53, 125.50, 123.10, 118.23, 117.80,
116.15, 112.61, 91.83, 56.71, 56.13, 14.43. [a]p** = 214.43 (c = 1.0 in CH,Cl,). The enantiomers were
analyzed by HPLC using Daicel Chiralpak ID column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0
mL/min; Major enantiomer: tg = 20.90 min, minor enantiomer: tg = 16.36 min. 80:20 dr, 94% ee. HRMS
(ESI) calcd for C,3H»,N,03Na m/z [M + Na]*: 457.1523, found: 457.1521.

= oA

# el [E91 75 1 = gsE AR iEmil % 2R
1 16,738 3219 8.4 0.5793 0.967 6.562 | BB
2 19.452 2151.8 59,3 0.5614 0,924 | 43.859 | BB
3 21,02 366.9 11.8 0.4313 0.805 7.478 | BB
4 23,413 2065.5 42.8 0.7394 0.74 42,101 | BB
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R AR gD % XH

# HiEl @il IS
1 16.357 803.7 34.0 0.3368 0.805 2.829 BB
2 20.857 29670 a73.9 0.5114 0.511 97.171 VB

(25,35)-1'-cyclohexyl-7-methoxy-3'-methyl-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-

one (3ai)

PhO

H \\\\\\ N
\ |

OMe

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (76% yield, 29.5 mg). 'H NMR (500 MHz, CDCl;) 8 7.30 — 7.27 (m, 3H), 7.18 (dd, J =
6.6,2.9 Hz, 2H), 6.96 (dd, J= 8.1, 7.5 Hz, 1H), 6.88 (d, /= 8.1 Hz, 1H), 6.73 (dt, J="7.5, 1.1 Hz, 1H),
5.03 (s, 1H), 3.93 (s, 3H), 3.52 — 3.44 (m, 1H), 2.27 (s, 3H), 1.75 — 1.65 (m, 2H), 1.62 — 1.51 (m, 3H),
1.27-1.00 (m, 5H), 0.88 — 0.81 (m, 1H). *C NMR (126 MHz, CDCl;)$ 168.59, 156.35, 148.35, 144.75,
133.82,129.20, 128.35, 128.23, 128.12, 122.69, 117.34, 112.33, 92.45, 56.06, 54.88, 51.98, 30.32,29.73,
25.21,25.19,25.09, 12.97. [a]p*® =-160.3 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC
using Daicel Chiralpak ID column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer:
tg = 11.26min, minor enantiomer: tg = 9.39 min. 82:18 dr, 98% ee. HRMS (ESI) calcd for C,4H,6N,O3Na
m/z [M + NaJ*: 413.1836, found: 413.1839.

S30

# RiEl I E il = R AR el oo A
1 9.249 1245.5 34.9 0.4863 1537 | 34932 [BB
2 11.253 1243.3 39 0.456 1113 | 34871 |BB
3 14.84 542.5 17.9 0.4655 0.83 15.216 | BB
4 16.511 534.1 15.3 0.5319 0.762 | 14981 |BB
# R il IgmE il = R HIRET i@l % 2R
1 9,388 24.5 1.5 0.2542 1.002 0.649 | BB
2 11.255 3753.4 170.3 0.3351 0.418 | 99.351 BB




(25,35)-3"-ethyl-7-methoxy-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3aj)

PhO
: _Ph
1

OMe Et

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (92% yield, 36.6 mg). '"H NMR (500 MHz, CDCls) & 7.39 — 7.34 (m, 2H), 7.30 — 7.21 (m,
7H), 7.09 (t, J= 7.4 Hz, 1H), 7.01 (t, J= 7.8 Hz, 1H), 6.93 (d, /= 8.1 Hz, 1H), 6.78 (d, /= 7.5 Hz, 1H),
5.17 (s, 1H), 3.96 (s, 3H), 2.77 (dd, J = 7.4, 3.7 Hz, 2H), 1.44 (t, J= 7.4 Hz, 3H). 3*C NMR (126 MHz,
CDCl;) 6 168.29, 161.96, 148.29, 144.85, 137.16, 133.96, 129.11, 128.56, 128.47, 128.43, 127.93,
125.11, 122.94, 119.12, 117.51, 112.74, 92.51, 56.24, 55.55, 20.74, 9.41. [a]p®*=-179.36 (¢=1.0in
CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column at 254 nm (n-
hexane/i-PrOH = 93/7), 0.7 mL/min; Major enantiomer: t; = 9.84 min, minor enantiomer: tg = 9.43 min.
94:6 dr, 97% ee. HRMS (ESI) calcd for C,5sH,,N,0O3Na m/z [M + Na]*: 421.1523, found: 421.1521.

N
1wl
]
Al N
[ 1] ﬁ I
# B il I A = MRS HHRREF il ve 2R
i 9,392 10649, 2 761.8 0,211 0,343 29.734 | WR
2 9,57 10852, 1 732.8 0.2231 0,724 30.301 |vB
3 11,945 7130.9 453.5 0.2375 0,343 19,911 | BV
4 12,761 7182.5 438,3 0.2162 0,703 20,055 | VB
ey \'\
[ 1
500 |
‘\
R
, [
[
# el = fTTE R = g AR il v 2
1 9,427 451,2 34 0.2068 1.072 1,319 |BVE
2 9.839 33741.6 2143.5 0.2428 0.633 93.681 VWR (2S,35)-

7-methoxy-1',3-diphenyl-3'-propyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3ak)

PhO
: _Ph
i

OMe nPr

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (91% yield, 37.5 mg). '"H NMR (500 MHz, CDCl;) § 7.35 (dt, J= 8.9, 1.8 Hz, 2H), 7.29 —
7.23 (m, 7H), 7.12 — 7.07 (m, 1H), 7.01 (t, /= 7.8 Hz, 1H), 6.93 (dt, J = 8.1, 1.0 Hz, 1H), 6.78 (dt, J =
7.6, 1.1 Hz, 1H), 5.18 (s, 1H), 3.96 (s, 3H), 2.76 — 2.64 (m, 2H), 1.95 (t, /= 7.4 Hz, 2H), 1.14 (t,J=7.4
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Hz, 3H). 3C NMR (126 MHz, CDCl3) § 168.23, 160.95, 148.30, 144.83, 137.11, 133.93, 129.11, 128.54,
128.45,128.41,127.91, 125.09, 123.10, 119.09, 117.49, 112.75, 92.60, 56.19, 55.48, 29.29, 18.64, 14.05.
[a]p*® = -131.26 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak
IA column at 254 nm (n-hexane/i-PrOH = 93/7), 1.0 mL/min; Major enantiomer: tzg = 9.00 min, minor
enantiomer: tg = 8.51 min. 91:9 dr, 87% ee. HRMS (ESI) calcd for CysHp4N,O3Na m/z [M + Na]*:
435.1679, found: 435.1675.

=R

w

HiE  ieEn - g% pBET e v 2o

#
1 8,503 33352.3 2512 0.2433 0.736 27.542 BY
2 9.005 33123.4 2313.8 0.2562 0.765 26,682 VB
e 11197 32323.7 1993.6 0,24934 0.349 22,622 BVR
4 13.757 33034 1449.2 0.3563 0.723 Z3.135 VEAR

[

||

[

(|

|

[

[

| |
# il il = UEEEE AEFETF igmil v 2/
1 3,509 2510.4 256, 5 0.1673 0.804 0.863 EVE
2 9 33112.4 2563.5 0.,2327 0.928 93.132 VWR

(25,35)-3'-isopropyl-7-methoxy-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3al)
PhO

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (90% yield, 37.0 mg). '"H NMR (500 MHz, CDCls) & 7.33 — 7.30 (m, 2H), 7.26 — 7.19 (m,
7H), 7.08 — 7.04 (m, 1H), 7.00 — 6.95 (m, 1H), 6.90 (d, /= 8.1 Hz, 1H), 6.75 (dt, J= 7.5, 1.1 Hz, 1H),
5.22 (s, 1H), 3.93 (s, 3H), 3.08 (hept, /= 7.0 Hz, 1H), 1.49 (d, J= 6.8 Hz, 3H), 1.41 (d, J=7.0 Hz, 3H).
BC NMR (126 MHz, CDCl3) 8 168.26, 164.80, 148.36, 144.91, 137.13, 134.01, 129.12, 128.53, 128.43,
128.40, 127.93, 125.07, 122.85, 119.12, 117.55, 112.94, 93.13, 56.31, 55.53, 28.18, 21.30, 20.06. [a]p*°
= -191,38 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak ID
column at 254nm (n-hexane/i-PrOH = 95/5), 1.0 mL/min; Major enantiomer: tg = 10.93 min, minor
enantiomer: tg = 9.14 min. 93:7 dr, 95% ee. HRMS (ESI) calcd for C,HpyN,O3Na m/z [M+Na]*:
435.1679, found: 435.1679.
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# it il [T TE = R HERE gD ve 2R
1 9.194 1435.8 47.7 0.5016 2,265 27.197 MM
2 10.949 1416.7 36.9 0.6399 2.275 26.836 MM
3 12,757 1221.7 45.6 0.447 1.128 23.142 MM
4 15.797 1205 36.7 0.5467 1.267 22,825 MM
[
|
[ |
| \
# Hidl I il [E 35 IR EERET Al v e
1 .14 20606.8 727.5 0.3985 111 97.235 BE
2 10,925 586 17 0.5606 0.992 2.765 BE

(25,35)-7-methoxy-1',3,3'-triphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3am)

PhO
: _Ph
Ly

OMe Ph

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v)
as white solid (86% yield, 38.4 mg). 'H NMR (500 MHz, CDCl;) 6 8.10 — 8.04 (m, 2H), 7.54 — 7.47 (m,
3H), 7.41 —7.36 (m, 2H), 7.30 — 7.25 (m, 5H), 7.22 (dd, /= 7.5, 2.0 Hz, 2H), 7.16 — 7.11 (m, 1H), 7.09
—7.03 (m, 1H), 7.00 (d, J = 8.1 Hz, 1H), 6.80 (dt, J = 7.4, 1.2 Hz, 1H), 5.42 (s, 1H), 4.00 (s, 3H). *C
NMR (126 MHz, CDCl;) 6 168.53, 155.48, 148.20, 145.16, 136.91, 133.68, 130.97, 129.19, 129.17,
129.15, 128.61, 128.48, 127.85, 126.81, 125.52, 123.12, 119.50, 117.69, 113.12, 92.89, 57.12, 56.40.
[a]p*® =-182.1 (¢ = 1.0 in CH,Cl,). The enantiomers were analyzed by HPLC using Daicel Chiralpak ID
column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: tg = 11.39 min, minor

enantiomer: tg = 12.67 min. 93:7 dr, 95% ee. HRMS (ESI) calcd for C,oH»,N,O3Na m/z [M+Na]*:
469.1523, found: 469.1513.

=
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# Rl LT [E5) R SiERE kil ve ZER
1 11417 171724 8717 0.3098 0.718 41.929 [ BV
2 12.538 171022 72713 0.3603 0.533 41757 [ VB
3 15.72 33726 132.7 0.3908 0.777 8.235 VB
4 33.21 3308.9 55.8 0.8935 0.677 8.079 BB
3 |

|\

|

I

||

| \ ./
# Biel [E{TTE L 4= R SRR gl o A
1 11.388 14560.8 309.4 0.2875 0.69 90.521 | BV
2 12.674 1566.7 63.2 0.3518 0.711 3.479 VB 1-

((2R,35)-7-methoxy-3-phenyl-2-((E)-(phenylimino)methyl)-2,3-dihydrobenzofuran-2-yl)ethan-1-
imine (5)

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/20 (v/v)
as white solid (77% yield, 15.2 mg). "H NMR (500 MHz, CDCls) & 7.59 (d, J = 7.4 Hz, 2H), 7.38 (t, J =
7.9 Hz, 2H), 7.35 — 7.29 (m, 3H), 7.28 — 7.23 (m, 3H), 7.20 (t, /= 7.4 Hz, 1H), 6.83 — 6.78 (m, 2H), 6.66
(dd, J = 6.3, 3.1 Hz, 1H), 5.80 (s, 1H), 5.72 (s, 1H), 3.90 (s, 3H), 2.13 (s, 3H). 13C NMR (126 MHz,
CDCl;) 6 149.35, 146.44, 143.16, 142.97, 140.15, 129.23, 129.15, 128.67, 128.34, 127.24, 126.33,
125.52, 124.63, 121.73, 119.32, 118.41, 108.90, 56.02, 40.11, 12.25. [a]p*® = 3.9 (c = 1.0 in CH,CL,).
The enantiomers were analyzed by chiral HPLC (JASCO LC-2000 Plus) using Daicel Chiralpak AD-H
column at 254 nm (n-hexane/i-PrOH = 80/20), 1.0 mL/min; Major enantiomer: tg = 11.02 min, minor
enantiomer: tg = 12.42 min. > 95:5 dr, 99% ee. HRMS (ESI) calcd for C,4H»,N,0,Na m/z [M+Na]*:
393.1573, found: 393.1582.

0544 Different ¥ units

FET [min]

1 2 3 L3 = B v 8 =} 10 g5 12 13 14 15 16 17 18
# Mame [ Stat[Min] | Time[Min]l | End[Min] [Ret time foset| Cluantity [ .-’-‘uee| Height [m&U] [Area [mAU.Min]| Area % [%]
1 [UNEMDWHN 11.023 11.632 12372 0.000 5012 03 n:z 50117
2 |UNEMDWHN 12417 12919 14.105 0.000 45.83 03 nz 45,883
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X-ray crystal structure of compound 3fa

Crystals of enantiopure 3fa suitable for X-ray analysis were obtained from crystallization in a solution

of dichloromethane and iso-propyl alcohol.

Table 1. Crystal data and structure refinement parameters of the compound 3fa

Parameter Value

CCDC deposition number 1867064
Empirical formula C,4H9CIN,O4
Formula weight 418.86
Temperature 1732) K
Wavelength 0.71073 A
Crystal system Orthorhombic
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Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

Fooo

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F?

Final R indices [/>2c (I)]

R indices (all data)

Absolute structure parameter

Extinction coefficient
Largest diff. peak and hole

P212121

a=593096)A  a=90°,
b=17.470(2) A B =90°.
c=19.6753)A  y=90°.
2038.6(4) A3

4

1.365 Mg/m’

0.216 mm™'

872

0.180 x 0.160 x 0.110 mm?
2.376 to 25.493°.

-6< h<7, -21<k=<2, -23<]<23
19157

3774 [R(int) = 0.0808]

99.4 %

Semi-empirical from equivalents
0.7456 and 0.5341

Full-matrix least-squares on F?
3774/0/274

1.085

R;=0.0585, wR,=0.1544
R;=0.0663, wR,=0.1624
0.10(4)

0.019(6)
0.399 and -0.590 e.A-3
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