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1. Experimental Methods

All manipulations were carried out using standard Schlenk-line and glovebox techniques under an inert
atmosphere of dinitrogen. An MBraun Labmaster glovebox was employed, operating at <0.1 ppm O,
and <0.1 ppm H,0. Solvents were dried over alumina from an SPS (solvent purification system) and
degassed before use. Glassware was dried for 12 h at 120 °C prior to use. Benzene-ds was stored over
3 A molecular sieves and distilled prior to use. NMR scale reactions were conducted in J. Young’s tap
tubes and prepared in a glovebox. Scaled-up reactions were conducted in a PTFE lined 30 ml reaction
vessel, containing a PTFE-coated magnetic stirrer bar and sealed with electrical tape. Heating of NMR
scale reactions was done using silicone oil baths and heating of scaled-up reactions was done using a
sand bath. *H, 13C, and °F NMR spectra were obtained on BRUKER 400 MHz or 500 MHz machines,
unless otherwise stated, and referenced against SiMe4 (*H, 3C) or CFCls (*°F). All peak intensities are
derived against an internal standard peak (*H m-xylene; 64 = 2.30 ppm, *°F fluorobenzene; 6 =-110.7
ppm). NMR data was processed using MestReNova software. Multiplicity assignments for NMR

w_n “ n

spectra are labelled as follows: “s” = singlet, “d” = doublet, “t” = triplet, “q” = quartet, “hept” = heptet,

m” = multiplet. Some ipso- and fluorocarbon environments on arene rings are not observed by 3C

NMR and this is indicated in the product characterisation in each case.

Phenols and anilines were sublimed or distilled prior to use. LiN'Pr, was sublimed prior to use.
Fluoroarenes and fluoroalkanes were dried over activated 3 A molecular sieves and freeze-pump-thaw
degassed before use. 1,2-bis(4-fluorophenyl)ethylene and 1,2-bis(4-methoxyphenol)ethylene were
synthesised according to the literature report by Grieco and co-workers.5U
(Cyclohexylethynyl)benzene was synthesised according to the literature report by Tsuhi and co-
workers.521 All other chemicals were purchased from Sigma Aldrich and used without purification

unless stated.
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1.1. Synthesis of [Au(BuXantphos)Cl]

[AuCI(SMe,)]
8% - I
o) o)

Toluene

tRj— _t RT, 16 hr — _t
Bu }3 R-Bu Bu }3\ /R Bu
Bu Bu By Alu Bu
Cl
1

According to the literature procedure reported by Zhang and co-workers, the gold catalyst 1 was

synthesised.[s!

In a glovebox under an inert atmosphere, ‘BuXantPhos (68.2 mg, 0.14 mmol) was dissolved in toluene
(3 ml) and [AuCIl(SMe;)] (40.3 mg, 0.14 mmol) was added. This reaction mixture was then stirred for
16 hours at room temperature in darkness and filtered through a celite plug. The solvent was then

removed in vacuo to afford catalyst 1 as an off-white solid (85.0 mg, 0.12 mmol, 85 %).

IH NMR (400 MHz, Benzene-de): & 7.44 (m, 2H), 7.10 (m, 2H), 6.81 (m, 2H), 1.48 (d, 3Jp.,, = 7.7 Hz, 18H),
1.46 (d, 3Jp.y = 7.7 Hz, 18H), 1.23 (s, 6H).

31p NMR (200 MHz, Benzene-de): & 52.7 (s, 2P).
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1.2. Synthesis of [Au(IPr)NiPr;]

N'Pr,
Gl |
N a N ;}1. THE N A N
Li RT, 1 hr
2 3

According to the literature procedure reported by Toste and co-workers, the gold catalyst 3 was

synthesised.l5%

In a glovebox in the dark, [Au(IPr)Cl], 2, (500 mg, 0.8 mmol) was dissolved in THF (30 ml). Lithium
diisopropylamine (100 mg, 0.9 mmol,) was added and the reaction was stirred in darkness for one
hour at room temperature. The reaction mixture was then dried in vacuo to afford crude 3 as an off-
yellow solid. This was then dissolved in n-hexane and filtered, resulting in a luminous green solution

which was dried in vacuo to afford of 3 as a colourless solid (400 mg, 0.64 mmol, 80 %).

IH NMR (400 MHz, Benzene-de): 6 7.32-7.21 (m, 2H), 7.12-7.09 (m, 4H), 6.34 (s, 2H), 3.83 (hept, 3Juy =
6.1 Hz, 2H), 2.72 (hept, 3Jun = 7.0 Hz, 4H), 1.53 (d, /i = 6.8 Hz, 12H), 1.08 (d, 3y = 7.0 Hz, 24H).
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1.3. Synthesis of [Au(IPr)O'Bu]

O'Bu
?I
NN NaO'BU —08 — 3 NN
\—/ CeHe \—/
RT, 2 h
2 4

According to the literature reported by Sadighi and co-workers, [Au(IPr)O'Bu] was synthesised.l%!

In a glovebox, under an inert atmosphere, [Au(IPr)Cl] (104 mg, 0.17 mmol) was dissolved in benzene
(3 mL) and NaO'Bu (16 mg, 0.17 mmol) was added. The reaction mixture was stirred for 2 hours in
darkness and then filtered through celite to afford a clear solution. The solvent was then removed in

vacuo to afford [Au(IPr)O'Bu] (45mg, mmol, 43%) as an off-white solid.

1H (400 MHz, THF-ds): & 7.39 — 7.21 (m, 6H), 6.25, (s, 2H), 2.53 (hept, 3Ju.n = 6.8 Hz, 4H), 1.24 (d, 3Jun =
6.9 Hz, 12H), 1.05 (d, 3/ = 6.9 Hz, 12H), 0.63 (s, 9H).

S5



1.4 Synthesis of [Au(SIPr)Cl]

?I
ﬁi
PR
N N + [Au(SMey)Cl] — g N7 N
/ THE /
RT, 12 hrs

5

According to the literature report by Nolan and co-workers, [Au(SIPr)CI] was synthesised.[s!

In a glovebox under an inert atmosphere, 1,3-bis(2,6-di-isopropylphenyl)imidazolidin-2-ylidene (125
mg, 0.32 mmol) was dissolved in THF (10 ml) and added to [Au(SMe;)CI] (100 mg, 0.34 mmol) in a
scintillation vial. The reaction mixture was stirred at room temperature in darkness for 12 hours and
then filtered through celite. The reaction was quenched using activated carbon, stirred for 4 hours
and then filtered through celite again. The filtrate was evaporated in vacuo and the remaining solid
was recrystallised from DCM (4 ml) using pentane (12 ml). The addition of pentane resulted in the
precipitation of the product, which was collected by filtration and then washed with pentane and

dried in vacuo to afford [Au(SIPr)Cl] (140 mg, 0.22 mmol, 70%).

1H NMR (400 MHz, Benzene-ds): 6 7.04 — 6.91 (m, 6H), 3.10 (s, 4H), 2.92 (hept, 344 = 7.0 Hz, 4H), 1.46
(d, 3wk = 6.8 Hz, 12H), 1.14 (d, 3/ = 6.9 Hz, 12H).
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1.4 Synthesis of 1,2-bis(4-methoxyphenol)ethylene

i OMe

//

According to the literature report by Grieco and co-workers, 1,2-bis(4-methoxyphenol)ethylene was

MeO

synthesised.*!]

Under an inert atmosphere, an 8 ml ampoule containing a magnetic stirrer bar was charged with
Bis(triphenylphosphine)palladium(ll) dichloride (27.4 mg, 0.04 mmol), copper lodide (24.8 mg, 0.13
mmol), and 4-bromoanisole (163 pl, 1.30 mmol). 6.5 ml of dry n-hexane and 1,8-
Diazabicyclo[5.4.0]Jundec-7-ene (1.17 ml, 8.00 mmol) were added. The reaction was cooled to 0 °C
with an ice-water bath before trimethylsilylacetylene (92 ul, 0.65 mmol) was added. The reaction
mixture was then heated to 60 °C and stirred for 18 hours in the dark. After 18 hours, reaction mixture
was decanted from the ampoule, and washed with diethyl ether and water (50 ml each). The
combined organic layer was washed with 10 % HCI (3x75 ml) and saturated NaCl (75 ml), before being
dried over magnesium sulfate. The crude product was filtered, concentrated and columned in a

mixture of 4:1 n-pentane:DCM (Rg = 0.3)

1H NMR (100 MHz, CDCl3): & 7.96 (d, /i = 8.3 Hz, 4H), 7.63 (d, ¥Jur = 8.1 Hz, 4H), 2.62 (s, 6H).
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1.5 Synthesis of 1,2-bis(4-fluorophenyl)ethylene

According to the literature report by Grieco and co-workers, 1,2-bis(4-fluorophenol)ethylene was

synthesised.5!]

In an inert atmosphere, an 8 ml ampoule containing a magnetic stirrer bar was charged with
Bis(triphenylphosphine)palladium(ll) dichloride (27.4 mg, 0.04 mmol), copper lodide (24.8 mg, 0.13
mmol), and 4-fluoroiodobenzene (149 ul, 1.3 mmol). 6.5 ml of dry hexane and 1,8-
diazabicyclo[5.4.0]undec-7-ene (1.17 ml, 8.00 mmol) were added. The reaction was cooled to 0 °C
with an ice-water bath before trimethylsilylacetylene (92 ul, 0.65 mmol) was added. The reaction
mixture was then heated to 60 °C and stirred for 18 hours in the dark. After 18 hours, the ampoule
was unsealed and the reaction mixture was washed with ethyl ether and water (50 ml each). The
organic layer was washed with 10 % HCI (3x75 ml) and saturated NaCl (75 ml), before being dried over
magnesium sulfate. The crude product was filtered, concentrated and columned in n-hexane (Rf =

0.14).

'H NMR (100 MHz, CDCls): 6 7.50 (m, 4H), 7.05 (t, %Ju.+ = 8.6, 4H).

19F NMR (100 MHz, CDCl3): 6 -112.4 (m, 2F)
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1.6 Synthesis of (cyclohexylethynyl)benzene.

FZ

According to the literature reported by Tsuji and co-workers, (cyclohexylethynyl)benzene was

synthesised. 52

A 50 mL Schlenk tube was charged under nitrogen with 106 mg of PdCl;(PPhs), (0.15 mmol, 0.02
equiv.), 58.3 mg Cul (0.30 mmol, 0.04 equiv.), and 25 mL HN'Pr,. 850 pL of iodobenzene (7.6 mmol, 1
equiv.) and 1 g of cyclohexylacetylene (9.2 mmol, 1.2 equiv.) were added slowly to the reaction
mixture. The solution was stirred for 16 h at room temperature. After the reaction, 40 mL of diethyl
ether was added to the reaction mixture. The organic phase was washed with water and saturated
NaCl solution (30 mL, each), dried with magnesium sulfate, and filtered. The solvent was removed
under reduced pressure and the crude product was purified by column chromatography in n-pentane

(Rr=0.7).

IH NMR (400 MHz, C¢Dg): & 7.52-7.43 (m, 2H, CenH), 7.03-6.94 (m, 3H, CpwH), 2.53-2.45 (m, 1H,
Ccyc|ohexy|H), 1.85‘1.72 (m, 2H, Ccyc|0hexy|H), 1.68'1.44 (m, 4H, Ccyc|0hexy|H), 1.24‘1.06 (m, 4H, Ccyc|ohexy|H).

13C NMR (100 MHz, CeDg): & 131.6 (CpnH), 128.2 (CprH), 127.3 (CenH), 124.6 (Cpn-Caiyne), 94.3 (Ceyelohexyl-
Qalkyne); 81.2 (CPh'CaIkyI), 32.7 (CcyclohexyIH), 29.7 (Ccyclohexylcalkyne); 25.8 (CcyclohexyIH); 24.7 (CcyclohexyIH)-
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2. Optimisation of Reaction Conditions.

Initial optimisation of the reaction conditions were conducted with 0.1:1:1:3 equiv. of catalyst :
pentafluoropyridine : 4-methoxyphenol : diphenylacetylene. Reactions were run in PTFE tubes. 4-
Methoxyphenol was used as the nucleophile of choice due to higher conversion to product 2a than
with phenol in a preliminary screening. Three equivalents of diphenylacetylene were added to
maintain an excess of diphenylacetylene throughout the reaction, as prior studies had demonstrated
that an excess of alkyne is necessary to achieve the fluoroauration of the alkyne and that addition of

[Au(IPr)F] to diphenylacetylene is reversible. ¢
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2.1 Catalyst Screening

o)
F F F F H
X Ph Catalyst (X equiv. X
| + + / yst (X equiv.) > f\/[ + Ph..~
Z CgDg 100 °C Z Ph
24 h F

1 equiv. 1 equiv. 3 equiv. 1a 2a
[0.04] M

.................................................................................................

I
C\_g O

><-?:>—<§ ]

x-?—(i j

X
[Au(‘BuXantPhos)X] [Au(IPr)X] [Au(SIPr)X]
CEnty Catalyst  Equivalentsof Catalyst  1a(%)  2a (%)

1 [Au(*BuXantPhos)Cl] + AgF 0.1 0 0

2 [Au(IPr)CI] + AgF 0.1 0 0

3 [Au(SIPr)CI] + AgF 0.1 0 0

4 [Au(IPr)O'Bu] 0.1 43 17
5 [Au(IPr)NPr,] 0.01 26 Trace
6 [AU(IPr)N'Pr;] 0.05 28 6

7 [Au(IPr)N'Pr,] 0.1 47 13
8 None 0 0 0

Table S1. Percentage production of products 1a and 2a with a variety of homogeneous Au(l) catalysts. Reactions
run with 1:1:3 equivalents of pentafluoropyridine (0.036 mmol, 0.04 M) : paramethoxyphenol
diphenylacetylene in 1.0 ml C¢Ds. Reactions were run in PTFE inserts inside J-Young’s NMR tubes. Production of
1a and 2a was monitored by °F NMR spectroscopy using fluorobenzene as an internal standard.

Multiple side-products were observed in the °F NMR spectrum of Entry 4 which were attributed to 4-
hydroxy-2,3,5,6-tetrafluoropyridine (6 =-92.8 and -164.2 ppm at 6 % conversion), and 4- (tert-butoxy)-
2,3,5,6-tetrafluoropyridine (6 =--91.2 and -152.9 ppm at 8 % conversion). Owing to this unwanted side
reactivity, further optimisations were conducted with [Au(IPr)N'Pr], which did not display these side-

products.
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2.2 Conditions Screening

H
F o o
PN Ph [Au(IPrN'Pr,] (0.1 equiv.) N |
| + = 20 | + Phj/\
=z Ph
F7 N7 Ph/ F7 N7 F ;
OMe
1 equiv. 1 equiv. 3 equiv. 1a 2a
[0.04] M
Entry Solvent Temperature Reaction 1a (%) 2a (%)
(°C) Time (h)
1 CH,Cl, 40 24 50 0
2 THF 60 24 58 0
3 CH3CN 80 24 63 0
4 DMSO 120 24 99 0
52 CsDe 100 24 35 7
6 CsDs 100 24 47 13
7 Toluene 100 24 4 15
8 Toluene 120 16 53 23

Table S2. Solvent, temperature and reaction time screening. Reactions run with 0.1:1:1:3 equivalents of
[Au(IPr)N'Pr;] : pentafluoropyridine (0.036 mmol, 0.04 M) : 4-methoxyphenol : diphenylacetylene in 1.0 ml of
solvent. Reactions were run in PTFE inserts inside J-Young’s NMR tubes.? Entry 5 was run without a PTFE insert.
Production of 1a and 2a was monitored by °F NMR spectroscopy using fluorobenzene as an internal standard.
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2.3 Equivalents of Reagent Screening

OMe
F e
NP L Ph Fe A H
| + / [Au(IPr)N'Pr,] (0.1 eilv | . Phw/\Ph
E N/ E Toluene 120 °C E N/ E
16 h F
A 1a 2a
[0.04] M
Entry Ratio of equiv. 1a (%) 2a (%)
A:B:C
1 1:1:1 53 23
2 1:1:2 58 38
3 1:1:3 63 45
4 1:1.1:3 78 72
5 1:1.2:3 83 80
6 1:1.2:1 56 49
7 1:1.2:2 84 79
8 1:15:2 86 82
9 1:2:2 94 81

Table S3. Reagent equivalents screening. Reactions run with 0.1:1 equivalents of [Au(IPr)NiPry]
pentafluoropyridine (0.036 mmol, 0.04 M) in 1.0 ml toluene. Reactions were run in PTFE inserts inside J-Young's
NMR tubes. Production of products 1a and 2a was monitored by °>F NMR spectroscopy using fluorobenzene as
an internal standard.
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3.1. General Reaction Procedure

F E’I-l
. H
F F R, [Au(IPr)N'Prs] (0.1 equiv.)F F
+ + / > + RZ%\R
F = R, Tolue1n§h120 C = E I 2
Ry X

E=0,NH
1 equiv. 1.2 equiv. 3 equiv.
[0.04 M]

NMR Scale Procedure: In a glovebox, [Au(IPr)N'Pr;] (2.5 mg, 10 mol %) was dissolved in 0.1 ml C¢Ds to
give a yellow solution. A solution of nucleophile in 0.2 ml toluene (0.216 M, 0.043 mmol) was added
which resulted in the rapid decolourisation of the solution. Then a solution of alkyne in 0.2 ml toluene
(0.54 M, 0.108 mmol), followed by a 1:1 solution of fluoroarene : fluorobenzene (internal standard) in
0.6 ml toluene (0.06 M, 0.036 mmol) was added. The solution was transferred to a PTFE (or FEP) tube
which was placed inside a J-Young’s NMR tube and sealed. The reaction was heated for 16 hours at
120 °C in a silicone oil bath, ensuring that the tube is immersed in the heating medium up to the
solvent line. Quantitative °F NMR spectroscopy integration was performed using the fluorobenzene

singlet resonance at 6¢ -112.7 ppm as an internal standard.

Preparative Scale: In a glovebox, [Au(IPr)N'Pr;] (25 mg, 10 mol %), alkyne (1.08 mmol), nucleophile
(0.43 mmol) and fluoroarene (0.36 mmol) were added to a PTFE lined 15 ml vial with a PTFE covered
stirrer bar. 10 ml of toluene was added, and the solution was stirred until homogeneous. The vial was
sealed and heated in a sand bath for 16 h at 120 °C. After the 16 hours, the vial was removed and
allowed to cool. Once cooled, the vial was opened, and the reaction solution was transferred to a
Schlenk and the toluene solvent was removed under reduced pressure. The resulting solid was purified
by column chromatography on silica gel (tech grades, 60 A, 230-400 mesh, 40-63 um particle size, 200
: 1 silica gel : crude mixture loading) to provide the isolated products. The eluent system for each

separation is listed in the product characterisation below.

In some cases, separation of products from starting materials was not possible, or resulted in low

isolated yields due to the discarding of mixed fractions.
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3.2 Product Characterisation

10 mol %

F X
F. F (2 [Au(IPr)N'Prz] F. F b
+ HX + = e + Rzﬁ% 2
F F RZ/ Toluene 120 °C F E T R
R X = OAr, NHAr 1en R!
1 equiv 1.2 equiv 3 equiv 1a-11 2a-2d
4 N OMe Me H F Cl
Nucleophile /@ /@ /@ @l /@l
Scope o o o o o
P A F FaAAF FoAAF A\ F FaAAAF
Ph \%\ o FOONF FONNNE FP SN F N FOONCF
‘ 1a.83+5 % (64 %)Y 1b.92+2 % (72 %) 1c. 82 £5 % (63 %) 1d. 78 £ 4 % (51 %) 1e.51+2 % (38 %)
\ 2a ) 2a. 80 + 9 % 2a.82+3% 2a.77+6% 22.71+8% 2a.48+4%
CN /@NMEZ ,©/OME @Me /@H ©/F
(o) : HN HN HN HN
P F A P F PN F Fa A F Fa N F
| - P I P I P I P I P
F7 N F N FOONTF FOSNTF F7ONTF FOONTF

14.49+1%(32%)  19.96+3 % (76 %)

2a.35+4 % 2a. 776 %
or
HN

AT F.
I/

F7ONTF F

11. 87 £ 4 % (69 %)
2a.41+6 %

1p. 53:4%(51 %) 1p'. 1811%(9%
2a. 1107 %

H
.Bu/\%\/”'B“
F

1a.92 1 5 % (74 %)
2e.86+4 % (79 %)

1m. 64 £ 6 % (47 %)
2a.32x7 %

O

E
Phj/)\
H

1a.96 £ 3 % (85 %)

1h. 96+ 7 % (72 %)
2a.50+2 %

Fluoroarene
Scope

2f. 81+ 5% (64 %, 20:1)

1i.93 £4 % (81 %)
2a2.48+8%

1n. 55 + 8 % (34 %)

2a.40+5%
e N\
Alkyne
Scope OMe H
Z
(0]
F. F F
S
| 1a
-~
FPON"F
1a.90+5 %
- 7 2b.85+4%

F

Ph 2
H

1a.94 1 5% (82 %)
2g. 89 + 3 % (82 %, 14:1)

o™
O
F. F
F F
CF

1). 74 £2 % (68 %)
2a.34+7%

10.7011%(58%)
2a.97+3%

1a.91 4 % (76 %)
2¢. 89+ 3 % (62 %)Y

1k. 81+ 2 % (53 %)
2a.32+6%

-n

-

CNJ@F

10". 13+ 1% (7 %)

1a.86 £ 5 % (68 %)
2d. 82+ 4 % (57 %)

Ph

E
\%\/OH
H

1a.88 £ 6 % (72 %)
2h. 64 £ 8 % (54 %, 6:1)!

1a.52 + 8 % (42 %)
2i.41+5% (32 %)

Figure S1. HF transfer reaction scope catalysed by [Au(IPr)NiPr,]. [a] Reactions were performed with 0.1:1:1.2

: 3 equivalents of catalyst :

fluoroarene (0.04 M) :

nucleophile :

alkyne. Yields of fluoroarene (1a-1p) and

fluoroalkene (2a-2d) were calculated from °F NMR spectroscopy, using a fluorobenzene internal standard.
Reactions were performed in triplicate and standard deviations are reported with a 99% confidence level. [b]
Isolated yields were obtained from scale-up reactions and are shown in parenthesis. [c] Isolated yields of 2a are
not reported due to this compound co-eluting with diphenylacetylene. [d] Due to the challenging isolation, this
product was contaminated with ~ 20% of unreacted alkyne. [e] Ratio of regioisomers B:a functionalisation.

Major isomer shown.
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Hb

H2 OMe
o
I
~
FZ °N” °F

la. 2,3,5,6-tetrafluoro-4-(4-methoxyphenoxy)pyridine  Isolation  achieved by column
chromatography in 19:1 n-pentane : dichloromethane, Rr = 0.60. Isolated as a colourless solid. (62.8

mg, 0.23 mmol, 64 %).57

IH NMR (CsDs, 400 MHz): 6 6.61-6.50 (m, 4H, Cpn), 3.21 (s, 3H, OCHs).

13C{*H} NMR (CeDs, 100 MHz): & 156.7 (s, CphOCHs), 149.7 (s, Cpn-OCpyr), 143.8 (dm, Yc_r = 246 Hz, CF2),
135.5 (dm, Yer = 257 Hz, CF3), 131.6 (s, Cpyr0), 117.9 (s, CH?), 114.7 (s, CHP), 54.7 (s, OCHs).

19F (C¢De, 376.5 MHz): & -89.7 (m, 2F, CF?), -155.3 (m, 2F, CF3).

HRMS (APCL): m/z: M* Calcd for [C1oH7FsNO,]* 274.0862, observed 274.0862.
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Hb

H2 CH3
o)
|
~
F2°N” °F

1b. 2,3,5,6-tetrafluoro-4-(p-tolyloxy)pyridine . Isolation achieved by column chromatography in 19:1

pentane : dichloromethane, Re = 0.70. Isolated as a colourless solid. (66.7 mg, 0.26 mmol, 72 %).157)

'H NMR (CgDs, 400 MHz): 6 6.74 (d, 3Jy-1y = 8.6 Hz, 2H, CHP), 6.55 (d, 3Ju-1 = 8.6 Hz, 2H, CH?), 1.98 (s, 3H,
Me).

13C{*H} NMR (C¢Dg, 100 MHz): & 153.8 (s, O-Cph), 144.0 (dm, Le_r = 237 Hz, CF?), 136.0 (dm, 1Jc_r = 249
Hz, CF3), 134.4 (s, C-CHs), 130.2 (s, m-Cpn), 116.5 (s, 0-Cpn), 20.1 (s, CH3). Pyridine ipso carbon not

observed.
19F (C¢Ds, 376.5 MHz): § -89.6 (m, 2F, CF2), -154.9 (m, 2F, CF3).

HRMS (APCL): m/z: M* Calcd for [C12H7F4N20O]* 258.0537, observed 258.0536.
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Hb

H2 He
o)
3
hod
Z
F2°°N” °F

1c. 2,3,5,6-tetrafluoro-4-phenoxypyridine . Isolation achieved by column chromatography in 19:1 n-

pentane : dichloromethane, Re = 0.65. Isolated as a colourless solid. (46.0 mg, 0.23 mmol, 63 %).
'H NMR (CesDe, 400 MHz): 6 6.98-6.91 (m, 2H, CH?), 6.86-6.80 (m, 1H, CH¢), 6.63-6.57 (m, 2H, CH®)

13C{*H} NMR (CsDs, 100 MHz): & 155.7 (s, O-Cpp), 144.0 (dm, Uc_r = 247 Hz, CF?), 143.8 (m, Cpyr-0), 136.0
(dm, Uer = 262 Hz, CF3), 129.8 (s, CHP), 124.6 (s, CHF), 116.3 (s, CH?).

19F (C¢De, 376.5 MHz): & -89.6 (m, 2F, CF?), -154.9 (m, 2F, CF3).

HRMS (APCL): m/z: M* Calcd for [C11HsFsNO]* 243.1620, observed 243.1592

Product could not be fully separated from the reagent phenol, with the isolated product 'H NMR
showing a 90:10 ratio of 2,3,5,6-tetrafluoro-4-phenoxypyridine : phenol. Here, the isolated yield is

based on mass recovery.

518



Hb

Ha F
0

3

h el
~

F2°N” °F

1d. 2,3,5,6-tetrafluoro-4-(4-fluorophenoxy)pyridine Isolation achieved by column chromatography in
19:1 n-pentane : dichloromethane, Re = 0.50. Isolated as a colourless solid. (42.0 mg, 0.19 mmol, 51

%).
1H NMR (CeDs, 400 MHz): § 6.57-6.52 (m, 2H, CH?), 6.33-6.28 (m, 2H, CHP).

13C{'H} NMR (CeDs, 100 MHz): & 159.4 (d, YJe_r = 233 Hz, CpnF), 151.5 (s, i-ConOCpyr), 144.0 (dm, Yer =
246 Hz, CF?), 135.8 (dm, Yer = 259 Hz, CF3), 131.6 (s, i-CpyrOCpn), 118.0 (d, 3¢ = 9 Hz, CH?), 116.4 (d,
2Je_r = 24 Hz, CHY)

19F (C¢De, 376.5 MHz): 6 -89.1 (m, 2F, CF?), -117.4 (m, 1F, CpnF), -154.9 (m, 2F, CF3).

HRMS (APCL): m/z: M* Calcd for [C11H4FsNO]* 257.1910, observed 257.1822.
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le. 2,3,5,6-tetrafluoro-4-(4-chlorophenoxy)pyridine. Isolation achieved by column chromatography
in 19:1 n-pentane : dichloromethane, Re = 0.60. Isolated as a colourless solid. (33.5 mg, 0.14 mmol, 38

%).
'H NMR (C¢Ds, 400 MHz): & 6.85-6.81 (m, 2H, CH®), 6.70-6.66 (m, 2H, CH?).

13C{'H} NMR (CsDs, 100 MHz): & 155.0 (s, i-CpnOCpyr), 149.5 (s, i-CpysOCph), 143.7 (dm, Ucr = 255 Hz, CF3),
134.1 (dm, Yer = 258 Hz, CF2), 128.5 (s, CH?), 128.3 (s, C-Cl), 126.0 (s, CH?).

19F (CeDs, 376.5 MHz): & -88.8 (m, 2F, CF3), -154.4 (m, 2F, CF?).

HRMS (APCL): m/z: M* Calcd for [C11H4FaNOCI]* 277.9994, observed 277.9990.
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1f.  4-((2,3,5,6-tetrafluoro-pyridin-4-yl)oxy)benzonitrile.  Isolation  achieved by column
chromatography in a gradient column of 19:1 to 1:1 n-pentane : dichloromethane, Re = 0.1 (in 19:1

mixture). Isolated as a colourless solid. (30.9 mg, 0.11 mmol, 32 %).557)
1H NMR (CeD¢, 400 MHz): & 6.80-6.75 (m, 2H, CH), 6.07-6.02 (m, 2H, CH?).

13C{'H} NMR (CeDs, 100 MHz): & 159.2 (s, Con-OCpyr), 148.5 (s, Cpyr-OCpr), 141.7 (dm, Uc_r = 252 Hz, CF?),
134.6 (dm, Ycr = 248 Hz, CF3), 133.8 (s, CH?), 125.5 (s, CH®), 116.5 (s, C-CN), 106.0 (s, CN).

19F (C¢De, 376.5 MHz): & -87.9 (m, 2F, CF?), 153.5 (m, 2F, CF3).
IR (cm™) = 2230 (CN str).

HRMS (APCL): m/z: M* Calcd for [C1,H4F4aN,0O]* 268.0268, observed 268.0268.
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1g. 2,3,5,6-tetrafluoro-N-(4-dimethylaminophenyl)pyridin-4-amine. Isolation achieved by column
chromatography in a column of 19:1 n-pentane : dichloromethane, Re = 0.35. Isolated as a yellow solid.

(74.1 mg, 0.26 mmol, 76 %).

IH NMR (CeDs, 400 MHz): § 6.71-6.67 (m, 2H, CH?), 6.45-6.38 (m, 2H, CHP), 5.5 (s, 1H, NH), 2.47 (s, 6H,
NMez).

13C{'H} NMR (CeDs, 100 MHz): & 149.0 (s, Cpr-NMey), 144.3 (dm, Uer = 236.9 Hz, CF?), 135.5 (m, Cpyr-
NHCph), 131.6 (dm, Ycr = 248.9 ,CF3), 127.1 (s, Cpn-NHCpyr), 125.0 (s, CH?), 112.1 (s, CHP), 39.8 (s, NMey).

19F (C¢De, 376.5 MHz): 6 -94.1 (m, 2F, CF?), -158.9 (m, 2F, CF3).

HRMS (APCL): m/z: M* Calcd for [C13H11F4Ns]* 286.0961, observed 286.0961.
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1h. 2,3,5,6-tetrafluoro-N-(4-methoxyphenyl)pyridin-4-amine. Isolation achieved by column
chromatography in a gradient column of 19:1 to 1:1 n-pentane : dichloromethane, Rr = 0.48 (in a 1:1

mixture of n-pentane : dichloromethane). Isolated as a colourless solid. (70.7 mg, 0.26 mmol, 72 %).

1H NMR (CsDe, 400 MHz): & 7.09 (d, 3Jins = 4.9 Hz, 2H, CH?), 6.63 (m, 2H, CH®), 5.47 (s, 1H, NH), 3.30 (s,
3H, OCH).

13C{'H} NMR (C¢Ds, 100 MHz): & 157.9 (s, COCHs), 144.2 (dm, Ycr = 229 Hz, CF?), 136.7 (s, CpyrNHCph),
131.7 (dm, Yer = 249 Hz, CF3), 132.5 (s, ConNHCpyr), 124.7 (s, CH?), 113.9 (s, CHP), 54.6 (s, OCHs).

19F (C¢De, 376.5 MHz): 6 -93.8 (m, 2F, CF?), -157.3 (m, 2F, CF3).

HRMS (APCL): m/z: M* Calcd for [C12HsFsN2O]* 273.0646, observed 273.0643.
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1i. 2,3,5,6-tetrafluoro-N-(p-tolyl)pyridine-4-amine. Isolation achieved by column chromatography in
a column of 19:1 n-pentane : dichloromethane, Re = 0.15. Isolated as a colourless solid. (74.9 mg, 0.29

mmol, 81 %).

1H NMR (CsDs, 400 MHz): & 6.86-6.78 (m, 2H, CH?), 6.49-6.41 (m, 2H, CHP), 5.26 (s, 1H, NH), 2.05 (s,
3H, CHs).

13C{'H} NMR (CsDs, 100 MHz): & 144.1 (dm, Ycr = 236.3 Hz, CF?), 135.5 (s, Con-NHCpy:), 134.9 (s, CenMe),
132.5 (dm, Yer = 250.1 Hz), 129.2 (s, CHP), 122.2 (s, CH?), 20.4 (s, CHs).

19F (C¢De, 376.5 MHz): 6 -93.3 (m, 2F, CF?), -156.2 (m, 2F, CF3).

HRMS (APCL): m/z: M* Calcd for [C12HgF4N2]* 256.2030, observed 256.2026.
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1j. 2,3,5,6-tetrafluoro-N-(phenyl)pyridine-4-amine. Isolation achieved by column chromatography in
a column of 19:1 n-pentane : dichloromethane, Re = 0.45. Isolated as a colourless solid. (58.1 mg, 0.24

mmol, 68 %).158!
1H NMR (C¢Ds, 400 MHz): § 7.02-6.95 (m, 2H, CH?), 6.92-6.85 (m, 1H, CH¢), 6.50-6.45 (m, 2H, CH®).

13C{*H} NMR (C¢Dg, 100 MHz): & 144.2 (dm, YJc_¢ = 232 Hz, CF?), 138.1 (s, CpyrNHCpp), 132.4 (dm, Ycr =
249 Hz), 128.6 (s, CH®), 125.0 (s, CH¢), 121.6 (s, CH?). Cph ipso carbon not observed.

19F (CeDs, 376.5 MHz): 6 -93.1 (m, 2F, CF?), -155.2 (m, 2F, CF3).

HRMS (APCL): m/z: M* Calcd for [C1,HeFaN,]* 241.0394, observed 241.0394.
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1k. 2,3,5,6-tetrafluoro-N-(4-fluorophenyl)pyridin-4-amine. Isolation achieved by column
chromatography in 19:1 n-pentane : dichloromethane, Rr = 0.30. Isolated as a colourless solid. (49.4

mg, 0.19 mmol, 53 %).[5%
IH NMR (CeDs, 400 MHz): § 6.62 (m, 2H, CH®), 6.22 (m, 2H, CH?).

13C{'H} NMR (C¢Ds, 100 MHz): & 160.5 (d, Yc.r = 244 Hz, CF<), 144.1 (dm, Ycr = 238 Hz, CF?), 133.9 (s,
i-ConNHCpyr), 132.0 (dm, Yer = 242 Hz, CF?), 124.2 (d, 3Jer = 8 Hz, CH?), 115.3 (d, ZJer = 23 Hz, CHP).

CpyrNHCph Ipso carbon not observed.
19F (C¢Ds, 376.5 MHz): & -93.0 (m, 2F, CF?), -116.4 (m, 1F, p-CenF), -156.4 (m, 2F, CF3).

HRMS (APCL): m/z: M* Calcd for [C11HsFsN2]* 260.0425, observed 260.0418.
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1l.  2,3,5,6-tetrafluoro-N-(4-chlorophenyl)pyridin-4-amine. Isolation achieved by column
chromatography in 19:1 n-pentane : dichloromethane, Rr = 0.55. Isolated as a colourless solid. (72.6

mg, 0.25 mmol, 69 %).[510]
1H NMR (CeDe, 400 MHz): § 6.98-6.92 (m, 2H, CH®), 6.20-6.13 (m, 2H, CH?), 5.16 (s, 1H, NH).

13C{'H} NMR (C¢Ds, 100 MHz): & 144.2 (dm, Yer = 239 Hz, CF3), 136.5 (s, i-Cpn-NHCpyr), 133.1 (m, Cpn-
Cl), 132.2 (dm, Ye_r = 252 Hz, CF?), 130.4 (s, i-Cpy-NHCpn), 128.7 (s, CHP), 122.9 (s, CH?).

19F (CeDs, 376.5 MHz): § -92.7 (m, 2F, CF3), -154.9 (m, 2F, CF?).

HRMS (APCL): m/z: M* Calcd for [C11HsFaN,Cl]* 276.6241, observed 276.6218.
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1m. 4-((perfluoropyridin-4-yl)Jamino)benzonitrile . Isolation achieved by column chromatography in
19:1 n-pentane : dichloromethane, Re = 0.30. Isolated as a colourless solid. (31.0 mg, 0.12 mmol, 32

%).
1H NMR (CsDs, 400 MHz): 6 7.01-6.97 (m, 2H, CHP), 6.88-6.84 (m, 2H, CH?), 5.14 (s, NH).

13C{*H} NMR (CgDs, 100 MHz): 6 146.0 (s, i-CeyyNHCpn), 142.7 (dm, Lc_r = 252 Hz, CF?), 134.3 (dm, Ycr =
258 Hz), 132.5 (s, CHP), 132.2 (s, i-CpnNHCpy,), 124.1 (s, CH?), 119.1 (s, CN). C-CN ipso carbon not

observed.
19F (CDe, 376.5 MHz): & -91.2 (m, 2F, CF2), -151.9 (m, 2F, CF3).
IR (cm™) = 2315.

HRMS (APCL): m/z: M* Calcd for [C12HsF4N3]* 266.0351, observed 266.0351.
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1n. 2,3,5,6-tetrafluoro-4-(4-methoxyphenoxy)-1-(trifluoromethyl)benzene. Isolation achieved by
column chromatography in 19:1 n-pentane : dichloromethane, R = 0.70. Isolated as a colourless solid.

(44.2 mg, 0.13 mmol, 34 %).51
1H NMR (CsDe, 400 MHz): 6 6.66-6.61 (m, 2H, CH?), 6.58-6.53 (m, 2H, CHY), 3.21 (s, 3H, OCHs).

13C{1H} NMR (C¢De, 100 MHz): & 156.5 (s, i-C-OMe), 150.5 (s, i-Cph-OCriuoroarene), 144.5 (d, e = 296 Hz,
CF?), 138.2 (d, Yc-r = 291 Hz, CF3), 135.6 (i-Criyoroarene-OCph), 117.4 (s, CHP), 114.8 (s, CH?), 104.6 (m, CF3),
54.8 (s, OCHs). C-CF3 ipso carbon not observed.

19F (CeDs, 376.5 MHz): 6 -55.6 (t, Jc_r = 22.9 Hz, CFs3), -141.1 (m, 2F CF?), -152.9 (m, 2F, CF3)

HRMS (APCL): m/z: M* Calcd for [C14H7F;0,]* 340.0329, observed 340.0331.
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lo. 2,3,5,6-tetrafluoro-4-(4-methoxyphenoxy)-benzonitrile Isolation achieved by column
chromatography in 19:1 n-pentane : dichloromethane, Rr = 0.65. Isolated as a colourless solid. (65.3

mg, 0.22 mmol, 58 %).
'H NMR (CesD¢, 400 MHz): 6 6.71-6.66 (m, 2H, CH?), 6.62-6.57 (m, 2H, CHP), 3.24 (s, 3H, OCHs).

13C{'H} NMR (C¢Ds, 100 MHz): & 156.5 (s, COMe) 117.5 (s, CH?), 117.2 (s, CH), 114.8 (s, CN), 54.9 (s,
OMe). C-CN, Cpy-0O, Cpp-O ipso-carbons not observed.

19F (C¢De, 376.5 MHz): & -133.4 (m, 2F, CF?), -152.3 (m, 2F, CF3).
IR (cm™) = 2228 (CN str).

HRMS (APCL): m/z: M* Calcd for [C14HsFsNO,]* 298.0486, observed 298.0481.
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10’. 2,3,5-trifluoro-4,6-bis(4-methoxyphenoxy)-benzonitrile Isolation achieved by column
chromatography in 19:1 pentane : dichloromethane, R¢ = 0.61. Isolated as a colourless solid. (12.0 mg,

0.03 mmol, 7 %).

1H NMR (CeDs, 400 MHz): 6 6.75-6.71 (m, 2H, H?), 6.70-6.66 (m, 2H, CH°), 6.58-6.56 (m, 2H, CHY), 6.56-
6.53 (m, 2H, CHY), 3.19 (s, 3H, OCHs), 3.18 (s, 3H, OCHs).

13C{1H} NMR (CeDs, 100 MHz): & 156.9 (s, COMe), 154.9 (s, COMe), 150.6 (s, ConOCriuoroarene), 150.3 (s,
CohOCriuoroarene), 147.6 (dm, Ucr = 264 Hz, CF?), 140.8 (dm, Ycr = 257 Hz, CF3), 136.6 (S, CriuoroarencOCoh),
135.8 (dm, Yer = 261 Hz), 135.3 (5, CrivoroareneOCph), 117.5 (s, CH?), 117.1 (s, CH¢), 116.7 (s, CN), 114.9
(s, CHP), 114.8 (s, CHY), 107.0 (s, C-CN), 54.8 (s, OCHs), 54.6 (s, OCHs).

19F (C¢De, 376.5 MHz): 6 -132.2 (m, 1F, CF?), -142.8 (m, 1F, CF3), -152.0 (m, 1F, CF).
IR (cm™) = 2230 (CN str).

HRMS (APCL): m/z: M* Calcd for 401.0924, observed 401.0921.

Product could not be fully separated from the tri-substituted side reaction product, 4,4',4"-((2,4-
difluoro-6-nitrobenzene-1,3,5-triyl)tris(oxy))tris(methoxybenzene). The final 1°F NMR spectra shows a
95:5 ratio of 2,3,5-trifluoro-4,6-bis(4-methoxyphenoxy)-benzonitrile : 4,4',4"-((2,4-difluoro-6-
nitrobenzene-1,3,5-triyl)tris(oxy))tris(methoxybenzene). Here, the yield of product is based on mass

recovery.
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1p. 2,3,5,6-tetrafluoro-4-(4-methoxyphenoxy)-nitrobenzene Isolation achieved by column
chromatography in 19:1 n-pentane : dichloromethane, R = 0.74. Isolated as a yellow oil. (69.3 mg,

0.22 mmol, 51 %).
IH NMR (CsDe, 400 MHz): 6 6.72 (m, 2H, CHP), 6.57 (m, 2H, CH?).

13C{1H} NMR (C¢De, 100 MHz): & 156.8 (s, C-OMe), 150.2 (s, Coh-OCeiuoroarene), 142.4 (d, Uer = 269 Hz,
CF3), 136.9 (d, Ycr = 267 Hz, CF2), 129.1 (s, Crivoroarene-OCpr), 117.7 (s, CH?), 117.2 (s, C-NO,), 114.9 (s,
CHP), 54.8 (s, OCHa).

19F (CeDs, 376.5 MHz): 6 -146.6 (m, 2F, CF?), -152.3 (m, 2F, CF3).

HRMS (APCL): m/z: M* Calcd for [C1aHsFaNO,]* 298.0486, observed 298.0481.
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1i’. 2,3,5-trifluoro-4,6-bis(4-methoxyphenoxy)-nitrobenzene Isolation achieved by column
chromatography in 19:1 n-pentane : dichloromethane, R = 0.70. Isolated as a yellow oil. (16.3 mg,

0.04 mmol, 9 %).
1H NMR (C¢Ds, 400 MHz): 6 6.75-6.69 (m, 2H, CH?), 6.62-6.52 (m, 6H, overlap of CH® < d),

13C{'H} NMR (C¢Ds, 100 MHz): & 156.5 (s, COMe), 156.3 (s, COMe), 151.2 (s, Cpn-OCriuoroarenc) 150.6 (s,
Cpr-OCioroarene), 117.1 (s, CH?), 117.0 (s, CHE), 114.8 (s, CH?), 114.7 (s, CHY). Crivoroatkene-OCpp and C-NO,

ipso carbons not observed.
1F (C¢D¢, 376.5 MHz): 6 -141.9 (m, 1F, CF?), -147.8 (m, 1F, CF3), -151.0 (m, 1F, CF®).
HRMS (APCL): m/z: M* Calcd for 421.0802, observed 421.0804.

Product could not be separated from pentafluoronitrobenzene starting material, with the final *°F
NMR spectra showing a 92:8 ratio of 2,3,5-trifluoro-4,6-bis(4-methoxyphenoxy)-nitrobenzene :

pentafluoronitrobenzene. Here, the yield of product is based on mass recovery.
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2a. (Z2)-(1-Fluoroethene-1,2-diyl)dibenzene. Isolation achieved by column chromatography in 19:1 n-
pentane : dichloromethane (Rf = 0.85).5'2 Product could not be fully separated from the starting
material diphenylacetylene, with the final *H NMR spectra showing a ratio of 2.4:1 (2)-(1-
Fluoroethene-1,2-diyl)dibenzene : diphenylacetylene. Isolated as a colourless solid with mass recovery

of 41.6 mg.

'H NMR (CsDs, 400 MHz): § 7.51 (m, 4H, ArH), 7.18 (t, %Juw = 7.5 Hz, 1H, ArH), 7.03 (m, 5H, ArH), 6.10
(d, 3./H—F =39.6 Hz, CvinyIH)-

13C{*H} NMR (CsDs, 100 MHz): 6 157.2 (d, Yc—r = 254 Hz, CaieneF) 133.8 (d, 3Jc—r = 3 Hz, i-Cpn), 132.9 (d,
2)ce = 27 Hz, i-Cpn), 129.0 (d, 3Jc—r = 6 Hz, CpnH), 128.7 (s, CprH), 128.5 (s, CpnH), 128.4 (s, CpnH), 127.3 (d,
%Je-r = 3 Hz, CpnH), 124.3 (d, “Jc—r = 8 Hz, CpnH), 106.1 (d, 2Jc—r = 9 Hz, CaikeneH).

19F (C¢De, 376.5 MHz): 6 -114.4 (d, ¥Ju_r = 39 Hz).

HRMS (APCL): m/z: M* Calcd for [C14H11F]* 198.0839, observed 198.0839.
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2c. (Z2)-4,4'-(1-fluoroethene-1,2-diyl)bis(methoxybenzene). Isolation achieved by column
chromatography in 9:1 hexane : ethyl acetate (Rr = 0.6).5'2 Product could not be fully separated from
the starting material diphenylacetylene, with the final *H NMR spectra showing a ratio of 82:18 (Z)-
4,4'-(1-fluoroethene-1,2-diyl)bis(methoxybenzene) : 1,2-bis(4-methoxyphenol)ethylene. Isolated as a

colourless solid with mass recovery of 70.2 mg.

1H NMR (CeDs, 400 MHz): & 7.66-7.61 (m, 2H, ArH), 7.48-7.43 (m, 2H, ArH), 6.85-6.80 (m, 2H, ArH),
6.73-6.68 (m, 2H, ArH), 6.07 (d, 3Jur = 40.7 Hz, CanencH), 3.29 (s, 3H, OCHs), 3.23 (s, 3H, OCHs).

13C{'H} NMR (C¢Dg, 100 MHz): & 158.3 (d, Ye_r = 273 Hz, CaencF), 156.0 (s, C-OMe), 155.9 (s, C-OMe),
130.3 (s, CpnH), 130.2 (s, CenH), 129.7 (s, Cen-CuinyiH), 125.6 (d, Zer = 9 Hz, Cpn-CuinyiF), 114.1 (s, CprH),
114.0 (s, CenH), 104.2 (d, Ze_r = 11 Hz, CaiencH), 54.5 (s, OMe), 54.4 (s, OMe).

19F (CsDe, 376.5 MHz): 6 -116.3 (d, 3Jur = 40.2 Hz, CakencF).

HRMS (APCL): m/z: M* Calcd for 258.1142, observed 258.1140.
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2d. (Z)-4,4'-(1-fluoroethene-1,2-diyl)bis(fluorobenzene). Isolation achieved by column
chromatography in 19:1 n-hexane : ethylacetate (Rr = 0.6). Isolated as a colourless solid. (53.6 mg,

0.25 mmol, 57 %).

1H NMR (CeDs, 400 MHz): & 7.38-7.33 (m, 2H, CppH), 7.25-7.20 (m, 2H, CprH), 6.85-6.79 (m, 2H, CppH),
6.73-6.66 (m, 2H, CpnH), 5.76 (d, 3Jir = 39 Hz, 1H, CyinyH),

13C{IH} NMR (CeDs, 100 MHz): § 162.5 (d, Yc_r = 253 Hz, CpnF), 156.3 (d, Ucr = 260 Hz, CyinyiF), 133.5 (s,
Ceh-CuinyiH), 133.3 (s, Cpn-CuinyiF), 115.7 (s, CprnH), 115.6 (s, CpnH), 115.5 (s, CpnH), 115.4 (s, CprH), 88.1 (s,
CvinyIH)-

19F (C¢De, 376.5 MHz): 6 -115.0 (d, 3Jyr = 39 Hz, 1F, CyinyiF), -111.7 (m, 1F, CenF), -113.3 (m, 1F, CpyF).

HRMS (APCL): m/z: M* Calcd for [Ci4HoF3]* = 234.0652, observed 234.0652.
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2e. (Z)-6-fluorododec-6-ene. Isolation achieved by column chromatography in pentane (Rf = 0.8).

Isolated as a colourless oil (64 mg, 0.35 mmol, 79 %).57!

IH NMR (CeDs, 400 MHz): & 4.36 (dt, 3Ju_r = 37.7 Hz, 1H, CyinyH), 2.17-2.09 (m, 2H), 2.05-1.95 (m, 2H),
1.45-1.11 (m, 12H), 0.92-0.80 (m, 6H).

13C{'H} NMR (CDs, 100 MHz): & 159.7 (d, Ucr = 252 Hz, CF), 104.8 (d, 2Jc_r = 16.7 Hz, CvinyH), 32.0 (d,
2Jcr=29.6 Hz), 31.2 (d, 3Jcr = 29 Hz), 29.4 (s, CH,), 26.0 (s, CHa), 23.6 (s, CHa), 23.5 (s, CHa), 22.5 (s,
CH,), 22.4 (s, CH,), 13.9 (s, CHs), 13.8 (s, CHa).

19F NMR (C¢Ds, 376.5 MHz): & -109.3 (m, 1F).

HRMS (APCL): m/z: M* Calcd for [C12H23F]* = 204.1309, observed 204.1318.
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2f. (Z)-(2-fluoroprop-1-en-1-yl)benzene. Isolation achieved by column chromatography in pentane (Re

=0.7). Isolated as a colourless oil (39 mg, 0.28 mmol, 64 %).514

1H NMR (CeDs, 400 MHz): & 7.50 (m, 2H CprH), 7.17 (m, 2H, CenH), 7.02 (m, 1H, CprH), 5.13 (d, 3Jpr =
39.0 Hz, 1H, CyinyH), 1.57 (d, 3Jr = 17.0, 3H, CH).

13C{'H} NMR (CsDs, 100 MHz): & 157.4 (d, Ycr = 263.7 Hz, CyinyiF), 134.0 (s, Cpn-CH), 128.4 (s, Cpp), 128.2
(s, Con), 126.6 (s, Con), 106.5 (d, 2lc_r = 8.9 Hz, CyinyH), 18.3 (d, ZJc_r = 29.5 Hz, CHa).

19F NMR (CgDs, 376.5 MHz): & -94.8 (m, 1F).
HRMS (APCL): m/z: M* Calcd for [CoHoF]* = 136.0683, observed 136.0689.

The product was separated from the minor product (Z)-(1-fluoroprop-1-en-1-yl)benzene through
column chromatography. The mixture of products is formed in a 20:1 ratio as determined by

quantitative °F NMR:

H F

X . A
F H

20 : 1
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2g. (2)-(2-cyclohexyl-2-fluorovinyl)benzene. Isolation achieved by column chromatography in

pentane (R¢ = 0.8). Isolated as a colourless oil (73 mg, 0.36 mmol, 82 %).151

1H NMR (CsDs, 400 MHz): & 7.61-7.56 (m, 2H, CprH), 7.21-7.14 (m, 2H, CenH), 7.07-7.01 (m, 1H, CprH),
5.32 (d, 3Jur = 40.7 Hz, 1H, CyinyH), 2.04-1.91 (m, 1H, CaiyH), 1.82-1.73 (m, 2H, CaiyH), 1.63-1.53 (m,
2H, CaiyH), 1.34-0.93 (m, 6H, CaiyH).

13C{1H} NMR (CeDs, 100 MHz): & 165.0 (d, Uer = 266.0 Hz, CynyiF), 134.2 (5, Con-CuinyH), 128.6 (s, Con),
128.4 (s, Cpn), 126.6 (s, Cpn), 104.0 (d, 2Jc—r = 9.0 Hz, CyinyiH), 41.5 (d, 2c—r = 24.7 Hz, CaiyiH-CyinyiF), 29.9
(s, CaiyiH2), 25.8 (s, CaiyiH2), 25.7 (s, CaiyiH2).

19F NMR (CéDs, 376.5 MHz): & -105.6 (dd, 3Jy—r = 40.8 Hz, “J—r = 16.1 Hz, 1F).
HRMS (APCL): m/z: M* Calcd for [C1aH17F]* = 186.1778, observed 186.1780.

The product was separated from the minor product (2)-(2-cyclohexyl-1-fluorovinyl)benzene through
column chromatography. The mixture of products is formed in a 14:1 ratio as determined by

guantitative °F NMR:

14 : 1
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2h. (2)-2-fluoro-3-phenylprop-2-en-1-ol. Isolation achieved by column chromatography in

dichloromethane (R¢ = 0.4). Isolated as an orange oil (36 mg, 0.24 mmol, 54 %).5516!

IH NMR (C¢Ds, 400 MHz): 8 7.52-7.47 (m, 2H, CprH), 7.17-7.13 (m, 2H, CpnH), 7.05-7.00 (m, 1H, CerH),
5.45 (d, 3Jur = 39.5 Hz, 1H, CyinyH), 3.70 (dd, 3)r = 12.8 Hz, “Jyy = 5.5 Hz, 2H, CH,).

13C{*H} NMR (CsDs, 100 MHz): 6 158.8 (d, YJc-r = 266.3 Hz, CyinyiF), 133.1 (s, Cpn-CH), 128.6 (s, Cpn), 128.4
(s, Cen), 127.3 (s, Cpn), 106.7 (d, 2c—r = 6.4 Hz, CyinyH), 61.1 (d, 2Jc—r = 35.1 Hz, CH,).

19F NMR (CDs, 376.5 MHz): 6 -112.9 (m, 1F).
HRMS (APCL): m/z: M* Calcd for [CsHsFOJ* = 152.0632, observed 152.0632.

The product could not be fully separated from the minor product (Z)-3-fluoro-phenylprop-2-en-1-ol,
with the columned mixture being a mixture of products with a ratio of 1:0.05 determined by
guantitative °F NMR. Prior to column chromatography, the two fluoroalkene products are observed

in a ratio of 6:1.

H F
Xy oH Xy oH
F H
6 1
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Me

H

2i. (Z)-4-fluoro-4-phenylbut-3-en-2-one. Isolation achieved by column chromatography in
dichloromethane (R¢ = 0.3). 5171 |solated as a pale yellow oil (31 mg, 0.19 mmol, 32 %).

IH NMR (CDs, 400 MHz): & 7.20-7.16 (m, 2H, CprH), 7.00-6.95 (m, 1H, CprH), 6.93-6.87 (m, 2H, CenH),
5.87 (d, 3Jur = 39.8 Hz, 1H, CyinyH), 2.22 (d, Sl = 4.2 Hz, 3H, CHs).

13C{*H} NMR (CgDs, 100 MHz): 6 194.1 (s, COMe), 164.5 (d, Y- = 270.0 Hz, CyinyF), 130.8 (s, Cpn), 130.5
(d, ZJC_F =28.3 HZ, Cph-CF), 128.5 (S, CPh), 125.5 (d, 3Jc_F =8.7 HZ, Cth), 107.3 (d, ZJC_F =10.8 HZ, Cviny|H),
30.8 (d, 4Jc—r = 7.2 Hz, COCH3).

19F NMR (CDs, 376.5 MHz): 6 -99.0 (dm, 3J4r = 40.1 Hz, Cyiny/F).
HRMS (APCL): m/z: M* Calcd for [C1oHsFO]* = 164.0584, observed 164.0580.

No alternative regiomer of the product 2i was observed.
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3.2. Substrate Competition Reactions

Competition reactions between nucleophiles in the absence of, or presence of, 0.1 equivalents of

[Au(IPr)NiPr,] catalyst were conducted as outlined in Figure S2.

Reaction A)
F OMe OMe /@
F. F
| N + + N
¢ NZSE Toluene 120 °C
/
OH 16 h
; ; ; 39 °/o conversion
1 : 5 iv. 5 iv.
equiv equiv equiv ouly prodice
. (60 % pentafluoropyridine remalning)
Reaction B)
¢ OMe OMe /@
F F [Au(lPr)N Pr;] (10 mol %)
I N + + SN
=z Toluene 120 °C
F N F 16 h /
H
1 equiv. 5 equiv. 5 equiv. >99 % conversion
only product
Reaction C)

O O )
F OMe CN  [Au(IPr)N'Pr;] (10 mol %) 0 0
Diphenylacetylene (1 equiv.) F F
F NPNE Toluene, 120 °C N/ NPNE
H OH

16 h
1 equiv. 5 equiv. 5 equiv. 85% 0%
Reaction D)
oo es
F OMe CN  [Au(IPr)N'Pr,] (10 mol %) HN
Diphenylacetylene (1 equiv.
PN, ) va(q)Fﬁ ﬁF
. IN/ . Toluer;g.hﬂo °C Z NENE
NH, NH,
1 equiv. 5 equiv. 5 equiv. 98 % 0%

Figure S2. Reactions were conducted with 1:5:5 equivalents of pentafluoropyridine (0.036 mmol, 0.04 M) :
nucleophiles in 0.5 ml of toluene. In reactions B, 10 mol % of [Au(IPr)N'Pr;] precatalyst was included. Yields and
conversions were calculated from °F NMR, in the presence of monofluorobenzene as an internal standard.
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4. DFT Studies

DFT calculations were run using Gaussian 09 (Revision D.01) using the PBEO, B3PW91 and wB97X-D
density functionals. The 6-31G** basis set was used for all atoms except Au. Geometry optimisation
calculations were performed without symmetry constraints. The pseudo potential SDDAIl was applied
for Au only. Frequency analyses for all stationary points were performed to confirm the nature of the
structures as either minima (no imaginary frequency) or transition states (only one imaginary
frequency). Intrinsic reaction coordinate (IRC) calculations followed by full geometry optimisations on
final points were used to connect transition states and minima located on the potential energy surface
allowing a full energy profile (calculated at 298.15 K, 1 atm) of the reaction to be constructed. Free
energies reported are corrected for the effects of toluene (€=2.38) solvent using the polarizable
continuum model (PCM). Calculations run using the PBEO or B3PW91 functionals were corrected with
GD3-BJ empirical dispersion inclusion. Solvent and dispersion corrections were run in transition state
and intermediates optimisation unless stated otherwise. The graphical user interface used to visualise

the various properties of the intermediates and transition states was GaussView 5.0.9.

Two reaction profiles were considered for the Au catalysed reaction of pentafluoropyridine,

diphenylacetylene and either 4-methoxyphenol or 4-methoxyaniline.
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4.1 Calculated Reaction Pathway with 4-Methoxyphenol Mechanism

a) TS-1
23.6
00
e
I " JFs
+
[Au(IPN)X]
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X pradl.._Ph

h i N (/

N2 Ph
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. + -3.2
' [Au(IPrF] —_—

.78

Int1 3
“ -10.6;
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[Au(IPr)F]--HX
+
Ph—=—Ph

HX

Ph Ph

% Int3B ¢
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i19.8;

[

IPrAu Ph

Ph F-HX

[Au(IPr)X]

b

Frof
[0PrAu], X
v
1.4
185
: %, -1.0
[Au(IP)X]
Int-1 :' +
0.6 HE

[Au(IPr)F]--HX

Figure S3. a) Proposed reaction pathway for the [Au(IPr)X] (x = OCsH4OCHs) catalysed HF shuttle reaction of
pentafluoropyridine and diphenylacetylene with 4-methoxyphenol and b) The side reaction of Int-2. Energy
values stated in Kcal mol? and calculated using the PBEO functional and 6-311G** basis set.

4.2 Functional and Basis-Set Scope Testing for 4-Methoxyphenol Mechanism

B3PW91/ ®B97XD / PBEO / PBEO /
6-31G** 6-31G** 6-31G** 6-311G**
TS-1 20.5 19.6 21.8 23.6
[Au(IPr)F] -9.9 -7.5 -8.7 -7.8
Int-1 -12.7 -9.4 -11.5 -10.6
TS-2 -6.5 -2.8 -3.6 -3.2
TS-2B 11.7 12.4 14.8 15.6
Int-2 -7.8 -4.6 -5.2 -4.9
TS-3 5.8 6.2 7.9 8.4
Int-3 -22.6 -18.2 -20.5 -19.8
Int-3B -22.1 -17.6 -20.1 -19.3
TS-4 -7.6 -3.6 -4.1 -2.4
TS-5 -3.1 -2.5 -0.3 1.4
Product -26.7 -25.4 -23.1 -22.6

Table S4. Calculated energies for the intermediates and transition states shown in Figure S3. 2 Values calculated
with empirical dispersion = GD3-BJ and solvent interaction scrf=(pcm, solvent=toluene) included in the
optimisation. ® Values calculated with single point solvent and dispersion after structure optimisation. The 6-
311G** basis set was applied as a single point energy correction to 6-31G** / PBEO values.
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4.3 Geometries of Intermediates and Transition-States in the Paramethoxyphenol Mechanism

Au-F1=2.51A q (Au) = 0.56
Au-C3=2.26 A q(F1)=-0.72
C1-C2-C3=167.2° q (C3)=-0.04
Au—C2 bond order = Au-C3 bond order =
0.46 0.46

P - \H T 7'
] B M_} =l ~N
= \/\T )I \r >
T\
/ el /‘.'-’
- \\
/"J\ —
F s \\
\3\
[Au(IPr)F]
_ o g (Au) =0.52 _ o
C1 F1—1.64,§ q(01) = -0.61 Au F1-1.97,°A q (Au) = 0.43
C1-01=1.44A q(F1) = -0.51 Au-CL=1.96 A 0 (F1) = -0.68
F1-C1-01=289.9 q(C1) = 0.40 F1-Au-C, = 180.0
\
~ ~ "',1)-' o1 (
‘ 7 h, \
—{ : & e Y ; )
% i % g
Lo LW o
& @ weRA
z - ¢ / L7
‘_ ‘Z:‘
Int-1 TS-2
Au-F1=2.01A q (Au) = 0.45 Au-F1=2.50 A q (Au) = 0.57
Au-C.=1.96 A q(F1) =-0.67 Au-C3=2.25A q (F1)-0.71
F1-H1=1.59 A g (01)=-0.75 C1-C2-C3=170.3° g (C3)=-0.03
Au—C3 bond order = 0.34
. \
/
\“ ‘3» B /
/ e —
[~ ‘ =5 /= \.
€ e W 9
{ ) —w m N 4/\ r \< \

D
TS-3
Au-C3=2.13A q (Au) = 0.47
F1-C3=2.33 A q (F1) =-0.69
C1-C2-C3 = 166.6° q(C3)=-0.20

Au—-C3 bond order = 0.55
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Int-3

Au-C3=2.04 A q (Au) = 0.35 01-H1=1.74 A q (Au) = 0.47
C2-F1=139A q(F1)=-0.38 H1-C3=1.12A q(F1)=-0.34
F1-H1=2.10A q(C2)=0.36 C3-Au=2.23A q(C2)=0.48
C1-C2-C3=132.6° q(C3)=-0.44 H1-C3-Au = 99.5° q(C3)=-0.57
Au—C3 bond order =0.73 g(01) = Au—C3 bond order =0.51 g(01)=-0.81
g (H1) = g (H1)=0.40

/
t /\ ‘< : \\/
\ = \
*‘ Y )
A Fj A==l N
s \
& 13 “ \
5 \ \ \
/ A
- N
TS-5
Au-F=239A  g(Au)=0.52
F-H=1.21A q(F1) = -0.69
O-Au=2.33A q(01) =-0.82
O-H=1.13A q(H1) = 0.54

Table S5. Optimised structures of transition states and intermediates of the reaction energy profile detailed in
Figure S3. Selected bond lengths and angles are provided below each structure. Full reaction coordinates for
each structure can be found under XYZ coordinates. Protons and IPr ligand removed for clarity.
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4.4 Calculated Reaction Pathway with 4-Methoxyaniline Mechanism
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Figure S4. a) Proposed reaction pathway for the [Au(IPr)X] (x = NHCsH4OCHs) catalysed HF shuttle reaction of
pentafluoropyridine and diphenylacetylene with 4-methoxyaniline and b) The side reaction of Int-2. Energy
values stated in Kcal mol! and calculated using the PBEO functional and 6-311G** basis set.

4.5 Functional Testing for Paranethoxyaniline Mechanism

B3PW91/ ®B97XD / PBEO / PBEO /
6-31G** 6-31G** 6-31G** 6-311G**
TS-1 9.4 12.1 8.6 12.1
[Au(IPr)F] -25.3 -24.2 -24.3 -21.0
Int-1’ -28.0 -26.4 -26.5 -22.9
TS-2 -21.5 -19.4 -20.4 -16.8
Int-2 -22.7 -20.3 -21.2 -17.6
Int-2’B 15.4 10.8 9.5 134
TS-3’ 0.4 1.6 2.4 5.8
Int-3’ -32.6 -35.0 -38.1 -34.6
Int-3'B -32.1 -34.6 -37.3 -34.1
TS-4' 0.5 1.6 0.9 5.4
TS-5’ -16.4 -14.9 -15.2 -11.6
Product -34.6 -34.3 -36.0 -32.5

Table S6. Calculated energies for the intermediates and transition states shown in Figure S4. 2 Values calculated
with empirical dispersion = GD3-BJ and solvent interaction scrf=(pcm, solvent=toluene) included in the
optimisation. ? Values calculated with single point solvent and dispersion after structure optimisation. The 6-
311G** basis set was applied as a single point energy correction to 6-31G** / PBEO values.
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4.6 Geometries of Intermediates and Transition-States in the 4-Methoxyaniline Mechanism

A s
~ > N\
p A S
F > 9 / Lo f
2 o O
4:41 a've e\
U0 A\
e N\
F e
J \y
TS-1’ [Au(IPr)F]
_ o g (Au)=0.42 _ o
C1-F1=136A 4 (N1) = -0.87 Au-F1=1.97 A 4 (Au) = 0.43
C1-N1=1.92A a (F1) = -0.36 Au-C, =1.96 A a (F1) = -0.68
F1-C1-N1=94.1 a(C1)=0.38 F1-Au-C_ = 180.0
' J 1, .(‘
9 0? Y ¥
o J o¥ - ca"
‘/Jp'.ﬂl P :
s g
Int-1’ TS-2’
Au-F1=2.00 A Au-F1=2.32 A
Au-C1=1.96 A q (Au)=0.45 Au-C2 = 2.38 A 9 (Au)=0.58
o g (F1)=-0.68 o g (F1)=-0.73
F1-H1=1.82 A (N1) = -0.89 Au-C3=2.41A (C3) = -0.04
F1-Au-C, = 180.0° q (b =-L. C1-C2-C3 = 169.5° qi&3=-4
)
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Au-F1=2.42 A Au-C3=2.14 A
Au-C2=2.30A g ((FAIU))_'_%"% F-C2=2.51A q (Au) = 0.47
Au-C3=2.27A q(cs) o 0.05 F1-H1=158A q(F1)=-0.73
C1-C2-C3 = 167.3° AU?C?’ bo; q 0; dor < C1-C2-C3=172.4° q(C3)=-0.17
Au—C2 bond order = 0.46 - Au—C3 bond order =

0.45

0.54
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Int-3’ TS-4’
Au-C3=2.05A q (Au) = 0.34 N1-H1=1.74 A q (Au) = 0.46
C2-F1=1.38A q (F1) =-0.37 H1-C3=1.16 A q (F1) =-0.34
F1-H1=2.36 A q(C2)=0.38 C3-Au=2.20A q(C2) =0.49
C1-C2-C3 = 129.4° q(C3)=-0.46 H1-C3-Au = 94.5° q (C3) =-0.55
Au-C3 bond order = Au-C3 bond order = g (N1) =-0.95
0.73 0.51 q(H1)=0.34
| /
7Y

TS-5’
Au-F1=230A  q(Au)=0.52
F1-H1=1.57A q(N1) =-0.96
N1-Au=2.28A q(F1)=-0.74
N1-H1=1.05A q(H1)=0.48
Table S7. Optimised structures of transition states and intermediates of the reaction energy profile detailed in
Figure S4. Selected bond lengths and angles are provided below each structure. Full reaction coordinates for
each structure can be found under XYZ coordinates. Protons and IPr-ligand removed for clarity.
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4.7 Uncatalyzed SyAr Energy Barriers

The energy barrier to the SyAr reaction of both 4-methoxyphenol, 4-methoxyaniline and their {Au(IPr)}

bound analogues was computationally modelled, as shown in Figure S5.

,F\ ’
i F M OO—NH
! ! e 2 H
T_S-A . L\N’J . \F\ \J\i_< >—OMe
K 57.3 E N E
OH ./ " Ts-C L
Ly 5
MeO \4 S
g TS.B MeO \_,(
' . " 218 ,'l' TS-D
F A F S 88
F Fo— F — ( Au(IPr)NHCH,OM
AN 5o [AU(IPr)OCeH,OMe] | A 0.0 [Au(IPr) 6H4OMe]
® . > .
F” N7 F F” N7 F

Figure S5. Computationally determined energy barrier differences for the SyAr reactions of pentafluoropyridine
with 4-methoxyphenol (TS-A), 4-methoxyaniline (TS-C), IPrAu(l) coordinated 4-methoxyphenol (TS-B) and
IPrAu(l) coordinated 4-methoxyaniline (TS-D). Calculated using the PBEO functional. Energy values reported in
Kcal mol2.
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4.8 Hammett Plots and Energy Profiles for Para-Substituent Variation.
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Figure S6. Computationally derived relative activation energies to SyAr of a series of Au(l)-bound phenols (a),
and anilines (c), with pentafluoropyridine; and the relative activation energies of protodeauration of Int-4 with
the same series of phenols (b) and anilines (d), and their associated Hammett plots (e-h). All energies are quoted
in kcal mol™2.
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5. Kinetic Studies

Kinetic data was used to determine the catalyst and reagent order for both the Au(l) catalysed
reactions of pentafluoropyridine, diphenylacetylene and 4-methoxyphenol, or 4-methoxyaniline.
Catalyst order was determined by initial rates experiments, monitoring the initial consumption of 4-
methoxyphenol or 4-methoxyaniline through *H NMR spectroscopy. Three non-zero time points were
taken at 5 minutes, 10 minutes, and 15 minutes. Initial reaction rates were recorded for a range of
catalyst concentrations, measured against an internal standard (mesitylene). Order in 4-

methoxyphenol (or aniline) and pentafluoropyridine was determined by pseudo-first-order reactions.

Pseudo-first-order reactions were performed in-situ in a Bruker 500 MHz machine. *H NMR spectra
were recorded with a scan range of 0 to 12 ppm. An FID was collected every 15 minutes over a period
of 10 hours. The reactions were conducted at 120 °C. Conversions were calculated from reagent and
product concentrations, based on proton integration value, relative to an internal standard
(mesitylene). Reactions were performed in J. Young’s NMR Tubes. In each case, a time-zero *H NMR
spectrum was taken of the reaction mixture at room temperature, in the absence of
pentafluoropyridine. The NMR tube was then taken into a glovebox and the reaction mixture was
transferred into a PTFE liner and placed back in the NMR tube and re-submitted into the Bruker

machine thermostated at 120 °C.
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Figure S7. Plausible catalytic network for HF transfer.
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As shown in Figure S7, the proposed reaction mechanism, which is supported by computational
studies, suggests the non-trivial rate equations (1), (2). In the case of HX = 4-methoxyphenol, it is
expected that K; > K1 and the rate law can therefore be approximated as shown in equation (3). In this
case, the order in reagent and catalyst can be determined through either consumption of A, or
formation of B or C. In the case of HX = 4-methoxyaniline, k, > ki and the rate equation remains non-

trivial. Rates data has been provided for both cases however rate orders have not been extracted for

the case of HX = 4-methoxyaniline.

F X
F F [Au] kl F F kz E RZ
rOHX == P —— )=
F F [Au] Kk, F F RZ—=—R? R? H
R1 1
A B (
L =k, [Alkyne][HF][Au] (1)
% = k[ AIHX[Au] ~ ks [BIHF][4u] ~ kz[Alkyne][HF][Au] @2
for ke » ky, kg, A = B = A _ ) (X [Au) 3)
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5.1 Catalyst Order for 4-Methoxyphenol Reaction

OMe
_H |
Q o)
F F : .
| S . . /R2 [Au(IPrINPr;] (0.05 - 0.5 equiv.) F  A_F H
F7SND N E Ry Z Toluene 120 °C » * RZ\%\RZ
OMe

16 h F N F F

1 equiv. 1.2 equiv. 3 equiv.
[0.04 M]

Catalyst Order
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0
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-1 e
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Figure S8. Log-log plot of initial rate (Rateo), against total concentration ([Cat]o) for a series of catalyst loadings:
0.05, 0.08, 0.1, 0.2, 0.3, 0.4, 0.5 equivalents, relative to pentafluoropyridine (0.04 M in 0.5 ml toluene).

Conversions determined by 'H NMR spectroscopy, through integrations of 4-methoxyphenol intensity relative
to one equivalent of internal standard (mesitylene).
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5.2 Catalyst Order for 4-Methoxyaniline Reaction

| XN /R2 [Au(IPrNPr,] (0.05 - 0.5 equiv) F A\ F A H
F7SNZ N E Toluene 120 °C » - * Z%RZ

16 h F N F
1 equiv. 1.2 equiv. 3 equiv.
[0.04 M]
Catalyst Order
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'05 .""
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§° -1.5
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20 R2=0.9634
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Figure S9. Log-log plot of initial rate (Ratey), against total concentration ([Cat]o) for a series of catalyst loadings:
0.05, 0.08, 0.1, 0.2, 0.3, 0.4, 0.5 equivalents, relative to pentafluoropyridine (0.04 M in 0.5 ml toluene).

Conversions determined by 'H NMR spectroscopy, through integrations of 4-methoxyphenol intensity relative
to one equivalent of internal standard (mesitylene).
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5.3 Pentafluoropyridine Order for 4-Methoxyphenol Reaction
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Figure S10. Determination of reaction order of pentafluorpyridine reagent through zero, first and second order
plots of starting material (4-methoxyphenol) consumption over time. Reactions were performed with 0.1 : 1: 10
: 10 equivalents of catalyst : pentafluoropyridine : 4-methoxyphenol : diphenylacetylene.
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5.4 4-Methoxyphenol Order for Reaction with 4-Methoxyphenol

F. F i
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Figure S11. Determination of reaction order of 4-methoxyphenol reagent through zero, first and second order
plots of starting material (4-methoxyphenol) consumption over time. Reactions were performed with 0.1 : 1: 10
: 10 equivalents of catalyst : 4-methoxyphenol : pentafluoropyridine: diphenylacetylene.
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5.5 Pentafluoropyridine Order for Reaction with 4-Methoxyaniline
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Figure S12. Determination of reaction order of pentafluorpyridine reagent through zero, first and second order
plots of starting material (4-methoxyaniline) consumption over time. Reactions were performed with 0.1: 1: 10
: 10 equivalents of catalyst : pentafluoropyridine : 4-methoxyaniline : diphenylacetylene.
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5.6 4-Methoxyaniline Order for Reaction with 4-Methoxyaniline
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Figure S13. Determination of reaction order of 4-methoxyaniline reagent through zero, first and second order

plots of starting material (4-methoxyaniline) consumption over time. Reactions were performed with 0.1: 1: 10
: 10 equivalents of catalyst : 4-methoxyaniline : pentafluoropyridine : diphenylacetylene.

S59



5.7 Product Formation Plots

The relative rates of fluoroarene (1a, 1h), and fluoroalkene (2a) product formation are plotted over
time for the Au(l) catalysed reaction of pentafluoropyridine with diphenylacetylene and either 4-

methoxyphenol or 4-methoxyaniline.
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P ¥ v Z : - | Ph 2
F N F Ph Toluene 120 °C . N/ . Ph
OMe 16 h F
1 equiv. 1.2 equiv. 3 equiv. 1a 2a
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l 7 * * / - > | ~ Ph =
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Figure S14. Plots of the formation of both products (1a and 2a, or 1h and 2a), along with HF, for the reaction of
pentafluoropyridine with diphenylacetylene and 4-methoxyphenol (A) or 4-methoxyaniline (B). Reactions were
monitored by in-situ *H NMR kinetics at 120 °C. 1a and 1d product formations were monitored by the product
methoxy environments at § 3.21 and 3.30 ppm respectively. 2a formation was monitored by the product doublet
at 6 6.1 ppm. HF concentration was monitored by °F NMR environment at § = 150.5 - 152.5 ppm.
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5.8 Kinetic Isotope Effect: Competition Experiments

Deuterated analogues of 4-methoxyphenol and 4-methoxyaniline were synthesised by dissolving 50
mg of each nucleophile in 3 ml of hot D,0. Recrystallization of the deuterated nucleophiles occurred
by cooling the solution to 5 °C over 2 hours. The crystals were filtered, redissolved in dichloromethane
and dried over activated 3A mol sieves, before being freeze-pump-thawed. The reaction mixture was
then filtered, and the solvent was removed in vacuo. The reactions were then set up in J. Young’s NMR
tubes as outlined in the general experimental. Deuterium incorporation was measured by *H NMR and

high-resolution mass spectrometry and was shown to be >95 % in each case.

Kinetic isotope effects were determined for the Au(l) catalysed reactions of pentafluoropyridine with
diphenylacetylene and either 4-methoxyphenol or 4-methoxyaniline, via competition experiments
with an excess of 4-methoxyphenol or 4-methoxyaniline and their deuterated analogues, as shown in

Figure S15. The ratio of protonated : deuterated fluoroalkene product (Pu/Pp) is provided in each case.

16h F7ONTF

oM o0
F N F Ph [Au(IPr)N'Pr,] (0.1 equiv.) F. F H D
| _ + + + / > r\I + Phe .z . Pho
F N F Ph Toluene 120 °C P \H\ph W)\ph
OMe OMe
1 equiv. 10 equiv. 10 equiv. 3 equiv. 72.5% 48.3 % 201 %

[0.04 M]
Pu/Pp = 2.4

F - on-P
F F (D/H)N
ﬁ + + " /Ph [Au(IPr)N'Pr,] (0.1 equiv.)= F. N F H D
FOONTF Phi Toluene 120 °C IN/ i + Ph%Ph N ph%Ph
OMe OMe

16 h F F F

1 equiv. 10 equiv. 10 equiv. 3 equiv. >99 % 38.0 % 14.8 %

[0.04 M]
Pu/Pp = 2.6

Figure S15. Ratio of protonated : deuterated products for the competition reactions of pentafluoropyridine with
diphenylacetylene and a combination of either 4-methoxyphenol and d;-4-methoxyphenol or 4-methoxyaniline
and d,-4-methoxyaniline.
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5.9 Kinetic Isotope Effect: Rates Experiments

In addition to competition reactions, rates of fluoroalkene formation with protonated or deuterated
phenols and anilines was determined. Rates (k4 and kp) were abstracted under pseudo-first order plots
of either 4-methoxyphenol consumption (Figure S16, ku/kp = 1.1 + 0.1), or 2a production (figure S17,
ku/ko = 2.8 £ 0.3).
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Figure S16. Pseudo-first order rate plots for the consumption of 4-methoxyphenol or d;-4-methoxyphenol.
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Figure S17. Pseudo-first order rate plots for the production of product 2a in the presence of either 4-
methoxyaniline or d;-4-methoxyaniline.
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7. XYZ Coordinates
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-4.272748
-5.253412
-4.430179
-3.712040
-3.250676
-2.689882
-4.186063
-2.673344
-0.306387
-0.658250
0.975339
1.365526
1.759163
0.779502
-1.411686
-2.333803
-1.110927
-1.627818
-3.889687
-2.869311
-3.817114
-3.371426
-4.811805
-3.211119
-4.722876
-4.746980
-5.755343
-4.301580
-0.726486

-1.963704
-0.765051
-3.222093
-0.853971
-3.256693
-2.085894
0.052417
-4.214064
-2.134358
-1.900169
-3.142772
-0.689462
-3.147535
-0.748462
-1.963553
-4.091964
0.168146
-1.988830
-1.900295
-1.869342
-4.505898
-4.241030
-5.304332
-5.618338
-4.706552
-6.203971
-5.344662
-4.778395
-5.677669
-6.238514
-4.441879
-4.197530
-5.262391
-5.578363
-4.690149
-6.166457
-5.248208
-4.663421
-5.542657
-6.159604
0.575565
0.424708
1.583742
2.520791
1.819124
1.203437
1.112833
0.396884
1.303148
2.053985
0.632302
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-2.847695
-4.648146
-4.636752
-4.196724
-5.693317
-3.859649
-3.300710
-4.870751
-3.387241
-2.256481

-3.588018

-4.933629

-0.503675
-1.202452
0.535619
-0.903320
-1.078515
-0.966885
-0.896615
-0.657531
-0.593624
-0.473839
-0.567263
-0.444489
-0.232416
-3.591272
-3.767609
-4.443320
-4.852929
-5.513278
-5.716086
-5.031219
-6.199662
-6.557781
-1.401194
-2.504491
-0.994564
-1.282767
-2.078045
-1.843364
-3.049908
-2.167749
0.363078
1.128122
0.703462
0.294424
-2.864317
-1.961485

-1.036522
-1.949033
-2.758127
-2.319025
-1.697297
0.397138
1.264683
0.731827
0.048638
-2.354964

0.460747
1.147610
0.410341
2.074169
1.356996
1.669139
1.304888
1.922896
2.592988
-1.969608

-3.771299 -2.182143

-5.198711

-2.174040
-1.012229
-2.383141
0.004850
-4.570349
-5.310433
-5.122022
-6.664118
-6.484314
-7.245069
-7.273243
-6.949261
-8.301947
-0.414103
0.237858
-0.238066
1.107741
0.644518
1.309429
1.625541
0.804835
1.987472
-3.177604
-1.338914
-4.299100
-3.279449
-4.837412
-5.849961
-4.865312
-4.196129
-4.219630
-3.799469
-5.210327
-3.586921
-0.035046
-0.533744

-2.405068

-1.433482
-1.438358
-1.236760
-1.242728
-1.850150
-0.662362
-3.124185
-0.786395
-3.191494
-2.036891

0.106412
-4.161607
-2.110209
-1.892015
-3.120515
-0.794228
-3.229431
-0.955637
-2.158204
-4.166781
-0.129395
-2.264505
-1.750722
-1.767925
-4.392661
-4.118263
-5.328081
-5.672621
-4.825411
-6.210810
-5.094948
-4.434611
-5.414139
-5.985736
-4.306684
-3.937142
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-2.417639
-3.259165
-1.940088
-1.700267
-3.550975
-3.833696
-4.461299
-2.883595
-1.224483
-0.911393
-0.426206
-0.544575
-0.785396

0.641447
-2.721714
-3.316083
-3.080680
-2.912675
-4.244813
-3.349482
-5.421725
-5.567589
-5.242671
-6.353554
-4.005604
-3.146451
-4.877885
-3.814299
-2.637461

-4.278097 -3.620996 -2.450267

-5.979935
-4.008984
-4.025249
-4.897532
-5.762193
-5.743304
-4.880509
-3.359276
-4.909476
-6.417350
-4.864920
-6.616879
-6.453027
-3.189001
-2.430954
-1.697856
-1.899817
-3.068848

1.247093 -5.008529
1.767042 -5.477379
1.940652 -4.309789
1.010382 -5.800404
-0.993927 -5.284604
-1.928632 -4.789400
-0.542995 -5.693851
-1.232704 -6.119665
-4.676167 0.690908
-3.626698 0.633291
-5.326032 1.818888
-4.743223 2.737177
-6.337817 2.033695
-5.382561 1.584481
-4.700468 1.014673
-4.212545 0.237599
-5.729631 1.099955
-4.190092 1.965014
-0.971624 0.516498
-1.595466 0.427191
-1.903571 0.813300
-2.634902 0.012360
-2.454298 1.742201
-1.340281 0.930552
0.009627 1.666100
0.657522 1.465732
0.650792 1.831013
-0.535925 2.595606
-2.670347 -1.964077

-4.588007 -2.923842
-8.337666 0.674156
-7.942047 -0.662179
-6.940112 -1.086331
-6.313010 -0.185245
-6.720961 1.154759
-7.721277 1.576881
-8.393657 -1.388487
-6.639503 -2.129431
-6.240048 1.857046
-8.041333 2.614366
-5.334606 -0.546871
-5.084567 -1.491286
-9.302970 1.190444
-10.052154 0.273323
-9.430795 -0.258021
-10.807292 0.855252
-10.550115 -0.468953
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-0.306634
-1.355055
0.739156
-1.414940
-0.018639
0.619246
0.083920
1.375157
0.844196
1.480991
1.881385
0.934441
2.064570
-3.796382
-4.616299
-4.211639
-5.897735
-5.502174
-6.336639
-6.562008
-5.856776
-7.338037
-0.807720
-2.470693
-0.582777
-1.077661
-1.664579
-1.242294
-2.432477
-2.143740
0.449147
1.211837
0.961705
-0.040314
-4.166669
-3.128035
-4.200831
-5.220241
-3.586668
-3.824102
-4.998621
-4.933906
-6.055574
-4.640959
0.551397
-0.276736
1.843370
1.786880
2.706674

-1.608979
-0.756713
-1.435783
0.315420
-4.079901
-4.480328
-4.792930
-5.652936
-5.963676
-6.391137
-5.995234
-6.548987
-7.307252
-1.008848
-0.848768
-0.683647
-0.335562
-0.170282
0.002264
-0.205543
0.091352
0.399952
-2.880616
-1.528492
-4.334705
-3.377795
-5.319770
-6.309885
-5.430273
-4.963551
-4.096977
-3.375746
-5.024407
-3.709705
-1.224400
-1.567030
-0.018712
0.359707
0.804763
-0.298243
-2.386423
-3.260212
-2.113525
-2.671934
-3.662446
-2.952105
-2.853539
-2.230028
-3.519665

-2.585283
-2.495486
-2.782107
-2.593549
-2.388461
-1.202656
-3.592863
-1.251782
-3.580793
-2.423537
-0.354457
-4.491460
-2.434531
-2.041789
-3.170159
-0.740557
-2.963904
-0.593976
-1.690190
-3.813598
0.398718
-1.550996
-2.371575
-2.228744
-4.876713
-4.679944
-5.327080
-5.529313
-4.555786
-6.245769
-5.983549
-5.673311
-6.260084
-6.883314
-4.569649
-4.512794
-5.513293
-5.643323
-5.135279
-6.502729
-5.120508
-4.465590
-5.209171
-6.115954
0.074158
-0.024992
0.247525
1.145846
0.354353
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2.034614 -2.198330
0.269725 -4.510165
-0.663361 -5.074489
1.086279 -5.211625
0.183684 -3.857596
-3.321267 -0.852055
-2.401560 -1.353291
-3.971942 -1.739404
-4.222138 -2.730594
-3.282330 -1.869664
-4.883284 -1.278047
-2.927537 0.514593
-2.422606 1.137599
-3.807875 1.064065
-2.252437 0.389325
-2.145872 -2.843681

-3.399086 -4.329413 -1.720709

-7.188892 -5.404643
-6.438468 -5.251956
-6.941229 -4.476643
-8.183712 -3.868930
-8.928914 -4.021675
-8.429462 -4.791015
-6.793200 -6.007449
-6.327319 -4.377842
-8.573190 -3.270245
-9.900243 -3.543849
-9.009231 -4.915393
-5.168767 -5.904815
-4.172586 -6.625999
-3.144008 -7.619792
-2.930707 -8.375465
-2.371278 -7.870283
-1.960877 -9.368689
-3.534573 -8.177631
-1.403153 -8.866844
-2.537146 -7.292708
-1.194073 -9.615917
-1.805664 -9.953998
-0.811720 -9.060766

-0.437956 -10.395989 -2.338340

-4.472318 -4.709224
-4.361955 -7.478704
-5.165207 -6.701859
-4.659381 -6.208894
-3.346008 -6.482520
-2.545957 -7.263952
-3.047633 -7.754533
-6.190334 -6.470536
-5.278451 -5.605325
-1.523482 -7.477267

-0.608811
1.315999
1.229274
1.520728
2.191184
0.475965
0.156182
1.541494
1.146967
2.382617
1.939259
1.047579
0.301505
1.398708
1.900393
-2.151937

-3.599400
-2.421953
-1.364009
-1.496328
-2.664150
-3.713891
-4.411184
-0.470819
-0.677939
-2.757062
-4.624006
-2.310145
-2.271899
-2.279128
-3.444472
-1.133315
-3.461547
-4.324789
-1.168040
-0.225590
-2.323986
-4.363414
-0.278078

0.284452
5.126502
4.293126
3.090343
2.700403
3.545277
4.740397
4.562848
2.433285
3.246632
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-2.432149
-2.824383
-3.514969
-4.759507
-6.077332
-6.811811
-6.207216
-6.267692

2.883958
1.821588
3.937259
1.754133
3.197926
3.830281
3.333664
4.619115
4.128987
4.763486
5.122221
4.251399
5.376423
-0.634667
-1.452038
-1.053583
-2.738364
-2.348557
-3.182883
-3.399445
-2.706848
-4.187756
2.386964
0.702683
2.683013
2.075013
1.740987
2.278543
0.960744
1.260602
3.742493
4.395885
4.375442
3.265783
-0.983720
0.011663
-0.858689
-1.829274
-0.173398
-0.482419

-8.360617
-6.022808
-5.462412
-8.009767
-7.755388
-8.155742
-8.256797
-6.680430

2.791914
3.627723
2.986136
4.703298
0.320233
-0.077069
-0.377228
-1.227863
-1.524560
-1.947366
-1.566317
-2.093425
-2.844139
3.338900
3.414491
3.753792
3.929523
4.265214
4.351280
4.000628
4.594288
4.749584
1.506273
2.832056
0.080864
0.964410
-0.982969
-1.902248
-1.235880
-0.613252
0.491948
1.278879
-0.357139
0.865891
2.989009
2.544281
4.199505
4.683965
4.949724
3.891563

5.398603
1.546638
1.046271
6.323485
6.729173
6.015888
7.690500
6.859286

-1.201028
-1.117867
-1.323534
-1.150243
-1.115648
0.074592
-2.326279
0.021748
-2.317504
-1.157259
0.922308
-3.234811
-1.172116
-0.814003
-1.953394
0.460392
-1.784767
0.567849
-0.538510
-2.643775
1.538716
-0.429231
-1.093422
-0.960616
-3.618231
-3.398486
-4.186775
-4.442424
-3.463004
-5.099283
-4.645963
-4.256012
-4.925339
-5.558203
-3.332550
-3.231953
-4.263624
-4.415398
-3.856406
-5.244933
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-1.895897
-1.967114
-2.909313
-1.502636
3.723260
2.889804
5.003234
4.916329
5.868715
5.214757
3.419113
2.486033
4.232241
3.315296
-0.158028
0.743071
-0.818237
-1.076056
-0.123700
-1.718675
0.276433
0.791148
-0.587962
0.954566
1.040008

-0.226890 -0.037200 -0.799493

-4.191042
-3.299711
-3.694613
-4.981143
-5.869283
-5.472756
-3.872702
-2.966848
-5.292119
-6.873072
-6.164036
-1.984343
-0.985568
-0.012670
0.060428
0.843785
0.979711
-0.607678
1.758813
0.769852
1.831171
1.030515
2.417255
2.548163
-1.163232

1.918032
1.046682
2.298177
1.588842
0.718191
1.421472
1.534621
2.143068
0.873802
2.204987
-0.156150
-0.714717
-0.861428
0.478196
3.695465
3.132769
2.950314
1.927843
2.904494
3.468511
5.107704
5.631637
5.715402
5.062890
1.520334

-1.209790
-0.877638
-0.004026
0.521481
0.191193
-0.675488
-1.886648
0.226471
1.196086
0.607067
-0.936778
-1.453533
-2.185019
-3.236401
-4.033529
-3.484128
-5.072200
-3.832754
-4.526709
-2.864866
-5.319256
-5.691425
-4.723185
-6.133802
0.117002

-3.936002
-3.278354
-4.102532
-4.903914
1.363381
1.258675
1.584280
2.490363
1.705401
0.744527
2.581433
2.460939
2.786739
3.467971
1.683854
1.417397
2.846586
2.549242
3.692643
3.196184
2.093417
1.280411
2.383060
2.951858
-0.948423

-2.030855
-0.998047
0.027434
0.007169
-1.014766
-2.032277
-2.817996
0.807387
0.799674
-1.019459
-2.828262
-0.999916
-1.047701
-1.116017
-2.269475
-0.031445
-2.334381
-3.101483
-0.114806
0.862327
-1.258684
-3.225293
0.726201
-1.311722
1.527377
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-1.222234
-1.949815
-1.441690
-0.199374
0.523874
0.019121
-2.917520
-1.998683

1.491834

0.576714

0.318658
-0.318416
-1.629513
-2.873270
-3.694818
-3.023410
-2.900031
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-0.947820
-1.825537
0.092009
-1.715525
-1.080928
-0.971319
-0.654956
-0.397419
-0.082080
0.050588
-0.292121
0.259081
0.504362
-4.232584
-4.416840
-5.168399
-5.586668
-6.320587
-6.521462
-5.771072
-7.071892
-7.421602
-1.641102
-3.025549
-0.788267
-1.254733
-1.703256
-1.294401
-2.694660
-1.821147
0.583947
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-3.106305
-2.151536
-1.616860
-2.023646
-2.984444
-3.517398
-1.811350
-0.873312
-3.303014
-4.261153
-1.524484
-0.803635
-3.692300
-3.297564
-3.522356
-3.865069
-2.223750

-2.529792
-1.513926
-2.535489
-0.445135
-5.013485
-5.537495
-5.693384
-6.802614
-6.953946
-7.498725
-7.245609
-7.514807
-8.478259
-1.373781
-0.860422
-1.221105
-0.137214
-0.487342
0.058962
0.271759
-0.350193
0.632230
-3.701824
-2.095773
-5.112890
-4.125905
-5.976352
-6.982976
-6.079818
-5.523531
-4.919203

6.020494
5.311489
4.128028
3.630887
4.353003
5.528925
5.665452
3.566212
3.975703
6.090661
2.495463
2.092769
7.189384
7.701171
7.005967
8.622075
7.935980

-1.720827
-1.906751
-1.435682
-1.817796
-1.821962
-0.523030
-2.969039
-0.396479
-2.784448
-1.514746
0.588140
-3.649328
-1.392589
-2.545706
-3.838086
-1.513005
-4.075164
-1.803655
-3.064742
-5.063507
-1.032023
-3.266914
-1.966286
-2.269253
-4.361730
-4.277799
-5.232621
-5.367774
-4.781390
-6.222323
-5.010398
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1.226366

1.098256

0.475340
-3.430993
-2.497572
-3.096554
-3.966752
-2.733100
-2.320079
-3.963325
-4.150093
-4.905705
-3.242067
-1.497703
-1.433195
-0.681034
-1.027748
-0.801954

0.385747
-2.971838
-3.577886
-3.082318
-3.387551
-4.982768
-4.003352
-6.038776
-6.005694
-5.870911
-7.048421
-4.993271
-4.224830
-5.961701
-4.805576
-2.921210

-4.408764 -4.686392

-8.614293
-7.430505
-7.431110
-8.605450
-9.779752
-9.777304
-8.568503
-6.513230
-8.597382

-4.277760
-5.876041
-4.456083
-1.132721
-1.489466

0.122101

0.495928

0.927425
-0.103063
-2.249401
-3.165882
-1.951789
-2.478144
-4.779756
-3.709137
-5.021503
-4.354021
-6.045036
-4.837880
-5.121199
-4.980799
-6.160671
-4.486883
-1.839824
-2.328431
-2.918915
-3.701766
-3.395305
-2.495268
-0.777765
-0.017381
-0.270226
-1.242703
-3.442246

-5.522805
-4.822239
-3.421686
-2.725348
-3.417506
-4.812158
-6.611037
-2.882326
-1.640131

-4.399148
-5.147363
-5.996214
-4.956187
-4.507291
-5.761830
-6.310532
-5.116425
-6.499218
-5.860531
-5.290632
-6.332380
-6.652095
0.680000
0.454347
1.947519
2.741877
2.316771
1.786379
0.917170
0.017135
1.236075
1.707456
-0.142829
-0.116680
0.110528
-0.653479
1.081150
0.109433
0.958054
0.787285
1.015885
1.930916
-2.310505
-2.859088
-4.031215
-3.746102
-3.727653
-3.987012
-4.272647
-4.294671
-4.011228
-3.513057
-3.968368

-10.696305 -2.871114 -4.477324

-10.694560 -5.352277

-6.226430
-5.674228
-4.815747
-5.144026
-3.671908

-5.585042
-6.709052
-7.851267
-8.868788
-7.974493

-4.511527
-3.507079
-3.396006
-3.470934
-4.382264
-2.670038
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w

-4.320925
-6.077031
-2.858549
-3.438739
-3.175240
-4.582691
-1.979361
-2.539088
-7.547211
-4.983056
-5.852748
-6.888131
-7.090968
-6.232101
-5.184547
-5.689178
-7.552961
-6.385771
-4.528463
-8.072681
-7.899567
-3.954715
-3.001717
-2.526814
-2.243465
-3.439448

3.419970
2.478323
4.477445
2.541109
3.405971
3.605176
3.798631
4.258527
4.439095
4.676849
4.435519
4.753645
5.181672
0.017954
-0.395094
-0.764798
-1.638138
-2.000130
-2.428952
-1.996146
-2.637258
-3.393719

-9.978478
-8.786591
-9.094121
-7.208234
-10.094156
-10.765994
-9.182533
-10.969987
-8.099493
-7.988713
-6.927145
-6.629545
-7.389746
-8.473865
-8.766347
-6.331120
-5.793345
-9.056777
-9.597250
-7.069598
-7.551763
-8.167330
-9.146189
-8.943067
-9.114141
-10.153069

2.554334
3.526689
2.597394
4.596174
0.073171
-0.578473
-0.468853
-1.810922
-1.710051
-2.368038
-2.345442
-2.164035
-3.329799
3.540391
3.904586
3.749296
4.527901
4.375502
4.768112
4.814795
4.548008
5.253440

-4.499604
-4.923542
-2.797222
-1.937318
-3.712058
-5.199898
-2.168760
-3.802414
-3.330359
1.401535
1.664202
0.790369
-0.376133
-0.606596
0.264064
2.557825
0.987372
-1.508343
0.027804
-1.216021
-2.133523
2.297041
1.971988
1.000862
2.757187
1.941460

0.457637
0.374824
0.663719
0.496238
0.206623
1.433657
-1.023549
1.402471
-1.000418
0.198301
2.330315
-1.935391
0.195319
-0.074089
-1.362647
1.069678
-1.483063
0.895111
-0.366932
-2.467233
1.757410
-0.483021
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2.769624
1.285706
3.540966
3.052616
2.581464
3.013539
1.637061
2.361475
4.848147
5.519939
5.378100
4.644311
0.433760
1.378155
0.772883
-0.129720
1.298363
1.412961
-0.275108
-0.474271
-1.233405
0.345625
3.067162
2.963459
3.998759
3.617338
4.061130
5.012037
1.671790
0.982456
1.708847
1.250605
-0.337272
0.708718
-1.165605
-1.062240
-0.840148
-2.228297
-0.417994
0.174966
-1.449025
-0.040901
1.451674

0.009044 0.228278 -0.546136

-3.365121
-2.704913
-3.123315
-4.168553
-4.811065
-4.398928
-3.052311

1.356391
2.891129
0.231010
1.187395
-0.585193
-1.555928
-0.764042
-0.048136
0.533457
1.140345
-0.386601
1.080340
3.610756
3.161346
4.890248
5.377912
5.609410
4.659847
2.589738
1.663317
2.976593
2.351462
-0.005576
1.077801
-0.232699
0.299466
-1.291717
0.126300
-0.573965
-0.378016
-1.656942
-0.126332
3.261109
2.942565
2.036695
1.233795
1.651206
2.293078
4.361003
5.235203
4.692269
3.989638
1.551181

-0.489944
-0.155107
1.005602
1.782138
1.436120
0.297789
-1.374498

0.217870
0.084105
-2.341672
-2.129559
-3.210880
-3.476114
-2.686118
-4.139421
-3.076523
-2.461431
-3.344396
-4.002616
-2.595602
-2.270977
-3.362043
-3.744762
-2.725907
-4.219676
-3.489433
-2.941447
-3.851427
-4.359737
2.729265
2.599910
3.918144
4.794793
4.188760
3.713053
3.008650
2.181761
3.161407
3.914813
2.438508
2.376140
2.836172
2.099711
3.808075
2.910775
3.497001
3.211053
3.657661
4.455056
-0.017872

-2.865788
-1.672066
-1.000733
-1.485508
-2.672282
-3.361445
-3.410929
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-2.612459
-4.470782
-5.620545
-4.885302
-1.551777
-1.611382
-0.638629
-0.931896
0.567729
-0.061733
-1.857773

1.434397

0.817454

1.126441
-0.317084

2.356330

1.805940
-2.817438
-1.188524
-1.757590
-2.768671
-3.238659
-2.705481
-1.675400
-1.373386
-3.188159
-3.063365
-1.247366
-4.207283
-4.059882
-0.166327
0.475934

0.888195

1.288104
-0.205144
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TS-4

C 0.095651
C -0.746443
H 1.156613
H -0.571516
C -0.150868
C 0.247167
C -0.053200
C 0.763518
C 0.475306
C 0.879067
H 1.076726
H 0.563251
H 1.283342

1.296623

2.670220

2.049108

0.019544
-0.935220
-2.276127
-3.304421
-4.653716
-3.008830
-5.665280
-4.906591
-4.020138
-1.975577
-5.356918
-6.700267
-3.753978
-6.146098
-2.880964
-2.933334
-1.661153
-1.260929
-2.131745
-3.413745
-3.814502
-0.986407
-0.262086
-4.095854
-4.801575
-1.692260
-2.103930
-3.216070
-4.458948
-4.569753
-4.482108
-5.297319

-2.279073
-1.224360
-2.328384
-0.161428
-4.755694
-5.373730
-5.378849
-6.667671
-6.670775
-7.309753
-7.179181
-7.184723
-8.316838

-0.086690
-0.938147
-3.058668
-4.292826
-1.166049
-1.134652
-0.749263
-1.005609
-0.097719
-0.613996
-1.508562
0.292713
0.127234
0.042271
-0.824388
0.799876
0.351747
-1.482176
3.467283
3.582188
2.721492
1.735784
1.656815
2.504857
4.340817
2.783837
0.892219
2.374270
0.883970
0.021670
4.327000
4.164022
3.152570
4.892671
4.361948

-2.240495
-2.113633
-2.426506
-2.161664
-2.140927
-0.945077
-3.394658
-1.035586
-3.426492
-2.261664
-0.129806
-4.379230
-2.309267
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-3.183006
-4.022188
-3.432850
-5.149393
-4.575602
-5.423660
-5.827299
-4.805398
-6.309948
-0.670203
-2.003246
-0.488062
-0.955287
-1.536940
-1.127431
-2.404627
-1.882185
0.719293
1.453639
1.227114
0.400657
-3.711620
-3.046805
-2.963795
-3.586350
-2.034059
-2.712148
-4.954486
-5.517514
-5.620989
-4.651377
0.125115
-0.271764
1.489957
1.386782
1.935476
2.194286
-0.867705
-1.850620
-0.522492
-0.985218
-2.531336
-1.683378
-3.261831
-3.643938
-2.584414
-4.115190
-1.961540
-1.414081
-2.754908
-1.275449

-0.952896
-0.672735
-0.493433
0.110266
0.285160
0.584952
0.341853
0.653150
1.189386
-3.417492
-1.745478
-4.704677
-3.748083
-5.534738
-6.492864
-5.746510
-4.994094
-4.403429
-3.772403
-5.325748
-3.884978
-1.151672
-2.018912
-0.059775
0.835938
0.235466
-0.410432
-1.616088
-2.366074
-0.778802
-2.056421
-4.700187
-3.691401
-4.556517
-4.024446
-5.533494
-4.000390
-5.445493
-5.516484
-6.462251
-4.921946
-0.821095
-1.406790
-1.683709
-2.605284
-1.950339
-1.151779
0.448730
1.055870
1.073616
0.190958

-1.655321
-2.746720
-0.353438
-2.493567
-0.159554
-1.216944
-3.308470
0.836376
-1.045397
-2.080399
-1.878879
-4.682083
-4.424813
-5.426609
-5.763666
-4.795666
-6.314106
-5.576276
-5.064982
-5.878299
-6.486406
-4.152872
-4.069175
-4.928768
-5.030873
-4.430737
-5.935224
-4.913779
-4.346752
-5.150055
-5.869855
0.408711
0.253300
1.088512
2.039820
1.303538
0.461858
1.306007
0.830198
1.522270
2.260688
0.822535
0.451165
1.855585
1.407458
2.674274
2.288250
1.461898
0.733804
1.885200
2.275409
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C
Au

C
C
C
C
C
C
H
C
H
C
H
H
H
C
C
C
C
H
C
H
C
H
H
H
F
C
C
C
C
C
C
H
H
H
H
)
H
0]
C
H
H
H

TS-5

C
C
H
H

-1.968154 -3.099661 -1.855274
-3.525145 -4.349338 -1.637826

-5.193455
-5.228465
-4.854275
-5.120037
-4.304645
-4.854242
-5.558597
-4.033989
-4.086405
-4.306330
-5.081314
-3.608531
-4.098193
-5.773618
-5.686845
-6.420051
-6.229016
-5.202046
-6.959269
-6.505883
-6.867603
-6.157763
-7.464442
-7.299480
-4.841721
-7.872752
-8.650260

-5.748233
-5.806766
-6.876993
-6.668905
-8.114771
-7.653999
-5.718697
-9.093606
-8.312106
-8.872153
-7.469651

-1.733573
-0.363272
-2.632866
-4.000382
-2.251713
-4.944345
-4.296094
-3.201852
-1.210346
-4.550048
-5.990924

-10.041604 -2.883003

-9.644941
-4.814801
-5.057372
-3.652516
-4.154651
-5.959459
-2.760475
-3.462100
-3.004041
-4.356823
-1.871008
-2.304046
-6.930939
-4.033686
-2.882306

-5.284990
0.582019
1.960498
0.127732
2.868689
2.315751
1.044576

-0.941172
2.414894
3.933643
0.680012
3.124948
0.289674

-3.211309

-3.425851

-10.025686 -2.948534 -3.646771
-10.674737 -4.182144 -3.649457
-9.924575 -5.339767 -3.432273
-8.555965 -5.270664 -3.221381
-8.148209 -1.918012 -3.418994
-10.577190 -2.028125 -3.812068
-10.439586 -6.296540 -3.437838

-7.988520

-6.563575

-5.923224
-12.019753
-12.787698
-13.817266
-12.754007
-12.464721

-6.185331
-3.940784
-4.861485

-3.069517
-3.013395
-2.324813

-4.362124 -3.852970

-3.213102
-3.549569
-2.520798
-2.668677

-4.076393
-4.217711
-3.222233
-4.975973

-1.115652 -1.265784 -1.398512
-2.206025 -0.478036 -1.227175
-0.061035 -1.042527 -1.380414
-2.302783 0.577518 -1.030389
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-0.769652 -3.707195 -1.828937 H  -3.496521 -1.544335 0.992120
-0.504921 -4.530524 -0.727299 C -5.090140 -2.760188 1.718860
-0.300713 -3.973697 -3.123542 H -5.004943 -3.510027 0.926451
0.280494 -5.662925 -0.953778 H -4.532161 -3.116084 2.591334
0.478113 -5.118034 -3.295626 H -6.147006 -2.686955 1.997127
0.766912 -5.952909 -2.221529 C -4.606596 -0.367043 2.377394
0.506432 -6.327598 -0.125218 H -4.207519 0.597622 2.049107
0.856263 -5.365048 -4.282410 H -5.632909 -0.205032 2.722779
1.372728 -6.840804 -2.377084 H -4.019699 -0.706487 3.236759
-4.679339 -0.892176 -1.243910 C -2.936925 -2.577632 -1.601776
-5.357936 -0.518024 -2.411068 Au  -4.144645 -4.109789 -1.777381

-5.287103 -0.934866 0.017816
-6.702806 -0.169670 -2.283292
-6.632329 -0.571597 0.090702
-7.334980 -0.196245 -1.046932
-7.268659 0.104907 -3.168384
-7.141083 -0.606510 1.049679
-8.390282 0.049096 -0.976894

F  -4.788890 -6.179525 -0.781197
C -8.583348 -3.659862 -0.397878
C -7.500050 -4.455453 -0.767862
C -7.106022 -4.548331 -2.103582
C -7.837551 -3.852994 -3.072613
C -8.914333 -3.060684 -2.707261
C  -9.286945 -2.945508 -1.365767
-1.585436 -2.546922 -1.629296 H -8.854180 -3.599349 0.650312
-3.310257 -1.300212 -1.355283 H -6.940584 -5.001120 -0.013904
-0.686821 -3.099834 -4.300226 H -7.538723 -3.936031 -4.112757
-0.970288 -2.115508 -3.910565 H -9.478245 -2.507269 -3.452102
-1.915195 -3.687524 -5.003822 O -6.024708 -5.281071 -2.487538
-1.683741 -4.674324 -5.419004 H -5.583708 -5.885338 -1.641624
-2.752374 -3.804007 -4.308077 O -10.331857 -2.105094 -1.103539
-2.236050 -3.037237 -5.824589 C -10.721209 -1.971356 0.241384
0.461154 -2.883244 -5.284422 H -9.907010 -1.572068 0.861941
1.354456 -2.499120 -4.782578 H -11.556122 -1.268983 0.252714
0.734324 -3.809075 -5.800753 H -11.051007 -2.927922 0.667583
0.162740 -2.162482 -6.051851

-4.694241 -0.531458 -3.772701 TS-1

-3.630876 -0.752872 -3.632281
-4.791403 0.830185 -4.462227
-5.831800 1.100409 -4.670332
-4.356760 1.622225 -3.844596
-4.258425 0.809621 -5.418181
-5.281507 -1.643846 -4.644355
-5.169906 -2.618446 -4.159455
-6.348859 -1.478671 -4.824413
-4.773522 -1.677856 -5.613901
-1.033541 -4.231164 0.660383
-1.656427 -3.332863 0.601061
0.113902 -3.931290 1.627711
-0.279773 -3.675882 2.616820
0.770604 -4.799888 1.744536
0.725018 -3.094117 1.275594
-1.921372 -5.365965 1.175861
-2.752120 -5.571235 0.493743
-1.348132 -6.290783 1.302265
-2.337701 -5.099116 2.153088
-4.550530 -1.404621 1.255464

-0.583418 -1.826733 -2.451966
-1.266367 -0.656549 -2.532013
0.455189 -2.035823 -2.252159
-0.947969 0.366779 -2.414361
-1.227742 -4.239917 -2.724811
-1.382645 -4.980401 -1.544854
-0.878247 -4.817325 -3.953183
-1.148485 -6.354423 -1.617134
-0.651493 -6.195214 -3.970772
-0.780152 -6.955079 -2.814589
-1.269371 -6.962388 -0.725591
-0.381141 -6.678111 -4.905206
-0.601159 -8.026004 -2.849207
-3.663807 -0.067074 -3.003054
-3.866815 0.473044 -4.280712
-4.500545 0.196380 -1.911305
-4.971800 1.307812 -4.449412
-5.591209 1.039291 -2.133606
-5.826822 1.584923 -3.388943
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-5.173760
-6.267660
-6.686152
-1.500683
-2.578327
-0.788384
-0.973086
-1.874340
-1.741813
-2.871550
-1.835572
0.605557

1.377504

0.845623

0.660106
-2.965575
-2.026775
-2.611674
-3.486967
-2.186808
-1.877750
-3.599957
-3.792823
-4.557395
-2.938647
-1.834971
-1.877571
-0.847109
-1.168662
-0.783596

0.158585
-3.246698
-3.954332
-3.274124
-3.586396
-4.263499
-3.342994
-5.398503
-5.503889
-5.196441
-6.354206
-4.060285
-3.232116
-4.958256
-3.838472
-2.732561

-4.374293 -3.392856 -3.239156

1.736257

1.263590

2.230407
-2.832890
-0.984910
-4.012264
-2.960777
-4.450072
-5.496146
-4.347190
-3.837194
-4.101757
-3.765897
-5.127930
-3.476504
0.123483
-0.271162

1.342742

1.739814

2.147910

1.064548
-0.980363
-1.878930
-0.649491
-1.247618
-4.349335
-3.264514
-4.621502
-4.108063
-5.690251
-4.272178
-4.820911
-4.577875
-5.904709
-4.337735
-0.405683
-0.997418
-1.356042
-2.155641
-1.813947
-0.825748
0.682488

1.346145

1.297852

0.231238
-2.322864

-5.425822
-1.314000
-3.544342
-2.690863
-2.821323
-5.233117
-4.989612
-6.218828
-6.514717
-5.781403
-7.125029
-5.856290
-5.156993
-6.153364
-6.752969
-5.448400
-5.043118
-6.299349
-6.823157
-5.692172
-7.061945
-6.300059
-5.707946
-6.714651
-7.131186
-0.244361
-0.389126
0.891013
1.802578
1.120010
0.637746
0.115442
-0.683857
0.268789
1.037554
-0.541220
-0.583389
-0.153892
-0.894559
0.819965
-0.086283
0.514934
0.248040
0.631954
1.487286
-2.919290

-5.790089 -5.983532 -3.135945
-6.816079 -6.731585 -2.543079
-4.573473 -6.618264 -3.397613
-6.625762 -8.064821 -2.214771
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-7.774055
-4.376343
-3.763144
-5.404123
-7.417663
-3.413295
-5.306952
-4.088275
-3.252143
-4.207989
-3.858862
-6.002098
-6.828399
-8.915660
-7.561214
-6.663503
-7.291670
-8.662024
-9.491487
-9.216145
-6.524214
-5.428680
-7.056390
-9.730987
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-0.506935
-1.200617

0.530173
-0.898052
-1.085143
-0.968294
-0.899630
-0.646956
-0.585479
-0.457371
-0.553440
-0.433011
-0.206201
-3.585793
-3.789051
-4.409597
-4.870119
-5.475624
-5.703740
-5.067885
-6.139146
-6.542090
-1.407520
-2.502575
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-6.259785
-7.956066
-6.054883
-8.689239
-8.644270
-8.406022
-9.995642

-2.337762
-3.075884
-3.852820
-2.478711
-1.751035
-3.286286
-2.112382

-10.650138 -2.374195
-10.179848 -1.839336
-11.674461 -2.018837
-10.666163 -3.447502

-4.635586
-4.286634
-5.300427
-5.530048
-4.460512
-3.183044
-3.097557
-4.118196
-1.884156
-2.081390
-4.564771
-6.761735
-6.345139

-2.179888
-1.015396
-2.397156
-0.002854
-4.566515
-5.311840
-5.111583
-6.662292
-6.470948
-7.235745
-7.275260
-6.930161
-8.290037
-0.402469
0.239167
-0.210500
1.116876
0.679829
1.336040

1.626289

0.853535

2.020509
-3.174815
-1.332319

-3.515914
-3.036780
-5.585304
-5.587337
-5.306189
-5.343841
-5.340185
-5.455107
-5.238995
-5.202772
-5.877802
-5.765303
-5.758202

-1.408577
-1.397551
-1.209226
-1.184524
-1.853959
-0.669909
-3.130435
-0.799858
-3.203869
-2.052752

0.090143
-4.176213
-2.131066
-1.844479
-3.073624
-0.727877
-3.163484
-0.869643
-2.072848
-4.101847
-0.027477
-2.163788
-1.745368
-1.736295
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-1.001878 -4.283930 -4.395340
-1.303566 -3.269455 -4.116673
-2.074920 -4.829981 -5.338279 -3.212838 -9.531390 1.018175
-1.827424 -5.838224 -5.686678 -2.410127 -10.167890 0.056248

H -6.371968 -6.472337 1.929654

H

0]

c
-3.048734 -4.869834 -4.840284 H -1.650064 -9.490997 -0.356589

H

H

N

H

H

-4.907401 -8.382793 2.516349

-2.167074 -4.185567 -6.218580 -1.910406 -10.992991 0.566755
0.358140 -4.185531 -5.090667 -3.008372 -10.566651 -0.774045
1.115146 -3.759500 -4.424754 -6.432239 -5.213396 -0.423069
0.711489 -5.170945 -5.412331 -6.487238 -4.995789 -1.417961
0.286587 -3.549785 -5.979111 -7.310257 -5.136315 0.066423
-2.916564 -0.042842 -4.279974

-2.046448 -0.616178 -3.942286 TS-2

-2.392977 1.240648 -4.924848
-3.206194 1.844454 -5.340346
-1.851059 1.858630 -4.202389
-1.712366 0.998552 -5.747119
-3.671996 -0.909118 -5.292112
-4.014441 -1.842209 -4.832790
-4.550909 -0.381072 -5.677175
-3.025799 -1.157279 -6.140941
-1.234024 -4.688689 0.686825
-0.969601 -3.626458 0.625076
-0.388028 -5.300212 1.801640
-0.520576 -4.725172 2.723016
-0.692556 -6.328907 2.020138
0.677354 -5.303963 1.550504
-2.724130 -4.778531 1.031233
-3.350822 -4.324193 0.258958
-3.035807 -5.822367 1.128848
-2.924021 -4.269444 1.980574
-4.181360 -0.933451 0.583908
-3.301537 -1.575302 0.471933
-5.362552 -1.841405 0.932497
-5.535024 -2.596979 0.159646
-5.166380 -2.366259 1.873258
-6.283248 -1.261145 1.058416
-3.885490 0.058375 1.711219
-3.022953 0.688616 1.472558
-4.740455 0.717286 1.896367
-3.671361 -0.477615 2.641369
-2.642117 -2.660423 -1.955944
-4.279739 -3.577248 -2.509050
-5.964079 -4.488779 -3.090000
-3.987850 -8.489190 0.586238
-3.950981 -7.947973 -0.698420
-4.784912 -6.885237 -1.036622
-5.668194 -6.324498 -0.104375
-5.698349 -6.886276 1.182917
-4.876155 -7.951146 1.520312
-3.274120 -8.336176 -1.450856
-4.750193 -6.475339 -2.041865

2.913228 2.631000 -1.135066
1.948245 3.505651 -1.506353
3.984507 2.735189 -1.069922
2.001417 4.531562 -1.834085
2.938256 0.288888 -0.280922
3.131694 0.197800 1.106916
3.373899 -0.694244 -1.184418
3.782427 -0.943377 1.585090
4.024224 -1.808863 -0.652418
4.223993 -1.934746 0.717552
3.934726 -1.057910 2.654415
4.377176 -2.588885 -1.320644
4.728446 -2.812272 1.112676
-0.548302 3.408663 -1.638338
-1.092642 3.310320 -2.928111
-1.219433 4.020827 -0.567475
-2.365197 3.847606 -3.129029
-2.492367 4.534879 -0.823983
-3.060954 4.448801 -2.087862
-2.820061 3.784741 -4.113701
-3.047375 5.003736 -0.016688
-4.054296 4.852346 -2.262442
2.273465 1.451133 -0.799409
0.744064 2.835616 -1.392331
3.196121 -0.553563 -2.684559
2.508834 0.279796 -2.864369
2.569350 -1.797239 -3.316671
3.225030 -2.670507 -3.234056
1.614741 -2.047039 -2.846660
2.390981 -1.624697 -4.383271
4.532978 -0.209885 -3.351378
4963336 0.710208 -2.942799
5.263051 -1.012736 -3.201075
4.401205 -0.073469 -4.429994
-0.364982 2.629456 -4.071775
0.629393 2.339581 -3.716024
-0.170397 3.574483 -5.260702
-1.129058 3.878584 -5.694135
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0.365193
0.404828
-1.088782
-1.183636
-2.093383
-0.533822
2.699335
2.190359
3.925954
3.616857
4.467624
4.628132
1.705313
0.779461
2.133759
1.450632
-0.620096
0.411260
-1.371402
-1.295943
-0.952165
-2.432938
-0.560683
-0.021368
-1.562579
-0.051451
0.931006

-4.816195
-3.743902
-3.785965
-4.904481
-5.972208
-5.925100
-4.772000
-2.914811
-4.941784
-6.842757
-6.756124
-2.625844
-1.838477
-1.131791
-1.271944
-0.337370
-0.630653
-1.888165
0.297279
-0.220523
0.154409
-0.745930

0.906216

4.483083
3.079235
1.346109
0.661186
1.565412
0.838445
1.283078
2.065523
1.923802
2.746929
1.198915
2.320773
0.767948
0.405334
-0.043192
1.581217
4.136585
3.770050
3.269450
2.201349
3.423908
3.538510
5.598810
6.224764
6.022766
5.671781
1.563383

0.194753
-0.086863
0.329753
1.013028
1.288589
0.879666
-0.132476
0.112702
1.333610
1.821910
1.092150
-0.833644
-1.634197
-2.721437
-2.954601
-3.579577
-4.035950
-2.285548
-4.657471
-3.391796
-4.890224
-4.214490
-5.322956

-4.968064
-6.049851
-4.491598
-3.643060
-4.869996
-5.288143
2.075573
1.502540
2.735947
3.388399
3.352996
1.994754
3.120836
2.660328
3.719674
3.810154
0.822533
0.780262
1.838949
1.610281
2.839338
1.876576
1.277077
0.558689
1.402666
2.243400

-0.958534
-0.513492 0.240675 -0.555395

-1.133722
-0.271965
1.068040
1.530012
0.677472
-0.654470
-2.168061
1.687180
2.567438
1.049514
-1.320946
-0.769231
-1.278243
-1.886868
-3.264884
-1.108394
-3.854961
-3.857851
-1.715270
-0.039873
-3.081910
-4.920160
-1.110033

S70

I I ZIIITOQOIIITITOOOOOO™TT

5
-

ITIOIOZZITIITOOOOO0OIITIT OO0 ITITIOON

0.652308
-1.001838
0.693750
-0.336753
-0.356370
0.640105
1.672325
1.700458
-1.129784
-1.143681
2.458600
2.500163
0.809440
-0.193874
-1.185127
0.063080
-0.242047
0.573544
1.483915
-0.025686

N

2.925337
1.970858
3.992702
2.031419
2.930542
3.193461
3.284317
3.833036
3.920138
4.190895
4.037964
4.205507
4.683803
-0.520940
-1.056675
-1.194299
-2.326099
-2.464919
-3.026641
-2.774022
-3.022524
-4.017732
2.278381
0.766717
3.043659
2.198036
2.665730
3.503754

-5.737272
-0.280901
-3.886897
-3.049840
-2.573155
-2.924542
-3.765711
-4.235292
-2.750264
-1.900224
-4.059253
-4.885404
-4.406071
-4.074047
-4.415823
-4.580491
-2.991231
-2.484021
-2.350035
-1.649050

2.632267
3.519945
2.737198
4.559199
0.263291
0.194942
-0.753080
-0.957345
-1.879177
-1.981681
-1.054259
-2.688196
-2.869029
3.427166
3.345558
4.031208
3.889450
4.550368
4.479445
3.841849
5.012869
4.888028
1.439126
2.843765
-0.614240
0.068544
-1.931911
-2.637284

-3.545448
1.646749
5.883041
5.454984
4.146269
3.227243
3.676045
4.980564
6.132183
3.817648
2.983290
5.323314
7.144332
8.065928
7.735695
8.998640
8.250081
1.909686
1.489611
1.786073

-1.049882
-1.418538
-0.938109
-1.699474
-0.276045
1.100770
-1.181030
1.569269
-0.657485
0.703256
2.631395
-1.322135
1.090902
-1.622127
-2.916759
-0.548015
-3.119171
-0.806810
-2.074677
-4.107898
0.002332
-2.250528
-0.782800
-1.371626
-2.673413
-2.810380
-3.348725
-3.368270
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1.822837
2.381397
4.270463
4.513738
5.148439
4.093122
-0.317626
0.653023
-0.050719
-0.984826
0.512303
0.526195
-1.070148
-1.218802
-2.052041
-0.503822
2.840356
2.340823
4.113764
3.860128
4.647286
4.806578
1.862719
0.903286
2.270427
1.678851
-0.597943
0.431745
-1.353123
-1.240687
-0.960592
-2.420777
-0.531390
0.007660
-1.531494
-0.019160

-2.414894
-1.745020
0.008734
0.989665
-0.634859
0.136046
2.691438
2.346706
3.690297
4.057269
4.558603
3.215556
1.459510
0.735377
1.732050
0.974229
1.307168
2.103720
1.905690
2.748575
1.168010
2.264750
0.840621
0.533770
0.004720
1.663605
4.144755
3.773072
3.285485
2.211815
3.481738
3.533391
5.610226
6.231057
6.038237
5.686535

-2.847727
-4.389186
-3.351762
-2.931703
-3.228099
-4.425068
-4.068740
-3.696919
-5.198695
-5.637173
-4.842131
-5.999217
-4.580516
-3.773176
-4.982716
-5.382955
2.071540
1.509882
2.680728
3.331762
3.289629
1.911615
3.154551
2.721926
3.733546
3.854930
0.843797
0.805639
1.864336
1.672192
2.868611
1.872174
1.288501
0.565112
1.414952
2.252944

0.943393 1.557562 -0.982599

-0.534229 0.206649 -0.738152

-4.836460
-3.682433
-3.676639
-4.833232
-5.982234
-5.981528
-4.826259
-2.744173
-4.835795
-6.880802
-6.875940
-2.521419
-1.733107

-0.147259
-0.239467
0.271287
0.859525
0.948113
0.445087
-0.546389
0.198296
1.253241
1.409221
0.512202
-0.896105
-1.677842

-1.012750
-0.218445
1.088525
1.587220
0.803525
-0.496793
-2.022513
1.653687
2.599829
1.204403
-1.109472
-0.752106
-1.301305

S71

OOOOOOO I ITITOOOOOOIIITOON

-1.056544
-1.216534
-0.275443
-0.609277
-1.820695
0.324730
-0.147717
0.160704
-0.739043
0.922749
0.631817
-0.842455
0.485515
-0.450992
-0.414158
0.544610
1.483367
1.456739
-1.211577
-1.121217
2.239923
2.184198
0.540112
-0.428597
-1.448056
-0.230699
-0.365584
0.528523
1.453729
0.000439

-0.918569
-1.822374
0.130293
-1.731198
-0.995844
-0.831839
-0.588644
-0.202797
0.034703
0.235957
-0.054368
0.363159
0.729054
-4.250933
-4.494229
-5.149008
-5.689325
-6.330414

-2.793307
-3.057470
-3.647354
-4.171378
-2.388490
-4.758249
-3.421413
-5.024313
-4.376182
-5.423398
-5.896388
0.027786
-3.805468
-2.856755
-2.349850
-2.781790
-3.733844
-4.233566
-2.491960
-1.587269
-4.089125
-4.969464
-4.363882
-3.952124
-4.181260
-4.504843
-2.874908
-2.307664
-2.232055
-1.421139

-2.627901
-1.624212
-2.623169
-0.557919
-5.104807
-5.720839
-5.685268
-6.965515
-6.933218
-7.559033
-7.477927
-7.418607
-8.526195
-1.510314
-0.970513
-1.401921
-0.271453
-0.693845

-1.899273
-3.268369
-1.103715
-3.833922
-3.873713
-1.685958
-0.043251
-3.044449
-4.892653
-1.069545
-3.489151
1.655587
5.792469
5.381867
4.084841
3.160315
3.592003
4.885259
6.064284
3.769985
2.895042
5.215315
7.041163
7.967522
7.625920
8.888301
8.178148
1.851705
1.449110
1.746552

-1.719974
-1.834317
-1.470139
-1.703752
-1.961778
-0.709947
-3.168800
-0.693844
-3.095389
-1.873452

0.250537
-4.009398
-1.837783
-2.396623
-3.668273
-1.325990
-3.844208
-1.556662
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-6.592022
-5.919890
-7.054787
-7.513876
-1.595434
-3.021839
-0.807024
-1.296509
-1.742440
-1.305230
-2.700808
-1.937372
0.521574
1.177351
1.055539
0.345735
-3.542362
-2.580521
-3.283026
-4.183633
-2.931613
-2.521632
-4.067983
-4.190890
-5.042322
-3.373787
-1.370669
-1.340829
-0.541569
-0.903663
-0.629718
0.518483
-2.833428
-3.455263
-2.918868
-3.256030
-4.891283
-3.891890
-5.891822
-5.847305
-5.676415
-6.917764
-4.908592
-4.178685
-5.894492
-4.668934
-2.890844

-4.354048 -4.836385 -2.815725

-0.125432

0.157106
-0.591910

0.427348
-3.802744
-2.215940
-5.020800
-4.056139
-5.859311
-6.836759
-6.031938
-5.346856
-4.743618
-4.120154
-5.672695
-4.224594
-1.189475
-1.519000
0.089100

0.435214

0.899283
-0.094987
-2.309557
-3.244838
-2.043530
-2.491854
-5.084434
-3.996578
-5.409442
-4.822345
-6.464268
-5.180861
-5.489255
-5.263923
-6.561132
-4.951389
-2.041409
-2.488539
-3.169411
-3.935562
-3.660289
-2.787954
-1.005604
-0.209835
-0.540556
-1.483532
-3.556439

-2.796706
-4.814323
-0.754316
-2.952675
-1.994817
-2.183370
-4.512248
-4.342919
-5.386488
-5.614374
-4.886571
-6.333991
-5.218322
-4.602708
-5.442849
-6.165830
-4.826864
-4.418545
-5.622865
-6.139718
-4.976925
-6.386813
-5.731066
-5.174625
-6.154185
-6.558027
0.556230
0.422586
1.796534
2.645835
2.075874
1.649703
0.768008
-0.103384
0.969624
1.623365
0.022598
0.004650
0.283669
-0.496572
1.237340
0.321771
1.148024
0.970173
1.250019
2.103014
-2.284916

-8.478511 -5.697206 -4.237310
-7.340152 -4.997099 -3.800135
-7.361421 -3.598812 -3.708193
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-8.513733
-9.643468
-9.619107
-8.409711
-6.480137
-8.523176

-2.901243
-3.588751
-4.980678
-6.792907
-3.061578
-1.818442

-10.542163 -3.040425
-10.503576 -5.516353

-6.164921
-5.561296
-4.738801
-5.151350
-3.555329
-4.366860
-6.133994
-2.787090
-3.251511
-3.184871
-4.693173
-1.881146
-2.582952
-7.625057
-5.290341
-5.451789
-6.457103
-7.346529
-7.167372
-6.155667
-4.764937
-6.573293
-7.834980
-6.058531
-4.250320
-4.184646
-5.114188
-3.360895
-3.981034
-8.357403
-8.729809
-8.150369

3.419161
2.504169
4.476856
2.594654
3.365152
3.636520
3.713457
4.331344

-5.768845
-6.855078
-8.024381
-9.167818
-8.055940
-10.311934
-9.125723
-9.212197
-7.187875
-10.340000
-11.197790
-9.228351
-11.243795
-8.253434
-7.860659
-8.693867
-8.459451
-7.373361
-6.544136
-6.782672
-9.524764
-9.088731
-5.697933
-6.114881
-8.171066
-7.460324
-7.555334
-7.892638
-6.392084
-7.204669
-6.267717
-7.630287

2.464239
3.455927
2.489026
4.527798
-0.016146
-0.531920
-0.680485
-1.739142

-4.050443
-4.488319
-4.577813
-4.243341
-3.369947
-3.975638
-4.757381
-4.911720
-3.471550
-3.312178
-3.246234
-3.952996
-2.492577
-3.913665
-4.412084
-2.461593
-1.915633
-3.175007
-4.450856
-1.866247
-3.142045
-3.558695
1.535956
0.425193
-0.494834
-0.347964
0.769137
1.702328
0.291415
-1.371530
0.917103
2.552388
2.381397
3.589811
4.167571
4.161518
3.430280
-1.264330
-1.312625
-2.201725

0.447205
0.318178
0.655493
0.391414
0.344098
1.623373
-0.837658
1.691494
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4.401166
4.721438
4.569665
4.685575
5.263908
0.045969
-0.336376
-0.757556
-1.570258
-1.982030
-2.382816
-1.903487
-2.633449
-3.341344
2.740178
1.297475
3.369349
2.808073
2.459212
2.962525
1.549057
2.169495
4.631642
5.262020
5.231511
4.364920
0.518186
1.439000
0.915666
0.037569
1.447931
1.568741
-0.193040
-0.452659
-1.116916
0.453871
3.131259
3.142330
3.998895
3.655797
3.931273
5.051863
1.677729
1.033717
1.599025
1.282366
-0.362812
0.666843
-1.249479
-1.166367
-0.954843

-1.890765
-2.405830
-2.165329
-2.433902
-3.343989
3.506034
3.837350
3.758697
4.468050
4.392528
4.747485
4.730584
4.599884
5.235164
1.271396
2.837771
-0.146283
0.784686
-1.124452
-2.079664
-1.326374
-0.704621
0.176264
0.901828
-0.722751
0.595946
3.501316
3.029825
4.760100
5.270799
5.470162
4.500092
2.487791
1.584755
2.905267
2.203127
0.164840
1.244607
-0.085075
0.543084
-1.124251
0.144786
-0.241316
-0.037645
-1.309058
0.312878
3.316229
2.945351
2.154005
1.306087
1.814397

-0.713048
0.533884
2.660258

-1.609239
0.608533

-0.149166

-1.455958
0.971027

-1.621942
0.751625

-0.530624

-2.621580
1.595693

-0.682097
0.259422
0.050521

-2.211879

-2.086117

-2.958765

-3.141509

-2.385925

-3.927690

-3.013683

-2.489790

-3.190877

-3.989005

-2.659992

-2.301255

-3.432746

-3.841821

-2.792010

-4.271929

-3.559915

-2.997900

-3.973912

-4.396516

2.871844
2.681187
4.102463
4.929872
4.440962
3.912038
3.142566
2.281961
3.370971
4.000982
2.365225
2.327448
2.819631
2.132262
3.818097
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-2.301488
-0.398267
0.241454
-1.412890
-0.050503
1.428120

2.457328
4.472293
5.299148
4.863269
4.133584
1.489851

2.862603
3.365174
3.041651
3.493362
4.346213
0.005989

-0.073877 0.226487 -0.502414

-3.782230
-2.908464
-3.241023
-4.406654
-5.266551
-4.938483
-3.548096
-2.561276
-4.631349
-6.174330
-5.591466
-1.669548
-1.596633
-0.473687
-0.303811
0.434636
0.772082
-1.018125
1.510183
0.272565
1.690346
0.893874
2.207161
2.533035
-2.682541
-1.165171
-1.722132
-2.796085
-3.345908
-2.791967
-1.715250
-1.288868
-3.203277
-3.190143
-1.299782
-0.088195
0.521382
0.879315
1.371260
-0.163009
-4.433347
-4.505589
-4.376107

-0.499291
-0.148212
0.988541
1.708824
1.334399
0.233175
-1.357535
1.304241
2.576216
1.898705
-0.062434
-0.888717
-2.224079
-3.126270
-4.281021
-2.880651
-5.134514
-4.498294
-3.731434
-2.032929
-4.858658
-6.017228
-3.510274
-5.522863
-2.949249
-2.908182
-1.627667
-1.320440
-2.282483
-3.565159
-3.880383
-0.873511
-0.312543
-4.325216
-4.880489
-3.107506
-4.375254
-4.613943
-4.333345
-5.168403
-1.987188
-0.996949
-2.480016

-2.498782
-1.453594
-0.693061
-0.929228
-1.959547
-2.747720
-3.117493
0.093974
-0.314656
-2.152911
-3.564836
-1.139270
-1.265314
-0.985323
-1.761534
0.053081
-1.540280
-2.548939
0.269911
0.710747
-0.529739
-2.162049
1.071840
-0.358596
-1.716504
3.241542
3.248285
2.425514
1.565764
1.584995
2.408818
3.897913
2.428759
0.918386
2.365020
4.062234
4.014129
3.004091
4.697703
4.343665
0.740520
0.541111
-0.142318
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-0.609466
-1.591931
0.447013
-1.572693
-0.505322
-0.315759
-0.025474
0.369007
0.647803
0.839960
0.533304
1.029269
1.366259
-4.013187
-4.236787
-4.914812
-5.396822
-6.060325
-6.294971
-5.603579
-6.787811
-7.198617
-1.207128
-2.762673
-0.184136
-0.760196
-0.964821
-0.443865
-1.962022
-1.083981
1.181118
1.730716
1.803536
1.056555
-3.299917
-2.452593
-2.735987
-3.530860
-2.204291
-2.036612
-3.998448
-4.394754
-4.834892
-3.297238
-0.785795
-1.417734
0.410767
0.070488
1.078414

-1.294918
-0.389816
-1.174856
0.686508
-3.774077
-4.217005
-4.469941
-5.420845
-5.670539
-6.144038
-5.796246
-6.239527
-7.080801
-0.461896
-0.078128
-0.184971
0.650478
0.540880
0.964653
0.963070
0.763180
1.520203
-2.538700
-1.103406
-3.953915
-3.023447
-4.932517
-5.891603
-5.125553
-4.521661
-3.624285
-2.898220
-4.520934
-3.204259
-0.452729
-1.003865
0.784175
1.374698
1.438366
0.488852
-1.389043
-2.276940
-0.886956
-1.714228
-3.421831
-2.602491
-2.799448
-2.192477
-3.574810

-1.929372
-2.153228
-1.750349
-2.215312
-1.755155
-0.436393
-2.875615
-0.260333
-2.640382
-1.348926
0.745481
-3.483510
-1.189113
-2.633418
-3.965276
-1.592765
-4.234345
-1.923013
-3.223934
-5.254174
-1.149551
-3.455671
-1.964114
-2.321874
-4.293705
-4.255082
-5.173829
-5.267348
-4.768612
-6.181806
-4.906974
-4.299439
-4.997206
-5.910351
-5.098916
-4.676818
-5.803318
-6.270784
-5.104772
-6.592344
-6.090864
-5.589239
-6.588926
-6.866942
0.767723
0.408880
1.496630
2.341930
1.887817
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1.000915
-1.636241
-2.502994
-1.060744
-1.999549
-4.671831
-3.937056
-5.935719
-6.409886
-5.675588
-6.673164
-4.077267
-3.135224
-4.771999
-3.881913
-2.538398

-3.860781
-5.336751
-4.642815
-5.424184
-6.598574
-4.404390
-6.753700
-7.392193
-4.560025
-3.482523
-5.735465
-7.676843
-3.755527
-5.854886
-4.725259
-4.047519
-5.519666
-4.160816
-3.441210
-5.618474
-6.072049
-4.943803
-3.636518
-6.239264
-5.032940
-3.890579
-9.252875
-10.003141
-9.452042
-8.109113
-7.393071
-7.941762
-11.028035
-10.054470

-2.158155
-4.259872
-4.692095
-5.079677
-3.635304
-0.624038
-1.436513
-1.181719
-1.959229
-1.614964
-0.393683
0.526724

0.888113

1.372932

0.203340
-2.434554

0.833850
1.723251
1.217287
2.166012
2.545712
-0.161083
-0.179945
0.499144
-0.113233
1.471251
0.688495
0.659554
0.233168
0.699762
1.687538
-2.206128

-3.958868 -2.286152

-5.574447
-6.283902
-6.027117
-5.726923
-6.719461
-6.115698
-5.176217
-7.095989
-6.963975
-6.799963
-5.871966
-7.628001
-7.098222
-6.162158
-7.090006
-5.169600
-7.028345
-7.860339
-5.119430
-4.460191
-6.041939
-7.754893
-4.354080
-5.996058
-7.338057
-2.345264
-3.159174
-3.659704
-3.382340
-2.522629
-2.031095
-3.392529
-4.306746

-2.469062
-1.499151
-3.883841
-4.591400
-4.560403
-5.917059
-4.097066
-5.890091
-4.046137
-6.575814
-6.435181
-6.391346
-7.613756
-0.043334
0.764266
0.559107
2.147662
0.301755
1.943446
-0.063570
2.743547
2.761949
2.401186
3.825387
-1.871442
-4.965533
-4.110889
-2.944672
-2.552917
-3.426816
-4.607970
-4.387806
-2.308737

-6.379737 -2.241357 -3.150676
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-7.333810 -1.385793 -5.234112

-7.497640
-8.191018
-6.220724
-9.890827
-9.141307
-9.794479
-8.810680
-8.252040

-1.165790
-2.237813
-0.118584
-2.321735
-0.856600
-0.616555
-0.398327
0.125965
0.339047
0.599492
0.326958
0.705507
1.172354
-4.688227
-5.168521
-5.470880
-6.489506
-6.780841
-7.284428
-6.895233
-7.418629
-8.308196
-1.645994
-3.343159
-0.702434
-1.213251
-1.650728
-1.193324
-2.595295
-1.879476
0.579635
1.250501
1.126928
0.339174
-4.310125
-3.347128
-4.034179
-4.961512
-3.558833

-3.918074
-4.452692
-4.936519
-1.901876
-1.113428
-0.876895
-0.172770
-1.642631

-1.244168
-0.416064
-1.053211

0.649996
-3.709056
-4.452420
-4.094849
-5.626647
-5.277828
-6.034962
-6.233782
-5.612748
-6.954022
-0.744839
-0.542401
-0.546656
-0.106701
-0.106403

0.114162

0.062535

0.053032

0.456329
-2.520629
-1.209158
-3.293406
-2.373932
-4.060227
-4.996016
-4.302235
-3.458666
-2.883117
-2.321417
-3.755858
-2.253706
-0.751349
-1.159527
0.588181

1.042840

1.299729

-1.465027
-0.939526
-2.066682
-6.099490
-6.977903
-7.821148
-6.511192
-7.352347

-1.232387
-1.263122
-1.061464
-1.125529
-1.578346
-0.414809
-2.845195
-0.547629
-2.924667
-1.789246

0.329995
-3.890678
-1.872846
-1.686511
-2.987749
-0.538849
-3.119815
-0.726264
-2.003300
-4.112876
0.137172
-2.128165
-1.476860
-1.522503
-4.094190
-3.789784
-5.019818
-5.359574
-4.522338
-5.906003
-4.821122
-4.163492
-5.192497
-5.683809
-4.218655
-3.896280
-4.907460
-5.272488
-4.224393
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-3.372080
-4.930253
-5.060086
-5.903316
-4.278780
-1.190287
-1.556005
-0.142136
-0.576882
0.224054
0.719270
-2.391850
-3.152294
-2.085325
-2.843111
-4.947454
-3.852933
-5.335390
-4.943989
-4.939154
-6.424031
-5.416745
-5.191365
-6.494264
-4.918650
-2.987417
-4.200194
-5.179406
-8.383958
-7.346781
-6.918949
-7.560595
-8.602466
-9.016726
-8.717562
-6.857327
-7.222076
-0.066876
-10.013714
-10.645138
-11.145822
-11.391722
-9.933355
-5.809012
-5.536630
-5.834562

0.443896
-1.763612
-2.749862
-1.416723
-1.882740
-4.044923
-3.016115
-4.066038
-3.694096
-5.079787
-3.439193
-4.929919
-4.867249
-5.977000
-4.613451
-0.880610
-0.830124
-2.318911
-3.025027
-2.588409
-2.433893
0.101364

1.136935

0.023439
-0.118561
-2.511005
-3.986447
-4.842353
-4.669793
-5.338891
-4.945328
-3.873769
-3.202094
-3.591804
-4.969139
-6.170506
-3.552907
-2.366779

-5.767393
-5.184121
-4.723163
-5.550012
-6.056949
0.926790
0.839704
2.039002
2.972107
2.231305
1.788941
1.272174
0.486793
1.372813
2.218503
0.843184
0.810505
1.202954
0.464208
2.188221
1.224643
1.914792
1.641642
2.092494
2.864048
-1.660220
-2.102324
-3.999049
0.820059
0.185125
-1.085303
-1.708644
-1.078095
0.196933
1.808662
0.686368
-2.690108
-1.588062

-2.989045 0.903669
-1.882071 0.306366
-2.155522 -0.631538
-1.531931 1.020555

-1.070515
-5.552492
-6.435306
-5.571309

0.102779
-1.715222
-1.303406
-2.766975



	Under an inert atmosphere, an 8 ml ampoule containing a magnetic stirrer bar was charged with Bis(triphenylphosphine)palladium(II) dichloride (27.4 mg, 0.04 mmol), copper Iodide (24.8 mg, 0.13 mmol), and 4-bromoanisole (163 µl, 1.30 mmol). 6.5 ml of d...
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