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Abstract

The cross enyne metathesis reaction of propargylic fluoride (+)-12 with ethylene affords the enantioenriched
1,3-diene (+)-14 having fluorine-containing
side chain at 2-position in good yield. Upon Diels-Alder
reaction, followed by aromatization, this diene affords the new
benzylic fluorides (+)-16 and
(+)-17 in high ee values. This
new strategy has been successfully extended to the corresponding gem-difluoro diene 21 and
benzylic fluorides 23 and 24.
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31.8, 29.4, 29.3, 29.27, 29.23, 22.6, 22.3 (t, J = 4.3
Hz), 14.1 (Me). ¹9F NMR (282 MHz, CDCl3): δ = -97.44
(t, J
            H-F = 16.6
Hz). HRMS: m/z [M]+ calcd
for C14H24F2: 230.1846; found:
230.1846.
[bookmark: RG17808ST-21]21  
            
General Procedure
for Diels-Alder Reaction with Diethyl Acetylenedicarboxylate
Followed by Aromatization: A mixture of diene (1 mmol) and
diethyl acetylenedicarboxylate (1.2 mmol) was heated at 60 ˚C
in an oil bath for 3 h. After bringing the mixture to r.t., the
crude material was purified by silica gel column chromatography to
give the cycloadduct. To a solution of the above cycloadduct (1
mmol) in CH2Cl2 (40 mL) was added MnO2 (10
mmol) and the mixture was refluxed for 2 d. After being cooled to
r.t., the reaction mixture was passed through a small pad of celite
and the filtrate was concentrated and purified by flash column chromatography
on silica gel to afford the corresponding aromatized product.
[bookmark: RG17808ST-22]22  
            
General Procedure
for One-Pot Diels-Alder Reaction with 1,4-Naphthaquinone
and Aromatization: A solution of diene (1 mmol) in anhyd toluene
(15 mL) was treated with 1,4-naphthaquinone (1.2 mmol) and the resulting
mixture was heated at 70 ˚C for 2 d. The solvent was removed
and the crude product was dissolved in CHCl3 (4 mL).
To this solution silica gel purged in Et3N (2 g) was
added and the mixture was stirred for another 3 h at r.t. The reaction mixture
was concentrated and the crude material was purified by column chromatography
to afford the corresponding aromatized adducts.
[bookmark: RG17808ST-23]23  Spectral data for selected compounds:
Compound (+)-16: R
            
              f
             0.30 (pentane-Et2O,
9:1); [α]D
            ²0 14.8
(c = 0.2, CHCl3).
IR (neat): 3020, 1966, 1731, 1650, 1216, 1045, 758 cm-¹. ¹H NMR
(300 MHz, CDCl3): δ = 7.75 (d, J = 8.0 Hz, 1 H, H6), 7.65 (s,
1 H, H3), 7.49 (dd, J = 8.0,
1.6 Hz, 1 H, H5), 5.55 (ddd, J = 47.7,
8.0, 4.7 Hz, 1 H, CHF), 4.35-4.43 (m, 4 H, 2 × CH2),
1.87-1.91 (m, 2 H, CH2), 1.19-1.44
(m, 20 H, 7 × CH2, 2 × Me),
0.89 (t, J = 6.4 Hz, 3 H, Me). ¹³C
NMR (75 MHz, CDCl3): δ = 167.5 (COOCH2),
167.2 (COOCH2), 144.1 (d, J = 20.6
Hz, C4), 132.6, 131.6 (d, J = 1.4
Hz), 129.2, 127.6 (d, J = 7.4
Hz, CAr), 125.7 (d, J = 7.6
Hz, CAr), 92.9 (d, J = 173.2
Hz, CHF), 61.7 (OEt), 61.6 (OEt), 37.2 (d, J = 22.9
Hz, CH2CHF), 31.8, 29.5, 29.4, 29.3, 29.2, 24.8 (d, J = 3.9 Hz), 22.7 (7 × d, J = 3.9 Hz, 7 × CH2),
14.2, 14.1 (2 × Me). ¹9F NMR (282 MHz,
CDCl3): δ = -178.9 (ddd, 
              J
            H-F = 47.5,
28.9, 18.8 Hz). HRMS: m/z [M]+ calcd
for C22H33O4F: 380.2362; found:
380.2381. Compound 17: R
            
              f
             0.28 (pentane-Et2O,
7:3); mp 65-67 ˚C; [α]D
            ²0 3.0
(c = 0.2, CHCl3).
IR (KBr): 3430, 3019, 1653, 1215, 1045 cm-¹. ¹H NMR
(300 MHz, CDCl3): δ = 7.27-7.38
(m, 3 H, HAr), 5.43 (ddd, J = 47.8,
8.0, 4.9 Hz, 1 H, CHF), 4.74 (s, 2 H, CH2OH), 4.73 (s,
2 H, CH2OH), 3.67 (br s, 2 H, OH), 1.37-1.97
(m, 2 H, CH2), 1.09-1.22 (m, 14 H, 7 × CH2),
0.89 (t, J = 6.9 Hz, 3 H, Me). ¹³C
NMR (75 MHz, CDCl3): δ = 140.9 (d, J = 19.9 Hz, C4), 139.6, 139.2
(d, J = 2.0 Hz), 129.7, 126.7
(d, J = 6.6 Hz, CAr),
125.5 (d, J = 6.8 Hz, CAr),
94.4 (d, J = 170.3 Hz, CHF),
63.8 (CH2OH), 63.6 (CH2OH), 37.2 (d, J = 23.4 Hz, CH2CHF),
31.8, 29.5, 29.4, 29.3, 29.2, 25.1, 22.7 (d, J = 4.2 Hz),
14.1 (Me). ¹9F NMR (282 MHz, CDCl3): δ = -174.64 (ddd, J
            H-F = 46.7,
29.6, 17.9 Hz). HRMS: m/z [M - F]+ calcd for
C18H29O2: 277.2167; found: 277.2178.
Chiral HPLC analysis: column Chiralpack AD, eluent: hexane-EtOH, 98:2;
flow rate: 1 mL/min; UV detection at λ = 225
nm; t
            R(17) = 16.8
min; t
            R (ent-17) = 19 min. Compound 18: R
            
              f
             0.70 (pentane-Et2O,
9:1); mp 99-101 ˚C. IR (KBr): 2919, 2849, 1676,
1593, 1351, 1290, 1156, 1021 cm-¹. ¹H
NMR (300 MHz, CDCl3): δ = 8.30-8.35
(m, 2 H, HAr), 8.24 (s, 1 H, HAr), 7.28-7.85
(m, 4 H, HAr), 5.62 (ddd, J = 47.7,
7.9, 4.8 Hz, 1 H, CHF), 1.89-2.02 (m, 2 H, CH2),
1.22-1.52 (m, 14 H, 7 × CH2), 0.88
(t, J = 7.0 Hz, 3 H, Me). ¹³C
NMR (75 MHz, CDCl3): δ = 182.9 (COOCH2),
182.7 (COOCH2), 147.3 (d, J = 20.5
Hz, CAr), 134.2, 134.1, 133.6, 133.5, 133.1 (d, J = 1.4 Hz), 130.7 (d, J = 7.6 Hz, CAr),
127.7, 127.3, 127.2, 124.0 (4 × d, J = 7.5
Hz, CAr), 92.6 (d, J = 173.9
Hz, CHF), 37.2 (d, J = 22.7
Hz, CH2CHF), 31.8, 29.5, 29.4, 29.3, 29.2, 24.8, 22.6
(d, J = 3.9 Hz), 14.1 (Me). ¹9F
NMR (282 MHz, CDCl3): δ = -179.9
(ddd, J
            H-F = 47.7,
28.7, 19.1 Hz). HRMS: m/z [M]+ calcd
for C24H27O2F: 366.1995; found: 366.1999.
Compound 23: R
            
              f
             0.34 (pentane-Et2O,
9:1). IR (neat): 2956, 2928, 2856, 1731, 1615, 1466, 1287, 1131, 1070,
775 cm-¹. ¹H NMR
(300 MHz, CDCl3): δ = 7.83 (d, J = 1.2 Hz,
1 H, H3), 7.75 (d, J = 8.0 Hz,
1 H, H6), 7.63 (dd, J = 8.0,
1.2 Hz, 1 H, H5), 4.39 (q, J = 7.1
Hz, 2 H, OEt), 4.38 (q, J = 7.1
Hz, 2 H, OEt), 2.01-2.19 (m, 2 H, CH2), 1.25-1.41
(m, 20 H, 7 × CH2, 2 × Me), 0.87 (t, J = 6.4 Hz, 3 H, Me). ¹³C
NMR (75 MHz, CDCl3): δ = 167.1 (COOCH2), 166.8
(COOCH2), 140.3 (t, J = 27.8
Hz, C4), 133.5 (t, J = 1.3 Hz),
132.3, 129.1, 127.6 (t, J = 6.1
Hz), 125.7 (t, J = 6.3
Hz, CAr), 122.3 (t, J = 243.0
Hz, CF2), 61.9 (OEt), 61.8 (OEt), 38.9 (t, J = 26.7 Hz, CH2CF2),
31.8, 29.4, 29.3, 29.2, 29.1, 22.6, 22.3 (t, J = 4.0
Hz), 14.1 (3 × Me). ¹9F
NMR (282 MHz, CDCl3): δ = -96.25
(t, J
            H-F = 16.4
Hz). HRMS: m/z [M]+ calcd
for C22H32O4F2: 398.2268;
found: 398.2261. Compound 24: R
            
              f
             0.71
(pentane-Et2O, 9:1); mp 88-90 ˚C. IR
(KBr): 2920, 2851, 1673, 1594, 1340, 1163, 1129, 1031, 707 cm-¹. ¹H
NMR (300 MHz, CDCl3): δ = 8.31-8.41
(m, 4 H, HAr), 7.80-7.91 (m, 3 H, HAr),
2.11-2.27 (m, 2 H, CH2), 1.25-1.50
(m, 14 H, 7 × CH2), 0.86 (t, J = 6.4
Hz, 3 H, Me). ¹³C NMR (75 MHz, CDCl3): δ = 182.5
(2 × COOCH2), 143.3 (t, J = 27.6
Hz, CAr), 134.3, 134.1 (t, J = 1.3
Hz), 130.5 (t, J = 6.0
Hz), 127.7, 127.4, 127.3, 124.1 (t, J = 6.1
Hz), 122.3 (t, J = 243.3
Hz, CF2), 38.8 (t, J = 26.6
Hz, CH2CF2), 31.8, 29.4, 29.3, 29.2, 29.1,
22.3 (t, J = 3.9 Hz), 14.1 (Me). ¹9F NMR
(282 MHz, CDCl3): δ = -96.46
(t, J
            H-F = 16.4
Hz). HRMS: m/z [M]+ calcd
for C24H26O2F2: 384.1900;
found: 384.1915.
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