Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2021

Supporting Information

Efficient Enantioselective Synthesis of CF2H-Containing Dispiro

[benzo [b] thiophene — oxindole - pyrrolidine]s via Organocatalytic

Cycloaddition

Yabo Deng,? Yongzhen Li,? Yalan Wang,? Shuo Sun,? Pengfei Jia,? Sichao Ma,* Wenguang Li,** Kairong
Wang,** and Wenjin Yan®*

The Institute of Pharmacology, School of Basic Medical Sciences, Lanzhou University, Lanzhou
730000, China

E-mail: *liwg@lzu.edu.cn; *wangkr@lzu.edu.cn; *yanwj@lzu.edu.cn

Table of Contents

1. General INFOIMALION ........coiiiiee ettt sttt sre b S2
2. RETEIEICE ...ttt b e et b e b et re s be e b S2
3. General procedures for substrates difluoromethyl imines............ccocooevivinieieinini e S2
4. Physical and chemical data of the substrate difluoromethyl imines..........ccccccoovviveiiiiiniicneinns S3
5. General Procedure for the Synthesis 0f 32a—3Ka ...........cccceveviiieiiin e S5
6. General Procedure for the Synthesis 0f 58a-5aK ...........cccccvvviiiieriiiniecc e S6
7. Analytical Data and HPLC Chromatogram of the Products ............ccccoeveveviie i S6
8. Gram-scale asymmetric cycloaddition for the synthesis of 3aa........ccccccceviviviicvi i, S52
9. Gram-scale asymmetric cycloaddition for the synthesis of 3ag.........cccceecevivviviieni s, S52
10. Synthetic transformation 0f 3aa..........ccccceiiiieii i S53
11. X-ray Structures of Compounds 382 and 380.........ccceevverrirereeiierese e S55
12. Copies of 1H, 1°F and BC{TH} NMR SPECIA.......c.cocveveririiiiiereteeeeeeee e S55

S1


mailto:liwg@lzu.edu.cn

1. General Information

Reactions were monitored by thin layer chromatography (TLC), and compounds were
visualized with a UV light at 254 nm and 365 nm. Column chromatography
purifications were carried out using silica gel. 'H, *C{'H} and '°F NMR spectra were
recorded on a Bruker (300 MHz or 400 MHz) spectrometer in CDCI3 using
tetramethylsilane (TMS) as internal standard. Data are presented as follows: chemical
shift, integration, multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet) and coupling constant in Hertz (Hz). Mass peaks are identified by the
corresponding m/z values. The ee values determination was carried out using chiral
high-performance liquid chromatography (HPLC) with Daicel Chiralpak (IA, IB, [A-3)
and Daicel Chiralcel OD-H column. (Note: The mobile phase of all I series chiral
columns is added with 5% DCM to help dissolve) Optical rotations were measured on
a digital polarimeter and are reported as follows: [a]D? (1 g/100 mL, CHCI3).

All solvents were obtained from commercial sources and were purified according to
standard procedures. The starting material methyleneindolinone!!! and difluoromethyl
imine!?! was synthesized by literature method. The derivative 7a was synthesized by

literature method .
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3. General procedures for substrates difluoromethyl imines
cocl 7
Ri— R
N 2. AICly, CH,Cly NS

Oxalyl chloride (1.1 equiv., 10.7 mmol) was added dropwise to a solution of thiophenol
with different substituents (1 equiv., 9.7 mmol) in anhydrous Et2O (30 mL) at 0 °C
under a N atmosphere, and the reaction stirred for 1.5 hours, warming to room
temperature. The reaction mixture was concentratedin vacuo and the residue dissolved
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in anhydrous CH2Cl» (40 mL). Aluminium chloride (3.6 equiv., 35 mmol) was added
portionwise at 0 °Cand the reaction mixture then stirred for 16 hours, slowly warming
to room temperature. Upon completion, an ice/1M HCI mixture was added dropwise
until the reaction turned clear and was then stirred for a further hour. The phases were
separated and the aqueous layer extracted with CH2Cl (3 x 25 mL). the organic phases
were combined, dried (NaxSQOs), filtered and concentrated in vacuo to give the crude
product, which was recrystallized from ethyl acetate to give benzo[b]thiophene-2,3-
dione with different substituents.( yield: 50-83%).

)

N - T, }/L\ﬁ- L}-\k
rIL O + HF,C~ "NH,
g TCHCl, \—CFzH

x-ray of 1a (CCDC:2120999)

In a 100 mL round-bottom flask, 2,2-difluoroethan-1-amine (9.0 mmol, 1.5equiv.) and
Benzo[b]thiophene-2,3-dione with different substituents (6.0 mmol, 1.0 equiv.) were
dissolved with 60 mL DCM was added to the solution. Then the mixture was cooled to
0 °C, and then titanium tetrachloride (7.2 mmol,1.2 equiv.) was added dropwise to the
solution and the reaction mixture was stirred at room temperature until TLC revealed
complete conversion of benzo[b]thiophene-2,3-dione with different substituents. After
the reaction completed, the mixture was quenched by 10% NaOH solution and filtered.
The organic layer was washed with saturated NaHCO3, saturated NaCl, and dried over
Na2SO4. Organic layer was concentrated under reduced pressure, the crude mixture was
purified by silica-gel column chromatography to obtain the target product (yield:45-
70%).

4. Physical and chemical data of the substrate difluoromethyl imines

(£)-2-((2,2-difluoroethyl)imino)benzo[b]thiophen-3(2H)-one
Brown yellow solid, Mp. = 65-66 °C. 'H NMR (300 MHz,
@I\//& CDCl3) 67.95 - 7.87 (m, 1H), 7.72 — 7.60 (m, 1H), 7.44 (s, 1H),
s _NLCFQH 7.36 (td, J = 7.6, 0.9 Hz, 1H), 6.34 (tt, J = 55.6, 4.5 Hz, 1H),
3.94 (td, J=14.3,4.5 Hz, 2H). '*C{'H} NMR (75 MHz, CDCls)
0 184.6, 161.3, 142.4, 137.4, 128.0, 127.9, 127.1, 125.1, 114.5

(t, J c-r = 180.0 Hz), 60.5 (t, J c-r = 20.6 Hz). ’F NMR (282 MHz, CDCl3) & -120.50.
HRMS (ESI) m/z caled for Ci1oH7F2NOSNa [M+Na]™: 250.0109, found 250.0096.

(£)-5-bromo-2-((2,2-difluoroethyl)imino)benzo[b]|thiophen-3(2H)-one

o Brown solid, Mp. = 78-79 °C. 'H NMR (400 MHz, CDCls) §

Br 8.04 (d, J= 1.8 Hz, 1H), 7.77 (dd, J = 8.3, 1.9 Hz, 1H), 7.35
s LCFH (d, J= 8.3 Hz, 1H), 6.33 (tt, J= 55.5, 4.4 Hz, 1H), 3.94 (td, J

1b =14.2,4.4 Hz, 2H). BC{'H} NMR (101 MHz, CDCls) 5 183.4,

160.5, 141.1, 140.0, 130.6, 129.3, 129.2, 126.4, 121.0, 114.4 (t, J c.r = 242.4 Hz), 60.5
(t, J cr = 27.7 Hz). ’F NMR (376 MHz, CDCl3) § -120.5. HRMS (ESI) m/z calcd for
C10H7BrF2NOS [M+H]": 327.9214, found 327.9199.
(Z£)-5-(tert-butyl)-2-((2,2-difluoroethyl)imino)benzo|b]thiophen-3(2H)-one
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o Red solid, Mp. = 50-51 °C. '"H NMR (400 MHz, CDCl3) 5 7.94
>K©\/&N (d,J=2.0 Hz, 1H), 7.71 (dd, J=8.3, 2.1 Hz, 1H), 7.37 (d, J =
& “_cru 83 Hz 1H), 6.34 (tt, J = 55.6, 4.5 Hz, 1H), 3.93 (td, J = 14.3,

1c 4.5 Hz, 2H), 1.35 (s, 9H). '*C{'H} NMR (101 MHz, CDCl3) §
184.9,162.1, 151.0, 139.4, 135.2, 127.8, 124.7, 124.6, 114.6 (t, J c.r = 241.9 Hz), 60.4

(t,J cr=25.3 Hz),34.9,31.1. ’F NMR (376 MHz, CDCl3) & -120.5. HRMS (ESI) m/z
calcd for C14HsF2NOSNa [M+Na]™: 306.0735, found 306.0735.

(£)-2-((2,2-difluoroethyl)imino)-6-fluorobenzo|[b|thiophen-3(2H)-one

o Yellow solid, Mp. = 70-71 °C. "H NMR (400 MHz, CDCl3) &

N 7.96 (dd, J = 8.5, 5.4 Hz, 1H), 7.17 (dd, J = 7.9, 2.2 Hz, 1H),

F s “—CFRH 706 (td, J=8.5,2.2 Hz, 1H), 6.33 (tt, J = 55.5, 4.5 Hz, 1H),
1d 3.95 (td, J = 14.2, 4.5 Hz, 2H). 3C{'H} NMR (101 MHz,

CDCls) & 182.6, 169.3, 166.6, 160.5, 145.4, 145.3, 130.3, 130.2, 124.6, 124.6, 112.0,
115.2,115.0, 114.4 (t,J c.r =242.4 Hz), 112.7, 112.4, 60.4 (t, J c.r. = 27.7 Hz). ’F NMR
(376 MHz, CDCI3) o -95.7, -120.5. HRMS (ESI) m/z caled for CioHsF3NOSNa
[M+Na]": 268.0014, found 268.0003.
(Z)-6-chloro-2-((2,2-difluoroethyl)imino)benzo|b]thiophen-3(2H)-one
o Yellow solid, Mp. = 132-133 °C. 'H NMR (400 MHz, CDCl;)
8 7.55 (t,J=17.9 Hz, 1H), 7.38 — 7.24 (m, 2H), 6.33 (tt, J =
/EI’&"L 55.6, 4.4 Hz, 1H), 3.93 (td, J = 14.3, 4.4 Hz, 2H). “C{'H}
TS M MR (101 MHz, CDCl3) 5 181.5, 160.3, 144.7, 136.9, 136.8,
129.4, 124.0, 123.5, 114.5 (t, J c.r = 325.0 Hz), 60.4 (t, J c.r = 37.0 Hz). "’F NMR (376
MHz, CDCl3) & -120.5. HRMS (ESI) m/z caled for CioH¢CIF2NOSNa [M+Na]':
283.9719, found 283.9720.

(£)-6-bromo-2-((2,2-difluoroethyl)imino)benzo|b]|thiophen-3(2H)-one
0 Pink solid, Mp. = 81-82 °C. '"H NMR (400 MHz, CDCIl;) &
,EI&N 7.55(dd,J=17.7, 1.1 Hz, 1H), 7.47 — 7.39 (m, 2H), 6.33 (tt, J
Br s “—cFH =55.6,4.5Hz, 1H), 3.94 (td, J = 14.2, 4.5 Hz, 2H). *C{'H}
f NMR (101 MHz, CDCl;) & 181.8, 160.4, 145.3, 136.9, 132.7,
125.2,124.6, 124.1, 114.5 (t, Jcr = 241.9 Hz), 60.3 (t, J c.r = 27.7 Hz). ’F NMR (376
MHz, CDCl3) & -120.5. HRMS (ESI) m/z caled for CioH¢BrF2NOSNa [M+Na]":

327.9219, found 327.9213.
(Z2)-2-((2,2-difluoroethyl)imino)-6-methoxybenzo|b|thiophen-3(2H)-one

0 Red solid, Mp. = 123-124 °C. '"H NMR (400 MHz, CDCls)
/©5¥N 0 7.83 (dd, J=24.7, 8.6 Hz, 1H), 6.89 (d, J = 2.2 Hz, 1H),
~o 1gS \—CF,H 6.83(dd,J=8.6,2.2 Hz, 1H), 6.33 (tt,J=55.6, 4.5 Hz, 1H),
4.03 -3.90 (m, 4H), 3.89 (d, J=4.5 Hz, 1H). *C{'H} NMR
(101 MHz, CDCl3) & 182.7, 167.0, 161.9, 145.4, 129.9, 121.8, 117.0, 114.6, 113.8,
112.2 (t, J c.r = 186.8 Hz), 109.6, 60.4 (t, J cr = 37.0 Hz), 56.2. '°F NMR (376 MHz,

CDCls) & -120.5. HRMS (ESI) m/z caled for C1;HoBrF,NO,SNa [M+Na]*: 280.0214,
found 280.0216.

(£)-2-((2,2-difluoroethyl)imino)-7-methylbenzo[b]thiophen-3(2H)-one
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o) Orange solid, Mp. = 49-50°C. '"H NMR (400 MHz, CDCl3) § 7.77
N (d, J=17.6 Hz, 1H), 7.49 (d, J = 7.5 Hz, 1H), 7.29 (d, J= 7.6 Hz,
' “—crH 1H),6.34(tt,J=55.6,4.5 Hz, 1H), 3.98 (td, J= 14.3, 4.5 Hz, 2H),
1h 2.36 (s, 3H). BC{'H} NMR (101 MHz, CDCls) 5 185.2, 161.7,
142.2,138.0, 133.9, 128.0, 126.9, 125.2, 114.6 (t, Jcr = 241.9 Hz), 60.5 (t, Jo-r = 27.3
Hz), 18.8. F NMR (376 MHz, CDCl3) & -120.5. HRMS (ESI) m/z calcd for
C11HoF2NOSNa [M+Na]™: 264.0265, found 264.0257.
(Z2)-2-((2,2-difluoroethyl)imino)naphtho|2,1-b]|thiophen-1(2H)-one
Red solid, Mp. = 70-71 °C. '"H NMR (400 MHz, CDCI3) § 9.16
(d, J=8.5 Hz, 1H), 8.10 (d, J= 8.5 Hz, 1H), 7.86 (d, /= 8.2 Hz,
. —N\_CFZH 1H), 7.77 — 7.70 (m, 1H), 7.56 (t, J = 4.1 Hz, 1H), 7.47 (d, J =
1i 8.5 Hz, 1H), 6.37 (tt,J=55.6, 4.5 Hz, 1H), 4.00 (td, J=14.3,4.5
Hz, 2H). C{'H} NMR (101 MHz, CDCl3) 5 184.6, 161.2, 146.9, 139.7, 138.6, 132.3,
131.6,131.0, 130.9, 129.3, 128.9, 127.5, 127.2, 123.3, 123.0, 122.8, 122.2, 121.6, 114.6
(t, Jcr = 325.0 Hz), 60.5 (t, Jcr = 37.0 Hz). '’F NMR (376 MHz, CDCl3) & -120.4.
HRMS (ESI) m/z calcd for C14HoF2NOSNa [M+Na]': 300.0265, found 300.0266.
(Z2)-2-((2,2-difluoroethyl)imino)-5,7-dimethylbenzo[b]|thiophen-3(2H)-one
Red solid, Mp. = 93-94 °C. 'H NMR (400 MHz, CDCls) § 7.52
N (d,J=35.0Hz, 1H), 7.32(d,J=11.8 Hz, 1H), 6.34 (tt, J=55.6,
\—CF,H 4.5 Hz, 1H), 3.95 (td, J = 14.3, 4.5 Hz, 2H), 2.36 (s, 3H), 2.31
(s,3H),2.29 - 2.16 (m, 1H). *C{'H} NMR (101 MHz, CDCls)
5 185.3,162.2,140.3, 139.2, 139.1, 137.1, 133.6, 128.0, 126.1, 125.5, 114.6 (t, J c-r =
324.8 Hz), 60.4 (t, Jcr = 37.0 Hz), 20.7, 18.7. ”F NMR (376 MHz, CDCl;) & -120.5.
HRMS (ESI) m/z calcd for C12H11F2NOSNa [M+Na]™: 278.0422, found 278.0422.
(Z2)-2-((2,2-difluoroethyl)imino)-4,7-dimethylbenzo[b]|thiophen-3(2H)-one
Orange solid, Mp. = 95-96 °C. 'H NMR (400 MHz, CDCls) § 7.32
(d,J=17.7Hz, 1H), 7.03 (d, J=7.7 Hz, 1H), 6.33 (tt, J=55.7,4.5
\—ckH Hz, 1H),3.95 (td,J = 14.4, 4.5 Hz, 2H), 2.65 (s, 3H), 2.31 (s, 3H).
BC{'H} NMR (101 MHz, CDCl;) & 185.8, 161.6, 142.6, 140.5,
137.0, 131.0, 129.4, 125.5, 114.7 (t, J c.r = 324.7 Hz), 60.3 (t, J cr = 37.0 Hz), 18.7,
18.5. YF NMR (376 MHz, CDCl;) & -120.5. HRMS (ESI) m/z calcd for
C12H11F2NOSNa [M+Na]*: 278.0422, found 278.0422.
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5. General Procedure for the Synthesis of 3aa—3ka
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(2)-2-((2,2-difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1a (0.1 mmol) was added
to a solution of catalyst C8 (0.01 mmol, 10 mol% ) and methyleneindolinone 2 (0.12
mmol) in anhydrous DCE (1.0 mL) at 0 °C, After completion (monitored by TLC), the



reaction mixture was directly purified by flash column chromatography on silica gel
(EA:PE = 1:7(v/v)) to obtain the title compounds 3aa-3ka.

Racemates were prepared following the general procedure with 10 mol% DABCO or a
combination of equivalent cinchonidine-derived squaramide and cinchonine-derived
squaramide.

6. General Procedure for the Synthesis of Saa—Sak

0
5
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(2)-2-((2,2-difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1a (0.1 mmol) was added
to a solution of catalyst C8 (0.01 mmol, 10 mol% ) and methyleneindolinone 4 (0.12
mmol) in anhydrous DCE (1.0 mL) at 0 °C, After completion (monitored by TLC), the
reaction mixture was directly purified by flash column chromatography on silica gel
(EA:PE = 1:10(v/v)) to obtain the title compounds Saa-5ak.

Racemates were prepared following the general procedure with 10 mol% DABCO.

7. Analytical Data and HPLC Chromatogram of the Products

Ethyl-(25,3'5,4'S,5'S)-5'-(difluoromethyl)-1''-methyl-2"",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'-indoline]-4'-carboxylate
From 227 mg (0.1 mmol) of (2)-2-((2,2-
? H o L difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1a and
@J k - F 27.7 mg (0.12 mmol, 1.2 equiv) of methyleneindolinone
N 2a, 43.5 mg (95% yield) of compound 3aa was obtained
\ N—""as a white solid, [a] D >*=-372 (c = 1.0, CHCl3), Mp. =
3aa |\ © 184-185 °C. Dr (> 20:1) was determined by HPLC
analysis. 98% ee was determined by HPLC analysis
(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 50:50, 1.0 mL/min).
Retention time: fmajor = 9.6 mMin, fminor= 7.7 min. '"H NMR (400 MHz, CDCl3) § 7.73 (dd,
J=17.7,0.7Hz, 1H), 7.49 — 7.32 (m, 3H), 7.22 — 7.08 (m, 2H), 7.01 (d, J= 7.9 Hz, 1H),
6.85 (d, J=7.8 Hz, 1H), 6.59 (ddd, J = 58.2, 56.7, 7.1 Hz, 1H), 4.75 — 4.42 (m, 1H),
4.30 (d, J= 8.1 Hz, 1H), 3.80 (dq, J = 10.8, 7.1 Hz, 1H), 3.69 (dq, J = 10.8, 7.1 Hz,
1H), 3.10 (s, 3H), 2.75 (s, 1H), 0.74 (t, J = 7.1 Hz, 3H). BC{'H} NMR (101 MHz,
CDCl) 6 202.4, 171.5, 167.6, 147.8, 144.1, 136.4, 129.9, 128.8, 128.4, 127.3, 125.6,
124.2,123.2, 123.2, 117.5 (dd, Jcr = 330.9, 323.6 Hz), 108.1, 86.6, 62.5, 61.0, 59.6
(dd, Jor = 38.2, 32.5 Hz), 49.8, 49.7, 26.7, 13.6. "’F NMR (376 MHz, CDCl3) 6 -119.3
(d, J = 296.3 Hz, 1F), -123.0 (d, J = 295.9 Hz, 1F). HRMS (ESI) m/z calcd for
C23H20F2N2NaO4S [M+Na]™: 481.1004, found 481.1004.
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Ethyl-(2S5,3'S,4'S,5'S)-5'-(difluoromethyl)-2'",3-dioxo-3H-dispiro[benzo[b] thiophe
ne-2,2'-pyrrolidine-3',3''-indoline]-4'-carboxylate

From 227 mg (0.1 mmol) of (2)-2-((2,2-
difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1a and
26.0 mg (0.12 mmol, 1.2 equiv) of methyleneindolinone
2b, 35.5 mg (80% yield) of compound 3ab was obtained
as ared solid, [a] D 2*=-372 (¢ = 1.0, CHCI3), Mp. = 148-
149 °C. Dr (> 20:1) was determined by HPLC analysis.
64% ee was determined by HPLC analysis (Daicel
Chiralpak IA column, 230 nm, hexane/2 -propanol 50:50, 1.0 mL/min). Retention time:
tmajor = 9.1 MiN, fminor=7.3 min. 'H NMR (400 MHz, DMSO) § 10.70 (s, 1H), 7.63 (d,
J=7.7Hz, 1H), 7.61 —7.51 (m, 1H), 7.39 (d, J="7.5 Hz, 1H), 7.27 (ddd, J=15.7, 11.0,
4.2 Hz, 3H), 7.07 — 6.99 (m, 1H), 6.84 (d, /= 7.6 Hz, 1H), 6.42 (td, J = 57.6, 7.0 Hz,
1H), 5.00 (d, J= 5.3 Hz, 1H), 4.39 (d, /= 7.3 Hz, 1H), 4.08 (d, J = 8.3 Hz, 1H), 3.77
(dq, J=10.9, 7.1 Hz, 1H), 3.65 (dq, J = 10.9, 7.1 Hz, 1H), 0.64 (t, J = 7.1 Hz, 3H).
BC{'H} NMR (101 MHz, DMSO) § 201.6, 172.7, 167.5, 147.6, 142.5, 136.5, 129.6,
128.6, 128.6, 126.5,125.4, 124.2,123.5,121.8, 117.80 (t, Jc-r = 325.9 Hz), 109.6, 85.7,
79.1, 62.9, 60.6, 59.9, 59.6, 59.4, 49.7, 49.6, 13.1. °F NMR (376 MHz, DMSO) § -
117.0 (d, J = 287.2 Hz, 1F), -122.0 (d, J = 287.2 Hz, 1F). HRMS (ESI) m/z calcd for
CaoH 1sF2N2NaOsS [M+Na]" : 467.0848, found 467.0848.
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Ethyl-(25.,3'5,4'S,5'S)-1""-benzyl-5'-(difluoromethyl)-2'",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'""-indoline]-4'-carboxylate

From 22.7 mg

(0. mmol) of
difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1a and
27.7 mg (0.12 mmol, 1.2 equiv) of methyleneindolinone
2¢, 44.3 mg (83% yield) of compound 3ac was obtained
as a yellow solid, [a] D % = - 456 (c = 1.0, CHCI3), Mp.
= 189-190 °C. Dr (> 20:1) was determined by HPLC

(2)-2-((2.2-

analysis. 98% ee was determined by HPLC analysis
(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 60:40, 1.0 mL/min).
Retention time: fmajor = 19.8 min, #minor= 18.3 min. "H NMR (400 MHz, CDCl3) & 7.75
(d,J=7.7Hz, 1H), 7.54 — 7.44 (m, 1H), 7.39 (d, /= 7.4 Hz, 1H), 7.30 — 7.22 (m, 1H),
7.20 — 7.04 (m, 5H), 7.01 (dd, J = 6.9, 4.8 Hz, 3H), 6.82 — 6.45 (m, 2H), 5.03 (d, J =
15.5 Hz, 1H), 4.66 — 4.52 (m, 1H), 4.38 (dd, J="71.2, 11.8 Hz, 1H), 3.78 (dq, /= 10.8,
7.1 Hz, 1H), 3.60 (dq, J = 10.8, 7.1 Hz, 1H), 2.76 (s, 1H), 0.59 (t, J = 7.1 Hz, 3H).
BC{'H} NMR (101 MHz, CDCI3) § 202.6, 171.7, 167.6, 147.6, 143.3, 136.3, 135.3,
129.8,129.0, 128.6, 128.6, 127.6, 127.4, 127.3, 125.7, 124.2, 123.2, 123.1, 117.61 (dd,
Jer=331.0,323.6 Hz), 109.0, 87.4, 62.5, 61.1, 59.72 (dd, Jcr = 38.1, 32.5 Hz), 49.5,
49.5,44.1, 13.4. YF NMR (376 MHz, CDCl3) § -119.4 (d, /= 295.9 Hz, 1F), -123.1 (d,
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J=295.9 Hz, 1F). HRMS (ESI) m/z caled for C2oH24F2N>2NaO4S [M+Na]"™: 557.1317,
found 557.1317.

] mau
300 5 2
] |
200 "‘ I
] |t
| I |
] |l
100 | - I‘
] .
AR
04— - ~ \y" \\.7.— —
;\ T T T T T T T T T T 1
0 5 10 15 20
No Re%?rrgéon Area % Area Int Type
18.325 7152.158 49.157 BB
2 20.028 7397.369 50.843 BB

mAu

No Re%?rrgéon Area % Area Int Type
1 18.335 85.225 0.606 BB
2 19.753 13983.541 99.394 BB

1"'-(tert-butyl) 4'-ethyl (25,3'S,4'S,5'S)-5'-(difluoromethyl)-2'",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-1"",4'-dicarboxylate

o Fk From 227 mg (0.1 mmol) of (2)-2-((2,2-
: difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1a and
38.0 mg (0.12 mmol, 1.2 equiv) of methyleneindolinone
2d, 45.7 mg (84% yield) of compound 3ad was obtained
as a yellow solid, [a] D % =- 221 (¢ = 1.0, CHCl3), Mp. =
65-66 °C. Dr (> 20:1) was determined by HPLC analysis.
92% ee was determined by HPLC analysis (Daicel Chiralpak IA column, 230 nm,
hexane/2 -propanol 10:90, 1.0 mL/min). Retention time: fmajor = 12.8 min, fminor= 9.7
min. '"H NMR (400 MHz, CDCl3) § 7.85 (d, J = 8.1 Hz, 1H), 7.72 (d, J = 7.6 Hz, 1H),
7.50 — 7.39 (m, 3H), 7.29 — 7.15 (m, 2H), 7.03 (d, J = 7.9 Hz, 1H), 6.60 (td, J = 57.9,
7.0 Hz, 1H), 4.57 — 4.45 (m, 1H), 4.30 (d, /= 8.1 Hz, 1H), 3.84 — 3.76 (m, 1H), 3.72
(ddd, J =143, 10.7, 7.1 Hz, 1H), 2.75 (s, 1H), 1.49 (s, 9H), 0.77 (t, J = 7.1 Hz, 3H).
BC{'H} NMR (101 MHz, CDCI5) § 202.1, 170.3, 167.3, 148.6, 147.9, 140.3, 136.4,
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130.1, 128.7, 127.5, 127.2, 125.6, 125.0, 123.9, 123.3, 117.3 (dd, Jc.r = 331.3, 323.7
Hz), 114.9, 87.3, 84.6, 62.9, 61.3, 59.4 (dd, Jc.r = 38.4, 32.9 Hz), 50.6, 50.5, 27.9, 13.3.
YF NMR (376 MHz, CDCl3) § -119.3 (d, J = 296.7 Hz, 1F), -123.0 (d, J = 296.7 Hz,
IF). HRMS (ESI) m/z calecd for C7H26F2N2NaOsS [M+Na]™: 567.1372, found
567.1372.

1 mau

2000 —|

1500 |

°
4 ]
1000
500 ] ~ @
i ] &
] B S
0 _: JE——— 0

T min
D R N
No Re%?rrgéon Area % Area Int Type
1 9.201 1180.207 3.582 BB
2 9.728 15242.273 46.266 BB
3 10.999 1056.738 3.208 BB
4 12.928 15465.998 46.945 BB
No Re%?rrgéon Area % Area Int Type
1 9.728 15242.273 49.636 BB
2 12.928 15465.998 50.364 BB

] mAu
150—2 g
lOO—i
50—i
PR D - s -
_U 2 4 13 8 lIU 12 lLl
Retention
No Time Area % Area Int Type
1 9.678 91.502 3.985 BB
2 12.833 2204.886 96.015 BB

Methyl-(25,3'S.,4'S,5'S)-5'-(difluoromethyl)-1''-methyl-2'",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"'-indoline]-4'-carboxylate

o) F From 22.7 mg (0.1 mmol) of (Z2)-2-((2,2-difluoroethyl)imino)
Q—JI H _.‘J\F benzo[b]thiophen-3(2H)-one 1a and 26.0 mg (0.12 mmol,
s ' 1.2 equiv) of methyleneindolinone 2e, 37.3 mg (84% yield)
= O_ of compound 3ae was obtained as a white solid, [a] D B=_
N e} 181 (¢ = 1.0, CHCl3), Mp. = 181-182 °C. Dr (> 20:1) was
determined by HPLC analysis. 96% ee was determined by
HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 60:40, 1.0

S10



mL/min). Retention time: fmajor = 11.9 min, #minor= 10.6 min. 'H NMR (400 MHz, CDCl5)
07.73 (d,J=17.7 Hz, 1H), 7.42 (qd, J= 7.7, 1.1 Hz, 3H), 7.23 — 7.07 (m, 2H), 7.01 (d,

J=7.9 Hz, 1H), 6.86 (d, /= 7.8 Hz, 1H), 6.58 (ddd, /= 58.1, 56.7, 7.1 Hz, 1H), 4.68 —
4.39 (m, 1H), 4.30 (d, J= 8.1 Hz, 1H), 3.25 (s, 3H), 3.11 (s, 3H), 2.76 (s, 1H). *C{'H}

NMR (101 MHz, CDCl3) 6 202.4,171.4,168.2, 147.8, 143.9, 136.4, 130.0, 128.8, 128.3,
127.3,125.6, 124.2, 123.2, 123.2, 117.4(dd, Jc.r = 330.7, 323.9 Hz), 108.1, 86.4, 62.6,

59.6(dd, Jcr = 38.4, 32.5 Hz), 52.2, 50.0, 49.9, 26.7. ’F NMR (376 MHz, CDCI3) § -

119.3 (d, J = 296.3 Hz, 1F), -123.0 (d, J = 295.9 Hz, 1F). HRMS (ESI) m/z calcd for
C22HisF2N2NaO4S [M+Na]™: 467.0848, found 467.0848.

mAu

No Re%gion Area % Area Int Type
1 10.833 2652.156 49.459 BB
2 12.163 2710.222 50.541 BB
§
No Re%?rrg;on Area % Area Int Type
1 10.646 148.374 1.893 BB
2 11.928 7688.807 98.107 BB

Iso-propyl-(25,3'S.,4'S,5'S)-5'-(difluoromethyl)-1''-methyl-2"",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'""-indoline]-4'-carboxylate

o F From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
@—‘I N ..-LF benzo[b]thiophen-3(2H)-one 1a and 29.4 mg (0.12 mmol, 1.2
S equiv) of methyleneindolinone 2f, 40.6 mg (86% yield) of

7/ compound 3af was obtained as a white solid, [a] D 2* = - 366
(c=1.0, CHCI3), Mp. =86-87 °C. Dr (> 20:1) was determined
by HPLC analysis. 96% ee was determined by HPLC analysis
(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 60:40, 1.0 mL/min).
Retention time: fmajor = 11.8 min, fminor = 9.0 min. 'H NMR (400 MHz, CDCl3) § 7.73
(dd, J=17.7, 0.7 Hz, 1H), 7.55 — 7.31 (m, 3H), 7.15 (ddd, J = 15.1, 7.7, 0.8 Hz, 2H),
7.00 (d, J=17.9 Hz, 1H), 6.84 (d, J = 7.8 Hz, 1H), 6.59 (ddd, J = 58.2, 56.7, 7.1 Hz,
1H), 4.61 (dt,J=12.5, 6.3 Hz, 1H), 4.53 (dt, /= 16.3, 6.0 Hz, 1H), 4.28 (d, /= 8.1 Hz,
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1H), 3.10 (s, 3H), 2.74 (s, 1H), 0.97 (d, /= 6.3 Hz, 3H), 0.56 (d, J= 6.2 Hz, 3H). *C{'H}
NMR (101 MHz, CDCl3) 6 202.4,171.5,167.0, 147.8, 144.3, 136.3, 129.9, 128.9, 128.5,
127.3,125.6,124.2,123.2,123.1, 117.5 (dd, Jcr = 331.3,323.5 Hz), 115.1, 108.1, 86.6,

68.7, 62.4, 59.6 (dd, Jc.r = 38.2, 32.3 Hz), 49.8, 49.7, 26.6 , 21.5, 20.8. '’F NMR (376

MHz, CDCl3) 6 -119.3 (d, J=295.9 Hz, 1F), -123.0 (d, J=295.6 Hz, 1F). HRMS (ESI)

m/z caled for C24H22F2N2NaO4S [M+Na]': 495.1161, found 495.1161.

A mau

300+
200

100+

Retention

No Time Area % Area Int Type
9.036 2981.291 50.749 BB
2 11.945 2893.305 49.251 BB
1200 ] mAu
=%
o0 |
600
400
200 ] 8
° B " roin
0 2 ! 5 s 10 12 ‘
No Re%?rrg;on Area % Area Int Type
1 8.996 319.077 1.760 BB
2 11.847 17810.752 98.240 BB

Tert-buty-(25,3'S,4'S,5'S)-5'-(difluoromethyl)-1'"-methyl-2'",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'""-indoline]-4'-carboxylate

o F From 227 mg (0.1 mmol) of (2)-2-((2,2-
@—11 N _.J\F difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1a and
g7 31.0 mg (0.12 mmol, 1.2 equiv) of methyleneindolinone 2g,

= o 41.3 mg (85% yield) of compound 3ag was obtained as a
3agf\{ 0 7< yellow solid, [a] D 2* = - 338 (¢ = 1.0, CHCl3), Mp. = 207-

208 °C. Dr (> 20:1) was determined by HPLC analysis. 96%

ee was determined by HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2
-propanol 60:40, 1.0 mL/min). Retention time: fmajor = 7.1 Min, #minor= 9.6 min. "H NMR
(400 MHz, CDCl3) 6 7.72 (dd, J = 7.7, 0.6 Hz, 1H), 7.56 — 7.28 (m, 3H), 7.22 — 7.08
(m, 2H), 7.00 (d, /= 7.9 Hz, 1H), 6.87 (d, J = 7.5 Hz, 1H), 6.59 (ddd, J = 58.3, 56.7,
7.1 Hz, 1H), 4.49 (td, J=12.2, 7.1 Hz, 1H), 4.24 (d, /= 8.1 Hz, 1H), 3.10 (s, 3H), 2.72
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(s, 1H), 0.97 (s, 9H). *C{'H} NMR (101 MHz, CDCl3) § 202.4, 171.6, 166.5, 147.8,
144.3, 136.3, 129.8, 128.9, 128.9, 127.3, 125.6, 124.2, 123.2, 123.1, 119.9, 117.5(dd,
Jcr =331.3, 323.1 Hz) 107.9, 86.8, 81.7, 62.4, 59.6 (dd, Jc-r = 38.2, 32.1 Hz), 50.2,
50.2, 26.6. ’F NMR (376 MHz, CDCl3) § -119.3 (d, J = 295.2 Hz, 1F), -123.0 (d, J =
295.6 Hz, 1F). HRMS (ESI) m/z calcd for CasH24F2N2NaO4S [M+Na]™: 509.1317,
found 509.1317.

] mau
250 -

200

9
150 2
100
so ]
o4 O . . L .
mmin
T T T T T 1
8 10

No Re%?rrgéon Area % Area Int Type
1 7.152 1658.059 50.394 BB
2 9.613 1632.158 49.606 BB
q mau
703—2
693-; )3
500—; o
4{)3—2
303—;
293—;
lDG%
] | —_—— — — — — T
a 2 A!-! QIS 8 10
No Re%?rrgéon Area % Area Int Type
7.136 5059.279 98.056 BB
2 9.617 100.277 1.944 BB

Ethyl-(25.,3'5.4'S,5'S)-4""-chloro-5'-(difluoromethyl)-1''-methyl-2",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'""-indoline]-4'-carboxylate

From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 40.1 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 2h, 40.3 mg (82% yield) of
compound 3ah was obtained as a white solid, [a] D 2* = - 374 (c
= 1.0, CHCI3), Mp. = 92-93 °C. Dr (> 20:1) was determined by
HPLC analysis. 99% ee was determined by HPLC analysis
(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 50:50,
1.0 mL/min). Retention time: fmajor = 11.8 min, fminor = 7.1 min. 'H NMR (400 MHz,
CDCI3) 6 7.72 (d, J = 7.6 Hz, 1H), 7.52 — 7.42 (m, 1H), 7.35 (d, /= 8.0 Hz, 1H), 7.18
(t,J=17.5Hz, 1H), 7.11 (dd, J= 8.0, 1.7 Hz, 1H), 7.02 (d, /= 7.9 Hz, 1H), 6.85 (d, /=
1.6 Hz, 1H), 6.76 — 6.39 (m, 1H), 4.59 — 4.42 (m, 1H), 4.28 (d, /= 8.1 Hz, 1H), 3.83
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(dg, J=10.9, 7.1 Hz, 1H), 3.74 (dq, J=10.8, 7.1 Hz, 1H), 3.08 (s, 3H), 2.74 (s, 1H),
0.81 (t,J=7.1Hz, 3H). BC{'H} NMR (101 MHz, CDCl3) § 202.2, 171.5, 167.4, 147.6,
145.3, 136.5, 135.9, 128.7, 127.3, 126.7, 125.7, 125.2, 123.3, 123.0, 117.3 (dd, Jcr =
331.3, 323.7 Hz), 108.9, 86.4, 62.2, 61.2, 59.46 (dd, Jc.r = 38.2, 32.6 Hz), 49.6, 49.6,
26.8, 13.7."F NMR (376 MHz, CDCl3) § -119.3 (d, J = 296.7 Hz, 1F), -122.9 (d, J =
297.1 Hz, 1F). HRMS (ESI) m/z caled for C23Hi9CIF2N2NaO4S [M+Na]™: 515.0614,
found 515.0614.

| mAu

150

8

1 R
100 -
50 |
0—77i_AL

] TN —

R S
4 6 8

g
)A_
min
12 14

L — —
0 2 10

No Re%&téon Area % Area Int Type
1 7.098 1670.867 50.924 BB
2 11.772 1610.211 49.076 BB
7 mAu
£
300—: .
ZOO—i
lOO—i
g
o] A A -
0 2 4 ‘ ‘ é ' ' ‘ 8 1‘0 ‘ 12 ' ‘ 1‘4'
No Re%?rrgéon Area % Area Int Type
1 7.108 47.384 0.592 BB
2 11.775 7956.463 99.408 BB

Ethyl-(25.,3'5.4'S,5'S)-5'-(difluoromethyl)-5''-fluoro-1''-methyl-2",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-4'-carboxylate

0 From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
@—U benzo[b]thiophen-3(2H)-one 1a and 29.9 mg (0.12 mmol, 1.2
v s” equiv) of methyleneindolinone 2i, 41.8 mg (88% yield) of
: compound 3ai was obtained as a white solid, [a] D 2* = - 373
(c = 1.0, CHCl3), Mp. = 138-139 °C. Dr (> 20:1) was
determined by HPLC analysis. 99% ee was determined by
HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 84:16, 1.0
mL/min). Retention time: fmajor = 23.4 min, fminor= 16.8 min. "H NMR (400 MHz, CDCls)
07.73(dd,J=7.7,0.7 Hz, 1H), 7.45 (td,J=7.9, 1.3 Hz, 1H), 7.24 - 7.15 (m, 2H), 7.10
(td, J=8.8,2.6 Hz, 1H), 7.03 (d, /= 7.9 Hz, 1H), 6.78 (dd, J = 8.5, 4.1 Hz, 1H), 6.60
(ddd, J = 58.2, 56.7, 7.1 Hz, 1H), 4.57 — 4.43 (m, 1H), 4.29 (d, J= 8.1 Hz, 1H), 3.84
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(dq, J=10.8, 7.1 Hz, 1H), 3.74 (dq, J = 10.8, 7.1 Hz, 1H), 3.09 (s, 3H), 2.72 (s, 1H),
0.79 (t,J=7.1 Hz, 3H). *C{'H} NMR (101 MHz, CDCls) § 202.2, 171.2, 167.4, 160.4,
158.0, 147.6, 140.2, 140.2, 136.5, 129.7, 129.7, 128.8, 127.3, 125.7, 117.3 (dd, Je.r =
331.4, 323.6 Hz), 116.3, 116.0, 112.9, 112.6, 108.6, 108.5, 86.3, 62.8, 61.1, 59.4 (dd,
Jor =38.4, 32.7 Hz), 49.6, 49.5, 26.8, 13.6. '°F NMR (376 MHz, CDCl3) & - 118.8, -
119.3 (d, J = 297.1 Hz, 1F), -122.9 (d, J = 297.1 Hz, 1F). HRMS (ESI) m/z calcd for
C23H1oF3N2NaO4S [M+Na]*: 499.0910, found 499.0910.

g
&
e
K‘i
100
50
° ‘\J\’\._/\\-, — . _~ —
min
1

m T T T T T
o 5 10 15 20 25

Retention

No Time Area % Area Int Type
1 16.698 4805.330 50.825 BB
2 23.358 4649.321 49.175 BB
] mau 8
400{ 8
zooé
100—; g
P RV S - S _ -
B o 5 10 J.IS 20 2'5
No Re%;lntéon Area % Area Int Type
1 16.800 79.255 0.463 BB
2 23.438 17042.738 99.537 BB

Ethyl-(25.,3'5.4'S,5'S)-5""-chloro-5'-(difluoromethyl)-1''-methyl-2",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'""-indoline]-4'-carboxylate

0 From 22.7 mg (0.1 mmol) of (Z2)-2-((2,2-difluoroethyl)imino)
@Jf benzo[b]thiophen-3(2H)-one 1a and 31.8 mg (0.12 mmol, 1.2
al S ‘ equiv) of methyleneindolinone 2j, 48.1 mg (98% yield) of
compound 3aj was obtained as a white solid, [o] D 2* = - 455
(c = 1.0, CHCI3), Mp. = 68-69 °C. Dr (> 20:1) was
determined by HPLC analysis. 98% ee was determined by
HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 50:50, 1.0
mL/min). Retention time: fmajor = 8.7 mMin, fminor= 6.5 min. '"H NMR (400 MHz, CDCl5)
0 7.73 (dd, J=17.7, 0.7 Hz, 1H), 7.50 — 7.40 (m, 2H), 7.37 (dd, J = 8.3, 2.1 Hz, 1H),
7.22 —7.13 (m, 1H), 7.03 (d, /= 7.9 Hz, 1H), 6.78 (d, J = 8.3 Hz, 1H), 6.59 (ddd, J =
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58.2, 56.6, 7.1 Hz, 1H), 4.55 — 4.45 (m, 1H), 4.28 (d, J= 8.1 Hz, 1H), 3.85 (dq, J =
10.8, 7.1 Hz, 1H), 3.75 (dq, J = 10.8, 7.1 Hz, 1H), 3.09 (s, 3H), 2.73 (s, 1H), 0.79 (t, J
= 7.1 Hz, 3H). BC{'H} NMR (101 MHz, CDCl3) § 202.1, 171.1, 167.3, 147.6, 142.8,
136.5, 129.9, 129.8, 128.8, 128.5, 127.3, 125.7, 124.6, 123.3, 117.3 (dd, Je.r = 331.4,
323.7 Hz), 109.0, 86.3, 62.6, 61.2, 59.4 (dd, Jor = 38.4, 32.7 Hz), 49.7,49.6, 26.8, 13.7.
1F NMR (376 MHz, CDCl3) § -119.3 (d, J = 296.7 Hz, 1F), -122.9 (d, J=297.1 Hz,
1F). HRMS (ESI) m/z caled for Ca3HigCIFaN2NaOsS [M+Na]*: 515.0614, found

515.0614.
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Retention

No Time Area % Area Int Type
1 6.443 7124.814 47.353 BB
2 8.658 7073.348 47.011 BB
3 9.889 430.159 2.859 BB
4 11.238 417.970 2.778 BB
No Re{,?&téon Area % Area Int Type
1 6.443 7124.814 50.181 BB
2 8.658 7073.348 49.819 BB
mAu
800
500
400
300
200
100 :é
o o~ e
-100
T T T T T 1
[1] 2 6 3 10 12
No Re%?rr;téon Area % Area Int Type
1 6.457 104.585 0.970 BB
2 8.655 10675.497 99.030 BB

Ethyl-(25,3'5.,4'S,5'S)-5""-bromo-5'-(difluoromethyl)-1''-methyl-2'",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'-indoline]-4'-carboxylate
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From 227 mg (0.1 mmol) of (2)-2-((2,2-
difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1a and
37.1 mg (0.12 mmol, 1.2 equiv) of methyleneindolinone 2Kk,
43.5 mg (83% yield) of compound 3ak was obtained as a
yellow solid, [a] D ?* = - 35 (¢ = 1.0, CHCl3), Mp. = 72-
73 °C. Dr (> 20:1) was determined by HPLC analysis. 99%
ee was determined by HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2
-propanol 50:50, 1.0 mL/min). Retention time: fmajor = 9.2 mMin, #minor= 6.5 min. '"H NMR
(400 MHz, CDCl3) 6 7.81 — 7.67 (m, 1H), 7.60 — 7.50 (m, 2H), 7.45 (td, J="7.9, 1.3 Hz,
1H), 7.22 - 7.12 (m, 1H), 7.03 (d, J=7.9 Hz, 1H), 6.76 — 6.40 (m, 2H), 4.61 —4.38 (m,
1H), 4.27 (d, J = 8.1 Hz, 1H), 3.85 (dq, J = 10.8, 7.1 Hz, 1H), 3.75 (dq, /= 10.8, 7.1
Hz, 1H), 3.08 (s, 3H), 2.74 (s, 1H), 0.80 (t, J = 7.1 Hz, 3H). *C{!H} NMR (101 MHz,
CDCl3) 0 202.1, 171.0, 167.3, 147.6, 143.3, 136.5, 132.8, 130.3, 128.7, 127.3, 127.3,
125.7, 123.3, 117.3 (dd, Jcr = 331.3, 323.7 Hz), 115.7, 109.5, 86.3, 62.5, 61.2, 59.4
(dd, Jor = 38.4, 32.6 Hz), 49.7, 49.6, 26.8, 13.7. 'F NMR (376 MHz, CDCl3) 6 -119.2
(d, J = 297.1 Hz, 1F), -122.8 (d, J = 296.7 Hz, 1F). HRMS (ESI) m/z calcd for
C23H19BrF2N>NaO4S [M+Na]™: 559.0109 found 559.0109.
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No Time Area % Area Int Type
1 6.558 8807.048 46.218 BB
2 9.225 8810.980 46.238 BB
3 10.038 719.871 3.778 BB
4 11.093 717.695 3.766 BB
No Re%?rrgéon Area % Area Int Type
1 6.558 8807.048 49.989 BB
2 9.225 8810.980 50.011 BB
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1 6.538 135.886 0.530 BB
2 9.210 25486.011 99.470 BB

Ethyl-(25,3'S,4'S,5'S)-5'-(difluoromethyl)-1"",5'""-dimethyl-2'",3-dioxo-3H-
dispiro[benzo|[b]thiophene-2,2'-pyrrolidine-3',3''-indoline]-4'-carboxylate

From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 29.4 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 21, 43.5 mg (89% yield) of
compound 3al was obtained as a white solid, [a] D ?* = - 429
(c = 1.0, CHCIl3), Mp. = 106-107 °C. Dr (> 20:1) was
determined by HPLC analysis. 98% ee was determined by
HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 50:50, 1.0
mL/min). Retention time: fmajor = 8.5 min, fminor= 6.1 min. '"H NMR (400 MHz, CDCl5)
67.73(dd,J=7.7,0.6 Hz, 1H), 7.43 (td,J=7.9, 1.3 Hz, 1H), 7.25 - 7.09 (m, 3H), 7.01
(d,J=7.9 Hz, 1H), 6.78 — 6.36 (m, 2H), 4.54 (ddd, J=11.8, 7.3, 3.4 Hz, 1H), 4.28 (d,
J=28.1Hz, 1H), 3.81 (dq, J=10.8, 7.1 Hz, 1H), 3.71 (dq, /= 10.8, 7.1 Hz, 1H), 3.08
(s, 3H), 2.72 (s, 1H), 2.39 (s, 3H), 0.75 (t, J = 7.1 Hz, 3H). *C{'H} NMR (101 MHz,
CDCl3) 0 202.5, 171.4, 167.6, 147.8, 141.8, 136.3, 132.8, 130.2, 128.9, 128.4, 127.3,
125.6, 124.9, 123.2, 117.5 (dd, Jc-r = 330.9, 323.6 Hz), 107.8, 86.6, 62.6, 60.9, 59.6
(dd, Jor=38.2,32.3 Hz), 49.8, 49.7, 26.7, 21.3, 13.6. '’F NMR (376 MHz, CDCl3) § -
119.3 (d, J =295.9 Hz, 1F), -123.0 (d, J = 295.9 Hz, 1F). HRMS (ESI) m/z calcd for
C24H22F2N2NaO4S [M+Na]'™: 495.1161, found 495.1161.
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No Time Area % Area Int Type
1 6.158 3495.106 50.331 BB
2 8.479 3449.153 49.669 BB
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Retention Area % Area Int Type

Time
1 6.149 33.249 0.702 BB
2 8.450 4703.165 99.298 BB

Ethyl-(2S5,3'S,4'S,5'S)-5'-(difluoromethyl)-5''-methoxy-1'"-methyl-2",3-dioxo-3H-

dispiro[benzo|[b]thiophene-2,2'-pyrrolidine-3',3''-indoline]-4'-carboxylate

From 22.7 mg (0.1 mmol) of (Z2)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 31.3 mg (0.12 mmol,
1.2 equiv) of methyleneindolinone 2m, 43.5 mg (99% yield)
of compound 3am was obtained as a white solid, [a] D 2* =
- 400 (¢ = 1.0, CHCI3), Mp. = 83-84 °C. Dr (> 20:1) was
determined by HPLC analysis. 99% ee was determined by
HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 50:50, 1.0
mL/min). Retention time: fmajor = 11.3 min, fminor=9.5 min. '"H NMR (400 MHz, CDCl;)
0773 (d,J=7.2 Hz, 1H), 7.53 — 7.36 (m, 1H), 7.17 (dd, J = 11.1, 3.9 Hz, 1H), 7.03
(dd,J=16.1,5.2 Hz, 2H), 6.90 (dd, J= 8.5, 2.5 Hz, 1H), 6.78 — 6.41 (m, 2H), 4.52 (td,
J=12.1,5.2 Hz, 1H), 4.28 (d, J = 8.1 Hz, 1H), 3.95 — 3.77 (m, 4H), 3.75 — 3.67 (m,
1H), 3.07 (s, 3H), 2.72 (s, 1H), 0.77 (t, J = 7.1 Hz, 3H). *C{!H} NMR (101 MHz,
CDCl3) 0 202.5, 171.1, 167.5, 156.2, 147.8, 137.6, 136.3, 129.5, 128.9, 127.3, 125.6,
123.2,117.5(dd, Jc.r=331.0,323.6 Hz), 113.9, 111.8, 108.4, 86.5, 62.9, 61.0, 59.5 (dd,
Jor=38.2,32.5Hz), 55.9,49.7,49.6,26.7, 13.6. ’"F NMR (376 MHz, CDCl3) § -119.3
(d, J = 295.9 Hz, 1F), -123.0 (d, J = 296.3 Hz, 1F). HRMS (ESI) m/z calcd for
C24H22F2N2NaOsS [M+Na]™: 511.1110, found 511.1110.
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1500 —

Retention

No Time Area % Area Int Type
1 9.477 23985.411 50.555 BB
2 11.263 23458.680 49.445 BB
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Retention Arca

No Time % Area Int Type
1 9.533 88.763 0.468 BB
2 11.278 18871.331 99.532 BB

Ethyl-(2S5,3'S,4'S,5'S)-5'-(difluoromethyl)-1'"-methyl-2"",3-dioxo-5""-
(trifluoromethoxy)-3H-dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3"'-
indoline]-4'-carboxylate

From 227 mg (0.1 mmol) of (2)-2-((2,2-
difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1a and
37.8 mg (0.12 mmol, 1.2 equiv) of methyleneindolinone 2n,
47.9 mg (89% yield) of compound 3an was obtained as a
white solid, [a] D 2* = - 356 (¢ = 1.0, CHCl3), Mp. = 86-
87 °C. Dr (> 20:1) was determined by HPLC analysis. 98%
ee was determined by HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2
-propanol 50:50, 1.0 mL/min). Retention time: fmajor = 6.8 mMin, Zminor= 5.3 min. '"H NMR
(400 MHz, CDCl3) 6 7.84 — 7.60 (m, 1H), 7.46 (td, /= 7.9, 1.3 Hz, 1H), 7.34 (d, J =
1.6 Hz, 1H), 7.28 (dd, J= 6.5, 5.1 Hz, 1H), 7.18 (dd, J=11.1, 4.0 Hz, 1H), 7.03 (d, J
=17.9 Hz, 1H), 6.84 (d, J= 8.5 Hz, 1H), 6.60 (ddd, J = 58.1, 56.7, 7.0 Hz, 1H), 4.58 —
4.43 (m, 1H), 4.28 (d, /= 8.0 Hz, 1H), 3.85 (dq, /= 10.8, 7.1 Hz, 1H), 3.78 — 3.64 (m,
1H), 3.11 (s, 3H), 2.73 (s, 1H), 0.78 (t, J = 7.1 Hz, 3H). *C{!H} NMR (101 MHz,
CDCl3) 0 202.1, 171.3, 167.3, 147.6, 144.8, 144.8, 142.9, 136.5, 129.7, 128.7, 127.3,
125.7,123.3,123.0,121.8, 119.3, 118.6, 117.3 (dd, Jc.r=331.4, 323.6 Hz), 108.5, 86.3,
62.6, 61.2, 59.3 (dd, Jc.r = 38.4, 32.7 Hz), 49.7, 49.6, 26.8, 13.5. 'F NMR (376 MHz,
CDCl3) 6 -58.4,-119.3 (d,J=297.1 Hz, 1F),-123.0 (d, J=297.5 Hz, 1F). HRMS (ESI)
m/z caled for C24H19FsN>NaOsS [M+Na]": 565.0827, found 565.0827.
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Retention

No Time Area % Area Int Type
1 5.313 6982.515 50.493 BB
2 6.815 6846.061 49.507 BB
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50

Retention

No Time Area % Area Int Type
1 5.329 12.265 0.671 BB
2 6.832 1816.784 99.329 BB

Ethyl-(25,3'5.,4'S8,5'S)-6'"-chloro-5'-(difluoromethyl)-1''-methyl-2",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-4'-carboxylate

0 F From 227 mg (0.1 mmol) of (2)-2-((2,2-
Cr
S .

difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1a and
Cl

ZT
7_4

31.8 mg (0.12 mmol, 1.2 equiv) of methyleneindolinone 2o,
OEt 47.0 mg (96% yield) of compound 3ao was obtained as a
N white solid, [a] D % =-393 (¢ = 1.0, CHCl3), Mp. = 175-
3a0 \ 176 °C. Dr (> 20:1) was determined by HPLC analysis. 99%
ee was determined by HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2
-propanol 50:50, 1.0 mL/min). Retention time: fmajor = 11.3 min, #minor = 6.9 min. 'H
NMR (400 MHz, CDCl3) 6 7.72 (d, J = 7.7 Hz, 1H), 7.52 = 7.41 (m, 1H), 7.35 (d, J =
8.0 Hz, 1H), 7.17 (dd, J=11.1, 3.9 Hz, 1H), 7.11 (dd, J= 8.0, 1.8 Hz, 1H), 7.02 (d, J =
7.9 Hz, 1H), 6.85 (d, /= 1.7 Hz, 1H), 6.75 — 6.41 (m, 1H), 4.57 — 4.40 (m, 1H), 4.28
(d, J= 8.1 Hz, 1H), 3.83 (dq, J = 10.9, 7.1 Hz, 1H), 3.74 (dq, J = 10.8, 7.1 Hz, 1H),
3.08 (s, 3H), 2.74 (s, 1H), 0.81 (t, J = 7.1 Hz, 3H). *C{!H} NMR (101 MHz, CDCI;)
0 202.1, 171.5, 167.4, 147.6, 145.3, 136.5, 135.9, 128.8, 127.3, 126.7, 125.7, 125.2,
123.3,123.0, 117.3 (dd, Jcr = 331.1, 323.7 Hz), 108.9, 86.4, 62.2, 61.2, 59.5 (dd, Jc-r
=38.4, 32.6 Hz), 49.7, 49.6, 26.8, 13.7. '°F NMR (376 MHz, CDCl;) § -119.3 (d, J =
297.1 Hz, 1F), -1229 (d, J = 296.7 Hz, 1F). HRMS (ESI) m/z calcd for
C23H19CIF2N2NaO4S [M+Na]": 515.0614, found 515.0614.

] mau

LDD—: A
o 1 N S~ - .

— —

min

No Rer}?&téon Area % Area Int Type
1 6.846 4662.004 49.157 BB
2 11.141 4821.956 50.843 BB
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mAu

Retention

No Time Area % Area Int Type
1 6.904 28.535 0.513 BB
2 11.254 5530.655 99.487 BB
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Ethyl-(25,3'S,4'S,5'S)-5'-(difluoromethyl)-6''-methoxy-1''-methyl-2'",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-4'-carboxylate
0 F From 227 mg (0.1 mmol) of (2)-2-((2,2-
@\’Jl_‘ F difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1a and
i 31.3 mg (0.12 mmol, 1.2 equiv) of methyleneindolinone 2p,
OEt  36.0 mg (74% yield) of compound 3ap was obtained as a
MeO N 0 pink solid, [a] D % = - 360 (c = 1.0, CHCl3), Mp. = 179-
3ap 180 °C. Dr (> 20:1) was determined by HPLC analysis. 96%
ee was determined by HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2
-propanol 50:50, 1.0 mL/min). Retention time: fmajor = 12.6 min, fminor = 8.8 min. 'H
NMR (400 MHz, CDCl3) 6 7.72 (d, J=7.7 Hz, 1H), 7.51 — 7.38 (m, 1H), 7.32 (d, J =
8.3 Hz, 1H), 7.16 (dd, J=11.1, 3.9 Hz, 1H), 7.02 (d, /= 7.9 Hz, 1H), 6.80 — 6.23 (m,
3H), 4.51 (dt,/=11.8, 5.8 Hz, 1H), 4.27 (d,J= 8.1 Hz, 1H), 3.97 — 3.77 (m, 4H), 3.77
—3.60 (m, 1H), 3.07 (s, 3H), 2.71 (s, 1H), 0.80 (t, J= 7.1 Hz, 3H). *C{'H} NMR (101
MHz, CDCLh) 6 202.4, 172.0, 167.7, 161.4, 147.9, 145.5, 136.3, 128.9, 127.3, 125.6,
125.1, 123.2, 120.4, 117.5 (dd, Jcr = 331.3, 323.7 Hz), 106.2, 96.4, 87.0, 62.2, 61.0,
59.6 (dd, Jcr=38.2,32.3 Hz), 55.5,49.8,49.7,26.7, 13.7.'’F NMR (376 MHz, CDCl3)
0-119.4 (d, J=295.9 Hz, 1F), -123.0 (d, J=295.9 Hz, 1F). HRMS (ESI) m/z calcd for
C24H22F2N>NaOsS [M+Na]*: 511.1110, found 511.1110.
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1 8.815 880.012 50.886 BB

2 12.630 849.368 49.114 BB
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B 3 i ] 3 T T
No Re%gion Area % Area Int Type
1 8.822 191.958 2.033 BB
2 12.619 9251.770 97.967 BB

Ethyl-(25,3'5,4'S,5'S)-5'-(difluoromethyl)-7''-fluoro-1''-methyl-2",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-4'-carboxylate
0 F From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
Q‘U ,-LF benzo[b]thiophen-3(2H)-one 1a and 29.9 mg (0.12 mmol, 1.2
ST\ equiv) of methyleneindolinone 2q, 45.0 mg (89% yield) of
F 3aq\

Zm

compound 3aq was obtained as a white solid, [a] D 2* = - 393
(¢ = 1.0, CHCIl3), Mp. = 165-166 °C. Dr (> 20:1) was
determined by HPLC analysis. 98% ee was determined by
HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 50:50, 1.0
mL/min). Retention time: fmajor = 8.4 mMin, fminor= 7.0 min. '"H NMR (400 MHz, CDCl5)
07.73(dd,J=7.7,0.7 Hz, 1H), 7.46 (td,J=7.9, 1.3 Hz, 1H), 7.31 — 6.99 (m, 5H), 6.59
(ddd, J = 58.2, 56.6, 7.1 Hz, 1H), 4.62 — 4.38 (m, 1H), 4.27 (d, J = 8.1 Hz, 1H), 3.88
(dq, /=10.8, 7.1 Hz, 1H), 3.74 (dq, J = 10.8, 7.1 Hz, 1H), 3.30 (d, J = 2.7 Hz, 3H),
2.74 (s, 1H), 0.82 (t,J=7.1 Hz, 3H). 1*C{'H} NMR (101 MHz, CDCls) § 202.2, 171.2,
167.4,148.7, 147.6,146.3,136.5, 131.1, 131.1, 130.9, 130.8, 128.7, 127.3, 125.7, 123.8,
123.7,123.3, 120.1, 120.1, 119.8, 118.0, 117.4 (dd, Jc.r = 331.3, 323.7 Hz) 86.5, 62.7,
61.1, 59.5(dd, Jer = 38.4, 32.6 Hz) 49.9, 49.8, 29.2, 29.2, 13.6. '’F NMR (376 MHz,
CDCl) 6 -119.3 (d, J = 296.3 Hz, 1F), -123.0 (d, J = 296.7 Hz, 1F), - 136.2. HRMS
(ESI) m/z calcd for C23Hi9F3N2NaO4S [M+Na]™: 499.0910, found 499.0910.
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Retention

No Time Area % Area Int Type
1 7.007 32735.616 49.059 BB
2 8.478 33991.362 50.941 BB

mAu
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Retention

No Time Area % Area Int Type
1 6.979 302.800 1.027 BB
2 8.433 29176.251 98.973 BB
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Ethyl-(25,3'5,4'S,5'S)-7""-chloro-5'-(difluoromethyl)-1''-methyl-2",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'""-indoline]-4'-carboxylate
0 F From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
@:Jl N benzo[b]thiophen-3(2H)-one 1a and 31.8 mg (0.12 mmol, 1.2
s equiv) of methyleneindolinone 2r, 47.0 mg (96% yield) of
compound 3ar was obtained as a white solid, [a] D %* = - 376
(c=1.0, CHCl3), Mp. =75-76 °C. Dr (> 20:1) was determined
cl Jar by HPLC analysis. 99% ee was determined by HPLC analysis
(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 80:20, 1.0 mL/min).
Retention time: fmajor = 18.1 min, #minor= 16.2 min. 'H NMR (400 MHz, CDCl3) § 7.73
(d,J=7.3 Hz, 1H), 7.55 — 7.40 (m, 1H), 7.39 — 7.29 (m, 2H), 7.18 (t, ] = 7.4 Hz, 1H),
7.05 (t, J = 7.7 Hz, 2H), 6.60 (ddd, J = 58.1, 56.8, 7.1 Hz, 1H), 4.62 — 4.39 (m, 1H),
4.26 (d,J=8.1 Hz, 1H), 3.90 (dq, J =10.8, 7.1 Hz, 1H), 3.72 (dq, J = 10.8, 7.1 Hz, 1H),
3.45 (s, 3H), 2.72 (s, 1H), 0.82 (t, ] = 7.1 Hz, 3H). *C{'H} NMR (101 MHz, CDCl;) §
202.2,171.9,167.4,147.6, 140.1, 136.5, 132.2, 131.1, 128.7,127.3, 125.7,123.9, 123.3,
122.8, 117.4 (dd, Jcr = 331.4, 323.5 Hz), 86.6, 62.1, 61.2, 59.5(dd, Jcr = 38.4, 32.7
Hz), 50.0, 50.0, 30.2, 13.6. ’F NMR (376 MHz, CDCl3) 6 -119.2 (d, J=297.1 Hz, 1F),
-123.0 (d, J=297.1 Hz, 1F). HRMS (ESI) m/z calcd for C23H19CIF2N2NaO4S [M+Na]*:
515.0614, found 515.0614.
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No Re{?;téon Area % Area Int Type
16.177 2802.172 49.292 BB
2 18.143 2882.641 50.708 BB
mAu
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No Re%;lntéon Area % Area Int Type
1 16.216 130.951 0.352 BB
2 18.101 37068.727 99.648 BB
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Ethyl-(25,3'S.,4'S,5'S)-7""-bromo-5'-(difluoromethyl)-1''-methyl-2'",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'""-indoline]-4'-carboxylate
0 F From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
@—/{ F benzo[b]thiophen-3(2H)-one 1a and 37.1 mg (0.12 mmol, 1.2
s” equiv) of methyleneindolinone 2s, 50.0 mg (93% yield) of

- compound 3as was obtained as a yellow solid, [a] D **=- 363

(c=1.0, CHCI3), Mp. =76-77 °C. Dr (> 20:1) was determined

Br Jas by HPLC analysis. 99% ee was determined by HPLC analysis
(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 80:20, 1.0 mL/min).
Retention time: fmajor = 10.6 min, fminor = 8.2 min. 'H NMR (400 MHz, CDCl3) § 7.73
(d, J=17.4 Hz, 1H), 7.48 (ddd, J = 18.4, 11.7, 4.8 Hz, 2H), 7.39 (dd, J = 7.4, 0.9 Hz,
1H), 7.18 (t, J=17.5 Hz, 1H), 7.04 (d, J = 7.9 Hz, 1H), 7.01 — 6.93 (m, 1H), 6.61 (ddd,
J=158.1,56.7,7.1 Hz, 1H), 4.58 — 4.42 (m, 1H), 4.25 (d, /= 8.0 Hz, 1H), 3.90 (dq, J =
10.8, 7.1 Hz, 1H), 3.72 (dq, J = 10.8, 7.1 Hz, 1H), 3.47 (s, 3H), 2.72 (s, 1H), 0.82 (t, J
= 7.1 Hz, 3H). BC{'H} NMR (101 MHz, CDCl3) § 202.2, 172.1, 167.3, 147.6, 141.5,
136.5, 135.5, 131.4, 128.7, 127.3, 125.7, 124.3, 123.3, 123.3, 117.4 (dd, Jcr = 331 .4,
323.6 Hz), 102.5, 86.6, 62.1, 61.2,59.5 (dd, Jc.r =38.4, 32.6 Hz), 50.1, 50.0, 30.4, 13.6.
F NMR (376 MHz, CDCl3) 6 -119.2 (d, J = 296.7 Hz, 1F), -123.0 (d, J = 297.5 Hz,
1F). HRMS (ESI) m/z caled for C3Hi9BrFaNaNaO4S [M+Na]™: 559.0109, found
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559.0109.

mAu

Retention

No Time Area % Area Int Type
1 8.175 4279.940 49.986 BB
2 10.626 4282.407 50.014 BB
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Re%;lntéon Area % Area Int Type
8.214 61.312 0.351 BB
10.600 17393.858 99.649 BB

Ethyl-(25,3'5,4'S,5'S)-5'-(difluoromethyl)-1'"',7''-dimethyl-2"",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-4'-carboxylate

ZT

0]
o)

From 22.7 mg (0.1 mmol) of (Z2)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 29.4 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 2t, 43.0 mg (91% yield) of
compound 3at was obtained as a white solid, [a] D 2* = - 404 (¢
= 1.0, CHCI3), Mp. = 71-72 °C. Dr (> 20:1) was determined by
HPLC analysis. 99% ee was determined by HPLC analysis

(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 50:50, 1.0 mL/min).
Retention time: fmajor = 11.7 min, fminor= 12.9 min. '"H NMR (400 MHz, CDCl;) § 7.73
(dd,J=17.7,0.6 Hz, 1H), 7.44 (td, /= 7.9, 1.3 Hz, 1H), 7.28 (d, /= 8.9 Hz, 1H), 7.20
—7.08 (m, 2H), 7.01 (t, J= 7.5 Hz, 2H), 6.59 (ddd, J = 58.2, 56.7, 7.1 Hz, 1H), 4.63 —
4.44 (m, 1H), 4.26 (d, J = 8.1 Hz, 1H), 3.87 (dq, J = 10.8, 7.1 Hz, 1H), 3.70 (dq, J =
10.8, 7.1 Hz, 1H), 3.36 (s, 3H), 2.72 (s, 1H), 2.56 (s, 3H), 0.78 (t, J = 7.1 Hz, 3H).
BC{'H} NMR (101 MHz, CDCl5) § 202.6, 172.3, 167.6, 147.8, 141.9, 136.3, 133.7,
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129.0, 128.9, 127.3, 125.6, 123.2, 123.1, 122.1, 119.6, 117.5 (dd, Jer = 330.9, 323.6
Hz) 86.8, 61.9, 60.9, 59.6 (dd, Jer = 38.2, 32.3 Hz), 50.2, 50.1, 30.1, 19.2, 13.6. °F
NMR (376 MHz, CDCl3) & -119.2 (d, J = 295.9 Hz, 1F), -123.1 (d, J = 296.3 Hz, 1F).
HRMS (ESI) m/z caled for CosHooFaNaNaO4S [M+Na]*™: 495.1161, found 495.1161.
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No Re%??;éon Area % Area Int Type
1 11.685 11887.717 50.702 BB
2 12.897 11558.688 49.298 BB
mAuU
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é 2 4 ] 8 1‘0 12 14 16
No Re%;lntéon Area % Area Int Type
1 11.680 16004.794 99.312 BB
2 12.907 110.828 0.688 BB

Ethyl-(25,3'5,4'S,5'S)-5'-(difluoromethyl)-7''-methoxy-1'"-methyl-2"",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-4'-carboxylate

ZT
Ve

(0]
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SV .

3au

From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 31.3 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 2u, 45.0 mg (92% yield) of
compound 3au was obtained as a white solid, [a] D 2* = - 470
(c = 1.0, CHCL), Mp. = 178-179 °C. Dr (> 20:1) was
determined by HPLC analysis. 99% ee was determined by

HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 80:20, 1.0
mL/min). Retention time: fmajor = 22.9 min, fminor= 15.8 min. "H NMR (400 MHz, CDCls)
07.72(dd,J=7.7,0.7 Hz, 1H), 7.43 (td, J=7.9, 1.3 Hz, 1H), 7.21 - 7.11 (m, 1H), 7.10
—6.92 (m, 4H), 6.58 (ddd, J = 58.2, 56.7, 7.1 Hz, 1H), 4.60 — 4.41 (m, 1H), 4.25 (d, J
= 8.1 Hz, 1H), 3.92 — 3.80 (m, 4H), 3.72 (tt, /= 10.7, 7.0 Hz, 1H), 3.35 (s, 3H), 2.72
(d,J=1.7 Hz, 1H), 0.80 (t,J= 7.1 Hz, 3H). 3C{'H} NMR (101 MHz, CDCl3) § 202.5,
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171.6,167.6, 147.8, 145.2, 136.3, 132.0, 129.8, 128.9, 127.3, 125.6, 123.7, 123.2, 117.5
(dd, Jor = 330.9, 323.6 Hz) 116.7, 113.6, 86.6, 62.6, 62.6, 60.9, 59.56 (dd, Jer = 38.2,
32.3 Hz) 55.9, 50.1, 50.0, 30.1, 13.5. "9F NMR (376 MHz, CDCl3) & -119.3 (d, J=295.6
Hz, 1F), -123.1 (d, J = 295.9 Hz, 1F). HRMS (ESI) m/z calced for C24HaFaNaNaOsS
[M+Na]*: 511.1110, found 511.1110.

4 mAu
200—2
150 g
100

50

g

No Re%glt‘i:on Area % Area Int Type
1 15.878 3799.750 46.100 BB
2 17.692 388.967 4.719 BB
3 20.878 243.088 2.949 BB
4 22.995 3810.651 46.232 BB
No Re%??nt;on Area % Area Int Type
1 15.878 3799.750 49.980 BB
2 22.995 3810.651 50.232 BB
T mAu
500 i
N N M
[ S P 5
No Re%:;téon Area % Area Int Type
1 15.808 138.953 0.544 BB
2 22.859 25391.618 99.456 BB

Ethyl-(25,3'5.,4'S,5'S)-5'-(difluoromethyl)-5'",6''-difluoro-1'"-methyl-2"",3-dioxo-
3H-dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3"'-indoline|-4'-carboxylate
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From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 32.0 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 2v, 42.2 mg (86% yield) of
compound 3av was obtained as a white solid, [a] D % =- 375
(c=1.0,CHCI3), Mp. =80-81 °C. Dr (> 20:1) was determined
by HPLC analysis. 98% ee was determined by HPLC analysis
(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 50:50, 1.0 mL/min).
Retention time: fmajor = 7.5 mMin, fminor = 6.0 min. 'H NMR (400 MHz, CDCl3) & 7.83 —
7.64 (m, 1H), 7.47 (td,J=7.9, 1.3 Hz, 1H), 7.34 (dd, J=9.2, 7.7 Hz, 1H), 7.23 — 7.14
(m, 1H), 7.04 (d, J= 7.9 Hz, 1H), 6.78 — 6.37 (m, 2H), 4.58 — 4.34 (m, 1H), 4.27 (d, J
=8.1 Hz, 1H), 3.87 (dq, J=10.9, 7.1 Hz, 1H), 3.77 (dq, /= 10.8, 7.1 Hz, 1H), 3.07 (s,
3H), 2.73 (s, 1H), 0.84 (t, J = 7.1 Hz, 3H). *C{'H} NMR (101 MHz, CDCl3) § 202.1,
171.3,167.3,152.7,152.6, 150.3, 150.1, 147.8, 147.7, 147.5, 145.4, 145.3, 140.8, 140.7,
140.7, 140.6, 136.6, 128.7, 127.3, 125.8, 123.6, 123.6, 123.6, 123.5, 123.3, 117.2 (dd,
Jcr=331.4,323.6 Hz), 114.6, 114.4,98.6,98.3, 86.4,62.4,61.2,59.24 (dd, Jc.r =38 .4,
32.7Hz),49.5,49.4,26.9, 13.7. ”F NMR (376 MHz, CDCl3) § -119.3 (d, J=297.7 Hz,
1F), -122.8 (d, J = 297.5 Hz, 1F), -133.6 (d, J = 37.6 Hz, 1F), -144.1 (d, J = 37.6 Hz,
1F). HRMS (ESI) m/z caled for C3HisF4aN,NaOsS [M+Na]™: 517.0816, found
517.0816.

3av

7 mau
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200

Retention

No Time Area % Area Int Type
1 5.927 1835.977 50.465 BB
2 7.435 1802.113 49.535 BB
1200 4 MAuY
1000
800
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400
200 g
o e
[+] 1 2 3 4 5 é 7 8 9 10
No Re%?lr;téon Area % Area Int Type
1 5.951 161.553 0.919 BB
2 7.468 17409.294 99.081 BB

Ethyl-(25.,3'S.4'S,5'S)-7""-bromo-5'-(difluoromethyl)-1'",5'"-dimethyl-2"",3-dioxo-
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3H-dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3''-indoline]|-4'-carboxylate
From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 38.8 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 2w, 53.6 mg (97% yield) of
compound 3aw was obtained as a yellow solid, [o] D ?° = - 400
(c=1.0, CHCl3), Mp. =79-80 °C. Dr (> 20:1) was determined

Br Saw by HPLC analysis. 99% ee was determined by HPLC analysis
(Daicel Chiralcel OD-H column, 230 nm, hexane/2 -propanol 80:20, 1.0 mL/min).
Retention time: fmajor = 12.1 min, #minor= 10.1 min. "H NMR (400 MHz, CDCl3) § 7.84
—7.61 (m, 1H), 7.44 (ddd, J=15.8, 11.2, 1.5 Hz, 2H), 7.28 (s, 1H), 7.24 — 7.11 (m, 1H),
7.04 (d, J=17.9 Hz, 1H), 6.59 (ddd, J = 58.1, 56.8, 7.1 Hz, 1H), 4.58 — 4.36 (m, 1H),
4.24 (d, J= 8.1 Hz, 1H), 3.91 (dq, J = 10.8, 7.1 Hz, 1H), 3.77 (dq, J = 10.8, 7.1 Hz,
1H), 3.34 (s, 3H), 2.70 (s, 1H), 2.53 (s, 3H), 0.83 (t, J = 7.1 Hz, 3H). *C{'H} NMR
(101 MHz, CDCls) ¢ 202.3, 171.8, 167.3, 147.6, 141.1, 136.4, 136.1, 130.8, 128.8,
127.3,125.7,125.0, 123.3, 121.5, 117.4 (dd, Jcr = 331.3, 323.7 Hz), 115.4, 86.5, 62.0,
61.1, 59.3 (dd, Jcr = 38.4, 32.6 Hz), 50.0, 49.9, 30.1, 18.9, 13.7. '’F NMR (376 MHz,
CDCl3) 6 -119.2 (d, J=297.1 Hz, 1F), -123.0 (d, J=297.1 Hz, 1F). HRMS (ESI) m/z
calcd for C24H21BrF2N>NaO4S [M+Na]": 573.0266, found 573.0266.

4 méu
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No Re%?rrgéon Area % Area Int Type
1 10.089 4041.165 49.447 BB
2 12.065 4131.477 50.553 BB

0 A _
0 2 3 s s 1 12 V
No Re%?lr;téon Area % Area Int Type
1 10.115 18.181 0.424 BB
2 12.053 4274.499 99.576 BB

Ethyl-(25,3'S.,4'S,5'S)-5-bromo-5'-(difluoromethyl)-1''-methyl-2'",3-dioxo-3H-
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dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3''-indoline]-4'-carboxylate
Br. o F From 30.5 mg (0.1 mmol) of (Z2)-2-((2,2-difluoroethyl)imino)
\@J[ N _.\\LF benzo[b]thiophen-3(2H)-one 1b and 27.7 mg (0.12 mmol,
S OEt 1.2 equiv) of methyleneindolinone 2a, 42.8 mg (80% yield)
@2‘:?; of compound 3ba was obtained as a yellow solid, [a] D * =
3bal\{ - 409 (c = 1.0, CHCI3), Mp. = 191-192 °C. Dr (> 20:1) was
determined by HPLC analysis. 99% ee was determined by
HPLC analysis (Daicel Chiralpak IB column, 230 nm, hexane/2 -propanol 75:25, 1.0
mL/min). Retention time: fmajor = 14.0 min, fminor= 12.6 min. '"H NMR (400 MHz, CDCl5)
0 7.82 (d,J=2.0 Hz, 1H), 7.52 (dd, J = 8.4, 2.1 Hz, 1H), 7.40 (dd, J = 12.1, 4.4 Hz,
2H), 7.18 — 7.07 (m, 1H), 6.87 (dd, J = 14.1, 8.0 Hz, 2H), 6.55 (ddd, J=58.1, 56.6, 7.1
Hz, 1H), 4.61 —4.44 (m, 1H), 4.23 (d, /= 8.1 Hz, 1H), 3.80 (dq, J=10.8, 7.1 Hz, 1H),
3.69 (dq, J = 10.8, 7.1 Hz, 1H), 3.12 (s, 3H), 2.77 (s, 1H), 0.74 (t, J = 7.1 Hz, 3H).
BC{'H} NMR (101 MHz, CDCl3) § 201.4, 171.4, 167.4, 146.5, 144.1, 139.0, 130.4,
130.1, 129.9, 128.2, 124.6, 124.2, 123.3, 119.8, 117.3 (dd, Jcr = 331.1, 323.7 Hz),
108.2, 87.3,62.6,61.1, 59.57 (dd, Jc.r = 38.4, 32.5 Hz), 49.7, 49.6, 26.7, 13.6. ’F NMR
(376 MHz, CDCl3) 6 -119.3 (d, J=296.7 Hz, 1F), -123.0 (d, J=296.3 Hz, 1F). HRMS
(ESI) m/z caled for C23H19BrF2N2NaO4S [M+Na]™: 559.0109, found 559.0109.
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1 12.681 9226.288 49.665 BB
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No Re%?rrgéon Area % Area Int Type
1 12.623 45.536 0.366 BB
2 13.988 12401.307 99.634 BB
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Ethyl-(2S5,3'S,4'S,5'S)-5-(tert-butyl)-5'-(difluoromethyl)-1''-methyl-2"",3-dioxo-
3H-dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3''-indoline]|-4'-carboxylate
From 283 mg (0.1 mmol) of (2)-2-((2,2-
difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1¢ and
27.7 mg (0.12 mmol, 1.2 equiv) of methyleneindolinone 2a,
49.0 mg (95% yield) of compound 3ca was obtained as a
white solid, [a] D % = - 368 (¢ = 1.0, CHCl3), Mp. = 214-
215 °C. Dr (> 20:1) was determined by HPLC analysis. 99%
ee was determined by HPLC analysis (Daicel Chiralpak IB column, 230 nm, hexane/2
-propanol 87:13, 1.0 mL/min). Retention time: fmajor = 8.1 min, Zminor=9.9 min. '"H NMR
(400 MHz, CDCl3) 06 7.74 (d, J = 2.0 Hz, 1H), 7.52 (dd, J = 8.3, 2.1 Hz, 1H), 7.47 —
7.35 (m, 2H), 7.20 — 7.05 (m, 1H), 6.95 (d, J = 8.3 Hz, 1H), 6.85 (d, /= 7.8 Hz, 1H),
6.55 (ddd, J = 58.2, 56.8, 7.1 Hz, 1H), 4.65 — 4.47 (m, 1H), 4.37 (d, J= 8.0 Hz, 1H),
3.80 (dq, J =10.8, 7.1 Hz, 1H), 3.70 (dq, J = 10.8, 7.1 Hz, 1H), 3.13 (s, 3H), 2.76 (s,
1H), 1.30 (s, 9H), 0.74 (t, J= 7.1 Hz, 3H). *C{!H} NMR (101 MHz, CDCl3) § 202.3,
171.5,167.7,149.1, 145.2, 144.1, 134.5, 129.9, 128.5, 128.5, 124.2, 123.8, 123.1, 122.9,
117.4 (dd, Jcr = 330.6, 323.9 Hz), 108.0, 86.7, 62.2, 61.0, 59.8 (dd, Jc-r = 38.2, 32.3
Hz), 50.0, 49.9, 34.6, 31.1, 26.7, 13.6. ’F NMR (376 MHz, CDCl;) & -119.4 (d, J =
295.2 Hz, 1F), -123.0 (d, J = 2952 Hz, 1F). HRMS (ESI) m/z calcd for
C27H28F2N2NaO4S [M+Na]™: 537.1630, found 537.1630.
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8.129 18856.281 99.532 BB
2 9.928 88.682 0.468 BB

Ethyl-(25.,3'5.4'S,5'S)-5'-(difluoromethyl)-6-fluoro-1''-methyl-2'",3-dioxo-3H-
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dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3''-indoline]-4'-carboxylate
o F From 245 mg (0.1 mmol) of (2)-2-((2,2-
’QJI difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1d and
F :

)

ZT
/_

ot 27.7mg(0.12 mmol, 1.2 equiv) of methyleneindolinone 2a,

43.5 mg (90% yield) of compound 3da was obtained as a

white solid, [a] D ?° = - 381 (¢ = 1.0, CHCl3), Mp. = 184-

185 °C. Dr (> 20:1) was determined by HPLC analysis. 99%
ee was determined by HPLC analysis (Daicel Chiralpak IA-3 column, 230 nm,
hexane/2 -propanol 80:20, 1.0 mL/min). Retention time: fmajor = 24.5 min, fminor= 19.4
min. 'H NMR (400 MHz, CDCls) § 7.74 (dd, J = 8.5, 5.5 Hz, 1H), 7.41 (ddd, J = 8.8,
6.1, 2.2 Hz, 2H), 7.13 (dd, J=11.1, 4.1 Hz, 1H), 6.89 — 6.81 (m, 2H), 6.74 — 6.39 (m,
2H), 4.54 (td,J=12.0, 7.0 Hz, 1H), 4.26 (d, /=8.1 Hz, 1H), 3.80 (dq, /= 10.8, 7.1 Hz,
1H), 3.69 (dq, /=10.8, 7.1 Hz, 1H), 3.12 (s, 3H), 2.78 (s, 1H), 0.74 (t, /= 7.1 Hz, 3H).
BC{'H} NMR (101 MHz, CDCls) & 200.5, 171.4, 169.2, 167.5, 166.7, 150.7, 150.6,
144.1, 130.1, 129.7, 129.6, 128.2, 125.3, 125.3, 124.2, 123.3, 117.4 (dd, Jcr = 331.0,
323.7 Hz), 114.0, 113.7, 110.5, 110.2, 108.1, 87.4, 62.5, 61.0, 59.6 (dd, Jc.r = 38.4, 32.5
Hz), 49.7, 49.6, 26.7, 13.6. ’F NMR (376 MHz, CDCl3) § - 99.1, -119.0 (d, J = 295.6
Hz, 1F), -123.0 (d, J = 296.3 Hz, 1F). HRMS (ESI) m/z calcd for C23H19F3N2NaO4S
[M+Na]": 499.0910, found 499.0910.
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No Time Area % Area Int Type
1 19.423 98.808 0.575 BB
2 24.492 17082.092 99.425 BB

Ethyl-(25.,3'5.4'S,5'S)-6-chloro-5'-(difluoromethyl)-1''-methyl-2",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-4'-carboxylate
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From 26.1 mg (0.1 mmol) of (2)-2-((2,2-
difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1e and
27.7 mg (0.12 mmol, 1.2 equiv) of methyleneindolinone
2a, 42.3 mg (86% yield) of compound 3ea was obtained
as a white solid, [o] D ?* =- 510 (¢ = 1.0, CHCl3), Mp. =

Jea 167-168 °C. Dr (> 20:1) was determined by HPLC
analysis. 97% ee was determined by HPLC analysis (Daicel Chiralpak IA-3 column,
230 nm, hexane/2 -propanol 50:50, 1.0 mL/min). Retention time: fmajor = 7.3 min, fminor
= 5.5 min. '"H NMR (400 MHz, CDCls3) § 7.40 (ddd, J = 13.0, 6.4, 2.4 Hz, 2H), 7.32 (t,
J=79Hz, 1H), 7.14 (t,J= 7.6 Hz, 2H), 6.94 — 6.87 (m, 1H), 6.87 — 6.51 (m, 2H), 4.53
(ddd, J=11.9,9.6, 6.4 Hz, 1H), 4.21 (d, J=8.2 Hz, 1H), 3.77 (ddd, J = 10.6, 9.0, 5.3
Hz, 1H), 3.70 (ddd, J=17.9, 8.9, 5.3 Hz, 1H), 3.09 (s, 3H), 2.69 (s, 1H), 0.75 (t, J =
7.1 Hz, 3H). *C{'H} NMR (101 MHz, CDCls) § 200.7, 171.5, 167.4, 149.5, 144.2,
135.9, 135.0, 130.0, 128.0, 127.6, 124.7, 124.4, 123.3, 121.7, 117.5 (dd, Jcr = 331.3,
323.6 Hz), 108.1, 87.0, 63.0, 61.0, 59.46 (dd, Jcr = 38.4, 32.5 Hz), 49.6, 49.5, 26.7,
13.6. ’F NMR (376 MHz, CDCl3) § -119.1 (d, J =297.5 Hz, 1F), -122.7 (d, J = 298.0
Hz, 1F). HRMS (ESI) m/z caled for C23Hi9CIF2N2NaO4S [M+Na]™: 515.0614, found
515.0614.
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5.470 13177.002 50.291 BB
2 7.273 13024.760 49.709 BB
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No Time Area % Area Int Type
1 5.488 172.437 1.290 BB
2 7.277 13194.459 98.710 BB

Ethyl-(25,3'5.,4'S,5'S)-6-bromo-5'-(difluoromethyl)-1''-methyl-2'",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-4'-carboxylate

S34



From 30.5 mg (0.1 mmol) of (2)-2-((2,2-
difluoroethyl)imino)benzo[b]thiophen-3(2H)-one  1f
and 277 mg (0.12 mmol, 1.2 equiv) of
methyleneindolinone 2a, 47.7 mg (89% yield) of
compound 3fa was obtained as a yellow solid, [a] D %
=-544 (¢ = 1.0, CHCI3), Mp. =207-208 °C. Dr (> 20:1)
was determined by HPLC analysis. 98% ee was
determined by HPLC analysis (Daicel Chiralpak IA-3 column, 230 nm, hexane/2 -
propanol 80:20, 1.0 mL/min). Retention time: fmajor = 19.8 min, #minor = 12.3 min. 'H
NMR (400 MHz, CDCl3) 6 7.46 — 7.31 (m, 3H), 7.24 (dd, J=16.2, 8.4 Hz, 1H), 7.14
(t,J=7.6 Hz, 1H), 6.95 (d, /= 7.8 Hz, 1H), 6.89 — 6.49 (m, 2H), 4.59 — 4.46 (m, 1H),
4.21(d,J=8.2 Hz, 1H), 3.83 —3.73 (m, 1H), 3.69 (ddd, /= 14.3, 8.5, 4.9 Hz, 1H), 3.09
(s,3H),2.71 (s, 1H), 0.74 (t,J=7.1 Hz, 3H). *C {!H} NMR (101 MHz, CDCl3) § 201.0,
171.5,167.4,150.0, 144.2, 136.0, 130.9, 130.0, 128.0, 125.9, 124.4, 123.3,123.0, 122.3,
117.54 (dd, Jc.r =331.3, 323.6 Hz), 108.1, 87.1, 68.5, 63.1, 61.0, 59.44 (dd, Jcr = 38.2,
32.5Hz),49.6,49.5,26.7, 13.6. ’FNMR (376 MHz, CDCl3)  -117.1 (d, J=298.0 Hz,
1F), -122.7 (d, J = 298.0 Hz, 1F). HRMS (ESI) m/z calcd for C23H19BrF2N2NaO4S
[M+Na]": 560.0109, found 561.01009.

q mau
250
200
150 H

100

.
g
50 j\
o o~ PN _—
min
1

T T T T
5 10 1s 20

No Re%?rrgéon Area % Area Int Type
1 12.259 2188.295 50.009 BB
2 19.807 2187.504 49.991 BB
T mau
200: E
150{
lOOE
50 |
8
o ] AN — .
- T T T T T T T T T T T T T T T T T T T T
o 5 10 15 20
Retention
No Time Area % Area Int Type
1 12.329 54.159 0.995 BB
2 19.824 5391.182 99.005 BB

Ethyl-(25,3'5.4'S,5'S)-5'-(difluoromethyl)-6-methoxy-1''-methyl-2"",3-dioxo-3H-
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dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3''-indoline]-4'-carboxylate

0 F From 257 mg (0.1 mmol) of (2)-2-((2,2-
|

~ ,@J

© S

ZT
r

F difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1g and
oet 27.7mg (0.12 mmol, 1.2 equiv) of methyleneindolinone 2a,

34.2 mg (70% yield) of compound 3ga was obtained as a
\ white solid, [o] D % = - 300 (¢ = 1.0, CHCIl3), Mp. = 177-

178 °C. Dr (> 20:1) was determined by HPLC analysis. 90%

ee was determined by HPLC analysis (Daicel Chiralpak IB column, 230 nm, hexane/2
-propanol 50:50, 1.0 mL/min). Retention time: fmajor = 8.4 Min, fminor= 7.5 min. '"H NMR
(400 MHz, CDCI3) 6 7.66 (d, J= 8.6 Hz, 1H), 7.46 — 7.34 (m, 2H), 7.13 (t, /= 7.3 Hz,
1H), 6.84 (d, J=7.7 Hz, 1H), 6.78 — 6.30 (m, 3H), 4.65 — 4.45 (m, 1H), 4.32 (d, /= 8.0
Hz, 1H),3.91-3.53 (m, 5H), 3.12 (s, 3H), 2.75 (s, 1H), 0.73 (t,J=7.1 Hz, 3H). *C {'H}
NMR (101 MHz, CDCl3) 6 199.9,171.4,167.7,166.5, 150.8, 144.1, 129.9, 129.0, 128.5,
124.2,123.1,121.9, 117.5 (dd, Jcr = 331.0, 323.5 Hz), 113.3, 108.0, 107.1, 87.3, 62.3,
60.9, 59.6 (dd, Jcr = 38.1, 32.5 Hz), 55.8, 49.8, 49.7, 26.7, 13.6. ’F NMR (376 MHz,
CDCl3) 6 -119.4 (d, J=298.0 Hz, 1F), -123.1 (d, J = 298.0 Hz, 1F). HRMS (ESI) m/z
calcd for C24H2F2N2NaOsS [M+Na]*: 511.1110, found 511.1110.

1 mau

400
300

200

§
R o N NS 4 S
T T T

Retention

No Time Area % Area Int Type
7.477 2929.285 50.234 BB
2 8.348 2902.035 49.766 BB
g
i /\
— N e — !
Retention
No Time Area % Area Int Type
1 7.493 163.913 4.613 BB
2 8.357 3389.025 95.387 BB

Ethyl-(25,3'5.,4'S,5'S)-5'-(difluoromethyl)-1'"",7-dimethyl-2"",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"'-indoline]-4'-carboxylate
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From 24.1 mg (0.1 mmol) of (Z2)-2-((2,2-
difluoroethyl)imino) benzo[b]thiophen-3(2H)-one 1h
and 277 mg (0.12 mmol, 1.2 equiv) of
methyleneindolinone 2a, 46.0 mg (97% yield) of
compound 3ha was obtained as a white solid, [a] D %°
=-402 (¢ = 1.0, CHCI3), Mp. = 184-185 °C. Dr (>
20:1) was determined by HPLC analysis. 98% ee was
determined by HPLC analysis (Daicel Chiralpak 1B

column, 230 nm, hexane/2 -propanol 87:13, 1.0 mL/min). Retention time: fmajor = 16.9
min, fminor = 9.7 min. '"H NMR (400 MHz, CDCl3) & 7.59 (d, J = 7.6 Hz, 1H), 7.48 —
7.36 (m, 2H), 7.30 — 7.24 (m, 1H), 7.12 (dt, J = 15.3, 7.5 Hz, 2H), 6.84 (d, /= 7.8 Hz,
1H), 6.73 — 6.41 (m, 1H), 4.62 — 4.50 (m, 1H), 4.35 (d, /= 8.1 Hz, 1H), 3.79 (dq, J =

10.9, 7.1 Hz, 1H), 3.69 (dq, J =

10.8, 7.1 Hz, 1H), 3.11 (s, 3H), 2.76 (s, 1H), 2.04 (s,

3H), 0.74 (t,J = 7.1 Hz, 3H). "*C{!H} NMR (101 MHz, CDCl3) § 202.7, 171.5, 167.7,
147.6, 144.1, 136.6, 132.4, 129.9, 128.7, 128.3, 125.7, 124.7, 124.2, 123.1, 117.41 (dd,
Jor=330.7,323.7 Hz), 108.1, 86.4, 62.4, 61.0, 59.68 (dd, Jc.r = 38.4, 32.5 Hz), 50.0,

499, 26.7, 18.5, 13.6. ’F NMR

(376 MHz, CDCl3) § -119.4 (d, J = 295.6 Hz, 1F), -

123.0 (d, J = 295.9 Hz, 1F). HRMS (ESI) m/z calcd for C24H2F2N2NaO4S [M+Na] '

495.1161, found 495.1161.

140 mAu
120 é
100 —
80 é
60 —
404

20

I [ ‘
0 ; oo 5 »
No Re%?rrgéon Area % Area Int Type
1 7.342 1191.394 18.842 BB
2 8.135 1156.156 18.285 BB
3 9.943 1993.866 31.533 BB
4 17.065 1981.684 31.340 BB
No Re%gjtéon Area % Area Int Type
1 9.943 1993.866 50.153 BB
2 17.065 1981.684 49.847 BB
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No Re]t“?rlzltéon Area % Area Int Type
1 9.695 78.394 0.955 BB
2 16.863 8134.695 99.045 BB

Ethyl-(2'S,35,4'S8,5'S)-5'-(difluoromethyl)-1-methyl-1",2-dioxo-1'"H-
dispiro[indoline-3,3'-pyrrolidine-2',2""-naphtho|2,1-b] thiophene]-4'-carboxylate

From 27.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
° F,\ benzo[b]thiophen-3(2H)-one 1i and 27.7 mg (0.12 mmol, 1.2

I N
s e F equiv) of methyleneindolinone 2a, 45.7 mg (90% yield) of
=0 (V0P compound 3ia was obtained as a yellow solid, [a] D B=_673(c
. N = 1.0, CHCl3), Mp. = 140-141 °C. Dr (> 20:1) was determined by

HPLC analysis. 99% ee was determined by HPLC analysis
(Daicel Chiralpak IB column, 230 nm, hexane/2 -propanol 87:13, 1.0 mL/min).
Retention time: fmajor = 16.9 min, #minor= 15.0 min. "H NMR (400 MHz, CDCl3) § 9.13
(d, J=8.4 Hz, 1H), 7.87 (d, J= 8.6 Hz, 1H), 7.75 (d, J = 8.1 Hz, 1H), 7.73 — 7.60 (m,
1H), 7.54 — 7.44 (m, 2H), 7.40 (td, J="7.8, 1.0 Hz, 1H), 7.15 (dd, /= 11.1, 4.1 Hz, 1H),
7.06 (d,J=8.6 Hz, 1H), 6.93 — 6.56 (m, 2H), 4.58 (ddd, J=11.9, 9.5, 6.4 Hz, 1H), 4.40
(d, J=8.1 Hz, 1H), 3.85 — 3.65 (m, 2H), 3.04 (s, 3H), 2.74 (s, 1H), 0.75 (t, /= 7.1 Hz,
3H). BC{'H} NMR (101 MHz, CDCls) § 203.3, 171.6, 167.7, 152.7, 144.1, 137.4,
131.5, 130.8, 130.3, 129.9, 128.6, 128.5, 126.4, 124.3, 123.2, 123.1, 121.3, 121.1, 117.7
(dd, Jcr = 331.0, 323.5 Hz), 108.1, 86.7, 62.6, 61.0, 59.69 (dd, Jc.r = 38.2, 32.3 Hz),
49.7, 49.6, 26.7, 13.6. ’F NMR (376 MHz, CDCls) & -119.2 (d, J = 296.3 Hz, 1F), -
123.0 (d, J = 296.3 Hz, 1F). HRMS (ESI) m/z calcd for C27H2F2N2NaO4S [M+Na] '
531.1161, found 531.1162.

] mau
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] €
200 —
100—
o P N e S
_I T T T
5 10 15

No Rer}?&téon Area % Area Int Type
1 14.900 10203.736 49.504 BB
2 16.917 10408.120 50.496 BB
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mAu

400 —
300 -
2004

100 +

Retention

No Time Area % Area Int Type
1 15.036 77.263 0.509 BB
2 16.909 15087.223 99.491 BB

Ethyl-(25,3'S,4'S,5'S)-5"-(difluoromethyl)-1",5,7-trimethyl-2"",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-4'-carboxylate
o F From 255 mg (0.1 mmol) of (2)-2-((2,2-
| H L difluoroethyl)imino) benzo[b]thiophen-3(2H)-one 1j and
- 27.7 mg (0.12 mmol, 1.2 equiv) of methyleneindolinone 2a,
B 37.5 mg (78% yield) of compound 3ja was obtained as a
N white solid, [a] D % = - 318 (¢ = 1.0, CHCl3), Mp. = 184-
\ 185 °C. Dr (> 20:1) was determined by HPLC analysis. 88%
ee was determined by HPLC analysis (Daicel Chiralpak 1B
column, 230 nm, hexane/2 -propanol 80:20, 1.0 mL/min). Retention time: fmajor = 9.4
Min, fminor= 7.6 min. "H NMR (400 MHz, CDCls) & 7.49 — 7.34 (m, 3H), 7.13 (dd, J =
13.6, 5.8 Hz, 2H), 6.83 (d, /= 7.7 Hz, 1H), 6.58 (ddd, /= 58.2, 56.8, 7.1 Hz, 1H), 4.64
—4.49 (m, 1H), 4.36 (d, /= 8.1 Hz, 1H), 3.79 (dq, /= 10.8, 7.1 Hz, 1H), 3.70 (dq, J =
10.8, 7.1 Hz, 1H), 3.12 (s, 3H), 2.72 (s, 1H), 2.29 (s, 3H), 2.01 (s, 3H), 0.75 (t, J="7.1
Hz, 3H). BC{'H} NMR (101 MHz, CDCl5) § 202.8, 171.6, 167.7, 144.6, 144.1, 138.1,
135.7, 132.1, 129.9, 128.6, 128.4, 124.8, 124.2, 123.1, 117.4 (dd, Jcr = 329.5, 324.7
Hz), 108.0, 86.6, 62.4, 60.9, 59.7 (t, Jc.r = 38.2, 32.1 Hz), 50.0, 50.0, 29.7, 26.7, 20.7,
18.4, 13.6. "F NMR (376 MHz, CDCl3) § -119.0 (d, J = 295.2 Hz, 1F), -123.0 (d, J =
295.6 Hz, 1F). HRMS (ESI) m/z calcd for CasH24FoN2NaO4S [M+Na]™: 509.1317,
found 509.1317.

mAu

1000 7

200 b ]

600 3

a00

200 ;

o N — S
T T T T T
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min
T T T T T 1
2 3 4 5 1

Retention

No Time Area % Area Int Type
1 7.601 22159.113 50.790 BB
2 9.351 21469.988 49.210 BB
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4 mAu
300 —
200 |

100 —

o A NN S
[} 2 ‘ ' l‘t é ‘ é ‘ ‘ 10
No Re]t“?rlzltéon Area % Area Int Type
1 7.645 509.130 5.617 BB
2 9.408 8555.285 94.383 BB

Ethyl-(25,3'S,4'S,5'S)-5"-(difluoromethyl)-1'"",4,7-trimethyl-2"",3-dioxo-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-4'-carboxylate

From 25.5 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1k and 27.7 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 2a, 45.0 mg (88% yield) of
compound 3ka was obtained as a white solid, [o] D ?° = - 408 (c
=1.0, CHCl3), Mp. =218-219 °C. Dr (> 20:1) was determined by
HPLC analysis. 98% ee was determined by HPLC analysis (Daicel Chiralpak IB
column, 230 nm, hexane/2 -propanol 80:20, 1.0 mL/min). Retention time: #major = 7.9
min, fminor = 5.9 min. 'H NMR (400 MHz, CDCl3) & 7.39 (ddd, J = 11.9, 8.8, 4.2 Hz,
2H), 7.18 — 7.06 (m, 2H), 6.88 — 6.47 (m, 3H), 4.62 — 4.48 (m, 1H), 4.30 (d, /= 8.2 Hz,
1H), 3.82 — 3.64 (m, 2H), 3.08 (s, 3H), 2.70 (s, 1H), 2.61 (s, 3H), 1.98 (s, 3H), 0.74 (t,
J=17.1Hz, 3H). ®C{'H} NMR (101 MHz, CDCl3) § 203.8, 171.8, 167.7, 147.6, 144.1,
139.4, 135.5, 129.8, 129.5, 128.3, 127.8, 126.0, 124.3, 123.1, 117.6 (dd, Jcr = 330.7,
323.5 Hz), 108.0, 85.5, 62.7, 60.9, 59.57 (dd, Jcr = 38.1, 32.3 Hz), 49.9, 49.8, 26.7,
18.8, 18.1, 13.6. ”F NMR (376 MHz, CDCl3) 6 -119.3 (d, J=295.9 Hz, 1F), -123.0 (d,
J=295.6 Hz, 1F). HRMS (ESI) m/z calcd for C2sH24F2NoNaO4S [M+Na]™: 509.1317,
found 509.1317.

1404 mAu
100—? H
40—5
o NN
I S S S S
No Rer}?&téon Area % Area Int Type
1 5.944 1155.980 50.669 BB
2 7.937 1125.464 49.331 BB
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mAu

300
200

100 —

Retention

No Time Area % Area Int Type
1 5.944 39.973 0.909 BB
2 7.890 4359.383 99.091 BB

(285,3'S,4'S,5'S)-4'-benzoyl-5'-(difluoromethyl)-1''-methyl-3H-dispiro [benzo [b]
thiophene-2,2'-pyrrolidine-3',3'""-indoline]-2"",3-dione

From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 31.6 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 4a, 43.6 mg (89% yield) of
compound Saa was obtained as a white solid, [a] D **=-36 (c
= 1.0, CHCI3), Mp. = 98-99 °C. Dr (> 20:1) was determined by
HPLC analysis. 95% ee was determined by HPLC analysis
(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 91:9, 1.0 mL/min).
Retention time: fmajor = 25.7 min, fminor = 23.7 min. 'H NMR (400 MHz, CDCl3) § 7.79
(dd, J=17.7,0.7 Hz, 1H), 7.46 — 7.39 (m, 3H), 7.39 — 7.34 (m, 2H), 7.31 (td, J = 7.8,
1.2 Hz, 1H), 7.27 — 7.22 (m, 2H), 7.21 — 7.11 (m, 2H), 6.99 (d, J = 7.9 Hz, 1H), 6.68
(ddd, J = 58.6, 56.7, 7.2 Hz, 1H), 6.49 (d, J = 7.7 Hz, 1H), 5.15 (d, J = 7.7 Hz, 1H),
4.95 (dd, J = 12.4, 6.8 Hz, 1H), 2.84 (s, 1H), 2.46 (s, 3H). *C{'H} NMR (101 MHz,
CDCl3) 0 202.8, 194.5, 171.4, 147.7, 143.1, 136.5, 136.4, 133.0, 129.8, 129.1, 128.1,
128.1, 127.4, 127.2, 125.6, 125.3, 123.4, 123.3, 117.7 (dd, Jc-r = 329.1, 324.7 Hz),
108.1, 87.0, 63.8, 59.43 (dd, Jcr=38.9, 32.5 Hz), 52.7, 52.7,26.0. ’FNMR (376 MHz,
CDCl3) 6 -118.9 (d, J=295.6 Hz, 1F), -123.4 (d, J = 295.9 Hz, 1F). HRMS (ESI) m/z
calcd for C27H20F2N2NaOsS [M+Na]*: 513.1055, found 513.1055.

1 mAu

250 8

0 P — '/"II ——
b ; 5 p B
No Re%:;téon Area % Area Int Type
1 23.552 11407.605 49.083 BB
2 25.876 11834.052 50.917 BB
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Retention

No Time Area % Area Int Type
1 23.661 776.830 2.496 BB
2 25.661 30350.267 97.504 BB

(25,3'S,4'S,5'S)-5'-(difluoromethyl)-4'-(4-fluorobenzoyl)-1''-methyl-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-2'",3-dione

F From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 33.7 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 4b, 43.5 mg (86% yield) of
compound 5ab was obtained as a white solid, [a] D ?° =- 227
(c=1.0, CHCl3), Mp. = 88-89 °C. Dr (> 20:1) was determined
by HPLC analysis. 82% ee was determined by HPLC analysis
(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 80:20, 1.0 mL/min).
Retention time: fmajor = 15.0 min, fminor = 13.4 min. 'H NMR (400 MHz, CDCl3) § 7.79
(d,J=7.3Hz, 1H), 7.53 - 7.39 (m, 4H), 7.32 (td, J= 7.8, 1.0 Hz, 1H), 7.24 — 7.13 (m,
2H), 7.05 — 6.89 (m, 3H), 6.87 — 6.44 (m, 2H), 5.14 (d, /= 7.8 Hz, 1H), 4.94 (td, J =
12.1,7.3 Hz, 1H), 2.85 (s, 1H), 2.57 (s, 3H). *C{'H} NMR (101 MHz, CDCl5) § 202.6,
192.7,171.4,166.9, 164.4, 147.7, 143.0, 136.4, 132.7,132.7,131.0, 131.0, 129.9, 129.0,
127.3, 127.2, 125.7, 125.4, 123.5, 123.3, 117.6 (dd, Jc-r = 329.9, 243.5 Hz), 115.2,
115.1,108.1, 87.1, 63.8, 59.6 (dd, Jc.r = 38.9, 32.6 Hz), 52.4, 52.3,26.1. "’FNMR (376
MHz, CDCl3) 6 -104.5, -118.9 (d, J = 295.9 Hz, 1F), -123.4 (d, J = 296.3 Hz, 1F).
HRMS (ESI) m/z caled for C27H19F3N2NaO3S [M+Na]*: 531.0961, found 531.0961.

-+ mAu
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I R U - .
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No Re%?rr;téon Area % Area Int Type
1 13.238 13860.165 49.754 BB
2 14.933 13996.972 50.246 BB
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400 -
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200 |

No Re]t“?rlzltéon Area % Area Int Type
1 13.366 1387.920 8.778 BB
2 15.031 14424.224 91.222 BB

(28,3'S,4'S,5'S)-4'-(4-bromobenzoyl)-5'-(difluoromethyl)-1''-methyl-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-2'",3-dione
From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 40.9 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 4¢, 48.2 mg (85% yield) of
compound 5ac was obtained as a yellow solid, [o] D % = - 347
(¢ = 1.0, CHCI3), Mp. = 56-57 °C. Dr (> 20:1) was determined
Sac by HPLC analysis. 73% ee was determined by HPLC analysis
(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 80:20, 1.0 mL/min).
Retention time: fmajor = 15.1 min, Zminor= 12.8 min. "H NMR (400 MHz, CDCl3) & 7.81
—7.76 (m, 1H), 7.50 — 7.37 (m, 4H), 7.32 (td, /= 7.8, 1.0 Hz, 1H), 7.26 (t,J = 4.3 Hz,
2H), 7.18 (dt, J=14.9, 7.5 Hz, 2H), 7.00 (d, /= 7.9 Hz, 1H), 6.83 — 6.49 (m, 2H), 5.11
(d,J=7.7 Hz, 1H), 4.92 (dd, J= 12.0, 4.7 Hz, 1H), 2.84 (s, 1H), 2.56 (s, 3H). *C{'H}
NMR (101 MHz, CDCl3) 6 202.6, 193.5,171.3, 147.7, 143.0, 136.5, 135.1, 131.4, 129.9,
129.7, 129.0, 128.3, 127.2, 125.7, 125.4, 123.5, 123.3, 117.6 (dd, Jcr = 329.9, 242.4
Hz), 108.2, 87.0, 63.7, 59.6 (dd, Jcr = 38.1, 32.5 Hz), 52.6, 52.5, 29.7, 26.1. ’F NMR
(376 MHz, CDCl3) 6 -119.0 (d, J = 296.3 Hz, 1F), -123.4 (d, J=295.9 Hz, 1F). HRMS
(ESI) m/z caled for C27H19BrF2N2NaO3S [M+Na]™: 591.0160, found 591.0160.

4 mAu
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No Rer}?gqtéon Area % Area Int Type
1 12.663 20825.106 49.984 BB
2 14.879 20838.087 50.016 BB
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15133
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o] 2 4 6 8 10 12 14 15
No Re]t“?rlzltéon Area % Area Int Type
1 12.830 1245913 13.556 BB
2 15.133 7944.936 86.444 BB

(25,3'5,4'S,5'S)-5'-(difluoromethyl)-1''-methyl-4'-(4-methylbenzoyl)-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-2'",3-dione

From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 33.2 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 4d, 43.5 mg (86% yield) of
compound Sad was obtained as a white solid, [a] D % = - 365
(c = 1.0, CHCI3), Mp. 148-149 °C. Dr (> 20:1) was
determined by HPLC analysis. 88% ee was determined by
HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 80:20, 1.0
mL/min). Retention time: fmajor = 15.4 min, fminor= 12.2 min. 'H NMR (400 MHz, CDCl5)
0779 (d, J=7.3 Hz, 1H), 7.43 (dd, J = 10.6, 4.4 Hz, 2H), 7.30 (td, J = 8.6, 1.4 Hz,
3H), 7.22 - 7.11 (m, 2H), 7.05 (d, /= 8.0 Hz, 2H), 6.99 (d, /= 7.9 Hz, 1H), 6.87 — 6.40
(m, 1H), 5.13 (d, J=7.7 Hz, 1H), 4.94 (d, /= 5.4 Hz, 1H), 2.84 (s, 1H), 2.50 (s, 3H),
2.31 (s, 3H). BC{'H} NMR (101 MHz, CDCls) § 202.8, 193.8, 171.5, 147.7, 143.9,
143.1,136.3,133.9, 129.7,129.1, 128.7, 128.4, 127.5,127.2, 125.6, 125.4,123.3, 123.3,
117.7(dd, Jc-r = 329.9, 323.7 Hz), 108.0, 87.1, 64.0, 59.60 (dd, Jcr = 38.9, 32.2 Hz),
52.5, 52.4, 26.0, 21.5. "F NMR (376 MHz, CDCls) & -118.9 (d, J = 158.5 Hz, 1F), -
123.4 (d, J = 164.5 Hz, 1F). HRMS (ESI) m/z calcd for C2sH2F2N>NaO3S [M+Na] '
527.1211, found 527.1211.
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No Rer}?&téon Area % Area Int Type
1 12.145 11605.150 50.026 BB
2 15.299 11593.218 49.974 BB
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No Time Area % Area Int Type
1 12.201 171.850 5.781 BB
2 15.373 2800.862 94.219 BB

(25,3'5,4'S,5'S)-5'-(difluoromethyl)-4'-(4-methoxybenzoyl)-1'"-methyl-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-2'",3-dione

From 227 mg (0.1 mmol) of (2)-2-((2,2-
difluoroethyl)imino)benzo[b]thiophen-3(2H)-one 1a and
35.2 mg (0.12 mmol, 1.2 equiv) of methyleneindolinone 4e,
42.0 mg (81% yield) of compound Sae was obtained as a
white solid, [a] D % = - 183 (¢ = 1.0, CHCls), Mp. = 75-
76 °C. Dr (> 20:1) was determined by HPLC analysis. 90%
ee was determined by HPLC analysis (Daicel Chiralpak IA column, 230 nm, hexane/2
-propanol 50:50, 1.0 mL/min). Retention time: fmajor = 8.2 mMin, #minor= 7.2 min. '"H NMR
(400 MHz, CDCl3) 6 7.79 (d, J=7.7 Hz, 1H), 7.53 — 7.39 (m, 4H), 7.35 - 7.23 (m, 1H),
7.17 (dt,J=12.4,7.5 Hz, 2H), 6.99 (d, /= 7.9 Hz, 1H), 6.82 — 6.42 (m, 4H), 5.14 (d, J
=7.8 Hz, 1H), 4.95 (td, J=12.1, 7.2 Hz, 1H), 3.79 (s, 3H), 2.86 (s, 1H), 2.58 (s, 3H).
BC{'H} NMR (101 MHz, CDCl3) & 202.7, 192.3, 171.6, 163.6, 147.7, 143.0, 136.3,
130.7, 129.7, 129.2, 129.1, 127.5, 127.1, 125.6, 125.5, 123.3, 123.3, 117.8 (dd, Jcr =
330.6, 323.9 Hz), 113.3, 108.0, 87.2, 64.2, 59.78 (dd, Jc.r = 38.8, 32.2 Hz), 55.5, 51.9,
51.9, 26.1. ”F NMR (376 MHz, CDCl3) 6 -119.0 (d, J = 295.6 Hz, 1F), -123.4 (d, J =
295.2 Hz, 1F). HRMS (ESI) m/z calcd for CasH2F2NoNaOsS [M+Na]™: 543.1161,
found 543.1161.
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No Re%?lr;téon Area % Area Int Type
1 7.234 6621.987 49.434 BB
2 8.208 6773.551 50.566 BB
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Retention

No Time Area % Area Int Type
1 7.224 400.057 4.937 BB
2 8.179 7702.609 95.063 BB

(25,3'5,4'S,5'S)-5'-(difluoromethyl)-1'"-methyl-4'-(3-methylbenzoyl)-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'""-indoline]-2'",3-dione

From 22.7 mg (0.1 mmol) of (Z2)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 33.2 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 4f, 43.0 mg (85% yield) of
compound Saf was obtained as a white solid, [a] D % = - 326
(c=1.0, CHCI3), Mp. = 79-80 °C. Dr (> 20:1) was determined
by HPLC analysis. 87% ee was determined by HPLC analysis
(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 50:50, 1.0 mL/min).
Retention time: fmajor = 7.2 Min, fminor = 6.6 min. 'H NMR (400 MHz, CDCl3) & 7.82 —
7.73 (m, 1H), 7.53 — 7.35 (m, 2H), 7.30 (td, J= 7.8, 1.1 Hz, 1H), 7.25 — 7.06 (m, 6H),
6.99 (d, J =17.9 Hz, 1H), 6.69 (ddd, J = 58.6, 56.8, 7.2 Hz, 1H), 6.48 (d, J = 7.8 Hz,
1H), 5.10 (d,J=7.6 Hz, 1H),4.95 (td, J=12.2, 7.2 Hz, 1H), 2.82 (s, 1H), 2.48 (s, 3H),
2.27 (s, 3H). BC{'H} NMR (101 MHz, CDCls) § 202.7, 194.7, 171.5, 147.7, 143.2,
137.9, 136.5, 136.3, 133.7,129.7, 129.1, 128.6, 128.0, 127.5, 127.2, 125.6, 125.3, 125.3,
123.3,123.3,117.7 (dd, Jc.r=329.0, 324.4 Hz), 107.9, 87.1, 63.8, 59.4 (dd, Jc.r = 38.8,
32.3 Hz), 53.0,52.9,25.9, 21.1. "”F NMR (376 MHz, CDCl3) § -118.9 (d, J=295.6 Hz,
1F), -123.5 (d, J = 295.9 Hz, 1F). HRMS (ESI) m/z calcd for CsH22F2N2NaO3S
[M+Na]": 527.1211, found 527.1211.
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No Re%?lrgéon Area % Area Int Type

1 6.583 4489.656 49.245 BB
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2 7.210 4627.348 50.755 BB

] mau
800
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0 ————— Ny —
R e I T aRaasaaans A
No Re%;t‘i:on Area % Area Int Type
1 6.596 808.492 6.554 BB
2 7.213 11527.329 93.446 BB

(25,3'S,4'S,5'S)-4'-(3-chlorobenzoyl)-5'-(difluoromethyl)-1''-methyl-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-2'",3-dione

From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 35.6 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 4g, 45.6 mg (87% yield) of
compound Sag was obtained as a white solid, [a] D % = - 340
(c=1.0, CHCIl3), Mp. = 65-66 °C. Dr (> 20:1) was determined
by HPLC analysis. 93% ee was determined by HPLC analysis
(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 70:30, 1.0 mL/min).
Retention time: #major = 11.2 Min, fminor= 9.9 min. '"H NMR (400 MHz, CDCl3) § 7.84 —
7.73 (m, 1H), 7.49 — 7.28 (m, 5H), 7.26 — 7.21 (m, 2H), 7.21 - 7.12 (m, 3H), 6.99 (d, J
=7.9 Hz, 1H), 6.85 — 6.50 (m, 2H), 5.08 (d, /= 7.7 Hz, 1H), 4.93 (td, J=12.0, 7.1 Hz,
1H), 2.84 (s, 1H), 2.55 (s, 3H). 3C{'H} NMR (101 MHz, CDCls) § 202.6, 193.4, 171.4,
147.6, 143.1, 138.0, 136.4, 134.5, 132.9, 130.0, 129.4, 129.0, 129.0, 128.2, 128.0, 127.2,
127.2,126.3,125.7,125.3,123.5,123.3, 117.6 (dd, Jc.r = 329.9, 323.2 Hz), 108.1, 87.0,
63.6, 59.47 (dd, Jcr = 38.9, 32.6 Hz), 53.0, 52.9, 29.7, 26.1. ’F NMR (376 MHz,
CDCl3) 6 -119.0 (d, J=296.3 Hz, 1F), -123.4 (d, J = 296.3 Hz, 1F). HRMS (ESI) m/z
calcd for C27H19CIF2N2NaOsS [M+Na]': 547.0665, found 547.0665.
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No Time Area % Area Int Type
1 9.849 6860.491 49.593 BB
2 11.264 6973.031 50.407 BB
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No Re]tq?gltéon Area % Area Int Type
1 9.863 359.821 3.324 BB
2 11.243 10463.568 96.676 BB

(285,3'S,4'S,5'S)-4'-(2-naphthoyl)-5'-(difluoromethyl)-1''-methyl-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-2'",3-dione

F From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)

0 LF benzo[b]thiophen-3(2H)-one 1a and 37.6 mg (0.12 mmol, 1.2
A 2 equiv) of methyleneindolinone 4h, 48.0 mg (89% yield) of
' compound 5ah was obtained as a white solid, [a] D ?° = - 246

(c = 1.0, CHCl3), Mp. = 116-117 °C. Dr (> 20:1) was
determined by HPLC analysis. 95% ee was determined by
HPLC analysis (Daicel Chiralpak IA column, 230 nm,
hexane/2 -propanol 80:20, 1.0 mL/min). Retention time: fmajor = 15.0 min, fminor= 12.9
min. "H NMR (400 MHz, CDCl3) § 8.06 (s, 1H), 7.92 (d, J= 8.0 Hz, 1H), 7.81 (d, J =
7.2 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.61 (d, J = 8.6 Hz, 1H), 7.58 — 7.52 (m, 1H),
7.49 (dd,J=11.5,4.5 Hz, 1H), 7.46 — 7.35 (m, 2H), 7.27 (dt,J= 7.6, 3.1 Hz, 2H), 7.21
—7.12 (m, 2H), 6.97 (d, J = 7.9 Hz, 1H), 6.75 (ddd, J = 58.5, 56.9, 7.2 Hz, 1H), 6.35
(d,J=7.7Hz, 1H), 5.28 (d,J=7.7 Hz, 1H), 5.04 (d, /= 5.5 Hz, 1H), 2.87 (s, 1H), 2.11
(s, 3H). BC{'H} NMR (101 MHz, CDCl3) § 202.8, 194.3, 171.7, 147.7, 143.0, 136.4,
135.3,133.5,131.9,130.0,129.8, 129.7,129.1, 128.7,127.9, 127.5, 127.5, 127.2, 126.8,
125.6, 125.3,123.8, 123.4, 123.3, 117.7(dd, Jc.r = 329.9, 323.7 Hz), 108.1, 87.2, 63.8,
59.56 (dd, Jcr = 39.1, 32.5 Hz), 53.1, 53.0, 25.8. ’F NMR (376 MHz, CDCl3) § -119.0
(d, J = 295.6 Hz, 1F), -123.4 (d, J = 295.6 Hz, 1F). HRMS (ESI) m/z calcd for
C31H22F2N>NaOsS [M+Na]*: 563.1211, found 563.1211.
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No Rer}?&téon Area % Area Int Type
1 12.793 24901.451 49.666 BB
2 14.877 25236.485 50.334 BB
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mAu

Retention

No Time Area % Area Int Type
1 12.884 135.380 2.226 BB
2 14.984 5947.134 97.774 BB

(28,3'S,4'S,5'S)-5'-(difluoromethyl)-1''-methyl-4'-(thiophene-2-carbonyl)-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-2'",3-dione
F From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
o\HN o benzo[b]thiophen-3(2H)-one 1a and 32.2 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 4i, 43.2 mg (87% yield) of
@ compound Sai was obtained as a pink solid, [a] D 2° = - 433 (c
= 1.0, CHCl3), Mp. = 62-63 °C. Dr (> 20:1) was determined by
HPLC analysis. 96% ee was determined by HPLC analysis
(Daicel Chiralpak IB column, 230 nm, hexane/2 -propanol 87:13, 1.0 mL/min).
Retention time: fmajor = 17.7 min, fminor =15.9 min. 'H NMR (400 MHz, CDCls) § 7.79
(dd,J=17.7,0.6 Hz, 1H), 7.67 (dd, J= 3.9, 0.9 Hz, 1H), 7.60 — 7.37 (m, 3H), 7.32 (td,
J=1728,1.1 Hz, 1H), 7.23 — 7.11 (m, 2H), 7.01 (dd, J = 8.2, 3.2 Hz, 2H), 6.81 — 6.43
(m, 2H), 5.06 (d,J=8.0 Hz, 1H), 4.97 — 4.82 (m, 1H), 2.88 (s, 1H), 2.73 (s, 3H). *C{'H}
NMR (101 MHz, CDCl3) 6 202.5, 185.6,171.7,147.7, 143.0, 143.0, 136.4, 135.0, 133.3,
129.9, 129.1, 127.9, 127.3, 127.2, 125.7, 125.5, 123.5, 123.3, 117.6 (t, Jcr = 329.9,
242.4 Hz), 108.2,87.2, 68.5, 64.6, 59.9 (dd, Jc.r=38.9, 32.3 Hz), 52.9, 52.8, 27.8, 26.3,
22.2.F NMR (376 MHz, CDCl3) § -119.0 (d, J = 295.6 Hz, 1F), -123.3 (d, J=295.9
Hz, 1F). HRMS (ESI) m/z calcd for CasHigF2N2NaOsS, [M+Na]™: 519.0619, found
519.0619.
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No Rer}?&téon Area % Area Int Type
1 15.910 2981.669 50.930 BB
2 17.848 2872.812 49.070 BB
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No Re]t“?rlzltéon Area % Area Int Type
1 15.944 129.402 1.967 BB
2 17.693 6450.332 98.033 BB

(28,3'S,4'S,5'S)-5'-(difluoromethyl)-4'-(furan-2-carbonyl)-1''-methyl-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-2'",3-dione

From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 30.4 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 4j, 42.2 mg (88% yield) of
compound 5aj was obtained as a white solid, [a] D 2° = - 382
(c=1.0, CHCI3), Mp. = 76-77 °C. Dr (> 20:1) was determined
by HPLC analysis. 93% ee was determined by HPLC analysis
(Daicel Chiralpak IA column, 230 nm, hexane/2 -propanol 80:20, 1.0 mL/min).
Retention time: fmajor = 19.1 min, #minor = 20.3 min. 'H NMR (400 MHz, CDCl3) & 7.78
(d,J=7.7Hz, 1H), 7.52 - 7.39 (m, 3H), 7.31 (td, J= 7.8, 1.1 Hz, 1H), 7.23 — 7.10 (m,
3H), 7.01 (d, J=7.9 Hz, 1H), 6.78 — 6.43 (m, 2H), 6.41 (dd, J=3.6, 1.6 Hz, 1H), 5.02
—4.80 (m, 2H), 2.87 (d, J = 17.8 Hz, 4H). '*C{'H} NMR (101 MHz, CDCls) § 202.4,
180.8,177.7,171.6, 151.2, 147.7, 147.5, 143.0, 136.4, 129.9, 129.1, 127.2, 127.2, 125.6,
125.5, 123.5, 123.3, 119.5, 117.6 (t, Jcr = 329.9, 243.9 Hz), 112.2, 108.2, 87.4, 68.5,
64.3, 59.6 (dd, Jcr = 38.9, 32.3 Hz), 52.1, 52.0, 27.8, 26.4, 22.2. 'F NMR (376 MHz,
CDCl3) 6 -118.9 (d, J=295.6 Hz, 1F), -123.3 (d, J = 295.6 Hz, 1F). HRMS (ESI) m/z

calcd for C2sHisF2N2NaO4S [M+Na]*: 503.0848, found 503.0848.
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No Time Area % Area Int Type
1 19.111 10417.963 49.552 BB
2 20.413 10606.287 50.448 BB
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Retention

No Time Area % Area Int Type
1 19.106 7846.068 96.787 BB
2 20.293 260.471 3.213 BB

(25,3'5,4'S,5'S)-4'-acetyl-5'-(difluoromethyl)-1''-methyl-3H-
dispiro[benzo[b]thiophene-2,2'-pyrrolidine-3',3'"-indoline]-2'",3-dione

From 22.7 mg (0.1 mmol) of (Z)-2-((2,2-difluoroethyl)imino)
benzo[b]thiophen-3(2H)-one 1a and 24.1 mg (0.12 mmol, 1.2
equiv) of methyleneindolinone 4k, 34.2 mg (80% yield) of
compound Sak was obtained as a white solid, [a] D ?° =- 350 (¢
= 1.0, CHCl3), Mp. = 89-90 °C. Dr (> 20:1) was determined by
HPLC analysis. 91% ee was determined by HPLC analysis
(Daicel Chiralcel OD-H column, 230 nm, hexane/2 -propanol
80:20, 1.0 mL/min). Retention time: fmajor = 12.9 min, fminor= 14.3 min. 'H NMR (400
MHz, CDCl) 6 7.74 (dd, J = 7.7, 0.6 Hz, 1H), 7.53 — 7.32 (m, 3H), 7.22 — 7.09 (m,
2H), 7.01 (d, J = 7.9 Hz, 1H), 6.88 (d, J = 7.8 Hz, 1H), 6.53 (ddd, J = 58.3, 56.7, 7.1
Hz, 1H), 4.70 — 4.55 (m, 1H), 4.42 (d, /= 8.1 Hz, 1H), 3.13 (s, 3H), 2.78 (s, 1H), 1.75
(s, 3H). BC{'H} NMR (101 MHz, CDCls) § 202.1, 200.5, 171.7, 147.7, 143.4, 136.4,
130.1, 128.8, 127.6, 127.3, 125.7, 124.9, 123.7, 123.2, 117.6 (dd, Jcr = 329.5, 324.7
Hz), 108.5, 87.4, 62.6, 59.0 (dd, Jc.r = 38.2, 32.1 Hz), 56.9, 56.8, 29.1, 26.8. '°F NMR
(376 MHz, CDCl3) 6 -119.0 (d, J=295.2 Hz, 1F), -123.0 (d, J = 295.6 Hz, 1F). HRMS
(ESI) m/z caled for C22HisF2N2NaOsS [M+Na]*: 451.1025, found 451.1025.
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No Time Area % Area Int Type
1 12.908 3916.171 50.768 BB
2 14.212 3797.694 49.232 BB
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No Time Area % Area Int Type
1 12.923 8676.302 95.622 BB
2 14.297 397.282 4.378 BB

8. Gram-scale asymmetric cycloaddition for the synthesis of 3aa

EtOOC
1 )
C8 (10 mol%)
—N + O ——»
S \“CF,H N DCE, 0 °C
\
1a 2a
2.5 mmol 3.0 mmol 1.05 g, 92% vyield
0.567 g 0.693 g > 20:1 dr, 96% ee

To a dried 50 mL bottle were added 1a (2.5 mmol, 0.567 g), 2a (3.0 mmol, 0.693g) and
catalyst C8 (157.6 mg, 0.25 mmol, 10 mol %) in 25 mL dry 1,2-dichloroethane (DCE).
After stirring at 0°C for 4.5 h, the 1a was completely consumped as detected by TLC
analysis (petroleum ether / EtOAc = 4:1). Product 3aa was obtained by silica gel
column chromatography (petroleum ether / EtOAc = 4:1), as a white solid (1.05 g, 92%
yield) with >20:1 dr and 96% ee.

9. Gram-scale asymmetric cycloaddition for the synthesis of 3ag

'BUOO
o]
/ C8 (10 mol%)
=N + o ——— >
S \-CFH N DCE,0 °C
\
1a 29 3ag

To a dried 50 mL bottle were added 1a (2.5 mmol, 0.567 g), 2g (3.0 mmol, 0.777g) and
catalyst C8 (157.6 mg, 0.25 mmol, 10 mol %) in 25 mL dry 1,2-dichloroethane (DCE).
After stirring at 0°C for 8 h, the 1a was completely consumped as detected by TLC
analysis (petroleum ether / EtOAc = 10:1). Product 3ag was obtained by silica gel
column chromatography (petroleum ether / EtOAc = 10:1), as a white solid (1.21 g, 83%
yield) with >20:1 dr and 96% ee.
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10. Synthetic transformation of 3aa

0
Cry™
K,CO3 (1.2 equiv.), S A

CH,l (1.2 equiv.)

Acetone, r.t. N 0

6a

24 h, 95% yield,
0.1 mmol, 96% ee > 20:1,97% ee

To a dried 5 mL bottle were added 3aa (0.1 mmol, 45.8 mg) and K>CO3 (16.6 mg, 0.12
mmol, 1.2¢) in 1 mL dry Acetone. The mixture was stirred at room temperature for 30
min, and lodomethane (CH3I) (17.0 mg, 0.12 mmol, 1.2e) was then added. After stirring
at room temperature for 24 h, the 3aa was completely consumped as detected by TLC
analysis (petroleum ether / EtOAc = 5:1). Product 6a was obtained by silica gel column
chromatography (petroleum ether / EtOAc =5:1), as a yellow solid (44.8 mg, 95% yield)
with >20:1 dr and 97% ee. [a] D %° =+19 (¢ = 1.0, CHCl3), Mp. = 50-51 °C. Dr (> 20:1)
was determined by HPLC analysis. 97% ee was determined by HPLC analysis (Daicel
Chiralpak IB column, 230 nm, hexane/2 -propanol 80:20, 1.0 mL/min). Retention time:
tmajor = 8.4 Min, fminor = 7.3 min. '"H NMR (400 MHz, CDCl3) § 7.91 (dd, J = 7.8, 1.3
Hz, 1H), 7.64 — 7.37 (m, 1H), 7.36 — 7.23 (m, 2H), 7.23 — 7.14 (m, 1H), 7.04 — 6.94 (m,
2H), 6.88 (d, J= 7.8 Hz, 1H), 6.29 (td, J = 55.2, 3.5 Hz, 1H), 5.41 (dtd, J = 15.9, 8.9,
3.5 Hz, 1H), 4.03 (d, J = 8.4 Hz, 1H), 3.85 — 3.59 (m, 2H), 3.35 (s, 3H), 2.33 (s, 3H),
0.69 (t,J=7.1Hz, 3H). BC{'H} NMR (101 MHz, CDCl3) § 187.7,173.9, 171.1, 168.1,
144.5, 142.8, 133.2, 132.8, 130.0, 126.2, 124.6, 123.9, 123.6, 122.6, 114.3 (t, Jc-r =
329.4 Hz), 108.7, 76.1, 75.8, 75.6, 66.9, 61.3, 51.4, 27.0, 16.4, 13.4. ’F NMR (376
MHz, CDCls) 6 -114.0 (d, J=288.8 Hz, 1F), -127.1 (d, /J=301.7 Hz, 1F). HRMS (ESI)
m/z calced for C24H2F2N>NaO4S [M+Na]™: 495.1147, found 495.1147.
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7.324 4098.591 49.817 BB

2 8.548 4128.723 50.183 BB
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No Area % Area Int Type

Time
1 7.285 240.712 1.134 BB
2 8.442 20981.486 98.866 BB
F
? H \\l\
B " F H,0,/HCOOH
S (viv=1/2)
-, COOEt >
~0 DCM, r.t.
N
\
3aa 7a bl X= éI:O
0.2 mmol, 96% ee 3 h, 50% yield

>20:1 dr, 94% ee

To a solution of 3aa (0.2 mmol, 91.6 mg) in CH2Cl, (1.5 mL), mixture of 33% H>0>
(0.2 ml) and HCO2H (0.4 mL) was added at 5-10 °C with vigorous stirring. Then it was
stirred at room temperature for 3 h. Then, the reaction mixture was poured into saturated
aqueous solution of NaHCOs (3 mL) and extracted with CH2Cl2 (3 x 3 mL) and dried
(Na2SOs). Removal of solvent followed by column chromatographic purification
(silica gel; 50% ethyl acetate in hexane) furnished 7a as a colorless solid (49.1 mg, 50%
yield) with >20:1 dr and 94% ee. [a] D % =-305 (¢ = 1.0, CHCl3), Mp. = 90-91 <C. Dr
(> 20:1) was determined by HPLC analysis. 94% ee was determined by HPLC analysis
(Daicel Chiralpak 1A column, 230 nm, hexane/2-propanol 50:50, 1.0 mL/min).
Retention time: tmajor = 11.7 Min, tminor = 8.8 min. *H NMR (400 MHz, CDCls3) & 7.73
(d, J=3.9Hz, 2H), 7.60 (d, J = 7.7 Hz, 1H), 7.51 — 7.43 (m, 1H), 7.19 (td, J=7.7, 1.4
Hz, 1H), 6.85 (d, J = 7.8 Hz, 1H), 6.70 — 6.32 (m, 3H), 6.04 (s, 1H), 5.09 (dtd, J = 13.4,
6.7, 3.3 Hz, 1H), 3.97 (d, J = 6.3 Hz, 1H), 3.80 — 3.63 (m, 2H), 3.39 (s, 3H), 0.66 (t, J
= 7.1 Hz, 3H). ¥C{*H} NMR (101 MHz, CDCls3) & 189.1, 174.0, 166.9, 146.3, 143.9,
135.3,132.3,130.2,128.5,127.4,125.5,124.1,122.9, 122.7, 116.6 (t, J c.r = 235.4 Hz),
108.8, 92.5, 64.7, 64.5, 64.4, 64.2, 61.6, 59.3, 49.1, 49.0, 27.0, 13.4. F NMR (376
MHz, CDCls) 6 -115.4 (d, J = 297.1 Hz, 1F), -123.7 (d, J = 297.1 Hz, 1F). HRMS (ESI)
m/z calcd for C23H20F2N2NaOsS [M+Na]*: 513.0902, found 513.0902.
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1 8.824 274.723 2.979 BB
2 11.698 8948.205 97.021 BB

11. X-ray Structures of Compounds 3aa and 3ag

3aa 3ag

12. Copies of 'H, F and *C{'H} NMR Spectra
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