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General

All reactions were performed under an argon atmosphere. THF was distilled under argon
from LiAlH, prior to use. DMF was distilled under argon from P,Os and stored over MS 4 A.
CH3CN was distilled from P,Os and CaH, and stored over MS 4 A. Column chromatography was
carried out employing silica gel (230-400 mesh). Precoated silica gel plates F-254 were used for
thin-layer analytical chromatography visualizing with UV and/or acidic ag. KMnQOy4 solution.

NMR spectra were recorded with a Bruker AM-300 instrument. *H NMR chemical shifts
were determined relative to the signal of a residual protonated solvent: CDCl5 (8 = 7.26 ppm). °C
NMR chemical shifts were determined relative to the signal of solvent: CDCl; (6 = 77.16 ppm).
High resolution mass spectra (HRMS) were measured using electrospray ionization (ESI) and a
time-of-flight (TOF) mass analyzer. The measurements were done in a positive ion mode (interface
capillary voltage—4500 V) or in a negative ion mode (3200 V); mass range from m/z 50 to m/z 3000.

Organozinc reagents 1a,b,d were prepared by the protocol described in our previous work®.
Reagent 1c was obtained from 3-bromopropyl benzoate and zinc using the standard procedure™
with the reaction time 7 days. Bromoalkynes 3% were prepared by a modified literature protocol.

! (a) Levin, V. V.; Zemtsov, A. A.; Struchkova, M. I.; Dilman, A. D. Org. Lett. 2013, 15, 917-919. (b) Levin, V. V.; Zemtsov,
A. A.; Struchkova, M. |.; Dilman, A. D. J. Fluorine Chem. 2015, 171, 97-101.
2 Feng, Y.-S.; Xu, Z.-Q.; Mao, L.; Zhang, F.-F.; Xu, H.-). Org. Lett. 2013, 15, 1472-1475.
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Preparation of bromoalkynes 3b—d.

Triphenylphosphine (30.0 mmol, 7.86 g) was slowly added to a stirred solution of aldehyde
(10.0 mmol) and CBry4 (15.0 mmol, 4.98 g) in dry CH,Cl, (20 mL) at 0 °C. The resulting suspension
was stirred at this temperature for 1 hour, warmed to room temperature and then diluted with
hexane (40 mL). The mixture was quenched with water (40 mL), then the organic layer was
separated and filtered through a shot silica gel pad. The solution was concentrated in vacuum. The
resulting 2,2-dibromostyrene was dissolved in CH,Cl, (10 mL) and treated with a solution of KOH
(50 mmol, 2.8 g) in water (2 mL). Then, benzyltriethylammonium chloride (2.0 mmol, 0.46 g) was
added and the reaction mixture was vigorously stirred for 6 hours at room temperature (the
conversion of 2,2-dibromostyrene was monitored by GC analysis). The reaction was quenched with
water (40 mL) and extracted with hexane (3 x 20 mL). The combined organic layers were
concentrated under vacuum and the residue was purified by column chromatography.

Preparation of bromoalkynes 3a-Br and 3e-h

Silver nitrate (0.1 mmol, 17 mg) was added to a solution of alkyne (10.0 mmol) and N-
bromosuccinimide (11.0 mmol, 1.96 g) in acetone (10 mL) at room temperature. The reaction was
stirred overnight, quenched with water (30 mL) and extracted with hexane (3 x 10 mL). The
combined organic layers were concentrated under vacuum and the residue was purified by column
chromatography.

General procedure for preparation of reagents 2a,c,e from BrCF,CO,K

The freshly titrated solution of organozinc reagent 1 (3.0 mmol) in THF was concentrated in
vacuum and the resulting viscous residue was dissolved in DMF (4 mL). Then BrCF,CO;K (4.5
mmol, 0.96 g) was added and the resulting clear solution was vigorously stirred at 50 °C for
approximately 50 minutes. The conversion was checked by GC analysis of a brominated aliquote.
After completion the concentration of 2 was determined by °F NMR with PhCF; as an internal
standard (~0.45 M).

General procedure for preparation of reagents 2b,d from Me;SiCF,Br

A freshly titrated solution of organozinc reagent 1 (3.0 mmol) in THF was concentrated
under vacuum and the resulting viscous residue was dissolved in CH3CN (3 mL). Then, sodium
acetate (3.6 mmol, 295 mg) and Me3sSiCF,Br (3.6 mmol, 731 mg) were added at —20 °C. The
reaction mixture was stirred for 18 hours at this temperature and then concentrated under vacuum at
0 °C. The residue was dissolved in DMF (3 mL). The concentration of 2 was determined by *°F
NMR with PhCF; as an internal standard (~0.55 M).
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General procedure for coupling reaction

A titrated solution of 2 (1.5 mmol) was cooled to 0 °C with an ice bath and then
bromoalkyne 1 (1.0 mmol) and Cul (0.05 mmol, 9.5 mg) were added. The stirred suspension was
allowed to slowly warm to room temperature for 2 hours and then stirred for additional 16 hours.
The resulting mixture was quenched with aqueous HCI (0.5 M, 6 mL) and extracted with Et,O (3 x
5 mL). The combined organic layers were concentrated under vacuum.

For acetylenes 3a-Br, 3b-f, the product 4 was purified by column chromatography.

For acetylenes 3g,h, the residue was dissolved in a mixture of AcOH (3 mL), THF (1 mL)
and water (1 mL) and kept for 8 hours at 40 °C. The mixture was diluted with CH,Cl, (10 mL) and
carefully washed with water (3 x 10 mL) and saturated Na,CO3 solution (10 mL). The organic layer
was concentrated under vacuum and the residue was purified by column chromatography.

(3,3-Difluorobut-1-yne-1,4-diyl)dibenzene (4a)

Yield 191 mg (79%). Colorless oil. R¢= 0.33 (Hexane/CH,Cl,, 20:1).

'H NMR (300 MHz, CDCl3), 8: 3.51 (t, J = 14.2 Hz, 2H), 7.31-7.53 (m, 10H).

BC{*H} NMR (75 MHz, CDCl3), &: 46.0 (t, J = 27.5 Hz), 81.7 (t, J = 40.4 Hz), 88.2 (t, J = 6.9 Hz),
114.5 (t, J = 233.8 Hz), 120.3 (t, J = 2.9 Hz), 127.9, 128.5, 128.6, 130.0, 130.8, 132.2 (t, J = 2.3
Hz), 132.3 (t, J = 4.0 Hz).

F NMR (282 MHz, CDCls), 5: -82.4 (t, J = 14.2 Hz).

Calcd for CigH12F (242.26): C 79.32, H 4.99. Found: C 79.18, H 5.15.

Methyl 4-(3,3-difluoro-4-phenylbut-1-yn-1-yl)benzoate (4b)

CO,Me

Yield 252 mg (84%). Colorless solid. Mp 64-65 °C. R¢= 0.35 (Hexane/EtOAc, 10:1).

'H NMR (300 MHz, CDCls), &: 3.47 (t, J = 14.5 Hz, 2H), 3.93 (s, 3H), 7.30-7.42 (m, 5H), 7.48 (d,
J=8.3 Hz, 2H), 8.02 (d, J = 8.3 Hz, 2H).

BC{"H} NMR (75 MHz, CDCl3), 8: 45.7 (t, J = 27.2 Hz), 52.3, 83.9 (t, J = 40.7 Hz), 87.0 (t, J = 6.9
Hz), 114.2 (t, J = 234.5 Hz), 124.6 (t, J = 2.6 Hz), 127.9, 128.6, 129.6, 130.7, 131.2, 132.0 (t, J =
2.2 Hz), 166.1.

F NMR (282 MHz, CDCls), 8: —83.0 (t, J = 14.5 Hz).

Calcd for CygH14F,05 (300.30): C 71.99, H 4.70. Found: C 71.91, H 4.78.
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1-(3,3-Difluoro-4-phenylbut-1-yn-1-yl)-2-iodobenzene (4c)

|
Pe

O F F

Yield 302 mg (82%). Colorless solid. Mp 73-74 °C. R¢= 0.28 (Hexane/CH,Cl,, 10:1).

'H NMR (300 MHz, CDCls), &: 3.56 (t, J = 14.6 Hz, 2H), 7.09 (td, J = 7.8, 1.7 Hz, 1H), 7.30-7.53
(m, 7H), 7.87 (d, J = 7.8 Hz, 1H).

BC{*H} NMR (75 MHz, CDCl5), &: 45.8 (t, J = 27.2 Hz), 84.8 (t, J = 40.6 Hz), 89.2 (t, J = 6.9 Hz),
100.4 (t, J = 2.5 Hz), 114.2 (t, J = 234.5 Hz), 127.0 (t, J = 2.6 Hz), 127.9 (d, J = 8.9 Hz), 128.5,
130.9, 131.0, 131.9 (t, J = 3.9 Hz), 133.6 (t, J = 1.9 Hz), 139.0.

YF NMR (282 MHz, CDCl3), 8: —82.6 (t, J = 14.6 Hz).

Calcd for C16H11F-I (368.16): C 52.20, H 3.01. Found: C 52.05, H 3.07.

1-(3,3-Difluoro-4-phenylbut-1-yn-1-yl)-4-fluorobenzene (4d)
J

Z

O F F

Yield 182 mg (70%). Colorless oil. R¢= 0.31 (Hexane/CH,Cl,, 20:1).

'H NMR (300 MHz, CDCls), &: 3.49 (t, J = 14.2 Hz, 2H), 7.06 (dd, J = 8.7 Hz, 2H), 7.35-7.51 (m,
7H).

BC{*H} NMR (75 MHz, CDCls), &: 45.9 (t, J = 27.5 Hz), 81.5 (td, J = 40.7, 1.6), 87.2 (t, J = 6.9
Hz), 114.4 (t, J = 234.0 Hz), 116.0 (d, J = 22.4 Hz), 116.4 (dt, J = 3.4, 2.9 Hz), 127.9, 128.5,
130.8, 132.3 (t, J = 4.0 Hz), 134.2 (dt, J = 8.6, 2.3 Hz), 163.6 (d, J = 252.4 Hz).

F NMR (282 MHz, CDCls), 5: —108.7 (tt, 1F, J = 8.7, 4.8 Hz), -82.5 (t, 2F, J = 14.2 Hz).

Calcd for CyH11F3 (260.25): C 73.84, H 4.26. Found: C 73.74, H 4.37.

Ethyl 4,4-difluoro-5-phenylpent-2-ynoate (4e)
P CO,Et
72
F F
Yield 200 mg (84%). Colorless oil. R¢= 0.33 (Hexane/EtOAc, 15:1).
'H NMR (300 MHz, CDCls), &: 1.33 (t, J = 7.2 Hz, 3H), 3.39 (t, J = 15.1 Hz, 2H), 4.27 (9, J = 7.2
Hz, 2H), 7.29-7.40 (m, 5H).
BCc{*H} NMR (75 MHz, CDCls), &: 14.0, 45.2 (t, J = 25.9 Hz), 62.8, 77.8 (t, J = 6.8 Hz) 113.1 (t, J
=237.0Hz), 128.2, 128.7, 130.7, 130.8, 151.9 (t, J = 2.2 Hz).
F NMR (282 MHz, CDCls), 5: -86.3 (t, J = 15.1 Hz).
Calcd for Cy3H12F,0, (238.23): C 65.54, H 5.08. Found: C 65.48, H 5.19.

S4



4,4-Difluoro-5-phenylpent-2-yn-1-yl benzoate (4f)
o)

& O)‘\©

F F

Yield 201 mg (67%). Colorless oil. Rf=0.21 (Hexane/EtOAc, 15:1).

'H NMR (300 MHz, CDCls), &: 3.39 (t, J = 14.7 Hz, 2H), 4.95 (t, J = 4.1 Hz, 2H), 7.28-7.41 (m,
5H), 7.51 (dd, J = 7.6, 7.0 Hz, 2H), 7.64 (t, J = 7.6 Hz, 1H), 8.11 (d, J = 7.0 Hz, 2H).

BC{*H} NMR (75 MHz, CDCls), &: 45.5 (t, J = 26.7 Hz), 51.7 (t, J = 2.0 Hz), 79.2 (t, J = 6.6 Hz),
82.7 (t, J = 41.0 Hz), 113.5 (t, J = 234.6 Hz), 127.8, 128.4, 128.6, 129.2, 129.9, 130.7, 131.7 (t, J
= 4.0 Hz), 133.6, 165.5.

YF NMR (282 MHz, CDCl3), 8: —83.9 (tt, J = 14.7, 4.1 Hz).

HRMS (ESI): calcd for C1gH14F,0,Na (M + Na) 323.0854, found 323.0846.

4,4-Difluoro-5-phenylpent-2-yn-1-ol (49)

4 OH

FF

Yield 157 mg (80%). Pale yellow oil. R¢= 0.19 (Hexane/EtOAc, 4:1).

'H NMR (300 MHz, CDCls), &: 2.31 (s, 1H), 3.35 (t, J = 14.5 Hz, 2H), 4.23 (s, 2H), 7.29-7.39 (m,
5H).

BCc{*H} NMR (75 MHz, CDCls), &: 45.6 (t, J = 27.1 Hz), 50.5 (t, J = 1.9 Hz), 78.5 (t, J = 40.5 Hz),
86.6 (t, J=6.6 Hz), 113.7 (t, J = 234.1 Hz), 127.9, 128.5, 130.7, 132.0 (t, J = 4.0 Hz).

F NMR (282 MHz, CDCls), 5: -83.1 (t, J = 14.5 Hz).

Calcd for C13H10F20 (196.19): C 67.34, H 5.14. Found: C 67.26, H 5.01.

5,5-Difluoro-6-phenylhex-3-yn-1-ol (4h)
OH
Z
F F

Yield 158 mg (75%). Pale yellow oil. Rf= 0.20 (Hexane/EtOAc, 4:1).

'H NMR (300 MHz, CDCls), &: 2.45 (tt, J = 5.9, 5.0, 2H), 2.46 (s, 1H), 3.35 (t, J = 14.3 Hz, 2H),
3.64 (t, J = 5.9 Hz, 2H), 7.28-7.43 (m, 5H).

BC{"H} NMR (75 MHz, CDCl3), &: 22.6 (t, J = 2.0 Hz), 45.7 (t, J = 27.5 Hz), 60.1 (t, J = 1.9 Hz),
75.1 (t, J = 40.1 Hz), 87.1 (t, J = 6.6 Hz), 113.9 (t, J = 233.2 Hz), 127.8, 128.4, 130.6, 132.4 (t, J
= 4.1 Hz).

F NMR (282 MHz, CDCls), 5: -81.7 (it, J = 14.3, 5.0 Hz).

Calcd for CyoH12F,0 (210.22): C 68.56, H 5.75. Found: C 68.77, H 5.71.

S5



Methyl 4-(2,2-difluoro-4-phenylbut-3-yn-1-yl)benzoate (4i)

g

FZ
O
MeOZC

Yield 240 mg (80%). Colorless crystals. Mp 70-71 °C. R¢= 0.24 (Hexane/EtOAc, 10:1).

'H NMR (300 MHz, CDCl3), &: 3.49 (t, J = 14.0 Hz, 2H), 3.92 (s, 3H), 7.28-7.50 (m, 7H), 8.04 (d,
2H, J =8.2 Hz).

BC{"H} NMR (75 MHz, CDCI3), &: 45.9 (t, J = 27.8 Hz), 52.2, 81.2 (t, J = 40.2 Hz), 88.5 (t, J =
6.9 Hz), 113.9 (t, J = 234.3 Hz), 120.0 (t, J = 2.6 Hz), 128.6, 129.7, 129.9, 130.1, 130.8, 132.1 (t,
J=23Hz),137.4 (t,J = 4.0 Hz), 166.9.

F NMR (282 MHz, CDCls), §: —82.2 (t, J = 14.0 Hz).

HRMS (ESI): calcd for C1gH14F2,0,Na (M + Na) 323.0854, found 323.0847.

Diethyl (3,3-difluoro-5-phenylpent-4-yn-1-yl)phosphonate (4j)

Z

F F

Yield 253 mg (81%). Pale yellow oil. R¢= 0.14 (Hexane/EtOAc, 1:1).

'H NMR (300 MHz, CDCls), &: 1.34 (t, J = 7.1 Hz, 6H), 1.97-2.12 (m, 2H), 2.32-2.52 (m, 2H),
4.06-4.22 (m, 4H), 7.31-7.52 (m, 5H).

BC{"H} NMR (75 MHz, CDCls), &: 16.5 (d, J = 5.9 Hz), 19.8 (dt, J = 145.8, 3.3 Hz), 33.3 (td, J =
28.7, 3.5 Hz), 62.2 (d, J = 6.5 Hz), 80.8 (t, J = 40.5 Hz), 87.7 (t, = 5.6 Hz), 114.5 (td, J = 233.2,
23.6 Hz), 120.0 (t, J = 2.6 Hz), 128.6, 130.2, 132.3 (t, J = 2.0 Hz).

YF NMR (282 MHz, CDCls), §: —85.0 (t, J = 13.9 Hz).

HRMS (ESI): calcd for C1sH19F2,0sPNa (M + Na) 339.0932, found 339.0938.

4,4-Difluoro-6-phenylhex-5-yn-1-yl benzoate (4k)

O

| 4
(@)
FF

Yield 226 mg (72%). Colorless oil. Rf= 0.21 (Hexane/EtOAc, 15:1).

'"H NMR (300 MHz, CDCly), &: 2.09-2.22 (m, 2H), 2.27-2.46 (m, 2H), 4.45 (t, J = 6.2 Hz, 2H),
7.30-7.61 (m, 8H), 8.08 (d, J = 7.3 Hz, 2H).

BC{*H} NMR (75 MHz, CDCl3), &: 22.8 (t, J = 3.4 Hz), 36.4 (t, J = 27.3 Hz), 63.8, 81.5 (t, J =
40.4 Hz), 87.2 (t, J = 6.9 Hz), 115.1 (t, J = 232.6 Hz), 120.1 (t, J = 2.9 Hz), 128.5, 128.6, 129.8,
130.0, 130.3, 132.2 (t, J = 2.3 Hz), 133.1, 166.5.

19F NMR (282 MHz, CDCl3), : ~83.0 (t, J = 14.4 Hz).
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Calcd for C19H16F20- (314.33): C 72.60, H 5.13. Found: C 72.41, H 5.19.

4,4-Difluoro-7-hydroxyhept-5-yn-1-yl benzoate (4l)

Yield 190 mg (71%). Pale yellow oil. R¢= 0.28 (Hexane/EtOAc, 2:1).

'H NMR (300 MHz, CDCls), &: 1.98-2.12 (m, 2H), 2.13-2.32 (m, 2H), 2.61 (t, J = 6.2 Hz, 1H),
4.31-4.43 (m, 4H), 7.45 (t, J = 7.5 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 8.03 (dd, J = 7.5, 7.4 Hz,
2H).

BC{*H} NMR (75 MHz, CDCl3), &: 22.5 (t, J = 3.8 Hz), 36.0 (t, J = 26.9 Hz), 50.5 (t, J = 1.7 Hz),
63.8, 78.3 (t, J = 40.7 Hz), 86.0 (t, J = 6.6 Hz), 114.4 (t, J = 232.7 Hz), 128.6, 129.7, 130.0,
133.2, 166.8.

YF NMR (282 MHz, CDCl3), 5: —83.8 (t, J = 14.3 Hz).

HRMS (ESI): calcd for C14H1F,0sNa (M + Na) 291.0803, found 291.0801.

4,4-Difluoro-7-hydroxy-3-methylhept-5-yn-1-yl benzoate (4m)

Yield 175 mg (62%). Pale yellow oil. R¢= 0.18 (Hexane/EtOAc, 4:1).

'"H NMR (300 MHz, CDCls), 3: 1.16 (d, J = 6.9 Hz, 3H), 1.71 (qt, J = 6.1, 5.8 Hz, 1H), 2.14-2.37
(m, 2H), 2.80 (s, 1H), 4.31-4.46 (m, 4H), 7.43 (dd, J = 8.3, 7.1 Hz, 2H), 7.56 (tt, J = 7.1, 1.2 Hz,
1H), 8.02 (dd, J = 8.3, 1.2 Hz, 2H).

BC{*H} NMR (75 MHz, CDCls), &: 13.5 (t, J = 4.0 Hz), 29.6 (t, J = 2.9 Hz), 39.1 (t, J = 25.0 Hz),
50.4 (t, J = 2.0 Hz), 62.7, 77.3 (m), 86.7 (t, J = 6.9 Hz), 116.8 (t, J = 235.2 Hz), 128.5, 129.7,
130.1, 133.2, 166.9.

YF NMR (282 MHz, CDCls), 5: -89.7 (m).

HRMS (ESI): calcd for Cy5H16F2,0sNa (M + Na) 305.0960, found 305.0954.

S7



74903
74690
74629
74491
7.4354
74201
74125
7.4034
7.3774
7.3546
3.5583
3.5085
34622

-7
?

Y
G FF 4a
'H NMR
300 MHz
CDCls
[
..n...JLL‘ _.m; [ 1A
LN N N N N N N N N O N I O O N O O N O L B N O O I N O N O N B [N O B N I O B B B |
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

(ppm)



M= T ON—MNMO— ——— <
T OO D0 000 MO = — DT NRON~D O [Seytegie]
P D= —— COW O W0 — 0w W uw LN 0OoOwmo — owmo
03Oy T v 00 010 < S 07 07 O L0 < 07 QoI ONDD O QLo n
O NN NS OO ~0 0O~ = — NO == om e~ a0
IO OO0 O OO O O — — — O 0 v v M= =D [} TaQTy]
—_r T T T — —— — — 00 00 G000 00 G0 P = = = =<t =
/
F F
O 4a
13+ 51119
C{ H} NMR
75 MHz
CDCls
TTTTTRTTIR T T IR T T T T AN T T AR AT AN TN N [ A T IR T T TR R T T T T T A T T T[N T T AR T T U T T T A VAN IO NPT AR I T T I [T TN T T[T T (TR NN r TR T T TN T TR T P T T A a T T[T AT T T A N[ T AN N T T TN NN T IaAN FITT I T ITTgT
200 180 160 140 120 100 80 60 40 20
(ppm)

S9



F NMR
282 MHz
CDCly

-82.2996
o ; 823521

—-82.3971

LI
=105

L B
=110

LI
=115

LI B
-120

S10



08LY'E
mmmq.mw
9515°E —=

EVE6E—

259E°,
998€’,
£86' L
1587,
£L00'8
18208

N =

! COMe
4b

W

FF

'H NMR
300 MHz
CDCl;

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

8.0

10.0

(ppm)

S11



o T~ O~ uw M~ 0D
co.Me| 2 SHAHIhNRD Co6 R th A ah eV 3 ZEA
] h— oW OoOWwwnw 00— OrM~O0«—=MM~MM~=WwOM (=] (% Wil o
g 0o —— OO0 P~ T o P o — Q@ Q0 U = P o QM
P @ MOANNNAAN == EeRIReRRke a5 982
O FF 4b
13 e
C{'H} NMR
75 MHz
CDCls ||
ﬂUn I ‘ l ,L
200 180 160 140 120 100 80 60 40 20 0

(ppm)

S12



PF NMR

CO:Me owno

O 282 MHz 258

oo

= CDCly $$$

(T w &y
| L L L L
82.8 -83.4

(ppm)

— ,
" 80 85 70 75 -80 -85 .90 .95 100 105 110 415 120
(ppm)

S13



6FOGE
mmmm.me
5209°E =

LLS0°2
2e90’ s
LEBDL
26807/
0601 £
L5112
LZ0E™ .
850e™,
98¢e’/
LIEE™L
0E5E7,L
195E" .
ELLES
FriE L
LZBE™L
E00F £
aLrs—
LAV L
69EY L
LOrF L —
99/v L -
6.6V L
61581 -
60987 -
8E£88° L —
69887 L -

'H NMR
300 MHz

CDCly

A

6.0

10.0

0.0

1.0

2.0

3.0

4.0

5.0

7.0

8.0

9.0

(ppm)

S14



Bei'Hy NMR

139.0026
133.6134
133.5806
133.5602
131.9640
131.9108
131.8576
131.0367
130.9303
128.5131
127.9430
127.8214
127.0005
126.9625

|

—117.2863
— 1141774
—111.0686

t
A
%

100.3738
100.3434
100.3054
89.3142

89.2230

89.1317

85.3388

84.7991

84.2594
77.5781
77.1600
76.7343

46.1247
45.7674
45.4026

Y

75 MHz
CDCl,
| \II
L
L i
(ppm)

S15



UF NMR
282 MHz
CDCl,

-82.5097
-82.5622
—-82.6148

+

LA B R B B O B B B BB
-82.0 -83.0
(ppm)

S16



7.4583
7.4491

ﬁ

7.4308

74278
7.4125

7.4034
7.0807
7.0617
7.0327

T

3.5415
3.4842
3.4454

=
O
'HNMR
300 MHz
CDCls
J JWt | -
LN I B N B A B N B N N N [N IO I I B N B N N N N [N N N N N N N I N N N B B N N N B O N N N N N [ I I B |
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
(ppm)

517



N0~ =~MWUM— OO MM~ W WO
F =M NOOO0OUMOMNUuA~—MmOoOTOoO00 LN —0NNN0—00m [TpRialea]
== O0NDOMOOMNAO0ONON 0D TN MO~ OO0~~~ OO T DT
NOANNNS - NANNRDRNT MM 0T 0 CNBQOREOD 20D
O g gs s oo 00 000w — Y QO n T ]
BONNNNNNNNNANON = —— — S s N T o nw
= oo =S N N N N s S S B o000 60 60 60 60 P P P <r <t =<t
Z L L Ll LU L ) [ B
G F F 4d
131
C{ H} NMR
75 MHz
CDCls
‘ [ L | | I ,
R R R A A S B 2 e o S R A xS LA R 2 e o L e e
200 180 160 140 120 100 80 B0 40 20 0
(ppm)

S18



LogL g0l

9.04°80L-
5269801 ——=

5./9°801-
5299°801-
S.¥980L-

-108.6

CLVG e —

LPBP g8 —
LBYPee—

YFNMR
282 MHz
CDCl,

(ppm)

-82.4

(ppm)

T T T T
-100 -108 -110 -115 -120

T
-85

F

4d

&

FF

(ppm)

S19



F96Z° L

momf%u
Z5vEL —=

LLPEE
0268°€—\_
VErhE —=

G0EZ ¥V —=

5527
e8lLey
g9z0e’v

95¢e’s
8LEE7S
GLSEL
LBSE L

CO.Et

AN

F

300 MHz

'H NMR
CDCl4

(ppm)

S20



2l86'El —

6298k
6r02' Sk
0L¥S 'Sk

£9/6¢8 —

6Ll 9L
DDm__..mmHK
1585712
:uﬂm.mmul

Fro0 oLl —
LEVLELL —
628291l —

6£61'92) —
6.89°82) —/—
IR

LBEGT LG —

CO.Et

Bei'H NMR

75 MHz
CDCls

Lo

e

.

T
200

(ppm)

S21



F

A

COLEt

F NMR
282 MHz
CDCl;

_—-B86.2394
— —-B6.20189

—-86.3444

-86.0

(ppm)

-86.5

S22



MO DWW NOW T — 0 LD
—ReANTOOOM D OoON M 00y o0~
NN M— — MO0 TN — 0w 0o T
—Oo0uUYYYNATMAN Qaq = €2
oo - o e e e e e e A e < <t <t 0 0 00
(@]
ZZ
FF p |
'HNMR
300 MHz
CDCly
,..-'
et |
L B B e e e B B B e e e L [ e s e s L e e e e e L e e e e e e e
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

(ppm)

523



(=] OO PLND < T M COUUNgTFM~~DO— [»a] — =
= DEROTOI® QDT IEITQYRSE  § 823
=" 0 © 0 & od o o4 o woo AT e e B
= = @ eSS —— 00 00 €O P P fom fom P = v o=
s el [ S |
af
[ J .
C{'H! NMR
75 MHz
CDCls
N \J |
LA LLLAA RN LR A R R R R N R R R R AR LR R LR R R R R R R R R R R RN R R R R R AN AR R LA R R RN R AR R AR R RN RR AR RERE L
200 180 160 140 120 100 80 60 40 20 0
(ppm)

S24



“F NMR
282 MHz S®8
= O cncl 255
3 e
% & 65
TT T T[T T T T [T T T[T
-84.0
(ppm)
Al A b b .
_7'0 T T T l_?5 T T T I_BD T T T I_8|5 T T T l_g[J T T T I_95 T T T I_1 E]DI T T I_1|[]5I T T l_1|1[]| T T I_1|15I T T I_1 |20I T T T
{ppmy)

S25



=~ "OH 8 & B oo &

g N SBE8 2

*9 e
'"HNMR
300 MHz
CDCls
T T T T T T T T T Tt
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
{ppm)

S26



F

=z OH

F g

Bei'Hy NMR

32.0020
31.9488
31.8956
30.7402
28.5055
27.8898

P A -0

— 116.7466
— 113.6453
—110.5441

86.6766
86.5854
86.5018

r

50.4877
50.4649
50.4345
45.9194
45.5622
45.2049

;

75 MHz
CDCls
|
|
|
|
|
| | | ﬂ
- _— L -
LA L R R LR R L R L R R L R L R RN LR L LR L R R R R R R R R R LR R LA LR R R R R LR
200 180 160 140 120 100 80 60 40 20 0
(ppmj

S27



F

AN

OH

F NMR
282 MHz
CDCl,

-83.0500
-83.1025
—-83.1551

_ F

N

E I I B

-82 -83
(ppm)

528



OH — WO Oooo s ltpRiel
ZZ 8 BIR8S3 823
& ©dECHAN S
] MM ooo o (o VN at Rt
FF
" L P
'H NMR
300 MHz
CDCl;
LI N N O B N [N B L I N N B N N N N N I N O I N [ I L N B B O (N L N B B N B
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

(ppm)

S29



FaL5Ee
2665 ge
896e9°¢e

mmmm.mw
ww.w.m.mwuﬂl
G601 9F —=

LEOL 09

mmm_..Dm_u.l

0895k,
L0OL'SL
2ZEQSL
EFEL 9L

009111 —=
158520

89086'98
6110748
6551748

€801 —
FELZELL —
029691 —

0£5L° 22} —=
6£8E 821 %
PE09 0E}
Emm.mﬂ%.
SPLETEL
10ZvZEl

OH

4h

W

F

Bei'Hy NMR

75 MHz
CDCl,

—_—

— —4F

I

T
200

(ppm)

S30



8-
8-
8-
a-

£199'18-—F —
Z6£9°18-
Zre9 18-
Z609°18-

{(ppm)

PENMR
282 MHz
CDCl,

OH

4h

W

F

T T T T
-100 -1058 =110 -115 -120

T
-85

ippm)

S31



PEPYE
IBEVE |/r
6985 € —=

8616E —

LIEEL
LPEE L
arse’ L

508,
eree’ L
Logwr'L
arrr L
02iv' L H\n

cled'g
ars0'e

4i

W

Ly
MeO,C

'HNMR

300 MHz

CDCls

(ppm)

S32



O N omONTo @b m —Qwoo,m

T T 00— — 0D ODoO — [ RTe Ry @ Py W T M D0 W how
g OO 00O D W o ww LU —OunkosT W Moo
G SMOh-—cB-Oke  00a® SRS oErYen g neg
D M= ND O o eD [ R o R D T ' H ]
D MMM NNy 0o o= — — O — — O [~~~ D o Wwwnwn
— e T T T T — — ——— 00 00D 00 00 G0 P P P = w <r = =t

=F
FF
MeO,C 4
Bei'H NMR
75 MHz
CDCls

o

A I o e e R s e I S S APl i
LA N R N R RN RN RN R NN NN RN NN RN RN R RN RN NN R E N RN R R RN REE NN RRE R
200 180 160 140 120 100 80 60 40 20
(ppm)

S33



YF NMR
282 MHz
CDCl;

82.1195
821720
—-82.2170

e
e

S34



7.50M
7.4842
74796
74156
7.3973
7.3927
7.3759
7.3561
7.3515

8]

I
Et0-P
EtO

'H NMR
300 MHz
CDCl,

—_— T T T T

2.4662
2.4540
2.4403
2.4205
2.4083
2.3946
2.3838
2.1078
2.0438
1.89873
1.3605
1.3376
1.3132

Il

6.0 5.0 4.0

10.0

8.0

7.0

(ppm)

3.0

2.0 1.0

0.0

S35



£0Bt'al
£955°91 HMI

0EL8'08 —

GBS6'CE
cIPE'EE
8Z6E'EE

Elel’EE

90L17¢9
m_‘wN.NwUI

ereEL 9
goal LL
L1585 —=
216208 —=
£LEE08
FE9E’ L8
611718
2608’L8

thm.q:
648511 v

mmmm.m:
mmmw.h: \\\
6666611

eeP9eel ——

0E61°0EL —/—
150726l

Bei'Hy NMR

75 MHz
CDCl;

160 140 120 100 80 B0 40 20
(ppm)

180

200

S36



19
F NMR o
282 MHz =
CDCly <0
ol
T T T T T T T T T
-84 .8 -85.2
(ppM)
- N WO | L b
e e e e o P TP
(ppm)

S37



L0ELE
0Zsle
GZ8l'e
clve’e

mmmm.mw
ooee’e

mwmw.w
31%.1 Hku
859P ¥ —=

L95E°L
0g8E"L
AT
L8l L
9805,
LIS
GFEG' L
#890'8
6208
25608

RN

'H NMR
300 MHz
CDCls

(ppm)

S38



850.°¢2
(A r A4
6961722

0940°9€
80FP 9E
186.°9E

FrLLEG—
EPEL DL

ao9L LL
1585717
FS¥E 08

058’18
LLLOE8—=

152178
£€9Lg°/8
GL0E™L8

LELE VL —
GLSO0°S5LL —
8.£1'8L —
EPrL0EL ——

1281 82l
6£/5°821 Vs
6099621
ECEDOEL
8512 0El
Frel el
8rlLagel
PR ATAN
9960°EEl

0eLv 98l —

Bes'HE NMR

75 MHz
CDCly

IR LLRRRS
200

(ppm)

S39



F NMR
282 MHz
CDCly

v
_

-82.9825
-83.0350
—-83.0875

1 T
-82.4

LI N |
-82.8
(ppm)

T T
-83.2

5S40



CEEE'F
GISE'F
CE9EF
08BEF
re0r ¥

FAYA

L9Fr L
G0LV L
19F57/
LLLS'L
mmmm.mg\l

9220’8
aLr08

'H NMR
300 MHz

CDCls

0.0

1.0

2.0

3.0

4.0

5.0

8.0

7.0

8.0

9.0

10.0

(ppm)

S41



258’ ee
80ES°ZE
ares’ee

6.59°6E
Z¢510'9g
aroe’ge

FASTAT I
mmwm.DmUI

GElLEE9—
EVEL'DL
Domv.mmuﬁ
1825711
6rLLLL
wwmm.mmﬂ

arel’ 8l
EGEG'S8
mmmo.mmm\l
L1198

Fi8E LI —
g65E I —
BSFPLLL —

1855782l —
ELBDGEL

£EE0°0E]
ZVBZ EEL v

S6F8°99L —

Bef'H NMR

75 MHz
CDClsy

rrrr
200

(ppm)

S42



PF NMR
282 MHz
CDCl,

-B83.7554
-83.8080
—-83.8605

<4

— T T T
-83.5 -84.0

(ppm)

543



0eS1°L
654171

1669 |
68121
11812 S~

reaege I
shiee

89¢e’¢

62EZ’C —_—
L8re'e

6L92°¢

vage’e

lvig'e

1560°¢— —_— /(

9lEEF —_
89FE'Y -
909E"F
LLGE' ¥
60LF ¥
AN

6L0F L

£2Ep 2
£85F 2
G1EG 2
L9EG / T
Emm.mm\“ o

85008
¥0L08
8rEQ8

'H NMR
300 MHz
CDCl;

6.0

10.0

0.0

1.0

2.0

3.0

4.0

5.0

7.0

8.0

9.0

(ppm)

S44



EFBE'EL
mhwﬁ..m_,WI
L005°EL

8195762
mmmm.mwur
968, 8E

arel 6e
605 6E

692V 05 —

161929 —

EFEL 9L
00912 —\=
B96Z 2L
E.E.t%-
GOEE L.

8./5°98
069998
209.°98

6069°ELL —
20891} —
6EC6 6L —

20258281 —
L5V 6EL

LE90°081
8527 '€E1 v

£898°981 —

Pci'H} NMR

75 MHz
CDCl,

TTTT
200

(ppm)

545



@]
©,l WL,/\OH 282 MHz 238283889
(0] TOW OMN DO 0=
CDCl, QoY Or~YE
F F oo oo o
88 90
(ppm)
N
T T T T T T T T 1T T 7T LI T T LI I T 7 T 7 LI 1 T T T T ] T T r T 1 T 17T
-60 65 -70 -75 -80 -85 -30 -95 -100 -108 -110 -115 -120
(ppm)

546



