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1. General remarks

All reactions were carried out under a nitrogen atmosphere in flame-dried glassware.
Syringes which were used to transfer anhydrous solvents or reagents were purged with
argon prior to use. Starting materials, reagents, and dry solvent were purchased from
commercial suppliers and used without further purification. *H NMR spectra were recorded
using Me,Si as an internal standard (8 0 ppm). *°F NMR spectra were recorded in CDCl; on
JEOL JNM-ECS300 (300 MHz), JEOL JNM-ECS400 (400 MHz) and JEOL JNM-ECA600
(600 MHz) spectrometers using CFCl; as an internal standard (3 0 ppm). Splitting patterns
were reported as s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet; br, broad.

2. Experimental procedures
3-(Trifluoromethyl)phthalide (1a) [CAS Registry No. 76284-62-3]*

CF3

@?

o)
la
Conditions A: To a mixture of 2-cyanobenzaldehyde (65.6 mg, 0.50 mmol), KF (20.9 mg,
0.36 mmol), and DMF (2.5 mL) was added trifluoromethyl(trimethyl)silane (85.3 mg, 0.60
mmol) at room temperature. The reaction mixture was stirred at room temperature in an
atmosphere of nitrogen for 1 h and quenched with 1 M HCI (2.5 mL). The reaction mixture
was stirred at 100 °C for 6 h. The aqueous layer was extracted with ethyl acetate. Then, the
combined organic phase was washed with water, dried over anhydrous Na,SO,. Purification
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by column chromatography on silica gel (hexane/ethyl acetate = 5/1) gave 95.9 mg (0.474
mmol, 95%) of 3-(trifluoromethyl)phthalide (1a) as a colorless oil; Mp 40.2-41.6 °C; IR
(neat) 1780 cm™; *H NMR (400 MHz, CDCls) & 5.68 (1H, g, J = 5.7 Hz), 7.66-7.72 (2H,
m), 7.78-7.82 (1H, m), 8.00 (1H, d, J = 7.6 Hz); **F NMR (376 MHz, CDCls) & -77.0 (3F,
s): EI-MS m/z (%) 202 (M*, 1), 155 (6), 133 (100), 105 (19), 77 (14).

3-(Pentafluoroethyl)phthalide (1b)
CF,CF5

O

@)
1b

The title compound was prepared according to the procedure A using
2-cyanobenzaldehyde (65.6 mg, 0.50 mmol), KF (20.9 mg, 0.36 mmol), and DMF (2.5 mL)
was added pentafluoroethyl(trimethyl)silane (115.3 mg, 0.60 mmol) and purified by column
chromatography (hexane/ethyl acetate = 5/1) to give colorless solid (97.0 mg, 0.385 mmol,
77%); Mp 60.8-62.9 °C; IR (neat) 1775 cm™; *H NMR (400 MHz, CDCl5) § 5.76 (1H, dd, J
= 2.4, 17.6 Hz), 7.65-7.73 (2H, m), 7.79-7.83 (1H, m), 8.00 (1H, d, J = 7.6 Hz); **C NMR
(150 MHz, CDCl3) & 74.9 (dd, J = 25.8, 33.0 Hz), 111.5 (ddq, J = 261, 253, 37.8 Hz), 118.3
(qt, J = 286, 34.5 Hz), 124.0 (d, J = 2.9 Hz), 126.0, 126.4, 131.2, 134.9, 140.5, 168.1; *°F
NMR (376 MHz, CDCls) & -130.6 (1F, dd, J = 17.6, 282 Hz), -122.4 (1F, d, J = 282 Hz),
-82.8--81.9 (3F, m); EI-MS m/z (%) 252 (M", 1), 205 (8), 133 (100), 105 (91), 77 (96). Anal.
Calcd for C1oHsO,Fs: C, 47.64; H, 2.00. Found: C, 47.50; H, 2.17.

3-(Pentafluorophenyl)phthalide (1d)

1d

The title compound was prepared according to the procedure A using
2-cyanobenzaldehyde (65.6 mg, 0.50 mmol), KF (20.9 mg, 0.36 mmol), and DMF (2.5 mL)
was added pentafluorophenyl(trimethyl)silane (144.2 mg, 0.60 mmol) and purified by
column chromatography (hexane/ethyl acetate = 5/1) to give colorless solid (129.6 mg,
0.432 mmol, 86%); Mp 110.0-112.6 °C; IR (neat) 1760 cm™; *H NMR (400 MHz, CDCl3) &
6.74 (1H, s), 7.34 (1H, d, J = 8.4 Hz), 7.61 (1H, t, J = 7.6 Hz), 7.70-7.74 (1H, m), 8.00 (1H,
d, J = 7.6 Hz); 3C NMR (75 MHz, CDCls) & 71.9, 110.3 (t, J = 12.0 Hz), 122.0, 125.6,
126.1, 130.1, 134.7, 137.8 (d, J = 245 Hz), 145.0 (d, J = 250 Hz), 145.5 (d, J = 250 Hz),
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146.7, 169.3; *°F NMR (376 MHz, CDCl5) & -160.6--160.5 (2F, m), -151.0 (1F, t, J = 23.0
Hz), -142.8 (2F, dd, J = 6.0, 23.0 Hz); EI-MS m/z (%) 300 (M", 1), 255 (9), 237 (19), 133
(11), 105 (100), 77 (23). Anal. Calcd for C14HsO4Fs: C, 56.02; H, 1.68. Found: C, 55.95; H,
1.77.

3-(Heptafluoropropyl)phthalide (1c)
CF,CF,CF,4

@)

@)
1c

Conditions B: To a mixture of 2-cyanobenzaldehyde (65.6 mg, 0.50 mmol), triethylamine
(50.5 mg, 0.50 mmol), and DMF (2.5 mL) was added heptafluoropropyl(trimethyl)silane
(145.3 mg, 0.60 mmol) at room temperature. The reaction mixture was stirred at room
temperature in an atmosphere of nitrogen for 1 h and quenched with 4 M HCI (2.5 mL).
The reaction mixture was stirred at 100 °C for 1 h. The aqueous layer was extracted with
ethyl acetate. Then, the combined organic phase was washed with water, dried over
anhydrous Na,SO,. Purification by column chromatography on silica gel (hexane/ethyl
acetate = 5/1) gave 90.5 mg (0.300 mmol, 60%) of 3-(heptafluoropropyl)phthalide (1c) as
colorless solid; Mp 45.0-46.2 °C; IR (neat) 1782 cm™; *H NMR (400 MHz, CDCls) & 5.83
(1H, d, J = 18.4 Hz), 7.68-7.73 (2H, m), 7.78-7.82 (1H, m), 8.00 (1H, d, J = 7.6 Hz); **C
NMR (150 MHz, CDClI3) 6 75.0 (dd, J = 26.0, 34.0 Hz), 108.8 (tq, J = 265, 36.7 Hz), 113.3
(ddt, J = 252, 264, 30.7 Hz), 117.5 (qt, J = 286, 33.0 Hz), 124.2, 126.1, 126.3, 131.2, 134.9,
140.5, 168.2; °F NMR (376 MHz, CDCl3) & -127.2 (1F, d, J = 298 Hz), -126.6 (1F, d, J =
291 Hz), -125.7 (1F, d, J = 291 Hz), -120.2 (1F, d, J = 298 Hz), -80.9 (3F, t, J = 15.4 Hz);
EI-MS m/z (%) 302 (M", 1), 169 (7), 133 (100), 105 (63), 77 (78). Anal. Calcd for
C14HsOzFs: C, C 43.73; H, 1.67. Found: C, 43.29; H, 1.81.

(-)-3-(Trifluoromethyl)phthalide ((-)-1a)

1) CF;-SiMej CF;
CHO MeyNF (0.5 equiv.)
@: cat. 9b (0.1 equiv.) .
toluene/CH,CI, (2/1)
COEL go°c, 12h o}
10 (-)-1a
2) HClI ag. cat. 9b CF,

To a mixture of ethyl 2-formylbenzoate (10; 89.1 mg, 0.50 mmol), 9b (15.8 mg, 0.025
mmol), ¢ tetramethylammonium fluoride (9.3 mg, 0.10 mmol), toluene (4.0 mL), and
dichloromethane (2.0 mL) was added trifluoromethyl(trimethyl)silane (141.3 mg, 1.0
mmol) at —60 °C. The reaction mixture was stirred at room temperature in an atmosphere of
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nitrogen at —60 °C for 24 h and quenched with sat. NH,Cl aq (5 mL). The aqueous layer
was extracted with ethyl acetate. Then, the combined organic phase was washed with water,
dried over anhydrous Na,SO,. After removal of the solvent under reduced pressure, to the
residue was added DMF (2.5 mL) and 1 M HCI (2.5 mL). The reaction mixture was stirred
at 100 °C for 6 h. The aqueous layer was extracted with ethyl acetate. Then, the combined
organic phase was washed with water, dried over anhydrous Na,SO,. Purification by
column chromatography on silica gel (hexane/ethyl acetate = 5:1) gave 78.8 mg (0.39
mmol, 78% vyield, 27% ee) of 3-(trifluoromethyl)phthalide (1a) as a colorless oil; *H NMR
(400 MHz, CDCl3) 6 5.68 (1H, q, J = 5.7 Hz), 7.66-7.72 (2H, m), 7.78-7.82 (1H, m), 8.00
(1H, d, J = 7.6 Hz); HPLC condition: Chiralcel OD-H, hexane/2-propanol = 9/1, flow = 1.0
mL/minl, wavelength = 224 nm, temp. = 30 °C, tg = 8.5 min for (-)-1a and tg = 12.0 min for
(+)-1a.

3. References
1) R. Pedrosa, S. Sayalero, M. Vicente, Tetrahedron 2006, 62, 10400.
2) S. Mizuta, N. Shibata, S. Akiti, H. Fujimoto, S. Nakamura, T. Toru, Org. Lett. 2007, 9,
3707.
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4. Spectral Characterization Data

'H NMR Spectrum of 3-(trifluoromethyl)phthalide (1a)
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'H NMR Spectrum of 3-(pentafluoroethyl)phthalide (1b)

CF,CF3
O

o
1b

AJEOL

X : parts per Million : Proton

Fil ename = E¥R Z7RHRRNT LU
delta

Field Strength =

-389766(T] (400 (MEx1)
31904 (a1

X_Aoq_ Duration 67:

X_Domasin

X Freq

X offeet

X_Points

X_Prescans -1

X Resolution = 0.22897343(Ex]

X_Sweep -7

X Sweep_Clipped = 6.00240096 [kHz]

Irr_Domain = Proton

Irr_Freq = 399.76219638 (MEx)

Irr_Offset = 5(ppa]

Tri_Domain = Proton

Tri_Freq = 399.78219838 (Mix]
Sippal

3C NMR Spectrum of 3-(pentafluoroethyl)phthalide (1b)

|

abundance

)
=)

A\

NN

JEOL

Solutions forfanovation

Filenase = 171204_amii_pentaflucroeth
delta

Experiment - 3%p

sample_td = 171204_amis_pentaflucrosth

Solvent = CHLOROFORM-D

Crestion Time = 4-DEC-2017 18:33:13

Revision Time = 4-DEC-2017 23:29:34

Current_Time = 4-DEC-2017 23:29:45

Commant: = single pulse decoupled gat

Data_Format = 1D REAL

Dim Size - 26214

Dim_Title -

Dim Units = (ppal

Dimansions -x

site = D04-ECA600

Spectromater = DELTAZ MR

Field s = 14.09636928[T] (600 [MHx])

X Aoq Duration = 0.69206016[a)
Domain

= 13¢
X Freq = 150.91343039 (MHx)
X offaet = 100(ppa)

= 327

= Prof
= 600.1723046 (Mix]
= Stppa]

- rALSE
Scans - 102¢
Total_Scans - 102¢

Relaxation Delsy = 2(s]
Recvr_Gain -

) Get. = 18.5(dC;
X_90_Width = 11.43(us)

X Acq_Time = 0.69206016 (s]
X AngTe - 301

X Ata = 10.8(dB)
_Pulse = 3.81(us]
I7x_Atn_Dec = 20.95(dB)
Irc_Atn_Noe = 20.95(d8)

Irz Noise -

Irs_pwidth = 76{us)

Decoupling - TROE
Initial Wait = 1(s)
Noe = TRUE

Noe_Time = 2(s)
Repatition Time = 2.69206016(s)

T T Ty T T T T T T T T T T T T T T T T T
220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0-20.0'

X : parts per Million : Carbon13




F NMR Spectrum of 3-(pentafluoroethyl)phthalide (1b)
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'H NMR Spectrum of 3-(heptafluoropropyl)phthalide (1c)
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13C NMR Spectrum of 3-(heptafluoropropyl)phthalide (1c)
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'H NMR Spectrum of 3-(pentafluorophenyl)phthalide (1d)
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F NMR Spectrum of 3-(pentafluorophenyl)phthalide (1d)
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HPLC Analytical Data of 3-(trifluoromethyl)phthalide (1a)
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