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A. General Information

Reactions were monitored by thin layer chromatography (TLC), and compounds were
visualized with a UV light at 254 nm. Column chromatography purifications were carried out
using silica gel. *H, **C and °F NMR spectra were recorded on a Bruker (300 MHz)
spectrometer in CDCls, unless otherwise stated, using tetramethylsilane (TMS) as internal
standard. Data are presented as follows: chemical shift, integration, multiplicity (br = broad, s
= singlet, d = doublet, t = triplet, g = quartet, m = multiplet) and coupling constant in He%z
(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 Chiracel
AD-H column, Chiracel OD-H column and Chiracel IA column. Optical rotations were
measured on a digital polarimeter and are reported as follows: [a]p" (concentration (g/100
mL), solvent).

All solvents were obtained from commercial sources and were purified according to standard
procedures. The catalyst was prepared according to literature procedure. 1

Reference:

[1] a) M. Marigo, T. C. Wabnitz, D. Fielenbach, K. A. Jergensen, Angew. Chem. 2005, 117, 804;
Angew. Chem. Int. Ed. 2005, 44, 794; b) Y. Hayashi, H. Gotoh, T. Hayashi, M. Shoji, Angew. Chem.
2005, 117, 4284; Angew. Chem. Int. Ed. 2005, 44, 4212.

B. General Procedure for Syntheses of the N-(2,2,2-Trifluoroethyl) Isatin-derived Imines
(GP1) and Their Analytical Data

CF3
O
~ pTsOH - HZO
F3C NH2 - HCI + N toluene
I‘?z

Isatin (10 mmol), 2,2,2-trifluoroethylamine hydrochloride (15 mmol) and p-toluenesulfonic
acid (0.5 mmol) were suspended in toluene (10 mL) in a two-neck flask with a water
separator and a condenser. The mixture was then heated to separate the water until complete
disappearance of the starting materials, after which it was cooled to room temperature,
washed with a small quantity of saturated NaHCOj3 solution and dried by Na.SO.. After an
evaporation of the organic solvent, the crude residue was purified by flash chromatography
(silica gel, hexane/ethyl acetate) and afforded the resulting ketimine as described below.

1-methyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one(1a)
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Ketimine 1a was obtained according to GP1. Chromatography on a silica gel using
hexane/AcOEt as an eluent afforded 1.89 g of 1a in 78.1% yield as a yellow solid, mp = 104
~105 C. 1H NMR (300 MHz, CDCI3) 8 7.69 (d, J = 7.5 Hz, 1H), 7.47 (t, J = 7.7 Hz, 1H),
7.12 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 7.8 Hz, 1H), 4.83 (g, J = 9.6 Hz, 2H), 3.23(s, 3H). 13C
NMR (75 MHz, CDCI3) § 158.6, 155.7, 146.2, 133.8, 125.1 (q, Jcr = 276.2 Hz), 123.4,

122.9, 120.5, 108.8, 53.5 (q, Jcr = 32.0 Hz), 25.8. 19F NMR (282 MHz, CDCI3) §-71.9,
~71.1. HRMS (ESI) m/z caled for C11H9F3N2NaO [M+Na]™*: 265.0559, found 265.0560.

3-((2,2,2-trifluoroethyl)imino)indolin-2-one(1b)

CF3
N
/
)
N
\
H

Ketimine 1b was obtained according to GP1. Chromatography on a silica gel using
hexane/AcOEt as an eluent afforded 1.69 g of 1b in 74.1% yield as a yellow solid, mp = 205
~ 206 °C. 1H NMR (300 MHz, DMSO0-d6) 5 8.39 (s, 1H), 7.72 (d, J = 7.5 Hz, 1H), 7.42 (t,
J =78 1H), 7.12 (t, J = 7.5, 1H), 6.89 (d, J = 8.1 Hz, 1H), 4.82 (g, J = 9.7 Hz, 2H). 13C
NMR (75MHz, DMSO-d6) § 159.7, 156.4, 145.3, 134.0, 122.4, 122.3, 120.6, 125.5 (0, Jcr
= 276.0 Hz), 110.9, 52.3 (0, Jer = 31.0 Hz). 19F NMR (282 MHz, DMSO0-d6) § -70.0, -70.5.
HRMS (ESI) m/z calcd for C10H7F3N2NaO [M+Na]t: 251.0403, found 251.0404.

1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one(1c)

CF;
N
/
(o]
N
\
Bn

Ketimine 1c was obtained according to GP1. Chromatography on a silica gel
using hexane/AcOEt as an eluent afforded 2.39 g of 1c in 75.2% yield as a yellow solid, mp =
154 — 155 'C. 1H NMR (300 MHz, CDCI3) 6 7.73 (d, J = 7.5 Hz, 1H), 7.06 — 7.38 (m, 6H),
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7.09 (t, J = 7.5 Hz, 1H), 6.74 (d, J = 8.1 Hz, 1H), 4.83 — 4.93 (m, 4H). 13C NMR (75 MHz,
CDCI3) § 158.6, 155.6, 145.5, 134.9, 133.7, 129.0, 128.0, 127.4, 125.1 (q, Jer = 274.5 Hz),
123.5, 123.1, 120.7, 109.8, 53.6 (0, Jer = 32.3 Hz), 43.6. 19F NMR (282 MHz, CDCI3) &
-71.1, -71.9. HRMS (ESI) m/z calcd for C17H13F3N2NaO [M+Na]™: 341.0872, found
341.0874.

4-chloro-1-methyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one(1d)

CF;
Cl N
/
(0]
N
\
Me

Ketimine 1d was obtained according to GP1. Chromatography on a silica gel using
hexane/AcOEt as an eluent afforded 1.88 g of 1d in 68.1% yield as a yellow solid, mp = 187
- 188 C. IH NMR (300 MHz, CDCI3) 6 7.36 (t, J = 8.1 Hz, 1H), 7.10 (d, J = 8.1 Hz, 1H),
6.76 (d, J= 7.8 Hz, 1H), 4.87 (g, J = 9.6 Hz, 2H), 3.24 (s, 3H). Be nvR (75 MHz, C3Ds0)
5 158.4, 155.2, 149.3, 135.1, 131.3, 126.4 (q, Jcr = 273.5 Hz), 125.6, 117.5, 108.8, 54.3 (Q,
Jer = 32.0 Hz), 26.2. 19 NMR (282 MHz, CDCI3) 6 —72.1. HRMS (ESI) m/z calcd for
C11H9CIF3N20 [M+H]*: 277.0350, found 233.0351.

5-methoxy-1-methyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one(1e)

CF;
N
MeO /
(o)
N
\
Me

Ketimine 1le was obtained according to GP1. Chromatography on a silica gel using
hexane/AcOEt as an eluent afforded 1.99 g of 1e in 73.2% vyield as a yellow solid, mp = 133
~134C. IHNMR (300 MHz, CDCI3) 6 7.27 (d, J = 1.8 Hz, 1H), 7.01 (dd, J = 8.4, 2.7 Hz,
1H), 6.75 (d, J = 8.4 Hz, 1H), 4.84 (g, J = 9.7 Hz, 2H), 3.83 (s, 3H), 3.20 (s, 3H). 13C NMR
(75 MHz, CDCI3) § 158.6, 156.5, 156.0, 139.9, 125.0 (q, Jor = 274.0 Hz), 121.1, 120.0,
109.6, 107.8, 55.9, 53.4 (9, Jcr = 32.0 Hz), 25.8. 19 NMR (282 MHz, CDCI3) 6 -71.9.
HRMS (ESI) m/z calcd for C12H11F3N2Na02 [M+Na]*: 295.0665, found 295.0670.

1,5-dimethyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one(1f)

S4



Me /

Ketimine 1f was obtained according to GP1. Chromatography on a silica gel using
hexane/AcOEt as an eluent afforded 1.92 g of 1f in 75.0% yield as a yellow solid, mp = 145
146 °C. 1H NMR (300 MHz, CDCI3) & 7.54 (s, 1H), 7.25 (d, J = 7.2 Hz, 1H), 6.73 (d, J =
7.8 Hz, 1H), 4.83 (g, J = 9.7 Hz, 2H), 3.21 (s, 3H), 2.35 (5, 3H). 13C NMR (75 MHz, CDCI3)
5 158.7, 155.9, 144.0, 134.1, 133.2, 125.1 (q, Jcr = 274.5 Hz), 123.4, 120.4, 108.5, 53.4 (q,
Jor = 32.0 Hz), 25.8, 20.8. 19F NMR (282 MHz, CDCI3) & -71.9. HRMS (ESI) m/z calcd
for C12H11F3N2NaO [M+Na]*: 279.0716, found 279.0720.

5-bromo-1-methyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one(1g)

CF;
N
Br /
(0]
N
\
Me

Ketimine 1g was obtained according to GP1. Chromatography on a silica gel using
hexane/AcOEt as an eluent afforded 2.30 g of 1g in 71.9% vyield as a yellow solid, mp = 147
~ 148 C. 1H NMR (300 MHz, CDCI3) 5 7.84 (d, J = 1.8 Hz, 1H), 7.59 (dd, J = 8.4, 2.1 Hz,
1H), 6.75 (d, J = 8.4 Hz, 1H), 4.83 (g, J = 9.7 Hz, 2H), 3.23 (s, 3H). 13C NMR (75 MHz,
CDCI3) § 158.0, 154.7, 145.0, 136.2, 125.9, 124.8 (0, Jcr = 274.7 Hz), 121.9, 116.3, 110.3,
53.7 (q, Jor = 32.3 H2), 25.9. 19F NMR (282 MHz, CDCI3) 5 ~71.9. HRMS (ESI) m/z calcd
for C11H8BrF3N2NaO [M+Na]™: 342.9664, found 342.9670.

5-chloro-1-methyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one(1h)

CF;
N
cl /
(0]
N
\
Me

Ketimine 1h was obtained according to GP1. Chromatography on a silica gel
using hexane/AcOEt as an eluent afforded 2.01 g of 1h in 72.8% yield as a yellow solid, mp
=119-120 C. IH NMR (300MHz, CDCI3) 6 7.68 (d, J = 1.8 Hz, 1H), 7.43 (dd, J =8.4, 1.8
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Hz, 1H), 6.78 (d, J = 8.4 Hz, 1H), 4.82 (q, J = 9.7 Hz, 2H), 3.23 (s, 3H). Bc NMR (75 MHz,
CDCI3) § 158.1, 154.9, 144.6, 133.3, 129.2, 124.9 (0, Jcr = 274.5 Hz), 123.1, 121.6, 109.9,
53.7 (9, Jcr = 32.3 Hz), 26.0. 19¢ NMR (282 MHz, CDCI3) 6 —71.9. HRMS (ESI) m/z calcd
for C11H8CIF3N2NaO [M+Na]*: 299.0169, found 299.0176.

5-fluoro-1-methyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one(1i)

CF;
N
. /
(o]
N
\
Me

Ketimine 1i was obtained according to GP1. Chromatography on a silica gel using
hexane/AcOEt as an eluent afforded 1.82 g of 1i in 70.0% vyield as a yellow solid, mp = 110
111 C. IHNMR (300 MHz, CDCI3) 6 7.44 (dd, J = 7.5, 2.7 Hz, 1H), 7.18 (td, J = 8.7, 2.7
Hz, 1H), 6.79 (dd, J = 8.4, 3.6 Hz, 1H), 4.83 (q, J = 9.6 Hz, 2H), 3.23 (s, 3H). 13c NMR (75
MHz, CDCI3) 6 161.1, 158.4, 157.9, 155.3, 142.2, 124.9 (q, Jor = 274.2 HZ), 121.6 (d, Jcr =
7.5 Hz), 115.1(dd, Jcg = 712.5, 24 Hz), 109.7 (d, Jce = 7.5 Hz), 53.6 (q, Jce = 32.3 Hz), 25.9.
19r NMR (282 MHz, CDCI3): & —71.9, —119.0. HRMS (ESI) m/z caled for
C11H5F4N2NaO  [M+Na]*: 283.0465, found 283.0468.

1-methyl-5-nitro-3-((2,2,2-trifluoroethyl)imino)indolin-2-one(1j)

CF,
N
NO, /
(o)
N
\
Me

Ketimine 1j was obtained according to GP1. Chromatography on a silica gel using
hexane/AcOEt as an eluent afforded 1.72 g of 1j in 59.9% yield as a yellow solid, mp =207 —
208 'C. 1H NMR (300 MHz, CDCl5) 6 8.56 (d, J = 2.3 Hz, 1H), 8.43 (dd, J = 8.7, 2.3 Hz, 1H),
7.01(d, J = 8.7 Hz, 1H), 4.85 (q, J = 9.6 Hz, 2H), 3.35 (5, 3H). 13C NMR (75 MHz, C5Ds0)
5 159.5, 155.3, 152.5, 144.6, 130.5, 126.2 (9, Jcr =273.5 Hz), 121.7, 118.0, 110.6, 54.2 (q,
Jor = 32.0 Hz), 26.6. 19 NMR (282 MHz, CDCI3) 6 -71.8. HRMS (ESI) m/z calcd for
C11H8BrF3N3Na03 [M+Na]*: 310.0410, found 310.0416.

6-chloro-1-methyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one(1k)
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Ketimine 1k was obtained according to GP1. Chromatography on a silica gel
using hexane/AcOEt as an eluent afforded 2.01 g of 1k in 72.8% yield as a yellow solid, mp
=129 - 130 C. 1H NMR (300 MHz, CDCI3) 5 7.64 (d, J = 7.8 Hz, 1H), 7.10 (d, J = 7.8 Hz,
1H), 6.85 (s, 1H) 4.81 (g, J = 9.6 Hz, 2H), 3.22 (s, 3H). 13C NMR (75 MHz, CDCI3) &
158.4, 154.5, 147.2, 139.8, 124.9 (Q, Jcr = 274.5 Hz), 123.9, 123.5, 118.8, 109.6, 53.6 (q,
Jer = 32.3 Hz), 25.9. 19F NMR (282 MHz, CDCI3) § —71.9. HRMS (ESI) m/z calcd for
C11H8CIF3N2NaO [M+Na]*: 299.0169, found 299.0175.

7-chloro-1-methyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one(1l)

CF;
N
/
(o]
N
\
Cl Me

Ketimine 11 was obtained according to GP1. Chromatography on a silica gel using
hexane/AcOEt as an eluent afforded 2.04 g of 1l in 73.9% yield as a yellow solid, mp = 150
~151°C. 1H NMR (300 MHz, CDCI3) § 7.64 (dd, J = 7.5, 0.6 Hz, 1H), 7.38 (dd, J = 8.1, 0.9
Hz, 1H), 7.04 (t, J = 7.8 Hz, 1H), 4.81 (g, J = 9.7 Hz, 2H), 3.60 (s, 3H). 13C NMR (75 MHz,
CDCI3) 6 158.6, 154.6, 141.7, 135.8, 124.2, 123.1, 124.9 (q, Jcr = 274.7 Hz), 121.5, 116.2,
53.8 (0, Jor = 32.3 Hz), 29.1. 19 NMR (282 MHz, CDCI3) § —71.9. HRMS (ESI) m/z calcd
for C11H8CIF3N2NaO [M+Na]*: 299.0169, found299.0172.
omo-1,5-dimethyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one(1m)
CF;

Br /

Ketimine 1m was obtained according to GP1. Chromatography on a silica gel
using hexane/AcOEt as an eluent afforded 2.30 g of 1m in 68.9% yield as a yellow solid, mp
=178-179 C. 1H NMR (300 MHz, CDCI3) 6 7.67 (s, 1H), 7.32 (s, 1H), 4.80 (g, J = 9.7
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Hz, 2H), 3.47 (s, 3H), 2.53 (s, 3H). 13C NMR (75 MHz, CDCI3) & 158.6, 154.7, 142.9,
139.4, 125.1(q, Jer = 274.2 Hz), 123.7, 122.6, 116.0, 53.8 (0, Jcr = 32.0 Hz), 29.1, 18.5.
19¢ NMR (282 MHz, CDCI3) 6 —71.9. HRMS (ESI) m/z calcd for C12H10BrF3N2NaO
[M+Na]™: 356.9821, found 356.9826.
C. Reaction Condition Optimization
Table 1: Optimization reaction conditions.®

CF3

N catalyst:

/ CHO

ok o8
N Ph PhCOOH N oTMS
. \ 1.2 ;guiv.

entry solvent time [h] yield [%]™! drtel ee [%]
1 DCM 40 98% >20:1 97%
2 THF 36 96% > 20:1 99%
3 MTBE 44 94% 8:1 94%/55%
4 Tol 51 98% >20:1 93%
5 Et,O 50 98% >20:1 92%
6 CHs3CN 28 98% >20:1 99%
7 DCE 28 98% > 20:1 95%
8 MeOH 70 98% > 20:1 88%

[a] Reactions were carried out with 1a (0.2 mmol), 2a (0.24 mmol), PhCOOH (0.02 mmol) and catalyst
(0.02 mmol) in different solvents (0.1 M) at RT. [b] Yield of isolated 3a. [c] Determined by crude *H and *°F
NMR or chiral phase HPLC analysis. [d] Determined by chiral phase HPLC analysis.

Table 2: Screening of different additives. &,

CF;
N catalyst:
/ CHO
Ph
ke oae -t
N PH additive N OTMS
\ 1.2 equiv.
1a 2a
entry additive time [h] yield[%)]®! drle ee[%][
1 - 48 98% >20:1 98%
2 PhCOOH 28 98% >20:1 99%
3 AcOH 30 98% >20:1 93%
4lel pTsOH - - - -
5 EtsN - - - -

[a] Reactions were carried out with 1a (0.2 mmol), 2a (0.24 mmol), corresponding additive (0.02 mmol) and
catalyst (0.02 mmol) in CHsCN (0.1 M) at RT. [b] Yield of isolated 3a. [c] Determined by crude *H and *°F
NMR or chiral phase HPLC analysis. [d] Determined by chiral phase HPLC analysis. [e] Did not react.
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Table 3: Catalyst loading screening.!

CF3 FaC
NJ = R catalyst:
/ CHO HN
"y Ph
©jg:0 . /____J CH3;CN (g:Ho L X,,,,%Ph
N PH PhCOOH N N STMS
\ 1.2 equiv. \
1a 2a 3a
entry catalyst loading (eq.) time [h] yield[%]®] drlel ee[%]
1 0.1 28 99% > 20:1 99%
2 0.06 32 98% >20:1 99%
3 0.03 36 98% >20:1 99%
4le) 0.01 - - - -

[a] Reactions were carried out with 1a (0.2 mmol), 2a (0.24 mmol), corresponding additive and catalyst in
CH3CN (0.1 M) at RT. [b] Yield of isolated 3a. [c] Determined by crude *H and **F NMR or chiral phase
HPLC analysis. [d] Determined by chiral phase HPLC analysis. [e] Did not react.

Table 4: Screening for reaction concentration.

CF3
N catalyst:
/ CHO
CH5CN Ph
Crpo - e (o
N PH 3 mol% PhCOOH H OTMS
\ 1.2 equiv. 3 mol%
1a 2a
entry reaction concentration[® time [h] yield[%][©  dr ee[%][
1 0.2M 24 98% >20:1 99%
2 0.1M 36 98% >20:1 99%
3 0.07 M 40 98% - 97%
4 0.05 M 48 99% - 97%

[a] Reactions were carried out with 1la (0.2 mmol), 2a (0.24 mmol), PhCOOH (3 mol%) and catalyst (3
mol%) in CHsCN at RT. [b] Yield of isolated 3a. [c] Controled by addition of different quantity of solvent.
[d] Determined by crude *H and **F NMR or chiral phase HPLC analysis. [¢] Determined by chiral phase
HPLC analysis.

D. Representative Procedure

A vial equipped with a magnetic stir bar was charged with appropriate ketimine (0.2 mmol),
the catalyst (0.006 mmol), benzoic acid (3 mol%) and anhydrous acetonitrile (1 mL) at room
temperature. Corresponding aldehyde (0.24 mmol) was added in one portion and the reaction
was stirred for the designated time, after which it was concentrated and purified by column
chromatography. Enantiomeric ratios of the pure products were determined using chiral
HPLC.

Racemates were prepared following the general procedure by combination of equivalent (R)-
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and (S)-catalysts.

E. Analytical Data and HPLC Chromatogram of the Addition Products

(2'R,3'S,4'R,5'S)-1-methyl-2-0x0-4'-phenyl-5'-(trifluoromethyl)spiro[indoline-3,2'-pyrrol
idine]-3'-carbaldehyde(3a)

F1C
*%  pn
HN
“"CHO
o
N
\

From 48.4 mg (0.2 mmol) ketimine 1a and cinnamaldehyde 30 pl (0.24 mmol, 1.2 equiv),

71.8 mg (96.0% yield) compound 3a was obtained as a colorless solid, mp = 168 - 169 C.
[0]D20 = +35 (c = 1.0, CHCI3). Dr (>20:1) determined by 1H and 19F NMR analysis. 99%
ee was determined by HPLC analysis (Daicel Chiralcel 1A column, hexane/2-propanol 90:10,
1.0 mL/min). Retention time: tmajor = 15.5 and tminor = 14.3 min. 14 NMR (300 MHz,
CDCI3) 9.08 (d, J = 1.6 Hz, 1H), 7.50 — 7.47 (m, 2H), 7.38 — 7.26 (m, 5H), 7.13 (t, J = 7.5
Hz, 1H), 6.87 (d, J=7.7 Hz, 1H), 459 — 4.73 (m, 1H), 4.23 (t, J = 10.2 Hz, 1H), 3.64 (dd, J =
10.6, 1.6 Hz, 1H), 3.26 (s, 3H), 2.76 (d, J = 5.4 Hz, 1H). 13c NMR (75 MHz, CDCI3) § 194.9,
176.8, 141.2, 135.7, 128.4, 127.3, 126.5, 126.3, 126.2, 123.8 (Q, Jcr = 277.7 Hz), 123.7,
122.0, 107.2, 66.0, 64.4, 63.6 (0, Jor = 29.3 HZ), 43.8, 25.0. 19F NMR (282 MHz, CDCI3) &
-74.8. HRMS (ESI) m/z calcd for C20H18F3N202 [M+H]™ : 375.1315, found 375.1311.

0.10—

2 0.05-
000; [ [ [ [ [ — 7\ [
5.00 10,00 15100 20,00
min
Name Retention Time Area % Area | Height Int Type Peak Type
1 14.255 1784665 43.80 75808 BV Unknown
2 15.630 2289820 56.20 99196 VB Unknown
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0.60-|
0.40-|
S i
Eq
0.20-] 3
<t
i —
0.00 |
[l ‘ [l [l ‘ [l [l ‘ [l [l ‘
5.00 10.00 15.00 20.00

min

Name | Retention Time Area % Area | Height Int Type Peak Type

1 14.334 83584 0.58 3849 Bv Unknown

2 15.464 14283336 99.42 621619 vB Unknown

(2'S,3'R,4'S,5'R)-1-methyl-2-0x0-4'-phenyl-5'-(trifluoromethyl)spiro[indoline-3,2'-pyrrol
idine]-3'-carbaldehyde(3a’)

F3C
#Ph
HN,
CHO
)
N
\

From 48.4 mg (0.2 mmol) ketimine 1a and cinnamaldehyde 30 pl (0.24 mmol, 1.2 equiv)
using (S)-diphenylprolinol silyl ether as catalyst, 73.3 mg ( 98.0 % yield) compound 3a’ was
obtained as a colorless solid, mp = 166 - 167 <T. [a]o® = -48 (¢ = 1.0, CHCI;). Dr (>20:1)
determined by *H and °F NMR analysis. >99% ee was determined by HPLC analysis (Daicel
Chiralcel 1A column, hexane/2—propanol 95: 5, 1.0 mL/min). Retention time: tmajor = 24.6 and
tminor = 27.7 min. IH NMR (300 MHz, CDCI3) 4 9.08 (d, J = 1.6 Hz, 1H), 7.50 — 7.47 (m, 2H),
7.38 — 7.25 (m, 5H), 7.13 (t, J = 7.5 Hz, 1H), 6.87 (d, J = 7.7 Hz, 1H), 4.59 — 4.47 (m, 1H),
4.23 (t, J = 10.2 Hz, 1H), 3.63 (dd, J = 10.6, 1.5 Hz, 1H), 3.26 (s, 3H), 2.76 (d, J = 6.9 Hz,
1H). BC NMR (75 MHz, CDCls) & 194.9, 176.8, 141.2, 135.7, 128.4, 127.3, 126.5, 126.3,
126.2, 123.8 (0, Jer = 277.7 Hz), 123.7, 122.0, 107.2, 66.0, 64.4, 63.6 (0, Jcr = 29.3 H2), 43.8,
25.0. %F NMR (282 MHz, CDCls) & -74.8. HRMS (ESI) m/z calcd for CaoHisFaN202 [M+H]*:
375.1315, found 375.1318.

0.15-
0.10
= ]
< ]
0.05

0.00 N

5.00 10.00 15.00 20.00 25.00 30.00 35.00
min
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Name | Retention Time Area % Area | Height Int Type Peak Type
1 24.829 5219205 45.90 121979 BV Unknown
2 27.666 6151015 54.10 157195 VB Unknown
0.40
S ,
X 0.20- ~
7 ™
N~
] N
o.oofi—Lp ; o w
5.00 10,00 15.00 20,00 2500 30.00 35.00
min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 24.550 17242410 99.96 416113 bb Unknown
2 27.737 7610 0.04 307 bb Unknown

(2'R,3'S,4'R,5'S)-2-0x0-4"-phenyl-5'-(trifluoromethyl)spiro[indoline-3,2'-pyrrolidine]-3'-
carbaldehyde(3b)

F1C
Ph
HN
""CHO
o
N
H

From 45.6 mg (0.2 mmol) ketimine 1b and cinnamaldehyde 30 ul (0.24 mmol, 1.2 equiv),
64.8 mg ( 90.0% yield) compound 3b was obtained as a white solid , mp =71 - 72 <C. [a]p®=
+46 (c = 1.0, CHCI3). Dr (>20:1) determined by 'H and *F NMR analysis. 88% ee was
determined by HPLC analysis (Daicel Chiralcel IA column, hexane /2—propanol /
dichloromethane 95:5:5, 1.0 mL/min ). Retention time: tmajor = 15.8 and tminor = 20.5 min. *H
NMR (300 MHz, CDCls) 8 9.11 (d, J = 1.5 Hz, 1H), 8.55 (s, 1H), 7.48 — 7.45 (m, 2H), 7.38 —
7.27 (m, 5H), 7.12 (td, J = 7.7, 0.9 Hz, 1H), 6.92 (d, J = 7.7 Hz, 1H), 4.55 — 4.46 (m, 1H),
4.23 (t, J = 10.3 Hz, 1H), 3.66 (dd, J = 10.8, 1.4 Hz, 1H), 2.59 (s, 1H). 13C NMR (75 MHz,
CDCI3) 6 194.9, 179.4, 138.2, 135.4, 128.4, 127.4, 126.9, 126.5, 126.3, 124.0, 123.7 (¢, Jcr =
277.8 Hz), 122.1, 109.1, 66.5, 64.4, 63.7 (q, Jcr = 29.3 Hz), 43.78. F NMR (282 MHz,
CDCls) & -74.9. HRMS (ESI) m/z calcd for CigHisF3N2O> [M+H]": 361.1158, found
361.1157.
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0061
004

< 4
0.024

U
15.
> 20.536

0.00-}

|
10.00
min

By {5 B I} i) [ % TR = piap it et
1 15.673 981065 49.21| 35082 |bb PRl
2 20.536 1012633 50.79| 27719 |bb ARH
I ‘ I I ‘ I I ‘ I I I ‘ I
10.00 15.00 20.00 25.00
min
L Hx 5 B I} 1) AR % THAR =S Ayt et
1 15.776 2446957 93.97 | 90613 | bb RN
2 20.481 156884 6.03 2456 | bb A0

hexane /2—propanol / dichloromethane 95:5:5, 1.0 mL/min)

(2'R,3'S,4'R,5'S)-1-benzyl-2-ox0-4'-phenyl-5'-(trifluoromethyl)spiro[indoline-3,2"-pyrrol
idine]-3'-carbaldehyde(3c)

F1C
T Ph
HN
""CHO
o)
N
\
Bn

From 63.6 mg (0.2 mmol) ketimine 1c and cinnamaldehyde 30 ul (0.24 mmol, 1.2 equiv),
80.1 mg ( 89.0% yield) compound 3c was obtained as a white solid, mp = 70 - 71 <T. [a]o® =
+25 (c = 1.0, CHCI3). Dr (>20:1) determined by *H and F NMR analysis. 99% ee was
determined by HPLC analysis (Daicel Chiralcel 1A column, hexane/2—propanol 70:30, 1.0
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mL/min). Retention time: tmajor = 10.2 and tminor = 7.4 min. *H NMR (300 MHz, CDCls) § 9.07
(d, J=1.6, 1H), 7.50 — 7.47 (m, 2H), 7.39 — 7.26 (m, 8H), 7.25 — 7.18 (m, 2H), 7.08 (td, J =
7.6, 0.8, 1H), 6.75 (d, J = 7.7, 1H), 4.93 (dd, J = 68.4, 15.6, 2H), 4.58 — 4.48 (m, 1H), 4.26 (t,
J=10.4, 1H), 3.72 (dd, J = 10.9, 1.5, 1H), 2.86 (d, J = 7.0, 1H). 13C NMR (75 MHz, CDCI3)
5 196.4, 178.7, 142.0, 137.2, 135.1, 130.0, 129.1, 129.0, 128.3, 128.2, 128.0, 128.0, 127.2,
125.5 (g, Jer = 277.8 Hz), 125.4, 123.8, 109.9, 67.9, 66.6, 65.5 (q, Jcr = 29.3 Hz), 45.7, 44.3.
¥F NMR (282 MHz, CDCls) & -74.8. HRMS (ESI) m/z calcd for CasH2F3N202 [M+H]":
451.1628, found 451.1627.

0.20
2 0.10-
4 ~
0007 [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ I [ ‘ [l [ ‘ [ [ ‘ [ [ ‘
2.00 4.00 6.00 8.00 1000 1200 1400  16.00
min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 7.658 2631784 53.78 191849 \AY Unknown
2 11.004 2261456 46.22 121575 \AY Unknown
<3( 0.50i ,“3
N
] N~
0007 [ ‘ [ [ ‘ [ [ ‘ [ [ [ ‘ [ [ [ ‘ [ [ [ ‘ [ [ [ ‘ [ [ [ ‘ [
2.00 4.00 6.00 800 1000 1200 1400  16.00
min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 7.376 54418 0.38 3871 \AY Unknown
2 10.216 14189778 99.62 838884 bb Unknown

(2'R,3'S,4'R,5'S)-4-chloro-1-methyl-2-oxo-4'-phenyl-5'-(trifluoromethyl)spiro[indoline-3,

2'-pyrrolidine]-3'-carbaldehyde(3d)

F5;C

Cl

HN

Ph

“"CHO
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From 55.2 mg (0.2 mmol) ketimine 1d and cinnamaldehyde 30 pl (0.24 mmol, 1.2 equiv),
75.9 mg ( 93.0% yield) compound 3d was obtained as a white solid, mp = 76 - 77 <C.
[a]p® = -11 (c = 1.0, CHCIs). Dr (>20:1) determined by 'H and *F NMR analysis. >99%
ee was determined by HPLC analysis (Daicel Chiralcel 1A column, hexane/2—propanol
70:30, 1.0 mL/min). Retention time: tmsjor = 6.3 min. *H NMR (300 MHz, CDCls) § 9.48 (d,
J=1.0 Hz, 1H), 7.53 - 7.50 (m, 2H), 7.38 (t, J = 7.5 Hz, 2H), 7.31 - 7.27 (m, 2H), 7.05 (d,
J=8.2Hz, 1H), 6.79 (d, J = 7.7 Hz, 1H), 4.59 (d, J = 3.8 Hz, 1H), 4.30 (t, J = 10.4 Hz, 1H),
3.60 (d, J = 10.6 Hz, 1H), 3.26 (s, 3H), 2.59 (s, 1H). 13¢c NMR (75 MHz, CDCI3) § 197.0,
179.2, 145.2, 137.6, 131.7, 131.5, 129.1, 128.3, 127.9, 125.2 (0, Jcr = 277.8 Hz), 124.8,
123.9, 107.5, 67.8, 66.4, 65.6 (4, Jcr = 19.7 Hz), 46.9, 26.8. °F NMR (282 MHz, CDCl5) &
-74.1. HRMS (ESI) m/z calcd for C2oH17CIFsN20, [M+H]*: 409.0925, found 409.0926.

0.15] 5
b —
] ~
0.10
2 4
< i
0.05-|
0.00 : : ‘ :
2.00 4.00 6.00 8.00 10100
min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 6.358 1714801 51.99 158926 VvV Unknown
2 7.157 1583651 48.01 102798 VB Unknown
0.60]
- 0.40
< i
0.20
0.00 — ‘ —
2.00 4.00 6.00 8.00 10.00
min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 6.290 6751790 100.00 | 694476 bb Unknown

(2'R,3'S,4'R,5'S)-5-methoxy-1-methyl-2-oxo0-4'-phenyl-5'-(trifluoromethyl)spiro[indoline

-3,2"-pyrrolidine]-3'-carbaldehyde(3e)
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Ph

MeO “"CHO
)

From 54.4 mg (0.2 mmol) ketimine 1e and cinnamaldehyde 30 pl (0.24 mmol, 1.2 equiv),
74.5 mg ( 95.0% yield) compound 3e was obtained as a white solid, mp = 69 - 70 <T. [a]p%°
= -21 (c = 1.0, CHCIls). Dr (>20:1) determined by *H and **F NMR analysis. 98% ee was
determined by HPLC analysis (Daicel Chiralcel IA column, hexane /2—propanol/
dichloromethane 95:5:0.5, 1.0 mL/min). Retention time: tmajor = 14.4 and tminor = 12.2 min.
'H NMR (300 MHz, CDCls) § 9.08 (d, J = 1.5 Hz, 1H), 7.49 — 7.47 (m, 2H), 7.35 (t, J = 7.4
Hz, 2H), 7.29-7.27 (m, 1H), 6.96 (d, J = 2.4 Hz, 1H), 6.85 (dd, J = 8.5, 2.5 Hz, 1H), 6.77 (d,
J=8.5Hz, 1H), 4.58 - 4.46(m, 1H), 4.21 (t, J = 10.3 Hz, 1H), 3.79 (s, 3H), 3.64 (dd, J = 10.7,
1.4 Hz, 1H), 3.23 (s, 3H), 2.80 (d, J = 6.9 Hz, 1H). 3¢ NMR (75 MHz, CDCI3) 5 194.8,
176.5, 155.0, 135.6, 134.4, 127.8, 127.3, 126.5, 126.2, 123.8 (0, Jcr = 277.8 Hz), 112.6,
110.9, 107.6, 66.4, 64.5, 63.7 (0, Jcr = 29.3 Hz), 54.1, 43.7, 25.1. *F NMR (282 MHz,
CDCl3) & -74.8. HRMS (ESI) m/z calcd for CaiH20FsN.Os [M+H]*: 405.1421, found
405.1419.

0.044

5 ]
< 0.02

0.00— —

Name | Retention Time Area % Area | Height Int Type Peak Type

1 12.761 1046461 51.66 41338 \AY Unknown
2 14.081 979395 48.34 44872 VB Unknown
0.10
2 005 R
] 8
OIOG 1 T ‘ T ‘ T \\l‘l\ T T ‘ T T ‘
5.00 10.00 15.00 20.00

Name | Retention Time Area % Area | Height Int Type Peak Type

1 12.173 26743 1.02 1501 BB Unknown
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| 14.395 ‘ 2595321 ‘ 98.98 |116405| BB | Unknown ‘

(2'R,3'S,4'R,5'S)-1,5-dimethyl-2-0x0-4'-phenyl-5'-(trifluoromethyl)spiro[indoline-3,2'-py
rrolidine]-3'-carbaldehyde(3f)

F1C
Ph
HN
"CHO
o)
N
\

From 51.2 mg (0.2 mmol) ketimine 1f and cinnamaldehyde 30 pl (0.24 mmol, 1.2 equiv),
71.4 mg ( 92.0% yield) compound 3f was obtained as a white solid, mp = 148 - 149 <C.
[a]o® = +9 (¢ = 1.0, CHCIs). Dr (>20:1) determined by *H and **F NMR analysis. >99%
ee was determined by HPLC analysis (Daicel Chiralcel OD-H column, hexane/2—propanol
85:15, 1.0 mL/min). Retention time: tmajor = 9.0 min. *H NMR (300 MHz, CDCls) 6 9.08
(d,J=1.3Hz, 1H), 7.49 (d, J = 7.3 Hz, 2H), 7.36 (t, J = 7.4 Hz, 2H), 7.29 — 7.26 (m, 1H),
7.13(d, J=7.9 Hz, 2H), 6.75 (d, J = 8.0 Hz, 1H), 4.59 — 4.48 (m, 1H), 4.21 (t, J = 10.2 Hz,
1H), 3.63 (dd, J = 10.5, 1.1 Hz, 1H), 3.24 (s, 3H), 2.73 (d, J = 6.8 Hz, 1H), 2.35 (s, 3H). 13¢
NMR (75 MHz, CDCI3) 6 195.6, 177.5, 139.5, 136.4, 132.5, 129.3, 127.9, 127.2, 126.9,
126.8, 125.0, 124.4 (q, Jcr = 277.8 Hz), 107.6, 66.7, 65.0, 64.3 (0, Jcr = 29.3 H2), 44.3,
25.7, 20.1. F NMR (282 MHz, CDCls) & -74.8. HRMS (ESI) m/z calcd for C21H20F3N20>
[M+H]*: 389.1471, found 389.1468.

0.04
2 ]
0.02-
000; [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [
2.00 4.00 6.00 8.00 10.00 12.00
min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 8.194 1326441 48.70 53019 BV Unknown
2 9.190 1397519 51.30 49900 Vb Unknown
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0.60-]

0.40

AU

0.20

0.00-1

T ‘ T T ‘
2.00 4.00 6.00 8.00 10.00 12.00

Name | Retention Time Area % Area | Height Int Type Peak Type

1 9.016 15922096 | 100.00 | 592000 bb Unknown

(2'R,3'S,4'R,5'S)-5-bromo-1-methyl-2-oxo-4'-phenyl-5'-(trifluoromethyl)spiro[indoline-3
,2'-pyrrolidine]-3'-carbaldehyde(39g)

F.C
% pn
HN
Br *“CHO
0
N
\

From 64.0 mg (0.2 mmol) ketimine 1g and cinnamaldehyde 30 pl (0.24 mmol, 1.2 equiv),
85.9 mg ( 95.0% yield) compound 3g was obtained as a white solid, mp = 77 - 78 <. [a]p® =
-55 (¢ = 1.0, CHCI3). Dr (>20:1) determined by *H and **F NMR analysis. >99% ee was
determined by HPLC analysis (Daicel Chiralcel AD-H column, hexane/2—propanol 90:10, 1.0
mL/min). Retention time: tmajor = 17.4 and tminor = 15.6 min. *H NMR (300 MHz, CDCl3) 6
9.14 (d, J = 1.6 Hz, 1H), 7.49 — 7.46 (m, 4H), 7.39 — 7.37 (m, 2H), 7.35 — 7.29 (m, 1H), 6.77 —
6.74 (m, 1H), 4.57 — 4.45 (m, 1H), 4.18 (t, J = 10.4 Hz, 1H), 3.63 (dd, J = 10.9, 1.6 Hz, 1H),
326 (s, 3H), 275 (d, J = 6.7 Hz, 1H). 13C NMR (75 MHz, CDCI3) 5 195.3,
176.9, 140.9, 135.8, 131.9, 129.3, 128.1, 127.4, 127.1, 127.0, 124.3 (q, Jcr = 276.8 Hz), 115.4,
109.3, 66.6, 65.1, 64.3 (0, Jcr = 29.3 Hz), 44.5, 25.8. *°F NMR (282 MHz, CDCls) § -74.9.
HRMS (ESI) m/z calcd for CxH17BrFsN20, [M+H]*: 453.0420, found 453.0420. 25.75
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Name | Retention Time Area % Area | Height Int Type Peak Type

1 15.382 7755847 49.19 142479 BV Unknown

2 17.726 8012813 50.81 154048 VB Unknown
0.60
S 0.40
< ]
0.20—

000 : [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [ [ ‘
5.00 10.00 15.00 20.00 25.00
min

Name | Retention Time Area % Area | Height Int Type Peak Type

1 15.605 74059 0.19 2261 bb Unknown

2 17.387 39583860 99.81 652846 BB Unknown

(2'R,3'S,4'R,5'S)-5-chloro-1-methyl-2-oxo-4'-phenyl-5'-(trifluoromethyl)spiro[indoline-3,
2'-pyrrolidine]-3'-carbaldehyde(3h)

F.C
%  Ph

HN

ci *"CHO
o

From 55.2 mg (0.2 mmol) ketimine 1h and cinnamaldehyde 30 ul (0.24 mmol, 1.2 equiv),
76.7 mg ( 94.0% yield) compound 3h was obtained as a white solid, mp = 69 - 70 <C.
[a]o?® = -35 (c = 1.0, CHCIs). Dr (>20:1) determined by *H and °F NMR analysis. >99%
ee was determined by HPLC analysis (Daicel Chiralcel OD-H column, hexane/2—propanol
85:15, 1.0 mL/min). Retention time: tmajor = 13.1 min. *H NMR (300 MHz, CDCls) 6 9.13
(d, J=1.6 Hz, 1H), 7.49 — 7.46 (m, 2H), 7.40 — 7.29 (m, 5H), 6.80 (dd, J = 7.6, 1.2 Hz, 1H),
454 —4.47 (m, 1H), 4.18 (t, J = 10.4 Hz, 1H), 3.64 (dd, J = 10.9, 1.6 Hz, 1H), 3.26 (s, 3H),
2.76 (d, J = 6.7 Hz, 1H). 3¢ NMR (75 MHz, CDCI3) 6 196.2, 178.1, 141.4, 136.8, 130.0,
130.0, 129.3, 129.1, 128.2, 128.0, 125.7, 125.3 (4, Jcr = 277.8 Hz), 109.8, 67.7, 66.2, 65.4
(@, Jcr =29.5 Hz), 45,5, 26.9. *F NMR (282 MHz, CDCls) & -74.9. HRMS (ESI) m/z calcd
for C20H17CIF3N20, [M+H]*: 409.0925, found 409.0923.
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Name | Retention Time Area % Area | Height Int Type Peak Type

1 13.372 4928357 46.73 100450 BV Unknown
2 15.065 5616980 53.27 88334 VB Unknown
0.10;
=) il
<
0.00 . T | T T | T T | T T | T
5.00 10.00 15.00 20.00

min

Name | Retention Time Area % Area | Height Int Type Peak Type

1 13.130 7287904 100.00 | 144129 VB Unknown

(2'R,3'S,4'R,5'S)-5-fluoro-1-methyl-2-oxo-4'-phenyl-5'-(trifluoromethyl)spiro[indoline-3,
2'-pyrrolidine]-3'-carbaldehyde(3i)

F.C
% ph

HN
"CHO
o)

From 52.0 mg (0.2 mmol) ketimine 1i and cinnamaldehyde 30 pl (0.24 mmol, 1.2 equiv),
72.1 mg ( 92.0% yield) compound 3i was obtained as a white solid, mp = 67 - 68 <.
[a]o?® = +20 (c = 1.0, CHCIs). Dr (>20:1) determined by *H and **F NMR analysis. 95%
ee was determined by HPLC analysis (Daicel Chiralcel 1A column, hexane /2—propanol /
dichloromethane 95:5:5, 1.0 mL/min). Retention time: tmajor = and tminor = Min. *H NMR
(300 MHz, CDCl3) 8 9.11 (d, J = 1.6 Hz, 1H), 7.49 — 7.46 (m, 2H), 7.39 — 7.34 (m, 2H),
7.32-7.28 (m, 1H), 7.13 (dd, J = 7.6, 2.5 Hz, 1H), 7.05 (td, J = 8.7, 2.6 Hz, 1H), 6.81 (dd,
J=8.5,4.0 Hz, 1H), 4.56 — 4.44 (m, 1H), 4.18 (t, J = 10.4 Hz, 1H), 3.66 (dd, J = 11.0, 1.5 Hz,
1H), 3.26 (s, 3H), 2.80 (d, J = 6.9 Hz, 1H). 13¢ NMR (75 MHz, CDCI3) 5 196.4, 178.1,
159.6 (d, Jor =240 Hz), 138.8 (d, Jer =2.25 Hz), 137.0, 130.1 (d, Jer =7.5 Hz), 129.1, 128.2,
128.0, 125.5 (q, Jcr = 277.8 Hz), 116.4 (d, Jcg =22.5 Hz), 113.5 (d, Jcr =22.5 HZ), 109.6 (d,
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Jer =7.5Hz), 68.0 (d, Jcr =1.5 HZ), 66.3, 65.4 (0, Jcr = 29.3 Hz), 45.5, 26.7. °F NMR (282
MHz, CDCl3) & -75.0, -118.2. HRMS (ESI) m/z calcd for CyHi7FiN2O, [M+H]":

393.1221, found 393.1221.

T ‘ T
10.00

T ‘ T
15.00

min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 21.386 2596341 50.78 81656 BV Unknown
2 22.974 2516779 49.22 53611 VB Unknown
0.20 o
2 B
7 N
4 N
0007 [ [ [ [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [ [ ! [ [ ‘
5.00 10.00 15.00 20.00 25.00
min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 21.135 9195383 97.61 289391 BV Unknown
2 22.550 225590 2.39 5531 VB Unknown

(2'R,3'S,4'R,5'S)-1-methyl-5-nitro-2-oxo-4'-phenyl-5'-(trifluoromethyl)spiro[indoline-3,2
"-pyrrolidine]-3'-carbaldehyde(3j)

F.C
% pn
HN
O2N ""CHO
o
N
\

From 57.4 mg (0.2 mmol) ketimine 1j and cinnamaldehyde 30 ul (0.24 mmol, 1.2 equiv),
78.6 mg ( 58.0% yield) compound 3j was obtained as a yellow solid, mp = 117 - 118 <C.
[a]o?® = -73 (¢ = 1.0, CHCI3). Dr (>20:1) determined by *H and °F NMR analysis. 94%
determined by HPLC (Daicel Chiralcel AD-H column,
hexane/2—propanol 70:30, 1.0 mL/min). Retention time: tmajor = 8.2 and tminor = 11.1 min.
'H NMR (300 MHz, CDCls3) 6 9.19 (d, J = 1.5 Hz, 1H), 8.32 (dd, J = 8.6, 2.2 Hz, 1H), 8.24

ee was analysis
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(d, J = 2.2 Hz, 1H), 7.50 — 7.47 (m, 2H), 7.40 (t, J = 7.3 Hz, 2H), 7.34 — 7.30 (m, 1H), 6.98
(d, J = 8.6 Hz, 1H), 4.55 — 4.48 (m, 1H), 4.23 (t, J = 10.5 Hz, 1H), 3.68 (dd, J = 11.4, 1.4
Hz, 1H), 3.35 (s, 3H), 2.83 (d, J = 6.5 Hz, 1H). 13C NMR (75 MHz, CDCI3) 5196.2, 178.6,
148.3, 144.1, 136.1, 129.7, 129.3, 128.3, 128.09, 127.0, 120.9, 125.1 (q, Jcr = 277.3 Hz),
108.6, 67.3, 66.4, 65.4 (0, Jor = 29.5 Hz), 45.9, 27.3.°F NMR (282 MHz, CDCls) & -74.9.
HRMS (ESI) m/z calcd for CaoHi7FsNsO4 [M+H]*: 420.1166, found 420.1160.

B B By B By O B B B B
2.00 4.00 6.00 8.00 10.00 12.00 14.00

Name | Retention Time Area % Area | Height | Int Type Peak Type
1 8.433 728558 53.66 25480 VB Unknown
2 11.488 629218 46.34 7346 bb Unknown
0.10-
=) ]
< 4 [*)]
0.05- 8
4 -
4 -«
OOG 1 [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [ \‘ [ ‘ [ [ ‘ [
2.00 4.00 6.00 8.00 10.00 12.00 14.00

min

Name | Retention Time Area % Area | Height Int Type Peak Type

1 8.228 4621787 96.84 131920 bv Unknown

2 11.089 150870 3.16 2997 vb Unknown

(2'R,3'S,4'R,5'S)-6-chloro-1-methyl-2-oxo-4'-phenyl-5'-(trifluoromethyl)spiro[indoline-3,
2'-pyrrolidine]-3'-carbaldehyde(3k)

F.C
% ph

HN
"CHO
o

Cl N

From 55.2 mg (0.2 mmol) ketimine 1k and cinnamaldehyde 30 ul (0.24 mmol, 1.2 equiv),
75.9 mg ( 93.0% vyield) compound 3k was obtained as a colorless solid, mp = 171 -
172 <C. [0]p®® = +26 (¢ = 1.0, CHCI3). Dr (>20:1) determined by *H and °F NMR
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analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel AD-H column,
hexane/2—propanol 90:10, 1.0 mL/min). Retention time: tmajor = 14.3 and tminor = 12.0 min.
'H NMR (300 MHz, CDClz) 6 9.10 (s, 1H), 7.46 (d, J = 7.4 Hz, 2H), 7.36 (t, J = 7.3 Hz,
2H), 7.30 — 7.26 (m, 2H), 7.11 (d, J = 7.9 Hz, 1H), 6.87 (s, 1H), 4.57 — 4.45 (m, 1H), 4.19
(t, J=10.3 Hz, 1H), 3.63 (d, J = 10.7 Hz, 1H), 3.25 (s, 3H), 2.74 (d, J = 6.6 Hz, 1H). B¢
NMR (75 MHz, CDCI3) § 196.2, 178.5, 144.0, 137.0, 136.0, 129.1, 128.2, 128.0, 126.5,
126.4, 125.3 (q, Jcr = 277.8 Hz), 123.6, 109.7, 67.4, 66.1, 65.3 (0, Jor = 29.5 Hz), 455,

26.9. °F NMR (282 MHz, CDCl3) & -74.9. HRMS (ESI) m/z calcd for CzH17CIFsN202
[M+H]*: 409.0925, found 409.0925.

N
20.00

o
5.00 10.00

min

Name | Retention Time Area % Area | Height | Int Type Peak Type
1 12.260 2606480 51.07 68604 BV Unknown
2 14.768 2497015 48.93 57985 VB Unknown
o.4o{
2 o.zo{ §
1 2
OOG ‘ I I I I ‘ I [ I I ‘ I I I I ‘
5.00 10.00 15.00 20.00

min

Name | Retention Time Area % Area | Height Int Type Peak Type
1 11.952 7014 0.04 577 BB Unknown
2 14.285 19179254 99.96 470292 BB Unknown

(2'R,3'S,4'R,5'S)-7-chloro-1-methyl-2-oxo-4'-phenyl-5'-(trifluoromethyl)spiro[indoline-3,
2'-pyrrolidine]-3'-carbaldehyde(3I)

F1C
3 ph
HN
“mCHO
o
N\
Cl
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From 55.2 mg (0.2 mmol) ketimine 1l and cinnamaldehyde 30 pl (0.24 mmol, 1.2 equiv),
76.7 mg ( 94.0% yield) compound 3l was obtained as a white solid, mp = 57 - 58 <C.
[a]o?® = +25 (c = 1.0, CHCI3). Dr (>20:1) determined by *H and **F NMR analysis. >99%
ee was determined by HPLC analysis (Daicel Chiralcel AD-H column, hexane/2—propanol
95:5, 1.0 mL/min). Retention time: tmajor = 32.8 min. *H NMR (300 MHz, CDCls) 6 9.08 (d,
J=1.4Hz, 1H), 7.48 - 7.45 (m, 2H), 7.39 — 7.33 (m, 2H), 7.31 - 7.23 (m, 3H), 7.05 (t, J =
7.5 Hz, 1H), 4.58 — 4.47 (m, 1H), 4.19 (t, J = 10.3 Hz, 1H), 3.65 - 3.61 (m, 4H), 2.73 (d, J
= 6.6 Hz, 1H). 13¢ NMR (75 MHz, CDCI3) ¢ 195.2, 178.1, 137.7, 136.0, 131.2, 130.1,
128.0, 127.1, 126.9, 123.5, 123.0, 124.3 (9, Jcr = 278.0 Hz), 115.3, 66.1, 65.3, 64.2 (0, Jcr
=29.3 Hz), 44.2, 29.2. *F NMR (282 MHz, CDCl3) & -74.9. HRMS (ESI) m/z calcd for
C20H17CIF3N202 [M+H]*: 409.0925, found 409.0925.

0.05-
5 |
<
0.00
1000 2000 3000 4000
min
Name | Retention Time Area % Area | Height | Int Type Peak Type
1 29.274 6124504 44.09 71775 bv Unknown
2 32.184 7765161 55.91 81219 vb Unknown
0.20]
2
2 ]
O.lOi
000t
10,00 20.00 30.00 40.00
min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 32.844 24694299 | 100.00 | 256172 bb Unknown

(2'R,3'S,4'R,5'S)-5-bromo-1,7-dimethyl-2-ox0-4'-phenyl-5'-(trifluoromethyl)spiro[indoli
ne-3,2'-pyrrolidine]-3'-carbaldehyde(3m)
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Ph
HN
Br “ICHO
0
N
\

From 66.8 mg (0.2 mmol) ketimine 1m and cinnamaldehyde 30 pl (0.24 mmol, 1.2 equiv),
85.8 mg ( 92.0% yield) compound 3m was obtained as a white solid, mp = 78 - 79 <C.
[a]o?® =-32 (c = 1.0, CHCI5). Dr (>20:1) determined by *H and °F NMR analysis. 99% ee
was determined by HPLC analysis (Daicel Chiralcel AD-H column, hexane/2—propanol
70:30, 1.0 mL/min). Retention time: tmajor = 9.2 and tminor = 7.5 min. *H NMR (300 MHz,
CDCl3) 6 9.10 (d, J = 1.5 Hz, 1H), 7.47 (d, J = 7.2 Hz, 2H), 7.36 (t, J = 7.3 Hz, 2H), 7.30
—7.28 (m, 2H), 7.22 (s, 1H), 4.55 — 4.74 (m, 1H), 4.16 (t, J = 10.3 Hz, 1H), 3.58 (dd, J =
10.8, 1.4 Hz, 1H), 3.51 (s, 3H), 2.72 (d, J = 6.0 Hz, 1H), 2.53 (s, 3H). 13¢ NMR (75 MHz,
CDCI3) § 196.4, 179.1, 139.7, 136.9, 136.2, 130.9, 129.1, 128.2, 128.0, 126.3, 125.3 (q,
Jor = 277.8 Hz), 122.5, 116.2, 67.0, 66.3, 65.3 (0, Jcr = 29.5 Hz), 45.4, 30.2, 18.7. F
NMR (282 MHz, CDCls) 6 -74.8. HRMS (ESI) m/z calcd for Cx1H19BrFsN2O, [M+H]™:
467.0577, found 467.0556.

A
12.00

2.00 4.00 6.00
min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 7.478 2051319 45.92 74196 \AY/ Unknown
2 9.263 2416081 54.08 76623 VB Unknown
0.20-]
>
< 0.10 2
1 N
1 ~
OOG [ ‘ [ [ ‘ [ [ ‘ [ % ‘ [ [ ‘ [ ‘
2.00 4.00 6.00 8.00 10.00 12.00
min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 7.499 35634 0.49 1379 VB Unknown

S25




‘2] | 9.228 ‘ 7209609 ‘ 99.51 |242243| Bb | Unknown ‘

(2'R,3'S,4'R,5'S)-4'-(2-chlorophenyl)-1-methyl-2-oxo-5'-(trifluoromethyl)spiro[indoline-
3,2"-pyrrolidine]-3'-carbaldehyde(3n)

e

CF;

w\W

OHC
NH

o

N

\
From 48.4 mg (0.2 mmol) ketimine 1a and 2-chlorocinnamaldehyde 40.0 mg (0.24 mmol,
1.2 equiv), 72.6 mg (89.0% yield) compound 3n was obtained as a white solid, mp = 178 -
179<C. [a]o® = +44 (c = 1.0, CHCIs). Dr (>20:1) determined by 'H and ®*F NMR
analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA column,
hexane/2—propanol 80:20, 1.0 mL/min). Retention time: tmajor = 11.7 min. *H NMR (300
MHz, CDCl3) 8 9.16 (d, J = 2.1Hz, 1H), 7.64 (dd, J = 7.8, 1.5 Hz, 1H), 7.45 - 7.29 (m, 4H),
7.25-7.13 (m, 2H), 6.87 (d, J = 7.8 Hz, 1H), 4.93 (t, J = 10.3 Hz, 1H), 4.60 — 4.48 (m, 1H),
3.65 (d, J = 10.3 Hz, 1H), 3.26 (s, 3H), 2.82 (d, J = 7.1 Hz, 1H). 13C NMR (75 MHz, CDCI3)
0 196.6, 178.2, 142.9, 134.7, 134.4, 130.1, 129.0, 128.0, 127.7, 125.3, 125.3 (Q, Jcr =
277.0 Hz), 123.8, 108.9, 68.0, 66.1, 65.0 (0, Jcr = 29.0 Hz), 41.6, 26.7. °F NMR (282
MHz, CDCls) 6 -75.3. HRMS (ESI) m/z calcd for CyoH17CIFsN.O, [M+H]*: 409.0925,
found 409.0916.

Name | Retention Time Area % Area | Height Int Type Peak Type
1 11.655 2377841 54.90 125052 bb Unknown
2 14.590 1953458 45.10 78406 Bb Unknown
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0.50

AU

0.00 —

Name | Retention Time Area % Area | Height Int Type Peak Type

1 11.656 16201373 | 100.00 | 858770 bb Unknown

(2'R,3'S,4'R,5'S)-4'-(3-chlorophenyl)-1-methyl-2-oxo-5'-(trifluoromethyl)spiro[indoline-
3,2'-pyrrolidine]-3'-carbaldehyde(30)

Cl

W

CF;

OHC
NH

"“/:O
N

From 48.4 mg (0.2 mmol) ketimine 1a and 3-chlorocinnamaldehyde 40.0 mg (0.24 mmol,
1.2 equiv), 75.1 mg (92.0% yield) compound 30 was obtained as a white solid, mp = 67 -
68 <T. [a]p® = +15 (c = 1.0, CHCIs). Dr (>20:1) determined by 'H and °F NMR
analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel OB-H column,
hexane/2—propanol 80: 20, 1.0 mL/min). Retention time: tmsjor = 18.5 min. *H NMR (300
MHz, CDCl3) 8 9.07 (d, J =1.2 Hz, 1H), 7.50 (d, J = 1.8 Hz, 1H), 7.41— 7.24 (m, 5H), 7.14
(td, J=7.7,0.5 Hz, 1H), 6.88 (d, J = 7.8 Hz, 1H), 4.59 — 4.47 (m, 1H), 4.19 (t, J = 10.1 Hz,
1H), 3.60 (dd, J = 10.3, 1.1 Hz, 1H), 3.28 (s, 3H), 2.72 (d, J = 6.6 Hz, 1H). 13C NMR (75
MHz, CDCI3) § 196.1, 178.6, 142.9, 139.8, 134.7, 130.3, 130.2, 128.4, 128.1, 127.6,
126.6, 125.4, 125.3 (9, Jce = 278.0 Hz), 123.8, 108.9, 67.6, 65.8, 65.0 (4, Jcr = 29.5 Hz),
44.8, 26.7. F NMR (282 MHz, CDCl3) & -74.8. HRMS (ESI) m/z calcd for
C20H17CIF3N202 [M+H]*: 409.0925, found 409.0915.
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] a
0.20 o )
— [}
Q: —
-
5 ]
< 0.10
0.00-|
[ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [ [ [
5.00 10.00 15.00 20.00 25.00 30.00
min
B PR B st i) TR % T I vyt T
1 14.158 29343010 53.97 220684 | bv R
2 19.015| 25021867 46.03 121348 | vb A1
0.20-]
D -
< 0.10-
0.001 —
[ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [ [ [ ‘ [
5.00 10.00 15.00 20.00 25.00 30.00

min

ark | PREEITA TR % TR (=213 oI SNt

1 18.491 | 42601494 100.00 | 221802 | bb AR

(2'R,3'S,4'R,5'S)-1-methyl-2-o0x0-5"-(trifluoromethyl)-4'-(3-(trifluoromethyl)phenyl)spiro
[indoline-3,2'-pyrrolidine]-3'-carbaldehyde(3p)

CF;

) @

CF;

OHC
NH

";.‘:0
N

From 48.4 mg (0.2 mmol) ketimine la and 3-trifluorocinnamaldehyde 48.0 mg (0.24
mmol, 1.2 equiv), 80.5 mg (91.0% yield) compound 3p was obtained as a white solid, mp
=57 - 58 <T. [0]p? = +21 (¢ = 1.0, CHCIs). Dr (>20:1) determined by 'H and F NMR
analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA column,
hexane/2—propanol 95:5, 1.0 mL/min). Retention time: tmsjor = 17.7 min. *H NMR (300
MHz, CDCls) 6 9.08 (d, J = 1.1 Hz, 1H), 7.73 (d, J = 9.2 Hz, 2H), 7.56 — 7.47 (m, 2H), 7.39
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—7.26 (m, 2H), 7.14 (td, J = 7.6, 0.8 Hz, 1H), 6.89 (d, J = 7.8 Hz, 1H), 4.63 — 4.51 (m, 1H),
4.29 (t, J = 10.0 Hz, 1H), 3.63 (dd, J = 10.2, 0.9 Hz, 1H), 3.28 (s, 3H), 2.74 (d, J = 6.5 Hz,
1H). 13¢c NMR (75 MHz, CDCI3) & 196.0, 178.6, 142.9, 138.9, 131.8, 131.3 (q, Jcr =
32.3Hz), 130.3, 129.6, 127.4, 1255, 125.2 (q, Jer = 278.0 Hz), 125.1(q, Jor = 3.8 Hz), 124.8
(@, Jor = 3.5 Hz), 123.9 (q, Jer = 271.0 Hz), 123.8, 108.9, 67.5, 65.7, 65.1 (g, Jcr = 30.2 Hz),
44.8, 26.7. F NMR (282 MHz, CDCls) § -62.5, -74.9. HRMS (ESI) m/z calcd for
Ca1H17FsN20, [M+H]*: 443.1189, found 443.1175.

0.10
5 ,
<
0007 ‘ [ ‘ [ [ ‘ [ — —
0.00 5.00 10.00 15.00
min
Name | Retention Time | Area % Area | Height Int Type Peak Type
1 17.227 3284685 45.64 135590 BV Unknown
2 17.949 3912169 54.36 145067 VB Unknown
0.10
:) :
< 4
0.05-
0-00;““““““““‘*‘
0.00 5.00 10.00 15.00
min
Name | Retention Time | Area % Area | Height Int Type Peak Type
1 17.696 3341270 100.00 | 130586 BB Unknown

(2'R,3'S,4'R,5'S)-4"-(4-methoxyphenyl)-1-methyl-2-oxo-5'-(trifluoromethyl)spiro[indolin
e-3,2'-pyrrolidine]-3'-carbaldehyde(3q)

MeO

\\\\\®/

CF;

OHC
NH

e

-~

/Z\r
o
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From 48.4 mg (0.2 mmol) ketimine 1la and 4-methoxy cinnamaldehyde 38.8 mg (0.24
mmol, 1.2 equiv), 66.3 mg (82.0% yield) compound 3qg was obtained as a white solid, mp
=69 - 70 <T. [a]p® = -5 (¢ = 1.0, CHCI3). Dr (10:1) determined by H and °F and °F
NMR analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel 1A column,
hexane/2—propanol 80:20, 1.0 mL/min). Retention time: tmajor = 17.8 min. *H NMR (300
MHz, CDCls) 6 9.19 (d, J = 2.2 Hz, 0.09H), 9.09 (d, J = 1.6 Hz, 0.90H), 7.41 —7.32 (m, 4H),
7.16 —7.11 (m, 1H), 6.90 — 6.86 (m, 3H), 4.50 — 4.43 (m, 1H), 4.19 (t, J = 10.3 Hz, 1H), 3.80
(s,0.27H), 3.79 (s, 2.61H), 3.59 (dd, J = 10.7, 1.5 Hz, 1H), 3.27 (s, 2.72H), 3.25 (s, 0.27H),
2.73 (d, J = 6.8 Hz, 1H).13C NMR (75 MHz, CDCI3) § 196.8, 178.6, 159.1, 142.8, 130.0,
129.2,129.1,128.1, 125.5 (9, Jcr = 277.8 Hz), 125.3, 123.7, 114.4, 108.8, 67.7, 66.1, 65.3
(@, Jcr = 29.0 Hz), 55.2, 44.8, 26.7. F NMR (282 MHz, CDCls) § -74.7, -74.8. HRMS
(ESI) m/z calcd for Ca1H20FsN203 [M+H]*: 405.1412, found 405.1412.

0.10
=) ]
< ]
0.05
000; I ‘ I ‘ I I ‘ I [ ‘
5.00 10.00 15.00 20.00
min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 15.141 3339819 46.24 120491 BV Unknown
2 17.761 3883094 53.76 129989 VB Unknown
0.40-]
=) ]
< 0.20
0.00 1 T T T T T T T T T T T T
5.00 10.00 15.00 20.00
min
Name Retention Time Area % Area Height Int Type Peak Type
1 17.798 15526610 100.00 508942 VB Unknown

(2'R,3'S,4'R,5'S)-1-methyl-2-0x0-4"-(p-tolyl)-5'-(trifluoromethyl)spiro[indoline-3,2"-pyrr

olidine]-3'-carbaldehyde(3r)
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From 48.4 mg (0.2 mmol) ketimine 1a and 4-methylcinnamaldehyde 35.0 mg (0.24 mmol, 1.2
equiv), 69.9 mg (90.0% yield) compound 3r was obtained as a yellow solid, mp = 173 —
174 <. [a]o® = +20 (c = 1.0, CHCIs). Dr (>20:1) determined by *H and **F NMR analysis.
99% ee was determined by HPLC analysis (Daicel Chiralcel 1A column, hexane/2—propanol
80:20, 1.0 mL/min). Retention time: tmajor = 12.7 and tminor = 11.5 min. *H NMR (300 MHz,
CDCls) 59.08 (s, 1H), 7.37 —7.31 (m, 4H), 7.18 - 7.11 (m, 3H), 6.87 (d, J = 7.8 Hz, 1H), 4.52 — 4.45
(m, 1H), 4.20 (t, J = 10.3 Hz, 1H), 3.62 (d, J = 10.8 Hz, 1H), 3.27 (s, 3H), 2.75 (d, J = 6.9 Hz, 1H),
2.33 (s, 3H). *C NMR (75 MHz, CDCls) 5196.8, 178.5, 142.9, 137.6, 134.2, 130.1, 129.8,
128.3,128.1, 125.6 (q, Jcr = 278.0 Hz), 125.4, 123.7, 108.9, 67.8, 66.2, 65.4 (g, Jcr = 65.4 Hz),
45.3, 26.7, 21.1. ®F NMR (282 MHz, CDCls;) & -74.8. HRMS (ESI) m/z calcd for
Ca1H19F3sN2NaO, [M+Na]*: 411.1291, found 411.1297.

CF,

NH

G

0.06
0.04-]
S 1
< 1
0.02-|

0.00}

5.00

! |
10.00
min

I
15.00

Name | Retention Time Area % Area | Height Int Type Peak Type
1 11.325 1249218 4921 63732 BV Unknown
2 12.486 1289261 50.79 63266 VB Unknown
0.60
0.40
5 i
< ] o
0.20-] 3
1 p
000; T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T % ‘ T T T ‘ T T T ‘ T T T ‘
200 400 600 800 1000 1200 1400 16.00  18.00
min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 11.540 26453 0.21 1347 bb Unknown
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12.703 ‘12816926‘ 99.79 |627331‘ bb | Unknown |

Bl

(2'R,3'S,4'R,5'S)-1-methyl-4'-(4-nitrophenyl)-2-oxo-5'-(trifluoromethyl)spiro[indoline-3,
2'-pyrrolidine]-3'-carbaldehyde(3s)

o,N
% CF,
OHC
NH
N
\

From 48.4 mg (0.2 mmol) ketimine 1a and 4-nitro cinnamaldehyde 41.2 mg (0.24 mmol,
1.2 equiv), 80.5 mg (96.0% yield) compound 3s was obtained as a pale brown solid, mp =
233 - 234 T. [a]p?® = +14 (c = 1.0, CHCIs). Dr (>20:1) determined by *H and **F NMR
analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel OD-H column,
hexane/2—propanol 80:20, 1.0 mL/min). Retention time: tmjor = 37.6 min. *H NMR (300
MHz, CDCl3) 6 9.09 (s, 1H), 8.21 (d, J = 8.7 Hz, 2H), 7.72 (d, J = 8.7 Hz, 2H), 7.38 (t, J =
7.7Hz, 1H), 7.28 (d, = 7.0 Hz, 1H), 7.14 (t, J = 7.5 Hz, 1H), 6.92 (d, J = 7.8 Hz, 1H), 4.69
—4.58 (m, 1H), 4.33 (t, J = 9.7 Hz, 1H), 3.59 (d, J = 9.7 Hz, 1H), 3.29 (s, 3H), 2.73 (d, J
= 6.1 Hz, 1H). 13C NMR (75 MHz, CDCI3) 5195.8, 178.8, 147.4, 145.6, 143.0, 130.5,
129.5, 128.4 (9, Jcr = 257.3Hz), 126.8, 125.6, 124.2, 124.0, 109.1, 67.4, 65.4, 64.8 (0, Jcr
= 29.8Hz), 44.4, 26.7. 9F NMR (282 MHz, CDCls) & -74.9. HRMS (ESI) m/z calcd for
CaoH17F3N304 [M+H]*: 420.1166, found 420.1155.

0.006]
] N
_, 0.004 S .
< ] ™
0.002—
o_ooowﬂw\'/%\'\m/\ " N
1000 2000 130,00 40.00
min
Name | Retention Time Area % Area | Height Int Type Peak Type
1 32.768 1164459 47.94 7086 bv Unknown
2 38.178 1264781 52.06 6466 vb Unknown
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0.00 10.00 20.00 30.00 40.00 50.00
min

Name | Retention Time Area % Area | Height Int Type Peak Type

1 37.642 7967590 100.00 | 45503 bb Unknown

(2'R,3'S,4'S,5'S)-1,4'-dimethyl-2-oxo-5"-(trifluoromethyl)spiro[indoline-3,2'-pyrrolidine]
-3'-carbaldehyde(3t)

W\

CF;

OHC
NH

N
\

From 48.4 mg (0.2 mmol) ketimine la and crotonaldehyde 19.8 ul (0.24 mmol, 1.2
equiv), 48.7 mg (78% yield) compound 3t was obtained as colorless oil. [a]o?® = +49 (c
= 1.0, CHCIs). Dr (>20:1) determined by H and *F NMR analysis. 97% ee was
determined by HPLC analysis (Daicel Chiralcel IA column, hexane/2—propanol 95:5, 1.0
mL/min). Retention time: tmajor = 18.0 and tminor = 16.3 min. *H NMR (300 MHz, CDCls)
69.09 (s, 1H), 7.34 — 7.27 (m, 2H), 7.10 (t, J = 7.5 Hz, 1H), 6.85 (d, J = 7.7 Hz, 1H), 3.95
—3.88 (m, 1H), 3.24 (s, 3H), 3.17 - 3.02 (m, 2H), 2.67 (d, J = 6.5 Hz, 1H), 1.33 (d, J=5.8
Hz, 3H). 13c NMR (75 MHz, CDCI3) 8197.3, 178.2, 142.6, 129.8, 129.0, 125.0, 123.7,
125.9 (0, Jer = 277.3 Hz), 108.7, 68.0, 65.7, 65.1(0, Jcr = 28.7 Hz), 35.0, 35.0, 26.7, 16.8.
9F NMR (282 MHz, CDCl3) & -72.2, -75.2. HRMS (ESI) m/z calcd for CisHisFsN;O;
[M+H]*: 313.1158, found 313.1146.

D —|
2 0.10 i

0.00
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Name | Retention Time Area % Area | Height Int Type Peak Type
1 15.876 4594264 48.29 187900 bv Unknown
2 17.367 4920108 51.71 171310 vb Unknown

0.20

2 0104

000; [ [ [ ‘ [ [
5.00 10.00
min

Name | Retention Time Area % Area | Height Int Type Peak Type
1 16.349 77713 1.43 1779 bb Unknown
2 17.970 5357092 98.57 201752 bb Unknown

(2'R,3'S,4'S,5'S)-1-methyl-2-ox0-4'-propyl-5'-(trifluoromethyl)spiro[indoline-3,2'-pyrrol
idine]-3'-carbaldehyde(3u)

C3Hy
:  _CF,
OHC
NH
N

From 48.4 mg (0.2 mmol) ketimine 1a and trans-2-hexenal 27.8 ul (0.24 mmol, 1.2 equiv),
59.9 mg (88.0% yield) compound 3u was obtained as a amorphous solid. [a]p?° = +68 (¢ =
1.0, CHCIs). Dr (>20:1) determined by H and °F NMR analysis. >99% ee was
determined by HPLC analysis (Daicel Chiralcel 1A column, hexane/2—propanol 80:20, 1.0
mL/min). Retention time: tmajor = 6.4 and tminor = 7.6 min. *H NMR (300 MHz, CDCl3) 8
9.28 (d, J=2.8 Hz, 1H), 7.34 — 7.27 (m, 2H), 7.09 (t, J = 7.6 Hz, 1H), 6.83 (d, J = 7.8 Hz, 1H),
4.13 (9, J = 6.8 Hz, 1H), 3.20 (s, 3H), 3.10 — 2.98 (m, 2H), 2.55 (d, J = 6.4 Hz, 1H), 1.86 — 1.77
(m, 1H), 1.73 - 1.61 (m, 1H), 1.35 - 1.23 (m, 2H), 0.92 (t, J = 7.2 Hz, 3H). *C NMR (75 MHz,
CDCls) §198.3, 178.7, 143.0, 130.0, 127.5, 125.8 (0, Jcr = 277.0 Hz), 125.6, 123.4, 108.7, 68.7,
63.9 (0, Jer = 29.3 Hz), 63.0, 39.5, 34.8, 26.5, 20.6, 14.0. °F NMR (282 MHz, CDCl3) §
-75.1, -76.6. HRMS (ESI) m/z calcd for Ci7HzFsN20> [M+H]*": 341.1471, found
341.1467.
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2.00 4.00 6.00 8.00 10.00
min
Name | Retention Time Area % Area | Height Int Type Peak Type
6.450 9560826 53.96 968333 Vv Unknown
7.584 8158691 46.04 692927 vb Unknown
1.00-
2 050 o
1 o
] N
1 N~
0.00] ‘ ‘ s ‘ —
2.00 4.00 6.00 8.00 10.00
min
Name | Retention Time Area % Area Height Int Type Peak Type
6.422 10705018 99.95 1106876 \AY Unknown
7.600 5611 0.05 779 BB Unknown

S35




. Crystal Structure of 1g

31

:41 2015 - (100912)

PLATON-Feb 3 01:51

™~
|
—_
—_
o

1 P2(1)/n

R =0.03

S36




G. Crystal Structure of 3k
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