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1. General statement
'H NMR, *C NMR, and *°F NMR spectra were recorded on a Bruker Avance 500 or

a JEOL ECS-400 spectrometer. Chemical shift values are given in ppm relative to
internal Me,Si (for *H NMR: & = 0.00 ppm), CDCl; (for *C NMR: & = 77.0 ppm), CsFe
(for *°F NMR: & = 0.0 ppm), and (4-MeCgH,),C(CFs), (for *°F NMR: § = 97.9 ppm). IR
spectra were recorded on a Horiba FT-300S spectrometer using the attenuated total
reflectance (ATR) method. Mass spectra were measured on a JEOL JMS-T100GCV
spectrometer. X-ray diffraction studies were performed on a Bruker APEXII ULTRA
instrument equipped with a CCD diffractometer using MoKa (graphite
monochromated, L = 0.71069 A) radiation. The structure was solved by direct
methods (SIR97) [1]. The positional and thermal parameters of non-hydrogen atoms
were refined anisotropically on F? by the full-matrix least-squares method using
SHELXS-97 [2]. Hydrogen atoms were placed at calculated positions and refined with
the riding mode on their corresponding carbon atoms. The CCDC deposition
numbers of compounds 2a and 6a are 1556804 and 1556803, respectively. All the
reactions were conducted under argon or nitrogen atmosphere.

Column chromatography and preparative thin-layer chromatography (PTLC) were
conducted on silica gel (Silica Gel 60 N, Kanto Chemical Co., Inc. for column
chromatography and Wakogel B-5F, Wako Pure Chemical Inductries for PTLC).
Tetrahydrofuran (THF), dichloromethane, and N,N-dimethylformamide (DMF) were
purified by a solvent-purification system (GlassContour) equipped with columns of
activated alumina and supported-copper catalyst (Q-5) before use. 1,1,1,3,3,3-
Hexafluoropropan-2-ol (HFIP) was distilled from CaH, and stored over activated 4 A
molecular sieves. N,N,N',N'-Tetramethylethylenediamine (TMEDA) was distilled from
KOH and stored over activated 4 A molecular sieves. 2-(Trifluoromethyl)-1-alkenes

[3-5] and (biaryl-2-yl)acetaldehydes [6] were prepared according to the literature
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procedures. Unless otherwise noted, materials were obtained from commercial

sources and used directly without further purifications.

2. Preparation of 2-(2-aryl-3,3-difluoroallyl)biaryls 1
2-(3,3-Difluoro-2-phenylallyl)biphenyl (1a)

To a THF (6.0 mL) solution of 2-iodobiphenyl (105 uL, 0.60 mmol) O
and TMEDA (157 puL, 1.0 mmol) was added n-BuLi (1.58 M, 0.83 mL, CF,
1.3 mmol) at room temperature. After stirring at the same O O
temperature for 15 min, (3,3,3-trifluoroprop-1-en-2-yl)benzene (206 mg, 1.20 mmol)
was added to the reaction mixture. After stirring at 60 °C for 2.5 h, the reaction was
guenched with an aqueous NH,4CI solution. The organic materials were extracted with
CH.ClI; three times. The combined extracts were washed with brine, and dried over
anhydrous Na,SO.. After removal of the solvent under reduced pressure, the residue
was purified by silica gel column chromatography (hexane/ethyl acetate 50:1) to give
la (98 mg, 53%) as a colorless liquid.

'H NMR (500 MHz, CDCls): § 3.69 (dd, Jue = 2.3, 2.3 Hz, 2H), 7.06—7.07 (m, 2H),
7.14-7.28 (m, 9H), 7.32—7.39 (m, 3H). **C NMR (126 MHz, CDCls): & 31.2, 91.5 (dd,
Jcr = 21, 14 Hz), 126.2, 127.0, 127.1, 127.5, 128.1, 128.18, 128.21 (dd, Jcr = 4, 4
Hz), 128.5, 129.2, 130.0, 133.2 (dd, Jcr = 3, 3 Hz), 135.5 (dd, Jcr = 3, 3 Hz), 141.3,
142.1, 154.2 (dd, Jcr = 292, 289 Hz). *F NMR (376 MHz, CDCls): § 70.9 (d, Jer = 40
Hz, 1F), 71.1 (d, Jer = 40 Hz, 1F). IR (neat): 3060, 3022, 1724, 1477, 1236, 991, 748,

696 cm™. HRMS (EI): m/z Calcd for Cp1Hi6F2 [M]": 306.1220; Found: 306.1213.
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2-[2-(Biphenyl-4-yl)-3,3-difluoroallyl]biphenyl (1b)

Compound 1b was prepared by the method described for 1a using 2- Ph
iodobiphenyl (105 uL, 0.60 mmol) and 4-(3,3,3-trifluoroprop-1-en-2- O
yhbiphenyl (255 mg, 1.03 mmol). Purification by PTLC (hexane/ethyl CF
acetate 10:1) gave 1b (154 mg, 67%) as a white solid. O O
'H NMR (500 MHz, CDCls): & 3.73 (dd, Jue = 2.1, 2.1 Hz, 2H), 7.14 (d, J = 7.5 Hz,
2H), 7.18 (dd, J = 7.5, 1.6 Hz, 1H), 7.22—7.28 (m, 4H), 7.30-7.45 (m, 9H), 7.53-7.55
(m, 2H). C NMR (126 MHz, CDCls): & 31.1, 91.3 (dd, Jcr = 21, 14 Hz), 126.3,
126.87, 126.93, 127.0, 127.3, 127.6, 128.1, 128.48, 128.51 (dd, Jcr = 4, 4 Hz), 128.7,
129.2, 130.0, 132.2 (dd, Jcr = 4, 4 Hz), 135.5 (dd, Jcr = 3, 2 Hz), 139.8, 140.5, 141.3,
142.1, 154.4 (dd, Jcr = 292, 289 Hz). **F NMR (376 MHz, CDCls): & 71.6 (d, Jer = 39
Hz, 1F), 71.8 (d, Jer = 39 Hz, 1F). IR (neat): 3059, 3028, 1722, 1479, 1238, 999, 841,

764, 700 cm™. HRMS (EI): m/z Calcd for C,7H20F, [M]": 382.1533; Found: 382.1549.

2-[3,3-Difluoro-2-(4-methylphenyl)allyl]biphenyl (1c)

Compound 1c was prepared by the method described for 1a using 2- Me
iodobiphenyl (106 uL, 0.60 mmol) and 1-methyl-4-(3,3,3-trifluoroprop- O
1-en-2-yl)benzene (134 mg, 0.72 mmol). Purification by PTLC CF,
(hexane/ethyl acetate 10:1) gave 1c (113 mg, 59%) as a white solid. O O
'H NMR (400 MHz, CDCls): 8 2.27 (s, 3H), 3.67 (dd, Jue = 2.5, 2.0 Hz, 2H), 6.97 (d, J
= 8.3 Hz, 2H), 7.02 (d, J = 8.3 Hz, 2H), 7.15-7.28 (m, 6H), 7.33-7.41 (m, 3H). *3C
NMR (126 MHz, CDCl3): 6 21.1, 31.1, 91.2 (dd, Jcr = 18, 15), 126.2, 127.0, 127.5,
128.0 (dd, Jcr = 3, 3 Hz), 128.1, 128.5, 128.9, 129.2, 129.9, 130.2, 135.6 (dd, Jcr =
3, 2 Hz), 136.8, 141.4, 142.1, 154.2 (dd, Jcr = 292, 290 Hz). *°F NMR (376 MHz,

CDCls): & 71.0 (d, Jge = 41 Hz, 1F), 71.1 (d, Jer = 41 Hz, 1F). IR (neat): 3022, 2922,
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1722, 1479, 1236, 997, 822, 748, 702 cm™. HRMS (El): m/z Calcd for CaoHigF2 [M]":

320.1377; Found: 320.1385.

2-[3,3-Difluoro-2-(3-methylphenyl)allyl]biphenyl (1d)
Compound 1d was prepared by the method described for 1a using 2- Me O
iodobiphenyl (39 uL, 0.22 mmol) and 1-methyl-3-(3,3,3-trifluoroprop-1-

CF,
en-2-yl)benzene (49 mg, 0.26 mmol). Purification by PTLC (pentane)
gave 1d (14 mg, 19%) as a white solid. O O
'H NMR (500 MHz, CDCl): & 2.24 (s, 3H), 3.68 (dd, Jue = 2.4, 2.1 Hz, 2H), 6.86—6.88
(m, 2H), 6.98 (d, J = 7.2 Hz, 1H), 7.08-7.11 (m, 1H), 7.15-7.29 (m, 6H), 7.33-7.40
(m, 3H). 3C NMR (126 MHz, CDCls): 6 21.4, 31.1, 91.6 (dd, Jcr = 17, 16 Hz), 125.3
(dd, Jcr = 4, 3 Hz), 126.2, 126.9, 127.5, 127.9, 128.0, 128.1, 128.5, 128.9 (dd, Jcr =
4, 3),129.2, 129.9, 133.1, 135.6 (dd, Jcr = 3, 3 Hz), 137.7, 141.4, 142.1, 154.2 (dd,
Jer = 290, 290 Hz). **F NMR (470 MHz, CDCls): 8 70.9 (d, Jgr = 41 Hz, 1F), 71.0 (d,
Jrer = 41 Hz, 1F). IR (neat): 3060, 2924, 1730, 1479, 1244, 1120, 1018, 787, 748, 702

cm™t. HRMS (EI): m/z Calcd for Co,H1gF» [M]™: 320.1377; Found: 320.1376.

2-[3,3-Difluoro-2-(4-methoxyphenyl)allyl]biphenyl (1e)

Compound le was prepared by the method described for 1a using 2- OMe
iodobiphenyl (88 uL, 0.50 mmol) and 1-methoxy-4-(3,3,3- O
trifluoroprop-1-en-2-yl)benzene (121 mg, 0.60 mmol). Purification by CF,

PTLC (hexanel/ethyl acetate 10:1) gave le (92 mg, 55%) as a pale O O
yellow liquid.
'H NMR (500 MHz, CDCls): & 3.66 (dd, Jur = 2.1, 2.0 Hz, 2H), 3.71 (s, 3H), 6.73 (d, J

= 8.8 Hz, 2H), 6.98 (d, J = 8.8 Hz, 2H), 7.14-7.27 (m, 6H), 7.31-7.39 (m, 3H). 1*C
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NMR (126 MHz, CDCls): 6 31.2, 55.1, 91.0 (dd, Jcr = 19, 16 Hz), 113.6, 125.4, 126.2,
126.9, 127.5, 128.1, 128.5, 129.2, 129.3 (dd, Jcr = 4, 3 Hz), 129.9, 135.6 (dd, Jcr =
2, 2 Hz), 141.4, 142.1, 154.1 (dd, Jcr = 289, 289 Hz), 158.5. *°F NMR (376 MHz,
CDCls): & 70.0 (br s, 2F). IR (neat): 3020, 2837, 1726, 1610, 1514, 1296, 1238, 1180,
995, 833, 748, 704 cm™. HRMS (El): m/z Calcd for CyHigF,0 [M]*: 336.1326;

Found: 336.1311.

2-(3,3-Difluoro-2-phenylallyl)-4'-methylbiphenyl (1f)
Compound 1f was prepared by the method described for 1a using

2-bromo-4'-methylbiphenyl (148 mg, 0.60 mmol) and (3,3,3- O
CF,

(O~

trifluoroprop-1-en-2-yl)benzene (123 mg, 0.72 mmol). Purification
by PTLC (hexane/ethyl acetate 10:1) gave 1f (74 mg, 38%) as a
colorless liquid.

'H NMR (500 MHz, CDCls): & 2.40 (s, 3H), 3.69 (dd, Jue = 2.1, 2.1 Hz, 2H), 7.07-7.10
(m, 4H), 7.14-7.27 (m, 9H). **C NMR (100 MHz, CDCls): 6 21.2, 31.1, 91.5 (dd, Jcr =
21, 14 Hz), 126.2, 127.1, 127.4, 128.18, 128.21 (dd, Jcr = 3, 3 Hz), 128.4, 128.8,
129.1, 130.1, 133.3 (dd, Jcr = 3, 3 Hz), 135.6, 136.6, 138.4, 142.1, 154.3 (dd, Jcf =
290, 287 Hz). F NMR (470 MHz, CDCls): & 71.4 (d, Jer = 40 Hz, 1F), 71.6 (d, Jgr =
40 Hz, 1F). IR (neat): 3024, 2922, 1726, 1481, 1446, 1238, 1005, 991, 758, 696 cm"~

! HRMS (El): m/z Calcd for CoH1gF2 [M]*: 320.1377; Found: 320.1362.

2-(3,3-Difluoro-2-phenylallyl)-4'-methoxybiphenyl (19)
Compound 1g was prepared by the method described for la
using 2-bromo-4'-methoxybiphenyl (158 mg, 0.60 mmol) and

CF,
(3,3,3-trifluoroprop-1-en-2-yl)benzene (123 mg, 0.72 mmol). O Q OMe
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Purification by PTLC (hexane/ethyl acetate 30:1) gave 1g (15 mg, 7%) as a colorless
liquid.

'H NMR (400 MHz, CDCls): & 3.69 (br s, 2H), 3.85 (s, 3H), 6.92 (d, J = 8.0 Hz, 2H),
7.06-7.27 (m, 11H). *C NMR (100 MHz, CDCls): & 30.8, 55.2, 91.6 (dd, Jcr = 20, 14
Hz), 113.6, 126.2, 127.1, 127.3, 128.18, 128.21 (dd, Jcr = 4, 4 Hz), 128.5, 130.2,
130.3, 133.3 (dd, Jcr = 3, 3 Hz), 133.7, 135.7, 141.8, 154.3 (dd, Jcr = 290, 287 Hz),
158.7. *°F NMR (376 MHz, CDCls): & 72.0 (d, Jee = 40 Hz, 1F), 72.1 (d, Jee = 40 Hz,
1F). IR (neat): 3064, 2958, 2837, 1726, 1612, 1516, 1481, 1242, 1003, 835, 762 cm™

! HRMS (EI): m/z Calcd for Co,H1gF20 [M]": 336.1326; Found: 336.1317.

3. Preparation of 2-(3,3-difluoroallyl)biaryls 5

2-(3,3-Difluoroallyl)biphenyl (5a)

To a THF (130 mL) suspension of molecular sieves (4 A, powder, 4.2 CF,
g) was added dibromodifluoromethane (5.9 mL, 64 mmol) at =78 °C. O
After stirring at the same temperature for 30 min,
tris(dimethylamino)phosphine (23.4 mL, 129 mmol) was added dropwise to the
mixture at —-78 °C. After stirring at the same temperature for another 35 min, the
reaction mixture was allowed to warm slowly to room temperature, and a THF
(20 mL) solution of 2-(biphenyl-2-yl)acetaldehyde (4.23 g, 21.6 mmol) was added
slowly to the reaction mixture. After stirring at room temperature for 10 h, the reaction
mixture was filtered through a pad of silica gel (ethyl acetate). After removal of the
solvent under reduced pressure, the residue was purified by silica gel column
chromatography (hexane) to give 5a (2.56 g, 52%) as a colorless liquid.

'H NMR (500 MHz, CDCls): & 3.27 (ddd, J = 7.9 Hz, Jue = 1.7, 1.7 Hz, 2H), 4.21 (dltd,

Jur = 24.9 Hz, J = 7.9 Hz, Jue = 2.4 Hz, 1H), 7.22-7.24 (m, 1H), 7.26—-7.38 (m, 6H),
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7.40-7.44 (m, 2H). 3*C NMR (126 MHz, CDCls): & 26.1 (d, Jcr = 5 Hz), 77.8 (dd, Jcr
= 23, 20 Hz), 126.4, 127.0, 127.6, 128.1, 128.8, 129.0, 130.0, 136.8, 141.2, 141.8,
156.2 (dd, Jcr = 288, 286 Hz). *®F NMR (376 MHz, CDCls): & 70.2 (dd, Jee = 45 Hz,
Jen = 25 Hz, 1F), 72.7 (d, Jee = 45 Hz, 1F). IR (neat): 3060, 2925, 1745, 1479, 1225,
1174, 752, 702 cm™. HRMS (El): m/z Calcd for CisH1F» [M]*: 230.0907; Found:

230.0902.

2-(3,3-Difluoroallyl)-4'-methylbiphenyl (5b)

Compound 5b was prepared by the method described for 5a CF,
4

using 2-(4'-methylbiphenyl-2-yl)acetaldehyde (526 mg, O O Vo
2.50 mmol). Purification by silica gel column chromatography

(hexane) gave 5b (248 mg, 41%) as a colorless liquid.

'H NMR (500 MHz, CDCls): & 2.40 (s, 3H), 3.27 (ddd, J = 7.9 Hz, Jue = 1.8, 1.8 Hz,
2H), 4.22 (dtd, Jur = 25.0 Hz, J = 7.9 Hz, Jue = 2.3 Hz, 1H), 7.16-7.19 (m, 2H), 7.20-
7.32 (m, 6H). **C NMR (126 MHz, CDCl): & 21.1, 26.1 (d, Jcr = 5 Hz), 77.8 (dd, Jcr
= 23, 20 Hz), 126.4, 127.4, 128.8, 128.85, 128.91, 130.1, 136.7, 136.9 (dd, Jcr = 2, 2
Hz), 138.3, 141.7, 156.3 (dd, Jcr = 288, 286 Hz). °F NMR (376 MHz, CDCly): § 70.1
(dd, Jer = 45 Hz, Jen = 25 Hz, 1F), 72.7 (d, Jrr = 45 Hz, 1F). IR (neat): 3024, 2924,
1745, 1483, 1225, 1173, 758 cm™. HRMS (El): m/z Calcd for CigHisF> [M]":

244.1064; Found: 244.1052.

4'-Bromo-2-(3,3-difluoroallyl)biphenyl (5c)

Compound 5c¢ was prepared by the method described for 5a using oF
2

7
2-(4'-bromobiphenyl-2-yl)acetaldehyde (1.18 g, 4.29 mmol).
O~

Purification by silica gel column chromatography (hexane) gave
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5c¢ (438 mg, 33%) as a pale yellow liquid.

'H NMR (400 MHz, CDCly): § 3.24 (d, J = 7.6 Hz, 2H), 4.15-4.26 (m, 1H), 7.12-7.20
(m, 3H), 7.25-7.42 (m, 3H), 7.54—7.56 (m, 2H). *C NMR (100 MHz, CDCls): & 26.1
(d, Jcg = 4 Hz), 77.7 (dd, Jcr = 23, 22 Hz), 121.3, 126.6, 128.0, 129.0, 130.0, 130.8,
131.4, 136.8, 140.2, 140.5, 156.3 (dd, Jcr = 286, 286 Hz). YF NMR (376 MHz,
CDCls): 6 70.9 (dd, Jee = 45 Hz, Jey = 25 Hz, 1F), 73.4 (d, Jee = 45 Hz, 1F). IR (neat):
3064, 2931, 1743, 1475, 1225, 1072, 1005, 829, 756 cm™. HRMS (El): m/z Calcd for

Ci1sH11°BrF, [M]": 308.0012; Found: 307.9998.

4. lodoarylation of 2-(2-aryl-3,3-difluoroallyl)biaryls 1
9-(Difluoroiodomethyl)-9-phenyl-9,10-dihydrophenanthrene (2a)

To a HFIP (1.20 mL) and dichloromethane (0.13 uL) solution of 2-(2- O
phenyl-3,3-difluoroallyl)biphenyl (1a, 31 mg, 0.10 mmol) was added CF,l
pyridine iodine monochloride (PyICl, 49 mg, 0.20 mmol) at 0 °C. After O.
stirring at 0 °C for 1 h, the reaction was quenched with an aqueous NaHCOj3 solution.
The organic materials were extracted with CHClI3 three times. The combined extracts
were washed with an aqueous Na,S,03 solution and brine, and dried over anhydrous
Na,SO,. After removal of the solvent under reduced pressure, the residue was
purified by PTLC (hexanel/ethyl acetate 10:1) to give 2a (34 mg, 79%) as a white
solid.

'H NMR (500 MHz, CDCls): § 3.68 (d, J = 15.8 Hz, 1H), 3.71 (d, J = 15.8 Hz, 1H),
7.07-7.08 (m, 3H), 7.15-7.24 (m, 5H), 7.42-7.49 (m, 2H), 7.52-7.54 (m, 1H), 7.79
(d, J = 7.5 Hz, 1H), 7.95 (d, J = 7.6 Hz, 1H). **C NMR (126 MHz, CDCls): & 38.7, 59.5
(t, Jcr = 17 Hz), 110.6 (t, Jcr = 316 Hz), 123.6, 125.1, 127.2, 127.4, 127.50, 127.52,

128.0, 128.46, 128.50, 128.6 (t, Jcr = 4 Hz), 130.1, 132.7, 133.64, 133.64, 134.6,
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136.8. °F NMR (470 MHz, CDCls): & 124.7 (br s). IR (neat): 3068, 1489, 1454, 1126,
1147, 1097, 964, 850, 742, 696, 592 cm™. HRMS (El): m/z Calcd for Cz1HisFl [M]*:

432.0186: Found: 432.0166.

9-(Biphenyl-4-yl)-9-(difluoroiodomethyl)-9,10-dihydrophenanthrene (2b)
Compound 2b was synthesized by the method described for 2a using Ph
2-(2-aryl-3,3-difluoroallyl)biaryl 1b (38 mg, 0.10 mmol). Purification by O

PTLC (hexane/ethyl acetate 6:1) gave 2b (38 mg, 74%) as a white CFdl

@

solid. O

'H NMR (500 MHz, CDCls): & 3.73 (br s, 2H), 7.17—7.18 (m, 2H), 7.22—7.35 (m, 8H),
7.42-7.51 (m, 4H), 7.55-7.57 (m, 1H), 7.82 (d, J = 7.3 Hz, 1H), 7.97 (d, J = 7.9 Hz,
1H). *C NMR (126 MHz, CDCls): & 38.8, 59.4 (t, Jor = 18 Hz), 110.6 (t, Jcr = 316
Hz), 123.6, 125.1, 126.1, 126.9, 127.27, 127.32, 127.4, 128.1, 128.5, 128.65, 128.65,
128.65, 130.5, 132.66, 132.66, 133.6, 134.6, 136.8, 140.1, 140.2. *F NMR (470
MHz, CDCl3): 6 124.7 (br s, 2F). IR (neat): 3064, 3032, 1487, 1452, 1147, 1095,
1007, 964, 876, 762, 704 cm™. HRMS (El): m/z Calcd for Cy7H19F2l [M]*: 508.0500:

Found: 508.0480.

9-(Difluoroiodomethyl)-9-(4-methylphenyl)-9,10-dihydrophenanthrene (2c)
Compound 2c was synthesized by the method described for 2a using Me
2-(2-aryl-3,3-difluoroallyl)biaryl 1c (117 mg, 0.37 mmol). Purification O

by silica gel column chromatography (hexane/ethyl acetate 10:1) . CFdl
gave 2c¢ (134 mg, 82%) as a white solid. O Q
'H NMR (400 MHz, CDCls): § 2.12 (s, 3H), 3.66 (s, 2H), 6.85 (d, J = 8.2 Hz, 2H), 7.04

(d, J = 8.2 Hz, 2H), 7.11-7.16 (m, 2H), 7.20-7.23 (m, 1H), 7.38-7.46 (m, 2H), 7.50-
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7.53 (m, 1H), 7.77 (dd, J = 7.6, 1.6 Hz, 1H), 7.93 (d, J = 7.2 Hz, 1H). **C NMR (100
MHz, CDCls): & 20.9, 38.7, 59.3 (t, Jcr = 17 Hz), 111.0 (t, Jcr = 317 Hz), 123.5,
125.0, 127.2, 127.3, 128.0, 128.3, 128.4, 128.5, 128.6 (t, Jcr = 4 Hz), 130.0, 132.81,
132.81, 133.6, 134.5, 136.9, 137.2. *°F NMR (376 MHz, CDCly): § 125.2 (br s, 2F). IR
(neat): 3026, 2922, 1512, 1454, 1149, 1126, 1095, 964, 874, 856, 746 cm™'. HRMS

(El): m/z Calcd for CooH17F2l [M]: 446.0343; Found: 446.0322.

9-(Difluoroiodomethyl)-9-(3-methylphenyl)-9,10-dihydrophenanthrene (2d)
Compound 2d was synthesized by the method described for 2a using e O
2-(2-aryl-3,3-difluoroallyl)biaryl 1d (13 mg, 42 umol). Purification by CF,l
PTLC (hexanel/ethyl acetate 10:1) gave 2d (10 mg, 53%) as a white O Q
solid.

'H NMR (500 MHz, CDCls): § 2.16 (s, 3H), 3.66 (d, J = 15.4 Hz, 1H), 3.70 (d, J = 15.4
Hz, 1H), 6.90-6.97 (m, 4H), 7.15-7.19 (m, 2H), 7.24-7.25 (m, 1H), 7.43 (ddd, J =
7.5, 7.5, 1.6 Hz, 1H), 7.48 (ddd, J = 7.7, 7.7, 1.5 Hz, 1H), 7.53-7.56 (m, 1H), 7.80
(dd, J = 7.7, 1.5 Hz, 1H), 7.93 (d, J = 8.8 Hz, 1H). *C NMR (100 MHz, CDCls): &
21.5, 38.8, 59.4 (t, Jcr = 17 Hz), 110.9 (t, Jcr = 318 Hz), 123.5, 125.0, 127.1, 127.28,
127.31, 127.31, 127.9, 128.32, 128.39, 128.4, 128.7, 130.9, 132.8, 133.4, 133.6,
134.6, 136.87, 136.87. °F NMR (376 MHz, CDCls): § 126.0 (br s, 2F). IR (neat):
3064, 2970, 2362, 1489, 1452, 1126, 964, 845, 737 cm™. HRMS (EI): m/z Calcd for

CoaH17F2l [M]*: 446.0343; Found: 446.0360.
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9-(Difluoroiodomethyl)-9-(4-methoxyphenyl)-9,10-dihydrophenanthrene (2e)
Compound 2e was synthesized by the method described for 2a using  me0
2-(2-aryl-3,3-difluoroallyl)biaryl 1e (34 mg, 0.10 mmol). Purification by O
PTLC (hexane/ethyl acetate 5:1) gave 2e (38 mg, 83%) as a white . CF2l
solid. O O
'H NMR (500 MHz, CDCly): §3.64 (s, 3H), 3.66 (br s, 2H), 6.60 (d, J = 8.9 Hz, 2H),
7.07 (d, J = 8.9 Hz, 2H), 7.16-7.19 (m, 2H), 7.23-7.26 (m, 1H), 7.41-7.48 (m, 2H),
7.53-7.55 (m, 1H), 7.80 (d, J = 7.7 Hz, 1H), 7.93 (d, J = 7.7 Hz, 1H). *C NMR (100
MHz, CDCls): & 38.7, 55.0, 59.0 (t, Jor = 17 Hz), 111.0 (t, Jcr = 322 Hz), 112.9,
123.5, 125.1, 127.2, 127.3, 128.0, 128.4, 128.49, 128.49, 131.3, 132.81, 132.81,
133.6, 134.5, 136.9, 158.7. 1°F NMR (470 MHz, CDCls): § 124.5 (br s, 2F). IR (neat):
3064, 2837, 1606, 1510, 1454, 1259, 1188, 1093, 964, 804, 752 cm™. HRMS (El):

m/z Calcd for CooH17F210 [M]*: 462.0292; Found: 462.0293.

10-(Difluoroiodomethyl)-2-methyl-10-phenyl-9,10-dihydrophenanthrene (2f)
Compound 2f was synthesized by the method described for 2a

using 2-(2-aryl-3,3-difluoroallyl)biaryl 1f (67 mg, 0.21 mmol). CF,l
Purification by PTLC (hexane/ethyl acetate 10:1) gave 2f (50 mg, O O Me
54%) as a colorless liquid.

'H NMR (500 MHz, CDCls): § 2.49 (s, 3H), 3.64 (d, J = 15.1 Hz, 1H), 3.69 (d, J = 15.1
Hz, 1H), 7.04-7.08 (m, 3H), 7.11-7.13 (m, 2H), 7.17-7.21 (m, 3H), 7.27 (d, J = 7.9
Hz, 1H), 7.47-7.50 (m, 1H), 7.67 (d, J = 7.9 Hz, 1H), 7.74 (s, 1H). **C NMR (126
MHz, CDCls): ¢ 21.7, 38.9, 59.5 (t, Jcr = 17 Hz), 110.8 (t, Jcr = 315 Hz), 123.2,
124.9, 127.3, 127.47, 127.47, 127.54, 128.4, 129.1, 129.3, 130.1, 131.9, 132.4,

133.7, 136.7, 136.94, 136.94. °F NMR (376 MHz, CDCls): § 126.1 (br s, 2F). IR
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(neat): 3033, 2918, 1487, 1448, 1151, 1128, 1099, 974, 841, 766, 739, 694 cm™.

HRMS (EI): m/z Calcd for CxHi7Fol [M]*: 446.0343; Found: 446.0322.

10-(Difluoroiodomethyl)-2-methoxy-10-phenyl-9,10-dihydrophenanthrene (29)
Compound 2g was synthesized by the method described for 2a O

using 2-(2-aryl-3,3-difluoroallyl)biaryl 1g (12 mg, 37 umol). CF,l
Purification by PTLC (hexane/ethyl acetate 10:1) gave 2g O O OMe
(14 mg, 80%) as a white solid.

'H NMR (500 MHz, CDCls): & 3.64 (d, J = 14.9 Hz, 1H), 3.69 (d, J = 14.9 Hz, 1H),
3.94 (s, 3H), 7.02 (dd, J = 8.7, 2.5 Hz, 1H), 7.07-7.15 (m, 5H), 7.19-7.23 (m, 3H),
7.45-7.47 (m, 1H), 7.51 (d, J = 2.5 Hz, 1H), 7.73 (d, J = 8.7 Hz, 1H). 3C NMR (100
MHz, CDCls): & 38.8, 55.5, 59.6 (t, Jcr = 17 Hz), 110.4 (t, Jcr = 321 Hz), 113.5, 115.0
(t, Jcr = 3.8 Hz) 122.9, 126.2, 127.1, 127.3, 127.5, 127.57, 127.57, 127.57, 128.4,
130.1, 131.9, 133.6, 138.1, 158.6. °F NMR (470 MHz, CDCI3): 6 125.0 (br s, 2F). IR
(neat): 3060, 2960, 1566, 1487, 1454, 1230, 1097, 1043, 972, 841, 729 cm™. HRMS

. m/z Calcd 10r CooHq72 . . , Founda. . .
(EI): m/z Calcd for CazHi7Fol0 [M]': 462.0292; Found: 462.0291

5. Synthesis of dihydrophenanthrene bearing a CHF;, group
9-(Difluoromethyl)-9-phenyl-9,10-dihydrophenanthrene (4a)

After refluxing a DMF (1.0 mL) solution of 2a (41 mg, 96 umol) for Ph

CHF,
15 h, the organic materials were extracted with a hexane/ethyl

acetate 1:1 mixed solvent three times. The combined extracts were
washed with brine, and dried over anhydrous Na,SO,. After removal of the solvent

under reduced pressure, the residue was purified by silica gel column
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chromatography (hexane/ethyl acetate 10:1) to give 4a (29 mg, 97%) as a colorless
liquid.

'H NMR (400 MHz, CDCls): & 3.36 (d, J = 15.6 Hz, 1H), 3.58 (d, J = 15.6 Hz, 1H),
6.25 (t, Jur = 55.8 Hz, 1H), 7.08=7.24 (m, 8H), 7.34-7.49 (m, 3H), 7.63 (d, J = 7.2 Hz,
1H), 7.83 (d, J = 7.6 Hz, 1H). *C NMR (100 MHz, CDCls): & 35.0 (t, Jcr = 5 Hz), 50.8
(t, Jcr = 19 Hz), 118.5 (t, Jcr = 248 Hz), 123.6, 124.9, 127.0, 127.3, 127.6, 127.8,
127.9, 128.0, 128.2, 128.7, 128.8, 133.1, 133.6, 134.8, 136.5, 138.2. *°F NMR (470
MHz, CDCI3): 6 36.5 (dd, Jgr = 274 Hz, Jgy = 56 Hz, 1F), 41.3 (dd, Jer = 274 Hz, Jpy
= 56 Hz, 1F). IR (neat): 3064, 2970, 1489, 1454, 1124, 1065, 741, 698 cm™. HRMS

(El): m/z Calcd for Co1H16F2 [M]": 306.1220; Found: 306.1211.

6. lodoarylation of 2-(3,3-difluoroallyl)biaryls 5
5,5-Difluoro-6-iodo-6,7-dihydro-5H-dibenzo[a,c][7]annulene (6a)
To a HFIP (2.5 mL) and dichloromethane (1.5 pL) solution of N-

iodosuccinimide (NIS, 27 mg, 0.12 mmol) was added trimethylsilyl

trifluoromethanesulfonate (22 pL, 0.12 mmol) at 0 °C. After stirring at
the same temperature for 10 min, a dichloromethane (1.0 mL) solution of 2-(3,3-
difluoroallyl)biphenyl (5a, 23 mg, 0.10 mmol) was added to the reaction mixture. After
stirring at 0 °C for 40 min, the reaction was quenched with an agueous NaHCO3;
solution. The organic materials were extracted with dichloromethane three times. The
combined extracts were washed with an agueous Na,S,03; solution and brine, and
dried over anhydrous Na,SO,. After removal of the solvent under reduced pressure,
the residue was purified by PTLC (hexane/ethyl acetate 10:1) to give 6a (33 mg,

92%) as a colorless liquid.
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'H NMR (500 MHz, CDCls): & 3.06 (dd, J = 14.8, 4.9, 1H), 3.38 (dd, J = 14.8, 6.0 Hz,
1H), 4.91-4.98 (m, 1H), 7.28-7.35 (m, 2H), 7.41-7.44 (m, 3H), 7.47 (d, J = 7.8 Hz,
1H), 7.55-7.59 (m, 1H), 7.70 (d, J = 7.4 Hz, 1H). *C NMR (126 MHz, CDCls): § 35.1
(dd, Jor = 27, 27 Hz), 41.7, 118.9 (dd, Jor = 247, 247 Hz), 125.2, 127.5, 128.0,
128.20, 128.23, 129.2, 129.7, 131.0, 131.4 (dd, Jor = 24, 24 Hz), 134.6, 138.6 (dd,
Jor = 5, 5 Hz), 140.3. **F NMR (376 MHz, DMSO-ds, 120 °C): & 72.3 (d, Jer = 236
Hz, 1F), 86.5 (d, Jgr = 236 Hz, 1F). IR (neat): 3068, 3030, 1450, 1149, 1055, 989,

752, 598 cm™. HRMS (El): m/z Calcd for CisH11F2l [M]*: 355.9873; Found: 355.9866.

5,5-Difluoro-6-iodo-3-methyl-6,7-dihydro-5H-dibenzo[a,c][7]annulene (6b)
Compound 6b was synthesized by the method described for 6a

using 2-(3,3-difluoroallyl)biaryl 5b (98 mg, 0.40 mmol). Purification

by PTLC (hexane/ethyl acetate 10:1) gave 6b (89 mg, 60%) as a
colorless oil.

'H NMR (400 MHz, CDCls): & 2.46 (s, 3H), 3.06 (dd, J = 14.7, 5.4 Hz, 1H), 3.38 (dd, J
= 14.7, 6.0 Hz, 1H), 4.89-4.98 (m, 1H), 7.27-7.35 (m, 2H), 7.37—7.42 (m, 4H), 7.51
(br s, 1H). *C NMR (100 MHz, CDCl): § 21.3, 35.2 (dd, Jcr = 28, 28 Hz), 41.8, 119.0
(dd, Jcr = 245, 245 Hz), 125.9 (dd, Jce = 7, 7 HZ), 127.8, 128.1, 128.2, 129.2, 129.6,
131.3, 131.6, 134.6, 135.7 (dd, Jcr = 5, 5 Hz), 137.6, 140.4. F NMR (376 MHz,
DMSO-ds, 120 °C): § 72.3 (d, Jer = 234 Hz, 1F), 86.6 (d, Jer = 234 Hz, 1F). IR (neat):
3030, 2952, 1481, 1448, 1184, 1151, 1043, 829, 758 cm™. HRMS (EI): m/z Calcd for

Ci6H13F! [M]*: 370.0030; Found: 370.0040.
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3-Bromo-5,5-difluoro-6-iodo-6,7-dihydro-5H-dibenzol[a,c][7]annulene (6¢)
Compound 6¢ was synthesized by the method described for 6a

using 2-(3,3-difluoroallyl)biaryl 5¢ (62 mg, 0.20 mmol). Purification

by PTLC (hexane/ethyl acetate 10:1) gave 6¢ (54 mg, 62%) as a
colorless oll.

'H NMR (400 MHz, CDCls): & 3.07 (dd, J = 14.8, 5.2, 1H), 3.38 (dd, J = 14.8, 6.4 Hz,
1H), 4.88-4.98 (m, 1H), 7.29 (d, J = 6.8 Hz, 1H), 7.33-7.46 (m, 4H), 7.71 (dd, J =
8.2, Jur = 2.0 Hz, 1H), 7.85 (d, J = 2.0 Hz, 1H). *3C NMR (100 MHz, CDCls): & 34.2
(dd, Jcg = 28, 28 Hz), 41.6, 118.2 (dd, Jcg = 247, 247 Hz), 121.6, 128.1, 128.39,
128.43, 128.5 (dd, Jcr = 8, 8 Hz), 129.4, 131.2, 133.2 (dd, Jcr = 25, 25 Hz), 134.1,
134.5, 137.6 (dd, Jcr = 4, 4 Hz), 139.2. F NMR (376 MHz, DMSO-ds, 120 °C): &
71.7 (d, Jer = 240 Hz, 1F), 85.9 (d, Jee = 240 Hz, 1F). IR (neat): 3064, 2960, 1473,
1448, 1209, 1153, 1057, 1043, 1003, 831, 756 cm™*. HRMS (El): m/z Calcd for

C1sH10%'BrF,l [M]*: 435.8958; Found: 435.8943.

7. Synthesis of difluorodibenzo[a,c][7]annulene
5,5-Difluoro-5H-dibenzo[a,c][7]annulene (7a)
To a THF (2.6 mL) solution of 6a (94 mg, 0.26 mmol) was added

diazabicyclo[5.4.0]lundec-7-ene (80 puL, 0.52 mmol). After being

refluxed for 2 h, the reaction mixture was cooled to room temperature
and an agueous NH4CI solution was added. The organic materials were extracted
with CHCI; three times. The combined extracts were washed with brine, and dried
over anhydrous Na,SO,. After removal of the solvent under reduced pressure, 7a

(59 mg, 98%) was obtained as a colorless liquid.
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'H NMR (500 MHz, CDCls): § 6.28 (dt, J = 10.8 Hz, Jue = 10.5 Hz, 1H), 6.81 (d, J =
10.8 Hz, 1H), 7.32-7.47 (m, 5H), 7.63-7.74 (m, 3H). *C NMR (126 MHz, CDCl3): &
116.4 (t, Jor = 240 Hz), 122.1 (t, Jcr = 8 Hz), 127.5, 127.8, 128.0, 129.38, 129.46 (t,
Jor = 34 Hz), 129.49, 129.8, 131.1, 132.9 (t, Jor = 10 Hz), 133.1, 135.4 (t, Jcr = 4
Hz), 137.0 (t, Jcr = 28 Hz), 138.3. *°F NMR (376 MHz, DMSO-ds, 120 °C): § 65.7 (br
s, 2F). IR (neat): 3064, 2931, 1645, 1487, 1446, 1294, 1159, 1043, 1001, 764, 737

cm™.
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9. 'H, 3C, and ®*F NMR charts

9-(Difluoroiodomethyl)-9-phenyl-9,10-dihydrophenanthrene (2a)
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9-(Difluoroiodomethyl)-9-(4-methylphenyl)-9,10-dihydrophenanthrene (2c)
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X : parts per Million : FluorineT9

9-(Difluoroiodomethyl)-9-(3-methylphenyl)-9,10-dihydrophenanthrene (2d)

141203-D-dihydrophenanthlene+m-Me 1H

KR-141203-0

THEMANDODOMOMM O~ O o = =}
oNYwdnoT-A~-TNIIRND (=T el =] = 201412
THoOMUNSTTMOE-On ST — — - o o 1
ooV TITTITIT [} ~ 0w — o
Lt et et Sl el ol el ol ol ol o o mmmm ] o

Me
|
CF,l
1
i
2d
i
|
|
RN l
i
_Ll_llJ A L_,L,L_.—‘_}JL _
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10 9 8 7 6 5 4 3 2 1 ppm
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26.025

|
|

3(us)
1.845493761a]
45daq]
3.2(a8)
11.5(ua)

Off

off

<. 3KR-150311-D-dihydrophenanthlene +m-Me_carbon_copy3-1-9.jdf ‘Em- |
' ) RESONANC
% [ Me € E
PARNMETERS ---- |
N3 0.0(s) ) |
- 1, O[8], 80[%], 100(8] )
TRUE, TRUE ) l
54 &1 (ppm), 77 (ppm) )
- 35ippal, 77(ppml )
g 3 Filename = KR-150311-D-dihydrophenant
Author - delta
‘ 1 = XR-1303117D-dihydeophenan
- KR D= 13
0 - :.'?...“z“ = CHLOROFORM-D
2 Creation_Time = 11-MAR-2015 20:856:14
Revision Time = 27-SEP-2017 16:26:33
~ Current_Time - 27-38P-2017 16:27:50
=k Comment. = single pulse decoupled gat
Data_Format = 1D COMPLEX
Dim_Size - 26214
0 1 | Dim Title = Carbonl.
S Dim_Units = (ppa)
| Dimensions -X
| site = D4-ECS400
w3 | Spectrometer = DELTAZ M@
= ‘ | 9.389766(T] (400 DEx])
ols)
. 1l S
CE | 100.52530333 (Miix]
100 [ppm]
32768
4
24 0.95846665 (8x]
X_Sweep = 31.40703518 [kiz)
’ ’ X Sweep_Clipped = 25.12562614 [kilz]
Irr_Domain = Proton
b E Irz_Freq = 39978219838 [Mix]
| @ Irr Offset = S[ppm) |
{ Clipped = FALSE |
Incomplete_Copy = TRUE
-1 " Scans - 14951
( g Total_Scans = 14951 |
Relaxation Delay = 2(s]
l 2o C | Recvr_Gain -
2 Temp_{ = 27.7(&)
[* T T T T T T T T - T r T T X_30_Width ~ 8.5(ue] !
‘ 160.0 150.0 1400 1300 1200 1100 1000 900 800 700 600 500 400 300 200 100 0 -100 :_mt- = ;61:2:?3:2(-) |
gl 111 X Atn = 4.9(d8) |
=[] A O -
l oo -nnvwin»oao e 6 “w = Frxix Pec rdpedsd 1
> = Irr_Atn_Noe 19.59(dB]
| £8320378285 £88 g §3% g : Eh e |
S2RERRRRRNA IS8 @88 & ] == ;
L X : parts per Milfion : Carboni3 J
| . .
‘ s 1n-nmza-mMez_ﬂuonnﬂ-22,de |
| |
|
s |
I 1 - ™G ——- 1
dc_bal, ( 0, FALSE )

i sl 10.0fmxi, 0.00a) ) ‘
| 1 Me 01, Tan, muE ‘
! j machinephase |
e |

<] 1
CF,l [
. MTCH%: : fr-170928-mHe2_fluorine-1-1,jdf r
| =] |
| = ££-170928-mbe2_fluoring-1- |
| = 1 . |
! 2d = feoino a;.gw |
= CHLOROFORM-D
= 28-SEP-2017 14:39:52 |
- = 28-8EP-2017 14:23:53
=7 = 28-SEP-2017 14:24:59 ‘
= single_pulse |
= 209715 ‘
= Fluorinel9
o ] : Lw-:l ‘
= T4-ECS400
= DELTAZ_lom
= 9.389766(T) (400[MHe])
= 1.84549376w)
= 15F
] = 376.17105393 [Miz] {
[= | = -100(; |

1 = 262184 |

{ =1

k| = 0.54186041[Bz] |

b = 142.04545455(k8z)

1 = 113. 63636364 [kiiz] |

- = Fluorineld
- = 376.17105393 [MEz] |
= Sippml
Fluor!
376.17105393[MEz] ‘
i [ppm]
% I|I | 8 ‘
I
5] i 1 -
5 ¢ [
T e — - ‘ e Raov e S e |
150.0 140.0 130.0 120.0 110.0 100.0 %0.0 80.0 700 60.0 500 400 300 200 100 <100 -20.0 -30.0 Te=p G 20.1[4C) |
: |
J

- X : parts per Million : Fluorine19
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9-(Difluoroiodomethyl)-9-(4-methoxyphenyl)-9,10-dihydrophenanthrene (2e)

141209-D-dihydrophenanthlene+p-0OMe 1H

TONUNONNDITAATNONSHEOOOM O OW MM = (=2 Y] ~ —
DHAONN AT~ TNOFO~NNOTOVE YO~ OWe ~o @ o BAME  KR-141203-D-dinydrophananch
NOoOOUMSLITMNMEUWONTITONNATOOMSWOWSWOo© = - (=] p.;::u :
WD ITTITTTTTTIFANNAAAAAD O OWN RLelte] v (=] Date, 20141209
R T T P . . "~ 0.02
Ll Sl i o ol o e T B o T e e el ol el ol R (e I Ve ™M™ — [=) L:h!: pqn.‘;ug“
n PHONP Swi
B \/ %
MeO
CF,l
2e
1
\
I
!
[T
I
A
T T T T T T
10 9 8 7 2 ppm
v~ [o|n]n|vlo]o o
O M W) OO =<}
O[O O —H[O|O t=al
o etlet el feu ey <
] iKR- 141209-D-dihydrophenanthlene+p-OMe_carbon_copy3-1-7.jdf | 0 L ‘
1 "’-j ===~ PROCESSING PARAMETERS ---- I
° savraLe )
.0[Bz], 0.0(s |
l MeO trapezoid( O(%], 0(4], BO(%), 100(%) ) |
zerofill( 1)
1 ££6( 1, TRUE, TRUE )
machinephase |
| i }":uol 1.25, =10, 59.28738(%] ) ‘
s B |
CH
i ] CF,l |
{ 1 . Filename = KR-141209-D-dihydrophenant
1 Author =~ delta
- Experiment = carbon. yxp
e’ Sample_Id = KR-141209-D-dihydrophenant
1 Solvent = CHLOROFORM-~
2e Creation_Time = 9-DEC-2014 01:27:58
Rovision Time = 27-8EP-2017 17:38:04
Current_Time = 27-8EP-2017 17:38:55
Commant = single pulse decoupled gat
Data_Format = 1D COMPLEX
bt Dim_Size - 26214
peB Dim_Title = Carbonl
Dim_Units = (ppm]
| Dimensions -
Site = JNM-RCS400
] Spectrometer = DELTA2_NMR
] 1 Pield Strength = 9.389766(T] (400 (Mix))
X_Aoq Duration = O(s)
a4 | X Domain = 13¢
< | X = 100. 52530333 (Milx)
X otfaet = 100 (ppm)
| X Pointe - 32760
| X_Prescans -4
X_Resolution = 0.95046665 (Nx]
{ X_Sweep = 31.40703518 (kiz)
| X Sweep_Clipped = 25.12562014 [kiiz)
- | IFr_Domain = Proton
<7 ! Irr_Freq = 399.78219838 Mix]
1 | | Irr_Offset = 5(ppa]
Pped = FALSE
Incomplete_Copy = TRUE
Scans = 9503
Total_Scans - 9583
] Relaxation Delay = 2(s)
o Ll o Recvr_Gain = 60
T Teap_Get - 24.1(dc)
T T T T T T T T T A A X_90_Width = 8.5(us)
30.0 20.0 10 (Acq_Time = 1.04333312(s)
170.0 160.0 150.0 140.0 130.0 1200 110.0 1000 90.0 X AngTe = 30(deg)
(110 X Ata = 4.9(dB]
//' \ /\ \ \ X_Pulse = 2.83333333(us)
. (A ! aw gnz A I7r_Atn_Dec = 19.59(dB)
2 e = Irr_Atn Noe = 19.59(d8)
3. §==:ml‘:gx Ngg“ 8 xn_:::“h -:Ai.:’;l )
2 bt = 0.115(ms.
2 ZRRNRRAQ 2858 $ |=
X : parts per Million s Carbon13~
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10-(Difluoroiodomethyl)-2-methyl-10-phenyl-9,10-dihydrophenanthrene (2f)

KR-150203-D-dihydrophenanthlene+Nu p-Me 1H

hydrophenanth
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CF,l
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D-dihydrophenanthlene+N

FTON@NNNETIEMACMND®

AU BEAANOM IR AN DA ® ) oW o -+
FONODUMEMNED S M~ o oo~ + —
A OMOMNA SN TN N NN o oo v w0 o
5 s % 8 5 8 % ® owow owowow omow s m'm =3 0w m @ =~
PUMANAHAOROAE R FTMMO® * L + H
MAAAMMANNNNNNNNAAO ~ oo o @ -
AHAA A A A A A A A A A A A A ~ W n ™ o

<

=SS\

| CFyl

| | J

T T T T T T T T T T T T T T T T T 1
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

:ft-170928-NuMe_fluorine-1-35.jdf

5 %) RESoNANCE

g ---- PROCESSTNG PARAMETERS ----
EE de_balance{ 0, FALSE )
saxp( 55.0[Hz], 0.0[s] )
E ££4( 1, TRUE, TRUE )
—_— machinephass
33 Tito_phase( 10{4], FALSE, O[He), O[Hx] }
=3 auto, ’ .
base_correct( Nona, 0, smacth )
reforence( -162.94246 ppm, Olppm) )
o
=r BUFEME:: ££-170928-Nudie_flucrine-1-1.3df
-~
¢ Fil = ££-170928-Nudes_flusrine-1-
3 CF,l Tilanaae = s \
Exporiment le_pulse. 3xp

= sing 3
££-170928-Nuda
J

CHLOROFORM-1

28-SEP-2017 17:19:39
28-8EP-2017 17:16:00
28-SEP-2017 17:16:56

o1
5
T
it

T

2f Commant. = single_pulse
Data_Format = 1D
Dim Size = 209715
Dim_Title = Fluorinel$
Dim Units = [ppa)
site = JHM-ECS400
spectromater = DELTAZ_WMR

9.389766(T) (400 [MEx])
1.84549376 (0]

=100

17105393 [MEz] )
pal
262144

1
0.54186041 [Hx]
142,048

45455 (kHx]
3 113.63636364 (k]
- Fluorinels |
34 37617105393 [MHa] |
=] Slppm)
Fluorinel®
K ‘ 276.17105393 [Mtz) |
5 i e !
b |
/ l " o Total_Scans :
g- Ralaxation Delsy = 5(s] ‘
T T A T T 1 T T T T T T 7| Recve_Gain - 60
140.0 130.0 1200 1100 1000 900 800 700 600 500 400 300 200 00 0  -100 -20.0 -30.0 Temp Bet = 20.4(dc) l
X_90_Widen = 23[us]
| X_hoq_Time = 1, 04549376 (0]
| | = 45 deg]
° Caen = 3.2[dB]
1 - K rulee = 115 (us] |
2 =3 Irr_Mode - Off
9 = Tri_Mode - oft
X : parts per Million : Fluorinel9 S |
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10-(Difluoroiodomethyl)-2-methoxy-10-phenyl-9,10-dihydrophenanthrene (2g)

150108-D-dihydrophenanthlene+Nu p-OCMe:

AN ONOMDUNODOWVOEMOHMUIAMAMO M9 ®© 0 [=]
COVAEMOIrRNOMHOARMMODOMNOGI O - oMo A o
MAdIVNNN OBV IMPOAANNCAD-VANNHO Torma o
rrOneLANNNNAAAAAdA A OO0 000C0CQC0O O~V Yww o -
D N R o

|
?

.
o ]
o ]
w
w
N
.

10 9 8 ppm
<o (nio Njo
g gl Etd el B3 ) n|(lo
(oo oo
olo|H|m|w|- ol

T ]
3KR-150106-D-dihydrophenanthlene+Nu p-OMe_carbon_copy2-1-7.jd 1
8 <f JeoL
s RESONANCE
| 3 O
hE ---- PROCESSING PARAMETERS ----
c3 de balance( 0, FALSE )
: wexp( 2.0[Hz], 0.0[s] }
apazoid( 0[4], O[%], 80[81, 1001%] )
o CF2| ::xut:.ll{“l )
d, £fe( 1, TRUE, TRUE )
machinephass
- . Phase( 1, 7, 55.10426181 )
a4 oMe reference( 77.0884(ppm], 77ippal )
| E|
| e
5 29
3 Filenane = KR-150106-D-dikydrophanant
Aathor = dalta
E Experinent = carbon. j=p
= Sample_Id = KR-150106-D-dihydrophanant
Solvent = CHLOROFORM-D
E Creation Time = §-JAN-2015 02:15:36
-« | Revision Time = 27-SEP-2017 17:23:22
1 Current_Time = 27-SEP-2017 17:23:43
| 3 Commant = single pulse decoupled gat
~d Data_Format = 1D COMPLEX
=23 Dim Bize = 26214
P | Dim_Title = Carbenl3
3 | Dim Units = [ppm)
Dimansions =x
-] site = DR-ZCH400
= Spactrometer = DELTAZ MR
E { ‘ ) . Field Strength = 9.389766(T1 (400 (M=)}
. [ X_Acq Duration = O[a]
I=E X_Domain =13c
< I X Freq = 100.52530333 (Maz]
E I X offset = 100 (ppam) ]
| X _Points = 32768
-% | X_Prescans =4 '
= X_Rasclotion = 0.95846665 [Hx]
3 | X s = 31.40703518 [kEx)
| X Sweep _Clipped = 25.125626814 (kiz] |
23 I7x_Domain = Proton |
=3 Irz Freq = 399.79219828 MEx]
] Izz_offsat 5(ppm) |
{ E Pped = FALSE
Incomplete Copy = TRUE |
s J Soana - - 8577 |
g = J Total_scans - 8577
| | Ralazation_Del 2
|_§ . 1l " e " | M " " e l-ﬂw:_ﬂ‘::- i sg-i |
2 =3 4 o e Tesp_Get = 26.1[dc]
T T T T T T T : T T T X_90_Widen = 8.5(us] ‘
170.0160.0 150.0 1400 1300 1200 1100 1000 %00 800 700 600 500 40.0 300 200 100 0 -10.40 X o T = 1.04333312[s]
I . ) . X_Angle = 30 [dag] {
| 1 \ /\\ | X_Atn = 4.9[dB]
| i I \\ | X_Pulse = 2.83133333(us]
o T o 0w v Irz_Ata_bac -
| 5 E35GIENsERfOREs g EEEE # e gae |
| b EBRRRRE(NLIICOEE E 3334 - Ire Pwidth = 0.115(me) |
| X: partsper Million: Carbon 3
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)-dihydrophenanthlene+Nu
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9-(Difluoromethyl)-9-phenyl-9,10-dihydrophenanthrene (4a)

—_—
~ |KR-150121-D-difluoromethyl_proton-1-4,jdf

i e
1 &
w |
s !
- 1
e :
‘ Ph |
‘ CHF, i
i
o
2 4a
?
=3 |

D wnes

Il e—
| do_balanca{ 0, FALSE )
sexp( 0.2(Hz], 0.0(s] )
't:m‘lﬂ;dl 0[%], 0[%), BO[%), 100(%] )
t |

zarofill( 1}
£fe( 1, TRUE, TRUE )

inophase |
ppm {
phase( 0.75, -1, 35.852571(%] )
EUFE@®:: KR-150121-D=difluoromethyl proton=1-

= KR=150121-D-difluoromethyl

Author = delta |
Experimant = proton. ixp

Sample_ld = KR-150121-D-diflucromathyl
Solvant = CHLOROFORM-D

Crostion Time = 21-JAN-2015 10:50:48

= 21-JAN-2015 11:01:28 |

| Current_T = 21-JAN-2015 11:01:55
Comment. = single_pulse
_Format = 1D COMPLEX

Dim Fize = 13107

Dim Title = Proton

Dim Units = [ppa)

Dimansions =X

site = JNM-ECE400
spectrometar = DELTAZ WMR

Field Strength
X_Aog_Duration

= 2.18365952(0]

=1
= 39970219038 [MHe)
= Slppa)

- 16384

=1

= 0.45794685 [Hz)

= 7.5030012 [kix)

= £.00240096 (ki)
-

Proton
= 399, 78219030 [Mue)
= 5(ppm)

|
= 9.389766(T] (400 (MHz]}

FE_Freq
J& 8 Irr_Offset
| = = Tri Domain = Proton
Tei_Freq = 399, 70219038 [tz )
‘ Tei Offaet = 5(ppm) |
| Clipped = FALSE
] i [ e o ‘
| Total_Scans -8
- WYL g LY i A U | N
£ T | Relaxation Delay = 5(s]
- UMRBRRARES T [T T T T TTTT Reove_Gadn =42
10.0 9.0 80 7.0 6.0 5.0 4.0 3.0 20 1.0 0 Temp Gat =i IT [‘I*“-l |
= 1d[us
) Xheq = 2.18365052(8]
| e il AN | |
= X Atn = 1.3[dB]
- 2 - L] Pal vl Ra) o~ :. > 00 M~ 00 CPul -7
HEE3ERNEREE BES 5853 R TR
Lo N o ol al ol - - -1 e en e =] Tri Mode = Off

X:‘p!rls_PgMillim:Prmon_
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KR-150121-D-difluoromethyl_carbon_copy2-1-5 jdf
| 2
|

se¥p( 2.0[Bz], a] )
trapasoid( O(4], O[%], 80181, 100(%) )
4 zearofill( 1 )
w fe( 1, TRUE, TRUE )
<7 machinephase
1 Phaset 1.7, -12, 59.18086(8) )
1 Ph
| 1 CHF,
-
= | Pilansme = KE-150121-D-difluorcmathyl
Author = dalta
Exparizent = carbon. jxp
Sample_Id = KR-150121-D-diflucromathyl
Solvent -
4a
e
e
g_‘ | ¥ -385766(T] (400 [MEz])
x la]
X Domain = 13¢
X Freq = 100.52530333 MEe]
X offsac = 100 [ppm]
X _Points = 32768 ‘
X Prescans -4
X_Rasclution = 0.95846665( 1
X_Sweap = 31.40703518 [kEx]
| X_Sweep_Clipped = 25.12562814 [kuz] |
Tir_Domain = Proten
Irr_Freq = 39978219838 MEx] |
Trr_offaat = Sippa) |
| Clipped = FALSE
Inccmplets Copy = TRUE |
| scane - 420
Total Scans = 428 |
| Ralaxation Delay = 2[s] |
| Recvr_Gain = &0
| Tasmp Gat = 26.9[dc]
| T T T T T 1 T T . T T . T T T T T X_50 Width = 8.5[us] ‘
| 160.0 150.0 1400 1300 120.0 1100 1000 900 3800 700 600 500 400 300 200 100 0 -10.0 l_hﬂ'!Iﬂ— - m;?u:;nzm ‘
] X - =
N | A E HE
1 | ) X Pulse - 2.-:31:3]3;1»1
= Z_ ITr_Atn_Dec = 19.55 [dB]
| e e S TEEET ‘ 888 =83 mEk DEES
! gesndagunnnRRERREY E gss =533 e 0l ]
X : parts per Million - Carboni 3 |
150121-D-difluoromethyl
W ALy lermetar
O NN~ W — szl
Pl B -0 = oy . T
m -0 ORD 3w e e
o 0w o wwo e
:Hmﬂ e wneawrad S T -
wwnooa @~ o ArMHoOWVWwWWYW . = H
aaao © e ey L R e e ) - e
PR Mmoo N \// 2 HiTip
N NI PoLLan
e
are.atiing me
1 K
\ ®
I
1}
Ph
| CHF,
T T T T T T T T
43 42 41 40 39 38 37 ppm Q Q
™ o !
@ o 4a
o o i
— ~
1
|i
T T T T T T T T T T T T T T
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m| [o
of [©
of o
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5,5-Difluoro-6-iodo-6,7-dihydro-5H-dibenzo[a,c][7]annulene (6a)

KR-141030-D-dibenzo7annulene 1H
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= 4&1-] 50116-D-dibenzo7annulene3_fluorine-3-7.jdf

0.9
L

L

0.7 08
kit i

0.6

0.5

j20°c

X : parts per Million : Fluorine19

rtlu‘)\c\t}ov\ (}\6‘0\7‘ 55

| efeq 1, TRUE, TROUE )
_mm-.u

| Phase( 357, 198, 37 83538131 ) |
referance( - 195 (ppm], 97.30pp=l) ) |
\!‘f.:-“f 97 nmm—l 97.91ppal )

| BTFES®:: KR-150116-D-dibensoTannulene3_fluor:

|
F Filaname -dibenzoTannul
Author ta 3
single _pulse.izp
P limoem R
Solvent = DMSO-DE
Creation Tims = 16-JAN-2015 20:24:50
Bavision Time = 16-JAN-2015 20:27:42
Current_Time = 16-JAN-2015 20:28:20
|cn—-= - -xuqn ,_pulse
6a Data_Format
Dim Size - 20"]15
Dim Title = Fluorinel$
Dim Units = [ppm)
‘ Dimensions =-X
sita = JHH-ECS400
= DELTAZ MR
= 9.389766(T] (400 [MEE])
= 1.84549376(s]

=- 1%

= 376.17105353 MBx]
= -1001ppa]

= 262144

-1

= 0.54186041 [8x) |
= 14204545455 [kHz]

= 113.63636364 [kiiz) |

= Fluorinal® |
= 376.17105393 [MHz)

5,5-Difluoro-6-iodo-3-methyl-6,7-dihydro-5H-dibenzo[a,c][7]annulene (6b)

F———————
| o KR-150131-D-dibenzo7annulene+Me-2_proton-1-6.jdf

e

4.04

=]
o
O Me

6b

s ks

led

4.0

s

%) REStNANCE

sexp( 0.2(Hs], 0.0(s] )

trapazoid( 0(8), O[8], 80[%], 100[%) )
zerofill{ 1 )

££8( 1, TRUE, TRUE )

machinephase

Fpm
phase( 0.5, -10, 66.91592(%] }
raferance( 0.01135(ppm], O(ppm] )

=
=
I
Filenama = KR-150131-D-dibenszoTlannule
Author = delta
Experimant = proton. jxp
Sample_Td = KR-150131-D-dibense7annule
Solvent - D

Creation Time = 31-JAN-2015 11:56:46
Revision_Time = 31-JAN-2015 11:58:15
Current_Time = 31-JAN-2015 11:58:45

Commant = single
Data_Format =1 mjﬁhﬂ

Dim §ize = 13107

Dim_Title = Proton

Dim Units = Ippa)

Dimansions o

Bite = JR4-ECS400
Spactromster = DELTAZ_ W%

Field Btrangth = §.389766(T] (400[MHz])
X_hoq Duration = z 18365952(8)

X _Domain -

K rreq = 399#021903![-1:-1
X offset = 5 [ppa)

X Points = 16384

X_Prescans =1
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