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Structural assignment of 21b

Spectra (a) and (b), shown below, are the °F NMR ones of (R)-16b and 22b, respectively. A spectrum

(c) is the ’F NMR one immediately after the reaction finished when diethyl ether was used as a
solvent (Table 2 Entry 3) in the investigation of the reaction conditions, and (d) is an expanded

spectrum from -112 ppm to -116 ppm in (c).
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As can be seen from the ’F NMR spectra, all signals except those marked in pink in the spectrum (c)
can be attributed to (R)-16b, 20b, and 22b.

The signals marked in pink were analyzed as follows.

F NMR (CDCl3, CFCl3): 6 -99.10 to -99.00 (m, 1F), -150.66 (t, J = 15.43 Hz, 2F).

This compound was found to be difficult to be isolated, and 'H NMR and '3C NMR measurements
were not available.

On the other hand, it was possible to isolate N-benzylidene-1-phenyl-2,3,3-trifluoro-1,4-
pentadienylamine, which was obtained via the reaction of N-(2,2,3,3-tetrafluoro-1-phenyl-4-
pentenylidene)benzylamine with DBU. The structure of this compound could be unambiguously

identified based on '"H NMR and '*C NMR spectra, as shown below.

'H NMR (CDCL): 6 8.01 (s, 1H), 7.75 (d, J = 6.39 Hz, 2H), 7.34-7.49 (m, 8H), 6.46 (tdd, J= 17.38,
11.19, 10.79 Hz, 1H), 5.83 (td, J= 17.38, 2.40 Hz, 1H), 5.55 (d, J= 10.79 Hz, 1H); 3C NMR (CDCL):
0 137.3 (dt, J=27.3, 4.1 Hz), 135.9, 132.1 (t, J=25.7 Hz), 131.7, 131.0, 129.7, 129.3 (d, J= 3.3 Hz),
129.0, 128.9, 128.7, 128.7, 118.8 (t, J=9. Hz), 115.2 (dt, J = 29.8, 239.7 Hz).

The 'F NMR was also analyzed as follows.

F NMR (CDCls, CFCl3): 6 -96.56 (t, J = 14.67 Hz, 1F), -134.17 (t, J = 14.67 Hz, 2F).

Despite some differences in chemical shifts, the '°F NMR spectrum of N-benzylidene-1-phenyl-2,3,3-
trifluoro-1,4-pentadienylamine is quite similar to the one marked in pink in spectrum (c).

Based on these results, the spectrum marked in pink in spectrum (c) was determined to be the HF

eliminated product 21b.

S-6



'"H NMR Spectrum of N-(2,3,3-trifluoro-1-phenylpenta-1,4-dien-1-yl)benzylideneamine
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Structural assignment of 22b

"HNMR of azocine derivative 22b and its analysis data are as follows.

"H NMR Spectrum of 2-(4-Chlorophenyl)-3,4-difluoro-6,7-dihydro-8-phenylazocine (22b)
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Yellow solid; M.P.: 114.0-114.3 °C (Hexane/AcOEt = 20/1, Ry= 0.19); 'H NMR (CDCls): 6 7.99—
8.02 (m, 2H, Ar—H), 7.70-7.72 (m, 2H, Ar—H), 7.48-7.52 (m, 3H, Ar—H), 7.36-7.38 (m, 2H, Ar—
H), 5.56 (dtd, J = 23.69, 4.48, 3.64 Hz, 1H, CF=CH), 3.31 (brs, 1H, CHb), 3.01 (brs, 1H, CH,), 2.88
(brs, 1H, CHb), 2.59 (brs, 1H, CHy).
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'"H NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-phenylpent-4-en-1-ylidene)-1-phenylethylamine
((R)-16a)
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BBC NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-phenylpent-4-en-1-ylidene)-1-phenylethylamine
((R)-16a)
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F NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-phenylpent-4-en-1-ylidene)-1-phenylethylamine
((R)-16a)
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'"H NMR Spectrum of (R)-N-(1-(4-chlorophenyl)-2,2,3,3-tetrafluoropent-4-en-1-ylidene)-1-
phenyethylamine ((R)-16b)
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BC NMR Spectrum of (R)-N-(1-(4-chlorophenyl)-2,2,3,3-tetrafluoropent-4-en-1-ylidene)-1-
phenyethylamine ((R)-16b)
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YF NMR Spectrum of (R)-N-(1-(4-chlorophenyl)-2,2,3,3-tetrafluoropent-4-en-1-ylidene)-1-
phenyethylamine ((R)-16b)
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'"H NMR Spectrum of (R)-N-(1-(4-bromophenyl)-2,2,3,3-tetrafluoropent-4-en-1-ylidene)-1-
phenyethylamine ((R)-16c¢)
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BC NMR Spectrum of (R)-N-(1-(4-bromophenyl)-2,2,3,3-tetrafluoropent-4-en-1-ylidene)-1-
phenyethylamine ((R)-16c¢)
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YF NMR Spectrum of (R)-N-(1-(4-bromophenyl)-2,2,3,3-tetrafluoropent-4-en-1-ylidene)-1-
phenyethylamine ((R)-16c¢)
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'"H NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-(4-methoxyphenyl)pent-4-en-1-ylidene)-1-
phenylethylamine ((R)-16d)
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BC NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-(4-methoxyphenyl)pent-4-en-1-ylidene)-1-
phenylethylamine ((R)-16d)
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YF NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-(4-methoxyphenyl)pent-4-en-1-ylidene)-1-
phenylethylamine ((R)-16d)
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'"H NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-(4-methylphenyl)pent-4-en-1-ylidene)-1-
phenylethylamine ((R)-16e)
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BC NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-(4-methylphenyl)pent-4-en-1-ylidene)-1-
phenylethylamine ((R)-16e)
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YF NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-(4-methylphenyl)pent-4-en-1-ylidene)-1-
phenylethylamine ((R)-16e)
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'"TH NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-(3-methylphenyl)pent-4-en-1-ylidene)-1-
phenylethylamine ((R)-16f)
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BC NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-(3-methylphenyl)pent-4-en-1-ylidene)-1-
phenylethylamine ((R)-16f)
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YF NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-(3-methylphenyl)pent-4-en-1-ylidene)-1-
phenylethylamine ((R)-16f)
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'"TH NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-(2-methylphenyl)pent-4-en-1-ylidene)-1-
phenylethylamine ((R)-16g)

BC NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-(2-methylphenyl)pent-4-en-1-ylidene)-1-
phenylethylamine ((R)-16g))
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YF NMR Spectrum of (R)-N-(2,2,3,3-tetrafluoro-1-(2-methylphenyl)pent-4-en-1-ylidene)-1-
phenylethylamine ((R)-16g)
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"H NMR Spectrum of (S)-benzyl N-(2,2,3,3-tetrafluoro-1-phenylpent-4-en-1-yl)carbamate ((S)-23a)
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F NMR Spectrum of (5)-benzyl N-(2,2,3,3-tetrafluoro-1-phenylpent-4-en-1-yl)carbamate ((S)-23a)

Fa
/\C’c .
F 2
2 NHCbz _
(S)-23a (
|“| [
6 -I(X)AO -2(X)A0 -3(3,0 -46.0 -56.0 —G(X)AO —7lg)‘0 —8(‘10 »9(‘)0 —1(;0,0 —11‘0/.(;/\ \»\IZYOXOK -13X0A0 -14XOA0 -15
Chromatograph in HPLC for (5)-23a
Racemic
48 58
48 ©
38 g d
- 38 il
2% | g ﬂ
2 “ E 2
) i i
8 } k / K 8 J \ :
23 13 18 23 13 18
Time(min) Time(min)
No. Rt Area(%) No. Rt Area(%)
1 1099  50.019 1 11.26  96.085
2 1691  49.981 2 17.84  3.915
100 100

S-24




"H NMR Spectrum of (S)-benzyl N-(2,2,3,3-tetrafluoro-1-(4-chlorophenylpent-4-en-1-yl)carbamate
((5)-23b)
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F NMR Spectrum of (S)-benzyl N-(2,2,3,3-tetrafluoro-1-(4-chlorophenylpent-4-en-1-yl)carbamate
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"H NMR Spectrum of (S)-benzyl N-(2,2,3,3-tetrafluoro-1-(4-bromophenylpent-4-en-1-yl)carbamate
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F NMR Spectrum of (S)-benzyl N-(2,2,3,3-tetrafluoro-1-(4-bromophenylpent-4-en-1-yl)carbamate
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'TH NMR Spectrum of (S)-benzyl N-(2,2,3,3-tetrafluoro-1-(4-methoxyphenylpent-4-en-1-
yl)carbamate ((S)-23d)
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"H NMR Spectrum of (S)-benzyl N-(2,2,3,3-tetrafluoro-1-(4-methylphenylpent-4-en-1-yl)carbamate
((5)-23e)
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F NMR Spectrum of (S)-benzyl N-(2,2,3,3-tetrafluoro-1-(4-methylphenylpent-4-en-1-yl)carbamate

((5)-23¢)
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"H NMR Spectrum of (S)-benzyl N-(2,2,3,3-tetrafluoro-1-(3-methylphenylpent-4-en-1-yl)carbamate
((5)-23f)
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F NMR Spectrum of (S)-benzyl N-(2,2,3,3-tetrafluoro-1-(3-methylphenylpent-4-en-1-yl)carbamate
((5)-23f)
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"H NMR Spectrum of (S)-benzyl N-(2,2,3,3-tetrafluoro-1-(2-methylphenylpent-4-en-1-yl)carbamate
((5)-23g)
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F NMR Spectrum of (S)-benzyl N-(2,2,3,3-tetrafluoro-1-(2-methylphenylpent-4-en-1-yl)carbamate
((5)-23g)
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