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1. General remarks

'H NMR spectra were recorded on commercial instruments (400 MHz). Chemical shifts are
recorded in ppm relative to tetramethylsilane and with the solvent resonance as the internal
standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t =
triplet, m = multiplet), coupling constants (Hz), integration. **C{"H} NMR data were collected on
commercial instruments (100 MHz) with complete proton decoupling. Chemical shifts are
reported in ppm from the tetramethylsilane with the solvent resonance as internal standard.
Enantiomer excesses were determined by chiral HPLC and SFC analysis on Daicel Chiralcel 1A,
IB, IC, ID, and OD-3 at 23 € with UV detector at 254 nm in comparison with the authentic
racemates. Optical rotations were reported as follows: [o]p’ (¢: /100 mL, in solvent). HRMS was
recorded on a commercial apparatus (ESI Source). All the solvents were purified by usual methods
before use. CD spectra were determined by Chirascan CD (DCM as the solvent) which was
purchased from Applied photophysics Ltd. Silica gel for Thin-layer chromatography
(HG/T2354-92) made in Qingdao Haiyang Chemical Co., Ltd. Melting points were recorded on a
melting point apparatus.

2. General procedure for the catalyst preparation
The following N,N'-dioxide ligands were synthesized by the same procedure in the literature.*

L-PicP: R = cyclopentyl, n = 2
L-PicH: R = cyclohexyl, n =2
L-PiPh: R = CgHs, n =2
L-PimBu,: R = 3,5-Bu,CgH3, n = 2
L-PimMe,: R = 3,5-Me,CgH3, n = 2
L-PrcP: R = cyclopentyl, n=1

L-RacP: R = cyclopentyl, n = 2

In a test tube with a magnetic stirring bar, N,N'-dioxide ligand (0.20 mmol), and metal salt (1.0
equiv), in THF (10.0 mL) were stirred at 35 €€ for 1 h. Then the mixture was concentrated in
vacuo to afford the corresponding catalysts as a white solid.

3. General procedure for the synthesis of the substrates
(a) Method A: Thiazolium salts were prepared according to the literature procedure.?
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(b) Method B: Methyleneindolinone derivatives were prepared according to the literature
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(c) Method C: B,y-Unsaturated a-ketoesters were prepared according to the literature
procedure.’

A ™
A H KOH X COOK CHzCOCI A COOR?
R'T + CH;COCOOH ———> R'- — 2 » Rib
_ MeOH = R2OH, reflux F

4. General procedure for the catalytic asymmetric reaction

y R{i%
|
/ ZN®

R5

XN ) L-PicP-Mg(OTf), (10 mol%)
Rt o + X
N o Na,COj5 (1.0 equiv), 35 °C
R3 R CH,Cl, (0.1 M), 24 h
1 2 3

In a test tube with a magnetic stirring bar, catalyst L-PicP-Mg(OTf), (10 mol%), substrate 1 (0.10
mmol), thiazolium salt 2 (1.1 equiv), and Na,COs (0.10 mmol) in CH,Cl, (1.0 mL) were stirred at
35 € for 24 h. The reaction mixture was detected by TLC. After completion, flash column
chromatography (eluent: EtOAc/pet = 1/6) was carried out to provide the desired product 3. The
enantiomeric excess was determined by chiral HPLC and the product was determined by NMR

analysis.
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0 N® L-PicP-Mg(OTf), (10 mol%) \

€]
R1/\)J\R2 + Bro¥ K3PO, (1.5 equiv), 35 °C @*Dw

CH,Cl, (0.2 M), 24 h H
Ph 2 CoPh
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In a test tube with a magnetic stirring bar, catalyst L-PicP-Mg(OTf), (10 mol%), chalcones 4 (0.10
mmol), thiazolium salt 2a (0.15 mmol), and KsPO, (0.15 mmol) in CH,Cl, (0.5 mL) were stirred
at 35 € for 24 h. The reaction mixture was detected by TLC. After completion, flash column
chromatography (eluent: EtOAc/pet = 1/6) was carried out to provide the desired product 5. The
enantiomeric excess was determined by chiral HPLC and product was determined by NMR
analysis.
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R1’\)J\COR2 . 5 N LPimBu,-Ni(OTf), (10 mol%) R4@[ '
|
Bro Na,COj3 (2.0 equiv) =
CH,Cl, (0.5 M)

R3
6 2 7

In a test tube with a magnetic stirring bar, catalyst L-PimBu,-Ni(OTf), (10 mol%), B,y-unsaturated
a-ketoester 6 (0.10 mmol), thiazolium salt 2 (0.10 mmol), and Na,CO; (0.20 mmol) in CH,ClI,
(0.2 mL) were stirred at 0 € for 24 h. Then the reaction mixture warmed to 35 <€ for 36 h. After
completion, flash column chromatography (eluent: EtOAc/pet = 1/2) was carried out to provide
the desired product 7. The enantiomeric excess was determined by chiral SFC and the product was
determined by NMR analysis.



5. Optimization of the reaction conditions
(a) Screen of reaction condition using methyleneindolinone 1la.

PhOC COPh
) ® N
- N/>® L/Metal (10 mol%) S GOPh
N )
Bn
1a 2a

) base (1.0 equiv), 35 °C

B hoC CH,Cly, 24 h O/N‘Bn
3aa
Entry!® Metal salt L Base Yield [%]™ ee [%]@
1 Mg(OTf), L-PicP - 15 95
2 Mg(OTf), L-PicP Et;N 99 86
3 Mg(OTH), L-PiPr, Et;N 90 4
4 Sc(0Th), L-PicP Et;N 84 8
5 Ni(OTf), L-PicP Et;N 87 10
6 Mg(OTH), L-PicH Et;N 93 75
7 Mg(OTf), L-PiPh Et;N 80 10
8 Mg(OTH), L-PrcP Et;N 93 14
9 Mg(OTf), L-RacP Et:N 90 33
10 Mg(OTf), L-PicP K,COs 99 90
11 Mg(OTf), L-PicP  NayCOs 99 08
12 Mg(OTf),  L-PimBu,  K,CO, 08 0
13 Ni(OTf), L-PimBu, Na,CO3 98 0

[a] Unless otherwise noted, the reaction was performed with Metal/Ligand (10 mol%), 1a (0.10 mmol), 2a (1.1
equiv) in 1.0 mL CH,Cl,. [b] Yield of isolated product. The dr value was >19:1, as determined by 'H NMR
analysis. [c] The ee value was determined by chiralphase HPLC analysis.

(b) Screen of reaction condition using chalcone 4a.

S . S COPh
0 L-PicP/Mg(OTf), (10 mol%) 5
. b
Ph/vj\ Ph N® base (x equiv), 35 °C N

B ) CH,Cly, 24 h v Ph
PhOC COPh
4a 2a 5aa
Entry® Base Yield [%6]™ ee [%]™
1 EtsN 51 62
2 ProtonSponge 51 77
3 K,COs 35 99
4 Na,CO3 42 99
5 Cs,CO3 57 99
6 KH,PO, 32 99
7 KsPO, 70 99
8 KsPOy4 7H,0 28 91
9 NazPO, 50 99
101 KsPO, 79 99
1100 KsPO, 94 99

[a] Unless otherwise noted, the reaction was performed with Mg(OTf),/L-PicP (10 mol%), 4a (0.10 mmol), 2a
(1.0 equiv) and base (1.0 equiv) in 1.0 mL CH,Cl,. [b] Yield of isolated product. The dr value was >19:1, as



determined by *H NMR analysis. [c] The ee value was determined by chiralphase HPLC analysis. [d] In CH,CI,,
(0.5 mL). [e] KsPO,4 (1.5 equiv), 2a (1.5 equiv).
(c) Screen of reaction condition using B,y-unsaturated a-ketoester 6a.

. «-COCOOMe
o . @[ S L/Metal (10 mol%) QN
PhMCOOMe Z "N® NayCOg (2.0 equiv), 35 °C o

BFr>hOC) CH,Cly, 24 h ﬁo‘: o
6a 2a 7aa
Entry!®! metal ligand Yield (%)™ ee (%)@

11 Mg(OTH), L-PicP 78 -53
2l Ni(OTf), L-PicP 61 -60
3 Ni(OTf), L-PicP 65 -62
4 Ni(OTf), L-PicH 70 -68
5 Ni(OTf), L-PiPh 58 -33
6 Ni(OTf), L-PiPr, 86 -48
7 Ni(OTf), L-PimBu, 57 85
gl Ni(OTf), L-PimBu, 79 86
off Ni(OTf), L-PimBu, 86 93

[a] Unless otherwise noted, the reaction was performed with metal/ligand (10 mol%), 6a (0.10 mmol), 2a (1.0
equiv) and Na,CO; (2.0 equiv) in CH,Cl, (1.0 mL), 4 days. [b] Yield of isolated product. The dr value was >19:1,
as determined by *H NMR analysis. [c] The ee value was determined by SFC analysis. [d] Na,COs (1.0 equiv). [e]
Run with CH,ClI, (0.5 mL), 3days. [f] The reaction was performed at 0 € 24 h, then at 35 € 36 h in CH,Cl, (0.2
mL).

6. Full list of the substrate scope
(a) Substrate scope for methyleneindolinone derivatives and thiazolium salts in [3+2]

cycloaddition.



R? RS s :
/ > L-PicP-Mg(OTf),
N Ne (10 mol%)

R o + x©  Na,C0, (1.0 equiv)
Z N ¢ 35 °C, CH,Cly, 24 h
R R* (>19:1 d.r.)
2a X =Br
1 2a' X =Cl 3
a) Variation of oxindole-derived enones:
3aa R' = H 99% vield, 98% ee 3fa R = 0-FCgH,4 94% vield, 98% ee
R' = H 80% yield, 93% eel”! 3ga R = m-MeCgH, 99% vield, 96% ee
3ba R" = 5-Cl 99% yield, 95% ee 3gas R = m-MeOCgH, 96% vyield, 98% ee
3ca R' = 5-Me 99% vyield, 98% ee 3ha R = p-CICgH4 99% yield, 96% ee
3cas R' = 5-OMe 99% yield, 98% ee 3ia R = p-MeOCgH,4 95% yield, 97% ee
3da R' = 6-CI 99% yield, 97% ee 3ias R = 2-naphthyl 99% yield, 97% ee
3ea R' = 7-CF; 94% yield, 93% ee 3ja R = O'Pr 99% vyield, 99% ee

S
: Ho

3eas 99% yield, 99% ee 3ka 74% yield, 99% ee

3la R® = Me 99% vyield, 96% ee
3ma R® = Boc 99% yield, 72% ee

b) Variation of thiazolium salts:

3ahs 98% vyield, 98% ee 3aj R® = OH 99% yield, 97% ee
3ab R = o-F 99% vyield, 94% ee 3ak R® = OMe 98% vyield, 98% ee

3acs R = 0-OMe 89% yield, 96% ee e}

3ac R = m-OMe 99% yield, 98% ee Q x{
3ad R = p-Cl 99% yield, 98% ee N )
3ads R = p-NO, 99% yield, 90% ee S EAN “""’COPh /ﬁ
3ae R = p-Me 99% vyield, 99% ee . o) ( /
3af R = p-CF3 99% yield, 96% ee QN\ e

3ag R = p-'Bu 99% yield, 97% ee Bn
3ah R = p-OEt 99% yield, 97% ee  3ai 95% yield, 87% ee 3aa CCDC 1508734

[a] The reactions were carried out Mg(OTf),-L-PicP (1:1, 10 mol%), 1 (0.10 mmol), 2 (1.1 equiv X = Br) and
Na,COs (1.0 equiv) in CH,CI, (0.1 M) at 35 °C for 24 h. Isolated yield. The dr determined by *H NMR analysis.
The ee determined by chiralphase HPLC analysis. [b] 2a’ (X = ClI).



(b) Substrate scope for chalcones in [3 + 2] cycloaddition

0. R S> L-PicP-Mg(OTf),

;/ Z (10 mol %)
N®

— + ©

Son,  Cricn 3°C. 241 \
Ar Ph >19:1 dr PhOC
¢ 2 CCDC 1561920
Entry®  5:ArRR Yield [%]™ ee [%]@
1 5aa: Ph; Ph 94 99
2 5ba: 3-CICgH,4; Ph 92 96
3 5ca: 4-MeCgHy; Ph 99 99
4 5da: 4-CICgHy; Ph 99 98
5 5ea: Ph; 2-naphthyl 99 99
6 5fa: Ph; 3-MeCgH,4 92 99
7 5ga: Ph; 4-CICgH, 99 99
8 5ha: Ph; CH=CHPh 81 99

[a] The reactions were performed with Mg(OTf),-L-PicP (1:1, 10 mol%), 4 (0.10 mmol), 2a (1.5 equiv) and
K3PO, (1.5 equiv) in CH,CI, (0.2 M). [b] Isolated yield. “The ee value was determined by chiralphase HPLC
analysis. The dr value was determined by *H NMR analysis.

(c) Substrate scope for p,y-unsaturated o-ketoesters and thiazolium salts in [3 + 2]
cycloaddition/rearrangement.

N S L-PimBu,-Ni(OTf),
/\/(l)J\ ) —I__/ N/>® (10 mOI%) o
X + ) Na,CO3 (2.0 equiv)
R’ COR? BrOQX CH,Cl,, 0 °C to 35 °C
R3 >19:1 d.r.
6 2
o\\\\~© + o}
TS
g \H,,o_ _o\H/ Nar
L-PimBu,
Ar = 3,5-'Bu,CgH;
Entry!®! Product 7 Yield [%6]™ ee [%]@
1 o Re= OMe (7aa) 86 93
2 %‘W OEt (7ba) 99 90
N., Ph A

3 / O'Pr (7ca

@ES éHPh ( ) 94 95
4 6a-66/2a OBn (7da) 87 96
5 NH'Bu (7ea) 94 87
6 4-MeOC5H4 (7fa) 68 95
7 4-PhC¢H, (7ga) 74 92




° 4-FCeH, (7ha) 84 92
i 4-BrCgH, (7has) | 83 %
10 3-MeOCgH, (7ia) | 88 90
1 3-Thienyl (7ja) 78 92
- 6f-6m/2a Cyclohexyl (7ka) | 61 54
- T () |76 y
- R'= | 2-FCeH, (7cb) 78 v
- /O coFr | 3-MeOCgH, (7cc) | 76 95
- @:ﬁph 4-CIC¢H, (7cd) | 99 -
i 6ci2b2f, 2i | *MeCeHa (7ce) | 76 94
18 4-F3CCgH, (7cf) | 92 92
- = (7ei) 46 o

[a] The reactions were performed with Ni(OTf),-L-PimBu, (1:1, 10 mol%), 6 (0.10 mmol), 2 (1.0 equiv) and
Na,CO; (2.0 equiv) in CH,Cl, (0.5 M) at 0 °C for 24 h, then at 35 °C for 36 h. [b] Isolated product. [c] The ee and
dr values were determined by chiralphase SFC analysis and *H NMR analysis, respectively.

7. Proposed reaction mechanism
(a) Detected the main product

S @[ COCO,Me .COCO,Me
/. ;]' ;l
N+

Ph PhOC PhOC
o) L-PicP-Mg(OTf), 8a (65% yield, 43% ee) 8b (<5% yield)
2a (10 mol%)
_\Imeey
+ Na,COj3 (1.0 equiv) S
o 35 °C, CH,Cly, 24 h COzMe - COCOMe
N
PhMCOZMe Ph
6a PhOC

Taa (11% yield, 57% ee) 8¢ (<5% vyield, 2.8:1 d.r.)

(b) Control experiments




L-PimBu,-Ni(OTf),

S
COCOOMe
a) N
Ph

PhOC

race 8a

CH,Cl, (0.5 M), 36 h
Na,CO3 (1.0 equiv), 35 °C

+L-PimBu,-Ni(OT¥),

COCOOMe
7aa 63% yield, race

O bn
@ES

S
COCOOMe
b)
N
Ph

PhOC CH,CI, (0.5 M), 36 h
Na,COj (1.0 equiv), 35 °C COCOOMe
90% ee 8a 7aa 75% vyield, 89% ee
S Ol"’h
COCOOMe @[
N Ph
Na,CO3 (2.0 equiv), 35 °C =
PhOC CH,CI, (0.5 M), 36 h COCOOMe
90% ee 8a 7aa 93% yield, 88% ee
S
d COPh
) N Na,COj3; (2.0 equiv), 35 °C
Ph CH,CI, (0.5 M), 36 h
PhOC
5aa 95% recover

(c) Reaction mechanism

Br
Ph
o]
2a
l Na,COj
O s
oy~ - Ty
N
Ph{ )
O
6a

Re-face

.COCO,Me

COCOOMe

Phoc;j\
T
o @[ é\COCOZMe 8c

PhOC
8a

+P| Na,COos

06} OMe

(d) Propose transition state based on X-ray crystal structures of the catalystlI|.



) & \_ N
A: L-PicP/Mg(ll) T/I A/B
CCDC 1813072 A: L-PicP/Mg(ll)

B: L-PiPr,/Ni(ll)

3aa 5da Ar = 4-CICgH,4

The structure of chiral L-PicP-Mg(OTf), complex catalyst was determined by X-ray
crystal analysis. The chiral ligand L-PicP coordinates to Mg(OTf), to form an octahedral
complex with two amine oxide oxygens and two amide oxygens, which is in consist with
several other metal complexes of N,N'-dioxides. However, the superimposed crystal
structures of L-PiPr,-Ni(ll) complex A and L-PicP-Mg(ll) complex B indicates an open
chiral pocket when cyclopenamine derived ligand L-PicP is used. We propose that the
extremely low enantioselectivity from L-PicP-Ni(ll) catalyst is due to that less active chiral
Ni(ll) catalyst bows to the base-initiated strong background reaction. While the poor result
from L-PiPr,-Mg(Il) complex is owing to the narrow space created by the steric hindered
2,6-diisopropylaniline of the ligand, which is unable to load the two bulky reactants intothe
chiral pocket, thus a non-asymmetric catalytic process dominated. Based on these
information as well as the absolute configuration of products, we proposed models for the
enantiocontrol observed in chiral N,N'-dioxide-Mg(ll) complex promoted [3 + 2]
cycloaddition reactions. Chiral L-PicP-Mg(OTf), complex actives the two reactants by
substitution of the auxiliary ligands. The a,B-unsaturated compound 1 or 4 is activated
through bonding its carbonyl group to the metal center at the equatorial position, while the
thiazolium N-ylide 2 bonds to the metal center with the benzoyl group at the upper axial
position. The two-reactant monodentate bonding mode enable perfect enantioselective
plane and position, then a [3 + 2] cycloaddition reaction occurs to yield the targeted
product 3 and 5.



8. Experimental procedure for the scale-up reaction and transformations of the
product
(a) Scale-up reaction

PhOC (;L COPh
N
@[ /> L-PicP-Mg(OTf), (10 mol%) S H Yy,
S o oCOPh
N a,CO3 (4.0 equiv), 35 °C
Br

L CH,Clp, 24 h |
Bn PhOC Bn

1a 2a 3aa

A dry round-bottom flask was charged with the catalyst L-PicP-Mg(OTf), (10 mol%, 78.8 mg),
substrate 1a (2.0 mmol, 0.679 g), thiazolium salt 2a (1.1 equiv, 0.702 g), and Na,COs (4.0 equiv,
0.848 g) in CH,Cl, (20.0 mL) were stirred at 35 <€ for 48 h. The reaction mixture was detected by
TLC. And then directly purified by flash chromatography (Eluent: petroleum ether/ethyl acetate =
10:1) on silica gel to afford the product 3aa (1.176 g, 99% yield, 98% ee).

(b) Transformations of the product

3aa 9

() A dry test tube was charged with 3aa (0.10 mmol, 98% ee), then, methanol (0.5 mL) and THF
(0.5 mL) was added and the mixture was cooled to 0 €, NaBH, (2 equiv) was added in portion-wise
to the solution of 3aa at 0 €. The mixture was stirred for 60 minutes at 0 €. The reaction was
guenched with aqueous NH,CI and the mixture was diluted with dichloromethane. The layers were
separated and the aqueous layer was extracted with dichloromethane and dried over Na,SO,.
Evaporation of the solvent afforded the residue. The residue was purified by silica gel column
chromatography (Eluent: petroleum ether/ethyl acetate = 3/1) to obtain the product 9 (89%
yield, >19:1 dr, 98% ee).

(;L COPh
s N mCPBA (1.0 equiv)
H\\‘- Slcoph CHzclz, 0°C

(b) To a solution of 3aa (0.10 mmol) in CH,Cl, (1.0 mL) was added mCPBA (1.0 equiv) at 0 €.
After stirring for 60 minutes at 0 €, the reaction mixture was quenched with aqueous NaHCO; and
the mixture was diluted with dichloromethane. The combined organic layers were washed with
brine, dried over Na,SO,, evaporated in vacuo, and was purified by column chromatography on
silica gel (Eluent: petroleum ether/ethyl acetate = 2/1) to give product 10 (96% yield, >19:1 dr, 99%
ee).

10



oy
COPh
N . _ N Ph
s mCPBA (2.0 equiv) O—S\o
N CH,Cl,, 35 °C . Ph
H.G_ g COPh 2Clz HO oy
d O-,e

Bn Bn
3aa 1
(c) To a solution of 3aa (0.10 mmol) in CH,CI, (1.0 mL) was added mCPBA (2.0 equiv). After
stirring for 24 h at 35 <€, the reaction mixture was quenched with aqueous NaHCO3 and the mixture
was diluted with dichloromethane. The combined organic layers were washed with brine, dried over
Na,SO,, evaporated in vacuo, and was purified by column chromatography on silica gel (Eluent:
petroleum ether/ethyl acetate = 3/1) to give product 11 (88% yield, 9:1 dr).

9. Determination of the absolute configuration of 3aa, 5da, 7aa, 10 and catalyst A
by X-ray Crystallography.

\ Qon

> S@'COPh

H o
D

Bn

3aa CCDC 1508734

<000 ¢

5da CCDC 1561920

11



7aa CCDC 1561915

10 CCDC 1588143

0000 _©

A CCDC 1813072

These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk./ data_request/cif.
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11. Spectral characterization data for the products
{(1R,2R,3R,3aS)-1'-Benzyl-2'-0x0-1,2-dihydro-3aH-spiro[benzo[d]pyrrolo[2,1-b]thiazole-3,3"
-indoline]-1,2-diyl}bis(phenylmethanone) (3aa)
Light yellow solid; 99% yield, 98% ee; [a]***p = —255 (¢ = 1.02, CH,Cl,);

80% vyield, 93% ee; [a]*®p = —243 (c = 0.81, CH,CL,).
HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate =
1.0 mL/min, A = 254 nm, retention time: 16.65 min, 25.53 min; m.p. 190-192
<.
'H NMR: (400 MHz, CDCl3) & = 8.37 — 8.21 (m, 2H), 7.66 — 7.59 (m, 1H),
7.57 — 7.48 (m, 2H), 7.45 — 7.35 (m, 3H), 7.25 — 7.14 (m, 5H), 7.08 — 7.01 (m,
1H), 6.98 — 6.87 (m, 3H), 6.80 — 6.68 (m, 3H), 6.65 — 6.57 (M, 1H), 6.44 (d, J =
7.6 Hz, 1H), 6.32 — 6.20 (m, 2H), 6.13 (s, 1H), 5.16 (d, J = 7.2 Hz, 1H), 4.86 (d, J = 16.0 Hz, 1H), 4.22
(d, J = 16.0 Hz, 1H).
BC{"H} NMR: (101 MHz, CDCl;) 8 = 198.6, 195.2, 174.1, 147.5, 142.8, 136.1, 135.7, 134.8, 133.8,
133.2,129.1, 128.9, 128.7, 128.6, 128.2, 128.1, 127.5, 126.6, 126.5, 126.1, 125.9, 124.6, 121.97, 121.8,

121.0, 108.8, 108.7, 81.1, 67.3, 64.6, 57.5, 43.8.
HRMS (ESI-TOF) calcd for C3gH,sN,NaO;S™ ([M]+Na*) = 615.1713, Found 615.1721.

016
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{(1R,2R,3R,3aS)-1'-Benzyl-5'-chloro-2'-ox0-1,2-dihydro-3aH-spiro[benzo[d]pyrrolo[2,1-b]thi
azole-3,3'-indoline]-1,2-diyl}bis(phenylmethanone) (3ba)

Light yellow solid; 99% yield, 95% ee; [a]*%, = —248 (c = 1.08,
CH,Cl,); m.p. 193-195 €.

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 17.52 min, 23.00 min.
'H NMR (400 MHz, CDCl3) & = 8.26 (d, J = 8.0 Hz, 2H), 7.62 (t, J =
7.2 Hz, 1H), 7.53 (t, J = 6.8 Hz, 2H), 7.42 (t, J = 6.8 Hz, 3H), 7.25 —
7.15 (m, 5H), 7.14 — 7.06 (m, 1H), 6.98 — 6.70 (m, 6H), 6.44 (d, J = 6.8
Hz, 1H), 6.17 (d, J = 8.0 Hz, 1H), 6.14 — 5.90 (m, 2H), 5.19 (d, J = 6.8 Hz, 1H), 4.83 (d, J = 16.0 Hz,
1H), 4.26 (d, J = 16.0 Hz, 1H).

BC{*H} NMR (101 MHz, CDCly) § = 198.2, 194.9, 173.8, 147.2, 141.3, 135.9, 135.5, 134.3, 133.9,
133.4,129.1, 129.0, 128.8, 128.6, 128.3, 128.2, 127.1, 127.5, 126.8, 126.5, 126.4, 126.2, 126.1, 122.0,
121.5, 109.5, 109.0, 81.2, 67.3, 65.0, 56.9, 43.9.

HRMS (ESI-TOF) calcd for CagHy, CIN,NaO,S* ([M]+Na*) = 649.1323, Found 649.1320.
CasH,7*"CIN,NaO,;S* ([M]+Na") = 651.1294, Found 651.1311.
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{(1R,2R,3R,3aS)-1'-Benzyl-5'-methyl-2'-0x0-1,2-dihydro-3aH-spiro[benzo[d]pyrrolo[2,1-b]th
iazole-3,3'-indoline]-1,2-diyl}bis(phenylmethanone) (3ca)

Light yellow solid; 99% vyield, 98% ee; [0]***5 = —249 (c = 0.87, CH,CL,);
m.p. 187-189 <€.

HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 90/10, flow rate
= 1.0 mL/min, A = 254 nm, retention time: 11.02 min, 12.51 min.

'H NMR (400 MHz, CDCl5) & = 8.35 — 8.24 (m, 2H), 7.65 — 7.59 (m, 1H),
7.57—7.50 (m, 2H), 7.45 — 7.38 (m, 3H), 7.24 — 7.15 (m, 5H), 7.11 — 7.04
(m, 1H), 6.94 — 6.86 (M, 2H), 6.82 — 6.69 (M, 4H), 6.44 (d, J = 7.2 Hz, 1H),
6.15 (d, J = 8.0 Hz, 1H), 6.07 (s, 1H), 5.97 (s, 1H), 5.15 (d, J = 7.2 Hz, 1H), 4.82 (d, J = 15.6 Hz, 1H),
4.23 (d, J = 15.6 Hz, 1H), 1.90 (s, 3H).

BC{*H} NMR (101 MHz, CDCl;) § = 198.6, 195.3, 174.0, 147.8, 140.4, 136.2, 135.7, 134.9, 133.8,
133.1, 131.4,129.1, 128.9, 128.8, 128.7, 128.2, 128.1, 127.4, 127.3, 126.6, 126.6, 125.8, 124.6, 121.7,
120.9, 108.9, 108.3, 81.1, 67.4, 64.7, 57.2, 43.8, 20.8.

HRMS (ESI-TOF) calcd for C3gH3N,NaO;S™ ([M]+Na*) = 629.1869, Found 629.1871.
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{(1R,2R,3R,3aS)-1'-Benzyl-5'-methoxy-2'-ox0-1,2-dihydro-3aH-spiro[benzo[d]pyrrolo[2,1-b]t
hiazole-3,3'-indoline]-1,2-diyl}bis(phenylmethanone) (3cas)
Light yellow solid; 99% yield, 98% ee; [0]**%; = —249 (c = 0.61,

COPh

7.2 Hz, 1H), 4.84 (d, J = 16.0 Hz, 1H), 4.17 (d, J = 16.0 Hz, 1H), 3.25 (s, 3H).

CH,Cl,); m.p. 197-200 €.

HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 13.16 min, 15.67 min.

'H NMR: (400 MHz, CDCls) & = 8.38 — 8.17 (m, 2H), 7.65 — 7.59 (m,
1H), 7.58 — 7.49 (m, 2H), 7.46 — 7.35 (m, 3H), 7.26 — 7.12 (m, 5H), 7.10
—7.01 (m, 1H), 6.97 — 6.87 (m, 2H), 6.85 — 6.65 (m, 3H), 6.48 (dd, J =
8.4, 2.4 Hz, 1H), 6.44 (d, J = 7.2 Hz, 1H), 6.27 — 6.02 (m, 2H), 5.88 (d, J = 2.4 Hz, 1H), 5.13 (d, J =

BC{*H} NMR: (101 MHz, CDCl,) 5 = 198.5, 195.1, 173.8, 155.1, 147.6, 136.2, 136.1, 135.6, 134.9,
133.9, 133.2, 129.1, 129.0, 128.7, 128.2, 128.2, 127.5, 126.9, 126.6, 125.9, 125.5, 122.0, 120.9, 115.8,
111.2, 109.4, 108.6, 80.9, 67.2, 65.3, 57.4, 55.2, 43.9.

HRMS (ESI-TOF) calcd for CaoHaoN,Na0,S* ([M]+Na*) = 645.1818, Found 645.1815.
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{(1R,2R,3R,3aS)-1'-Benzyl-6'-chloro-2'-ox0-1,2-dihydro-3aH-spiro[benzo[d]pyrrolo[2,1-b]thi
azole-3,3'-indoline]-1,2-diyl}bis(phenylmethanone) (3da)

Light yellow solid; 99% yield, 97% ee; [a]®*', = —309 (c = 0.76,
CH,Cl,); m.p. 180-184 €.

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 14.74 min, 23.89 min.

'H NMR (400 MHz, CDCls) = 8.24 (d, J = 7.6 Hz, 2H), 7.62 (t, J =
7.6 Hz, 1H), 7.52 (t, J=7.2 Hz, 2H), 7.47 — 7.38 (m, 3H), 7.26 — 7.15
(m, 5H), 7.06 (t, J = 7.6 Hz, 1H), 6.94 — 6.84 (m, 2H), 6.83 — 6.69 (M,
3H), 6.56 (d, J = 8.0 Hz, 1H), 6.40 (d, J = 6.8 Hz, 1H), 6.27 (s, 1H), 6.11 (d, J = 8.0 Hz, 1H), 6.06 (s,
1H), 5.16 (d, J = 7.2 Hz, 1H), 4.82 (d, J = 16.0 Hz, 1H), 4.22 (d, J = 16.0 Hz, 1H).

13C{lH} NMR (101 MHz, CDCls) 6 = 198.3, 195.0, 174.3, 147.3, 144.0, 135.9, 135.6, 134.4, 134.2,
133.9, 133.5, 129.1, 129.0, 128.9, 128.3, 128.2, 127.7, 127.0, 126.5, 126.3, 126.1, 123.1, 122.0, 121.9,
121.2,109.3, 108.9, 81.1, 67.3, 64.5, 57.2, 44.0.

HRMS (ESI-TOF) calcd for CagHy, CIN,NaO;S* ([M]+Na*) = 649.1323, Found 649.1326.

CasH27> CIN,NaO;S* ([M]+Na") = 651.1294, Found 651.1363.
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{(1R,2R,3R,3aS)-1'-Benzyl-2'-oxo-7'-(trifluoromethyl)-1,2-dihydro-3aH-spiro[benzo[d]pyrro
l0[2,1-b]thiazole-3,3'-indoline]-1,2-diyl}bis(phenylmethanone) (3ea)

Light yellow solid; 94% yield, 93% ee; [a]***5 = —193 (c = 0.96, CH,Cl,);
m.p. 148-150 €.

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate
= 1.0 mL/min, A = 254 nm, retention time: 10.55 min, 21.92 min.

'H NMR (400 MHz, CDCl3) 6 =8.26 (d, J=7.6 Hz, 2H), 7.63 (t, J = 7.2
Hz, 1H), 7.54 (t, J = 8.0 Hz, 2H), 7.48 — 7.41 (m, 1H), 7.33 (d, J = 8.0 Hz,
1H), 7.26 — 7.15 (m, 7H), 7.12 — 7.04 (m, 1H), 6.94 (d, J = 6.8 Hz, 2H),
6.87 — 6.63 (M, 4H), 6.45 (dd, J = 14.8, 7.6 Hz, 2H), 6.09 (s, 1H), 5.14 (d, J

= 6.8 Hz, 1H), 5.03 (d, J = 17.2 Hz, 1H), 4.57 (d, J = 17.2 Hz, 1H).

BC{'H} NMR (101 MHz, CDCl;) § = 198.2, 195.5, 175.7, 147.2, 141.1, 136.1, 135.6, 135.6, 134.0,
133.5,129.4, 129.1, 129.0, 128.4, 128.2, 127.8, 127.8, 127.0, 126.9, 126.3, 126.2, 125.4, 122.9 (d, J =
273.0 Hz) 122.0, 121.5, 121.2, 112.5 (d, J = 33.1 Hz), 108.8, 81.4, 66.9, 63.2, 58.6, 45.6 (q, J = 5.4

Hz).

HRMS (ESI-TOF) calcd for CaHprFsN,NaO;S* ([M]+Na*) = 683.1587, Found 683.1588.
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{(1R,2R,3R,3aS)-1'-Benzyl-2'-0x0-1,1',2,2",6',7",8',9'-octahydro-3aH-spiro[benzo[d]pyrrolo[2,
1-b]thiazole-3,3'-benzo[g]indole]-1,2-diyl}bis(phenylmethanone) (3eas)
Light yellow solid; 99% yield, 99% ee; [0]**%,= —225 (¢ = 1.40, CH,CL,);

m.p. 182-183 €.
HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 90/10, flow rate
= 1.0 mL/min, A = 254 nm, retention time: 16.69 min, 29.34 min.
'H NMR (400 MHz, CDCly) § = 8.28 (d, J = 7.2 Hz, 2H), 7.65 — 7.59 (m,

1H), 7.55 — 6.49 (m, 2H), 7.44 (t, J = 7.2 Hz, 1H), 7.30 (d, J = 7.6 Hz, 2H),
7.25 - 7.14 (m, 5H), 7.03 (t, J = 7.6 Hz, 1H), 6.90 (d, J = 6.8 Hz, 2H),

6.83 (d, J = 7.6 Hz, 1H), 6.73 (t, J = 7.2 Hz, 1H), 6.66 (d, J = 8.0 Hz, 1H),

6.41 (d, J = 8.0 Hz, 1H), 6.35 (d, J = 7.6 Hz, 1H), 6.18 (s, 1H), 6.05 (d, J = 7.6 Hz, 1H), 5.14 (d, J =

17.2 Hz, 1H), 5.05 (d, J = 7.6 Hz, 1H), 4.45 (d, J = 16.8 Hz, 1H), 2.70 — 2.51 (m, 2H), 2.45 — 2.33 (m,
1H), 2.28 — 2.16 (m, 1H), 1.62 — 1.53 (m, 1H), 1.49 — 1.35 (m, 3H).

BC{*H} NMR (101 MHz, CDCl;) 5 = 198.9, 195.7, 175.7, 147.6, 140.8, 139.2, 137.0, 136.6, 135.7,

133.8,132.8, 129.1, 128.9, 128.8, 128.0, 127.8, 127.0, 126.7, 125.8, 125.2, 123.6, 123.0, 122.3, 121.7,
120.8,120.2, 108.7, 80.8, 67.2, 63.6, 58.8, 45.7, 30.2, 24.4, 22.6, 21.9.

HRMS (ESI-TOF) calcd for CsHaN,NaO;S* ([M]+Na*) = 669.2182, Found 669.2183.
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(1R,2R,3R,3aS)-1-Benzoyl-1'-benzyl-2-(2-fluorobenzoyl)-1,2-dihydro-3aH-spiro[benzo[d]pyr
rolo[2,1-b]thiazole-3,3'-indolin]-2'-one (3fa)

Light yellow solid; 94% yield, 98% ee; [0]***; = —211 (¢ = 0.61,
CH.Cl,); m.p. 177-178 €.

HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 15.67 min, 18.81 min.

'H NMR (400 MHz, CDCly) & = 8.40 — 8.26 (m, 2H), 7.68 — 7.61 (m,
1H), 7.60 — 7.49 (m, 2H), 7.37 — 7.26 (m, 2H), 7.26 — 7.16 (m, 2H), 7.09
—6.96 (M, 4H), 6.94 — 6.83 (M, 2H), 6.82 — 6.68 (M, 4H), 6.64 (t, J= 7.6
Hz, 1H), 6.40 — 6.30 (m, 2H), 6.25 (d, J = 7.6 Hz, 1H), 6.08 (s, 1H), 5.14 (d, J = 7.6 Hz, 1H), 4.88 (d, J
=15.6 Hz, 1H), 3.96 (d, J = 15.6 Hz, 1H).

BC{*H} NMR (101 MHz, CDCl3) & = 198.5, 193.9, 173.7, 160.1 (d, J = 258.6 Hz), 147.5, 143.1, 135.8,
134.9, 133.9 (d, J = 8.6 Hz), 133.9, 129.6 (d, J = 1.8 Hz),129.2, 129.0, 128.9, 128.8, 127.6, 126.8,
126.5, 126.0, 125.9, 125.6 (d, J = 12.1 Hz), 124.8, 123.6 (d, J = 3.6 Hz), 122.2, 121.8, 121.1, 116.0 (d,
J=22.0Hz), 108.8, 108.8, 80.8, 66.6, 64.1, 60.6, 43.8.

HRMS (ESI-TOF) calcd for CagHpsFN,NaO5S* ([M]+Na*) = 633.1619, Found 633.1623.
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(1R,2R,3R,3aS)-1-Benzoyl-1'-benzyl-2-(3-methylbenzoyl)-1,2-dihydro-3aH-spiro[benzo[d]py
rrolo[2,1-b]thiazole-3,3'-indolin]-2'-one (3ga)

Light yellow solid; 99% yield, 96% ee; [0]**%; = —263 (c = 1.23,
CH,Cl,); m.p. 175-177 €

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30,
flow rate = 1.0 mL/min, A = 254 nm, retention time: 16.15 min, 21.29
min.

'H NMR (400 MHz, CDCl3) § = 8.28 (d, J = 7.4 Hz, 2H), 7.66 —
7.59 (d, 1H), 7.57 — 7.46 (m, 2H), 7.25 — 7.14 (m, 6H), 7.13 - 7.07
(m, 1H), 7.07 — 7.02 (m, 1H), 6.97 — 6.86 (m, 3H), 6.80 — 6.67 (m, 3H), 6.61 (t, J = 7.6 Hz, 1H), 6.43
(d, J=7.2 Hz, 1H), 6.26 (t, J = 8.4 Hz, 2H), 6.13 (s, 1H), 5.14 (d, J = 7.2 Hz, 1H), 4.87 (d, J = 16.0 Hz,
1H), 4.25 (d, J = 16.0 Hz, 1H), 2.22 (s, 3H).

BC{*H} NMR (101 MHz, CDCly) 8 = 198.7, 195.4, 174.2, 147.5, 142.9, 138.1, 136.2, 135.7, 134.9,
133.9, 133.8, 129.1, 128.9, 128.7, 128.7, 128.5, 128.1, 127.4, 126.5, 126.1, 125.9, 125.3, 124.7, 122.0,
121.8, 120.9, 108.8, 108.7, 81.1, 67.3, 64.7, 57.6, 43.8, 21.0.

HRMS (ESI-TOF) calcd for CgH3N,NaOsS™ ([M]+Na*) = 629.1869, Found 629.1870.
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(1R,2R,3R,3aS)-1-Benzoyl-1'-benzyl-2-(3-methoxybenzoyl)-1,2-dihydro-3aH-spiro[benzo[d]p
yrrolo[2,1-b]thiazole-3,3'-indolin]-2'-one (3gas)

Light yellow solid; 96% yield, 98% ee; [0]**%, = —243 (¢ = 1.01,
CH,Cl,); m.p. 189-190 €.

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 17.76 min, 26.67 min.
'H NMR: (400 MHz, CDCly) & = 8.43 — 8.12 (m, 2H), 7.66 — 7.60 (m,
1H), 7.59 — 7.45 (m, 2H), 7.25 — 7.15 (m, 3H), 7.14 — 7.08 (m, 2H),
7.08 — 7.01 (m, 2H), 7.01 — 6.85 (m, 4H), 6.84 — 6.78 (m, 1H), 6.78 —
6.66 (M, 3H), 6.64 — 6.56 (m, 1H), 6.43 (d, J = 7.2 Hz, 1H), 6.30 (d, J = 7.6 Hz, 1H), 6.26 — 6.18 (m,
1H), 6.13 (s, 1H), 5.14 (d, J = 7.2 Hz, 1H), 4.89 (d, J = 16.0 Hz, 1H), 4.26 (d, J = 16.0 Hz, 1H), 3.66 (s,
3H).

13C{lH} NMR: (101 MHz, CDClz) 6 =198.7, 195.1, 174.2, 159.3, 147.5 142.9, 137.4, 135.7, 134.8,
133.9, 129.1, 129.1, 128.9, 128.7, 128.6, 127.5, 126.6, 126.5, 126.1, 125.9, 124.7, 122.0, 121.8, 121.0,
120.7, 111.3, 108.8, 108.8, 81.0, 67.3, 64.6, 57.7, 55.2, 43.8.

HRMS (ESI-TOF) calcd for C3gH30N,NaO,S* ([M]+Na*) = 645.1818, Found 645.1819.
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(1R,2R,3R,3aS)-1-Benzoyl-1'-benzyl-2-(4-chlorobenzoyl)-1,2-dihydro-3aH-spiro[benzo[d]pyr
rolo[2,1-b]thiazole-3,3'-indolin]-2'-one (3ha)

Light yellow solid; 99% yield, 96% ee; [0]*“p = —289 (¢ = 1.29,
CH.Cl,); m.p. 170-173 €.

HPLC DAICEL CHIRALCEL 1A, n-hexane/2-propanol = 70/30,
flow rate = 1.0 mL/min, A = 254 nm, retention time: 15.47 min,
35.57 min.

'H NMR (400 MHz, CDCl3) & = 8.25 (d, J = 8.0 Hz, 2H), 7.68 —
7.59 (m, 1H), 7.58 — 7.45 (m, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.26 —
7.19 (m, 3H), 7.15 (d, J = 8.0 Hz, 2H), 7.09 — 7.02 (m, 1H), 7.01 — 6.84 (m, 3H), 6.84 — 6.65 (m, 3H),
6.60 (t, J = 7.6 Hz, 1H), 6.39 (t, J = 7.6 Hz, 2H), 6.23 (d, J = 7.6 Hz, 1H), 6.09 (s, 1H), 5.14 (d, J = 7.2
Hz, 1H), 4.83 (d, J = 15.6 Hz, 1H), 4.43 (d, J = 15.6 Hz, 1H).

13C{lH} NMR (101 MHz, CDCl3)é = 198.5, 193.9, 174.1, 147.4, 142.8, 139.8, 135.7, 134.7, 134.3,
133.9, 129.6, 129.1, 128.9, 128.7, 128.5, 127.6, 126.7, 126.5, 126.3, 125.9, 124.5, 122.0, 121.8, 121.1,
108.9, 108.8, 81.3, 67.6, 64.6, 57.1, 44.0.

HRMS (ESI-TOF) calcd for CagH,7°CIN,NaO5S* ([M]+Na*) = 649.1323, Found 649.1328.

CssHo7Y CIN,NaO;S* ([M]+Na") = 651.1294, Found 651.1313.
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(1R,2R,3R,3aS)-1-Benzoyl-1'-benzyl-2-(4-methoxybenzoyl)-1,2-dihydro-3aH-spiro[benzo[d]p
yrrolo[2,1-b]thiazole-3,3'-indolin]-2’-one (3ia)

Light yellow solid; 95% vyield, 97% ee; [a]*35 = —165 (c = 0.94,
CH,Cl,); m.p. 173-175 €.

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30,
flow rate = 1.0 mL/min, A = 254 nm, retention time: 13.56 min,
27.76 min.

'H NMR (400 MHz, CDCl3) 6 =8.31—-8.20 (m, 2H), 7.60 (t, J=7.2
Hz, 1H), 7.51 (t, J = 7.6 Hz, 4H), 7.20 — 7.11 (m, 3H), 7.05 — 7.00
(m, 1H), 6.93 (t, J = 7.2 Hz, 1H), 6.82 (d, J = 6.8 Hz, 2H), 6.78 — 6.71 (m, 2H), 6.70 — 6.65 (M, 3H),
6.60 (t, J = 7.6 Hz, 1H), 6.43 (d, J = 7.2 Hz, 1H), 6.33 (dd, J = 11.6, 8.0 Hz, 2H), 6.14 (s, 1H), 5.12 (d,
J =7.6 Hz, 1H), 4.78 (d, J = 16.0 Hz, 1H), 4.57 (d, J = 16.0 Hz, 1H), 3.75 (s, 3H).

13C{lH} NMR (101 MHz, CDCls) 6 = 198.9, 192.8, 174.1, 163.8, 147.6, 142.7, 135.6, 134.8, 133.8,
130.8, 129.1, 128.9, 128.8, 128.6, 128.5, 127.4, 126.5, 126.4, 125.9, 124.6, 121.9, 121.7, 120.9, 113.5,
108.8, 81.4, 67.7, 64.9, 56.6, 55.4, 43.9.

HRMS (ESI-TOF) calcd for CagH30N,NaO,S* ([M]+Na*) = 645.1818, Found 645.1816.
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(1R,2R,3R,3aS)-2-(2-Naphthoyl)-1-benzoyl-1'-benzyl-1,2-dihydro-3aH-spiro[benzo[d]pyrrolo
[2,1-b]thiazole-3,3'-indolin]-2'-one (3ias)

Light yellow solid; 99% vyield, 97% ee; [0]***,= -394 (c = 1.34,
CH.Cl,); m.p. 141-142 €.

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30,
flow rate = 1.0 mL/min, A = 254 nm, retention time: 17.73 min,
31.74 min.

'H NMR (400 MHz, CDCl3) & = 8.31 (d, J = 8.0 Hz, 2H), 8.13 (s,
1H), 7.89 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.65 — 7.47
(m, 6H), 7.36 (d, J = 8.4 Hz, 1H), 7.10 — 7.00 (m, 2H), 6.94 — 6.84 (m, 3H), 6.80 — 6.67 (M, 5H), 6.62
(t,J=7.6 Hz, 1H), 6.51 (d, J = 7.2 Hz, 1H), 6.32 (d, J = 7.6 Hz, 1H), 6.19 (s, 1H), 6.15 (d, J = 8.0 Hz,
1H), 5.36 (d, J = 7.2 Hz, 1H), 4.67 (d, J = 16.0 Hz, 1H), 3.95 (d, J = 16.0 Hz, 1H).

BC{*H} NMR (101 MHz, CDCl;) § = 198.7, 194.8, 174.3, 147.6, 142.7, 135.7, 135.4, 134.6, 133.8,
133.3, 132.0, 130.4, 129.7, 129.1, 128.9, 128.8, 128.6, 128.4, 128.1, 127.5, 127.3, 126.9, 126.5, 126.3,
126.2, 125.9, 124.6, 123.6, 122.0, 121.8, 121.0, 108.8, 108.8, 81.2, 67.5, 64.8, 57.4, 43.7.

HRMS (ESI-TOF) calcd for C4,H3oN,NaO5S* ([M]+Na*) = 665.1869, Found 665.1872.
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(1R,2R,3R,3aS)-1-Benzoyl-1'-benzyl-2-isobutyryl-1,2-dihydro-3aH-spiro[benzo[d]pyrrolo[2,1
-b]thiazole-3,3'-indolin]-2"-one (3ja)

Light yellow solid; 99% yield, 99% ee; [a]**% = —307 (c = 1.25, CH,Cl,);
m.p. 173-175 €.

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 19.24 min, 42.07 min.

'H NMR (400 MHz, CDCl3) 6 = 8.37 — 8.20 (m, 2H), 7.70 — 7.64 (m,
1H), 7.61 — 7.53 (m, 2H), 7.41 — 7.32 (m, 4H), 7.32 — 7.26 (m, 1H), 7.13
—7.06 (m, 1H), 7.00 — 6.93 (m, 1H), 6.79 — 6.72 (m, 2H), 6.72 — 6.67 (m,
1H), 6.66 — 6.60 (m, 1H), 6.55 (d, J = 7.6 Hz 1H), 6.34 (d, J = 7.2 Hz, 1H), 6.03 (s, 1H), 5.94 (d, J =
8.0 Hz, 1H), 5.12 (d, J = 15.6 Hz, 1H), 4.83 (d, J = 15.6 Hz, 1H), 4.62 — 4.51 (m, 1H), 4.39 (d, J = 8.0,
1H), 0.89 (d, J = 6.4 Hz, 3H), 0.26 (d, J = 6.4 Hz, 3H).

13C{lH} NMR (101 MHz, CDCls) 6 = 198.5, 174.0, 168.0, 147.6, 143.7, 135.9, 135.4, 133.8, 129.1,
128.9,128.8, 127.7,127.4, 126.6, 125.9, 125.8, 124.6, 121.9, 121.7, 121.0, 108.9, 108.7, 80.0, 69.3,
67.4,63.4,54.6,44.3, 21.3, 20.1.
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(1R,2R,3R,3aS)-1-Benzoyl-1'-benzyl-2-(4-chlorophenyl)-1,2-dihydro-3aH-spiro[benzo[d]pyrr
olo[2,1-b]thiazole-3,3'-indolin]-2'-one (3ka)

Light yellow solid; 74% yield, 99% ee; [a]*"5 = —260 (c = 0.61,
CH,Cly); m.p. 172-173 €..

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 80/20,

“,, flow rate = 1.0 mL/min, A = 254 nm, retention time: 11.74 min, 15.53
/1
SCL
Cl

COPh

min.

IH NMR (400 MHz, CDCly) & = 8.05 (d, J = 7.2 Hz, 2H), 7.58 (t, J =
7.6 Hz, 1H), 7.44 (t, J = 7.6 Hz, 2H), 7.21 — 7.08 (m, 4H), 7.00 (t, J =
7.6 Hz, 1H), 6.96 — 6.74 (m, 7H), 6.72 (d, J = 7.6 Hz, 1H), 6.66 (d, J = 7.2 Hz, 2H), 6.50 (d, J = 8.0 Hz,
2H), 6.45 (s, 1H), 5.29 (d, J = 11.6 Hz, 1H), 5.09 (d, J = 16.0 Hz, 1H), 4.52 (d, J = 16.0 Hz, 1H), 4.44
(d, J = 11.2 Hz, 1H).

13C{lH} NMR (101 MHz, CDCls) 6 = 199.1, 173.5, 147.5, 142.9, 135.4, 134.5, 134.2, 133.7, 130.6,
130.2, 129.2, 128.8, 128.7, 128.6, 128.4, 128.3, 127.5, 126.4, 125.8, 125.2, 125.1, 122.2,121.5, 121.4,
109.8, 109.7, 77.9, 74.0, 66.3, 58.3, 43.7.

HRMS (ESI-TOF) calcd for C3;H,;*CIN,NaO,S* ([M]+Na*) = 621.1374, Found 621.1376.
CarH27"'CIN,NaO,S* ([M]+Na*) = 623.1344, Found 623.1342.
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((1R,2R,3R,3aS)-1'-Methyl-2'-ox0-1,2-dihydro-3aH-spiro[benzo[d]pyrrolo[2,1-b]thiazole-3,3"
-indoline]-1,2-diyl)bis(phenylmethanone) (3la)

Light yellow solid; 99% yield, 96% ee; [a]**,

m.p. 190-191 €.

253 (¢ = 0.80, CH,CL,);

Hz, 2H), 6.22 — 6.11 (m, 1H), 6.06 (s, 1H), 5.01 (d, J = 6.8 Hz, 1H), 2.7 (s, 3H).

BC{*H} NMR (101 MHz, CDCls) 8 = 198.6, 195.6, 174.2, 147.4, 143.5, 136.3, 135.7, 133.9, 132.8,
129.1, 128.9, 128.8, 127.9, 127.8, 126.6, 125.9, 125.8, 124.8, 122.1, 121.7, 121.0, 108.9, 107.5, 80.0,

66.6, 64.4, 58.6, 26.2.

HRMS (ESI-TOF) calcd for Cs,H,,N,NaO3S* ([M]+Na*) = 539.1400, Found 539.1402.

HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 90/10, flow rate
= 1.0 mL/min, A = 254 nm, retention time: 12.02 min, 13.54 min.
'H NMR (400 MHz, CDCl5) & = 8.38 — 8.18 (m, 2H), 7.65 — 7.58 (m, 1H),
7.58 —7.48 (m, 2H), 7.38 — 7.32 (m, 1H), 7.24 — 7.10 (m, 4H), 7.10 — 6.98
(m, 2H), 6.86 — 6.68 (m, 3H), 6.67 — 5.58 (m, 1H), 6.37 (dd, J = 14.0, 7.2
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tert-Butyl (1R,2R,3R,3aS)-1,2-dibenzoyl-2'-oxo0-1,2-dihydro-3aH-spiro[benzo[d]pyrrolo
[2,1-b]thiazole-3,3'-indoline]-1'-carboxylate (3ma)

Light yellow solid; 99% yield, 72% ee; [0]**% = —115 (c = 0.66, CH,Cl,);
m.p. 155-156 <€.

HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 95/5, flow rate =
1.0 mL/min, A = 254 nm, retention time: 7.54 min, 8.44 min.

'H NMR: (400 MHz, CDCls) = 8.33 — 8.21 (m, 2H), 7.66 — 7.60 (m, 1H),
7.57 — 7.50 (m, 2H), 7.40 (d, J = 8.4 Hz, 1H), 7.39 — 7.33 (m, 1H), 7.23 —
7.13 (m, 4H), 7.11 — 7.00 (m, 2H), 6.80 — 6.65 (m, 4H), 6.37 (d, J = 7.2 Hz,
1H), 6.25 — 6.18 (m, 1H), 6.11 (s, 1H), 5.07 (d, J = 7.2 Hz, 1H), 1.56 (s, 9H).

BC{*H} NMR: (101 MHz, CDCl,) 5 = 198.5, 195.6, 173.6, 148.0, 147.2, 139.8, 136.3, 135.7, 134.0,
133.1,129.2, 129.0, 128.2, 127.7, 126.6, 126.0, 125.5, 123.8, 121.8, 121.1, 114.3, 108.7, 84.6, 81.4,
66.5, 64.9, 59.9, 28.0.

HRMS (ESI-TOF) calcd for C5H3N,NaOsS* ([M]+Na*) = 625.1768, Found 625.1771.
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(1R,2R,3R,3aS)-2-Benzoyl-1'-benzyl-1-(2-fluorobenzoyl)-1,2-dihydro-3aH-spiro[benzo[d]pyr
rolo[2,1-b]thiazole-3,3'-indolin]-2'-one (3ab)

Light yellow solid; 99% yield, 94% ee; [0]**,= —191 (¢ = 1.31, CH,CL,);
m.p. 190-191 €.

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 17.58 min, 19.84 min.

'H NMR (400 MHz, CDCly) 8 = 7.80 (t, J = 7.3 Hz, 1H), 7.53 — 7.47 (m,
1H), 7.43 - 7.34 (m, 3H), 7.26 — 7.11 (m, 7H), 7.09 — 7.02 (m, 1H), 6.96 —
6.85 (m, 3H), 6.80 (d, J = 8.0 Hz, 1H), 6.76 — 6.64 (m, 2H), 6.55 (t, J=7.6
Hz, 1H), 6.32 (d, J = 6.8 Hz, 1H), 6.25 (d, J = 8.0 Hz, 1H), 6.14 (d, J = 7.6 Hz, 1H), 5.93 (s, 1H), 5.24
(d, J=7.2 Hz, 1H), 4.86 (d, J = 15.6 Hz, 1H), 4.24 (d, J = 15.6 Hz, 1H).

BC{*H} NMR (101 MHz, CDCly) § = 198.5 (d, J = 2.8 Hz), 194.8, 174.4, 160.5 (d, J = 254.5 Hz),
147.4,142.8,136.2, 134.9, 134.3, 134.2 (d, J = 8.7 Hz), 133.1, 130.4 (d, J = 2.8 Hz), 128.8, 128.6,
128.2,128.1,127.6, 126.7, 126.4, 126.2 (d, J = 20.0 Hz), 126.1 (d, J = 14.7 Hz), 124.8 (d, J = 3.3 Hz),
124.62,122.0, 121.8, 121.2, 116.5 (d, J = 22.2 Hz), 109.1 (d, J = 2.7 Hz), 108.7, 80.7, 70.7 (d, J = 3.6
Hz), 64.6, 56.0, 43.9.

HRMS (ESI-TOF) calcd for C3gH,,FN,NaO;S* ([M]+Na®) = 633.1619, Found 633.1624.
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(1R,2R,3R,3aS)-2-Benzoyl-1'-benzyl-1-(2-methoxybenzoyl)-1,2-dihydro-3aH-spiro[benzo[d]p
yrrolo[2,1-b]thiazole-3,3'-indolin]-2'-one (3acs)

Light yellow solid; 89% yield, 96% ee; [a]*°p = —203 (c = 1.03, CH,Cl,);
m.p. 184-186 €

HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 95/5, flow rate
= 1.0 mL/min, A = 254 nm, retention time: 26.60 min, 31.91 min.

'H NMR (400 MHz, CDCly) & = 7.60 — 7.53 (m, 1H), 7.48 — 7.34 (m, 4H),
7.25-7.10 (m, 5H), 7.08 — 7.01 (m, 1H), 6.99 (d, J = 7.6 Hz, 1H), 6.97 —
6.85 (m, 4H), 6.81 — 6.63 (m, 3H), 6.58 (t, J=7.6 Hz, 1H),6.32 (d, J =

7.6 Hz, 1H), 6.28 (d, J = 8.0 Hz, 1H), 6.21 (d, J = 7.6 Hz, 1H), 5.98 (s, 1H), 5.21 (d, J = 7.6 Hz, 1H),
4.80 (d, J = 15.6 Hz, 1H), 4.32 (d, J = 15.6 Hz, 1H), 3.97 (s, 3H).

BC{*H} NMR (101 MHz, CDCl) & = 202.3, 194.5, 174.3, 157.2, 147.7, 142.7, 136.3, 134.8, 133.0,
132.9,129.4,128.7, 128.5, 128.2, 128.1, 127.4, 126.6, 126.4, 126.3, 125.8, 124.8, 121.9, 121.5, 121.0,
120.7,111.1, 108.8, 108.7, 80.7, 71.3, 64.7, 55.6, 55.5, 43.8.

HRMS (ESI-TOF) calcd for C3gH3N,Na0,S* ([M]+Na*) = 645.1818, Found 645.1821.
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(1R,2R,3R,3aS)-2-Benzoyl-1'-benzyl-1-(3-methoxybenzoyl)-1,2-dihydro-3aH-spiro[benzo[d]p
yrrolo[2,1-b]thiazole-3,3'-indolin]-2"-one (3ac)

Light yellow solid; 99% yield, 98% ee; [0]**°; = —235 (c = 0.87,
CH,Cl,); m.p. 141-144 €.

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 50.90 min, 58.82 min.

'H NMR (400 MHz, CDCl3) § = 7.91 (d, J = 7.6 Hz, 1H), 7.73 (s, 1H),
7.43 (g, J = 8.4 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 7.25 — 7.12 (m, 6H),
7.09 —7.02 (m, 1H), 6.97 — 6.86 (m, 3H), 6.82 — 6.70 (m, 3H), 6.60 (t, J

= 7.6 Hz, 1H), 6.42 (d, J = 6.8 Hz, 1H), 6.27 (d, J = 8.0 Hz, 1H), 6.24 (d, J = 7.6 Hz, 1H), 6.13 (s, 1H),
5.13 (d, J = 7.2 Hz, 1H), 4.86 (d, J = 16.0 Hz, 1H), 4.22 (d, J = 16.0 Hz, 1H), 3.86 (s, 3H).

BC{'H} NMR (101 MHz, CDCl,) & = 198.4, 195.3, 174.2, 160.0, 147.5, 142.8, 136.9, 136.2, 134.9,
133.3,130.0, 128.8, 128.7, 128.2, 128.2, 127.5, 126.7, 126.5, 126.2, 126.0, 124.7, 122.1, 121.9, 121.7,

121.0,121.0, 113.0, 108.9, 108.8, 81.1, 67.4, 64.7, 57.6, 55.5, 43.9.

HRMS (ESI-TOF) calcd for C3gH3N,Na0,S* ([M]+Na*) = 645.1818, Found 645.1821.
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(1R,2R,3R,3aS)-2-Benzoyl-1'-benzyl-1-(4-chlorobenzoyl)-1,2-dihydro-3aH-spiro[benzo[d]pyr
rolo[2,1-b]thiazole-3,3'-indolin]-2'-one (3ad)

Light yellow solid; 99% vyield, 98% ee; [a]**°5 = —190 (c = 1.28,
CH,Cl,); m.p. 186-187 €.

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30,
flow rate = 1.0 mL/min, A = 254 nm, retention time: 22.76 min, 32.81
min.

'H NMR (400 MHz, CDCl3) & = 8.23 (d, J = 8.8 Hz, 2H), 7.50 (d, J =
8.4 Hz, 2H), 7.45 — 7.33 (m, 3H), 7.26 — 7.13 (m, 5H), 7.10 — 7.03 (m,
1H), 6.99 — 6.84 (m, 3H), 6.83 — 6.66 (m, 3H), 6.59 (t, J = 7.6 Hz, 1H), 6.36 (d, J = 7.2 Hz, 1H), 6.27
(d, J=7.8 Hz, 1H), 6.21 (d, J = 7.6 Hz, 1H), 6.10 (s, 1H), 5.13 (d, J = 7.2 Hz, 1H), 4.86 (d, J = 16.0 Hz,
1H), 4.21 (d, J = 16.0 Hz, 1H).

BC{*H} NMR (101 MHz, CDCly) 8 = 197.6, 195.2, 174.1, 147.3, 142.8, 140.5, 136.0, 134.7, 133.9,
133.3, 130.6, 129.3, 128.7, 128.7, 128.2, 128.1, 127.5, 126.6, 126.5, 126.0, 125.9, 124.5, 122.0, 121.9,
121.2, 108.8, 81.0, 67.5, 64.5, 57.5, 43.9.

HRMS (ESI-TOF) calcd for CagH,7*°CIN,NaO5S* ([M]+Na*) = 649.1323, Found 649.1324.

CssHo7Y CIN,NaO;S* ([M]+Na") = 651.1294, Found 651.1320.
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(1R,2R,3R,3aS)-2-Benzoyl-1'-benzyl-1-(4-nitrobenzoyl)-1,2-dihydro-3aH-spiro[benzo[d]pyrr
olo[2,1-b]thiazole-3,3'-indolin]-2'-one (3ads)

NO,

Light yellow solid; 99% vyield, 90% ee; [a]***p = ~165 (c = 0.81,
CH,Cl,); m.p. 192-198 €.

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol =
70/30, flow rate = 1.0 mL/min, A = 254 nm, retention time:
24.43 min, 33.28 min.

'H NMR (400 MHz, CDCl) 5 = 8.54 — 8.22 (m, 4H), 7.43 (t, J =
7.2 Hz, 1H), 7.36 (d, J = 7.6 Hz, 2H), 7.26 — 7.16 (m, 5H), 7.11 —

7.04 (m, 1H), 6.99 — 6.86 (m, 3H), 6.84 — 6.75 (M, 2H), 6.72 (d, J = 7.6 Hz, 1H), 6.58 (t, = 7.6 Hz,
1H), 6.36 (d, J = 7.4 Hz, 1H), 6.27 (d, J = 7.6 Hz, 1H), 6.14 (d, J = 7.6 Hz, 1H), 6.01 (s, 1H), 5.19 (d, J
= 7.4 Hz, 1H), 4.89 (d, J = 16.0 Hz, 1H), 4.20 (d, J = 16.0 Hz, 1H).

BC{IH} NMR (101 MHz, CDCly) & = 197.8, 195.1, 174.1, 150.5, 147.0, 142.8, 140.6, 135.9, 134.7,
133.4, 130.2, 128.8, 128.7, 128.2, 128.1, 127.5, 126.6, 126.6, 126.0, 126.0, 124.3, 124.0, 122.1, 122.1,
121.6, 108.8, 80.9, 68.4, 64.5, 57.2, 43.9.

HRMS (ESI-TOF) calcd for CzsH,7N3NaOsS* ([M]+Na') = 660.1564, Found 660.1564.
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(1R,2R,3R,3aS)-2-Benzoyl-1'-benzyl-1-(4-methylbenzoyl)-1,2-dihydro-3aH-spiro[benzo[d]py
rrolo[2,1-b]thiazole-3,3'-indolin]-2'-one (3ae)
Light yellow solid; 99% yield, 99% ee; [0]**%; = —268 (c = 0.59,

CH,CI,); m.p. 190-191 €.

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 18.38 min, 23.59 min.
'H NMR (400 MHz, CDCl3) & = 8.19 (d, J = 8.2 Hz, 2H), 7.45 - 7.35
(m, 3H), 7.33 (d, J = 8.0 Hz, 2H), 7.25 — 7.12 (m, 5H), 7.08 — 7.01 (m,
1H), 6.99 — 6.85 (m, 3H), 6.80 — 6.67 (m, 3H), 6.60 (t, J = 7.6 Hz, 1H),

6.42 (d, J = 7.6 Hz, 1H), 6.32 — 6.21 (m, 2H), 6.15 (s, 1H), 5.13 (d, J = 7.6 Hz, 1H), 4.85 (d, J = 16.0
Hz, 1H), 4.22 (d, J = 16.0 Hz, 1H), 2.43 (s, 3H).
13C{lH} NMR (101 MHz, CDCl;) 6 = 198.2, 195.3, 174.1, 147.6, 145.0, 142.8, 136.1, 134.8, 133.2,

133.0,129.7, 129.3, 128.7, 128.6, 128.2, 128.2, 127.5, 126.6, 126.5, 126.1, 125.9, 124.7, 122.0, 121.7,
120.9, 108.8, 108.7,81.1, 67.1, 64.6, 57.7, 43.8, 21.7.
HRMS (ESI-TOF) calcd for C3gH3N,NaO;S™ ([M]+Na*) = 629.1869, Found 629.1871.
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(1R,2R,3R,3aS)-2-Benzoyl-1'-benzyl-1-(4-(trifluoromethyl)benzoyl)-1,2-dihydro-3aH-spiro[b
enzo[d]pyrrolo[2,1-b]thiazole-3,3'-indolin]-2'-one (3af)

Light yellow solid; 99% yield, 96% ee; [0]**‘p = —163 (c = 0.27,
CH,Cl); m.p. 188-190 €.

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30,
flow rate = 1.0 mL/min, A = 254 nm, retention time: 18.16 min,
22.78 min.

'H NMR (400 MHz, CDCl3) & = 8.38 (d, J = 8.0 Hz, 2H), 7.79 (d, J
=8.0 Hz, 2H), 7.43 (t, = 7.6 Hz, 1H), 7.38 (d, J = 7.6 Hz, 2H),
7.26 — 7.15 (m, 5H), 7.12 — 7.06 (m, 1H), 7.00 — 6.88 (m, 3H), 6.83 — 6.68 (M, 3H), 6.59 (t, J = 7.6 Hz,
1H), 6.40 (d, J = 7.2 Hz, 1H), 6.28 (d, J = 7.6 Hz, 1H), 6.19 (d, J = 7.2 Hz, 1H), 6.07 (s, 1H), 5.18 (d, J
= 7.2 Hz, 1H), 4.89 (d, J = 16.0 Hz, 1H), 4.22 (d, J = 16.0 Hz, 1H).

BC{*H} NMR (101 MHz, CDCly) § = 198.1, 195.2, 174.2, 147.3, 142.9, 138.6, 134.9 (q, J = 32.7 Hz),
134.8, 133.4, 129.5, 128.8, 128.3, 128.2, 127.6, 126.7, 126.6, 126.1, 126.1, 126.0 (q, J = 3.6 Hz), 124.5,
123.5(d, J=274.0 Hz), 122.1, 122.1, 121.4, 108.9, 108.9, 81.0, 68.0, 64.6, 57.4, 43.4

HRMS (ESI-TOF) calcd for CygH,7F3N,NaO,S* ([M]+Na*) = 683.1587, Found 683.1592.
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(1R,2R,3R,3aS)-2-Benzoyl-1'-benzyl-1-(4-(tert-butyl)benzoyl)-1,2-dihydro-3aH-spiro[benzo[
d]pyrrolo[2,1-b]thiazole-3,3'-indolin]-2"-one (3ag)
Light yellow solid; 99% vyield, 97% ee; [a]**° = —193 (c = 1.24,

16.0 Hz, 1H), 1.35 (s, 9H).

BC{*H} NMR (101 MHz, CDCl;) 8 = 198.2, 195.2, 174.2, 157.8, 147.5, 142.8, 136.1, 134.8, 133.1,

CH,Cl,); m.p. 182-183 €.
HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 90/10,
flow rate = 1.0 mL/min, A = 254 nm, retention time: 11.49 min,
14.77 min.

'H NMR (400 MHz, CDCl3) & = 8.25 (d, J = 8.4 Hz, 2H), 7.55 (d, J
=8.4 Hz, 2H), 7.45-7.33 (m, 3H), 7.26 — 7.15 (m, 5H), 7.09 — 7.02
(m, 1H), 6.99 — 6.86 (m, 3H), 6.84 — 6.68 (m, 3H), 6.60 (t, J = 7.2 Hz, 1H), 6.44 (d, J = 7.2 Hz, 1H),
6.27 (t, J = 7.2 Hz, 2H), 6.15 (s, 1H), 5.14 (d, J = 6.8 Hz, 1H), 4.85 (d, J = 16.0 Hz, 1H), 4.22 (d, J =

132.8, 129.2, 128.7, 128.6, 128.2, 128.1, 127.4, 126.6, 126.5, 126.1, 125.9, 125.9, 124.7, 121.9, 121.7,
120.9, 108.8, 108.7, 81.2, 67.0, 64.6, 57.7, 43.8, 35.2, 31.0.
HRMS (ESI-TOF) calcd for C4H3sN,NaO;S™ ([M]+Na*) = 671.2339, Found 671.2347.
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(1R,2R,3R,3aS)-2-Benzoyl-1'-benzyl-1-(4-ethoxybenzoyl)-1,2-dihydro-3aH-spiro[benzo[d]pyr
rolo[2,1-b]thiazole-3,3'-indolin]-2'-one (3ah)

Light yellow solid; 99% vyield, 97% ee; [a]®3p = —209 (c = 1.12,
CH,Cl,); m.p. 193-195 €.

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30,
flow rate = 1.0 mL/min, A = 254 nm, retention time: 21.47 min,
28.92 min.

'H NMR (400 MHz, CDCl) & = 8.30 (d, J = 8.4 Hz, 2H), 7.45 —
7.35 (m, 3H), 7.25 — 7.11 (m, 5H), 7.08 — 7.02 (m, 1H), 7.02 —
6.96 (M, 2H), 6.96 — 6.85 (M, 3H), 6.81 — 6.67 (m, 3H), 6.61 (t, J = 7.6 Hz, 1H), 6.40 (d, J = 7.2 Hz,
1H), 6.28 (d, J = 7.6 Hz, 2H), 6.18 (s, 1H), 5.12 (d, J = 7.2 Hz, 1H), 4.84 (d, J = 15.6 Hz, 1H), 4.22 (d,
J=15.6 Hz, 1H), 4.11 (q, J = 6.8 Hz, 2H), 1.44 (t, J = 6.8 Hz, 3H).

13C{lH} NMR (101 MHz, CDCls) 6 = 197.0, 195.3, 174.1, 163.6, 147.6, 142.7, 136.1, 134.8, 133.2,
131.7,128.7, 128.6, 128.1, 127.4, 126.5, 126.5, 126.1, 125.8, 124.7, 121.9, 121.7, 120.8, 114.6, 108.8,
108.7, 81.2, 66.8, 64.6, 63.8, 57.8, 43.8, 14.6.

HRMS (ESI-TOF) calcd for C4oH3,N,Na0,S* ([M]+Na*) = 659.1975, Found 659.1978.
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(1R,2R,3R,3aS)-1-(Benzo[d][1,3]dioxole-5-carbonyl)-2-benzoyl-1'-benzyl-1,2-dihydro-3aH-sp

iro[benzo[d]pyrrolo[2,1-b]thiazole-3,3'-indolin]-2'-one (3ahs)

Light yellow solid; 98% yield, 98% ee; [a]*°, = —253 (c = 0.74,

min.

CH,Cl,); m.p. 189-190 €.
HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30,
flow rate = 1.0 mL/min, A = 254 nm, retention time: 30.16 min, 38.92

'H NMR (400 MHz, CDCls) & = 8.06 — 7.95 (m, 1H), 7.71 (s, 1H),
7.47 - 7.35 (m, 3H), 7.25 — 7.11 (m, 5H), 7.08 — 7.01 (m, 1H), 7.00 —

6.85 (m, 4H), 6.82 — 6.67 (m, 3H), 6.60 (t, J = 7.6 Hz, 1H), 6.35 (d, J = 7.6 Hz, 1H), 6.26 (t, J = 6.8 Hz,
2H), 6.17 (s, 1H), 6.06 (s, 2H), 5.10 (d, J = 7.6 Hz, 1H), 4.84 (d, J = 16.0 Hz, 1H), 4.21 (d, J = 16.0 Hz,

1H).

13C{lH} NMR (101 MHz, CDCls) 6 = 196.7, 195.3, 174.1, 152.7, 148.6, 147.6, 142.7, 136.1, 134.8,

133.2,130.2, 128.7, 128.6, 128.2, 128.2, 127.4, 126.6, 126.5, 126.1, 125.9, 125.9, 124.6, 122.0, 121.7,
120.9, 108.8, 108.8, 108.2, 102.0, 81.2, 66.9, 64.6, 57.9, 43.8.
HRMS (ESI-TOF) calcd for C3gH,sN,NaOsS™ ([M]+Na®) = 659.1611, Found 659.1617.
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(1R,2R,3R,3aS)-2-Benzoyl-1'-benzyl-1-(cyclopropanecarbonyl)-1,2-dihydro-3aH-spiro[benzo
[d]pyrrolo[2,1-b]thiazole-3,3'-indolin]-2"-one (3ai)

Light yellow solid; 95% yield, 87% ee; [0]***; = 129 (c = 1.06, CH,CL,);
m.p. 175-177 €

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate =
1.0 mL/min, A = 254 nm, retention time: 9.92 min, 20.52 min.

'H NMR (400 MHz, CDCl;) 8 = 7.50 — 7.41 (m, 3H), 7.29 — 7.24 (m, 2H),
7.21-7.09 (m, 4H), 6.97 — 6.84 (m, 4H), 6.83 — 6.71 (M, 2H), 6.62 — 6.52 (m,
1H), 6.27 (d, J = 7.6 Hz, 1H), 6.20 (d, J = 7.2 Hz, 1H), 5.94 (s, 1H), 5.59 (d, J
= 8.0 Hz, 1H), 5.05 (d, J = 7.6 Hz, 1H), 4.80 (d, J = 16.0 Hz, 1H), 4.27 (d, J = 16.0 Hz, 1H), 2.67 —
2.49 (m, 1H), 1.33 — 1.27 (m, 1H), 1.23 — 1.16 (m, 1H), 1.13 — 1.02 (M, 2H).

BC NMR (101 MHz, CDCl3) 6 =209.3, 194.7, 174.1, 148.3, 142.6, 136.1, 134.7, 133.1, 128.7, 128.6,
128.3, 128.2, 127.4, 126.6, 126.5, 126.2, 126.1, 124.4, 122.1, 121.8, 121.2, 108.8, 108.8, 80.6, 72.7,
64.4,55.1, 43.8,17.8, 13.1, 12.1.

HRMS (ESI-TOF) calcd for C3sH,sN,NaO;S™ ([M]+Na*) = 579.1713, Found 579.1714.
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{(1R,2R,3R,3aS)-1'-Benzyl-6-hydroxy-2'-oxo-1,2-dihydro-3aH-spiro[benzo[d]pyrrolo[2,1-b]t
hiazole-3,3'-indoline]-1,2-diyl}bis(phenylmethanone) (3aj)

HO

CH,CLy); m.p. 140-141 <€.

min.

Light yellow solid; 99% yield, 97% ee; [a]®'p = —222 (c = 0.74,

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30,
flow rate = 1.0 mL/min, A = 254 nm, retention time: 14.13 min, 19.36

'H NMR (400 MHz, CDCl3) & = 8.26 (d, J = 7.6 Hz, 2H), 7.61 (t, J =
7.2 Hz, 1H), 7.51 (t, J = 7.6 Hz, 2H), 7.43 — 7.32 (m, 3H), 7.25 — 7.09

(m, 5H), 6.98 — 6,82 (m, 3H), 6.63 (t, J = 7.6 Hz, 1H), 6.55 (s, 2H), 6.42 — 6.18 (M, 4H), 6.08 (s, 1H),
5.38 (s, 1H), 5.16 (d, J = 7.2 Hz, 1H), 4.83 (d, J = 15.6 Hz, 1H), 4.21 (d, J = 16.0 Hz, 1H).

BC{IH} NMR (101 MHz, CDCl,) & = 199.0, 195.5, 174.4, 150.7, 142.7, 141.8, 136.1, 135.7, 134.7,
133.9, 133.3, 129.2, 128.9, 128.7, 128.6, 128.2, 128.1, 127.8, 127.5, 126.6, 126.2, 124.7, 122.2, 112.3,
109.9, 109.4, 108.8, 81.7, 68.2, 64.8, 57.6, 43.9.
HRMS (ESI-TOF) calcd for CagHzsN,NaO,S* ([M]+Na*) = 631.1662, Found 631.1669.
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{(1R,2R,3R,3aS)-1"'-Benzyl-6-methoxy-2'-ox0-1,2-dihydro-3aH-spiro[benzo[d]pyrrolo[2,1-b]t

hiazole-3,3'-indoline]-1,2-diyl}bis(phenylmethanone) (3ak)

CH.CLy); m.p. 175-177 €.

16.0 Hz, 1H), 4.21 (d, J = 16.0 Hz, 1H), 3.67 (s, 3H).

BC{*H} NMR (101 MHz, CDCl;) § = 198.8, 195.3, 174.3, 154.8, 142.7, 141.9, 136.1, 135.8, 134.8,

o Light yellow solid; 98% vyield, 98% ee; [0]**‘p = —236 (c = 1.04,

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 22.38 min, 31.42 min.
'H NMR (400 MHz, CDCl3) & = 8.28 (d, J = 7.2 Hz, 2H), 7.62 (t, J =
7.2 Hz, 1H), 7.53 (t, J = 7.6 Hz, 2H), 7.45-7.34 (m, 3H), 7.25 - 7.09
(m, 5H), 6.99 — 6.83 (m, 3H), 6.71 — 6.51 (m, 3H), 6.39 (d, J = 2.0 Hz,
1H), 6.34 (d, J = 7.2 Hz, 1H), 6.32 - 6.23 (m, 2H), 6.10 (s, 1H), 5.19 (d, J = 7.6 Hz, 1H), 4.86 (d, J =

133.8,133.2,129.1, 128.9, 128.7, 128.6, 128.1, 128.1, 127.8, 127.5, 126.6, 126.2, 124.7, 122.1, 110.6,

109.2, 108.7, 81.7, 68.1, 64.7, 57.6, 55.8, 43.8.
HRMS (ESI-TOF) calcd for C3gH3N,Na0,S* ([M]+Na") = 645.1818, Found 645.1824.
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{(1R,2S,3S,3aS)-2-Phenyl-1,2,3,3a-tetrahydrobenzo[d]pyrrolo[2,1-b]thiazole-1,3-diyl}bis(phe
nylmethanone) (5aa)

s
@ COPh <.
N
" ph

PhOC

10.4, 8.0 Hz, 1H).

94% yield; yellow solid; R¢ = 0.5 (petroleum/ethyl acetate = 6/1); m.p. 71-74

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH =
80/20, flow rate 2.0 mL/min, A = 254 nm) t, (major) = 4.08 min, t, (minor) =
4.74 min. ee = 99%. [0]*° = ~186.9 (c = 0.66, in CH,CL,).
'H NMR (400 MHz, CDCly) & = 7.88 — 7.68 (m, 4H), 7.53 — 7.45 (m, 2H), 7.33 (t, J = 7.6 Hz, 4H),
7.23-7.13 (m, 4H), 7.13 — 7.07 (m, 2H), 7.03 — 6.96 (m, 1H), 6.89 — 6.81 (m, 1H), 6.53 (d, J = 7.2 Hz,
1H), 5.91 (d, J = 8.4 Hz, 1H), 5.24 (d, J = 8.4 Hz, 1H), 4.56 (dd, J = 10.4, 8.8 Hz, 1H), 4.11 (dd, J =

BC{*H} NMR (101 MHz, CDCl,) 5 = 197.8, 197.3, 147.6, 138.4, 136.8, 135.3, 133.6, 133.4, 129.0,

128.8,128.7, 128.5, 128.4, 127.7, 127.6, 127.1, 125.9, 122.3, 121.7, 110.9, 76.2, 75.7, 62.6, 54.6.

HRMS (ESI-TOF) calcd for Cq0H,3NNaO,S* ([M]+Na*) = 484.1342, Found 484.1336.
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{(1R,2S,3S,3aS)-2-(3-Chlorophenyl)-1,2,3,3a-tetrahydrobenzo[d]pyrrolo[2,1-b]thiazole-1,3-d
iyl}bis(phenylmethanone) (5ba)

99% vyield; yellow solid; Rs = 0.5 (petroleum/ethyl acetate = 6/1); m.p.
128-129 <.

Dissolved in iPrOH for HPLC; HPLC (Daicel chiralpak 1A,
n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t (minor) =13.49
min, t (major) = 16.52 min. ee = 96%. [a]**°, = —194.6 (c = 0.09, in

PhOG

CH,Cl,).

'"H NMR (400 MHz, CDCl3) & = 7.88 — 7.73 (m, 4H), 7.57 — 7.51 (m, 2H), 7.43 — 7.32 (m, 4H), 7.18 —
7.14 (m, 1H), 7.15 — 7.05 (m, 3H), 7.05 — 7.00 (m, 1H), 7.00 — 6.94 (m, 1H), 6.85 — 6.92 (m, 1H), 6.53
(d, J=7.2 Hz, 1H), 5.84 (d, J = 8.4 Hz, 1H), 5.15 (d, J = 8.4 Hz, 1H), 4.50 (dd, J = 10.0, 8.4 Hz, 1H),
4.14 (dd, J = 10.0, 8.0 Hz, 1H)..

BC{*H} NMR (101 MHz, CDCl,) 5 = 197.6, 196.9, 147.5, 140.6, 136.6, 135.3, 134.8, 133.9, 133.6,
130.3, 128.8, 128.8, 128.7, 128.6, 128.0, 127.9, 127.2, 126.0, 125.9, 122.5, 122.0, 111.2, 76.2, 75.7,
62.4,53.7.

HRMS (ESI-FT) calcd for CaHp3*CINO,S*([M]+H") = 496.1133, Found 496.1123.
CsoH23°CINO,S*([M]+H") = 498.1103, Found 498.1093.
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{(1R,2S,3S,3aS)-2-(p-Tolyl)-1,2,3,3a-tetrahydrobenzo[d]pyrrolo[2,1-b]thiazole-1,3-diyl}bis(p
henylmethanone) (5ca)

134-135 <.

99% vyield; yellow solid; Rs = 0.5 (petroleum/ethyl acetate = 6/1); m.p.

Dissolved in iPrOH for HPLC; HPLC (Daicel chiralpak 1A,
n-hexane/i-PrOH = 80/20, 1.0 mL/min, A =254 nm, t (minor) =12.38 min,
t (major) = 14.10 min. ee = 99%. [a]**°5 = -196.8 (c = 0.41, in CH,Cl,).

IH NMR (400 MHz, CDCl3) & = 7.91 — 7.71 (m, 4H), 7.55 — 7.47 (m, 2H), 7.43 — 7.28 (m, 4H), 7.16 —
7.11 (m, 1H), 7.11 - 6.92 (m, 5H), 6.90 — 6.81 (m, 1H), 6.60 — 6.42 (m, 1H), 5.88 (d, J = 8.8 Hz, 1H),
5.16 (d, J = 8.4 Hz, 1H), 4.54 (dd, J = 10.4, 8.4 Hz, 1H), 4.08 (dd, J = 10.4, 8.4 Hz, 1H), 2.23 (s, 3H).
BC{*H} NMR (101 MHz, CDCly) & = 198.1, 197.4, 147.7, 137.5, 136.9, 135.4, 135.2, 133.6, 133.4,
129.7, 128.9, 128.8, 128.5, 128.5, 127.5, 127.2, 125.8, 122.3, 121.7, 111.0, 76.5, 75.8, 62.7, 54.3, 21.0.
HRMS (ESI-TOF) calcd for C3,H,sNNaO,S* ([M]+Na*) = 498.1498, Found 498.1501.
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{(1R,2S,3S,3aS)-2-(4-Chlorophenyl)-1,2,3,3a-tetrahydrobenzo[d]pyrrolo[2,1-b]thiazole-1,3-d
iyl}bis(phenylmethanone) (5da)

99% vyield; yellow solid; Rs = 0.5 (petroleum/ethyl acetate = 6/1); m.p.
112-113 €.

Dissolved in iPrOH for HPLC; HPLC (Daicel chiralpak 1A,
n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t (minor) =13.42
min, t (major) = 17.44 min. ee = 98%. [a]**%, = —161.6 (c = 0.35, in
CH,CL,).

'H NMR (400 MHz, CDCly) & = 7.89 — 7.74 (m, 4H), 7.58 — 7.50 (m, 2H), 7.37 (t, J = 7.6 Hz, 4H),
7.21-7.10 (m, 3H), 7.09 — 6.94 (m, 3H), 6.93 - 6.83 (m, 1H), 6.51 (d, J = 7.6 Hz, 1H), 5.85 (d, J=8.8
Hz, 1H), 5.13 (d, J = 8.0 Hz, 1H), 4.49 (dd, J = 10.4, 8.4 Hz, 1H), 4.12 (dd, J = 10.4, 8.4 Hz, 1H).
BC{*H} NMR (101 MHz, CDCl,) 6 = 197.7, 197.0, 147.5, 137.0, 136.7, 135.3, 133.9, 133.6, 133.6,
129.2, 129.0, 128.8, 128.7, 128.7, 128.6, 127.2, 126.0, 122.4, 121.9, 111.1, 76.3, 75.7, 62.5, 53.7.
HRMS (ESI-TOF) calcd for CaoH,,**CINNaO,S" ([M]+Na*) = 518.0952, Found 518.0952.

CaoH2,*"CINNaO,S* ([M]+Na*) = 520.0922, Found 520.0934.
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{(1R,2S,3S,3aS)-3-(2-Naphthoyl)-2-phenyl-1,2,3,3a-tetrahydrobenzo[d]pyrrolo[2,1-b]thiazol-
1-yI}(phenyl)methanone (5ea)

99% yield; yellow oil; R¢ = 0.5 (petroleum/ethyl acetate = 6/1).
‘ Dissolved in iPrOH for HPLC; HPLC (Daicel chiralpak 1A,
O n-hexane/i-PrOH = 80/20, 1.0 mL/min, X = 254 nm, t (minor) =16.72 min, t
(major) = 22.53 min. ee = 99%. [0]**°p = —272 (¢ = 0.86, in CH,Cl,).
©:S KR 'H NMR (400 MHz, CDCl3) & = 8.11 (s, 1H), 7.90 (dd, J = 8.7, 1.7 Hz, 1H),
sz\ 7.87 — 7.68 (m, 5H), 7.59 — 7.46 (m, 3H), 7.35 (t, J = 7.6 Hz, 2H), 7.19 —
R Ph 7.12 (m, 5H), 7.05 — 6.98 (m, 1H), 6.93 — 6.80 (m, 1H), 6.57 (d, J = 7.6 Hz,
PhOC 1H), 6.00 (d, J = 8.4 Hz, 1H), 5.30 (d, J = 8.0 Hz, 1H), 4.68 (dd, J = 10.4,
8.8 Hz, 1H), 4.14 (dd, J = 10.4, 8.0 Hz, 1H).
13C{lH} NMR (101 MHz, CDCls) 6 = 197.8, 197.0, 147.7, 138.7, 135.7, 135.3, 134.1, 133.5, 132.1,
131.4,129.7,129.1, 128.8, 128.8, 128.5, 128.4, 127.8, 127.8, 127.6, 127.1, 126.7, 125.9, 123.8, 122.4,
121.7,111.0, 76.3, 75.7, 63.0, 54.6.
HRMS (ESI-TOF) calcd for C3,H,sNNaO,S* ([M]+Na*) = 534.1498, Found 534.1498.
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{(1R,2S,3S,3aS)-1-Benzoyl-2-phenyl-1,2,3,3a-tetrahydrobenzo[d]pyrrolo[2,1-b]thiazol-3-yl}(
m-tolyl)methanone (5fa)
92% yield; yellow oil; R¢ = 0.5 (petroleum/ethyl acetate = 6/1).
Dissolved in iPrOH for HPLC; HPLC (Daicel chiralpak 1A, n-hexane/i-PrOH
=80/20, 1.0 mL/min, A = 254 nm, t (minor) =11.02 min, t (major) = 13.96 min.
s =0 ee=99%. [a]*°p =-171.9 (c = 0.29, in CH,Cl,).
@D 'H NMR (400 MHz, CDCly) & = 7.82 — 7.74 (m, 2H), 7.57 — 7.47 (m, 3H),
Y Ph 736728 (m, 3H), 7.23 (d, J = 7.6 Hz, 1H), 7.20 — 7.13 (m, 4H), 7.12 -
COPh 7.05 (m, 2H), 7.04 — 6.97 (m, 1H), 6.94 — 6.80 (m, 1H), 6.52 (d, J = 7.6 Hz,
1H), 5.90 (d, J = 8.4 Hz, 1H), 5.22 (d, J = 8.0 Hz, 1H), 4.51 (dd, J = 10.4, 8.8 Hz, 1H), 4.06 (dd, J =
10.4, 8.0 Hz, 1H), 2.27 (s, 3H).
BC{"H} NMR (101 MHz, CDCl,) 8 = 197.9, 197.5, 147.7, 138.6, 138.3, 136.8, 135.4, 134.4, 133.4,
129.3,129.0, 128.8, 128.5, 128.3, 127.7, 127.3, 126.0, 125.9, 122.4, 121.7, 111.0, 76.3, 75.7, 62.9, 54.6,
21.2.
HRMS (ESI-TOF) calcd for C3H,sNNaO,S* ([M]+Na*) = 498.1498, Found 498.1494.
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{(1R,2S,3S,3aS)-1-Benzoyl-2-phenyl-1,2,3,3a-tetrahydrobenzo[d]pyrrolo[2,1-b]thiazol-3-yl}(
4-chlorophenyl)methanone (5ga)

Cl

S
e
N

N Ph
PhOC

1H).

99% vyield; yellow solid; R¢ = 0.5 (petroleum/ethyl acetate = 6/1); m.p.
128-129 €.
Dissolved in iPrOH for HPLC; HPLC (Daicel chiralpak IA, n-hexane/PrOH
=80/20, 1.0 mL/min, A =254 nm, t (minor) =14.28 min, t (major) = 18.93 min.
ee = 99%. [0]**°, = —154.8 (c = 0.52, in CH,Cl,).
'H NMR (400 MHz, CDCly) & = 7.84 — 7.74 (m, 2H), 7.70 — 7.62 (m, 2H),
7.54 —7.49 (m, 1H), 7.38 — 7.28 (m, 4H), 7.22 — 7.12 (m, 4H), 7.12 — 7.05 (m,
2H), 7.04 —6.98 (m, 1H), 6.93 — 6.83 (m, 1H), 6.52 (d, J = 7.6 Hz, 1H), 5.86
(d, J=8.8 Hz, 1H), 5.23 (d, J = 8.0 Hz, 1H), 4.45 (dd, J = 10.4, 8.8 Hz, 1H), 4.06 (dd, J = 10.4, 8.0 Hz,

BC{IH} NMR (101 MHz, CDCly) & = 197.7, 196.2, 147.6, 140.3, 138.4, 135.3, 135.1, 133.5, 130.1,
129.1, 128.8, 128.8, 128.6, 127.9, 127.6, 126.8, 126.0, 122.5, 121.8, 110.9, 76.1, 75.6, 62.9, 54.5.
HRMS (ESI-TOF) calcd for CaoH»,°CINNaO,S* ([M]+Na*) = 518.0952, Found 518.0949.
CaoH2'CINNaO,S* ([M]+Na®) = 520.0922, Found 520.0933.
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(E)-1-{(1R,2S,3S,3aS)-1-Benzoyl-2-phenyl-1,2,3,3a-tetrahydrobenzo[d]pyrrolo[2,1-b]thiazol-

3-yl}-3-phenylprop-2-en-1-one (5ha)

O
S

wph

O

PhOG

81% yield; yellow solid; R¢ = 0.5 (petroleum/ethyl acetate = 6/1); m.p.
127-130 €.
Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH

=90/10, flow rate 2.0 mL/min, A =254 nm) t, (major) = 21.68 min, t;

(minor) = 24.79 min. ee = 99%. [a]*®, = —115.1 (c = 0.36, in CH,CL,).
'H NMR (400 MHz, CDCly) & = 7.81 — 7.74 (m, 2H), 7.53 — 7.49 (m, 1H), 7.39 — 7.31 (m, 8H), 7.25 —
7.20 (m, 3H), 7.18 — 7.12 (m, 3H), 7.03 — 6.97 (m, 1H), 6.89 — 6.84 (m, 1H), 6.58 (d, J = 16.0 Hz, 1H),
6.51 (d, J =7.2 Hz, 1H), 5.84 (d, J = 8.4 Hz, 1H), 5.20 (d, J = 7.6 Hz, 1H), 4.06 — 3.92 (m, 2H).

BC{"H} NMR (101 MHz, CDCl,) 8 = 197.9, 196.0, 147.6, 144.8, 138.8, 135.3, 134.0, 133.5, 130.9,
129.1,128.9, 128.8, 128.5, 128.5, 127.8, 127.0, 125.9, 125.8, 122.4, 121.7, 110.9, 76.2, 74.6, 65.8,

53.4.

HRMS (ESI-TOF) calcd for CzH,sNNaO,S* ([M]+Na*) = 510.1498, Found 510.1495.
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Methyl 2-{(3R,3aR,4R)-4-hydroxy-3,4-diphenyl-3a,4-dihydro-3H-benzo[b]pyrrolo[1,2-d]
[1,4]thiazin-2-yl}-2-oxoacetate (7aa)

AU

AU

COCOOMe

Ph

86% yield; yellow solid; Rs = 0.4 (petroleum/ethyl acetate = 2/1); m.p.
201-202 <.
Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH =

80/20, flow rate 2.0 mL/min, A =254 nm) t, (major) = 5.73 min, t; (minor)

= 7.92 min. ee = 93%. [0]**%; = —76.3 (c = 0.67, in CH,Cl,).

'H NMR (400 MHz, CDCly) 8 = 8.71 (s, 1H), 7.61 — 7.51 (m, 2H), 7.46
—7.32(m, 4H), 7.23 — 7.16 (m, 1H), 7.13 (d, J = 8.0 Hz, 1H), 7.07 (d, J = 7.2 Hz, 1H), 7.05 - 6.92 (m,
3H), 6.58 — 6.33 (m, 2H), 4.37 (d, J = 5.6 Hz, 1H), 4.32 (d, J = 5.2 Hz, 1H), 3.78 (s, 3H), 3.30 (s, 1H).
BC{*H} NMR (101 MHz, CDCl5) & = 163.4, 150.1, 142.3, 137.5, 133.4, 129.1, 128.7, 128.3, 127.2,

126.8, 126.5, 126.0, 124.5, 122.8, 118.4, 117.6, 82.1, 52.4, 48.2.
HRMS (ESI-TOF) calcd for C,gH,1NNaO,S* ([M]+Na®) = 466.1083, Found 466.1085.
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Ethyl 2-{(3R,3aR,4R)-4-hydroxy-3,4-diphenyl-3a,4-dihydro-3H-benzo[b]pyrrolo[1,2-d]
[1,4]thiazin-2-yl}-2-oxoacetate (7ba)

99% yield; yellow solid; R = 0.4 (petroleum/ethyl acetate = 2/1); m.p.
158-159 €.

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH =

COCOOEt

pu—

N, Ph
@ 80/20, flow rate 2.0 mL/min, A = 254 nm) t, (major) = 5.00 min, t, (minor)
S ‘;O HPh =7.19 min. ee = 90%. [a]**"5 = —72.3 (c = 0.84, in CH,CL,).

IH NMR (400 MHz, CDCl3) & = 8.70 (s, 1H), 7.62 — 7.50 (m, 2H), 7.46 —
7.32 (M, 4H), 7.21 — 7.15 (m, 1H), 7.14 — 7.09 (m, 1H), 7.08 — 7.04 (m, 1H), 7.04 — 6.94 (M, 3H), 6.68
—6.33 (M, 2H), 4.38 (d, J = 5.2 Hz, 1H), 4.38 (d, J = 5.6 Hz, 1H), 4.28 — 4.12 (m, 2H), 3.47 (s, 1H),
1.29 (t, J = 6.8 Hz, 3H).
.13C{1H} NMR (101 MHz, CDCls) 6 = 163.0, 149.9, 142.4, 137.6, 133.4, 129.0, 128.6, 128.2, 127.1,
126.9, 126.5, 125.9, 124.3, 122.8, 118.4, 117.5, 82.1, 61.7, 48.2, 13.9.
HRMS (ESI-TOF) calcd for C,;H,3NNaO,S* ([M]+Na*) = 480.1240, Found 480.1248.
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Isopropyl 2-{(3R,3aR,4R)-4-hydroxy-3,4-diphenyl-3a,4-dihydro-3H-benzo[b]pyrrolo[1,2-d]
[1,4]thiazin-2-yl}-2-oxo0acetate (7ca)

94% vyield; yellow solid; Rs = 0.4 (petroleum/ethyl acetate = 3/1); m.p.
123-125 <.

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH =
80/20, flow rate 2.0 mL/min, A =254 nm) t, (major) = 4.01 min, t, (minor)
= 5.77 min. ee = 95%. [0]**"p = —77.0 (c = 0.86, in CH,Cl,).

'H NMR (400 MHz, CDCl3) & = 8.69 (s, 1H), 7.60 — 7.50 (m, 2H), 7.43
-7.32(m, 4H), 7.21 - 7.16 (m, 1H), 7.12 (dd, J = 7.0, 1.6 Hz, 1H), 7.06 (dd, J = 7.2, 1.2 Hz, 1H), 7.04
—6.95 (m, 3H), 6.56 — 6.37 (m, 2H), 5.07 (s, 1H), 4.38 (d, J = 5.2 Hz, 1H), 4.31 (d, J = 5.6 Hz, 1H),
3.46 (s, 1H), 1.34 — 1.22 (m, 6H).

BC{"H} NMR (101 MHz, CDCl,) 5 = 162.5, 149.6, 142.6, 137.6, 133.5, 129.0, 128.6, 128.2, 127.2,
127.1,126.9, 126.4, 125.9, 124.3, 122.8, 118.5, 117.5, 82.1, 69.7, 48.3, 21.5.

HRMS (ESI-TOF) calcd for C,gH,sNNaO,S* ([M]+Na*) = 494.1397, Found 494.1400.
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Benzyl 2-{(3R,3aR,4R)-4-hydroxy-3,4-diphenyl-3a,4-dihydro-3H-benzo[b]pyrrolo[1,2-d]
[1,4]thiazin-2-yl}-2-oxoacetate (7da)

87% yield; yellow solid; R = 0.4 (petroleum/ethyl acetate = 3/1); m.p.
101-102 <.

COCOOBnN

pu—

N, Ph Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH =
@ 80/20, flow rate 2.0 mL/min, A =254 nm) t, (major) = 14.33 min, t, (minor)
s o HPh = 16.85 min. ee = 96%. [a]*®'p = —49.3 (¢ = 0.90, in CH,CL).

(s, 1H).

'H NMR (400 MHz, CDCl3) & = 8.60 (s, 1H), 7.52 (d, J = 6.4 Hz, 2H),
7.42-7.31 (m, 8H), 7.25 — 7.21 (m, 1H), 7.18 — 7.13 (m, 1H), 7.11 (dd, J = 8.0, 1.6 Hz, 1H), 7.08 —
6.94 (M, 4H), 6.58 — 6.36 (M, 2H), 5.22 (s, 2H), 4.37 (d, J = 5.6 Hz, 1H), 4.31 (d, J = 5.6 Hz, 1H), 3.42

13C{lH} NMR (101 MHz, CDCls) 6 = 162.7, 149.9, 142.4, 137.5, 135.1, 133.4, 129.0, 128.6, 128.6,
128.4,128.4,128.3,127.2, 127.1, 126.8, 126.5, 125.9, 124.4, 122.8, 118.5, 117.5, 82.1, 67.2, 48.2.
HRMS (ESI-TOF) calcd for Cs,H,sNNaO,S* ([M]+Na*) = 542.1397, Found 542.1396.
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N-(tert-butyl)-2-{(3R,3aR,4R)-4-hydroxy-3,4-diphenyl-3a,4-dihydro-3H-benzo[b]pyrrolo[1,2-
d][1,4]thiazin-2-yl}-2-oxoacetamide (7ea)
94% yield; yellow solid; R = 0.4 (petroleum/ethyl acetate = 2/1); m.p.

AU

COCONHBuU

Ph

146-148 <.

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH
= 80/20, flow rate 2.0 mL/min, A =254 nm) t, (major) = 2.96 min, t;
(minor) = 4.27 min. ee = 87%. [0]***p = —24.2 (c = 0.70, in CH,CI,).
'H NMR (400 MHz, CDCly) & = 9.42 (s, 1H), 7.56 — 7.50 (m, 2H),
7.46 (d, J =8.0 Hz, 1H), 7.40 — 7.33 (m, 3H), 7.19 — 7.15 (m, 1H), 7.12 — 7.09 (m, 1H), 7.07 — 6.99 (m,
4H), 6.55 - 6.39 (m, 2H), 4.34 (d, J =5.6 Hz, 1H), 4.26 (d, J = 5.6 Hz, 1H), 3.24 (s, 1H), 1.33 (s, 9H).
BC{"H} NMR (101 MHz, CDCl,) 8 = 178.5, 161.8, 151.2, 143.0, 137.7, 133.5, 129.0, 128.6, 128.2,
127.1,127.1, 126.9, 126.5, 126.0, 124.3, 122.5, 117.9, 117.2, 81.9, 75.8, 50.8, 48.9, 28.3.

HRMS (ESI-TOF) calcd for CpgHzsN,NaOsS™ ([M]+Na*) = 507.1713, Found 507.1711.
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Methyl 2-{(3R,3aR,4R)-4-hydroxy-3-(4-methoxyphenyl)-4-phenyl-3a,4-dihydro-3H-

benzo[b]pyrrolo[1,2-d][1,4]thiazin-2-yI}-2-0xoacetate (7fa)

'H NMR (400 MHz, CDCl) & = 8.67 (s, 1H), 7.64 — 7.52 (m, 2H), 7.48 — 7.38 (m, 3H), 7.36 (d, J =

8.4 Hz, 1H), 7.22 — 7.15 (m, 1H), 7.15 — 7.10 (m, 1H), 7.09 — 6.97 (m, 1H), 6.55 (d, J = 8.4 Hz, 2H),
6.36 (d, J = 8.8 Hz, 2H), 4.34 (d, J = 5.6 Hz, 1H), 4.28 (d, J = 5.2 Hz, 1H), 3.78 (s, 3H), 3.67 (s, 3H),
3.26 (s, 1H).

BC{'H} NMR (101 MHz, CDCl;) § = 163.4, 158.1, 149.8, 137.5, 134.7, 133.4, 129.0, 128.7, 1278,

COCOOMe

127-128 <.

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3,

68% yield; yellow solid; R = 0.4 (petroleum/ethyl acetate = 2/1); m.p.

@) CO,/iPrOH = 80/20, flow rate 2.0 mL/min, A = 254 nm) t, (major) =

7.19 min, t, (minor) = 10.89 min. ee = 95%. [a]**®, = -107.1 (c =

0.58, in CH,Cl,).

127.2,127.1,126.0, 124.4,122.8, 118.6, 117.6, 113.7, 82.1, 55.1, 52.4, 47.4.
HRMS (ESI-TOF) calcd for Cp7H,sNNaOsS™ ([M]+Na*) = 496.1189, Found 496.1192.
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Methyl 2-{(3R,3aR,4R)-3-([1,1'-biphenyl]-4-yl)-4-hydroxy-4-phenyl-3a,4-dihydro-3H-benzo
[b]pyrrolo[1,2-d][1,4]thiazin-2-ylI}-2-0xoacetate (7ga)

74% yield; yellow solid; R¢ = 0.4 (petroleum/ethyl acetate = 2/1);
m.p. 132-133 €.

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3,
CO,/iPrOH = 80/20, flow rate 2.0 mL/min, A =254 nm) t, (major)
= 6.48 min, t, (minor) = 10.64 min. ee = 92%. [a]**°; = —214 (c
=0.77, in CH,Cl,).

'H NMR (400 MHz, CDCl3) 6 = 8.75 (s, 1H), 7.64 — 7.56 (m, 2H), 7.50 — 7.45 (m, 2H), 7.45 — 7.34 (m,
6H), 7.33 - 7.28 (m, 1H), 7.25 — 7.18 (m, 2H), 7.17 — 7.11 (m, 1H), 7.11 — 7.03 (m, 1H), 6.52 (d, J =
8.4 Hz, 2H), 4.41 (d, J = 5.2 Hz, 1H), 4.38 (d, J = 5.2 Hz, 1H), 3.80 (s, 3H), 3.22 (5, 1H).

13C{lH} NMR (101 MHz, CDCls) 6 = 163.4, 150.1, 141.4, 140.9, 139.4, 137.5, 133.4, 129.1, 128.8,
128.6, 127.2,127.2,127.1, 127.0, 126.9, 126.0, 124.5, 122.8, 118.3, 117.6, 82.1, 52.5, 47.9.

HRMS (ESI-TOF) calcd for C,H,sNNaO,S* ([M]+Na*) = 542.1397, Found 542.1395.
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Methyl 2-{(3R,3aR,4R)-3-(4-fluorophenyl)-4-hydroxy-4-phenyl-3a,4-dihydro-3H-benzo
[b]pyrrolo[1,2-d][1,4]thiazin-2-yl}-2-0xoacetate (7ha)

COCOOMe

pu—

CC
S”="Ph

OH

84% yield; yellow solid; R = 0.4 (petroleum/ethyl acetate = 2/1); m.p.
180-181 <.

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH
= 80/20, flow rate 2.0 mL/min, A =254 nm) t, (major) = 4.24 min, t;
(minor) = 6.91 min. ee = 92%. [a]**°, = —61.2 (c = 0.77, in CH,CI,).
'H NMR (400 MHz, CDCls) & = 8.71 (s, 1H), 7.59 — 7.49 (m, 2H),

7.45-7.34 (m, 4H), 7.23 — 7.17 (m, 1H), 7.13 (dd, J = 8.0, 1.6 Hz, 1H), 7.10 — 7.02 (m, 1H), 6.76 —

6.63 (M, 2H), 6.47 — 6.33 (M, 2H), 4.38 — 4.22 (m, 2H), 3.78 (s, 3H), 3.32 (s, 1H).
BC{'H} NMR (101 MHz, CDCl;) § = 163.4, 161.5 (d, J = 245.4 Hz), 150.1, 138.2 (d, J = 3.1 Hz),

137.5,133.3,129.2,128.8, 128.4 (d, J = 8.1 Hz), 127.3, 127.2, 125.3 (d, J = 152.8 Hz), 122.8, 118.3,

117.6, 115.2, 115.0, 82.0, 52.5, 47.6.

HRMS (ESI-TOF) calcd for CysHaoFNNaO,S* ([M]+Na') = 484.0989, Found 484.0990.
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Methyl 2-{(3R,3aR,4R)-3-(4-bromophenyl)-4-hydroxy-4-phenyl-3a,4-dihydro-3H-
benzo[b]pyrrolo[1,2-d][1,4]thiazin-2-yl}-2-0xoacetate (7has)

COCOOMe

pu—

CC
S”="Ph

OH

83% yield; yellow oil; R¢ = 0.4 (petroleum/ethyl acetate = 2/1).
Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3,

CO,/iPrOH = 80/20, flow rate 2.0 mL/min, A = 254 nm) t, (major) =
Br  6.94 min, t, (minor) = 11.49 min. ee = 90%. [a]*“p = -130.8 (c = 0.82,
in CH,CL,).

'H NMR (400 MHz, CDCl) & = 8.71 (s, 1H), 7.58 — 7.49 (m, 2H),

7.48 —7.38 (m, 3H), 7.37 (d, J = 7.6 Hz, 1H), 7.23 - 7.18 (m, 1H), 7.17 — 7.10 (m, 3H), 7.10 — 7.01 (m,

1H), 6.30 (d, J = 8.4 Hz, 2H), 4.31 (d, J = 5.6 Hz, 1H), 4.28 (d, J = 5.6 Hz, 1H), 3.78 (s, 3H), 3.3 (s,

1H).

BC{*H} NMR (101 MHz, CDCl,) 5 = 163.2, 150.2, 141.5, 137.4, 133.2, 131.3, 129.2, 128.8, 128.6,
127.3,127.1,126.1, 124.6, 122.7, 120.4, 117.9, 117.6, 81.9, 52.5, 47.8.
HRMS (ESI-TOF) calcd for CogHyo °BrNNaO,S* ([M]+Na") = 544.0189, Found 544.0189, calcd for

CasHao'BrNNaO,S* ([M]+Na*) = 546.0168, Found 546.0195.
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Methyl 2-{(3R,3aR,4R)-4-hydroxy-3-(3-methoxyphenyl)-4-phenyl-3a,4-dihydro-3H-benzo
[b]pyrrolo[1,2-d][1,4]thiazin-2-yl}-2-0x0acetate (7ia)
88% yield; yellow solid; R¢ = 0.4 (petroleum/ethyl acetate = 2/1); m.p.

COCOOMe
_ o 119120 <.
N, Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH
@ ’ = 80/20, flow rate 2.0 mL/min, A =254 nm) t, (major) = 6.48 min, t;
S o HPh (minor) = 10.64 min. ee = 90%. [0]**®, = —74.9 (c = 0.73, in CH,CL,).

'H NMR (400 MHz, CDCly) & = 8.70 (s, 1H), 7.63 — 7.52 (m, 2H),
7.50 — 7.38 (m, 3H), 7.36 (d, J = 7.6 Hz, 1H), 7.22 — 7.16 (m, 1H), 7.15 — 7.09 (m, 1H), 7.09 — 7.01 (m,

1H), 6.94 (t, J = 8.0 Hz, 1H), 6.58 (dd, J = 8.0, 2.0 Hz, 1H), 6.11 (d, J = 7.6 Hz, 1H), 6.01 — 5.88 (m,
1H), 4.35 (d, J = 5.2 Hz, 1H), 4.29 (d, J = 5.2 Hz, 1H), 3.78 (s, 3H), 3.57 (s, 3H), 3.32 (s, 1H).
BC{IH} NMR (101 MHz, CDCl,) & = 163.3, 159.4, 150.2, 144.0, 137.6, 133.4, 129.3, 129.1, 128.7,
127.2,127.1,126.0, 124.5, 122.8, 119.0, 118.3, 117.7, 112.4, 112.2, 82.2, 55.0, 52.4, 48.2.

HRMS (ESI-TOF) calcd for Cp7H,sNNaOsS* ([M]+Na*) = 496.1189, Found 496.1188.
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Methyl 2-{(3S,3aR,4R)-4-hydroxy-4-phenyl-3-(thiophen-3-yl)-3a,4-dihydro-3H-benzo
[b]pyrrolo[1,2-d][1,4]thiazin-2-yl}-2-0xoacetate (7ja)

78% yield; yellow solid; Ry = 0.4 (petroleum/ethyl acetate = 2/1); m.p.
146-147 <.

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH =
80/20, flow rate 2.0 mL/min, A = 254 nm) t, (major) = 6.55 min, t; (minor)
= 9.56 min. ee = 92%. [0]***; = 8.9 (¢ = 0.60, in CH,Cl,).

'H NMR (400 MHz, CDCly) & = 8.65 (s, 1H), 7.66 — 7.53 (m, 2H), 7.50

—7.37 (m, 3H), 7.32 (d, J = 8.4 Hz, 1H), 7.21 — 7.14 (m, 1H), 7.14 - 7.09 (m, 1H), 7.08 — 7.02 (m, 1H),
6.99 (dd, J = 4.8, 2.8 Hz, 1H), 6.38 — 6.22 (m, 1H), 6.17 (dd, J = 4.8, 0.8 Hz, 1H), 4.47 (d, J = 5.2 Hz,

1H), 4.32 (d, J = 5.2 Hz, 1H), 3.78 (s, 3H), 3.44 — 3.26 (m, 1H).
13C{lH} NMR (101 MHz, CDCls) 6 = 163.4, 150.1, 142.6, 137.6, 133.3, 129.2, 128.7, 127.2, 127.1,
126.1,126.0, 125.5, 124.5, 122.8, 120.8, 117.8, 117.6, 82.2, 52.4, 43.2.
HRMS (ESI-TOF) calcd for C,,H1oNNaO,S," ([M]+Na") = 472.0648, Found 472.0645.

i
0.050 )
0.0404
«
-, 0.080] @
=T
0.0204
0.0104
0.0004 urj\—’*
000 050 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 11.00
Minutes
Retention Time Area % Area Height
1 6.569 1020230 49.07 53766
2 9.200 1058751 50.93 44050
0.257
0.207
0.15
2
0.107
«©Q
0.05 8
[=>]
0.00 o
000 050 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100
Mnutes
Retention Time Area % Area Height
1 6.549 4286847 95.82 241488
2 9.558 186912 4.18 8934

61



Methyl 2-{(3R,3aR,4R)-3-cyclohexyl-4-hydroxy-4-phenyl-3a,4-dihydro-3H-benzo[b]
pyrrolo[1,2-d][1,4]thiazin-2-yl}-2-oxoacetate (7ka)

61% yield; yellow solid; R¢ = 0.4 (petroleum/ethyl acetate = 2/1); m.p.
170-171 <.

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH =
80/20, flow rate 2.0 mL/min, A = 254 nm) t, (major) = 2.78 min, t, (minor)
= 6.26 min. ee = 54%. [0]**", = —161.7 (c = 0.53, in CH,CL,).

'H NMR (400 MHz, CDCly) & = 8.46 (s, 1H), 7.74 — 7.60 (m, 2H), 7.47
—7.36 (m, 3H), 7.26 — 7.21 (m, 1H), 7.21 — 7.13 (m, 2H), 7.13 — 7.05 (m, 1H), 4.10 (d, J = 3.6 Hz, 1H),
3.83 (s, 3H), 3.25 (t, J = 3.4 Hz, 1H), 3.07 — 2.83 (m, 1H), 1.80 — 1.39 (m, 5H), 1.05 — 0.86 (m, 3H),
0.73-0.57 (m, 1H), 0.43 — 0.25 (m, 2H).

BC{"H} NMR (101 MHz, CDCl,) 8 = 174.8, 163.7, 151.5, 137.9, 133.6, 129.1, 128.5, 127.7, 126.9,
125.7,124.8, 123.5, 118.5, 117.4, 84.2, 68.6, 52.4, 47.4, 37.8, 29.2, 26.8, 26.3, 26.2, 26.1.

HRMS (ESI-TOF) calcd for C,gH,;NNaO,S* ([M]+Na*) = 472.1553, Found 472.1557.
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Methyl 2-{(3R,3aR,4R)-4-hydroxy-4-phenyl-3-((E)-styryl)-3a,4-dihydro-3H-benzo[b]
pyrrolo[1,2-d][1,4]thiazin-2-yl}-2-oxoacetate (71a)
76% yield; yellow solid; Ry = 0.4 (petroleum/ethyl acetate = 2/1); m.p.

COCOOMe

164-166 <.
Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH
= 80/20, flow rate 2.0 mL/min, A =254 nm) t, (major) = 9.16 min, t,
(minor) = 14.31 min. ee = 84%. [a]**"p = —19.1 (c = 0.63, in CH,CL,).
'H NMR (400 MHz, CDCl;) & = 8.60 (s, 1H), 7.66 (dd, J = 8.4, 2.0 Hz,

2H), 7.52 — 7.38 (m, 3H), 7.31 (d, J = 8.4 Hz, 1H), 7.25 — 7.10 (m, 5H), 7.10 — 6.96 (m, 3H), 5.96 —
5.73 (m, 1H), 5.60 (d, J = 15.6 Hz, 1H), 4.38 (d, J = 6.0 Hz, 1H), 4.09 — 3.96 (m, 1H), 3.81 (s, 3H),

3.29 (s, 1H).

13C{lH} NMR (101 MHz, CDCls) 6 = 174.9, 163.5, 149.8, 137.5, 136.8, 133.3, 131.1, 129.2, 129.1,
128.7,128.2, 127.2, 127.1, 127.1, 126.2, 126.0, 124.5, 122.6, 117.3, 117.1, 81.8, 73.9, 52.5, 45.5.
HRMS (ESI-TOF) calcd for C,gH,3NNaO,S* ([M]+Na*) = 492.1235, Found 492.1242.
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Isopropyl 2-{(3R,3aR,4S)-4-(2-fluorophenyl)-4-hydroxy-3-phenyl-3a,4-dihydro-3H-benzo
[b]pyrrolo[1,2-d][1,4]thiazin-2-ylI}-2-0xoacetate (7cb)
78% vyield; yellow solid; R¢ = 0.4 (petroleum/ethyl acetate = 3/1); m.p.

COCOO'Pr
113-115 €.
N,,’ Ph Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH =
@ ' 80/20, flow rate 2.0 mL/min, A =254 nm) t, (major) = 3.19 min, t, (minor)
s = 3.91 min. ee = 96%. [a]**%, = +25.12 (¢ = 0.77, in CH,Cl,).
SH 'H NMR (400 MHz, CDCl5) & = 8.69 (s, 1H), 7.86 (s, 1H), 7.45 — 7.39

(m, 1H), 7.38 — 7.33 (m, 1H), 7.30 — 7.26 (m, 1H), 7.22 — 7.17 (m, 1H),
7.15— 7.02 (m, 5H), 6.94 — 6.84 (m, 1H), 6.76 — 6.53 (m, 2H), 5.17 — 4.98 (m, 1H), 4.86 (d, J = 5.6 Hz,
1H), 4.24 (d, J = 5.2 Hz, 1H), 3.65 (s, 1H), 1.33 — 1.22 (m, 6H).
B3C{IH} NMR (101 MHz, CDCl,) & = 162.5, 149.5, 142.3, 133.6, 131.5 (d, J = 8.8 Hz), 129.3, 128.4,
127.1,127.04, 126.7, 126.0, 124.8 (d, J = 10.8 Hz), 124.5, 124.4 (d, J = 3.4 Hz), 118.9, 117.6, 116.5 (d,
J=23.5Hz), 76.6 (d, = 727.1 Hz), 69.8, 49.1, 21.6.
HRMS (ESI-TOF) calcd for CygH,,FNNaO,S* ([M]+Na") = 512.1302, Found 512.1306.
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Isopropyl 2-{(3R,3aR,4S)-4-hydroxy-4-(3-methoxyphenyl)-3-phenyl-3a,4-dihydro-3H-benzo
[b]pyrrolo[1,2-d][1,4]thiazin-2-ylI}-2-0xoacetate (7cc)

76% yield; yellow solid; Ry = 0.4 (petroleum/ethyl acetate = 3/1); m.p.
121-122 <.

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH =

COCOOPr

pu—

@NM " 80/20, flow rate 2.0 mL/min, A = 254 nm) t, (major) = 4.78 min, t, (minor)
S = 6.52 min. ee = 95%. [a]**%, = —81.7 (c = 0.78, in CH,Cl,).
OH 'H NMR (400 MHz, CDCl3) & = 8.68 (s, 1H), 7.38 — 7.33 (m, 1H), 7.29
O (d, J=8.0 Hz, 1H), 7.21 — 7.16 (m, 1H), 7.13 — 7.08 (m, 2H), 7.08 —

6.98 (m, 5H), 6.96 — 6.90 (m, 1H), 6.60 — 6.45 (m, 2H), 5.07 (s, 1H),
4.40 (d, J = 5.2 Hz, 1H), 4.31 (d, J = 5.6 Hz, 1H), 3.69 (s, 3H), 3.39 (s, 1H), 1.32 — 1.22 (m, 6H).
13C{lH} NMR (101 MHz, CDCls) 6 = 162.5, 159.9, 149.5, 142.6, 139.1, 133.5, 129.7, 128.2, 127.2,
126.9, 126.5, 126.0, 124.2, 122.6, 119.4, 118.5, 117.4, 115.1, 112.3, 81.9, 69.7, 55.3, 48.4, 21.6.
HRMS (ESI-TOF) calcd for CygH,;NNaOsS* ([M]+Na*) = 524.1502, Found 524.1501.
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Isopropyl 2-{(3R,3aR,4R)-4-(4-chlorophenyl)-4-hydroxy-3-phenyl-3a,4-dihydro-3H-benzo
[b]pyrrolo[1,2-d][1,4]thiazin-2-yl}-2-oxoacetate (7cd)

99% vyield; yellow solid; Rs = 0.4 (petroleum/ethyl acetate = 3/1); m.p.
118-120 €.

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH =
80/20, flow rate 2.0 mL/min, A = 254 nm) t, (major) = 4.08 min, t, (minor)
= 5.84 min. ee = 93%. [0]**"p = —75.9 (c = 0.92, in CH,Cl,).

'H NMR (400 MHz, CDCl;) & = 8.68 (s, 1H), 7.43 (d, J = 8.4 Hz, 2H),
7.35(d, J = 7.6 Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.21 — 7.16 (m, 1H),
7.13-7.01 (m, 5H), 6.54 (dd, J = 5.6, 2.0 Hz, 2H), 5.22 — 4.86 (m, 1H), 4.38 (d, J = 5.6 Hz, 1H), 4.24
(d, J =5.2 Hz, 1H), 3.99 (s, 1H), 1.28 — 1.20 (m, 6H).

13C{lH} NMR (101 MHz, CDCls) 6 = 162.4, 149.8, 142.4, 136.4, 135.0, 133.4, 128.7, 128.4, 127.2,
126.9, 126.6, 126.0, 124.4, 122.7, 118.5, 117.5, 81.7, 69.8, 48.4, 21.5.

HRMS (ESI-TOF) calcd for CygH,,*°CINNaO,S* ([M]+Na") = 528.1007, Found 528.1027.calcd for
CusH24>"CINNa0,S* ([M]+Na") = 530.0977, Found 530.1004.
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Isopropyl 2-{(3R,3aR,4S)-4-hydroxy-3-phenyl-4-(p-tolyl)-3a,4-dihydro-3H-benzo[b]
pyrrolo[1,2-d][1,4]thiazin-2-yl}-2-oxoacetate (7ce)
COCOOPr 76% yield; yellow solid; Rs = 0.4 (petroleum/ethyl acetate = 3/1); m.p.

— 121-122 €.
N, Ph Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH =
@ 80/20, flow rate 2.0 mL/min, A =254 nm) t, (major) = 4.05 min, t, (minor)
S OH = 5.79 min. ee = 94%. [a]?%?p = —61.7 (¢ = 0.71, in CH,Cl).

'H NMR (400 MHz, CDCly) & = 8.67 (s, 1H), 7.40 (d, J = 8.0 Hz, 2H),
7.35(d, J = 7.6 Hz, 1H), 7.22 — 7.14 (m, 3H), 7.11 (dd, J = 2.0, 1.6 Hz, 1H), 7.08 — 6.94 (m, 4H), 6.50
(dd, J =5.2, 1.6 Hz, 2H), 5.07 (s, 1H), 4.36 (d, J = 5.2 Hz, 1H), 4.30 (d, J = 5.6 Hz, 1H), 3.27 (s, 1H),
2.40 (s, 3H), 1.34 — 1.24 (m, 6H).
BC{'H} NMR (101 MHz, CDCly) & = 162.5, 149.6, 142.6, 138.9, 134.6, 133.5, 129.3, 128.2, 127.2,
127.0,126.9, 126.4, 125.9, 124.2, 122.9, 118.5, 117.5, 82.1, 69.7, 48.3, 21.6, 21.1.
HRMS (ESI-TOF) calcd for CagH,sNNaO,S* ([M]+Na*) = 508.1553, Found 508.1559.
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Isopropyl 2-{(3R,3aR,4R)-4-hydroxy-3-phenyl-4-(4-(trifluoromethyl)phenyl)-3a,4-
dihydro-3H-benzo[b]pyrrolo[1,2-d][1,4]thiazin-2-yl}-2-oxoacetate (7cf)

92% vyield; yellow solid; Rs = 0.4 (petroleum/ethyl acetate = 3/1); m.p.
121-123 <.

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH =
80/20, flow rate 2.0 mL/min, A =254 nm) t, (major) = 2.13 min, t, (minor)
= 2.96 min. ee = 92%. [0]**%, = —87.8 (¢ = 1.00, in CH,Cl,).

'H NMR (400 MHz, CDCl3) = 8.70 (s, 1H), 7.58 (dd, J = 21.2, 8.0
Hz, 4H), 7.36 (d, J = 8.0 Hz, 1H), 7.22 — 7.18 (m, 1H), 7.13 — 6.97 (m,
5H), 6.48 — 6.36 (M, 2H), 5.11 — 4.91 (m, 1H), 4.42 (d, J = 5.6 Hz, 1H), 4.26 (s, 1H), 4.22 (d, J = 5.6
Hz, 1H), 1.28 — 1.20 (m, 6H).

BC{*H} NMR (101 MHz, CDCly) § = 175.4, 162.3, 149.7, 142.4, 141.9, 133.4, 131.1 (d, J = 32.8 Hz),,
128.4,127.8,127.3, 126.9, 126.8, 126.2, 125.5 (q, J = 3.6 Hz), 123.9 (d, J = 290.6 Hz), 124.5, 122.4,
118.5, 117.4, 81.5, 69.9, 48.6, 21.5.

HRMS (ESI-TOF) calcd for CyH,sFsNNaO,S* ([M]+Na*) = 562.1270, Found 562.1278.
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Isopropyl 2-{(3R,3aR,4R)-4-cyclopropyl-4-hydroxy-3-phenyl-3a,4-dihydro-3H-benzo[b]
pyrrolo[1,2-d][1,4]thiazin-2-yl}-2-oxoacetate (7ci)

46% yield; yellow solid; Rs = 0.4 (petroleum/ethyl acetate = 3/1); m.p.
123-125 <.

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH =
80/20, flow rate 2.0 mL/min, A = 254 nm) t, (major) = 2.57 min, t, (minor)
= 3.36 min. ee = 95%. [0]**%, = —95.6 (¢ = 0.39, in CH,Cl,).

'H NMR (400 MHz, CDCly) § =8.64 (s, 1H), 7.36 — 7.27 (m, 5H), 7.21 —
7.13 (m, 2H), 7.09 — 7.00 (m, 2H), 5.12 — 5.03 (m, 1H), 4.81 (d, J = 5.6 Hz, 1H), 4.35 (d, J = 5.6 Hz
1H), 2.58 (s, 1H), 1.32 — 1.26 (m, 6H), 1.22 — 1.05 (m, 3H), 0.68 — 0.56 (m, 2H).

BC{*H} NMR (101 MHz, CDCls) & = 162.5, 149.0, 143.4, 133.4, 128.6, 127.6, 127.1, 126.8, 125.8,
1245, 122.8, 119.0, 117.1, 81.2, 69.7, 48.0, 21.6, 17.1, 3.5, -0.2.

HRMS (ESI-TOF) calcd for CsHsNNaO,S™ ([M]+Na*) = 458.1397, Found 458.1398.

COCOO'Pr

0.15] O by
i 3
(2]
5 0.10]
<
0.05
0.00
000 02 040 060 08 100 120 140 160 180 200 220 240 260 280 300 320 340 380 380 400
Mnutes
Retention Time Area % Area Height
1 2.544 1685905 50.92 184303
2 3.304 1625237 49.08 111972
0.35 =
0
0.30] PN
0.25
5 0204
2
0.154
0.104
8
0.05] g
0.004 I S
000 020 040 060 080 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
Mnutes
Retention Time Area % Area Height
1 2.571 4008452 97.48 371204
2 3.356 103747 2.52 6898
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Methyl 2-(1-benzoyl-2-phenyl-1,2,3,3a-tetrahydrobenzo[d]pyrrolo[2,1-b]
thiazol-3-yl)-2-oxoacetate (8a)
s 'H NMR (400 MHz, CDCly) § = 7.76 — 7.70 (m, 2H), 7.53 — 7.49 (m,
©: e pCOCOMe 11y 735 730 (m, 2H), 7.24 — 7.19 (m, 3H), 7.16 (dd, I = 7.6, 1.2,
N;j/ 1H), 7.14 — 7.08 (m, 2H), 6.99 — 6.94 (m, 1H), 6.91 — 6.84 (M, 1H),
Ph 6.56 — 6.41 (m, 1H), 5.85 (d, J = 8.4, 1H), 5.17 (d, J = 8.0, 1H), 4.4
(dd, J = 10.4, 8.4, 1H), 3.95 (dd, J = 10.4, 8.0, 1H), 3.69 (s, 3H).
15C{*H} NMR (101 MHz, CDCl) 5 = 197.6, 191.5, 160.8, 147.2, 137.6, 135.3, 133.6, 129.1, 128.7,
128.6, 128.1, 127.7, 127.7, 125.9, 122.4, 122.3, 111.6, 75.8, 74.2, 63.2, 53.2.

PhOC

HRMS (ESI-FT) calcd for CogH»,NO,S*([M]+H™) = 444.1264, Found 444.1266.
Methyl 2-(1-benzoyl-3-phenyl-1,2,3,3a-tetrahydrobenzo[d]pyrrolo[2,1-b]
thiazol-2-yl)-2-oxoacetate (8b)
s 'H NMR (400 MHz, CDCl3) & = 7.64 (d, J = 8.0 Hz, 2H), 7.49 — 7.38
©: »  LOCOOMe  (m 1H),7.33-7.19 (m, 2H), 7.14 — 6.88 (m, 7H), 6.82 (t, J = 7.6 Hz,
N 1H), 6.66 (d, J = 8.0 Hz, 1H), 6.63 (d, J = 8.0 Hz, 1H), 5.53 (d, J =
Ph 8.0 Hz, 1H), 5.01 — 4.71 (m, 1H), 4.37 — 4.17 (m, 1H), 3.90 (s, 3H).
BC{*H} NMR (101 MHz, CDCl;) 5 = 198.5, 190.2, 160.4, 148.2,
136.4, 135.6, 133.3, 128.9, 128.5, 128.5, 128.4, 128.1, 127.6, 125.8, 122.8, 121.8, 112.9, 73.7, 72.5,
57.7,53.5, 48.4.
HRMS (ESI-FT) calcd for CosH,,NO,ST([M]+H™) = 444.1264, Found 444.1258.
Methyl 2-(1-benzoyl-2-phenyl-1,2-dihydrobenzo[d]pyrrolo[2,1-b]thiazol-3-
yl)-2-oxoacetate (8c)

PhOC

s 'H NMR (400 MHz, CDCl3) & 7.97 — 7.91 (m, 2H), 7.75 — 7.68 (m,
©: ;jCOCOOMe 2H), 7.57 — 7.52 (m, 2H), 7.42 — 7.26 (m, 5H), 7.26 — 7.20 (m, 2H),
N 6.81 (d, J=8.0 Hz, 0.71H), 6.78 (d, J = 8.0 Hz, 0.25H), 5.93 (d, J =
Ph 3.2 Hz, 0.74H), 5.77 (d, J = 2.8 Hz, 0.26H), 5.15 (d, J = 3.6 Hz, 1H),
4.85 (d, J = 3.2 Hz, 0.26H), 3.85 (s, 0.79H), 3.55 (s, 2.23H).
BC{"H} NMR (101 MHz, CDCl,) 8 =190.7, 171.2, 163.3, 143.0, 136.7, 134.8, 132.8, 131.1, 129.4,

129.2, 129.0, 127.9, 127.6, 127.5, 127.3, 124.1, 123.5, 110.7, 106.4, 73.5, 54.7, 52.0.
HRMS (ESI-FT) calcd for CogH,oNO,S*([M]+H") = 442.1108, Found 442.1104.

PhOC
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(1R,2R,3R,3aS)-1'-Benzyl-1,2-bis(hydroxy(phenyl)methyl)-1,2-dihydro-3aH-spiro[benzo[d]p
yrrolo[2,1-b]thiazole-3,3'-indolin]-2-one (9)

89% yield; light yellow solid; R¢ = 0.4 (petroleum/ethyl acetate = 3/1); m.p.
246-248 €.

Dissolved in iPrOH for HPLC; HPLC (Daicel chiralpak 1A, n-hexane/iPrOH
=70/30, 1.0 mL/min, A = 254 nm, t (minor) = 26.30 min, t (major) = 28.11
min. ee = 98%. [a]**p = —204.9 (c = 1.03, in CH,Cl,).

'H NMR (400 MHz, CDCly) & = 7.68 — 7.36 (m, 6H), 7.35 — 7.26 (m, 4H),
7.25-7.19 (m, 4H), 7.05 (t, J = 7.6 Hz, 1H), 7.03 — 6.91 (m, 2H), 6.78 —
6.43 (m, 5H), 6.22 (d, J = 7.6 Hz, 1H), 5.89 (s, 1H), 4.95 — 4.89 (m, 2H), 4.45 (dd, J = 10.4, 4.8 Hz,
1H), 3.96 — 3.84 (m, 1H), 3.74 (dd, J = 22.0, 8.4 Hz, 2H), 3.14 (d, J = 8.4 Hz, 1H), 2.11 (d, J = 4.8 Hz,
1H).

BC{"H} NMR (101 MHz, CDCl;) 8 = 175.9, 148.7, 144.2, 142.8, 142.0, 135.7, 129.2, 129.1, 128.7,
128.2,127.6, 127.4, 127.3, 127.2, 126.6, 126.6, 125.8, 125.3, 125.1, 121.13, 121.09, 120.3, 109.3,
108.3, 79.5, 75.6, 73.4, 73.1, 64.8, 55.1, 44.0.

HRMS (ESI-TOF) calcd for CgH3,N,NaOsS™ ([M]+Na’) = 619.2026, Found 619.2025.

AU
°
°
e

T T T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20,00 22,00 24.00 26.00 28.00 30,00 32,00

Minutes

Retention Time | Area | % Area | Height

1 26.421 | 4519640 | 48.82 | 83877

2 28.273 | 4737570 | 51.18 | 78830

AU
°
°
e

Retention Time | Area | % Area | Height

1 26.296 47477 0.88 | 1305

2 28.106 | 5345983 | 99.12 | 89945
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{(1R,2R,35,3aS)-1"-Benzyl-2'-o0x0-1,2-dihydro-3aH-spiro[benzo[c]pyrrolo[1,2-e][1,2,5]oxathi
azine-3,3'-indoline]-1,2-diyl}bis(phenylmethanone) (10)

96% yield; light yellow solid; R¢ = 0.4 (petroleum/ethyl acetate = 2/1); m.p.
177-179 €.

Dissolved in iPrOH for SFC; SFC (Daicel chiralcel OD-3, CO,/iPrOH = 85/15,
flow rate 1.0 mL/min, A = 254 nm) t, (minor) = 17.99 min, t, (major) = 19.28
min. ee = 99%. [a]?°p = -112.1 (c = 0.78, in CH,Cl,).

'H NMR (400 MHz, CDCl3) 6 =8.25 (d, J = 7.2 Hz, 2H), 7.64 (t, J = 7.6 Hz,
1H), 7.58 — 7.48 (m, 3H), 7.47 — 7.40 (m, 2H), 7.36 (d, J = 7.6 Hz, 2H), 7.25 —
7.13 (m, 5H), 7.08 — 6.84 (m, 5H), 6.55 (t, J = 7.6 Hz, 1H), 6.28 (dd, J = 22.0, 7.6 Hz, 2H), 5.92 (d, J =
7.6 Hz, 1H), 5.71 (s, 1H), 5.40 (d, J = 7.6 Hz, 1H), 4.93 (d, J = 15.6 Hz, 1H), 4.23 (d, J = 15.6 Hz, 1H).
13C{lH} NMR (101 MHz, CDCls) 6 = 197.4,194.5, 173.1, 152.6, 142.3, 135.6, 135.5, 134.9, 134.4,
134.0, 133.6, 131.3, 129.3, 129.1, 129.0, 128.9, 128.3, 128.2, 128.1, 127.7, 126.7, 126.1, 123.0, 122.1,
121.5, 111.4, 109.5, 96.7, 65.7, 59.8, 57.8, 44.2.

HRMS (ESI-TOF) calcd for C3gH,sN,Na0,S™ ([M]+Nar) = 631.1662, Found 631.1661.

0.14

0.12-

0.10-

0.08

2
< 0.06-
0.04-
0.02-
0.00
000 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 17.00 1800 1900 20.00 210C
Minutes
Retention Time Area % Area Height
1 18.094 3920277 49.89 133105
2 19.309 3937807 50.11 125805
0.80 1
e
0.60
2
= 0.40-
e
0.20 3
=
0.00+ +

Minutes

Retention Time Area % Area Height
1 17.987 14185 0.04 -1017
2 19.283 37417651 99.96 932148
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{(1R,2R,3S,3aS)-1"-Benzyl-5-oxido-2'-0x0-1,2-dihydro-3aH-spiro[benzo[c]pyrrolo[1,2-e][1,2,
5]oxathiazine-3,3'-indoline]-1,2-diyl}bis(phenylmethanone) (11)

95% yield; light yellow solid; R = 0.4 (petroleum/ethyl acetate = 3/1); m.p.
220-222 €.

'H NMR (400 MHz, CDCls) & = 8.41 - 8.10 (m, 2H), 7.71 - 7.62 (m, 1H),
7.59 — 7.43 (m, 4H), 7.38 — 7.28 (m, 3H), 7.26 — 7.14 (m, 5H), 7.07 — 6.83
(m, 5H), 6.66 — 6.55 (m, 1H), 6.46 — 6.36 (m, 1H), 6.20 (d, J = 8.0 Hz, 1H),
6.09 (d, J =7.6 Hz, 1H), 5.79 — 5.46 (m, 1H), 5.31 — 5.08 (m, 1H), 5.00 —
4.80 (m, 1H), 4.15 - 3.90 (m, 1H).

13C{lH} NMR (101 MHz, CDCls) 6 = 197.4,194.4, 172.8, 147.8, 143.1, 135.8, 135.5, 135.4, 134.4,
134.28, 133.7, 129.2, 129.1, 128.8, 128.4, 128.2, 127.5, 126.6, 125.9, 125.4, 122.4, 122.2, 121.5, 111.9,
109.6, 84.9, 65.2, 60.7, 58.9, 44.2.

HRMS (ESI-TOF) calcd for CagHsN,Na0,,S* ([M]+Na") = 647.1611, Found 647.1614.
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12. 'H NMR and ®*C{*H} NMR spectra
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13. CD spectra in CH,Cl,.
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14. NOESY spectra of 8a and 8b.
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'H NMR (400 MHz, CDCl;) 5 = 5.85 (d, J = 8.4, 1H,), 5.17 (d, J = 8.0, 1Hg), 4.44 (dd, J = 10.4, 8.4,
1Hy), 3.95 (dd, J = 10.4, 8.0, 1H,),
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Compound 8b
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'H NMR (400 MHz, CDCly) & = 6.66 (d, J = 8.0 Hz, 1H,), 5.52 (d, J = 8.0 Hz, 1Hy), 5.01 - 4.71 (m,
1Hy), 4.37 - 4.17 (m, 1H,)
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15. HMQC spectra of 8b.
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'H NMR (400 MHz, CDCl;) 6 = 6.66 (d, J = 8.0 Hz, 1H,), 5.52 (d, J = 8.0 Hz, 1H,), 5.01 — 4.71 (m,
1Hy), 4.37 —4.17 (m, 1H,)
BC{*H} NMR (101 MHz, CDCl;) 6 = 73.7 (1Cy), 72.5 (1C,), 57.7 (1Cy), 48.4 (1C,).
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16. HMBC spectra of 8b.
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