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1. General Statement

'H NMR, "*C NMR, and "’F NMR spectra were recorded on a Bruker Avance 500 spectrometer.
Chemical shift values are given in ppm relative to internal MesSi (for 'H NMR: & = 0.00 ppm),
CDCl; (for *C NMR: & = 77.0 ppm) and CeFs (for °’F NMR: & = 0.00 ppm; —164.9). IR spectra
were recorded on a Horiba FT-300S spectrometer by the attenuated total reflectance (ATR) method.
Mass spectra were measured on a JEOL JMS-T100GCV or a JEOL JMS-TI100CS spectrometer.
Elemental analyses were carried out at Elemental Analysis Laboratory, Division of Chemistry,
Faculty of Pure and Applied Sciences, University of Tsukuba. Melting points were measured on a
Yanaco micro melting point apparatus and were uncorrected.

Column chromatography was conducted on Florisil (Wako Pure Chemical Industries, Ltd., 75—
150 wm) or silica gel (Silica Gel 60 N, Kanto Chemical Co., Inc., 63-210 um). All the reactions
were conducted under argon or nitrogen.

Tetrahydrofuran (THF) was purified by a solvent-purification system (GlassContour) equipped
with columns of activated alumina and supported-copper catalyst (Q-5) before use.
N,N-Dimethylformamide (DMF) was distilled from CaH,, and stored over activated molecular
sieves 4A. Potassium hydride was washed with dry hexane three times, dried under vacuum and
stored in a glove box. Unless otherwise noted, materials were obtained from commercial sources

and used directly without further purifications.

2. Preparation of Bromodifluoromethyl Ketones 2
2-Bromo-2,2-difluoro-1-phenylethan-1-one (2a)
0 PhMgBr (1.06 equiv) aq. HCI - 0
EtO” “CBrF, THF, -78°C,3.5h PR~ “CBrF,
2a

To a THF (30 mL) solution of ethyl bromodifluoroacetate (6.1 g, 30 mmol) was added
phenylmagnesium bromide, prepared from bromobenzene (5.0 g, 32 mmol), magnesium turnings
(0.80 g, 33 mmol) and THF (30 mL), at =78 °C over 0.5 h. After stirring for 3 h at —78 °C, the

reaction was quenched with an aqueous HCI solution (2 M, 30 mL). Organic materials were

extracted with ether three times. The combined extracts were washed with brine and dried over
Na,SOs4. The solvent was removed under reduced pressure, and the residue was purified by passing
through a short column of silica gel (hexane/ethyl acetate = 50/1) to give 2a (6.3 g, 90%) as a
colourless liquid.

Spectral data for this compound showed good agreement with the literature data.'

2-Bromo-2,2-difluoro-1-(4-methylphenyl)ethan-1-one (2b)
0]
CBrF»,
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Bromodifluoromethyl ketone 2b was prepared by the method described for 2a using ethyl
bromodifluoroacetate (6.1 g, 30 mmol), 4-bromotoluene (5.38 g, 31.5 mmol) and magnesium
turnings (802 mg, 33.0 mmol). Passing through a short column of silica gel (hexane/ethyl acetate =
10/1) gave 2b (6.90 g, 93%) as a colourless liquid.

Spectral data for this compound showed good agreement with the literature data.”

2-Bromo-1-(4-chlorophenyl)-2,2-difluoroethan-1-one (2¢)
o)

/©)kCBrF2
Cl

Bromodifluoromethyl ketone 2¢ was prepared by the method described for 2a using ethyl
bromodifluoroacetate (3.05 g, 15.0 mmol), 1-bromo-4-chlorobenzene (3.03 g, 15.8 mmol) and
magnesium turnings (401 mg, 16.5 mmol). Passing through a short column of silica gel
(hexane/ethyl acetate = 10/1) gave 2¢ (1.84 g, 45%) as a colourless liquid.

Spectral data for this compound showed good agreement with the literature data.’

3. Preparation of 3-Bromo-3,3-difluoropropenes 3
(3-Bromo-3,3-difluoroprop-1-en-2-yl)benzene (3a)
MeP+Ph3Br= (1.4 equiv)
0o NaHMDS (1.4 equiv) )L
Ph)]\CBng THF,0°Ctort,2h  Ph~” “CBrF,

2a 3a

To a THF (60 mL) solution of methyltriphenylphosphonium bromide (5.0 g, 14 mmol) was
added NaHMDS (1.9 M in THF, 7.5 mL, 14 mmol) at —78 °C over 0.5 h. After stirring —78 °C for 1
h, the mixture was warmed to 0 °C. After stirring at 0 °C for 1 h, bromodifluoromethyl ketone 2a
(2.4 g, 10 mmol) was added to the reaction mixture. After stirring at room temperature for 2 h, the
reaction was quenched with an aqueous HCI solution (2 M, 30 mL). Organic materials were
extracted with ether three times. The combined extracts were washed with brine and dried over
Na,SO,4. After the solvent was removed under reduced pressure, the residue was purified by silica
gel column chromatography (hexane) to give 3a (1.5 g, 65%) as a colourless liquid.

Spectral data for this compound showed good agreement with the literature data.*
1-(3-Bromo-3,3-difluoroprop-1-en-2-yl)-4-methylbenzene (3b)
CBrF,

3-Bromo-3,3-difluoropropene 3b was prepared by the method described for 3a using methyl
triphenylphosphonium bromide (5.1 g, 14 mmol), NaHMDS (1.9 M in THF, 7.5 mL, 14 mmol) and
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bromodifluoromethyl ketone 2b (2.5 g, 10 mmol). Purification by silica gel column
chromatography (hexane) gave 3b (1.6 g, 65%) as a colourless liquid.

'H NMR (500 MHz, CDCls): & 2.38 (s, 3H), 5.51 (s, 1H), 5.84 (s, 1H), 7.20 (d, J = 7.6 Hz, 2H),
7.38 (d, J= 7.6 Hz, 2H). *C NMR (126 MHz, CDCls): § 21.2, 117.7 (t, Jop = 7 Hz), 118.3 (t, Jcr =
303 Hz), 128.1, 129.1, 131.2, 139.0, 145.5 (t, Jor = 22 Hz). "’F NMR (470 MHz, CDCl3): & 115.7
(s). IR (neat): v 2923, 1504, 1151, 1070, 914, 821, 742, 571 ecm'. HRMS (EI): m/z Calcd for
C1oHo’BrF, [M]": 245.9856; Found: 245.9856.

1-(3-Bromo-3,3-difluoroprop-1-en-2-yl)-4-chlorobenzene (3¢)

CBFFQ

Cl

3-Bromo-3,3-difluoropropene 3¢ was prepared by the method described for 3a using methyl
triphenylphosphonium bromide (3.38 g, 9.46 mmol), NaHMDS (1.9 M in THF, 5.0 mL, 9.5 mmol)
and bromodifluoromethyl ketone 2¢ (1.84 g, 6.83 mmol). Purification by silica gel column
chromatography (hexane) gave 3¢ (578 mg, 32%) as a colourless liquid.
'H NMR (500 MHz, CDCls): & 5.51 (t, Jur = 1.8 Hz, 1H), 5.87 (s, 1H), 7.33-7.40 (m, 4H). "*C
NMR (126 MHz, CDCl3): 8 117.7 (t, Jcr = 306 Hz), 118.7 (t, Jcr = 7 Hz), 128.6, 129.6, 133.0,
135.1, 144.6 (t, Jcr = 21 Hz). "’F NMR (470 MHz, CDCl;): & 116.4 (s). IR (neat): v 1491, 1155,
1093, 1072, 922, 833, 555 cm™'. HRMS (EI): m/z Calcd for CoHg *BrCIF, [M]": 265.9309; Found:
265.9315.

4. Preparation of 2,2-Difluorohomoallylic Alcohols 1
3,3-Difluoro-2-methyl-4-phenylpent-4-en-2-ol (1a)
O

P

JL (3.0 equiv) w
Ph™ "CBrF2  zn(2.0equiv) Ph

THF,0°Ctort, 5 h FF
3a 1a

To the mixture of acetone (517 mg, 8.90 mmol) and zinc powder (activated with an aqueous HCl
solution, 390 mg, 5.96 mmol) in THF (4.0 mL) was added a THF (4.0 mL) solution of
3-bromo-3,3-difluoropropene 3a (699 mg, 3.00 mmol) at 0 °C over 30 min. Then, the reaction
mixture was warmed to room temperature, and stirred at room temperature for 5 h. The reaction was
quenched with an aqueous HCI solution (2 M, 5 mL). Organic materials were extracted with
dichloromethane three times. The combined extracts were washed with brine and dried over Na,;SOy,.
After removal of the solvent under reduced pressure, the residue was purified by silica gel column
chromatography (hexane/ethyl acetate = 10/1) to give 1a (575 mg, 90%) as a colourless liquid.

'H NMR (500 MHz, CDCls): & 1.20 (s, 6H), 5.53 (d, J = 2.3 Hz, 1H), 5.78 (d, J = 2.3 Hz, 1H),
7.30~7.34 (m, 3H), 7.40-7.43 (m, 2H). °C NMR (126 MHz, CDCl): § 24.1, 74.1 (t, Jcr = 28 Hz),
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122.0 (t, Jop = 9 Hz), 122.3 (t, Jor = 252 Hz), 128.0, 128.2, 128.6, 138.4, 142.9 (t, Jor = 22 Hz). "°F
NMR (470 MHz, CDCL3): & 52.7 (s). IR (neat): v 3442, 2989, 1494, 1147, 1070, 775, 698, 590 cm .
HRMS (ESI+): m/z Caled for C1,H4F2NaO [M + Na]': 235.0910; Found: 235.0914.

3-Ethyl-4,4-difluoro-5-phenylhex-5-en-3-ol (1b)

OH
Et
PhJ?(Fit
2,2-Difluorohomoallylic alcohol 1b was prepared by the method described for 1a using diethyl
ketone (258 mg, 3.00 mmol), zinc powder (131 mg, 2.0 mmol) and 3-bromo-3,3-difluoropropene 3a
(231 mg, 0.996 mmol). Purification by silica gel column chromatography (hexane/ethyl acetate =
10/1) gave 1b (186 mg, 78%) as a colourless liquid.
'H NMR (500 MHz, CDCl3): & 0.84 (t, J = 7.5 Hz, 6H), 1.28 (s, 1H), 1.55-1.66 (m, 4H), 5.49 (s,
1H), 5.77 (s, 1H), 7.30-7.32 (m, 3H), 7.40-7.42 (m, 2H). >C NMR (126 MHz, CDCls): 7.4, 25.6,
77.7 (t, Jcr = 27 Hz), 121.5 (t, Jor = 9 Hz), 123.2 (t, Jor = 253 Hz), 127.8, 128.0, 128.5, 138.4,
143.4 (t, Jop = 21 Hz). "’F NMR (470 MHz, CDCl3): § 58.0 (s). IR (neat): v 3585, 3482, 2972, 2949,
2887, 1496, 1463, 1078, 1027, 935, 775, 700 cm ™. HRMS (ESI+): m/z Caled for C14H sF,NaO [M
+Na]': 262.1223; Found: 262.1224.

3,3-Difluoro-2,4-diphenylpent-4-en-2-ol (1¢)

NG

F F
2,2-Difluorohomoallylic alcohol 1¢ was prepared by the method described for 1a using

acetophenone (132 mg, 1.1 mmol), zinc powder (126 mg, 1.9 mmol) and
3-bromo-3,3-difluoropropene 3a (235 mg, 1.01 mmol). Purification by silica gel column
chromatography (hexane/ethyl acetate = 10/1) gave 1¢ (148 mg, 53%) as a colourless liquid.

'H NMR (500 MHz, CDCls): & 1.67 (s, 3H), 2.05 (s, 1H), 5.31 (d, J= 0.8 Hz, 1H), 5.37 (d, J=0.8
Hz, 1H), 7.21-7.28 (m, 8H), 7.43-7.45 (m, 2H). >C NMR (126 MHz, CDCls): § 24.6 (dd, Jcr = 2,
2 Hz), 77.6 (dd, Jcr = 27, 27 Hz), 121.6 (dd, Jcr = 254, 254 Hz), 122.5 (dd, Jcr =9, 9 Hz), 126.4,
127.6, 127.7, 127.7, 127.9, 128.6, 138.2, 140.6, 142.6 (dd, Jcr = 24, 24 Hz). ’F NMR (470 MHz,
CDCls): 8 56.3 (d, Jrpr = 248 Hz, 1F), 58.6 (d, Jer = 248 Hz, 1F). IR (neat): v 3566, 3483, 3059,
2993, 2941, 1495, 1448, 1070, 1028, 933, 760, 698 cm™'. HRMS (ESI+): m/z Calcd for C,7H,7F,0
[M + H]": 275.1247; Found: 275.1239.

3,3-Difluoro-2-(4-methoxyphenyl)-4-phenylpent-4-en-2-ol (1d)

OH OMe
Ph

F F
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2,2-Difluorohomoallylic alcohol 1d was prepared by the method described for 1a using
4'-methoxyacetophenone (331 mg, 2.20 mmol), zinc powder (261 mg, 3.99 mmol) and
3-bromo-3,3-difluoropropene 3a (466 mg, 2.00 mmol). Purification by silica gel column
chromatography (hexane/ethyl acetate = 10/1) gave 1d (275 mg, 45%) as a colourless oil.
'H NMR (500 MHz, CDCl3): & 1.65 (s, 3H), 2.08 (s, 1H), 3.80 (s, 3H), 5.33 (s, 1H), 5.38 (s, 1H),
6.79-6.80 (m, 2H), 7.25-7.27 (m, 5H), 7.34 (d, J = 8.6 Hz, 2H). *C NMR (126 MHz, CDCls): §
24.5,55.2,77.3 (dd, Jcr = 29, 29 Hz), 113.0, 121.8 (t, Jcr = 254 Hz), 122.5 (t, Jcr = 9 Hz), 127.67,
127.70, 127.9, 128.6, 132.8, 138.3, 142.7 (t, Jcr = 24 Hz), 159.0. '’F NMR (470 MHz, CDCl;): &
56.4 (d, Jrr = 242 Hz, 1F), 58.7 (d, Jrr = 242 Hz, 1F). IR (neat): v 3494, 2999, 2941, 2839, 1612,
1514, 1252, 1028, 775, 700 cm ™. HRMS (ESI+): m/z Calcd for CigH sF,NaO [M + Na]: 327.1173;
Found: 327.1166.

2-(4-Chlorophenyl)-3,3-difluoro-4-phenylpent-4-en-2-ol (1e)

OH Cl
Ph

F F

2,2-Difluorohomoallylic alcohol 1le was prepared by the method described for 1a using
4'-chloroacetophenone (340 mg, 2.20 mmol), zinc powder (261 mg, 3.99 mmol) and
3-bromo-3,3-difluoropropene 3a (467 mg, 2.00 mmol). Purification by silica gel column
chromatography (hexane/ethyl acetate = 10/1) gave 1e (293 mg, 47%) as a colourless oil.
'H NMR (500 MHz, CDCl3): & 1.66 (s, 3H), 2.09 (s, 1H), 5.35 (s, 1H), 5.42 (s, 1H), 7.20-7.37 (m,
9H). *C NMR (126 MHz, CDCls): & 24.5 (t, Jor = 2 Hz), 77.2 (dd, Jcr = 29, 29 Hz), 121.4 (t, Jor =
255 Hz), 122.6 (t, Jor = 9 Hz), 125.3, 127.7, 127.8, 127.9, 128.5, 133.6, 139.09, 139.11, 142.3 (t,
Jor =24 Hz). "’F NMR (470 MHz, CDCL3): § 55.0 (d, Jer = 243 Hz, 1F), 57.4 (d, Jr = 243 Hz, 1F).
IR (neat): v 3581, 1495, 1095, 1012, 941, 798, 700, 548 cm™'. HRMS (ESI+): m/z Calcd for
Cy7H;5CIF,NaO [M + Na]': 331.0677; Found: 331.0678.

1,1,1,3,3-Pentafluoro-2,4-diphenylpent-4-en-2-ol (1f)

OH
J%Ph
Ph <,
2,2-Difluorohomoallylic alcohol 1f was prepared by the method described for 1a using
2,2, 2-trifluoroacetophenone (96 mg, 0.55 mmol), zinc powder (65 mg, 0.99 mmol) and
3-bromo-3,3-difluoropropene 3a (116 mg, 0.50 mmol). Purification by silica gel column
chromatography (hexane/ethyl acetate = 10/1) gave 1f (106 mg, 65%) as a colourless liquid.
'H NMR (500 MHz, CDCls): & 2.88 (s, 1H), 5.51 (d, J = 2.0 Hz, 1H), 5.52 (d, J = 2.0 Hz, 1H),
7.06-7.07 (m, 2H), 7.21-7.35 (m, 6H), 7.54-7.56 (m, 2H). >C NMR (126 MHz, CDCl5): & 79.0 (dd,
Jor = 26, 26 Hz), 119.7 (dd, Jcr = 260, 256 Hz), 123.69 (dd, Jcr = 9, 9 Hz), 123.72 (q, Jcr = 291
Hz), 127.0, 127.8, 127.9, 128.0, 128.6, 129.2, 131.3, 136.9, 141.4 (dd, Jcr = 23, 23 Hz). ’F NMR
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(470 MHz, CDCls): 6 57.9 (dq, Jer = 249 Hz, Jrr = 12 Hz, 2F), 58.9 (dq, Jrr = 249 Hz, Jpr = 12 Hz,
2F), 89.5 (dd, Jrr = 12, 12 Hz). IR (neat): v 3589, 3548, 1259, 1205, 1173, 1074, 916, 901, 729, 698
cm ', Elem. Anal. Calcd for C7H;5FsO: C, 62.20; H, 3.99. Found: C, 62.22; H, 4.20.

1-(1,1-Difluoro-2-phenylallyl)cyclopentan-1-ol (1g)

PHJL)<%?3>

F F

2,2-Difluorohomoallylic alcohol 1g was prepared by the method described for 1a using
cyclopentanone (190 mg, 2.3 mmol), zinc powder (266 mg, 4.07 mmol) and
3-bromo-3,3-difluoropropene 3a (468 mg, 2.01 mmol). Purification by silica gel column
chromatography (hexane/ethyl acetate = 10/1) gave 1g (245 mg, 51%) as a colourless liquid.
'H NMR (500 MHz, CDCl3): & 1.42-1.48 (m, 2H), 1.57-1.63 (m, 2H), 1.70-1.79 (m, 2H), 1.84—
1.89 (s, 2H), 5.51 (s, 1H), 5.81 (s, 1H), 7.32-7.33 (m, 3H), 7.33-7.41 (m, 2H). >C NMR (126 MHz,
CDCls): 6 24.0, 35.6, 85.1 (t, Jcr = 29 Hz), 121.5 (t, Jor = 9 Hz), 121.9 (t, Jor = 287 Hz), 128.0,
128.1, 128.7, 138.3, 143.5 (t, Jcr = 22 Hz). "’F NMR (470 MHz, CDCl3): 8 55.9 (s). IR (neat): v
3593, 3464, 2958, 2875, 1153, 1030, 1016, 937, 775, 698 cm™'. HRMS (ESI+): m/z Calcd for
C14HsF2NaO [M + Na]": 261.1067; Found: 261.1073.

1-(1,1-Difluoro-2-phenylallyl)cyclohexan-1-ol (1h)

OH
Ph/u?Kft::j
FF

2,2-Difluorohomoallylic alcohol 1h was prepared by the method described for 1a using
cyclohexanone (389 mg, 3.96 mmol), zinc powder (240 mg, 3.67 mmol) and
3-bromo-3,3-difluoropropene 3a (471 mg, 2.02 mmol). Purification by silica gel column
chromatography (hexane/ethyl acetate = 10/1) gave 1h (424 mg, 83%) as a colourless liquid.
'H NMR (500 MHz, CDCls): & 1.14 (s, 1H), 1.36-1.56 (m, 10H), 5.45 (s, 1H), 5.66 (s, 1H), 7.24—
7.25 (m, 3H), 7.34-7.35 (m, 2H). >C NMR (126 MHz, CDCls): & 20.6, 25.2, 30.6, 74.8 (t, Jcp = 27
Hz), 121.8 (t, Jcr = 10 Hz), 122.3 (t, Jor = 254 Hz), 127.8, 128.1, 128.5, 138.5, 142.8 (t, Jcr = 24
Hz). ”F NMR (470 MHz, CDCl;): & 52.4 (s). IR (neat): v 3575, 3482, 2937, 2862, 1446, 1263,
1139, 1041, 987, 775, 698, 590 cm ', Elem. Anal. Caled for CysH;sF,O: C, 71.41; H, 7.19. Found:
C, 71.46; H, 7.28.

4,4-Difluoro-2,2-dimethyl-5-phenylhex-5-en-3-ol (1i)

OH
PHJL></L\PBU

FF
2,2-Difluorohomoallylic alcohol 1i was prepared by the method described for 1a using
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2,2-dimethylpropanal (95 mg, 1.1 mmol), zinc powder (133 mg, 2.0 mmol) and
3-bromo-3,3-difluoropropene 3a (230 mg, 0.987 mmol). Purification by silica gel column
chromatography (hexane/ethyl acetate = 10/1) gave 1i (106 mg, 45%) as a colourless liquid.

'H NMR (500 MHz, CDCls): & 1.05 (s, 9H), 1.74 (s, 1H), 3.43 (dd, Jur = 22.0, 5.3 Hz, 1H), 5.53 (d,
J =33 Hz, 1H), 5.81 (d, J = 3.3 Hz, 1H), 7.34-7.35 (m, 3H), 7.43-7.44 (m, 2H). °C NMR (126
MHz, CDCls): & 26.9 (dd, Jcr = 3, 3 Hz), 34.9, 77.2 (dd, Jcr = 26, 26 Hz), 119.2 (dd, Jor = 11, 8
Hz), 122.6 (dd, Jcr = 254, 249 Hz), 128.1, 128.2, 128.4, 137.0 (d, Jcr = 4 Hz), 144.6 (dd, Jcr = 21,
21 Hz). "F NMR (470 MHz, CDCls): & 50.4 (dd, Jer = 248 Hz, Jey = 22 Hz, 1F), 66.4 (d, Jgr = 248
Hz, 1F). IR (neat): v 3600, 3496, 2960, 2912, 2877, 1496, 1369, 1180, 1049, 1016, 935, 779, 698
cm . HRMS (ESI+): m/z Calcd for Ci4H;3sF,NaO [M + Na]+: 263.1223; Found: 263.1222.

3-Ethyl-4,4-difluoro-5-(4-methylphenyl)hex-5-en-3-ol (1j)

OH
Et

FF B

2,2-Difluorohomoallylic alcohol 1j was prepared by the method described for 1a using diethyl
ketone (277 mg, 3.22 mmol), zinc powder (388 mg, 5.93 mmol) and 3-bromo-3,3-difluoropropene
3b (744 mg, 3.01 mmol). Purification by silica gel column chromatography (hexane/ethyl acetate =
10/1) gave 1j (598 mg, 78%) as a colourless liquid.
'H NMR (500 MHz, CDCls): 8 0.85 (t, J = 7.6 Hz, 6H), 1.53-1.68 (m, 4H), 2.34 (s, 3H), 5.48 (d, J
=2.4Hz 1H), 5.74 (d, J= 2.4 Hz 1H), 7.13 (d, J= 7.9 Hz, 2H), 7.32 (d, J = 7.9 Hz, 2H). °C NMR
(126 MHz, CDCl»): & 7.5, 21.1, 25.8, 77.8 (t, Jcr = 2 Hz), 121.0 (t, Jor = 9 Hz), 123.3 (t, Jcr = 252
Hz), 128.5, 128.9, 135.6, 137.8, 143.3 (t, Jcr = 23 Hz). ’F NMR (470 MHz, CDCL3): § 56.9 (s). IR
(neat): v 3597, 2974, 2887, 1084, 912, 742 cm . HRMS (ESI+): m/z Calcd for CsHaF,NaO [M +
Na]": 277.1380; Found: 277.1382.

5-(4-Chlorophenyl)-3-ethyl-4,4-difluorohex-5-en-3-ol (1k)

OH
Et

F o Et

Cl

2,2-Difluorohomoallylic alcohol 1k was prepared by the method described for 1a using diethyl
ketone (261 mg, 3.03 mmol), zinc powder (131 mg, 2.0 mmol) and 3-bromo-3,3-difluoropropene 3¢
(267 mg, 0.998 mmol). Purification by silica gel column chromatography (hexane/ethyl acetate =
10/1) gave 1k (93 mg, 34%) as a colourless oil.
'H NMR (500 MHz, CDCl3): 8 0.86 (t, J = 7.6 Hz, 6H), 1.57-1.65 (m, 4H), 5.50 (s, 1H), 5.78 (s,
1H), 7.28-7.32 (m, 2H), 7.36 (d, J = 8.5 Hz, 2H). >C NMR (126 MHz, CDCls): 8 7.4, 25.6, 77.7 (t,
Jor =26 Hz), 122.0 (t, Jor = 9 Hz), 122.0 (t, Jor = 254 Hz), 128.2, 130.0, 133.9, 137.0, 142.6 (t, Jcr
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=24 Hz). "’F NMR (470 MHz, CDCL): & 58.1 (s). IR (neat): v 3587, 3469, 2974, 2887, 1493, 1092,
835 cm™'. HRMS (ESI+): m/z Caled for Ci4H;7CIF,NaO [M + H]': 275.1014; Found: 275.1009.

3,3-Difluoro-2-methyl-4,5-diphenylpent-4-en-2-ol (11)

R L e

)J\ (8.0 equiv) (2.7 equiv) O O 0
Ph™ “CBrF,  zn (2.0 equiv) Ph)% AICl36H,0 (2 mol%) phM
,a  THROCtor,2h FF 40°C, 72 h FOF

PhCH,P+PhsBr~ (1.4 equiv) Ph
NaHMDS (1.4 equiv) aqg. HCI j OH
THF,0°Ctort,1h " P %

F

i
To the mixture of acetone (870 mg, 15.0 mmol) and zinc powder (activated with an aqueous HCI
solution, 645 mg, 9.87 mmol) in THF (5.0 mL) was added a THF (5.0 mL) solution of
bromodifluorodifluoromethyl ketone 2a (1.17 g, 4.98 mmol) at 0 °C over 30 min. Then, the reaction
mixture was warmed to room temperature and stirred at room temperature for 2 h. The reaction was
quenched with aqueous HCI solution (2 M, 5 mL). Organic materials were extracted with
dichloromethane three times. The combined extracts were washed with brine and dried over Na,;SOs,.
After removal of the solvent under reduced pressure, the residue was purified by silica gel column
chromatography (hexane/ethyl acetate = 10/1) to give
2,2-difluoro-3-hydroxy-3-methyl-phenylbutan-1-one (423 mg, 40%) as a colourless liquid.

Spectral data for this compound showed good agreement with the literature data.’

To the mixture of 2,2-difluoro-3-hydroxy-3-methyl-phenylbutan-1-one (513 mg, 2.39 mmol) and
3,4-dihydro-2H-pyran (546 mg, 6.49 mmol) was added AlCl;-6H,0 (12 mg, 0.050 mmol) at room
temperature. After stirring at 40 °C for 72 h, the reaction was quenched with water. Organic
materials were extracted with dichloromethane three times. The combined extracts were washed
with brine and dried over Na,SO,. After removal of the solvent under reduced pressure, the residue
was purified by silica gel column chromatography (hexane/ethyl acetate = 10/1) to give
2,2-difluoro-3-methyl-1-phenyl-3-[(tetrahydro-2 H-pyran-2-yl)oxy]butan-1-one (687 mg, 96%) as a
colourless liquid.
2,2-Difluoro-3-methyl-1-phenyl-3-[(tetrahydro-2 H-pyran-2-yl)oxy]butan-1-one: 'H NMR (500
MHz, CDCl3): 6 1.26-1.57 (m, 12H), 3.39-3.43 (m, 1H), 3.68-3.73 (m, 1H), 491 (dd, /J=3.4,3.4
Hz, 1H), 7.44 (dd, J=8.1, 7.5 Hz, 2H), 7.56 (t, J= 7.5 Hz, 1H), 8.13 (d, J = 8.1 Hz, 2H). *C NMR
(126 MHz, CDCls): 8 18.82, 18.85, 21.9 (dd, Jcr = 3, 3 Hz), 25.0, 30.9, 61.7, 78.8 (dd, Jcr = 26, 26
Hz), 93.2, 118.5 (dd, Jcr = 260, 260 Hz), 127.9, 130.5, 133.5, 134.6, 191.8 (dd, Jcr = 28, 28 Hz).
F NMR (470 MHz, CDCls): 8 50.9 (d, Jer = 253 Hz, 1F), 51.5 (d, Jer = 253 Hz, 1F). IR (neat): v
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2947, 1695, 1138, 1108, 1024, 897, 715 cm™'. HRMS (ESI+): m/z Caled for Ci6HF,NaO; [M +
Na]': 321.1278; Found: 321.1268.

To a THF (5.0 mL) solution of benzyltriphenylphosphonium bromide (603 mg, 1.39 mmol) was

added NaHMDS (1.9 M in THF, 0.750 mL, 1.4 mmol) at —78 °C over 0.5 h. After stirring at —78 °C
for 1 h, the reaction mixture was warmed to 0 °C. After stirring at 0 °C for 1 h, a THF (1.0 mL)
solution of 2,2-difluoro-3-methyl-1-phenyl-3-[(tetrahydro-2 H-pyran-2-yl)oxy]butan-1-one (305 mg,
1.02 mmol) was added to the reaction mixture at 0 °C over 0.5 h. After stirring at room temperature
for 1 h, the reaction was quenched with an aqueous HCI solution (2 M, 5 mL). Organic materials
were extracted with ether and were washed with brine and dried over Na,SQ,. After removal of the
solvent under reduced pressure, the residue was purified by silica gel column gel chromatography
(hexane/ethyl acetate = 1/1) to give 11 (230 mg, 78%, E/Z =99/1) as white solid.
(E)-1i: mp 76.5-77.2 °C. "H NMR (500 MHz, CDCl5): § 1.31 (s, 6H), 2.17 (s, 1H), 6.89 (m, 2H),
7.06-7.13 (m, 4H), 7.30-7.33 (m, 5H). °C NMR (126 MHz, CDCl): § 24.2, 74.8 (t, Jcr = 29 Hz),
122.2 (t, Jor = 253 Hz), 127.5 (t, Jcr = 64 Hz), 127.8, 127.9, 128.5, 129.8, 130.5, 133.3 (t, Jcr = 10
Hz), 134.6 (t, Jor = 23 Hz), 134.9, 135.9. ’F NMR (470 MHz, CDCl3):  55.2 (s). IR (neat): v 3560,
3477, 3059, 2987, 1448, 1225, 1151, 1066, 943, 719, 696 cm™'. HRMS (ESI+): m/z Calcd for
CisHoF,0 [M + H]': 289.1404; Found: 289.1399.

5. Synthesis of 3-Fluoro-2,5-dihydrofurans 4
3-Fluoro-2,2-dimethyl-4-phenyl-2,5-dihydrofuran (4a)

OH KH (1.5 equiv) O
phM DMF,0°Ctort, 5h Ph’@(
F F £
1a 4a

To the suspension of potassium hydride (9.1 mg, 0.23 mmol) in DMF (2 mL) was slowly added

2,2-difluorohomoallylic alcohol 1a (32 mg, 0.15 mmol) at 0 °C. Then, the reaction mixture was
warmed to room temperature and stirred at 0 °C for 5 h. Organic materials were extracted with ether
three times. The combined extracts were washed with brine and dried over Na,SOs4. After removal
of the solvent under reduced pressure, the residue was purified by silica gel column gel
chromatography (hexane/ethyl acetate/triethylamine = 20/2/1) to give 4a (24 mg, 85%) as a
colourless oil.
'H NMR (500 MHz, CDCls): & 1.45 (s, 6H), 4.92 (d, Jur = 4.9 Hz, 2H), 7.26-7.29 (m, 1H), 7.35—
7.39 (m, 4H). >C NMR (126 MHz, CDCl3): & 25.6, 69.9 (d, Jcr = 10 Hz), 82.0 (d, Jcr = 25 Hz),
107.9 (d, Jcr = 4 Hz), 126.3 (d, Jcr = 6 Hz), 127.6 (d, Jcr = 1 Hz), 128.6, 130.2 (d, Jcr = 5 Hz),
157.7 (d, Jer = 286 Hz). "’F NMR (470 MHz, CDCls): § 24.1 (t, Jpu = 5 Hz). IR (neat): v 2966, 914,
744, 669, 656 cm ™. HRMS (EI): m/z Calcd for C1,H3FO [M]™: 192.0950; Found: 192.0960.
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2,2-Diethyl-3-fluoro-4-phenyl-2,5-dihydrofuran (4b)

O
Et
F

3-Fluoro-2,5-dihydrofurans 4b was synthesised by the method described for 4a using potassium
hydride (18 mg, 0.45 mmol) and 2,2-difluorohomoallylic alcohol 1b (72 mg, 0.30 mmol).
Purification by silica gel column chromatography (hexane/ethyl acetate/triethylamine = 20/2/1)
gave 4b (56 mg, 86%) as a colourless oil.
'H NMR (500 MHz, CDCls): 8 0.95 (t, J = 7.4 Hz, 6H), 1.65-1.77 (m, 4H), 4.94 (d, Jur = 4.8 Hz,
2H), 7.25-7.30 (m, 1H), 7.35-7.41 (m, 4H). °C NMR (126 MHz, CDCls): & 7.8, 30.7 (d, Jcr = 3
Hz), 72.0 (d, Jcr = 10 Hz), 88.4 (d, Jcr = 23 Hz), 110.5 (d, Jcr = 4 Hz), 126.3 (d, Jor = 6 Hz), 127.5
(d, Jer = 2 Hz), 128.6, 130.2 (d, Jcr = 6 Hz), 154.4 (d, Jer = 285 Hz). "’F NMR (470 MHz, CDCls):
§ 25.6 (t, Jen = 5 Hz). IR (neat): v 2970, 2854, 1704, 912, 733, 650 cm™'. HRMS (EI): m/z Calcd for
C14H3FO [M]": 220.1263; Found: 220.1268.

3-Fluoro-2-methyl-2,4-diphenyl-2,5-dihydrofuran (4¢)

O
o /@(Ph
F

3-Fluoro-2,5-dihydrofurans 4¢ was synthesised by the method described for 4a using potassium
hydride (9.1 mg, 0.23 mmol) and 2,2-difluorohomoallylic alcohol 1¢ (41 mg, 0.15 mmol).
Purification by silica gel column chromatography (hexane/ethyl acetate/triethylamine = 20/2/1)
gave 4¢ (28 mg, 74%) as a colourless oil.
'H NMR (500 MHz, CDCl5):  1.81 (s, 3H), 5.05 (d, J = 10.8 Hz, Jur = 4.9 Hz, 1H), 5.08 (d, J =
10.8 Hz, Jur = 5.0 Hz, 1H), 7.24-7.31 (m, 2H), 7.33-7.40 (m, 6H), 7.51-7.53 (m, 2H). °C NMR
(126 MHz, CDCls): & 25.4 (d, Jcr = 3 Hz), 70.6 (d, Jcr = 10 Hz), 84.8 (d, Jcr = 24 Hz), 108.8 (d,
Jor =4 Hz), 124.9, 126.4 (d, Jcr = 6 Hz), 127.6, 127.7 (d, Jcr = 1 Hz), 128.4, 128.6, 129.9 (d, Jcr =
5 Hz), 143.2 (d, Jcr = 4 Hz), 156.1 (d, Jcr = 289 Hz). "’F NMR (470 MHz, CDCls): & 27.5 (dd, Jey
=5, 5 Hz). IR (neat): v 3089, 3060, 3030, 2935, 2979, 2852, 1699, 1498, 1446, 1072, 1022, 762,
692 cm . HRMS (EI): m/z Caled for C;7HsFO [M]™: 254.1107; Found: 254.1112.

3-Fluoro-2-(4-methoxyphenyl)-2-methyl-4-phenyl-2,5-dihydrofuran (4d)

(o) OMe
Ph—™X

F
3-Fluoro-2,5-dihydrofurans 4d was synthesised by the method described for 4a using potassium

hydride (9.1 mg, 0.23 mmol) and 2,2-difluorohomoallylic alcohol 1d (46 mg, 0.15 mmol).
Purification by silica gel column chromatography (hexane/ethyl acetate/triethylamine = 20/2/1)
gave 4d (40 mg, 93%) as a colourless oil.
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'"H NMR (500 MHz, CDCL): & 1.78 (s, 3H), 3.79 (s, 3H), 5.03 (dd, J = 10.6 Hz, Jyr = 4.9 Hz, 1H),
5.06 (dd, J = 10.6 Hz, Jur = 4.9 Hz, 1H), 6.89-6.90 (m, 2H), 7.24-7.27 (m, 1H), 7.33-7.42 (m, 4H),
7.42-7.44 (m, 2H). >*C NMR (126 MHz, CDCls): § 25.2 (d, Jcr = 3 Hz), 55.2, 70.5 (d, Jer = 10 Hz),
84.6 (d, Jor = 24 Hz), 108.6 (d, Jor = 4 Hz), 113.7, 126.36 (d, Jor = 3 Hz), 126.42, 127.7, 128.6,
130.0 (d, Jor = 5 Hz), 135.4 (d, Jor = 4 Hz), 156.4 (d, Jor = 289 Hz), 159.1. '°F NMR (470 MHz,
CDCL): 8 27.7 (dd, Jryy = 5, 5 Hz). IR (neat): v 2979, 2836, 1699, 1610, 1508, 1250, 1024, 829, 762,
692 cm™'. HRMS (EI): m/z Caled for CsH,7FO [M]": 284.1213; Found: 284.1204.

2-(4-Chlorophenyl)-3-fluoro-2-methyl-4-phenyl-2,5-dihydrofuran (4e)

O Cl
Ph—X\

F
3-Fluoro-2,5-dihydrofurans 4e was synthesised by the method described for 4a using potassium

hydride (9.2 mg, 0.23 mmol) and 2,2-difluorohomoallylic alcohol 1le (46 mg, 0.15 mmol).
Purification by silica gel column chromatography (hexane/ethyl acetate/triethylamine = 20/2/1)
gave 4e (30 mg, 69%) as a colourless oil.

'H NMR (500 MHz, CDCls): & 1.76 (s, 3H), 5.02 (dd, J = 10.8 Hz, Jur = 4.9 Hz, 1H), 5.06 (dd, J =
10.8 Hz, Jur = 4.9 Hz, 1H), 7.24-7.35 (m, 7H), 7.43—7.44 (m, 2H). °C NMR (126 MHz, CDCls): 8
25.5 (d, Jcr =3 Hz), 70.7 (d, Jcr = 10 Hz), 84.5 (d, Jcr = 24 Hz), 109.1 (d, Jcr = 4 Hz), 126.4, 126.5,
127.9 (d, Jcr = 1 Hz), 128.6, 128.7, 129.7 (d, Jcr = 5 Hz), 133.5, 141.9 (d, Jcr = 3 Hz), 155.6 (d, Jcr
=289 Hz). ”F NMR (470 MHz, CDCl3): & 27.0 (br s). IR (neat): v 2981, 2854, 1701, 1489, 1092,
1012, 829, 762, 692 cm™'. HRMS (EI): m/z Caled for C7H4CIFO [M]: 288.0717; Found:
288.0722.

3-Fluoro-2,4-diphenyl-2-(trifluoromethyl)-2,5-dihydrofuran (4f)

O
CF3
F

3-Fluoro-2,5-dihydrofurans 4f was synthesised by the method described for 4a using potassium
hydride (17 mg, 0.42 mmol) and 2,2-difluorohomoallylic alcohol 1f (90 mg, 0.27 mmol).
Purification by silica gel column chromatography (hexane/ethyl acetate/triethylamine = 20/2/1)
gave 4f (51 mg, 60%) as a colourless oil.
'H NMR (500 MHz, CDCls): & 5.11 (dd, J = 11.0 Hz, Jur = 5.4 Hz, 1H), 5.24 (dd, J=11.0 Hz, Jur
= 5.2 Hz, 1H), 7.32-7.46 (m, 8H), 7.72 (d, J = 7.4 Hz, 2H). >C NMR (126 MHz, CDCl3): & 72.3 (d,
Jor =9 Hz), 114.9, 124.0 (qd, Jcr = 288, 4 Hz), 125.9, 126.8 (d, Jcr = 6 Hz), 127.9 (q, Jcr = 12 Hz),
128.5, 128.6 (q, Jcr = 15 Hz), 128.77, 128.81 (d, Jcr = 2 Hz), 129.2, 134.1 (d, Jcr =4 Hz), 148.2 (d,
Jer = 289 Hz). "’F NMR (470 MHz, CDCLs): 8 27.7 (s, 1F), 85.4 (s, 3F). IR (neat): v 3066, 2877,
2852, 1701, 1263, 1172, 912, 733, 690 cm™'. HRMS (EI): m/z Calcd for C;7H,F40 [M]": 308.0824;
Found: 308.0827.
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4-Fluoro-3-phenyl-1-oxaspiro[4.4]non-3-ene (4g)

O
F

3-Fluoro-2,5-dihydrofurans 4g was synthesised by the method described for 4a using potassium
hydride (12 mg, 0.30 mmol) and 2,2-difluorohomoallylic alcohol 1g (48 mg, 0.20 mmol).
Purification by silica gel column chromatography (hexane/ethyl acetate/triethylamine = 20/2/1)
gave 4¢g (23 mg, 52%) as a colourless oil.
'H NMR (500 MHz, CDCl3): & 1.65-1.75 (m, 2H), 1.78-1.96 (m, 6H), 4.87 (d, Jur = 5.0 Hz, 2H),
7.23-7.27 (m, 1H), 7.33-7.38 (m, 4H). °C NMR (126 MHz, CDCls): 8 24.7, 36.6 (d, Jcr = 3 Hz),
70.1 (d, Jcr = 1 Hz), 92.1 (d, Jcr = 25 Hz), 108.7 (d, Jcr = 4 Hz), 126.2 (d, Jcr = 6 Hz), 127.4 (d,
Jer = 1 Hz), 128.5, 130.2 (d, Jer = 6 Hz), 155.4 (d, Jcr = 285 Hz). ’F NMR (470 MHz, CDCl;): §
25.2 (s). IR (neat): v 2960, 2871, 2850, 1700, 1362, 1078, 993, 761, 692 cm'. HRMS (EI): m/z
Calcd for C14H;sFO [M]": 218.1107; Found: 218.1111.

4-Fluoro-3-phenyl-1-oxaspiro[4.5]dec-3-ene (4h)

O
F

3-Fluoro-2,5-dihydrofurans 4h was synthesised by the method described for 4a using potassium
hydride (15 mg, 0.37 mmol) and 2,2-difluorohomoallylic alcohol 1h (63 mg, 0.25 mmol).
Purification by silica gel column chromatography (hexane/ethyl acetate/triethylamine = 25/1/1)
gave 4h (40 mg, 70%) as a white solid.
mp 58.6-59.2 °C. "H NMR (500 MHz, CDCls): & 1.21-1.31 (m, 1H), 1.63—-1.77 (m, 9H), 4.90 (d,
Jur = 4.9 Hz, 2H), 7.24-7.28 (m, 1H), 7.33-7.39 (m, 4H). °C NMR (126 MHz, CDCls): § 21.9,
24.9, 34.0 (d, Jcr = 3 Hz), 69.8 (d, Jcr = 10 Hz), 83.1 (d, Jcr = 23 Hz), 108.1 (d, Jcr = 4 Hz), 126.3
(d, Jer = 6 Hz), 127.4 (d, Jcr = 1 Hz), 128.6, 130.4 (d, Jor = 5 Hz), 158.3 (d, Jcr = 286 Hz). "°F
NMR (470 MHz, CDCls): 8 25.4 (s). IR (neat): v 3060, 2933, 2852, 1703, 1078, 906, 731, 692 cm™".
HRMS (EI): m/z Caled for C15sH7FO [M]': 232.1263; Found: 232.1261.

<1 mmol scale>

3-Fluoro-2,5-dihydrofurans 4h was synthesised by the method described for 4a using potassium
hydride (61 mg, 1.5 mmol) and 2,2-difluorohomoallylic alcohol 1h (252 mg, 0.999 mmol).
Purification by silica gel column chromatography (hexane/ethyl acetate/triethylamine = 20/2/1)
gave 4h (117 mg, 50%) as a white solid.
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2-(tert-Butyl)-3-fluoro-4-phenyl-2,5-dihydrofuran (4i)

O

F
3-Fluoro-2,5-dihydrofurans 4i was synthesised by the method described for 4a using potassium
hydride (9.1 mg, 0.23 mmol) and 2,2-difluorohomoallylic alcohol 1i (37 mg, 0.15 mmol).
Purification by silica gel column chromatography (hexane/ethyl acetate/triethylamine = 20/2/1)
gave 4i (26 mg, 77%) as a colourless oil.
'H NMR (500 MHz, CDCls): & 1.01 (s, 9H), 4.47 (ddd, Jur = 4.6 Hz, J = 4.6, 4.6 Hz 1H), 4.92 (dd,
J=10.8 Hz, Jur = 4.2 Hz, 1H), 4.95 (dd, J = 10.8 Hz, Jur = 4.6 Hz, 1H), 7.25-7.30 (m, 1H), 7.35—
7.40 (m, 4H). >C NMR (126 MHz, CDCl3): & 25.2 (d, Jer = 2 Hz), 35.8 (d, Jcr = 4 Hz), 72.3 (d, Jer
=10 Hz), 87.8 (d, Jcr = 22 Hz), 111.5 (d, Jcr = 4 Hz), 126.3 (d, Jcr = 6 Hz), 127.6 (d, Jcr = 2 Hz),
128.6, 130.0 (d, Jor = 5 Hz), 154.2 (d, Jop = 287 Hz). ’F NMR (470 MHz, CDCls): 8 33.9 (s). IR
(neat): v 2956, 2850, 1697, 1498, 1363, 1078, 760, 692 cm™'. HRMS (EI): m/z Calcd for C14H;,FO
[M]": 220.1263; Found: 220.1258.

2,2-Diethyl-3-fluoro-4-(4-methylphenyl)-2,5-dihydrofuran (4j))

3-Fluoro-2,5-dihydrofurans 4j was synthesised by the method described for 4a using potassium
hydride (46 mg, 1.1 mmol) and 2,2-difluorohomoallylic alcohol 1j (190 mg, 0.75 mmol).
Purification by silica gel column chromatography (hexane/ethyl acetate/triethylamine = 20/2/1)
gave 4j (126 mg, 72%) as a colourless oil.
'H NMR (500 MHz, CDCl3): & 0.94 (t, J = 7.4 Hz, 6H), 1.64-1.76 (m, 4H), 2.35 (s, 3H), 4.94 (d,
Jur = 4.8 Hz, 2H), 7.18 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 8.2 Hz, 2H). *C NMR (126 MHz, CDCl;):
0 8.0, 21.2,30.8 (d, Jcr = 3 Hz), 72.1 (d, Jcr = 11 Hz), 88.4 (d, Jcr = 24 Hz), 110.4 (d, Jcr = 4 Hz),
126.18, 126.23, 129.3, 137.4, 153.8 (d, Jcr = 284 Hz). "’F NMR (470 MHz, CDCl3): & 24.4 (t, Jey =
5 Hz). IR (neat): v 2970, 2854, 1704, 912, 733, 650 cm™'. HRMS (EI): m/z Calcd for C;sH;oFO
[M]": 234.1420; Found: 234.1428.

4-(4-Chlorophenyl)-2,2-diethyl-3-fluoro-2,5-dihydrofuran (4k)

3-Fluoro-2,5-dihydrofurans 4k was synthesised by the method described for 4a using potassium
hydride (9.2 mg, 0.23 mmol) and 2,2-difluorohomoallylic alcohol 1k (42 mg, 0.15 mmol).
Purification by silica gel column chromatography (hexane/ethyl acetate/triethylamine = 20/2/1)
gave 4k (28 mg, 71%) as a colourless oil.
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'"H NMR (500 MHz, CDCL): 8 0.92 (t, J = 7.4 Hz, 6H), 1.66-1.71 (m, 4H), 4.88 (d, Jur = 4.9 Hz,
2H), 7.28-7.33 (m, 4H). *C NMR (126 MHz, CDCL): § 7.9, 30.7 (d, Jor = 4 Hz), 71.8 (d, Jep = 10
Hz), 88.5 (d, Jor = 23 Hz), 109.7, 127.5 (d, Jor = 6 Hz), 128.6 (d, Jor = 5 Hz), 128.8, 133.2, 155.0
(d, Jer = 289 Hz). "°F NMR (470 MHz, CDCLy): & 27.9 (t, Jrn = 5 Hz). IR (neat): v 2968, 2924,
2879, 2850, 1701, 1496, 1088, 1030, 827 cm™'. HRMS (EI): m/z Caled for C14H cCIFO [M]":
254.0874; Found: 254.0870.

3-Fluoro-2,2-dimethyl-4,5-diphenyl-2,5-dihydrofuran (41)

o)
Ph—\
F

3-Fluoro-2,5-dihydrofurans 41 was synthesised by the method described for 4a using potassium
hydride (18 mg, 0.45 mmol) and 2,2-difluorohomoallylic alcohol 11 (£/Z = 99/1, 86 mg, 0.30 mmol).
Purification by silica gel column chromatography (hexane/ethyl acetate/triethylamine = 20/2/1)
gave 41 (42 mg, 52%) as a colourless oil.
'H NMR (500 MHz, CDCls): & 1.50 (s, 3H), 1.53 (s, 3H), 6.03 (d, Jur = 4.5 Hz), 7.14-7.18 (m, 1H),
7.21-7.25 (m, 2H), 7.27-7.34 (m, 5H), 7.38-7.41 (m, 2H). °C NMR (126 MHz, CDCl3): § 26.1 (d,
Jor =3 Hz), 26.9 (d, Jor = 3 Hz), 81.1 (d, Jcr = 24 Hz), 83.2 (d, Jcr = 10 Hz), 110.5, 127.27 (d, Jcr
=6 Hz), 127.30, 128.1, 128.4, 128.5, 128.7, 130.2 (d, Jcr = 5 Hz), 140.6, 159.7 (d, Jcr = 290 Hz).
PF NMR (470 MHz, CDCls): & 27.0 (d, Jp = 5 Hz). IR (neat): v 3064, 3030, 2978, 2927, 2886,
1695, 1496, 1448, 1142, 1016, 760, 692, 611 cm™'. HRMS (EI): m/z Calcd for CsH;7FO [M]":
268.1263; Found: 268.1269.

6. Synthesis of 4-Fluorofuranones 5
5,5-Diethyl-4-fluoro-3-phenylfuran-2(5H)-one (5b)
CrOs5 (12 equiv)

o 3,5-dimethylpyrazole ag. NaOH Q o
(12 equiv) (25 equiv)
S Et > NS Et
Et CHyCl,,—20°C,1h 0°C,1h Et
F F
4b 5b

To the suspension of CrOs; (60 mg, 0.60 mmol) in dichloromethane (0.5 mL) was added
3,5-dimethylpyrazole (59 mg, 0.61 mmol) at —20 °C. After stirring at —20 °C for 15 min,
3-fluoro-2,5-dihydrofurans 4b (11 mg, 0.050 mmol) was added. After stirring at —20 °C for 1 h, an
aqueous NaOH solution (5.0 M, 0.25 mL, 1.3 mmol) was added to the reaction mixture. Stirring at
0 °C for 1 h, the reaction was quenched with an aquous HCI solution (2 M, 0.5 mL). Organic
materials were extracted with dichloromethane three times. The combined extracts were washed
with brine and dried over Na,SO,. After removal of the solvent under reduced pressure, the residue

was purified by silica gel column chromatography (hexane/ethyl acetate/Ets;N = 20/2/1) to give Sb
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(7.4 mg, 63%) as a colourless liquid.

'H NMR (500 MHz, CDCls): 8 0.94 (t, J = 7.4 Hz, 6H), 1.88-2.05 (m, 4H), 7.38 (t, J= 7.4 Hz, 1H),
7.44 (dd, J= 7.4, 7.2 Hz, 2H), 7.90 (d, J = 7.2 Hz, 2H). >C NMR (126 MHz, CDCl3): § 7.3, 28.4 (d,
Jor =3 Hz), 84.8 (d, Jcr = 21 Hz), 108.1, 126.4 (d, Jcr = 4 Hz), 127.7 (d, Jcr = 5 Hz), 128.6, 129.0,
169.1 (d, Jer = 23 Hz), 176.2 (d, Jcr = 304 Hz). "’F NMR (470 MHz, CDCl5): 8 55.0 (s). IR (neat):
v 2978, 1755, 1689, 1703, 1198, 904, 727, 650 cm™'. HRMS (EI): m/z Calcd for C4H;sFO, [M]":
234.1056; Found: 234.1045.

4-Fluoro-3-phenyl-1-oxaspiro[4.5]dec-3-ene-2-one (5h)

o
Ph™X
F

4-Fluorofuranone Sh was synthesised by the method described for 5b using CrO; (60 mg, 0.60
mmol), 3,5-dimethylpyrazole (59 mg, 0.62 mmol), 3-fluoro-2,5-dihydrofurans 4h (13 mg, 0.056
mmol) and an aqueous NaOH solution (5.0 M, 0.25 mL, 1.3 mmol). Purification by silica gel
column chromatography (hexane/ethyl acetate/triethylamine = 20/2/1) gave Sh (10 mg, 76%) as a
colourless oil.
mp 112.4-113.2 °C. "H NMR (500 MHz, CDCls): & 1.23-1.30 (m, 2H), 1.77-1.79 (m, 6H), 1.87—
1.91 (m, 2H), 7.35-7.37 (m, 1H), 7.40-7.43 (m, 2H), 7.86-7.88 (m, 2H). °C NMR (126 MHz,
CDCl): 8 21.5,24.2,32.6 (d, Jcr = 2 Hz), 80.7 (d, Jcr = 21 Hz), 105.7, 126.6 (d, Jcr = 5 Hz), 127.7
(d, Jor = 5 Hz), 128.5, 128.9, 168.7 (d, Jcr = 21 Hz), 179.1, (d, Jcr = 305 Hz). ’F NMR (470 MHz,
CDCl3): & 55.4 (s). IR (neat): v 2941, 2858, 1757, 1699, 1362, 1192, 1126, 958, 787, 694 cm .
HRMS (EI): m/z Caled for C15sH;sFO, [M]': 246.1056; Found: 246.1061.

7. References

(1) T. Nihei, N. Iwai, T. Matsuda and T. Kitazume, J. Org. Chem., 2005, 70, 5912-5915.

(2) G. K. S. Prakash, J. Hu, M. M. Alauddin, P. S. Conti and G. A. Olar, J. Fluorine Chem., 2003,
121, 239-243.

(3) J. P.John and D. A. Colby, J. Org. Chem., 2011, 76, 9163-9168.

(4) Q.-Q. Min, Z. Yin, Z. Feng, W.-H. Guo and X. Zhang, J. Am. Chem. Soc., 2014, 136, 1230—
1233.

(5) S. Sasaki, T. Suzuki, T. Uchiya, S. Toyota, A. Hirano, M. Tanemura, H. Teramoto, T.
Yamauchi and K. Higashiyama, J. Fluorine Chem., 2016, 192, 78-85.

S16



8. 'H, *C and "’F NMR charts

1-(3-Bromo-3,3-difluoroprop-1-en-2-yl)-4-methylbenzene (3b)
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19Fta-160123-bromodifluoropropene-pMe
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3,3-Difluoro-2-methyl-4-phenylpent-4-en-2-ol (1a)

1Hta-160123-difluoroalcohol~-diMe
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19Fta-160123-difluorcalcohol-diMe
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3,3-Difluoro-2,4-diphenylpent-4-en-2-ol (1¢)
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3,3-Difluoro-2-(4-methoxyphenyl)-4-phenylpent-4-en-2-ol (1d)
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2-(4-Chlorophenyl)-3,3-difluoro-4-phenylpent-4-en-2-ol (1e)
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1-(1,1-Difluoro-2-phenylallyl)cyclopentan-1-ol (1g)
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4,4-Difluoro-2,2-dimethyl-5-phenylhex-5-en-3-ol (1i)
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5-(4-Chlorophenyl)-3-ethyl-4,4-difluorohex-5-en-3-ol (1k)
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3,3-Difluoro-2-methyl-4,5-diphenylpent-4-en-2-ol (11)
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2,2-Diethyl-3-fluoro-4-phenyl-2,5-dihydrofuran (4b)

1Hta-160106-dihydrofuran-diEt

W g0
1~ \© O ©
- O
NNNNNC

|
A I ‘* |
JU_ J 3 jl._.,_,,u._ A “
e R ARRR - A rr——— T
10 9 8 7 6 ] 1 3 1 ppm
I\ I\ Il
O o o~
~™M o o ™~
oo (=] - ~N
=l o o ©
13Cta-160106-dihydrofuran-diEt
@ ™
MmN u = - O w o
™ O w o ~m ™M o
unm oo N = <
. -t M =N r~r
unm - - . . .
o w o oo
- o © mm
[ \/ \ \/
\ o 4 Y Y
Et |
[
|
|
| okt | [ |
T b el 4
T 5 T T T T T T T o
220 200 180 160 140 120 100 80 60 40 20 ppm

S41



19Fta-160106-dihydrof

uran-diEt

 daasan M S T T T T T
140 130 12 110 00 S0 80 70 60 50 2( -10
3-Fluoro-2-methyl-2,4-diphenyl-2,5-dihydrofuran (4¢)
1H
mr-170225-370-MePhpure
TREOTNEDOVNT ATV ANANADD NN -
OMOMrFYOoOMOMMPPMONMRPNOYWMNMN~OMRMW O
MO ODOOFCCVOVNNTMOoOON -~V Tr-P0ON o
VO MMOMMOMNMMOMMONNNNNNOCO o«
A RT -
4 AN
I T T
7= 7.4 ppm
T T
5.10 5.05 ppm :
o) |
Ph
Phaios '
I
F
A,
I T 1 I 1 1 I 1 T I I
13 12 11 10 9 B 7 6 5 4 ppm
™M |D|e o -
(=1 {=1{-3] o o
(=] (=3 () o =
calole o ,;

S42

RI-116225- Md-ma e en
)




13C
mr-170225-MePh

e

6LEZ¥ ST
0osy ST

BIPS"OL
6EZ9°0L

Ph

Ph

LZ69°9L
owvo.wnmwv
$T0Z'LL

LOEL"¥8
IvZ6 v

TZLL BOT
nuon.ucduur
THL8" 2T

BESE 921
£T0Y 91

ZS9E°8TT
zzas 8zt
0706 6ZT
YZb6° 62T
crEE ENT
6652 €FT
6996 PST —
6652 6T~

1809 ..2/
ﬂv«h.s«amwr
rnmp.paﬁ\

TPLE " PCT—

mmmn.wNH
£T0p" 92T
1809°LZT

H«Hp.hNHWWV
LETLLTT

ZS9€ 82T —
zz8s 8zT~"

oﬂom.mNﬁ
vam.mNHHVv

v

ppm

128 126

130

200 180 160 140 120 100 80 60 40 20 ppm

20

19F
mr-170225-370-MePhpureF

0S6F°LZ
6r0S°LT
LPTIS LT

Ph

wwv Rgihe s 1N )

-20 -30 -40 -50 -60 ppm

-10

G0N E OET OR6 O S (e e O 2 0Pl

110 100

S43



3-Fluoro-2-(4-methoxyphenyl)-2-methyl-4-phenyl-2,5-dihydrofuran (4d)
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3-Fluoro-2,4-diphenyl-2-(trifluoromethyl)-2,5-dihydrofuran (4f)
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[4.5]dec-3-ene (4h)
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2,2-Diethyl-3-fluoro-4-(4-methylphenyl)-2,5-dihydrofuran (4j))
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3-Fluoro-2,2-dimethyl-4,5-diphenyl-2,5-dihydrofuran (41)
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iro[4.5]dec-3-ene-2-one (5h)
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