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1. General

Proton, carbon and fluorine NMR spectra were recorded on Bruker 300 MHz, or Agilent
Technologies 500 MHz, spectrometer (*H NMR at 500 MHz, or 300 MHz, *C NMR at 126 MHz,
or 75 MHz, and **F NMR at 470 MHz. Chemical shifts for protons are reported in parts per million
downfield from Si(CHs)4 and are referenced to residual protium in the deuterated solvent (CHCIs
at 7.26 ppm, or CH3;OH at 3.31 & 4.87 depending on solvent used). Chemical shifts for fluorines
are reported in parts per million downfield from CFCls. NMR data are presented in the following
format: chemical shift (number of equivalent nuclei by integration, multiplicity [app = apparent, br
= broad, d = doublet, t = triplet, q = quartet, dd = doublet of doublets), dt = doublet of triplets), dq
= doublet of quartets), ddd = doublet of doublet of doublets), m = multiplet], coupling constant [in
Hz], assignment). Electrospray ionisation ultrahigh resolution time-of-flight mass spectrometry
(ESI-UHR-TOF-MS) was performed on a Bruker maXis mass spectrometer. Electrospray
ionisation high resolution time-of-flight mass spectrometry (ESI-HR-TOF-MS) was performed on
a Bruker micrOTOF spectrometer. Infrared (IR) spectra were recorded on a Perkin—Elmer 1600
FT (Fourier transform), IR spectrophotometer, with absorbencies quoted as wavelength (v [in
cm-—1]). Melting points were obtained on a Bibby Sterilin SMP10 melting point machine and are
uncorrected.

Analytical thin-layer chromatography (TLC) was performed on aluminium-backed plates coated
with Alugram® SIL G/UV254 purchased from Macherey—Nagel and visualised with UV light (254
or 365 nm), and/or KMnO4, 2,4-DNPH or I,/Silica staining. Silica gel column chromatography was
performed using 60 A, 200-400 mesh particle size silica gel purchased from Sigma—Aldrich.
Samples were loaded as saturated solutions in an appropriate solvent system.

All reactions were performed using reagents obtained from Sigma-Aldrich, Acros Organics, Alfa
Aesar, Fluorochem chemicals without further purification unless stated. [RuClx(p-cymene)]. was
purchased from STREM chemicals or Acros Organics. All water used was purified through a
Merck Millipore reverse osmasis purification system prior to use. Anhydrous solvents were dried
and degassed by passing through anhydrous alumina columns using an Innovative Technology
Inc. PS—400-7 solvent purification system (SPS) and stored under an atmosphere of N> prior to
use.

Reactions were performed in oven-dried glassware and under a blanket of N if not stated.
Temperatures quoted are external. Solvents were removed under reduced pressure using B chi-
Rotorvapor apparatus.
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2. Optimization

[RuCly(p-cymene)],

H (5 mol%) CO,Et CO,Et
Base (2 e
/@E\g Br Additiv(-(z @ Z)q) D . A
H N _—— H N N

2N Ot Solvent N COEt SN

N \\) 120°C, 16 h N \\) N7\

~ a < )

Mono Di
Entry Base Additive Solvent Temp Time CP (eq) Base (eq) Add. (eq) Mono (%) Di (%)

1 KOAc - 1,4-dioxane 120 16 3 2 2 21 8
KOAc AcOH 1,4-dioxane 120 16 3 2 2 49 47
3 - AcOH 1,4-dioxane 120 16 3 2 2 26 0
4 KOAc AcOH 2-MeTHF 120 16 3 2 2 62 32
5 KOAc AcOH DME 120 16 3 2 2 48 45
6 KOAc AcOH AcOH 120 16 3] 2 2 91 5
7 KOAc AcOH THF 120 16 & 2 2 39 57
8 KOAc AcOH TBME 120 16 3 2 2 83 14
9 KOAc AcOH DCE 120 16 3 2 2 65 33
10 KOAc AcOH t-AmOH 120 16 3 2 2 12 6
11 KOAc AcOH PhMe 120 16 3 2 2 59 37
12 KOAc AcOH NMP 120 16 3 2 2 0 0
13 NaOAc AcOH THF 120 16 3 2 2 85 9
14 NBusOAc AcOH THF 120 16 3 2 2 0 0
15 K2COs AcOH THF 120 16 3 2 2 6 3
16 K2COs* AcOH THF 120 16 3 2 2 46 43
17 Na:CO3 AcOH THF 120 16 3 2 2 0 0
18 KOPiv AcOH THF 120 16 3 2 2 17 9
19 KOAc PivOH THF 120 16 3 2 2 65 32
20 KOAc AdCOzH THF 120 16 3 2 2 8 10
21 KOAc MesCOz2H THF 120 16 3 2 2 50 30
22 KOAc Piv-Val-OH THF 120 16 3 2 2 62 14
23 KOAc TFA THF 120 16 3 2 2 31 3
24 KOAc KOAc THF 120 16 3 2 2 55) 40
25 KOAc AcOH THF 120 16 1 2 2 70 30
27 KOAc AcOH THF 120 16 5 2 2 36 26
28 KOAc AcOH THF 120 16 10 2 2 37 28
29 KOAc AcOH THF 100 16 3 2 2 55) 43
30 KOAc AcOH THF 120 16 3 2 1 27 14
31 KOAc AcOH THF 120 16 3 2 3 56 46
32 KOAc AcOH THF 120 16 3 2 10 69 31
33 KOAc AcOH THF 120 16 3 1 2 71 17
34 KOAc AcOH THF 120 16 3 3 2 26 74
35" KOAc AcOH THF 120 Time 3 2 2 0 0

Standard Conditions: Indole (0.25 mmol), ethyl a--bromoisobutyrate (0.75 mmol), [RuClz(p-cymene)]z (5 mol%), Base (2 eq), Additive (2 eq), Solvent (1

mL), 120 °C, 16 h under Argon. * = KOAc (30 mol%) added. ** = [RuClz(p-cymene)]2 (0 mol%).
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Scheme S1: Gram-scale synthesis of 3a for reaction probing

OEt
2a (3 eq) OEt
H [RuCly(p-cymene)], N o)
(5 mol%) o) P N\
@E\g KOAc (2 eq) N\ cI” N )
H 1,4-dioxane ” gf/ﬁl )\N
120 °C, 16 h N™
; 0-150°C \§)
1b: 10 mmol Ar 3b: 79% 16 h
(1.17 g) (1.82 g) 3a: 66%

(1.619)

Scheme S2: Remote C-6 alkylation using [Ru(OAc)2(p-cymene)] monomer as catalyst

OEt OEt
O—Ru~
e} Br \()/ OAc o)
N 4\[(05 (10 mol%) N
N " N
H ) KOACc (2 eq)

2N AcOH (2 eq) )\N

N\\) 1,4-dioxane EtO” "0 N\\)
= 120 °C, 16 h =

3a 2a Ar 4a - 46%
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Scheme S3: Ruthenium Catalyzed C-H Alkylation of C4 Substituted Derivatives

OEt [RuCly(p-cymene)], OEt
F (5 mol%) F 5
o KOAc (2 eq)
\ Br AcOH (2 eq) N
N + OEt _— = N
H Ju d 1,4-dioxane o Ju
7N 120 °C, 16 h 7
) Ar TN
— O S
S3a S4a: 14%

C7 selectivity was exclusively observed in the C4-F derivative in low yields. This shows that the
electronic nature of the fluorine strongly influences the selectivity of the product. This was
investigated using the computational methods used previously (Figure S1) and this showed that
this functionalization is likely to take place on an organic non-cyclometalated substrate. This C7
functionalization could then impact on potential C2 cyclometalation and C6 functionalisation.

- -
“"'I
- ) "
T &
L7
" o -
Relative Fukui index
- I
]
|
|

Carbon Mo.

+ m
=3 Q
o'\

Fi]

e Fukui index

0.E
: | Bl m =l I

03 2 3 * 4 5 B T B 5 10
Carbon No.

Figure S1: Relative nucleophilicity Fukui indices for organic and inorganic computed structures.
Calculations were performed at the BP86/6-31G**&SDD(Ru) level of theory. Fukui indices were
calculated with NBO total atomic charges from the optimized neutral structure. Most reactive
vacant C-H position is highlighted in red.
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3. Synthesis of Starting Materials
Synthesis of 1-(pyrimidin-2-yl)-1H-indole (1a)

N,

N

To a solution of indole (2.34 g, 20 mmol) in DMF (50 mL) was added sodium hydride (60% wt. in
mineral oil, 1.2 g, 30 mmol) portion-wise. The reaction mixture was allowed to stir at room
temperature for 1 hour. To the solution was added 2-chloropyrimidine (3.43 g, 30 mmol) and the
reaction mixture was heated to 150 °C overnight. The reaction mixture was allowed to return to
room temperature before being poured into brine (300 mL) and EtOAc (300 mL). The organic
layer was separated and the aqueous layer was re-extracted with EtOAc (2 x 300 mL). The
combined organic layers were dried over MgSO,4 and concentrated in vacuo. The crude mixture
was purified via silica gel column chromatography (EtOAc/Petroleum Ether 40-60 °C) to give a
white solid, 99% (3.88 g). *H NMR (300 MHz, CDCl; 5 8.82 (1H, dq, J = 8.4, 0.9 Hz), 8.71 (2H, d,
J=4.8Hz),8.28 (1H, d, J = 3.7 Hz), 7.69-7.58 (1H, m), 7.35 (1H, ddd, J=8.5, 7.1, 1.4 Hz), 7.28—
7.19 (1H, m), 7.06 (1H,t, J = 4.8 Hz), 6.71 (1H, dd, J = 3.7, 0.8 Hz). *C NMR (75 MHz, CDCl3) d
158.3, 154.9, 147.6, 131.4, 125.9, 123.8, 122.2, 121.0, 116.4, 116.2, 107.1. Data is in line with
literature precedent.!
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Synthesis of tert-butyl 1H-indole-1-carboxylate (S1a)

o
p

)

)V

To a solution of 1H-indole (2.34 g, 20 mmol) and N,N-dimethylaminopyridine (0.244 g, 2 mmol) in
CHCI, (40 mL) was added di-tert-butyl dicarbonate (4.8 g, 22 mmol). The reaction was allowed
to stir at room temperature overnight. Brine (100 mL) and CH:Cl, (60 mL) were added to the
reaction mixture and the organic layer extracted. The aqueous layer was re-extracted with CH2Cl>»
(2 x 100 mL). The combined organic phases were dried over MgSO4 and concentrated in vacuo
to give a yellow oil, 90% (3.89 g). *H NMR (500 MHz, CDCls) 6 8.21 (1H, d, J = 8.3 Hz), 7.64 (1H,
d, J=3.8 Hz), 7.60 (1H, ddd, J = 7.8, 1.3, 0.8 Hz), 7.36 (1H, ddd, J = 8.3, 7.2, 1.3 Hz), 7.30-7.22
(1H, m), 6.61 (1H, dd, J = 3.7, 0.8 Hz), 1.72 (9H, s). **C NMR (126 MHz, CDCls) 5 149.9, 135.3,
130.7, 126.0, 124.3, 122.7, 121.0, 115.3, 107.4, 83.7, 28.3. Data is in line with literature
precedent.?
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Synthesis of 1-benzyl-1H-indole (S1b)

C

To a solution of 1H-indole (2.34 g, 20 mmol) in DMF (20 mL) was added sodium hydride (60% wit.
in mineral oil, 2.85 g, 24 mmol). The reaction mixture was left to stir at room temperature for 1
hour. To the resulting slurry was added benzyl bromide (3.6 mL, 30 mmol) at 0 °C. The reaction
mixture was allowed to stir at room temperature overnight. The resulting mixture was quenched
with water (200 mL) and EtOAc (200 mL) was added. The organic layer was extracted and the
agueous layer was re-extracted with EtOAc (2 x 200 mL). The combined organic layers were dried
over MgSO. and concentrated in vacuo to a yellow oil 95%, (3.93 g). *H NMR (500 MHz, CDCls)
67.84 (1H,ddd, J=7.7, 1.4, 0.8 Hz), 7.58-7.48 (1H, m), 7.46-7.38 (4H, m), 7.38-7.26 (2H, m),
7.27-7.19 (3H, m), 5.39 (2H, d, J = 0.7 Hz). *3C NMR (126 MHz, CDCl;) d 137.6, 128.8, 128.8,
128.5, 128.3, 127.8, 127.7, 127.6, 126.8, 121.8, 121.1, 119.6, 109.8, 101.8, 50.1. Data is in line
with literature precedent.?
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Synthesis of 3-methyl-1-(pyrimidin-2-yl)-1H-indole (1c)

To a solution of 3-methylindole (2.62 g, 20 mmol) in DMF (20 mL) was added sodium hydride
(60% wt. in mineral oil, 1.2 g, 30 mmol) portion-wise. The reaction mixture was allowed to stir at
room temperature for 1 hour. To the solution was added 2-chloropyrimidine (3.43 g, 30 mmol)
and the reaction mixture was heated to 150 °C overnight. The reaction mixture was allowed to
return to room temperature before being poured into brine (300 mL) and EtOAc (300 mL). The
organic layer was separated and the aqueous layer was re-extracted with EtOAc (2 x 300 mL).
The combined organic layers were dried over MgSO,4 and concentrated in vacuo. The crude
mixture was purified via silica gel column chromatography (EtOAc/Petroleum Ether 40-60 °C) to
give a white solid, 24% (1.01 g). *H NMR (500 MHz, CDCl;) 6 8.78 (1H, dd, J = 8.5, 3.1 Hz), 8.66
(2H,t, J=4.3 Hz), 8.04 (1H, dt, J = 2.7, 1.4 Hz), 7.57 (1H, dd, J = 8.0, 3.0 Hz), 7.36 (1H, tdd, J =
8.4, 3.9, 1.5 Hz), 7.27 (1H, dt, J = 8.4, 3.4 Hz), 6.98 (1H, q, J = 4.6 Hz), 2.39-2.35 (3H, m). *C
NMR (126 MHz, CDCls) 6 158.2, 135.8, 132.2, 123.8, 123.0, 121.9, 118.9, 116.3, 116.2, 115.7,
9.9. Data is in line with literature precedent.®
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Synthesis of 2-methyl1-(pyridin-2-yl)-1H-indole (1d)

N

>

z

N

L

To a solution of 2-methylindole (0.65 g, 5 mmol) in DMF (5 mL) was added sodium hydride (60%
wt. in mineral oil, 0.3 g, 7.5 mmol) portion-wise. The reaction mixture was allowed to stir at room
temperature for 1 hour. To the solution was added 2-chloropyrimidine (0.84 g, 7.5 mmol) and the
reaction mixture was heated to 150 °C overnight. The reaction mixture was allowed to return to
room temperature before being poured into brine (75 mL) and EtOAc (75 mL). The organic layer
was separated and the aqueous layer was re-extracted with EtOAc (2 x 75 mL). The combined
organic layers were dried over MgSO4 and concentrated in vacuo. The crude mixture was purified
via silica gel column chromatography (CH2Cl,/Petroleum Ether 40-60 °C) to give a white solid,
5% (0.052 g). *H NMR (500 MHz, CDCls) 6 8.77 (2H, d, J = 4.9 Hz), 8.32 (1H, d, J = 8.1 Hz), 7.54
(AH,d, J=7.5Hz), 7.23 (2H, dt, J = 19.7, 6.9 Hz), 7.10 (1H, t, I = 4.8 Hz), 6.46 (1H, s), 1H), 2.74
(3H, s). *C NMR (126 MHz, CDCl3) & 158.1, 137.9, 136.9, 129.5, 122.4, 121.9, 119.6, 117.0,
114.1, 106.8, 16.7. Data is in line with literature precedent.*
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Synthesis of ethyl 2-(1-(pyrimidin-2-yl)-1H-indol-3-yl)acetate (3e)
OEt
O
A\
N
N

N

L

To a solution of indole-3-acetic acid (1.6 g, 9.1 mmol) in EtOH (40 mL) was added H2SO4 (2 mL).
The reaction mixture was refluxed overnight. The reaction mixture was allowed to return to room
temperature and was diluted in H,O (100 mL) and EtOAc (100 mL). The organic layer was
extracted, and the aqueous layer was re-extracted with EtOAc (100 mL). The combined organic
layers were dried over MgSO4 and concentrated in vacuo. The resulting residue was purified via
silica gel column chromatography (EtOAc:Petroleum Ether 40-60 °C, 1:10 v:v) to afford a yellow
oil. This yellow oil was diluted in DMF (7 mL) and sodium hydride (60% wt. in mineral oil, 0.39 g,
9.75 mmol) was added portionwise at 0 °C. The resulting slurry was allowed to stir for 1 hour.
Following this 2-chloropyrimidine (1.12 g, 9.75 mmol) was added and the reaction was allowed to
stir at room temperature overnight. The reaction mixture was concentrated in vacuo. The resulting
residue was diluted in EtOAc (200 mL) and brine (200 mL). The organic layer was extracted and
the aqueous layer was re-extracted with EtOAc (2 x 200 mL). The combined organic phases were
filtered through a pad of cotton wool before being dried over MgSO. and concentrated in vacuo.
The resulting residue was purified via silica gel column chromatography (EtOAc:Petroleum Ether
40-60 °C, 1:20 v:v) to afford a yellow oil, 14% from free acid (0.388 g). *H NMR (500 MHz, CDCls)
0 8.80 (1H, dt, J = 8.4, 0.9 Hz), 8.68 (2H, d, J = 4.8 Hz), 8.26 (1H, t, J = 1.1 Hz), 7.61 (1H, ddd, J
=7.8, 1.3, 0.7 Hz), 7.36 (1H, ddd, J = 8.4, 7.1, 1.3 Hz), 7.30-7.25 (1H, m), 7.02 (1H,t, J = 4.8
Hz), 4.19 (2H, q, J = 7.1 Hz), 3.80 (2H, d, J = 1.1 Hz), 1.27 (3H, t, J = 7.1 Hz). 3C NMR (126
MHz, CDCls) 6 171.4,158.1, 135.7, 130.9, 124.6, 124.0, 122.1, 119.7, 119.0, 116.5, 116.1, 113.0,
111.3, 61.0, 31.6, 31.5, 14.3, 14.3. Data is in line with literature precedent.®
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Synthesis of 1-(pyrimidin-2-yl)-1H-indol-3-yl acetate (3f)
o

(0]
@
N

To an oven dried Schlenk flask was added 1-(pyrimidin-2-yl)-1H-indole (0.98 g, 5 mmol) and
PhI(OAc). (1.77 g, 5.5 mmol). The flask was evacuated and refilled with argon three times.
Degassed acetic acid (3.5 mL) and acetic anhydride (1.5 mL) were added via septum. The
reaction mixture was then heated to 60 °C and left to stir overnight. The mixture was allowed to
return to room temperature and was quenched with water (25 mL) and subsequently saturated
NaHCOs; solution (75 mL). EtOAc (100 mL) was added and the organic layer was extracted. The
agueous layer was extracted with EtOAc (2 x 100 mL) and the combined organic phases were
dried over MgSQ4 and concentrated in vacuo. The crude residue was purified via silica gel column
chromatography (EtOAc/Petroleum Spirit 40-60 °C) to give a white solid, 61% (0.77 g). *H NMR
(500 MHz, CDCls) & 8.82 (1H, dt, J = 8.5, 0.8 Hz), 8.68 (2H, d, J = 4.7 Hz), 8.43 (1H, s), 7.56 (1H,
ddd, J=7.9,1.3,0.7 Hz), 7.38 (1H, ddd, J = 8.5, 7.1, 1.3 Hz), 7.30-7.21 (1H, m), 7.02 (1H, t, J =
4.8 Hz), 2.40 (3H, s). 3C NMR (126 MHz, CDCls) & 168.2, 158.2, 157.9, 133.7, 133.0, 124.7,
124.2,122.3, 117.6, 116.6, 116.2, 114.7, 21.2. Data is in line with literature precedent.®
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Synthesis of 1-(pyrimidin-2-yl)-1H-indole-3-carbaldehyde (39)

H
O

A\
N
N

|
To a solution of indole-3-carboxaldehyde (0.725 g, 5 mmol) in DMF (10 mL) was added sodium
hydride (60% wt. in mineral oil, 0.3 g, 7.5 mmol) portion-wise. The reaction mixture was allowed
to stir at room temperature for 1 hour. To the solution was added 2-chloropyrimidine (0.863 g, 7.5
mmol) and the reaction mixture was heated to 150 °C overnight. The reaction mixture was allowed
to return to room temperature before being poured into aqueous LiCl solution (5%, 100 mL) and
EtOAc (100 mL). The organic layer was separated and the aqueous layer was re-extracted with
EtOAc (2 x 100 mL). The combined organic layers were dried over MgSO4 and concentrated in
vacuo. The crude mixture was purified via silica gel column chromatography (EtOAc/Petroleum
Ether 40-60 °C) and then recrystallized from EtOH to give a white fluffy solid, 22% (0.239 g). mp
(from CHCl3): 159-164 °C. FT-IR (thin film): vmax (cm™) = 3138.5, 1673.5, 1569.5, 1547.9. 'H NMR
(500 MHz, CDCls) 6 10.15 (1H, s), 8.91 (1H, s), 8.79 (1H, dt, J = 8.4, 1.0 Hz), 8.76 (2H, d, J = 4.8
Hz), 8.34 (1H, ddd, J = 7.7, 1.5, 0.8 Hz), 7.43 (1H, ddd, J = 8.5, 7.2, 1.5 Hz), 7.41-7.35 (1H, m),
7.20 (1H, t, J = 4.8 Hz). *C NMR (126 MHz, CDCls) & 186.0, 158.5, 157.1, 136.9, 136.5, 127.0,
125.7, 124.4, 122.1, 121.4, 118.0, 116.5. HRMS (ESI): m/z calculated for Ci3HyN3O; requires
224.0824 for [M+H]*, found 224.0809.
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Synthesis of 5-methoxy-1-(pyrimidinyl-2-yl)-1H-indole (1n)

N

Cr

N

To a solution of 5-methoxyindole (0.735 g, 5 mmol) in DMF (10 mL) was added sodium hydride
(60% wt. in mineral oil, 0.3 g, 7.5 mmol) portion-wise. The reaction mixture was allowed to stir at
room temperature for 1 hour. To the solution was added 2-chloropyrimidine (0.863 g, 7.5 mmol)
and the reaction mixture was heated to 150 °C over the weekend. The reaction mixture was
allowed to return to room temperature before being poured into brine (100 mL) and EtOAc (100
mL). The organic layer was separated and the aqueous layer was re-extracted with EtOAc (2 x
100 mL). The combined organic layers were dried over MgSO4 and concentrated in vacuo. The
crude mixture was purified via silica gel column chromatography (EtOAc/Petroleum Ether 40-60
°C) to give a powdery white solid, 60% (0.670 g). *H NMR (500 MHz, CDCls) d 8.73-8.68 (1H,
m), 8.67 (2H, d, J = 4.8 Hz), 8.25 (1H, d, J = 3.6 Hz), 7.10 (1H, dd, J = 2.6, 0.5 Hz), 7.00 (1H, t, J
= 4.8 Hz), 6.97 (1H, ddd, J = 9.1, 2.6, 0.5 Hz), 6.63 (1H, dd, J = 3.7, 0.8 Hz), 3.89 (3H, s). 3C
NMR (126 MHz, CDCls) & 158.2, 157.8, 155.6, 132.2, 130.4, 126.5, 117.2, 116.0, 112.7, 106.9,
103.3, 55.8. Data is in line with literature precedent.®
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Synthesis of 5-fluoro-1-(pyrimidin-2-yl)-1H-indole (10)

Fm

N

L

To a solution of 5-fluoroindole (0.675 g, 5 mmol) in DMF (10 mL) was added sodium hydride (60%
wt. in mineral oil, 0.3 g, 7.5 mmol) portion-wise. The reaction mixture was allowed to stir at room
temperature for 1 hour. To the solution was added 2-chloropyrimidine (0.863 g, 7.5 mmol) and
the reaction mixture was heated to 150 °C over the weekend. The reaction mixture was allowed
to return to room temperature before being poured into brine (100 mL) and EtOAc (100 mL). The
organic layer was separated and the aqueous layer was re-extracted with EtOAc (2 x 100 mL).
The combined organic layers were dried over MgSO4 and concentrated in vacuo. The crude
mixture was purified via silica gel column chromatography (EtOAc/Petroleum Ether 40-60 °C) to
give a powdery white solid, 85% (0.897 g). *H NMR (500 MHz, CDCls) & 8.76 (1H, ddt, J = 9.1,
4.8, 0.6 Hz), 8.69 (2H, d, J = 4.8 Hz), 8.31 (1H, dd, J = 3.7, 0.5 Hz), 7.32-7.20 (1H, m), 7.10-7.02
(2H, m), PmH & InH), 6.65 (1H, dd, J = 3.7, 0.8 Hz). **C NMR (126 MHz, CDCl3) & 159.1 (d, J =
237.8 Hz), 158.3, 132.2 (d, J = 10.0 Hz), 127.5, 117.4 (d, J = 8.6 Hz), 116.4, 111.5 (d, J = 25.0
Hz), 106.7 (d, J = 3.9 Hz), 106.2 (d, J = 23.4 Hz).*F NMR (470 MHz, CDCl3) 6 -122.0 (td, J = 9.1,
4.9 Hz). Data is in line with literature precedent.’
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Synthesis of 5-bromo-1-(pyrimidin-2-yl)-1H-indole (1p)

RN

To a solution of 5-bromoindole (0.980 g, 5 mmol) in DMF (10 mL) was added sodium hydride
(60% wt. in mineral oil, 0.3 g, 7.5 mmol) portion-wise. The reaction mixture was allowed to stir at
room temperature for 1 hour. To the solution was added 2-chloropyrimidine (0.863 g, 7.5 mmol)
and the reaction mixture was heated to 150 °C overnight. The reaction mixture was allowed to
return to room temperature before being poured into agueous LiCl solution (5%, 100 mL) and
EtOAc (100 mL). The organic layer was separated and the aqueous layer was re-extracted with
EtOAc (2 x 100 mL). The combined organic layers were dried over MgSO4 and concentrated in
vacuo. The crude mixture was purified via silica gel column chromatography (EtOAc/Petroleum
Ether 40-60 °C) to give a powdery white solid, 86% (1.18 g). *H NMR (500 MHz, CDCls) 6 8.73—
8.66 (3H, m), 8.28 (1H, dd, J =3.7, 0.4 Hz), 7.74 (1H, dd, J = 2.1, 0.5 Hz), 7.41 (1H, ddd, J = 8.8,
2.0, 0.4 Hz), 7.07 (1H, t, J = 4.8 Hz), 6.63 (1H, dd, J = 3.7, 0.8 Hz). *C NMR (126 MHz, CDCly)
0 158.3, 157.6, 134.2, 133.2, 127.1, 126.5, 123.5, 117.9, 116.6, 115.6, 110.2, 106.2. Data is in
line with literature precedent.?
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Synthesis of 1-(pyridine-2-yl)-1H-indole (1h)
R
N
N
&

To a solution of indole (1.17 g, 10 mmol) in DMF (15 mL) was added sodium hydride (60% wt. in
mineral oil, 0.6 g, 15 mmol) portion-wise. The reaction mixture was allowed to stir at room
temperature for 1 hour. To the solution was added 2-bromopyridine (1.14 mL, 1.90 g, 12 mmol)
and the reaction mixture was heated to 150 °C overnight. The reaction mixture was allowed to
return to room temperature before being poured into brine (100 mL) and EtOAc (100 mL). The
organic layer was separated and the aqueous layer was re-extracted with EtOAc (2 x 100 mL).
The combined organic layers were dried over MgSO4 and concentrated in vacuo. The crude
mixture was purified via silica gel column chromatography (EtOAc/Petroleum Ether 40-60 °C) to
give a light brown oil, 56% (1.08 g). *H NMR (500 MHz, CDCls) & 8.64-8.48 (1H, m), 8.22 (1H,
dd, J =8.4, 0.9 Hz), 7.82 (1H, ddd, J = 8.2, 7.4, 2.0 Hz), 7.74 (1H, d, J = 3.4 Hz), 7.68 (1H, ddd,
J=17.38, 1.3, 0.8 Hz), 7.50 (1H, dt, J = 8.2, 0.9 Hz), 7.31 (1H, dd, J = 8.4, 7.1, 1.3 Hz), 7.22 (1H,
ddd, J=8.1, 7.1, 1.0 Hz), 7.17 (1H, ddd, J = 7.4, 4.9, 0.9 Hz), 6.73 (1H, dd, J = 3.5, 0.8 Hz). 13C
NMR (126 MHz, CDCls) & 152.6, 149.1, 138.5, 135.2, 130.6, 126.1, 123.2, 121.4, 121.2, 120.2,
114.7,113.1, 105.7, 105.6.8
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Synthesis of 1-(5-chloropyrimidin-2-yl)-1H-indole (1i)

o

N

N\\2

Cl

To a solution of indole (0.585 g, 5 mmol) in DMF (5 mL) was added sodium hydride (60% wt. in
mineral oil, 0.3 g, 7.5 mmol) portion-wise. The reaction mixture was allowed to stir at room
temperature for 1 hour. To the solution was added 2,5-dichloropyrimidine (1.39 g, 7.5 mmol) and
the reaction mixture was heated to 150 °C overnight. The reaction mixture was allowed to return
to room temperature before being poured into brine (100 mL) and EtOAc (100 mL). The organic
layer was separated and the aqueous layer was re-extracted with EtOAc (2 x 100 mL). The
combined organic layers were dried over MgSO4 and concentrated in vacuo. The crude mixture
was purified via silica gel column chromatography (EtOAc/Petroleum Ether 40-60 °C) to give a
powdery white solid, 36% (0.416 g). mp (from CHCIs) = 115-117 °C. FT-IR (thin film): Vmax (cm™)
= 3051.4, 727.5 (C-Cl). *H NMR (500 MHz, CDCls) 8 8.71 (1H, dt, J = 8.4, 0.9 Hz), 8.62 (2H, d, J
=1.0 Hz), 8.19 (1H, dd, J = 3.7, 1.0 Hz), 7.62 (1H, ddd, J = 7.8, 1.3, 0.8 Hz), 7.35 (1H, ddd, J =
8.5, 7.3, 1.3 Hz), 7.30-7.18 (1H, m), 6.71 (1H, dd, J = 3.7, 0.8 Hz). *3C NMR (126 MHz, CDCl3) &
156.4, 155.7, 135.2, 131.3, 125.8, 125.0, 123.8, 122.4, 120.9, 116.1, 107.5. HRMS (ESI): m/z
calculated for C12HgN3Cl; requires 230.0485 for [M+H]*, found 230.0480.
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3. Synthesis of C-3 Functionalized Materials

General Procedure A for the radical C-3 alkylation of indoles

[RuCly(p-cymene)], OEt
H (5 mol%)
R\©\/\g . Br KOAc (2 eq) R 0
MOEt o \
N 1,4-dioxane
R 0 120 °C, 16 h N
Ar R’

To an oven dried flask was charged relevant indole (2 mmol), ethyl a-bromo isobutyrate (0.95 L,
6 mmol), [RuClz(p-cymene)]. (0.061 g, 0.1 mmol), potassium acetate (0.392 g, 4 mmol), and 1,4-
dioxane (8 mL). The vessel was evacuated and refilled with argon three times. The reaction
mixture was heated to 120 °C and left to stir for 16 h. The reaction mixture was allowed to return
to room temperature and diluted with EtOAc (80 mL) and sat. NaHCO3 solution (80 mL). The
organic layer was extracted and the aqueous layer was re-extracted with EtOAc (2 x 20 mL). The
combined organic layers were dried over MgSO,4 and concentrated in vacuo. The crude residue
was purified via silica gel column chromatography using EtOAc/Petroleum Ether 40-60 °C (1:20-
1:10, v:v) to give pure C-3 functionalized product.

General Procedure B for the pyrimidination/pyridination C-3 alkylated indoles

R' CO,Et
CO,Et H\ NaH R {
R I DMF
\ + X o N N
N T 0-150 °C )\N
H 16 h x”

g

Rl

To a solution of C-3 alkylated indole (1 eq) in DMF (0.5-1 M), was added sodium hydride (60%
wt. in mineral oil, 1.5 eq) portion-wise. The reaction mixture was allowed to stir at room
temperature for 1 hour. To the solution was added 2-chloropyrimidine/2,5-dichloropyrimidine/2-
bromopyridine (1.5 eq) and the reaction mixture was heated to 150 °C overnight. The reaction
mixture was allowed to return to room temperature before being poured into aqueous LiCl solution
(5%, 100 mL) and EtOAc (100 mL). The organic layer was separated and the aqueous layer was
re-extracted with EtOAc (2 x 100 mL). The combined organic layers were dried over MgSO. and
concentrated in vacuo. The crude mixture was purified via silica gel column chromatography
(EtOAc/Petroleum Ether 40-60 °C, 10-20:90-80 v:v) to give N-substituted products.
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Synthesis of ethyl 2-methyl-2-(1-(pyrimidin-2-yl)-1H-indol-3-yl)propanoate (3a)
OEt

0
N

N
The above compound was synthesized using General Procedure B using ethyl 2-(1H-indol-3-yl)-
2-methylpropanoate (1.16 g, 5 mmol), sodium hydride (60% wt. dispersion in mineral oil, 0.3 g,
7.5 mmol), 2-chloropyrimidine (0.863 g, 7.5 mmol) and DMF (5 mL) Silica gel chromatography
gave a white solid, 89% (0.412 g). mp (from CHCIs): 113-117 °C. FT-IR (thin film): Vmax (cm™) =
2981.1, 1725.6, 1579.3, 1562.7. *H NMR (500 MHz, CDCls) 5 8.82 (1H, dt, J = 8.4, 0.9 Hz), 8.69
(2H,d, J=4.8 Hz), 8.17 (1H, s), 7.60 (1H, ddd, J = 7.9, 1.3, 0.7 Hz), 7.33 (1H, ddd, J = 8.4, 7.1,
1.3 Hz), 7.21 (1H, ddd, J=8.1, 7.1, 1.1 Hz), 7.02 (1H, t, J = 4.8 Hz), 4.13 (2H, q, J = 7.1 Hz), 1.73
(6H, s), 1.13 (3H, t, J = 7.1 Hz). *C NMR (126 MHz, CDCl;) 5 176.8, 158.2, 157.8, 136.3, 129.5,

123.8, 122.1, 122.0, 120.3, 116.6, 116.0, 61.1, 42.2, 26.1, 14.3. HRMS (ESI): m/z calculated for
Ci18H19N302 requires 310.1556 for [M+H]", found 310.1554.
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Synthesis of ethyl 2-(1H-indol-3-yl)-2-methylpropanoate (3b)
OEt

o)
A\

N

H
The above compound was synthesized using General Procedure A using 1H-indole (1c), 0.234
g). Silica gel chromatography gave a white solid, 89% (0.412 g). mp (from CHCIs): 106-110 °C.
FT-IR (thin film): vmax (cm™) = 3409.7, 2979.5, 1709.6. *H NMR (500 MHz, CDCl;) & 8.02 (1H, s),
NH), 7.68 (1H, dq, J = 8.0, 0.9 Hz), 7.34 (1H, dt, J = 8.2, 1.0 Hz), 7.18 (1H, ddd, J=8.2, 7.0, 1.1
Hz), 7.09 (1H, ddd, J=8.1, 7.1, 1.1 Hz), 7.04 (1H, d, J = 2.5 Hz), 4.13 (2H, q, J = 7.1 Hz), 1.70
(6H, s), 1.16 (3H, t, J = 7.1 Hz). 3C NMR (126 MHz, CDCl3) 6 177.2, 137.0, 125.8, 122.0, 121.1,

120.6, 120.6, 119.5, 111.4, 60.9, 42.2, 26.3, 14.3. HRMS (ESI): m/z calculated for C14H17N1O-
requires 232.1338 for [M+H]*, found 232.1317.
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Synthesis of 2-methyl-2-(1-(pyridin-2-yl)-1H-indol-3-yl)propanoate (3h)
OEt

0]

o

The above compound was synthesized using General Procedure B using ethyl 2-(1H-indol-3-yl)-
2-methylpropanoate (0.231 g, 1 mmol), sodium hydride (60% wt. dispersion in mineral oil, 0.06 g,
1.5 mmol), 2-bromopyridine (0.143 mL, 1.5 mmol, 0.237 g) and DMF (2 mL) Silica gel
chromatography gave an amorphous oil, 19% (0.060 g). FT-IR (thin film): vmax (cm™) = 2980.0,
1723.0, 1591.1. *H NMR (500 MHz, CDCls) 5 8.56 (1H, ddd, J = 4.9, 1.9, 0.9 Hz), 8.13 (1H, dt, J
=8.3, 0.9 Hz), 7.81 (1H, ddd, J = 8.2, 7.4, 1.9 Hz), 7.71-7.63 (2H, m), 7.52 (1H, dt, J = 8.3, 0.9
Hz), 7.33-7.24 (1H, m), 7.21-7.13 (2H, m), 4.13 (2H, q, J = 7.1 Hz), 1.74 (6H, s), 1.15 (3H, t, J =
7.1 Hz). 3C NMR (126 MHz, CDCls) & 176.9, 152.4, 149.1, 138.4, 135.9, 128.5, 123.7, 123.2,
122.6, 121.0, 120.7, 120.1, 114.8, 112.9, 61.0, 42.2, 26.2, 14.3. HRMS (ESI): m/z calculated for
C19H20N20- requires 309.1603 for [M+H]*, found 309.1610.
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Synthesis of ethyl 2-methyl-2-(1-(5-chloropyrimidin-2-yl)-1H-indol-3-yl)propanoate (3i)
OEt

o
A\

N)\
N
NQ
Cl

The above compound was synthesized using General Procedure B using ethyl 2-(1H-indol-3-yl)-
2-methylpropanoate (0.231 g, 1 mmol), sodium hydride (60% wt. dispersion in mineral oil, 0.06 g,
1.5 mmol), 2,5-dichloropyrimidine (0.22 g, 1.5 mmol) and DMF (5 mL) Silica gel chromatography
gave a white solid, 66% (0.225 g). mp (from CHCIs): 120-124 °C. FT-IR (thin film): vmax (cm™) =
2980.3, 1725.00, 1573.4, 1543.1. *H NMR (500 MHz, CDCls) 6 8.72 (1H, dt, J = 8.5, 0.9 Hz), 8.61
(2H, s), 8.09 (1H, s), 7.60 (1H, ddd, J = 8.0, 1.2, 0.7 Hz), 7.33 (1H, ddd, J =8.4, 7.1, 1.3 Hz), 7.22
(1H, ddd, J=8.1, 7.2, 1.1 Hz), 4.14 (2H, q, J = 7.1 Hz), 1.73 (6H, s), 1.14 (3H, t, J = 7.1 Hz). 3C
NMR (126 MHz, CDCls) & 176.7, 156.5, 155.7, 136.2, 129.6, 125.6, 124.9, 124.0, 122.3, 122.1,
120.4, 116.4, 61.1, 42.2, 26.1, 14.3. HRMS (ESI): m/z calculated for CisH1sCI1N3O2 requires
344.1166 for [M+H]*, found 344.1159.
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Synthesis of ethyl 2-(5-methoxy-1H-indol-3-yl)-2-methylpropanoate (S3b)

OEt

MeO ¢
N

N
H

The above compound was synthesized using General Procedure A using 5-methoxyindole, 0.294
g). Silica gel chromatography gave a white solid, 69% (0.362 g). mp (from CHCIs): 121-126 °C.
FT-IR (thin film): vmax (cm™) = 3412.9, 2981.9, 1715.8, 1624.8, 1582.5. *H NMR (500 MHz, CDCls)
67.99 (1H, s), 7.21 (1H, dd, J = 8.8, 0.6 Hz), 7.13 (1H, dd, J = 2.5, 0.7 Hz), 7.01 (1H, dd, J = 2.7,
0.4 Hz), 6.85 (1H, ddd, J = 8.8, 2.5, 0.5 Hz), 4.13 (2H, q, J = 7.1 Hz), 3.84 (3H, s), 1.68 (6H, s),
1.17 (3H, t, J = 7.1 Hz). 3C NMR (126 MHz, CDCl3) d 177.2, 153.8, 132.1, 126.1, 121.4, 120.6,
112.2, 112.1, 102.5, 60.9, 56.0, 42.1, 26.1, 14.3. HMRS (ESI): m/z calculated for CisH19N1O3
requires 284.1263 for [M+Na]*, found 284.1284.

Synthesis of ethyl 2-(5-methoxy-1-(pyrimidin-2-yl)-1H-indol-3-yl)-2-methylpropanoate (3n)

OEt

MeO 0

The above compound was synthesized using General Procedure B using ethyl 2-(5-methoxy-1H-
indol-3-yl)-2-methylpropanoate (0.342 g, 1.3 mmol), sodium hydride (60% wt. dispersion in
mineral oil, 0.078 g, 1.95 mmol) and 2-chloropyrimidine (0.224 g, 1.95 mmol). Silica gel column
chromatography gave a white solid, 82% (0.361 g). mp (from CHCls): 71-75 °C. FT-IR (thin film):
Vmax (€M) = 2981.2, 1725.5, 1578.8, 1561.6. *H NMR (500 MHz, CDCl3) 5 8.71 (1H, d, J = 9.0
Hz), 8.65 (2H, d, J = 4.8 Hz), 8.14 (1H, s), 7.06 (1H, d, J = 2.5 Hz), 6.99 (1H, t, J = 4.8 Hz), 6.95
(1H, dd, J = 9.1, 2.6 Hz), 4.14 (2H, q, J = 7.1 Hz), 3.86 (3H, s), 1.72 (6H, s), 1.15 (3H, t, I = 7.1
Hz). *C NMR (126 MHz, CDCl;) 5 176.8, 158.1, 157.7, 155.3, 131.2, 130.3, 124.8, 122.6, 117.35,
115.8, 112.5, 103.0, 61.1, 55.8, 42.1, 26.0, 14.3. HRMS (ESI): m/z calculated for CigH21N3O3
requires 340.1661 for [M+H]*, found 340.1670.
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Synthesis of ethyl 2-(5-fluoro-1H-indol-3-yl)-2-methylpropanoate (S3c)
OEt

E o)
A\

N
H

The above compound was synthesized using General Procedure A using 5-fluoroindole, 0.270
g). Silica gel chromatography gave an off-white solid, 74% (0.366 g). mp (from CHCIs): 97-102
°C. FT-IR (thin film): vmax (cm™) = 3370.7, 2980.0, 1705.3, 1630.2, 1580.5. *H NMR (500 MHz,
CDCIs) 6 8.08 (1H, s), 7.34 (1H, ddt, J = 10.3, 2.6, 0.6 Hz), 7.23 (1H, ddd, J = 8.8, 4.5, 0.5 Hz),
7.07 (1H, d, J = 2.5 Hz), 6.92 (1H, td, J = 9.0, 2.5 Hz), 4.14 (2H, g, J = 7.1 Hz), 1.67 (6H, s), 1.18
(3H, 1, J=7.1 Hz). *C NMR (126 MHz, CDCl3) 8 176.9, 157.6 (d, J = 234.1 Hz), 133.5, 126.1 (d,
J=10.0 Hz), 122.5,121.1 (d, J =4.9 Hz), 111.9 (d, J = 9.8 Hz), 110.5 (d, J = 26.3 Hz), 105.6 (d,
J = 24.0 Hz), 61.0, 42.1, 26.1, 14.3. *F NMR (470 MHz, CDCls) & -124.5 (td, J = 9.8, 4.6 Hz).
HRMS (ESI): m/z calculated for C14H1sN102F1 requires 250.1243 for [M+H]*, found 250.1243.

Synthesis of ethyl 2-(5-fluoro-1-(pyrimidin-2-yl)-1H-indol-3-yl)-2-methylpropanoate (30)
OEt

F o)

N

)
The above compound was synthesized using General Procedure B using ethyl 2-(5-fluoro-1H-
indol-3-yl)-2-methylpropanoate (0.349 g, 1.4 mmol), sodium hydride (60% wt. dispersion in
mineral oil, 0.084 g, 2.1 mmol) and 2-chloropyrimidine (0.242 g, 2.1 mmol). Silica gel column
chromatography gave a white solid, 66% (0.302 g). mp (from CHCI3): 110-114 °C. FT-IR (thin
film): vmax (cm™) = 2980.2, 1727.2, 1580.0, 1564.4. *H NMR (500 MHz, CDCls) & 8.84-8.74 (1H,
m), 8.67 (2H, d, J = 4.8 Hz), 8.21 (1H, s), 7.31-7.22 (1H, m), 7.10-6.97 (2H, m), 4.14 (2H, q, J =
7.1 Hz), 1.71 (6H, s), 1.16 (3H, t, J = 7.1 Hz). 3C NMR (126 MHz, CDCl3) 8 176.5, 158.8 (d, J =
238.0 Hz), 158.2, 157.6, 132.7, 130.3 (d, J = 9.6 Hz), 124.7 (d, J = 4.2 Hz), 123.6, 117.5(d, J =
9.0 Hz), 116.2, 111.5 (d, J = 24.8 Hz), 105.9 (d, J = 24.2 Hz), 61.2, 42.1, 26.0, 14.3. 1°F NMR

(470 MHz, CDCl3) 6 -121.4 (td, J = 9.6, 5.1 Hz). HRMS (ESI): m/z calculated for CigH1sN3O2F1
requires 328.1461 for [M+H]*, found 328.1453.

v
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Synthesis of ethyl 2-(5-bromo-1H-indol-3-yl)-2-methylpropanoate (S3d)

OEt

Br o
A\

N
H

The above compound was synthesized using General Procedure A using 5-bromoindole, (0.392
g). Silica gel chromatography gave a light brown solid, 79% (0.490 g). FT-IR (thin film): vmax (cm"
1) =3352.4, 2979.1, 1703.4. *H NMR (500 MHz, CDCl;) 6 8.15 (1H, s), 7.82 (1H, dd, J = 1.9, 0.6
Hz), 7.24 (1H, dd, J = 8.6, 1.9 Hz), 7.19-7.15 (1H, m), 4.20-4.09 (2H, m), 1.67 (6H, s), 1.20 (3H,
t, J = 7.1 Hz). 3C NMR (126 MHz, CDCls) d 176.9, 135.6, 127.5, 124.9, 123.1, 122.0, 120.6,
112.8, 112.8, 61.1, 42.1, 26.3, 14.3. HRMS (ESI): m/z calculated for C14H1sN1O2Br: requires
310.0443 for [M+H]*, found 310.0430.

Synthesis of ethyl 2-(5-bromo-1-(pyrimidin-2-yl)-1H-indol-3-yl)-2-methylpropanoate (3p)

OEt

Br o

A\
N
N

N

L

The above compound was synthesized using General Procedure B using ethyl 2-(5-bromo-1H-
indol-3-yl)-2-methylpropanoate (0.440 g, 1.4 mmol), sodium hydride (60% wt. dispersion in
mineral oil, 0.084 g, 2.1 mmol) and 2-chloropyrimidine (0.242 g, 2.1 mmol). Silica gel column
chromatography gave a white solid, 43% (0.215 g). mp (from CHCIz): 113-118 °C. FT-IR (thin
film): vmax (cm™) = 2981.2, 1723.9, 1575.5, 1563.5. *H NMR (500 MHz, CDCl3) & 8.70 (1H, dd, J
=8.9, 0.5 Hz), 8.68 (2H, d, J = 4.8 Hz), 8.17 (1H, s), 7.74 (1H, dd, J = 2.0, 0.5 Hz), 7.40 (1H, dd,
J=8.9,2.0Hz), 7.04 (1H, t, J = 4.8 Hz), 4.16 (2H, q, J = 7.1 Hz), 1.71 (6H, s), 1.18 (3H, 1, =7.1
Hz). 13C NMR (126 MHz, CDCl3) d 176.4, 158.2, 157.5, 135.0, 131.2, 126.6, 124.3, 123.3, 123.0,
118.1, 116.4, 115.4, 61.2, 42.1, 26.1, 14.3. HMRS (ESI): m/z calculated for CigH1sN302Br1
requires 388.0661 for [M+H]*, found 388.0660.
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Synthesis of ethyl 2-(4-fluoro-1-(pyrimidin-2-yl)-1H-indol-3-yl)-2-methylpropanoate (S3a)
OEt

o)
A\

N

pd

N

L

The above compound was synthesized using General Procedure A using 4-fluoroindole (0.405 g,
3 mmol) and other reagents scaled respectively. Silica gel chromatography gave a white solid
which was immediately submitted to General Procedure B without analysis. This procedure was
followed using sodium hydride (60% wt. dispersion in mineral oil, 0.072 g, 1.8 mmol), 2-
chloropyrimidine (0.344 g, 3 mmol) and DMF (5 mL). Silica gel column chromatography gave a
white solid, 40% over two steps (0.360 g). mp (from CHCIs): 119-121 °C. FT-IR (thin film): Vmax
(cm) =2979.9, 2923.8, 1727.0, 1578.6, 1563.2, 1445.3. 'H NMR (300 MHz, CDCls) & 8.69 (2H,
d, J=4.8 Hz, PmH), 8.64 (1H, d, J = 8.4 Hz, InH), 8.13 (1H, s, InH), 7.33-7.15 (1H, m, InH), 7.05
(1H, t, J = 4.8 Hz, PmH), 6.89 (1H, ddd, J = 11.0, 8.0, 0.8 Hz, InH), 4.16 (2H, q, J = 7.1 Hz,
CO2CH,CHs3), 1.72 (6H, s, C(CH3)2), 1.16 (2H, t, J = 7.1 Hz, CO,CH,CHj3). *3C NMR (75 MHz,
CDCl3) 6 177.1 (CO2R), 158.2 (ArC), 157.6 (d, J = 5.8 Hz, ArC), 154.3 (ArC), 138.5 (d, J = 10.5
Hz, ArC), 124.6 (d, J = 8.0 Hz, ArC), 124.2 (d, J = 3.5 Hz, ArC), 122.2 (ArC), 118.2 (d, J = 19.9
Hz, ArC), 116.4 (ArC), 112.6 (d, J = 3.6 Hz, ArC), 107.9 (d, J = 20.6 Hz, ArC), 61.0 (CO.CH,CHp3),
42.5 (C(CHs)2), 26.9 (C(CHs)2), 26.9 (C(CHs)2), 14.2 (CO2CH>CHs). °F NMR (470 MHz, CDCls) &
-123.66 (dd, J = 10.9, 5.2 Hz). HRMS (ESI): m/z calculated for C24H2sN3sO4 requires 442.2142 for
[M+H]*, found 442.2162.
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4. Synthesis of C-6 Functionalized Materials

General Procedure C for the C-3 Stabilised C-6 C-H Radical Alkylation of Indole Derivatives

1 OR? 1 2
R R [RuCl,(p-cymene)], 1 R" OR
o (5 mol%) R
N KOACc (2 eq) O
B
y . # AcOH (2 eq) . R3 A\
H 3 5 N
)\N R R4R 1,4-dioxane R* 5 )\
4 120 °C, 16 h R 7\

N°
\J Ar N\J

To an oven dried carousel tube was charged relevant C-3 functionalized material (0.25 mmol), a-
bromo ester (0.75 mmaol), [RuClz(p-cymene)]. (0.0077 g), potassium acetate (0.049 g, 0.5 mmol),
acetic acid (0.029 mL, 0.5 mmol, 0.030 g) and 1,4-dioxane (1 mL). The vessel was evacuated
and refilled with argon three times. The reaction mixture was heated to 120 °C and left to stir for
16 h. The reaction mixture was allowed to return to room temperature and diluted with EtOAc (20
mL) and sat. NaHCOs3 solution (20 mL). The organic layer was extracted and the aqueous layer
was re-extracted with EtOAc (2 x 20 mL). The combined organic layers were dried over MgSO4
and concentrated in vacuo. The crude residue was purified via silica gel column chromatography
using EtOAc/Petroleum Ether 40-60 °C (1:20-1:10, v:v) to give pure C-6 functionalized product.

General Procedure D for the One-Pot Sequential C-3/C-6 Alkylation of Indole Derivatives

[RuCl,(p-cymene)], R?
H (5 mol%) R'J—R3
N KOAc (2 eq)
. Br AcOH (2 eq) R’ A\
N >
" pu RT LoR? THF RET ’}\
7 120 °C, 16 h R 7N

N™
\i) Ar N@

To an oven dried carousel tube was charged relevant indole derivative (0.25 mmol), a-bromo
ester (0.75 mmol), [RuClx(p-cymene)], (0.0077 g), potassium acetate (0.049 g, 0.5 mmol), acetic
acid (0.029 mL, 0.5 mmol, 0.030 g) and THF (1 mL). The vessel was evacuated and refilled with
argon three times. The reaction mixture was heated to 120 °C and left to stir for 16 h. The reaction
mixture was allowed to return to room temperature and diluted with EtOAc (20 mL) and sat.
NaHCOs; solution (20 mL). The organic layer was extracted and the aqueous layer was re-
extracted with EtOAc (2 x 20 mL). The combined organic layers were dried over MgSO4 and
concentrated in vacuo. The crude residue was purified via silica gel column chromatography using
EtOAc/Petroleum Ether 40-60 °C (1:20-1:10, v:v) to give a mixture of C-3 functionalized and C-
3/C-6 di-functionalized products.
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Synthesis of 4a

OEt

A\

pd

N
Et0” YO N\/\)

The above compound was synthesized using General Procedure C using 3a (0.077 g) and ethyl
a-bromoisobutyrate (0.12 mL, 0.75 mmol) as coupling partner. Silica gel chromatography gave a
white solid, 80% (0.085 g). mp (from CHCIs): 94-99 °C. FT-IR (thin film): vmax (cm™) = 2978.7,
1725.1, 1578.1, 1562.8. *H NMR (500 MHz, CDCls) & 8.88 (1H, dd, J = 1.8, 0.6 Hz), 8.68 (2H, d,
J=4.8 Hz), 8.14 (1H, s), 7.54 (1H, dd, J = 8.4, 0.6 Hz), 7.19 (1H, dd, J = 8.4, 1.8 Hz), 7.01 (1H,
t,J=4.8 Hz), 4.14 (4H, m), 1.71 (6H, s), 1.67 (6H, s), 1.20 (3H,t,J = 7.1 Hz), 1.15(3H,t,J=7.1
Hz). *C NMR (126 MHz, CDCl3) & 177.4, 176.7, 158.2, 157.8, 140.9, 136.5, 128.1, 124.8, 122.4,
120.0, 116.0, 113.7, 61.0, 60.9, 47.0, 42.2, 27.2, 26.1, 14.2, 14.2. HRMS (ESI): m/z calculated
for C24H290N304 requires 424.2236 for [M+H]*, found 424.2254.
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Synthesis of 4g

The above compound was synthesized using General Procedure C using 3a (0.070 g) and ethyl
a-bromoisobutyrate (0.12 mL, 0.75 mmol) as coupling partner. Silica gel chromatography gave
an off white amorphous solid, 40% (0.040 g). FT-IR (thin film): vmax (cm™) = 2979.5, 1727.6,
1577.8, 1567.6.*H NMR (500 MHz, CDCls) 6 8.87 (1H, d, J = 1.8 Hz), 8.68 (2H, d, J = 4.8 Hz),
8.28 (1H, s), 7.54 (1H, d, J = 8.4 Hz), 7.28-7.22 (2H, m), 7.03 (1H, t, J = 4.8 Hz), 4.45 (1H, d, J =
1.4 Hz), 4.24-4.09 (4H, m), 1.68 (6H, s), 1.17-1.13 (3H, m), 0.95-0.85 (3H, m).:*C NMR (126
MHz, CDClz) 6 177.28, 172.70, 158.23, 141.04, 135.50, 130.14, 126.37, 120.33, 119.20, 116.30,
113.76, 113.55, 60.95, 60.89, 48.87, 45.64, 27.22, 14.26, 14.21. HRMS (ESI): m/z calculated for
C22H25N304 requires 418.1745 for [M+Na]*, found 418.1775.
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Synthesis of 4h
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The above compound was synthesized using General Procedure C and using 1-(pyridinyl-1-yl)-
1H-indole (0.049 g) and ethyl a-bromoisobutyrate (0.12 mL, 0.75 mmol) as coupling partner. Silica
gel chromatography gave an amorphous solid, 55% (0.058 g). FT-IR (thin film): vmax (cm™) =
2979.7,1723.2, 1589.8, 1555.1. *H NMR (500 MHz, CDCls) 5 8.56 (1H, ddd, J = 4.9, 2.0, 0.9 Hz),
8.14 (1H, dd, J = 1.7, 0.7 Hz), 7.82 (1H, ddd, J = 8.2, 7.4, 2.0 Hz), 7.60 (2H, d, J = 8.9 Hz), 7.48
(1H, dt, J = 8.2, 0.9 Hz), 7.22-7.12 (2H, m), 4.17-4.08 (4H, m), 1.71 (6H, s), 1.64 (6H, s), 1.22—
1.14 (6H, m). *C NMR (126 MHz, CDCl3) & 177.2, 176.8, 152.4, 149.2, 140.2, 138.5, 136.0,
127.1, 123.4, 122.9, 120.5, 120.1, 119.3, 114.9, 109.8, 61.0, 60.9, 46.8, 42.2, 27.1, 26.2, 14.3,
14.2. HRMS (ESI): m/z calculated for C2sH30N204 requires 445.2103 for [M+Na]*, found 445.2112.
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The above compound was synthesized using General Procedure C using 1-(5-chloropyrimidin-
2yl)-1H-indole (0.057 g, 0.25 mmol) and ethyl a-bromoisobutyrate (0.12 mL, 0.75 mmol) as
coupling partner. Silica gel chromatography gave a white solid, 40% (0.046 g). mp (from CHCIs):
129-133 °C. FT-IR (thin film): vmax (cm™) = 2980.0, 1725.6, 1573.3. *H NMR (500 MHz, CDCl;) &
8.77 (1H, dd, J = 1.9, 0.6 Hz), 8.62 (2H, s), 8.06 (1H, s), 7.53 (1H, dd, J = 8.4, 0.6 Hz), 7.21 (1H,
dd, J = 8.4, 1.8 Hz), 4.18-4.10 (4H, m), 1.71 (6H, s), 1.66 (6H, s), 1.20 (3H, t, J = 7.1 Hz), 1.15
(3H,t,J=7.1Hz). *C NMR (126 MHz, CDCl3) 5 177.2, 176.6, 156.5, 155.7, 141.1, 136.3, 128.16,
125.4, 124.9, 122.4, 120.4, 120.2, 113.6, 61.1, 60.9, 47.0, 42.2, 27.1, 26.0, 14.2. HRMS (ESI):
m/z calculated for C24H2sCl1N3O4 requires 458.1847 for [M+H]*, found 458.1855.
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Synthesis of 4j
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The above compound was synthesized using General Procedure C using 3a (0.077 g) and ethyl
a-bromoisobutyrate (0.12 mL, 0.75 mmol) as coupling partner. Silica gel chromatography gave a
white solid, 65% (0.066 g). mp (from CHCIs): 81-85 °C. FT-IR (thin film): vmax (cm™) = 2977.6,
1727.5, 1578.0, 1562.7. *H NMR (500 MHz, CDCls) & 8.88 (1H, dd, J = 1.9, 0.6 Hz), 8.68 (2H, d,
J=4.8 Hz), 8.14 (1H, s), 7.54 (1H, dd, J = 8.4, 0.6 Hz), 7.18 (1H, dd, J = 8.4, 1.9 Hz), 7.01 (1H,
t,J=4.8 Hz),4.12 (2H, q, J = 7.1 Hz), 3.67 (3H, s), 1.71 (6H, s), 1.68 (6H, s), 1.15 (3H,t,J=7.1
Hz). 13C NMR (126 MHz, CDCl3) 8 177.9, 176.7, 158.2, 157.8, 140.6, 136.5, 128.2, 124.8, 122.4,
120.1, 120.1, 116.0, 113.6, 61.0, 52.3, 47.0, 42.2, 27.1, 26.1, 14.2. HRMS (ESI): m/z calculated
for C23H27N304 requires 432.1902 for [M+Na]*, found 432.1947.
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Synthesis of 4k

The above compound was synthesized using General Procedure C using 3a (0.077 g) and 2-
bromo isobutyrophenone (0.15 mL, 0.75 mmol) as coupling partner. Silica gel chromatography
gave an amorphous solid, 26% (0.030 g). FT-IR (thin film): vmax (cm™) = 2980.8, 1727.3, 1676.5,
1577.8, 1565.8. *H NMR (500 MHz, CDs0D) 6 8.94 (1H, dd, J = 1.8, 0.6 Hz), 8.72 (2H, d, J = 4.8
Hz), 8.20 (1H, s), 7.52 (1H, dd, J = 8.4, 0.6 Hz), 7.50-7.47 (2H, m), 7.36-7.28 (1H, m), 7.20-7.16
(2H, m), 7.14 (1H, t, J =4.8 Hz), 7.11 (1H, dd, J = 8.3, 1.8 Hz), 4.10 (2H, q, J = 7.1 Hz), 1.69 (6H,
s), 1.66 (6H, s), 1.08 (3H, t, J = 7.1 Hz). *C NMR (126 MHz, CDs;OD) & 178.2, 159.62, 158.8,
142.2, 138.1, 137.9, 132.8, 130.7, 129.4, 129.0, 125.7, 123.7, 121.5, 121.1, 117.7, 114.7, 62.1,
52.8, 43.2, 28.7, 26.3, 14.4. HRMS (ESI): m/z calculated for CzsH29N3O3 requires 456.2287 for
[M+H]*, found 456.2307.
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Synthesis of 4l

The above compound was synthesized using General Procedure C using 3a (0.077 g) and methyl
1-bromo-1-cyclohexanecarboxylate (0.12 mL, 0.75 mmol) as coupling partner. Silica gel
chromatography gave an amorphous solid, 14% (0.016 g). FT-IR (thin film): vmax (cm™) = 2924.8,
2854.9, 1726.0, 1578.0, 1562.6, 1438.7. *H NMR (300 MHz, CDCl3) d 8.93 (1H, dd, J = 1.8, 0.6
Hz, InH), 8.70 (2H, d, J = 4.8 Hz, PmH), 8.13 (1H, s, InH), 7.52 (1H, dd, J = 8.5, 0.6 Hz, InH),
7.37-7.13 (1H, m, InH), 7.03 (1H, t, J = 4.8 Hz, PmH), 4.12 (2H, q, J = 7.1 Hz, CO,CH»CHj3), 3.65
(3H, s, CO2CH3).2.61 (2H, d, J = 13.0 Hz, CyH), 1.96-1.55 (10H, m, CyH & C(CHs),), 1.55-1.47
(2H, m, CyH), 1.37-1.28 (2H, m, CyH), 1.15 (3H, t, J = 7.1 Hz, CO,CH>CHs), 0.94-0.79 (2H, m,
CyH). 3C NMR (75 MHz, CDCl3) & 176.8 (CO2R), 176.3 (COzR), 158.2 (ArC), 157.8 (ArC), 139.9
(ArC), 136.6 (ArC), 128.2 (ArC), 124.7 (ArC), 122.4 (ArC), 120.10 (ArC), 116.0 (ArC), 114.0 (ArC),
67.9 (CO2CH2R), 66.2 (CO.CH2R), 61.1 (C(CHa)2), 52.1 (C(Cy)), 51.4 (AIkCH), 42.2 (AIkCH), 35.4
(AIKCH), 29.8 (AIKCH), 26.1 (AIkCH), 24.0 (AIkCH), 14.3 (AIkCH). HRMS (ESI): m/z calculated
for C27H33N304 requires 472.2215 for [M+Na]*, found 472.2216.

S36



Synthesis of 4m

The above compound was synthesized using General Procedure C using 3a (0.077 g) ethyl
bromodifluoroacetate (0.096 mL, 0.75 mmol) as coupling partner. Silica gel chromatography gave
an amorphous solid, 16% (0.017 g). FT-IR (thin film): vmax(cm™) = 2983.7, 2922.8, 1764.4, 1727 .4,
1578.2, 1566.7, 1452.9. *H NMR (300 MHz, CDCls) 8 9.15 (1H, dd, J = 1.7, 0.8 Hz, InH), 8.73
(2H, d, J = 4.8 Hz, PmH), 8.28 (1H, s, InH), 7.66 (1H, dd, J = 8.4, 0.8 Hz, InH), 7.44 (1H, dd, J =
8.4, 1.7 Hz, InH), 7.09 (1H, t, J = 4.8 Hz, PmH), 4.32 (2H, q, J = 7.1 Hz, CO,CH>CH3), 4.12 (2H,
g,J=7.1Hz, CO,CH2CHz), 1.72 (6H, s, C(CHs)2), 1.32 (3H, t, J = 7.2 Hz, CO.CH2CH3), 1.14 (3H,
t, J = 7.1 Hz, CO.CH,CHs). *C NMR (75 MHz, CDCl;) & 176.6 (COzR), 158.3 (CO:R), 157.5
(ArC), 135.6 (ArC), 124.7 (ArC), 124.2 (ArC), 120.5 (ArC), 119.0 (ArC), 116.6 (ArC), 114.3 (ArC),
63.2 (CO2CH2CHj3), 61.2 (CO2CH>CHzs), 42.1 (C(CHsa)2), 28.0 (d, J = 285.6 Hz, C(F2)), 14.3
(CO2CH,CHs3), 14.1 (CO.CH>CHs). **F NMR (470 MHz, CDCl3) & -101.51. HRMS (ESI): m/z
calculated for C22H23N304F, requires 432.1758 for [M+H]*, found 432.1735.
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Synthesis of 4p
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The above compound was synthesized using General Procedure C, using ethyl 2-(5-methoxy-1-
(pyrimidin-2-yl)-1H-indol-3-yl)-2-methylpropanoate (0.085 g, 0.25 mmol), and ethyl a-
bromoisobutyrate (0.12 mL, 0.75 mmol). Silica gel column chromatography gave a white solid,
92% (0.104 g). mp (from CHCIs): 122-128 °C. FT-IR (thin film): vmax (cm™) = 2980.9, 1726.2,
1578.5, 1562.7. *H NMR (500 MHz, CDCl;) 5 8.84 (1H, s), 8.66 (2H, d, J = 4.7 Hz), 8.11 (1H, s),
7.01 (1H, s), 6.98 (1H, t, J = 4.8 Hz), 4.12 (4H, app qd, J = 7.1, 2.4 Hz), 3.80 (3H, s), 1.71 (6H,
s), 1.62 (6H, s), 1.15 (6H, app td, J = 7.1, 1.8 Hz). *C NMR (126 MHz, CDCl;)  178.4, 176.8,
158.1, 157.7,152.9, 131.4, 130.9, 128.6, 124.5, 122.1, 115.8, 113.9, 101.4, 61.0, 60.4, 55.4, 44.9,
42.1, 26.2, 26.0, 14.3, 14.3. HRMS (ESI): m/z calculated for C2sH31N3Os requires 454.2342 for
[M+H]*, found 454.2371.
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Synthesis of 4q

The above compound was synthesized using General Procedure C, using ethyl 2-(5-fluoro-1-
(pyrimidin-2-yl)-1H-indol-3-yl)-2-methylpropanoate (0.082 g, 0.25 mmol), and ethyl a-
bromoisobutyrate (0.12 mL, 0.75 mmol). Silica gel column chromatography gave a white solid,
87% (0.096 g). mp (from CHCIs): 117-121 °C. FT-IR (thin film): vmax (cm™) = 2981.0, 1729.3,
1579.0, 1565.0. *H NMR (500 MHz, CDCls) 5 8.88 (1H, d, J = 7.2 Hz), 8.68 (2H, d, J = 4.8 Hz),
8.18 (1H, s), 7.25 (1H, d, J = 12.0 Hz), 7.04 (1H, t, J = 4.8 Hz), 4.15 (4H, app dq, J = 15.5, 7.1
Hz), 1.70 (6H, s), 1.66 (6H, s), 1.17 (6H, app dt, J = 8.6, 7.1 Hz). 3C NMR (126 MHz, CDCls) &
177.3, 176.4, 158.2, 157.9, 156.8 (d, J = 207.0 Hz), 132.7, 129.1 (d, J = 16.2 Hz), 128.8 (d, J =
10.1 Hz), 124.5 (d, J = 3.9 Hz), 123.4, 116.2, 114.3 (d, J = 5.1 Hz), 106.2 (d, J = 25.8 Hz), 61.0
(d, J = 25.7 Hz), 44.7, 42.2, 26.3, 26.0, 14.23, 14.19.F NMR (470 MHz, CDCl3) & -121.0 (dd, J
= 12.0, 7.2 Hz). HRMS (ESI): m/z calculated for C24H28N304F: requires 442.2142 for [M+H]",
found 442.2173.
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The above compound was synthesized using General Procedure C, using ethyl 2-(5-bromo-1-
(pyrimidin-2-yl)-1H-indol-3-yl)-2-methylpropanoate (0.097 g, 0.25 mmol), and ethyl a-
bromoisobutyrate (0.12 mL, 0.75 mmol). Silica gel column chromatography gave a white solid,
55% (0.069 g). mp (from CHCIs): 130-134 °C. FT-IR (thin film): vmax (cm™) = 2989.2, 1723.3,
1576.4, 1563.4, 1461.9, 1435.5. *H NMR (500 MHz, CDCls) 6 9.03 (1H, s), 8.67 (2H, d, J = 4.8
Hz), 8.16 (1H, s), 7.82 (1H, s), 7.02 (1H, t, J = 4.8 Hz), 4.16 (4H, dq, J = 11.0, 7.1 Hz), 1.74 (6H,
s), 1.71 (6H, s), 1.19 (6H, td, J = 7.1, 4.1 Hz). *C NMR (126 MHz, CDCl;) 5 177.5, 176.3, 158.2,
157.5, 138.9, 135.5, 129.5, 125.5, 123.9, 123.4, 117.0, 116.3, 115.5, 61.2, 61.2, 48.5, 42.1, 27.1,
26.1, 14.2, 14.1. HRMS (ESI): m/z calculated for C14H2sN304Br1 requires 524.1160 for [M+Na]",
found 524.1184.
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Synthesis of S4a

The above compound was synthesized using General Procedure C, using ethyl 2-(4-fluoro-1-
(pyrimidin-2-yl)-1H-indol-3-yl)-2-methylpropanoate (0.082 g, 0.25 mmol), and ethyl a-
bromoisobutyrate (0.12 mL, 0.75 mmol). Silica gel column chromatography gave an amorphous
solid, 14% (0.015 g). *H NMR (300 MHz, Chloroform-d) & 8.76 — 8.60 (m, 3H), 8.10 (d, J = 0.6
Hz, 1H), 7.06 (t, J = 4.8 Hz, 1H), 6.90 (dd, J = 12.6, 1.5 Hz, 1H), 4.21 — 4.10 (m, 4H), 1.69 (s, 6H),
1.65 (s, 6H), 1.22 (d, J = 7.1 Hz, 2H), 1.22 — 1.11 (m, 4H). *C NMR (75 MHz, CDCl;) d 177.0
(CO2R), 176.9 (CO2R), 158.2 (ArC), 157.4 (d, J = 41.5 Hz, ArC), 153.9 (ArC), 142.4 (d, J =7.0
Hz, ArC), 138.4 (d, J = 11.0 Hz, ArC), 124.0 (d, J = 3.4 Hz, ArC), 122.4 (ArC), 116.8 (d, J = 20.5
Hz, ArC), 116.4 (ArC), 109.9 (d, J = 3.5 Hz, ArC), 106.2 (d, J = 21.6 Hz, ArC), 61.02 (CO,CH,CH5)
61.00 (CO2CH2CHa), 46.9 (d, J = 1.6 Hz, (C(CHs)), 42.5 (C(CHz3)2), 29.9 (C(CHs).), 27.0
(C(CHa)2), 26.8 (CO2CH2CHp3), 14.2 (CO.CH>CH3). HRMS (ESI): m/z calculated for C2sH2sN304F1
requires 442.2142 for [M+H]*, found 442.2162.
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Synthesis of 3s and 4s

The above compounds were synthesized using General Procedure D using methyl a-
bromoisobutyrate (0.10 mL, 0.75 mmol) as coupling partner. Silica gel chromatography gave two
separable products 3s (57%, 0.042 g) and 4s (41%, 0.040 g).
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3s. mp (from CHCls): 110-114 °C. FT-IR (thin film): vmax (cm™) = 2980.4, 1727.2, 1578.8, 1562.5.
'H NMR (500 MHz, CDCl;) & 8.84 (1H, d, J = 8.4 Hz), 8.67 (2H, d, J = 4.8 Hz), 8.19 (1H, s), 7.58
(AH, d, J=7.9 Hz), 7.34 (1H, ddd, J =8.4, 7.1, 1.3 Hz), 7.23 (1H, ddd, J = 8.1, 7.1, 1.1 Hz), 7.00
(1H, t, J = 4.8 Hz), 3.66 (3H, s), 1.75 (6H, s).1*C NMR (126 MHz, CDCl3) 5 177.4, 158.1, 158.1,
157.8, 136.3, 129.4, 124.9, 123.8, 122.10, 122.05, 120.0, 116.6, 116.0, 52.4, 42.1, 26.1. HRMS
(ESI): m/z calculated for C17H17N30- requires 296.1399 for [M+H]*, found 296.1383.
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4s. mp (from CHCIs): 108-112 °C. FT-IR (thin film): vmax (cm™) = 2980.9, 1726.2, 1578.0, 1562.6
!H NMR (500 MHz, CDCls) & 8.89 (1H, dd, J = 1.8, 0.6 Hz), 8.68 (2H, d, J = 4.8 Hz), 8.15 (1H, s),
7.52 (1H, dd, J = 8.4, 0.6 Hz), 7.19 (1H, dd, J = 8.4, 1.8 Hz), 7.01 (1H, t, J = 4.8 Hz), 3.67 (3H, s),
3.65 (3H, s), 1.72 (6H, s), 1.69 (6H, s). *C NMR (126 MHz, CDCls) 8 177.9, 177.3, 158.2, 157.8,
140.6, 136.5, 128.1, 124.6, 122.4, 120.2, 119.9, 116.0, 113.7, 52.4, 52.3, 47.0, 42.1, 27.1, 26.1.
HRMS (ESI): m/z calculated for C22H2sN3O4 requires 418.1800 for [M+Na]*, found 418.1816.
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Synthesis of 3t and 4t

The above compounds were synthesized using General Procedure D using benzyl a-
bromoisobutyrate (0.13 mL, 0.75 mmol) as coupling partner. Silica gel chromatography gave two
amorphous solids), 3t (55%, 0.051 g) and 4t (31%, 0.048 g).
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3t. FT-IR (thin film): vmax (cm™) = 2980.9, 1726.2, 1578.7, 1562.0. *H NMR (500 MHz, CDCls) &
8.83 (1H, dt, J=8.4, 0.9 Hz), 8.67 (2H, d, J = 4.8 Hz), 8.18 (1H, s), 7.54 (1H, dt, J = 8.0, 0.9 Hz),
7.33 (1H, ddd, J = 8.4, 7.1, 1.2 Hz), 7.30-7.21 (2H, m), 7.21-7.11 (3H, m), 7.00 (1H, t, J = 4.8
Hz), 5.12 (2H, s), 1.77 (6H, s). *C NMR (126 MHz, CDCl;) d 176.6, 158.2, 157.8, 136.3, 136.2,

129.4,128.5, 128.0, 127.98, 127.97, 124.8, 123.8, 122.1, 122.0, 120.3, 116.5, 116.0, 66.7, 42.3,
26.1. HRMS (ESI): m/z calculated for C23H2:N3O> requires 372.1712 for [M+H]*, found 372.1727.

OBn

4t. FT-IR (thin film): vmax (cm™) = 2978.1, 1725.8, 1577.5, 1562.4. *H NMR (500 MHz, CDCls) &
8.91 (1H,d, J=1.7 Hz), 8.65 (2H, d, J = 4.8 Hz), 8.17 (1H, s), 7.44 (1H, d, J = 8.4 Hz), 7.30-7.19
(7H, m), 7.18-7.10 (3H, m), 7.00 (1H, t, J = 4.8 Hz), 5.15 (2H, s), 5.12 (2H, s), 1.75 (6H, s), 1.73
(6H, s). *C NMR (126 MHz, CDCls) d 177.0, 176.5, 158.1, 157.8, 140.5, 136.5, 136.4, 136.2,
128.4, 128.1, 128.0, 128.0, 127.9, 127.8, 127.7, 124.5, 122.5, 120.2, 120.0, 116.0, 113.8, 66.7,
66.5, 47.1, 42.3, 27.1, 26.0. HRMS (ESI): m/z calculated for C34H33N304 requires 548.2549 for
[M+H]*, found 548.2539.
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Synthesis of 3u and 4u

The above compounds were synthesized using General Procedure D using 2-
bromoisobutyrophenone (0.15 mL, 0.75 mmol) as coupling partner. Silica gel chromatography
gave two off white solids), 3u (38%, 0.032 g) and 4u (12%, 0.015 Q).

O

3u. mp (from CHCIs): 120-128 °C. FT-IR (thin film): vmax (cm™) = 2980.8, 1673.4, 1577.9, 1562.5.
'H NMR (500 MHz, CDCls) 6 8.82 (1H, dt, J = 8.4, 0.9 Hz), 8.74 (2H, d, J = 4.8 Hz), 8.34 (1H, s),
7.79-7.71 (2H, m), 7.45 (1H, ddd, J = 8.0, 1.2, 0.7 Hz), 7.35-7.26 (2H, m), 7.21-7.15 (2H, m),
7.14-7.07 (2H, m), 1.78 (6H, s). *C NMR (126 MHz, CDClIs) & 204.5, 158.3, 137.3, 136.4, 131.9,
129.5, 129.1, 128.1, 125.8, 124.2, 122.4, 121.4, 120.4, 116.5, 116.3, 47.3, 27.3. HRMS (ESI):
m/z calculated for C22H19N3O requires 364.1426 for [M+Na]*, found 364.1417.

4u. mp (from CHClIs): 106-110 °C. FT-IR (thin film): vmax (cm™) = 2980.7, 1674.4, 1577.1, 1562.8.
'H NMR (500 MHz, CDCls) & 8.86 (1H, dd, J = 1.8, 0.6 Hz), 8.72 (2H, d, J = 4.8 Hz), 8.33 (1H, s),
7.72 (2H, dd, J = 8.5, 1.2 Hz), 7.46-7.37 (3H, m), 7.35-7.31 (1H, m), 7.31-7.24 (2H, m), 7.21—
7.16 (2H, m), 7.13-7.08 (2H, m), 7.08-7.05 (2H, m), 1.77 (6H, s), 1.65 (6H, s). 3C NMR (126
MHz, CDCls) 6 204.6, 204.2, 158.4, 157.8, 141.4,137.4,137.0, 136.7, 131.8, 131.5, 129.8, 129.0,
128.3,128.1,127.9,125.5,121.9, 120.7, 120.5, 116.3, 113.8, 51.9, 47.3, 28.3, 27.2. HRMS (ESI):
m/z calculated for C32H29N30; requires 488.2338 for [M+H]*, found 488.2360.
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Synthesis of 3v and 4v

The above compounds were synthesized using General Procedure A using 1-(5-chloropyrimidin-
2yl)-1H-indole (0.057 g, 0.25 mmol) and methyl a-bromoisobutyrate (0.10 mL, 0.75 mmol) as

coupling partner. Silica gel chromatography gave two white solids), 3t (39%, 0.032 g) and 4t
(30%, 0.032 g).

OMe

o)
N

N)\

N
NQ

Cl

3v. mp (from CHCI3): 151-153 °C. FT-IR (thin film): vimax (cm™!) = 2981.5, 1729.4, 1573.5, 1544.3,
IH NMR (500 MHz, Chloroform-d) 5 8.72 (1H, dd, J = 8.4, 0.9 Hz), 8.60 (2H, d, J = 0.7 Hz), 8.10
(1H, d, J = 0.8 Hz), 7.57 (1H, dd, J = 7.9, 1.1 Hz), 7.34 (1H, dd, J = 8.3, 7.2 Hz), 7.26-7.19 (1H,
m), 3.66 (3H, s), 1.74 (6H, s). 2*C NMR (126 MHz, CDCl,) & 177.2, 156.4, 155.7, 136.2, 129.5,

125.5, 124.9, 124.1, 122.4,122.1, 120.2, 116.5, 52.4, 42.1, 26.1. HRMS (ESI): m/z calculated for
C17H16CliN3O; requires 352.0829 for [M+Na]*, found 352.81800.

OMe

Cl

4v. mp (from CHClg): 142-148 °C. FT-IR (thin film): vmax (cm™) = 2979.6, 1728.3, 1573.5, 1545.1.
H NMR (500 MHz, CDCl3) & 8.78 (1H, dd, J = 1.8, 0.6 Hz), 8.63 (2H, s), 8.07 (1H, s), 7.51 (1H,
dd, J = 8.4, 0.6 Hz), 7.20 (1H, dd, J = 8.4, 1.8 Hz), 3.67 (3H, s), 3.65 (3H, s), 1.71 (6H, s), 1.68
(6H, s). C NMR (126 MHz, CDCls) d 177.8, 177.1, 156.5, 155.7, 140.9, 136.4, 128.2, 125.2,
125.0, 122.5, 120.5, 120.1, 113.6, 52.5, 52.3, 47.0, 42.1, 27.1, 26.1. HRMS (ESI): m/z calculated
for C22H24CliN3O4 requires 452.1500 for [M+Na]*, found 452.1374.
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5. Deuterium Experiments

Deuterium incorporation experiment on C-3 substituted indole

OEt

0 Br
H2 + OEt

N
N

3a 2a

OEt
[RuCly(p-cymene)],
KOAc (2 eq) o
AcOD (2eq) N—HD <3 33% D
1,4-dioxane '}\
. H/D N
120 gr, 16 h E0” X0 N \/\)

5% D
4a: 74%

3 82
1 (opm)

Regular Spectra
C-2:1.00
C-7:0.96

Deuterium incorporation at C-2 = 33%

Deuterium incorporation at C-7 = 5%

82
1 (opm)

Deuterium Incorpoation Spectra
C-2: 0.67
C-7:0.91
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Deuterium incorporation experiment on one-pot C-3/C-6 alkylation

OEt OEt
- [RUCl,(p-cymene)],
" KOAc (2 eq) o o
y N 2 AcOD (2 eq) A\ H/D<:|34%D N H/D<:|44%D
. H N N
H, )/\N 1,4-dioxane )\ )\
N o H/D N H/D N
Q 120 2;16*‘ N\/\) Et0” SO N\/\)
Br > 4 =
OEt 1% D 2% D
1a 0 3a: 56% 4a: 31%
2a
3a - Mono
e
Regular Spectra Deuterium Incorporation Spectra
C-2:1.00 C-2:0.66
C-7:0.95 C-7:0.94

Deuterium incorporation at C-2 = 34%

Deuterium incorporation at C-7 = 1%
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4a - Di
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| b
O
g B
»

i T H g T

Regular Spectra
C-2:1.00
C-7: 0.96

Deuterium incorporation at C-2 = 39%

Deuterium incorporation at C-7 = 2%

Deuterium Incorporation Spectra
C-2:0.61
C-7:0.94
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6. Organometallic Work

Synthesis of 1a-[Ru]-OAc

To an oven dried Schlenk flask was added [RuClx(p-cymene)]. (0.239 g, 0.39 mmol), 1a (0.150
g, 0.77 mmol) and potassium acetate (0.153 g, 1.56 mmol). The flask was evacuated and refilled
with argon three times. Anhydrous methanol (5 mL) was then added via septum and the reaction
mixture was stirred at 40 °C for 24 h. The mixture was filtered under a blanket of N2, eluting with
anhydrous methanol. The filtrate was then kept in the freezer for 7 days. The deep red crystals
that formed in the filtrate were collected via vacuum filtration, giving 1a-[Ru]-OAc, 32% (0.120 g).
'H NMR (500 MHz, CDCls) 8 9.10 (1H, dd, J = 5.6, 2.3 Hz), 8.61 (1H, dd, J = 4.6, 2.3 Hz), 8.37
(1H, dg, J = 8.0, 0.9 Hz), 7.40 (1H, ddd, J = 7.7, 1.2, 0.7 Hz), 7.19-7.09 (1H, m), 7.03 (1H, ddd,
J=8.3,7.2,1.2Hz), 6.89-6.81 (2H, m), 5.72 (1H, dd, J = 6.0, 1.2 Hz), 5.54 (1H, dd, J = 6.0, 1.2
Hz), 5.28 (1H, dd, J = 6.0, 1.2 Hz), 5.12 (1H, dd, J = 6.0, 1.2 Hz), 3.47 (3H, s), AcH), 2.62 (1H,
hept, J = 6.9 Hz), CH(CHs)2), 2.07 (3H, s), ArCHs), 1.11 (3H, d, J = 7.0 Hz), CH(CHs3)2), 0.97 (3H,
d, J = 6.9 Hz), CH(CHj3)2). *C NMR (126 MHz, CDCIls) d 165.59 (C=0), 162.47, 158.97, 136.45,
135.09, 122.55, 120.29, 117.67, 113.71, 113.65, 113.32, 103.17, 101.27, 89.67, 88.80, 83.29,
82.77, 50.84 (AcCHs), 30.67 (CH(CHa)2), 22.74 (ArCHs), 21.73 (CH(CHs)2), 18.75 (CH(CHs)y).
Data is in line with literature precedent.®
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7. Computational Data

Computational Details / Methodology

DFT calculations were run with Gaussian 09 (Revision D.01).1° Ru centers were described with
the Stuttgart RECPs and associated basis sets,!! and 6-31G** basis sets were used for all other
atoms.*? Initial BP86'* optimizations were performed using the ‘grid = ultrafine’ option, with all
stationary points being fully characterized via analytical frequency calculations as minima (all
positive eigenvalues). All energies were recomputed with a larger basis set featuring cc-pVTZ on
Ru and 6-311++G** on all other atoms. Corrections for the effect of 1,4-dioxane (¢ = 2.2099)
solvent were run using the polarizable continuum model and BS1.}* Single-point dispersion
corrections to the BP86 results employed Grimme’s D3 parameter set with Becke-Johnson
damping as implemented in Gaussian.'® Natural Bond Orbital (NBO) analysis calculations were

also computed with Gaussian 09.

Breakdown of Energy Contributions

The following tables detail the evolution of the relative energies as the successive corrections to
the initial SCF energy are included. Terms used are:

AEgs: SCF energy computed with the BP86 functional with BS1
AHgs: Enthalpy at 0 K with BS1

AGgs: Free energy at 298.15 K and 1 atm with BS1

AGgs1/diox Free energy corrected for 1,4-dioxane solvent with BS1

AGsgsudiox+ps  Free energy corrected for 1,4-dioxane and dispersion effects with BS1
AGgiox Free energy corrected for basis set (BS2), dispersion effects and 1,4-dioxane

solvent

In each case the final data used in the main article is highlighted in bold.

S51



Energy Tables

Table S1 — Computed relative energies (kcal/mol) for the different isomers of the organic
substrates and ruthenium complexes. Data in bold are those used in the main text. Energies are
guoted relative to the lowest isomer for each species at 0.0 kcal/mol.

AEgs: AHgs: AGss: AGasydiox AGssudiox+ps AEesz  AGgiox

3a 0.7 0.6 0.8 0.7 0.2 0.9 0.4
3a' 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1ap-C2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1ap-C7 4.0 4.2 4.6 4.8 2.7 3.8 2.6
laB-C2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
laB-C7 9.3 9.2 9.6 10.1 6.3 9.3 6.3
BA-C2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BA-CT 7.2 7.4 7.4 6.9 6.6 7.0 6.3
%B-C2 6.0 6.3 6.1 5.7 7.7 1.7 3.4
%B-c7 111 10.9 9.8 8.7 14.5 5.8 9.1
%B-C2* 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Complexes labelled “A” are bis-acetate with no cyclometalation of the substrate / no C-H
activation

Complexes labelled “B” are mono-acetate post C-H activation complexes, with the substrate still
cyclometalated.

The use of subscript 1a, 3a and 3a' preceding the complex label refers to where / if there is any
ester (R) substituent on the coordinated substrate.

Finally the C2 / C7 part of the label references the direction of the indole, and whether the C2 or
C7 carbon is “inwards” and orientated to the coordinated acetate(s) of the complex.
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S3a S%aB-C2*

Relative Fukui Index

Relative nucleophilicity Fukui numbers were calculated by optimising the neutral molecule, and
then performing NBO computations (nbo=npa, natural population analysis) on the neutral and
cationic radical. For each atomic nucleophilicty Fukui number (f,") the NBO charge of the cationic
calculation (P4(N — 1)) is subtracted from the neutral NBO charge value (P,(N)) (see Eg. 1),
before the values are scaled relative to the largest positive value of the molecule, which is
normalised and equal to 1.00%. This determines the nucleophilicty of atom A in molecule M (of N

electrons), where P stands for the population of atom A in molecule M.

fa =Ps(N) — P4(N—-1) (Eq. 1)

N.B. N is the number of electrons of the original molecule / ion. The equilibrium geometry of the
original molecule is used for the cationic radical calculation. We also note that using the total
atomic charge values gives positive Fukui values, whilst using the local atomic charge values

gives the inverse of the Fukui value, i.e. —f, .

1If C3 has already been alkylated then the next largest Fukui value is chosen to be the “relative” atom.
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la

Neutral Cationic fa Relative
Atom Total Total Fukui
Charge Charge Index
C2 6.0408 5.9737 0.0671 0.4870
C3 6.2887 6.1510 0.1377 1.0000
Cc3' 6.0887 6.1097 -0.0210 -0.1523
C4 6.2313 6.1152 0.1161 0.8432
C5 6.2562 6.2248 0.0314 0.2279
C6 6.2513 6.1850 0.0663 0.4813
Cc7 6.2566 6.1561 0.1006 0.7302
cr 5.8451 5.8544 -0.0093 -0.0675
C8 5.4051 5.4159 -0.0108 -0.0783
C9 5.9542 5.9369 0.0174 0.1261
C10 6.3476 6.2689 0.0787 0.5714
Cl1 5.9540 5.9394 0.0146 0.1059
3a
Neutral Cationic fa Relative
Atom Total Total Fukui
Charge Charge Index
C2 6.0270 5.9603 0.0667 0.6950
C3 5.9346 6.0708 0.1363 1.4206
Cc3' 6.0933 6.0739 -0.0194 -0.2024
! 6.1409 6.2368 0.0959 1.0000
C5 6.2269 6.2534 0.0265 0.2765
C6 6.1905 6.2499 0.0594 0.6197
C7 6.1765 6.2552 0.0787 0.8210
cr 5.8455 5.8385 -0.0070 -0.0734
C8 5.4160 5.4051 -0.0109 -0.1132
C9 5.9394 5.9541 0.0147 0.1531
C10 5.9409 5.9538 0.0129 0.1345
Ci11 6.2800 6.3481 0.0681 0.7098
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3a’

Neutral Cationic fa Relative
Atom Total Total Fukui
Charge Charge Index
C2 6.0392 5.9620 0.0771 0.7247
C3 6.2900 6.1835 0.1065 1.0000
Cc3' 6.0892 6.0968 -0.0075 -0.0705
C4 6.2225 6.1298 0.0927 0.8707
C5 6.2502 6.2422 0.0080 0.0750
C6 6.0294 5.9509 0.0785 0.7378
Cc7 6.2537 6.1703 0.0834 0.7833
cr 5.8357 5.8396 -0.0039 -0.0367
C8 5.4060 5.4157 -0.0097 -0.0913
C9 5.9551 5.9394 0.0156 0.1466
C10 5.9523 5.9416 0.0107 0.1007
Cl1 6.3473 6.2880 0.0593 0.5569
1ap-C2
Neutral Cationic fa Relative
Atom Total Total Fukui
Charge Charge Index
C2 6.0232 6.0045 0.0187 0.2856
C3 6.3105 6.2450 0.0655 1.0000
Cc3' 6.0918 6.0990 -0.0072 -0.1106
C4 6.2301 6.1825 0.0476 0.7276
C5 6.2572 6.2442 0.0130 0.1981
C6 6.2515 6.2094 0.0421 0.6429
C7 5.2127 5.2096 0.0031 0.0478
cr 5.8500 5.8522 -0.0022 -0.0341
C8 5.3748 5.3772 -0.0024 -0.0370
C9 5.9137 5.9135 0.0002 0.0032
C10 6.3238 6.3028 0.0210 0.3201
Ci11 5.9600 5.9388 0.0212 0.3239
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1ap-C7

Neutral Cationic fa Relative
Atom Total Total Fukui
Charge Charge Index
C2 6.0529 6.0280 0.0248 0.4025
C3 6.2981 6.2364 0.0617 1.0000
Cc3' 6.0988 6.1042 -0.0054 -0.0875
C4 6.2353 6.1963 0.0390 0.6320
C5 6.2615 6.2484 0.0131 0.2115
C6 6.2522 6.2257 0.0265 0.4291
Cc7 5.2045 5.1986 0.0059 0.0959
cr 5.8497 5.8564 -0.0067 -0.1082
C8 5.3792 5.3784 0.0008 0.0131
C9 5.8919 5.8969 -0.0050 -0.0802
C10 6.3198 6.3002 0.0196 0.3179
Cl1 5.9513 5.9284 0.0228 0.3699
laB-C2
Neutral Cationic fa Relative
Atom Total Total Fukui
Charge Charge Index
C2 5.8401 5.7969 0.0432 0.3738
C3 6.3242 6.2085 0.1157 1.0000
Cc3' 6.0740 6.0827 -0.0088 -0.0757
C4 6.2377 6.1823 0.0553 0.4783
C5 6.2542 6.2466 0.0076 0.0658
C6 6.2601 6.1794 0.0807 0.6976
C7 6.2586 6.2442 0.0144 0.1246
cr 5.8529 5.8232 0.0297 0.2571
C8 5.3621 5.3616 0.0005 0.0041
C9 5.9340 5.9261 0.0079 0.0684
C10 6.3491 6.3194 0.0297 0.2567
Ci11 5.9536 5.9338 0.0198 0.1708
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1aB.C7

Neutral Cationic fa Relative
Atom Total Total Fukui
Charge Charge Index
C2 6.0551 6.0243 0.0308 0.3345
C3 6.2744 6.2348 0.0396 0.4302
Cc3' 6.0918 6.0930 -0.0012 -0.0126
C4 6.2490 6.1569 0.0921 1.0000
C5 6.2479 6.2368 0.0111 0.1205
C6 6.2716 6.2196 0.0521 0.5655
Cc7 6.0455 6.0127 0.0328 0.3559
cr 5.8679 5.8598 0.0081 0.0883
C8 5.3699 5.3699 0.0000 0.0003
C9 5.9543 5.9321 0.0221 0.2404
C10 6.3449 6.3116 0.0334 0.3623
Cl1 5.9352 5.9308 0.0044 0.0476
%ap-C2
Neutral Cationic fa Relative
Atom Total Total Fukui
Charge Charge Index
C2 6.0436 6.0166 0.0271 0.5699
C3 6.0772 6.0105 0.0667 1.4046
Cc3' 6.0784 6.0870 -0.0086 -0.1805
! 6.2370 6.1895 0.0475 1.0000
C5 6.2525 6.2378 0.0147 0.3107
C6 6.2494 6.2144 0.0351 0.7382
C7 6.2615 6.2314 0.0301 0.6335
cr 5.8450 5.8498 -0.0047 -0.0998
C8 5.3638 5.3692 -0.0054 -0.1146
C9 5.9179 5.9154 0.0025 0.0518
C10 6.3323 6.3098 0.0225 0.4741
Ci11 5.9528 5.9363 0.0165 0.3484
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aA-C7

Neutral Cationic fa Relative
Atom Total Total Fukui
Charge Charge Index
C2 6.0398 6.0137 0.0261 0.7105
C3 6.0774 6.0092 0.0682 1.8569
Cc3' 6.0848 6.0914 -0.0066 -0.1807
C4 6.2408 6.2041 0.0367 1.0000
C5 6.2600 6.2460 0.0141 0.3823
C6 6.2505 6.2274 0.0231 0.6275
Cc7 6.2534 6.2376 0.0158 0.4299
cr 5.8434 5.8500 -0.0067 -0.1812
C8 5.3790 5.3801 -0.0011 -0.0299
C9 5.9505 5.9301 0.0204 0.5562
C10 6.3207 6.3007 0.0200 0.5442
Cl1 5.8925 5.8963 -0.0038 -0.1029
%aB-C2
Neutral Cationic fa Relative
Atom Total Total Fukui
Charge Charge Index
C2 5.8327 5.7862 0.0465 0.6230
C3 6.1163 5.9784 0.1379 1.8473
Cc3' 6.0613 6.0749 -0.0136 -0.1827
C4 6.2479 6.1921 0.0558 0.7476
C5 6.2536 6.2474 0.0062 0.0836
C6 6.2593 6.1847 0.0746 1.0000
C7 6.2598 6.2462 0.0136 0.1818
cr 5.8496 5.8214 0.0282 0.3778
C8 5.3679 5.3677 0.0002 0.0024
C9 5.9401 5.9332 0.0069 0.0919
C10 6.3487 6.3218 0.0268 0.3596
Ci11 5.9572 5.9387 0.0186 0.2485
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3aB-C7

Neutral Cationic fa Relative
Atom Total Total Fukui
Charge Charge Index
C2 6.0407 6.0118 0.0290 0.3143
C3 6.0569 6.0035 0.0534 0.5801
Cc3' 6.0773 6.0779 -0.0006 -0.0071
C4 6.2559 6.1638 0.0921 1.0000
C5 6.2448 6.2359 0.0089 0.0966
C6 6.2701 6.2176 0.0525 0.5700
Cc7 6.0444 6.0135 0.0309 0.3353
cr 5.8622 5.8569 0.0053 0.0577
C8 5.3701 5.3707 -0.0006 -0.0065
C9 5.9539 5.9333 0.0206 0.2233
C10 6.3455 6.3124 0.0332 0.3599
Cl1 5.9354 5.9310 0.0044 0.0482
%ap-C2*
Neutral Cationic fa Relative
Atom Total Total Fukui
Charge Charge Index
C2 5.8054 5.7914 0.0140 0.2214
C3 6.1597 6.0391 0.1207 1.9083
Cc3' 6.0599 6.0708 -0.0108 -0.1711
C4 6.2593 6.2157 0.0437 0.6905
C5 6.2528 6.2416 0.0111 0.1760
C6 6.2649 6.2016 0.0632 1.0000
C7 6.2589 6.2529 0.0060 0.0952
cr 5.8476 5.8193 0.0283 0.4477
C8 5.3731 5.3742 -0.0010 -0.0163
C9 5.9485 5.9399 0.0086 0.1355
C10 6.3431 6.3250 0.0181 0.2863
Ci11 5.9753 5.9512 0.0240 0.3802
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S3a

Neutral | Cationic Relative
Atom Total Total fa i

Charge | Charge
C2 6.02567 | 5.96148 0.064 0.76
C3 6.06719 | 5.94122 0.126 1.48
C3' 6.14059 | 6.15356 | -0.013 -0.15
C4 5.568118 | 5.50489 0.076 0.90
C5 6.32625 | 6.28826 0.038 0.45
C6 6.2412 | 6.18759 0.054 0.63
C7 6.27152 | 6.18694 0.085 1.00
C7' 5.82737 | 5.83237 | -0.005 -0.06
C8 5.40496 | 5.41587 | -0.011 -0.13
C9 5.95276 | 5.93835 0.014 0.17
C10 6.3458 | 6.28262 0.063 0.74
Cl1 5.95374 | 5.94103 0.013 0.15

S3aB_C2~k
Neutral | Cationic Relative
Atom Total Total fa o

Charge | Charge
C2 5.80685 | 5.79453 0.012 0.21
C3 6.15508 | 6.03195 0.123 2.09
C3' 6.12663 | 6.13629 | -0.010 -0.16
C4 5.60015 | 5.56099 0.039 0.66
C5 6.32599 | 6.31367 0.012 0.21
C6 6.25529 | 6.19607 0.059 1.00
C7 6.27448 | 6.26565 0.009 0.15
C7' 5.8372 | 5.81257 0.025 0.42
C8 5.37298 | 5.37419| -0.001 -0.02
C9 5.9487 | 5.93998 0.009 0.15
C10 6.34087 | 6.32309 0.018 0.30
Cl1 5.9756 | 5.95126 0.024 0.41
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Cartesian Coordinates and Computed H -3.60171 1.65271 -0.35175
Energies (in Hartrees) H 0.95342 3.80728 -0.24449
H -1.07848 5.18381 -0.61988
Organic Substrates N -1.30815 -0.03406 0.08719
C 0.06335 -0.30165 0.24444
la H 0.37000 -1.33080 0.40112
SCF (BP86) Energy = -626.959242130 C 0.79814 0.85471 0.15000
Enthalpy OK = -626.777477 C -2.28546 -1.03450 0.13661
Enthalpy 298K = -626.765736 N -1.82490 -2.29363 0.34162
Free Energy 298K = -626.814618 N -3.57482 -0.65864 -0.02109
Lowest Frequency = 52.6744 cm™?t C -2.76l46 -3.25294 0.39369
Second Frequency = 69.0812 cm! C -4.48013 -1.65131 0.03685
C -4.13288 -2.99260 0.24633
C -2.69171 -1.89670 0.00003 H -2.39291 -4.27377 0.56080
C -1.35286 -1.47764 -0.00011 H -5.52797 -1.34960 -0.09099
C -1.10818 -0.09417 -0.00010 H -4.88229 -3.78608 0.29169
C -2.17607 0.85849 0.00005 c 2.31235 0.98753 0.29632
C -3.51064 0.40622 0.00018 c 2.65705 1.90049 1.49919
C -3.75881 -0.97114 0.00017 H 3.74953 2.00427 1.60203
H -2.90962 -2.96976 0.00001 H 2.21917 2.90122 1.36375
H -0.52474 -2.18589 -0.00024 H 2.26907 1.47211 2.43526
H -4.33638 1.12557 0.00029 c 2.93719 1.55152 -1.01258
H -4.79086 -1.33708 0.00028 H 2.53422 2.55240 -1.23297
N 0.09907 0.64478 -0.00027 H 4.03268 1.64033 -0.90963
C -0.22074 2.01773 -0.00010 H 2.71679 0.89321 -1.86560
H 0.59203 2.73809 -0.00014 c 2.94186 -0.39832 0.57774
C -1.58097 2.17590 0.00006 0 3.48019 -0.73071 1.62510
H -2.10864 3.12903 0.00015 0 2.85161 -1.22386 -0.50640
C 1.41668 0.17203 -0.00043 C 3.45054 -2.54125 -0.32819
N 2.38113 1.12515 -0.00003 H 2.96178 -3.04143 0.52611
N 1.59977 -1.16754 -0.00029 H 4.51512 -2.41268 -0.06588
C 3.64428 0.67253 0.00032 c 3.26297 -3.30573 -1.62987
C 2.88063 -1.57777 0.00006 H 3.70448 -4.31227 -1.53839
C 3.96747 -0.69345 0.00031 H 2.19393 -3.41785 -1.87287
H 4.42863 1.44101 0.00050 H 3.75639 -2.78762 -2.46819
H 3.03359 -2.66494 0.00005
H 5.00175 -1.04489 0.00051 3a’
SCF (BP86) Energy = -1012.09047729
3a Enthalpy OK = -1011.757862
SCF (BP86) Energy = -1012.08941768 Enthalpy 298K = -1011.735711
Enthalpy 0K = -1011.756896 Free Energy 298K = -1011.809737
Enthalpy 298K = -1011.734559 Lowest Frequency = 15.6272 cm!
Free Energy 298K = -1011.808544 Second Frequency = 21.8658 cm!
Lowest Frequency = 20.0131 cm! SCF (1,4-dioxane) Energy =
Second Frequency = 29.8197 cm! -1012.09444129
SCF (1,4-dioxane) Energy = SCF (BP86-D3BJ) Energy =
-1012.09344044 -1012.17434582
SCF (BP86-D3BJ) Energy = SCF (BS2) Energy = -1012.34917083
-1012.17419610
SCF (BS2) Energy = -1012.34767513 C -1.35866 1.09422 -0.58130
C -0.09274 0.48116 -0.46880
C -2.45512 3.50713 -0.50896 C 0.96634 1.22609 0.06783
C -2.62070 2.12652 -0.33076 c 0.79724 2.57954 0.49854
C -1.46630 1.35471 -0.11922 C -0.47173 3.17519 0.38226
C -0.15758 1.93416 -0.08281 C -1.53239 2.43210 -0.15005
C -0.02961 3.32805 -0.26598 H 0.06810 -0.55226 -0.77932
C -1.17640 4.10258 -0.47755 H -0.62965 4.20912 0.70700
H -3.33923 4.13119 -0.67517 H -2.51442 2.90533 -0.23056
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Enthalpy OK = -1568.029080 -0.35505 1.69609 -0.96968

N 2.32109 0.88902 0.30271 C -0.61899 0.55554 -1.78747
C 2.96594 2.01016 0.86307 C 2.02961 1.54150 -1.57099
H 4.02094 1.93013 1.10875 H -2.69641 2.22203 2.56549
C 2.07413 3.04182 0.99249 C 0.10058 -1.29422 -3.42865
H 2.29936 4.02812 1.39664 H 1.41409 -2.88293 0.18939
C 2.98027 -0.32021 0.04864 H -0.20163 -0.96335 -4.43941
N 4.29439 -0.35357 0.37980 H 0.98170 -1.94661 -3.53840
N 2.25356 -1.32184 -0.49348 H -0.72728 -1.89382 -3.01559
C 4.92293 -1.51425 0.13608 H -0.91490 0.16848 2.23283
C 2.92057 -2.46713 -0.72091 0 0.78965 -1.15042 2.80426
C 4.28031 -2.62997 -0.42289 C 1.46438 -0.12125 2.63727
H 5.98781 -1.54725 0.40201 C 2.36010 0.43528 3.74939
H 2.33141 -3.28239 -1.16035 H 2.26504 1.53010 3.82542
H 4.80789 -3.56728 -0.61389 H 2.10518 -0.03652 4.70908
C =-2.51236 0.27580 -1.21029 H 3.41406 0.21353 3.50879
C -3.87930 0.99356 -1.12914 0 1.50144 0.62800 1.54825
H -4.66936 0.34514 -1.54387 C 3.81234 -1.14933 -0.33565
H -4.15145 1.24226 -0.09252 C 4.71999 -2.23271 0.25960
H -3.86360 1.91998 -1.72782 H 5.70676 -2.19994 -0.22345
C =-2.18385 -0.03170 -2.69141 H 4.84293 -2.05323 1.34119
H -2.07679 0.91315 -3.24954 H 4.27565 -3.23466 0.14456
H -1.24904 -0.60329 -2.78393 0 4.27404 -0.23633 -1.03589
H -2.98979 -0.62655 -3.15375 C -3.55875 -0.09594 0.27454
C -2.58918 -1.06270 -0.43984 N -2.41609 -2.79251 0.25958
O =-2.17730 -2.14156 -0.84965 C -1.63442 -1.70906 0.40407
O -3.15666 -0.89834 0.78906 C -5.59276 0.04930 -0.98534
C -3.21098 -2.10112 1.60833 H -6.28411 -0.36134 -1.72816
H -3.77998 -2.87648 1.06598 C -5.91294 1.26084 -0.33004
H -2.18381 -2.48253 1.74394 H -6.84634 1.77590 -0.57947
C -3.86443 -1.72219 2.92888 C -5.05792 1.80609 0.63437
H -3.92268 -2.60686 3.58496 H -5.31036 2.74425 1.13967
H -3.28219 -0.94400 3.44839 C -4.41250 -0.64931 -0.69291
H -4.88704 -1.34252 2.77053 H -4.18239 -1.60508 -1.16824
N -2.29616 -0.52021 0.74213
Ruthenium Complexes C -1.80938 -3.97751 0.09294
H -2.46627 -4.84241 -0.06128
lap-c2 C -0.41499 -4.10176 0.14571
SCF (BP86) Energy = -1568.52019475 H 0.08870 -5.06982 0.09454
C
Enthalpy 298K = -1567.992958 C 0.98800 2.20597 -0.85444
Free Energy 298K = -1568.098246 H 2.58197 -0.14954 -2.82473
Lowest Frequency = 10.0070 cm! H 3.07684 1.79757 -1.41319
Second Frequency = 27.0840 cm™! H -1.16052 2.12974 -0.37115
SCF (1,4-dioxane) Energy = H -1.63311 0.14180 -1.79604
-1568.52709297 C 1.24825 3.38972 0.06724
SCF (BP86-D3BJ) Energy = H 0.63492 3.21311 0.97115
-1568.67907801 C 0.73925 4.68136 -0.62012
SCF (BS2) Energy = -1568.61523144 H 0.85595 5.54248 0.05966
H 1.31802 4.89230 -1.53649
C -1.84266 0.39264 1.71035 H -0.32537 4.60927 -0.89992
C =-2.76877 1.39655 1.85813 c 2.71324 3.53254 0.51134
C -3.86026 1.12929 0.94818 H 3.06985 2.60352 0.98208
N -0.27021 -1.69277 0.26026 H 3.37499 3.78333 -0.33662
C 0.32008 -2.91829 0.21143 H 2.79952 4.35157 1.24533
Ru 0.97977 0.01260 -0.37417
0 2.54625 -1.32378 0.01391 lap-c7
C 1.73733 0.39097 -2.39014 SCF (BP86) Energy = -1568.51385820
C 0.40937 -0.10353 -2.55437 Enthalpy OK = -1568.022457
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Enthalpy 298K = -1567.986382 C 1.07276 2.07015 -1.06343
Free Energy 298K = -1568.091024 H 2.47026 -0.62120 -2.73737
Lowest Frequency = 13.1924 cm! H 3.11925 1.37435 -1.46414
Second Frequency = 27.9311 cm! H -1.09190 2.27864 -0.70057
SCF (1,4-dioxane) Energy = H -1.73186 0.26937 -2.02469
-1568.52038273 C 1.42493 3.29169 -0.22728
SCF (BP86-D3BJ) Energy = H 0.76853 3.24822 0.66222
-1568.67603733 C 1.07614 4.56860 -1.03192
SCF (BS2) Energy = -1568.60911254 H 1.25556 5.46523 -0.41459
H 1.70502 4.64802 -1.93612
C -3.74402 -1.03411 -1.21502 H 0.02015 4.58096 -1.35063
C -4.47626 0.12864 -1.23009 C 2.88108 3.32224 0.26393
C -3.96861 0.97534 -0.17488 H 3.12290 2.40957 0.83018
N -0.54134 -1.74932 0.32091 H 3.59458 3.42410 -0.57303
C 0.13675 -2.80322 0.86103 H 3.03037 4.19056 0.92772
Ru 0.78903 -0.04155 -0.39049
) 2.31446 -1.29404 0.31820 laB-c2
C 1.67429 0.04543 -2.39781 SCF (BP86) Energy = -1339.43971590
C 0.30835 -0.30238 -2.58652 Enthalpy OK = -1339.009562
C -0.67677 0.54611 -1.95731 Enthalpy 298K = -1338.979728
C 2.05695 1.22481 -1.65607 Free Energy 298K = -1339.068792
H -5.30007 0.35077 -1.90753 Lowest Frequency = 24.0588 cm!
C -0.09917 -1.52834 -3.36678 Second Frequency = 29.3467 cm™!
H 1.16197 -2.57598 1.15733 SCF (1,4-dioxane) Energy =
H -0.32536 -1.25884 -4.41497 -1339.44656612
H 0.70739 -2.27865 -3.37780 SCF (BP86-D3BJ) Energy =
H -1.00415 -1.99448 -2.94380 -1339.57691145
H -3.81937 -1.93844 -1.81403 SCF (BS2) Energy = -1339.46136352
O 0.38162 -0.89858 2.90523
C 0.98287 0.16422 2.67127 Ru -1.08759 -0.16104 0.01029
C 1.70826 0.92410 3.78897 O -0.55204 -2.18262 -0.14849
H 1.55916 2.01137 3.69603 C -0.59045 -2.84659 -1.29171
H 1.35738 0.57330 4.77021 C 0.06554 -4.22692 -1.17323
H 2.79240 0.73216 3.70967 C -3.32457 -0.00989 0.66068
0 1.08024 0.77993 1.50927 C -2.56334 1.18594 0.91658
C 3.58086 -1.33306 -0.06387 C -1.90744 1.93391 -0.12073
C 4.39875 -2.30993 0.79106 C -3.28197 -0.59781 -0.62852
H 5.40975 -2.41531 0.37332 O -1.06816 -2.45313 -2.36868
H 4.46772 -1.93209 1.82498 H 1.14960 -4.11921 -1.35150
H 3.90846 -3.29645 0.83707 H -0.06816 -4.65502 -0.16790
0 4.10957 -0.68165 -0.97755 H -0.34477 -4.90303 -1.93767
C -2.89622 0.27041 0.45586 C -1.30946 3.30271 0.18802
N -2.42609 -3.22555 0.00105 H -0.87348 3.23531 1.20477
C -1.85713 -2.00589 0.04752 C 3.09141 0.21515 -0.15865
C -2.64251 2.00606 2.07665 C 2.89894 0.43862 -1.55722
H -2.15392 2.41426 2.96699 C 4.03011 0.65497 -2.36832
C -3.66863 2.74873 1.44315 C 5.46467 0.42142 -0.39475
H -3.95247 3.72575 1.84804 C 5.30342 0.64375 -1.77874
C -4.34288 2.24123 0.32717 H 3.91478 0.82562 -3.44399
H -5.16013 2.80191 -0.13850 H 6.46961 0.41664 0.03964
C =-2.23933 0.75186 1.59798 H 6.18794 0.80907 -2.40327
H -1.45722 0.16877 2.09272 C -1.87744 1.31179 -1.41824
N -2.74577 -0.95161 -0.22813 C -2.52749 0.06661 -1.67098
C -1.68535 -4.26755 0.40420 H -2.39316 -0.43696 -2.62896
H -2.14867 -5.25816 0.31616 H -1.28631 1.76666 -2.21789
C -0.40491 -4.08643 0.94029 H -2.51119 1.57066 1.94277
H 0.17531 -4.90970 1.36303 H -3.85196 -0.51410 1.47602
C -0.31571 1.70465 -1.21383 C -2.43943 4.36118 0.23139
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H -2.03301 5.34894 0.50939 C 0.46579 0.34745 -2.65213
H -2.92011 4.45891 -0.75807 c 1.54154 0.44711 -3.56640
H -3.22224 4.09513 0.96190 H 3.69674 0.32600 -3.87610
C -0.19262 3.73523 -0.77826 H -0.55336 0.52725 -3.01032
H 0.59028 2.96481 -0.86674 H 1.32825 0.72106 -4.60602
H -0.59154 3.93929 -1.78826 C -1.17609 2.18314 -0.46970
H 0.27278 4.66904 -0.42061 C -2.39507 1.46364 -0.63162
C -3.97265 -1.90485 -0.92428 H -2.84147 1.35720 -1.62167
H -4.17351 -2.47437 -0.00316 H -0.72367 2.64810 -1.35017
H -4.93867 -1.70968 -1.42570 H -0.50202 1.35690 2.78986
H -3.35077 -2.51182 -1.59998 H -2.77392 0.29181 2.60684
C 1.39438 -0.28295 1.64694 c 0.40038 4.32312 1.84009
N 2.27938 -0.44759 2.64872 H 1.30279 4.90946 2.08532
N 0.02172 -0.40632 1.76630 H -0.27156 4.96772 1.24612
C 1.77123 -0.78259 3.84571 H -0.11530 4.07806 2.78416
C -0.45022 -0.77020 2.97728 C 1.56463 3.41982 -0.22701
C 0.39776 -0.96771 4.07158 H 1.82098 2.53098 -0.82463
H 2.49986 -0.91408 4.65540 H 0.99024 4.11486 -0.86538
H -1.53360 -0.90272 3.04294 H 2.50122 3.93334 0.04838
H 0.00220 -1.25861 5.04669 C -4.30858 0.04637 0.29895
N 1.79913 0.03337 0.38288 H -4.48062 -0.69200 1.09832
C 0.80035 0.14571 -0.64082 H -5.14847 0.76543 0.31055
C 1.47230 0.38754 -1.82199 H -4.30867 -0.46440 -0.67640
H 1.00388 0.48479 -2.80109 C 1.76668 -1.27166 1.33427
C 4.35566 0.20261 0.44180 N 2.47386 -1.86455 2.32312
H 4.46338 0.02453 1.51306 N 0.39645 -1.20313 1.28714
c 1.78666 -2.54085 3.25145

laB-C7 C -0.26468 -1.97342 2.19249
SCF (BP86) Energy = -1339.42493954 C 0.39033 -2.67947 3.20176
Enthalpy OK = -1338.994874 H 2.38007 -2.99808 4.05329
Enthalpy 298K = -1338.965122 H -1.35058 -1.98573 2.07694
Free Energy 298K = -1339.053525 H -0.16596 -3.28429 3.92058
Lowest Frequency = 24.3551 cm* N 2.49690 -0.72632 0.29815
Second Frequency = 32.9007 cm™?t C 3.90275 -0.83286 0.19528
SCF (1,4-dioxane) Energy = H 4.46783 -1.17783 1.05600
-1339.43099452 C 4.28711 -0.49444 -1.07466

SCF (BP86-D3BJ) Energy = H 5.31461 -0.48260 -1.43851

-1339.56818785

SCF (BS2) Energy = -1339.44658019 3ap-Cc2
SCF (BP86) Energy = -1953.65691484
Ru -0.81599 0.09005 0.12574 Enthalpy OK = -1953.014461
O -1.42854 -1.75853 -0.63762 Enthalpy 298K = -1952.967930
C -2.15480 -1.88709 -1.73277 Free Energy 298K = -1953.096613
C -2.28423 -3.34937 -2.17284 Lowest Frequency = 11.6754 cm!
C -2.35108 0.82256 1.74810 Second Frequency = 16.9763 cm™!
C -1.05657 1.44351 1.84690 SCF (l1,4-dioxane) Energy =
C -0.47386 2.21915 0.78650 -1953.66404381
C -3.00579 0.78085 0.49148 SCF (BP86-D3BJ) Energy =
0O -2.68120 -0.97115 -2.38977 -1953.85793198
H -1.40805 -3.61043 -2.79154 SCF (BS2) Energy = -1953.85431845
H -2.29971 -4.03403 -1.31069
H -3.19003 -3.47894 -2.78325 Ru -1.79312 -0.10478 -0.33911
C 0.77994 3.04965 1.04402 O -3.51793 1.08245 -0.43525
H 1.44178 2.43604 1.68715 C -4.69122 0.69294 -0.91080
C 1.98305 -0.29505 -0.95344 C -5.78287 1.74175 -0.66312
C 3.09749 -0.16521 -1.83509 C 0.07219 -0.43138 -1.48535
C 0.65443 0.00225 -1.29228 C -0.12468 -1.57502 -0.65366
C 2.86661 0.22041 -3.17022 C -1.37826 -2.27524 -0.67527
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.92328 0.03229 -2.41541 H 5.44914 -0.79800 2.89611
.95022 -0.37855 -1.47847 H 5.43986 0.69402 1.92580
.16495 1.62670 0.36639 c 2.86873 -1.64154 2.34856
.38970 2.76533 -0.76381 H 3.50412 -2.41220 2.81666
.61711 1.58200 -1.36140 H 2.33943 -1.10082 3.14918
.58440 -3.46653 0.25219 H 2.11481 -2.14632 1.72754
.06286 -3.21580 1.1944¢6 c 4.48301 -1.45470 0.42154
.32956 2.36834 -0.28249 ¢ 5.69797 -1.49266 0.26891
.40916 1.47422 -0.01638 ¢ 3.61131 -2.12535 -0.38641
.66458 1.72047 -0.61566 c 4.23964 -2.88241 -1.46405
72778 3.71329 -1.68888 H 4.99470 -3.55857 -1.02785
.81040 2.83797 -1.44621 H 4.77326 -2.17533 -2.12303
.50376 1.03988 -0.44384 c 3.14392 -3.63766 -2.19960
.87141 4.58506 -2.33528 H 3.58280 -4.21121 -3.03320
77957 3.03829 -1.91449 H 2.63227 -4.34689 -1.52856
.39695 -1.81570 -1.57359 H 2.39228 -2.94674 -2.61454
.16461 -0.67392 -2.41547

.01226 -0.29030 -2.98907 3ap-C7

.40640 -2.22510 -1.54252 SCF (BP86) Energy = -1953.64537803

.65515 -1.86260 0.05294
.00697 0.12768 -1.39205

Enthalpy OK = -1953.002636
Enthalpy 298K = -1952.956240
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.89034 -4.70448 -0.36832 Free Energy 298K = -1953.084885
.97355 -5.56711 0.31455 Lowest Frequency = 13.4252 cm!
.36410 -4.98268 -1.32630 Second Frequency = 17.0411 cm™?!
.18055 -4.52104 -0.55823 SCF (l1,4-dioxane) Energy =
.05943 -3.76548 0.57496 -1953.65329427

.57252 -2.87006 0.95995 SCF (BP86-D3BJ) Energy =
.60649 -4.12674 -0.31382 -1953.84684443

.11865 -4.56078 1.33726 SCF (BS2) Energy = -1953.84322045
.68220 1.22714 -3.30531

.05380 1.91575 -2.85949 Ru 2.06436 0.16721 -0.37584
.28368 0.90463 -4.28514 0 3.96490 -0.57882 0.16155
.61634 1.78204 -3.48852 c 4.55952 -1.57950 -0.46556
.02741 2.49845 0.57362 C 6.00426 -1.77554 0.00939
.01100 3.83794 0.66025 c 0.33714 0.23153 -1.77022
.15682 1.73627 0.72377 C 0.56155 1.54840 -1.27478
.07698 4.45402 1.14874 c 1.86846 2.15051 -1.38113
.18316 2.36126 1.37123 C 1.37252 -0.54166 -2.41128
.16592 3.72976 1.65012 0 4.05720 -2.31589 -1.33304
.04814 5.55042 1.16631 H 6.60741 -0.88887 -0.24946
.03165 1.72036 1.60818 H 6.04059 -1.87753 1.10660
.00269 4.20829 2.16325 H 6.43870 -2.66668 -0.46504
.19426 1.85136 0.37972 C 2.09204 3.53528 -0.79097
.56919 0.67894 1.07529 H 1.57392 3.53123 0.18630
.81259 0.13791 1.65424 C -1.46648 -0.00483 0.96421
.90754 0.42933 0.86932 C -2.73955 0.36522 0.42996
.46976 3.49283 -1.11110 C -3.29481 1.60823 0.81249
.63813 4.18143 -1.27122 C -1.34785 2.00583 2.24897
.88264 -0.90335 2.56367 C -2.58833 2.41922 1.70830
.72051 -1.21287 3.80854 H -4.27848 1.90925 0.44236
.09322 -1.14262 4.70890 H -0.83242 2.64624 2.97172
.58685 -0.53853 3.88898 H -3.01463 3.38022 2.01517
.10964 -2.24328 3.73433 c 2.91258 1.38601 -1.98611
.64362 -1.03593 2.57830 C 2.66532 0.05280 -2.48078
.62318 -0.53393 1.53744 H 3.50254 -0.55566 -2.83031
.74272 -0.66225 1.52654 H 3.93566 1.76732 -1.98475
.79908 -0.02164 2.46124 H -0.23824 2.06913 -0.74133
.28519 0.51310 3.27656 H -0.64803 -0.22178 -1.63353



1.41509 4.58885 -1.70236 Enthalpy 298K = -1723.941966
1.50344 5.59168 -1.25106 Free Energy 298K = -1724.053890
1.89792 4.62017 -2.69504 Lowest Frequency = 15.9073 cm*
0.34325 4.37691 -1.85313 Second Frequency = 26.3722 cm™
3.56762 3.88222 -0.53560 SCF (1,4-dioxane) Energy =
4.04051 3.12235 0.10607 -1724.56985957

4.13812 3.96953 -1.47805 SCF (BP86-D3BJ) Energy =
3.63657 4.85723 -0.02451 -1724.74995668

1.13272 -1.94262 -2.91469 SCF (BS2) Energy = -1724.68731711
0.26495 -2.40296 -2.41475

0.92655 -1.93437 -4.00083 Ru -1.23944 0.72157 0.04010
2.02464 -2.56006 -2.72422 -1.35390 1.21069 -2.00391
-0.04501 -2.08664 0.74718 -2.53155 1.45093 -2.54369
-0.33986 -3.38105 0.96283 -2.44268 1.72865 -4.04833
1.20733 -1.53770 0.79496 -2.56646 2.45944 0.75213
0.64329 -4.16964 1.41967 -2.86797 1.30933 1.50776
2.14016 -2.32010 1.41046 -1.83467 0.55705 2.19689
1.89629 -3.64688 1.76186 -1.19860 2.93067 0.65016
0.40036 -5.23256 1.53909 -3.63561 1.44335 -1.96149
3.10385 -1.84004 1.56746 -1.49660 2.22414 -4.31399
2.67541 -4.25019 2.23226 -2.48232 0.76886 -4.59259
-1.15826 -1.28072 0.45706 -3.30052 2.33902 -4.36722

-2.24086 -1.72202 -0.31874
-2.20434 -2.72116 -0.74421

-2.23115 -0.66336 3.02174
-2.97660 -1.22392 2.42241
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-3.01008 -3.64696 -0.76022
-3.44035 -1.29660 -0.68406
-3.93516 -2.59567 -0.84885
-3.33034 -4.69259 -0.84935
-4.04584 -0.38988 -0.77852

3aB-Cc2

Ru indole C3sub _alt OAc b

SCF (BP86) Energy = -1724.56378002
Enthalpy OK = -1723.982148

¢

c

c

c

c

c

c

@)

H

H

H

c

H
-3.20654 -0.74089 -0.39785 c 1.17059 -2.66995 -0.40415
-0.76638 0.78228 1.89053 c 2.28363 -1.79447 -0.56159
.18345 0.44841 2.31845 C 3.57519 -2.36725 -0.53017
2.66535 0.96633 2.54740 c 2.58645 -4.59861 -0.29566
3.41116 2.02012 3.37524 C 3.71242 -3.75780 -0.39995
3.24697 1.84026 4.44757 H 4.46462 -1.73402 -0.56843
4.49169 1.93928 3.16411 H 2.71948 -5.68130 -0.20262
3.09615 3.04036 3.10572 H 4.71650 -4.19503 -0.37369
2.29306 -0.10322 3.06135 C -0.49586 1.03717 2.10020
2.48651 1.34869 1.29926 C -0.18109 2.22919 1.35184
-4.50280 -0.82590 -1.19955 H 0.86961 2.52719 1.27181
-4.61262 -2.18465 -1.93058 H 0.32331 0.47939 2.55925
-5.54034 -2.22265 -2.52528 H -3.89517 0.92831 1.51294
-3.76180 -2.31752 -2.61946 H -3.34889 2.93532 0.15735
-4.63707 -3.01582 -1.21003 C -2.93278 -0.19789 4.32140
-4.57071 0.32252 -2.23711 H -3.29155 -1.06735 4.89828
-3.75896 0.19332 -2.97297 H -2.23231 0.36909 4.95934
-5.53247 0.30545 -2.77629 H -3.79881 0.45205 4.11078
-4.45704 1.31260 -1.77321 C -1.06564 -1.61552 3.34250
-5.67412 -0.77998 -0.18004 H -0.52072 -1.92296 2.43505
-6.03266 -1.73200 0.49832 H -0.34281 -1.14883 4.03484
-6.26408 0.44930 -0.11442 H -1.44788 -2.52431 3.83642
-7.35152 0.55256 0.85550 C -0.89747 4.14481 -0.19443
-6.94216 0.35948 1.86208 H -1.26313 4.00164 -1.22489
-8.08784 -0.24063 0.64126 H -1.40749 5.03068 0.22478
-7.94722 1.94615 0.72963 H 0.18139 4.35545 -0.23334
-7.19817 2.72327 0.95308 C -1.28905 -2.17463 -0.46000
-8.33712 2.12096 -0.28632 N -1.69160 -3.45281 -0.57898
-8.78081 2.05924 1.44281 N -2.12601 -1.07858 -0.44700

c

c

c

H

H
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-3.13268 0.64334 -1.34179
-2.97552 -1.00987 0.16383

SCF (1,4-dioxane) Energy =
-1724.56291408

SCF (BP86-D3BJ) Energy = -4.41484 -1.44328 .43115

-1724.73576488 -4.75828 -1.28040 .93998

H -4.99625 -2.76991 -1.03844 C -0.18301 -2.95332 1.96511
N 0.03324 -1.84056 -0.35222 H -2.33027 -3.23730 2.08247
C 0.39484 -0.44470 -0.44154 H 1.91763 -2.47227 1.71891
C 1.77207 -0.41914 -0.66886 H 0.03181 -3.78574 2.64494
C 1.28915 -4.06070 -0.28832 C 2.61051 0.53080 2.12331
H 0.40120 -4.68745 -0.19423 C 3.79845 0.03708 1.51068
C 2.64000 0.77746 -1.09382 H 4.22652 -0.91384 1.83199
C 3.45834 1.21650 0.14175 H 2.16373 -0.04788 2.93674
¢} 4.71680 0.68910 0.15043 H 1.95325 3.13231 -0.01211
C 5.53648 1.00466 1.31699 H 4.17788 2.43715 -0.95924
H 6.22093 0.14625 1.40695 C 1.16156 3.58164 3.10577
H 4.88298 1.05393 2.20268 H 0.28876 4.08503 3.55647
¢} 3.03606 1.93463 1.04685 H 1.84837 3.29779 3.92278
C 1.79773 1.98283 -1.56396 H 1.68423 4.31168 2.46461
H 2.46493 2.78171 -1.93289 C -0.07692 1.36757 3.20913
H 1.12001 1.67072 -2.37265 H -0.37747 0.45592 2.66922
H 1.18065 2.38837 -0.75851 H 0.51201 1.06959 4.09504
C 3.54463 0.38992 -2.29554 H -0.98809 1.86657 3.57988
H 2.89803 0.13808 -3.15246 C 5.66839 0.20621 -0.22439
H 4.17845 1.24637 -2.58218 H 5.82337 0.60323 -1.24030
H 4.19934 -0.46769 -2.10261 H 6.53526 0.50244 0.39478
C 6.29426 2.31309 1.11583 H 5.63472 -0.89356 -0.26302
H 5.59178 3.15818 1.04643 C -0.44692 0.75384 -1.65890
H 6.96693 2.49283 1.97210 N -1.17103 1.41745 -2.58928
H 6.90489 2.27917 0.19881 N 0.92426 0.69752 -1.63275

C -0.50757 1.94097 -3.62705
3aB-C7 C 1.55696 1.16071 -2.74378
SCF (BP86) Energy = -1724.55562335 C 0.87891 1.78848 -3.78903
Enthalpy OK = -1723.974903 H -1.11321 2.48910 -4.35978
Enthalpy 298K = -1723.934477 H 2.63939 1.01537 -2.74815
Free Energy 298K = -1724.048026 H 1.41189 2.15791 -4.66731
Lowest Frequency = 15.9514 cm! N -1.16052 0.07374 -0.69398
Second Frequency = 17.5294 cm! C -2.56745 -0.01754 -0.69268

H

C

C 0

C 1
SCF (BS2) Energy = -1724.68082536 H -5.79881 -1.59374 2.13398

H -4.09291 -1.90570 2.55532
Ru 2.17831 0.17401 -0.01039 H -4.64266 -0.23340 2.25644
0 2.71175 -1.31793 -1.37566 C -4.61769 -2.91259 -0.01545
C 3.41879 -2.38361 -1.04697 H -3.92489 -3.57792 0.52181
C 3.49002 -3.40482 -2.18733 H -5.65109 -3.23694 0.18928
C 3.76381 1.90605 -0.09651 H -4.43800 -3.01788 -1.09565
C 2.49685 2.30292 0.45781 C -5.39413 -0.57151 -0.39057
C 1.92965 1.70028 1.63301 O -6.08208 -0.96592 -1.32242
C 4.39797 0.73558 0.39169 O =-5.42627 0.71727 0.06253
0 3.96930 -2.60404 0.04673 C -6.35098 1.59381 -0.64532
H 2.59442 -4.04857 -2.14141 H -7.36534 1.16276 -0.58277
H 3.49740 -2.91409 -3.17296 H -6.07228 1.61765 -1.71345
H 4.37985 -4.04011 -2.06733 C -6.26477 2.96654 0.00463
C 0.71558 2.33096 2.30808 H -6.95285 3.66367 -0.50226
H 0.04147 2.67208 1.49732 H -6.54490 2.91873 1.06950
C -0.64667 -0.89267 0.20772 H -5.24390 3.37569 -0.06697
C -1.76565 -1.60156 0.73975
C 0.69292 -1.10838 0.56670 3aB-C2*
C -1.51461 -2.65456 1.64523 SCF (BP86) Energy = -1724.57336183
C 0.89313 -2.19792 1.44656 Enthalpy OK = -1723.992200
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Enthalpy 298K = -1723.952181

Free Energy 298K = -1724.063609

Lowest Frequency = 23.3895 cm!

Second Frequency = 24.7214 cm!

SCF (1,4-dioxane) Energy =
-1724.57885031

SCF (BP86-D3BJ) Energy =
-1724.76274897

SCF (BS2) Energy = -1724.69001003

1.30326 4.82517 2.28870
1.70730 -0.12699 0.85466
0.49919 -0.67117 0.34229
0.65077 -2.03478 0.18689
3.97053 -1.10609 1.49964
4.40687 -0.15509 1.811lel
-0.44754 -2.98495 -0.26294
-1.79343 -2.28028 -0.57714
-2.69380 -3.17531 -1.03376
-4.04190 -2.69425 -1.34492
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Ru -0.96540 0.58093 0.24150 -4.40463 -3.41505 -2.09411
O -1.66773 0.12593 2.19307 -3.96547 -1.69448 -1.80018
C -2.62025 1.00724 2.18083 .13516 -1.08282 -0.46211
C -3.49007 1.16170 3.41026 -0.75523 -4.00776 0.87924
C 0.05262 3.55033 -1.86315 -1.50567 -4.74867 0.56084
C 1.19599 2.72384 -2.09617 0.17158 -4.53501 1.15318
C 1.09068 1.34296 -2.16959 -1.11865 -3.48316 1.77779
Cc -1.21617 3.01573 -1.70188 -0.01277 -3.75266 -1.54988
O =-2.78261 1.73696 1.14743 0.94487 -4.26244 -1.36309
H -3.52032 0.22502 3.98646 -0.76250 -4.50300 -1.84531
H -3.06964 1.94932 4.05979 0.14337 -3.05394 -2.38869
H -4.50630 1.46850 3.12029 -4.92308 -2.67960 -0.10114
C 2.24693 0.43231 -2.57577 -4.55092 -1.95098 0.63518
H 2.14237 -0.49948 -1.98649 -5.95001 -2.39065 -0.38267
C 2.65616 -1.15530 1.02621 -4.96179 -3.67650 0.36680
C 2.01191 -2.37145 0.60716

C 2.76502 -3.56415 0.68077 S3a

C 4.68576 -2.31567 1.55736 SCF (BP86) Energy = -1111.32363304
C 4.08792 -3.52496 1.15152 Enthalpy OK = -1110.998319

H 2.33138 -4.52261 0.37721 Enthalpy 298K = -1110.975455
H 5.71808 -2.31297 1.92146 Free Energy 298K = -1111.050639
H 4.66370 -4.45539 1.20402 Lowest Frequency = 11.6412 cm™!
C -0.20860 0.74167 -1.94216 Second Frequency = 35.1951 cm™
C -1.35895 1.57567 -1.71825

H -2.36343 1.16828 -1.89817 C -1.68286 1.11627 -0.05807
H -0.34898 -0.28678 -2.29465 C -0.37261 1.70043 -0.00344
H 2.16505 3.20720 -2.25729 C -0.31720 3.10748 -0.04421
H 0.18154 4.63970 -1.84770 C -2.72760 3.27188 -0.20960
C 3.64163 1.01483 -2.28519 C -1.46347 3.89253 -0.14791
H 4.41952 0.26755 -2.51590 H -3.62439 3.89362 -0.29080
H 3.84936 1.90427 -2.90708 H -1.35650 4.98007 -0.17511
H 3.75053 1.30137 -1.22618 C =-2.47305 -1.29487 0.01039
C 2.12278 0.05032 -4.07275 N -3.76940 -0.92392 -0.07891
H 1.14243 -0.40226 -4.30039 N -1.99268 -2.55917 0.09310
H 2.23454 0.94497 -4.71060 C -4.66214 -1.93021 -0.08059
H 2.90592 -0.67430 -4.35703 C -2.91574 -3.53275 0.09008
C -2.44512 3.87275 -1.51967 C -4.29378 -3.27917 0.00439
H -2.93486 3.64879 -0.55492 H -5.71635 -1.63274 -0.15323
H -2.20042 4.94725 -1.55437 H -2.53020 -4.55849 0.15882
H -3.19334 3.67049 -2.30913 H -5.03273 -4.08369 0.00312
C 1.68155 1.19789 1.22720 N -1.50427 -0.28111 0.01915
N 2.75792 1.79481 1.75212 C -0.12959 -0.54853 0.11945
N 0.43860 1.80289 1.01144 c 0.60050 0.61523 0.10278
C 2.61387 3.08430 2.12263 C -2.85907 1.87872 -0.16326
C 0.33279 3.09599 1.40273 H -3.82879 1.38502 -0.20218
C 1.40924 3.78368 1.97662 C 2.12689 0.71197 0.15836
H 3.50237 3.56176 2.55284 c 2.69067 -0.72559 0.28290
H -0.64801 3.55019 1.24304 0 3.39238 -1.11048 -0.82117
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.97137
.02944
.27938
.53357
.57204
.67283
.15468
.22991
.66986
.28854
77125
.36389
.34649
.26095
.79848
.02134
.88890
.19070

S3ap-C2%*
SCF (BP86)

Enthalpy 0K

Enthalpy 298K

Free Energy 298K =
Lowest Frequency
Second Frequency = 24.3554 cm™!

Ru -1.
-1.
-2.
-3.
-2.
-1.
-0.
-3.
-3.

.70682

.63579

.28981

.10968

.71087

.55974

.98262

.36926

79771

.26916

.50967

.33328

.81841

.21593

.62657

-2

OGN O NONONONON--Ne: N OO NONONOINONONC)
=

20912
35729
65291
36273
64604
25858
34425
14736
29464

.44951
.76192
.10954
.44120
.45959
.53706
47661
.91328
.43082
.46088
.46713
.90863
.42574
.12802
.43174
.72413
.75112
.58047

Energy =

. 76567
.82048
.21794
.26589
.44779
.48490
.45482
.33943
.10178
.13393
.07951
.02098
.10577
.95086
.14474
.62275
.02692
.22114

-1823.80944051
-1823.235863

-1823.195113

.25336
.08235
.15683
.68358
.55616
. 79897
.75974
.27361
.76070
.35883
.83848
.20079
.95324
.22387
.14978
.15827
.38810
.83750
.57605
.58654
.32607
.40898
.16665
.83675

-0.
-2.
-2.
-3.
.83392
.07966
.16775
.67354
.15920
.98610
.07278
.12717
.59164
.01448
.00048
.56924
.64376
.51592
.10265
.87502
.13217
.94088
.70331
.88124

-1823.307863
= 22.8255 cm!

24666
19500
18810
41685
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.18385
.93004
.33598
.67122
.74593
.17138
.55721
.27642
.91243
.70595
.33810
.61730
.79069
.21588
.00184
.19349
.51825
.10596
.50473
.10546
.84577
.22568
.11539
.66515
.16151
.71129
.79620
.42783
.03310
.70547
.25435
.25810
.03148
.77995
.70266
.84243
.25905
.21780
.30603
.68179
.52155
.56538
.49609
.12537
.63549
.88686
.56255
.93946
.88307
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.40873
.83096
.40874
.35655
.39250
.12986
.62928
.60542
.58900
.31374
.66093
.99106
.47770
.91667
.31943
.07470
.26084
.60157
.05315
.42275
.67255
.02239
.03378
.31854
.17142
.07347
.91239
.14238
.10895
.35972
.83127
.10120
.73202
.49555
.98107
.24301
.31078
.36272
.04289
.19399
.56618
.27685
.61806
.93263
.35255
.57726
.88850
.07403
.60411

HFORAMLMLDDNMRNNDNRENDN

.30163
.24023
.80851
.30102
.54693
.91178
.23885
.09283
.32085
.71936
.39091
.47998
.51713
.50350
.27053
.22694
.75200
.02202
.13607
.42783
.00332
.56610
.27866
.32685
.84271
.32958
.15702
.47006
.78658
.30965
.59337
.04696
.33596
.08841
.78116
.46397
.80139
.47757
.00219
.73310
. 62450
.43826
.94908
.43589
.08138
.65840
.34723
.37606
.25688



8. NMR Spectra
3i — 'H NMR (500 MHz, CDCls)

PROTON_01 2
5

Parameter Value <
S —— e +1200

1 Title PROTON_01
2 Comment

1100

w

Origin Varian

N

Owner

Site 1000

N

Spectrometer  vnmrs
Author

~

t900
Solvent cdel3 H

Temperature  25.0 ©

© ®

10 Pulse s2pul 800
Sequence

11 Number of 8
Scans

12 Receiver Gain 38 L 700

N
13 Relaxation  1.0000
Delay
14 Pulse Width ~ 3.9500 N/
—

- 600

=z

15 Acquisition  2.0447
Time

16 Acquisition  2016-09-16T09:25:44 L 500
Date

17 Modification  2016-09-16T12:39:45
Date

18 Spectrometer  500.06 [ 400
Frequency

19 Spectral Width 8012.8

20 Lowest -1006.1 300
Frequency

21 Nucleus 1H

22 Acquired Size 16384 200

23 Spectral Size 65536 [

100

1.00=
O
o

1.0
1.0
2.0
0.92=

1.0k
1.02%
1.007~

.54
w
~
IS
N

6
1 (ppm)

3i — 13C NMR (126 MHz, CDCls)

CARBON_ 01 2

3 F18
Parameter “value

_-158.38
~157.00
13676
13631
126.84
125.52
124.27
121.99
121.23
117.90
116.37
77.28
77.02
76.77

z
X
AN
£
AN

Title cargoN_o1 ri

Comment

~

16

w

o V:
rigin arian L1s

>

Owner

@

site L1g

o

Spectrometer vomrs
Author F13

~

© @

Solvent cdel3 H
Temperature

10 Pulse Sequence

11 Number of Scans

12 Receiver Gain

13 Relaxation Delay

14 Pulse Width

15 Acquisition Time

[e] 12
\ F11
10
16 Acquisition Date

17 Modification Date 2016-09-16T12:39:43 N/ \ 8
18 Spectrometer Frequency 125.75 —

19 Spectral Width 31250.0 L7
20 Lowest Frequency -1793.7
21 Nucleus 13C 6

22 Acquired Size 32768
23 Spectral Size 65536

T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



3a—'H NMR (500 MHz, CDCls)

PROTON 0833852388583 3883383ARRRRARRRNRARE2383 EEEE] R CEb 5
BOBBBSBBOBNNNNNNNNNNNNNNNNNNNNNNNRNN R FEFE - JERE R 2500
e e B ¥, N 2400

Parameter Value r
1 Title PROTON_01 2300
CHy 2 Comment
2200
.- y 2100
3 Origin Varian
4 Owner 2000
5 Site L 1900
6 Spectrometer vnmrs L 1800
f / / / / 7 Author
1700
8 Solvent cdel3
9 Temperature 25.0 1600
10 Pulse Sequence s2pul
1500
11 Number of Scans 8
12 Receiver Gain 38 1400
13 Relaxation Delay 1.0000
1300
14 Pulse Width 3.9500
15 Acquisition Time 2.0447 1200
16 Acquisition Date 2016-08-21T06:28:46 1100
17 Modification Date 2016-08-22T10:29:48
18 Spectrometer Frequency 500.06 L 1000
19 Spectral Width 8012.8 900
20 Lowest Frequency -1006.1
21 Nucleus 1H L 800
22 Acquired Size 16384
=700
23 Spectral Size 65536
600
500
400
300
| 200
|
l 1 M e
) L 0,
a4 4 I 8yd 4 d I [ 100
83 & 3 838 s s 3
S - S [ g & ) - L -200
T T T T T T T T T T T T T T T T T T T T T
.0.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
13 |
3a—~C NMR (126 MHz, CDCls
CARBON_01 3 23 8 AR8EIZZ coo n EY P ° Ls.0
° @ ¢ gmNdSeg o S a @ = s :
Parameter Value s g4 8 AYNESES NN @ ¢ g8 L5
% NSV NS I L7.s
1 Title CARBON_01 ;
2 Comment
7.0
3 Origin Varian CHy
4 Owner < r6s
5 Site
cH, © F6.0
6 Spectrometer  vnmrs
7 Author H
o 5.5
8 Solvent cdci3
9 Temperat 25.0
perature \ Lso
10 Pulse Sequence  s2pul
11 Number of Scans 128 N
12 Receiver Gain 30 r4.s
13 Relaxation Delay 1.0000 N
14 Pulse Width 4.8750 N/ \ F4.0
15 Acquisition Time 10486
16 Acquisition Date ~ 2016-08-21T06: = L3s
17 Modification Date 2016-08-22T10:
. 3.0
18 Spectrometer  125.75
Frequency
19 Spectral Width ~ 31250.0 r2s
20 Lowest -1773.4
Frequency 2.0
21 Nucleus 13C
22 Acquired Size 32768 Lis
23 Spectral Size 65536 :
F1.0
to.s
0.0
k-0.5
r-1.0
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)



3b — 'H NMR (500 MHz, CDCls)

PROTON 01 S33333B5TMMRNNARY]IAIRR/RYAASE3883 1nne R 592
parameter VB AR AR N R R AN RN RRRRRRRRRRRRRRRRRR §947 R R e 3400
===\ N | N
1 Title PROTON_01 L 3200
2 Comment
3000
3 Origin Varian
4 Owner 2800
5 Site
CH, k2600
6 Spectrometer  vnmrs
7 Author
/ / 2400
8 Solvent cdel3 cH, ©
9 Temperature  25.0 L2200
10 Pulse Sequence  s2pul HyC
11 Number of Scans 8 o
12 Receiver Gain 34 2000
13 Relaxation Delay 1.0000 A\
14 Pulse Width 3.9500 [ 1800
15 Acquisition Time  2.0447 NH
16 Acquisition Date  2016-08-23T13: 1600
36:07
17 Modification Date 2016-08-23T15: L 1400
24:22
18 Spectrometer  500.06
Frequency L1200
19 Spectral Width ~ 8012.8
20 Lowest -1006.1 L 1000
Frequency
21 Nucleus H
800
22 Acquired Size 16384
23 Spectral Size 65536
600
I
400
o k200
[ L
Fo
-200
§ 4 §gdy ¢ 3 8
I 2 323332 ] 3 & L -400
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
3b —1*C NMR (126 MHz, CDCls)
CARBON_01 Q & =858R% R s = 9 = @ 14
X ¢ mamsgo o £33 g a A &
Parameter value 8 KNNRREX RRE g g g =
1 Title CARBON_01 ‘ \\1\\// ‘ \‘/ 13
2 Comment
3 Origin Varian ri2
4 Owner
5 Site F11
6 Spectrometer vamrs
7 Author L1o
8 Solvent cdei3
9 Temperature 25.0
10 Pulse Sequence s2pul ro
11 Number of Scans 128
12 Receiver Gain 30 Ls
13 Relaxation Delay 1.0000
14 Pulse Width 4.8750
15 Acquisition Time 1.0486 Lz
16 Acquisition Date 2016-08-23T13:37:21
17 Modification Date 2016-08-23T15:24:20
18 Spectrometer Frequency 125.75 ré
19 Spectral Width 31250.0
20 Lowest Frequency -1775.3 Ls
21 Nucleus 13C
22 Acquired Size 32768
23 Spectral Size 65536 La
3
L2
1
Vi A ko
-1
T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 40 30 20 10 -10

f1 (ppm)



3j — *H NMR (500 MHz, CDCls)

PROTON_ 01 B P e NI T T T NN N NS 9 R E 8 NN NN 0 e EN 0000 EeEoeE NN T TOT N TNAT
_ ARl sa28R8883888000NanA088R 882 2R3 RANS e ASInNgY
AR e e e e e e G N N A N I N N N R N A A A RO G RIS e e e e
A e . e e peiiemieien PR il fririe
1400
Parameter Value
1 Title PROTON_01 L 1300
2 Comment
1200
3 Origin Varian
4 Owner
y 1100
5 Site CHy
s Spectomets ws [ [
7 Author 1000
8 Solvent cdel3
9 Temperature 25.0 k900
10 Pulse Sequence s2pul
11 Number of Scans 8
12 Receiver Gain 30 [ 800
13 Relaxation Delay 1.0000
14 Pulse Width 3.9500 L 700
15 Acquisition Time 2.0447
16 Acquisition Date 2016-08-23T12:02:49 N
17 Modification Date 2016-08-23T13:38:47 / \ [ 600
18 Spectrometer Frequency 500.06
19 Spectral Width 8012.8 = L s00
20 Lowest Frequency -1006.1
21 Nucleus H
22 Acquired Size 16384 400
23 Spectral Size 65536
300
'
200
' o 100
|| . L Lo
g 4 8880 d d 2
§ & §888AS8 g s s f--100
23 33338 N 3 -

T T T T T T T T T T T T T T T T T T T T T T T T
1.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)

3j — 3C NMR (126 MHz, CDCls)

CARBON_01 3 S8 $93385ERB3S o o N o °
I LSS\ ~N-
Parameter Value ris
1 Title CARBON_01
2 Comment CHy [
F13
3 Origin Varian
4 Owner
F12
5 Site
6 Spectrometer vomrs L11
7 Author
8 Solvent cdcl3 L1o
9 Temperature 250
10 Pulse Sequence s2pul
11 Number of Scans 128 N
12 Receiver Gain 30 / \
13 Relaxation Delay 1.0000 s
14 Pulse Width 4.8750 ==
15 Acquisition Time 1.0486 =7
16 Acquisition Date 2016-08-23T12:04:53
17 Modification Date 2016-08-23T13:38:42
18 Spectrometer Frequency 125.75
19 Spectral Width 31250.0
20 Lowest Frequency -1793.7 rs
21 Nucleus 13¢
22 Acquired Size 32768 F4
23 Spectral Size 65536
2
i
b1
N n
-1

T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 [ -10
1 (ppm)



3k —H NMR (500 MHz, CDCls)

PROTON_01 RRRRRRE33EE3233388388NA8IINNNRNR EEEE] S B}
BB BB BBE BNNNNNNNNNNNNNNNN NN NN RN R g = jEpEpe|
S N e N> p2 1600
CHy Parameter Value L 1500
4 1 Title PROTON_01
2 Comment - 1400
cH, °
3 Origin Varian 1300
o 4 Owner
\ J’ 5 Site 1200
I T e soesromesr o
N 7 Author 1100
8 Solvent cdci3
N/ N 9 Temperature 25.0 [ 1000
\ 10 Pulse Sequence s2pul
— 11 Number of Scans 8 900
12 Receiver Gain 32
- 13 Relaxation Delay 1.0000 L 800
14 Pulse Width 3.9500
15 Acquisition Time 2.0447
16 Acquisition Date 2016-08-21T08:25:09 r700
17 Modification Date 2016-08-22T10:29:00
18 Spectrometer Frequency 500.06 - 600
19 Spectral Width 8012.8
20 Lowest Frequency -1005.6 L s00
21 Nucleus 1H
22 Acquired Size 16384
400
23 Spectral Size 65536
300
k200
i Il 100
Ll L Lo
e S 1 T [ 100
SR s 8§88 s s s
a5 3 S53 < é S
T T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
3k — **C NMR (126 MHz, CDCls)
CARBON 01 5 2R 2R8R8/8TY sen Y a n i
S " Value © 8w gangsaNNSS T 2 - 2 d L3
arameter alue & g5 S3IIINERE NN @ ¢ f s
1 Title cARBON_01 | \/ | SN2 NS
2 Comment Lo
3 Origin Varian
4 Owner i
5 Site
6 Spectrometer vnmrs r10
7 Author
8 Solvent cdel3 Lo
9 Temperature 25.0
10 Pulse Sequence s2pul
11 Number of Scans 128 Lg
12 Receiver Gain 30
13 Relaxation Delay 1.0000
14 Pulse Width 4.8750 r7
15 Acquisition Time 1.0486
16 Acquisition Date 2016-08-21T08:26:25
17 Modification Date 2016-08-22T10:28:58 ré
18 Spectrometer Frequency 125.75 cl
19 Spectral Width 31250.0
20 Lowest Frequency -1775.3
21 Nucleus 13¢
22 Acquired Size 32768 La
23 Spectral Size 65536
=3
F2
-1
WKWMWWMW Wioviiin MWWWI’WW Y
F-1
T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 10 0 -10
1 (ppm)



S3b - 'H NMR (500 MHz, CDCls)

PROTON_01 28NARRNNTTINNE58888883553 “INng g a5y 2800
NRRRNNRNRNNRRRN N G666 6666 FEEEM R e r
| s - | N
=24
Parameter Value 600
1 Title PROTON_01
2 Comment [2400
3 Origin Varian 2200
4 Owner
5 Site L2000
6 Spectrometer vomrs
7 Author
1800
8 Solvent cdcl3
9 Temperature 25.0
10 Pulse Sequence s2pul L1600
11 Number of Scans 8
12 Receiver Gain 30
13 Relaxation Delay 1.0000 1400
14 Pulse Width 3.9500
15 Acquisition Time 2.0447 L 1200
16 Acquisition Date 2016-09-29T16:17:34
17 Modification Date 2016-09-30T09:13:22
18 Spectrometer Frequency 500.06 L 1000
19 Spectral Width 8012.8
20 Lowest Frequency -1006.1
21 Nucleus 1H 800
22 Acquired Size 16384
23 Spectral Size 65536
600
{-400
\ =200
‘ h N
| L . . Lo
¢ ds2d g ¢ i | 200
= B NI w - -
T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.0
f1 (ppm)
S3b - *C NMR (126 MHz, CDClz)
CARBON 01 ) 3 2ATT N8 2 SRR~ - o El - 3
N o NS4S Na o <l a5 = = a
Parameter Valuers o o888 oo 8 RRE 8 8 ¢ S = L16
1 Title carson_o1 | NS Y ~N- [
2 Comment Lis
3 Origin Varian L1a
CH.
4 Owner HyC J
5 Site 13
6 Spectrometer vamrs o\
7 Author e N\ ChHs b1z
8 Solvent cdcl3
9 Temperature 25.0 NH 11
10 Pulse Sequence s2pul
11 Number of Scans 128 L10
12 Receiver Gain 30
13 Relaxation Delay 1.0000 Lo
14 Pulse Width 4.8750
15 Acquisition Time 1.0486
16 Acquisition Date 2016-09-29T16:18:07 re
17 Modification Date 2016-09-30T09:13:20
18 Spectrometer Frequency 125.75 Ly
19 Spectral Width 31250.0
20 Lowest Frequency -1776.9 Le
21 Nucleus 13C
22 Acquired Size 32768
23 Spectral Size 65536 rs
a4
-3
-2
1
-0
-1
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)



3p — 'H NMR (500 MHz, CDCls)

PROTON_01 Nggs 582925453 CEEEE] N nuw F 1400
ddce @ RRG 66 Gee PEFEs 3 JEpEpE]
N | e W Parameter Value =N | ~
1 Title PROTON_01 1300
2 Comment
CHy 1200
3 Origin Varian
4 Owner
cH, © 5 Site [ 1100
Hy 6 Spectrometer vnmrs.
fe) 7 Author 1000
o I
HJC/ 8 Solvent cdcl3
9 Temperature 25.0 Looo
10 Pulse Sequence s2pul
N 11 Number of Scans 8
)\ 12 Receiver Gain 2 L 800
h/ N 13 Relaxation Delay 1.0000
\ 14 Pulse Width 3.9500
—_ 15 Acquisition Time 2.0447 700
16 Acquisition Date 2016-09-23T21:03:10
17 Modification Date 2016-09-26T10:25:30
18 Spectrometer Frequency 500.06 600
19 Spectral Width 8012.8
20 Lowest Frequency -1006.1 L 500
21 Nucleus 1H
22 Acquired Size 16384
23 Spectral Size 65536 k400
300
200
u 100
l A, SO
44 o !4 T
33 3 G55 I S B
T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
13C NMR (126 MHz, CDCI
3p - ( z, 3)
CARBON 01 2 %88 2988838 % e s 3 - IS o f10
3 B doddrma b $a8 ] b} a a
Parameter value § 858 EEEEEE-E I NN @ 8 ¥ g s
1 Title CARBON_01 N4 17 VN I ~N- [
2 Comment Lo
CHy
3 origin Varian
4 Owner
8
5 Site
6 Spectrometer vnmrs
7 Author
F7
8 Solvent cdcl3
9 Temperature 250
10 Pulse Sequence s2pul
11 Number of Scans 128 L6
12 Receiver Gain 30
13 Relaxation Delay 1.0000
14 Pulse Width 4.8750
15 Acquisition Time 1.0486 s
16 Acquisition Date 2016-09-23T21:
17 Modification Date 2016-09-26T10::
18 Spectrometer Frequency 125.75
19 Spectral Width 31250.0 r4
20 Lowest Frequency -1774.4
21 Nucleus 13¢
22 Acquired Size 32768 L3
23 Spectral Size 65536
F2
F1
-0
F-1

T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S77



S3c - 'H NMR (500 MHz, CDCls)

PROTON 01 2 BRRBABNANNRIYINRNAARNESSIG6]ee00 58 R]=2%n
Pparameter VBie NRARNNNNNNNNNNNNNNNNRRNGG6666 <« =L R ) [ 3400
— = vooN
1 Title PROTON_01 L 3200
2 Comment
I 3000
3 Origin Varian
4 Owner ° | 2800
CH
5 Site H;C, 3
6 Spectrometer vnmrs 2600
7 Author o\
Cl L
8 Solvent cdel3 AN s 2400
9 Temperature 25.0
10 Puise Sequence s2pul NH +2200
11 Number of Scans 8
12 Receiver Gain 36 L 2000
13 Relaxation Delay 1.0000
14 Pulse Width 3.9500 L 1800
15 Acquisition Time 2.0447
16 Acquisition Date 2016-09-29T16:26:10 1600
17 Modification Date 2016-09-30T09:13:19
18 Spectrometer Frequency 500.06
19 Spectral Width 8012.8 r 1400
20 Lowest Frequency -1006.1
21 Nucleus H +1200
22 Acquired Size 16384
23 Spectral Size 65536 L 1000
800
600
I
400
200
L
-0
iy gedd d 4 Y L 200
] 8888 S 3 3
2 2533 5 3 =
T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 .5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
S3c - C NMR (126 MHz, CDCls)
CARBON 01 5 83 R EEERTPELY < o < n 18
S a3 e R e g b b g I ] 8 r
Parameter Value o9 juiagaga gt hafa S po i I ¢ & hA
1 Title carsoN_01 | \/ | N\ N2 L1y
2 Comment
16
3 Origin Varian
4 Owner ris
5 Site e O L1a
6 Spectrometer vnmrs
7 Author E o\ on F13
8 Solvent cdel3 \ 3
9 Temperature 25.0 F12
10 Pulse Sequence s2pul NH
11 Number of Scans 128 F11
12 Receiver Gain 30
13 Relaxation Delay 1.0000 F10
14 Pulse Width 4.8750
15 Acquisition Time 1.0486 Lo
16 Acquisition Date 2016-09-20T16:28:15
17 Modification Date 2016-09-30T09:13:17 Ls
18 Spectrometer Frequency 125.75
19 Spectral Width 31250.0 Ly
20 Lowest Frequency 17744
21 Nucleus 13¢ Le
22 Acquired Size 32768
23 Spectral Size 65536 Ls
L4
-3
2
| |
| I L 3
Wi o
F-1
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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S3c - F NMR (470 MHz, CDCls)

FLUORINE 01

Parameter

1 Title
2 Comment

Origin

-

Owner

Site

£

Spectrometer
Author

~

@

Solvent

©

Temperature
10 Pulse Sequence
11 Number of Scans
12 Receiver Gain

13 Relaxation Delay
14 Pulse Width

15 Acquisition Time
16 Acquisition Date
17 Modification Date

Value

FLUORINE_01

Varian

vamrs

1.0000
3.1667
0.6029
2016-09-30T10:09:27
2016-09-30T11:00:53

o
ne Ot
R SN
A\ cH,
NH

ereeas
252284
Ifvseg
EEEEELRS

{12000

11000

10000

-9000

{8000

{-7000

-6000

I-5000

-4000

F-3000

I-2000

i 1000

{--1000

18 Spectrometer Frequency 470.48 12000
19 Spectral Width 108695.7
20 Lowest Frequency -94342.3 10000
21 Nucleus 19F
22 Acquired Size 65536 8000
23 Spectral Size 131072
6000
4000
2000
0
T T T T T T 1
-124.44 -124.48 -124.52 -124.56
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T
30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
f1 (ppm)
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1800

1700

1600

1500

- 1400

1300

1200

1100

1000

900

- 800

700

- 600

500

400

300

200

100

+-100

i) N e
e JERE e
Value ~ | ~N
o, 1 Title PROTON_01
2 Comment
cHy, © 3 Origin Varian
4 Owner
Fa 5 Site
: o
6 Spectrometer  vnmrs
\ 7 Author
/ 8 Solvent cdel3
N 9 Temperature  25.0
>\ 10 Pulse Sequence s2pul
’\/ N 11 Number of 8
\ Scans
\Q 12 Receiver Gain 32
13 Relaxation 1.0000
Delay
14 Pulse Width  3.9500
15 Acquisition Time 2.0447
16 Acquisition Date 2016-09-23T21:
17 Modification  2016-09-26T10:
Date 25:25
18 Spectrometer  500.06
Frequency
19 Spectral Width  8012.8
20 Lowest -1006.1
Frequency
21 Nucleus 1H
22 Acquired Size 16384
23 Spectral Size 65536
. e
444 41 4 4 d
88 3 8 s S 3 s
R 3 3 & N s K
T T T T T T T T T T T T T T T T T T T T T T
)5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
13C NMR (126 MHz, CDCI
3q - ( z, 3)
CARBON 01 2 XR358 RAIRBIHERNBEGR oo ~ < 0 0
Parameter Value £ EEPE EEEE R R EEEEEEE hpgv ] 5 a ¢
5 auen neesaNgInones NN 3 g 4 b
1 Title CARBON_01 SN SN Ve ~N-
2 Comment
CHy
3 Origin Varian
4 Owner
cHy O
5 Site
6 Spectrometer vamrs Hy
7 Author E o
8 Solvent cdel3 \
9 Temperature 25.0
10 Pulse Sequence s2pul N
11 Number of Scans 128
12 Receiver Gain 30 N
13 Relaxation Delay 1.0000 r\/\\>
14 Pulse Width 4.8750
15 Acquisition Time 1.0486 =
16 Acquisition Date 2016-09-23T21:55:28
17 Modification Date 2016-09-26T10:25:23
18 Spectrometer Frequency 125.75
19 Spectral Width 31250.0
20 Lowest Frequency -1773.9
21 Nucleus 13¢
22 Acquired Size 32768
23 Spectral Size 65536
| | H l
AW ‘ L
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 “ %10 ) 100 90 80 70 60 50 40 30 20 10 -10
ppm




39 - 1°F NMR (470 MHz, CDCly)

FLUORINE 01 PR
Parameter value SNNANN 15000
1 Title FLUORINE_01 CHy N
2 Comment
{14000
3 Origin Varian
o 13000
4 Owner
5 Site
12000
6 Spectrometer vnmrs
7 Author
11000
8 Solvent cdel3
9 Temperature 25.0
10 Pulse Sequence s2pul 10000
11 Number of Scans 16 \
12 Receiver Gain 60 L 9000
13 Relaxation Delay 1.0000 =
14 Pulse Width 3.1667
15 Acquisition Time 0.6029 8000
16 Acquisition Date 2016-09-23T722:01:50
17 Modification Date 2016-09-26T10:25:22 S— 15000 L7000
18 Spectrometer Frequency 470.48 nonoen
19 Spectral Width 108695.7 g ] 5000
20 Lowest Frequency -94342.3 NNV [
21 Nucleus 19F {10000
22 Acquired Size 65536 {5000
23 Spectral Size 131072
L 5000 4000
3000
o
2000
T T T T
-121.30 -121.35 -121.40 -121.45
f1 (ppm) L1000
-0
--1000

T T T T T T T T T T T T T T T T T T T T T T T
30 20 10 0 -0 20 -30 -40 -5 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 ~-190 -200
f1 (ppm)
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S3d - 'H NMR (500 MHz, CDCls)

PROTON 01 LHENYRURAINNL2Y R & NNRRZ
Parameter mwy\ngggsssm; YT e g i i L 1800
| e RAYBh A
1 Title PROTON_01
2 Comment [ 1700
1600
3 Origin Varian
4 Owner L 1500
5 Site
CHy © k1400
6 Spectrometer vomrs HyC, 3
7 Author
1300
8 Solvent cdel3 Br O/\CH
9 Te ity 25.0
emperature \ Iy [ 1200
10 Pulse Sequence s2pul
11 Number of Scans 8 NH 1100
12 Receiver Gain 32 [
13 Relaxation Delay 1.0000
14 Pulse Width 3.9500 [ 1000
15 Acquisition Time 2.0447
16 Acquisition Date 2016-10-03T16:28:31 [ 900
17 Modification Date 2016-10-04T11:52:53
18 Spectrometer Frequency 500.06 800
19 Spectral Width 8012.8
20 Lowest Frequency -1006.1 700
21 Nucleus 1H
22 Acquired Size 16384 - 600
23 Spectral Size 65536
500
[-400
300
200
100
A L " Lo
P:oa ! § o
3 3 = < 3 -

T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)

S3d - 13C NMR (126 MHz, CDCls)

CARBON_01

S 2 28088 &R s < < ~
Parameter Value & 2 RIKRESS N 3 & 3
5 q 98888447 RRE 3 ¢ 3
1 Title carBon_01 | NNV R NS re
2 Comment
3 Origin Varian -8
4 Owner
5 Site
6 Spectrometer vnmrs Ly
7 Author
8 Solvent cdcl3
9 Temperature 25.0
10 Pulse Sequence s2pul 6
11 Number of Scans 128
12 Receiver Gain 30
13 Relaxation Delay 1.0000
14 Pulse Width 4.8750 -5
15 Acquisition Time 1.0486
16 Acquisition Date 2016-10-03T16:31:35
17 Modification Date 2016-10-04T11:52:52
18 Spectrometer Frequency 125.75 F4
19 Spectral Width 31250.0
20 Lowest Frequency -1776.1
21 Nucleus 13¢
22 Acquired Size 32768 3
23 Spectral Size 65536
-2
=1
00000 0 O D v

T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)



3r — 'H NMR (500 MHz, CDCls)

PROTON_01 SRRBEE RIXRXITAAREEY 2383 ] 283
S RN T
Parameter Value
1 Title PROTON_O01
2 Comment
CH,
3 Origin Varian
4 Owner
5 Site
I | PSS ———
7 Author
8 Solvent cdcl3
9 Temperature 25.0
10 Pulse Sequence s2pul
11 Number of Scans 8
12 Receiver Gain 32
13 Relaxation Delay 1.0000
14 Pulse Width 3.9500
15 Acquisition Time 2.0447
16 Acquisition Date 2016-09-23T22:52:
17 Modification Date 2016-09-26T10:25:18
18 Spectrometer Frequency 500.06
19 Spectral Width 8012.8
20 Lowest Frequency -1006.1
21 Nucleus H
22 Acquired Size 16384
\ 23 Spectral Size 65536
|
“ A 100
e
gy 4 4 4 d I 4 4
ga g & & 8 g g g
33 3 I | N 3 S
T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
13C NMR (126 MHz, CDCI
3r— ( z, 3)
CARBON 01 2 /& 82R88388e¢ PRCE < « N i
Parameter Value £ 85 sEginNzgy NS 3 ] A <
s a8 fafa i o e NN 3 g & =
1 Title CARBON_01 N NSNS NP N7
2 Comment CcH,
3 Origin Varian <
4 Owner CHy o
5 Site Hy
6 Spectrometer vamrs - o
7 Author \
8 Solvent cdel3
9 Temperature 25.0 N
10 Pulse Sequence s2pul
11 Number of Scans 128 >\ N
12 Receiver Gain 30 '/ \
13 Relaxation Delay 1.0000
14 Pulse Width 4.8750 S
15 Acquisition Time 1.0486
16 Acquisition Date 2016-09-23T22:52:48
17 Modification Date 2016-09-26T10:25:17
18 Spectrometer Frequency 125.75
19 Spectral Width 31250.0
20 Lowest Frequency -1774.4
21 Nucleus 13¢
22 Acquired Size 32768
23 Spectral Size 65536
NN A WA MMM
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 " %10 ) 100 90 80 70 60 50 40 30 20 10 0 -10
ppm,

1800
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=700
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~-100




S3a - 'H NMR (300 MHz, CDCls)

JL5-Co-F-sM0fid RBEEY 2RRERLINLLAANRARRER FREE] N %599
JL-5-C5-F-SM BEEEE BNNNNNNNNNNOgEesc s Value SEYY 5 333335
N e Y SN [
1 Data File Name // chpe- L 9000
nmr300.campus.bath.ac.uk/
data/ data/ ji466/ nmr/ JL-5-
C5-F-5M/ 10/ fid
CHy 2 Title IL-5-C5-F-SM.10.fid
3 Comment IL-5-C5-F-SM [ 8000
4 Origin Bruker BioSpin GmbH
cHy O 5 Owner nmr
6 Site
' Hy 7000
° 7 Spectrometer  av300
8 Author
\ 9 Solvent coci
10 Temperature  673.2 L6000
N 11 Pulse Sequence 2930
12 Numberof 32
N/ N Scans
\ 13 Receiver Gain 181 L 5000
14 Relaxation 1.0000
— Delay
15 Pulse Width  8.6000
16 Acquisition Time 2.6543
o 4000
17 Acquisition Date 2017-02-11T15:20:00
18 Modification ~ 2017-02-11T15:20:45
Date
19 Spectrometer 30022
Frequency 3000
20 Spectral Width  6172.8
21 Lowest -1235.4
Frequency
22 Nucleus 1H L 2000
23 Acquired Size 16384
24 Spectral Size 65536
i
1000
[
i
I
[ h
-0
4 4 14d g § 4
]2 2 233 < 3 -
T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5, 5.0 4.5 4.0 3.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
S3a - *C NMR (75 MHz, CDCls)
IL-5-C5-F-SM.11.fid g 5885 89882 NA59383RQ R, 2 a s 8
A5G-t wwe K|  #hhR ABEiiifizzsces  LRE 3 §o88
1 Data File Name // chpe- I N N TN/ m—— S %
nmr300.campus.bath.ac.uk/ 4500
data/ data/ ji466/ nmr/ JL-5-C5-
F-SM/ 11/ fid
2 Tite
3 Comment L 4000
4 Origin Bruker BioSpin GmbH CHy
5 Owner nmr
6 site <
7 Spectrometer  av300 o 3500
CH,
8 Author
FoHy
9 Solvent coci3
10 Temperature  291.5 ° L 3000
11 Pulse Sequence  zgpg30 \
12 Number of Scans 256
13 Receiver Gain 14596 N
14 Relaxation Delay 2.0000 2500
15 Pulse Width ~ 7.0000 N
16 Acquisition Time 1.6122 ,\/ \
17 Acquisition Date 2017-02-11T15:37:00
18 Modification Date 2017-02-11T15:37:26 = [ 2000
19 Spectrometer  75.50
Frequency
20 Spectral Width 20325.2
21 Lowest -1502.3 [ 1500
Frequency
22 Nucleus 13¢
23 Acquired Size 32768
24 Spectral Size 65536 1000
k500
-0
f--500
T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 60 40 30 20 10
1 (ppm)
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S3a - F NMR (470 MHz, CDCls)

FLUORINE 01 T8
Parameter Value SRR
1 Title FLUORINE_01 N\
2 Comment (H3
3 Origin Varian le)
4 Owner CHs
5 Site Foh
o
6 Spectrometer vnmrs
7 Author \
8 Solvent acetone
9 Temperature 25.0 N
10 Pulse Sequence s2pul >\
11 Number of Scans 16 N/ N
12 Receiver Gain 60 \
13 Relaxation Delay 1.0000 —
14 Pulse Width 3.1667
15 Acquisition Time 0.6029
16 Acquisition Date 2017-02-14T09:07:58
17 Modification Date 2017-02-14T17:09:49
18 Spectrometer Frequency 470.49
19 Spectral Width 108695.7 ) L
20 Lowest Frequency -94342.5 2 d ﬁ ﬁ 10000
SR IR
21 Nucleus 19F E
22 Acquired Size 65536
23 Spectral Size 131072
T T T
-123.60 -123.65 -123.70
f1 (ppm)
T T T T T T T T T T T T T T T
30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130

f1 (ppm)
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4a — *H NMR (500 MHz, CDCls)

PROTON_01 228885 I BRRRY[]338838 R NI REE ]
BBBBBD B NNNNNNNNNRRN g S35543555
VR M ANE VAR [ o0
Parameter Value
1500
1 Title PROTON_01
2 Comment
L 1400
3 Origi Vari
rigin arian L 1300
4 Owner
5 Site L 1200
6 Spectrometer vm]hrs I
7 Author L1100
8 Solvent cdcl3
9 Temperature 25.0 L 1000
10 Pulse Sequence s2pul
11 Number of Scans 8
12 Receiver Gain 30 [ ooo
13 Relaxation Delay 1.0000
14 Pulse Width 3.9500 - 800
15 Acquisition Time 2.0447
16 Acquisition Date 2016-08-21T06: L 700
17 Modification Date 2016-08-22T10:
18 Spectrometer Frequency 500.06
19 Spectral Width 8012.8 [ 600
20 Lowest Frequency -1006.1
21 Nucleus 1H F 500
22 Acquired Size 16384
23 Spectral Size 65536 L 400
300
200
y 100
| ‘
ro
A
R 34 £3 100
3 3 3 44 e
T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 6.5 5.5 5.0 1.5 0.0
f1 (ppm)
4a — *C NMR (126 MHz, CDCls3)
CARBON 01 N g 8% = IN PRCE oo 9 ® ©a T o
e @ S8 @ B o3 oa g = a8 g
Parameter Values ~ @0 n T ™® ~ - NN G —-a ~ oA Nl R k14
o a8 Ia o= b} RRR 8 s 9 N8 5%
1 Title carson_o1 A% [ / N v (. N v
2 Comment
13
3 Origin Varian )
4 Owner rt
5 Site
F11
6 Spectrometer vnmrs
7 Author
8 Solvent cdcl3 rio
9 Temperature 25.0
10 Pulse Sequence s2pul ]
11 Number of Scans 128
12 Receiver Gain 30
13 Relaxation Delay 1.0000 8
14 Pulse Width 4.8750
15 Acquisition Time 1.0486 L,
16 Acquisition Date 2016-08-21T06:38:46
17 Modification Date 2016-08-22T10:29:39
18 Spectrometer Frequency 125.75 H3C L6
19 Spectral Width 31250.0
20 Lowest Frequency -1775.2
21 Nucleus 13C rs
22 Acquired Size 32768
23 Spectral Size 65536 La
r3
F2
F1
NI i 0
F-1
T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

f1 (ppm)



4e — *H NMR (500 MHz, CDCla)*

PROTON_01 8538 & EE R R gennnagnin g 858838
CBse @ RRRRRRRNRRRR FYddcecrew = 333333 L7s0
NV V=== Y =
Parameter Value
1 Tite PROTON_01 t 700
CH, 2 Comment
- 650
o 3 origin Varian
4 Owner Lsoo
5 Site
o
6 Spectrometer vnmrs L 550
AN 7 Author
HyC
8 Solvent cdel3 L s00
HC N 9 Temperature 25.0
10 Pulse Sequence s2pul
N/ N 11 Number of Scans 8 450
o o \ 12 Receiver Gain 2
) - 13 Relaxation Delay 1.0000 L 400
14 Pulse Width 3.9500
HyC ] .
15 Acquisition Time 2.0447
16 Acquisition Date 2016-11-02T09:26:26 350
17 Modification Date 2016-11-02T10:11:11
18 Spectrometer Frequency 500.06 L300
19 Spectral Width 8012.8
20 Lowest Frequency -1006.1
21 Nucleus H [ 250
22 Acquired Size 16384
23 Spectral Size 65536 L 200
F150
100
I
! 50
[ f
A L ) Lo
dd 4 4 I 4 g 4 d
&3 & g &8¢ € 4O g g L-s0
R ] =R S8 3 B
T T T T T T T T T T T T T T T T T T T T T T
)5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
13 *
4e — °C NMR (126 MHz, CDCl3)
PROTON_01 2588 & BREIIRRNIZS L2enn58gRseg BLONLORAREEE
cBen @ RRRNRRRRRRR SEEIEIIIIY S53050338338388 L7s0
NV VN v = | =N =
Parameter Value
1 Tite PROTON_01 t 700
CHy 2 Comment
- 650
o 3 origin Varian
4 Owner L 600
5 Site
o
6 Spectrometer vamrs Lsso
AN 7 Author
H;C
8 Solvent cdel3 L s00
H,C N 9 Temperature 25.0
10 Pulse Sequence s2pul
N/ N 11 Number of Scans 8 450
o o \ 12 Receiver Gain 2
) - 13 Relaxation Delay 1.0000 L 400
14 Pulse Width 3.9500
HyC ] .
15 Acquisition Time 2.0447
16 Acquisition Date 2016-11-02T09:26:26 350
17 Modification Date 2016-11-02T10:11:11
18 Spectrometer Frequency 500.06 L300
19 Spectral Width 8012.8
20 Lowest Frequency -1006.1
21 Nucleus H [ 250
22 Acquired Size 16384
23 Spectral Size 65536 L 200
150
100
I
! 50
| w N
1 . J ) ‘ L,
41 4 4 14 47 4 4
g8 8 3 s 8 ¢ h g 58 L 50
R R S8 3 a =
T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

* Inseparable polymeric product observed. Lower integral of benzylic proton (1.45 H vs 2H) coupled with presence of more ethyl
peaks (@ 4.17 and 1.22) and sporadic (CH3) singlets suggest a polymeric impurity, most likely caused by potential stable radical
formed at benzylic position.
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4h — *H NMR (500 MHz, CDCI

PROTON 01 G RBRBBERARI LI IR8RE38 288083332288 80RNRYYRRTITANNNANNSSES INNESESE R ]
- BB BB BB BBBBBBENNNNRNNNRNNRNNNNNNNNNRNNRNNNNNNNNN S ¢ ¢ F ¢ @ 7 PR L P R R
P N 1000
Parameter Value
1 Title PROTON_01
2 Comment L 900
3 Origin Varian
4 Owner L 800
5 Site
6 Spectrometer vnmrs
7 Author 700
8 Solvent cdcl3
9 Temperature  25.0
10 Pulse Sequence s2pul
11 Numberof 8 [ 600
Scans
12 Recelver Gain 28
13 Relaxation 1.0000
Delay 500
14 Pulse Width  3.9500
15 Acquisition Time2.0447
16 Acquisition  2016-08-21T07:55:32
Date [ 400
17 Modification  2016-08-22T10:29:09
Date
18 Spectrometer  500.06
Frequency F 300
19 Spectral Width 8012.8
20 Lowest -1006.1
Frequency
21 Nucleus H F-200
22 Acquired Size 16384
23 Spectral Size 65536
100
‘ |
|
I M L._J“ e
I 4 %gd L ds 4
S S &85 o S Ss S
= R RS B ée \n
T T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
4h — **C NMR (126 MHz, CDCls)
CARBON 01 N8 39 258 9¥I’R3X83 oo o N o X © 15
N Ng 9®8 ~MdsSSosg e aa @ = s A
Parameter valug § 2% SR NUNNNZAE RRE 88 ¢ g R
1 Title carsoN_01 Y I NOOSNN N 2 | \/ 2 L4
2 Comment
13
3 Origin Varian CHj
4 Owner
12
5 Site
6 Spectrometer vnmrs "
7 Author [
8 Solvent cdcl3
9 Temperature 25.0 rio
10 Pulse Sequence s2pul
11 Number of Scans 128 Lo
12 Receiver Gain 30
13 Relaxation Delay 1.0000
14 Pulse Width 4.8750 s
15 Acquisition Time 1.0486
16 Acquisition Date 2016-08-21T07:56:44 Ly
17 Modification Date 2016-08-22T10:29:06
18 Spectrometer Frequency 125.75
19 Spectral Width 31250.0 ré
20 Lowest Frequency -1793.7
21 Nucleus 13¢ Ls
22 Acquired Size 32768
23 Spectral Size 65536
F4
-3
{ 2
F1
~ [l | Al L
v W VAN ro
F-1
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



4i — *H NMR (500 MHz, CDCls)

PROTON_01 PRl RERKANAT
- FEFETT T T RRuRL L LR i i1
o Sy L2000
L1900
Parameter Value
1 Title PROTON_01 1800
2 Comment
1700
3 Origin Varian 1600
4 Owner
1500
5 Site
6 Spectrometer vamrs 1400
7 Author
1300
8 Solvent cdcl3
9 Temperature 25.0 L 1200
10 Pulse Sequence s2pul
11 Number of Scans 8 F1100
12 Receiver Gain 30
13 Relaxation Delay 1.0000 1000
14 Pulse Width 3.9500
15 Acquisition Time 2.0447 [ 900
16 Acquisition Date 2016-08-21T08:34:53 800
17 Modification Date 2016-08-22T10:28:57
18 Spectrometer Frequency 500.06 L00
19 Spectral Width 8012.8
20 Lowest Frequency -1006.1 L 600
21 Nucleus 1H
22 Acquired Size 16384 k500
23 Spectral Size 65536
400
300
1
200
y L 100
-0
4 4 4 1 I oY -100
g3 S g 2 3 88 =S¢
s 3 3 =S B S8  mm
--200
T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.0 1.5 1.0 0.5
1 (ppm)
4i — C NMR (126 MHz, CDCls)
CARBON_01 N8 2R 2% 2585828 “geo 2@ @ o T <
NG S w S8 @mYagem Taaa S a = -] b
Parameter Valud R4 T 8 8NIARKRR NS ds S o K8 <
=5 i s fa g RRRE c8 ¢ ¢ N8 5
1 Title cargon_01 \ DS HE N 2% (. N 13
2 Comment
12
3 Origin Varian CHy
4 Owner
F11
5 Site
6 Spectrometer vomrs
7 Author rio
8 Solvent cdel3
9 Temperature 25.0 Lo
10 Pulse Sequence s2pul
11 Number of Scans 128
12 Receiver Gain 30 r8
13 Relaxation Delay 1.0000
14 Pulse Width 4.8750 ,
15 Acquisition Time 1.0486 [
16 Acquisition Date 2016-08-21T08:36:05
17 Modification Date 2016-08-22T10:28:55 Le
18 Spectrometer Frequency 125.75
19 Spectral Width 31250.0
20 Lowest Frequency -1793.7 £5
21 Nucleus 13¢
22 Acquired Size 32768
23 Spectral Size 65536 r4
3
F2
F1
LT AN i AW AN A NV (- O
F-1
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)



4j - *'H NMR (500 MHz, CDCls)

PROTON_01 288888 I BRIR2I28RSES e EERE) R ~as
BoBBBE &8 NNNNNNNNRKw  Parameter Value FEFE oo [ R R B
e R
TN LTS NS e PROTON_01 Y VN
1200
CHE 2 Comment
3 Origin Varian F1100
4 Owner
5 Site
1000
6 Spectrometer vnmrs
7 Author
/ r { 8 Solvent cdel3 f-900
9 Temperature  25.0
10 Pulse Sequence  s2pul
11 Number of Scans 8 800
12 Receiver Gain 28
13 Relaxation Delay 1.0000
14 Pulse Width 3.9500 700
15 Acquisition Time ~ 2.0447
16 Acquisition Date  2016-09-23T20:24:01
17 Modification Date 2016-09-26T10:25:37 600
18 Spectrometer  500.06
Frequency
19 Spectral Width ~ 8012.8 500
20 Lowest -1006.1
Frequency
21 Nucleus 1H L 400
22 Acquired Size 16384
23 Spectral Size 65536
k300
k200
[l
l 100
n n Lo
44 d d 41 4 4 P
& 8 g & &8 8 = &8 2
R S S 33 < B e B L-100
T T T T T T T T T T T T T T T T T T T T T T
10.5  10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)
4j — °C NMR (126 MHz, CDClz)
CARBON_01 5R L] 25 2KReT888 s N No® ng %
1 3 S8 Binssenm a3 5 Ng= a8 3
Paramete Ve 22 38 Sa§sszn RRR® S A5¢ SR =
rameter u
\/ v NN ~- EEZARN Y, L2
1 Title CARBON_01
2 Comment
F11
3 origin Varian
4 Owner
10
5 Site
6 Spectrometer vnmrs.
7 Author ]
8 Solvent cdci3
9 Temperature 25.0 s
10 Pulse Sequence s2pul
11 Number of Scans 128
12 Receiver Gain 30 Ly
13 Relaxation Delay 1.0000
14 Pulse Width 4.8750
15 Acquisition Time 1.0486 Le
16 Acquisition Date 2016-09-23720:24:35
17 Modification Date 2016-09-26T10:25:36
18 Spectrometer Frequency 125.75 Ls
19 Spectral Width 31250.0
20 Lowest Frequency -1775.8
21 Nucleus 13¢ Lag
22 Acquired Size 32768
23 Spectral Size 65536
L3
F2
-1
F-1
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
(ppm)




4k —H NM

R (500

PROTON 01 TTTTMNN 8 EMMON2222 2R RNIINNNNNNONO000RRENEYNTNNSOORNSSE 38 935
I35508 8 200RR3?IIIRRLILRAAAANAAR2ARRIRNSSAIANOS38N088 88 285 L2100
Parameter @ B B BB B o NN RN NN N NN NN NN NN NN NNNNNNONRARNCRRNRRNRNS ST ST S oo
o | U ettt V) N
—————
1 Title PROTON_01 2000
2 Comment
1900
3 Origin Varian 1800
4 Owner
1700
5 Site
6 Spectrometer vnmrs 1600
7 Author
1500
8 Solvent cd3od
9 Temperature 25.0 L 1400
10 Pulse Sequence s2pul
11 Number of Scans 8 1300
12 Receiver Gain 36
13 Relaxation Delay 1.0000 r 1200
14 Pulse Width 3.9500
1100
15 Acquisition Time 2.0447
16 Acquisition Date 2016-10-10T10:32:59 L 1000
17 Modification Date 2016-10-10T11:36:36
18 Spectrometer Frequency 500.06 k900
19 Spectral Width 8012.8
20 Lowest Frequency -1003.5 800
21 Nucleus 1H
22 Acquired Size 16384 700
23 Spectral Size 65536
I 600
500
400
300
k200
“ . ﬁ 100
|
L Lo
d d d et ey & -100
S s S 385953 238 S
=N 3 2RER33 Sw @
T T T T T T T T T T T T T T T T T T T T T T
0.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6. 5.5 5.0 5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
4k — *C NMR (126 MHz, CDs;0D)
CARBON 01 5 85 SEEERAABERE8L SopINgDgey B0 = k19
@ oo dEnNSg@uNaan T ARS8 RSEN 8 3
Parameter Value R a8 YERNRIBLRARNES drgoggmogn ©w <
5 a8 IoooagsaNNNSy IReeTILRRRY XY b1
1 Title CARBON_01 \ SSNSSY e | ===/ t18
2 Comment
F17
3 Origin Varian L6
4 Owner
5 Site F15
6 Spectrometer vomrs
7 Author i
8 Solvent cd3od L13
9 Temperature 25.0
10 Pulse Sequence s2pul L12
11 Number of Scans 128
12 Receiver Gain 30 L11
13 Relaxation Delay 1.0000
14 Pulse Width 4.8750 L1o
15 Acquisition Time 1.0486
16 Acquisition Date 2016-10-10T10:33:35 Lo
17 Modification Date 2016-10-10T11:36:35
18 Spectrometer Frequency 125.75 Ls
19 Spectral Width 31250.0
20 Lowest Frequency -1615.3 Ly
21 Nucleus 13C
22 Acquired Size 32768 Le
23 Spectral Size 65536
ks
La
3
2
1l
i
|
| | rt
‘ Lol
" | ‘ bt Lo
F-1
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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41 — *H NMR (300 MHz, CDCls)

JL-5-Cy.10.fid REASFRR
e R

JL-5-Cy

8.69

1.00 =
2.00 =

soo

:fj Parameter Value

1 DataFile Name  //chpc-
nmr300.campus.bat
h.ac.uk/ data/
datay jl466/ nmr/
IL-5-Cy/ 10/ fid

2 Title IL-5-Cy.10.fid

3 Comment -5y

4 Origin Bruker BioSpin
GmbH

5 Owner nmr

6 Site

7 Spectrometer av300

8 Author

9 Solvent coci3

10 Temperature 673.2

11 Pulse Sequence 2930

12 Number of Scans 32

13 Receiver Gain 181

14 Relaxation Delay ~ 1.0000

15 Pulse Width 8.6000

16 Acquisition Time ~ 2.6543

17 Acquisition Date  2017-02-11T13:27:

18 Modification Date ~ 2017-02-11T13:27:

19 Spectrometer 300.22

Frequency

20 Spectral Width 6172.8

21 Lowest Frequency  -1235.2

22 Nucleus H

23 Acquired Size 16384

24 Spectral Size 65536

3.66.
3.65
2.63
2.59
1.80
1.77
1.70
1.53
1.49
1.49

2.08 =
3.00 =

131
130
1.28
1.28
1.27
1.25
1.25
1.23
1.22

f

121

1.20
1.17
1.17
1.15
1.12
0.89
0.88'
0.88'

0.85

10.5 10.0 9.5 9.0 8.5

41 - 3C NMR (75 MHz, CDCls)

IL-5-Cy.11.fid
JL-5-Cy

17627
_-158.20
X 157.79

— 139.93
— 136.57
_-128.19

5 5.0
f1 (ppm)

T T
4.5

- 113.98

>

77.58
77.16
76.74
—67.87

- 66.21
— 61.05

A
N

_-52.13
™-51.37

2 Title
3 Comment
4 Origin

5 Owner
6 Site

7 Spectrometer
8 Author

9 Solvent
10 Temperature

11 Pulse Sequence
12 Number of Scans
13 Receiver Gain

14 Relaxation Delay
15 Pulse Width

16 Acquisition Time
17 Acquisition Date

18 Modification Date

19 Spectrometer
Frequency

20 Spectral Width

21 Lowest Frequency

22 Nucleus

23 Acquired Size

24 Spectral Size

gTel T

Soam 9«

sags =

S3da &
T T T T T
20 15 1.0 05 00
E—REse &
i gRarameter ¢ Value
§ORREY b1
[1 chta¥ie Name | //chpe-

nmr300.campus.bat
h.ac.uk/ data/
data jl466/ nmr/
IL-5-Cy/ 11/ fid
IL-5-Cy.11.fid
JLs-Cy

Bruker BioSpin
GmbH

nmr

av300

CDCI3

673.2

29pg30

256

18390

2.0000

7.0000

1.6122
2017-02-11T13:43:

2017-02-11T13:43:
75.50

20325.2
-1501.7
13C
32768
65536

3200

3000

2800

2600

-2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

=-200

- 6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

--500

T T T
240 230 220 210 200 190

T T T
150 140 130

T T T
120 110 100
f1 (ppm)



4m — *H NMR (30

CDCly)

J-5F2106d 29908 RBBEIELLELS8D 28889378 ELEEEE!
JL-5-F2 GO RABE BNNNNNNNNNNN - ¥ [ i i e e
I T e e Parameter Vel | = [
1 DataFile Name  // chpc- 4500
nmr300.campus.bath.ac.uk/
cH data/ data/ jl466/ nmr/ JL-5-F2/
I3 10/ fid
2 Title IL-5-F2.10.fid L 4000
3 Comment IL5-F2
4 Origin Bruker BioSpin GmbH
5 Owner nmr
6 Site | 3500
7 Spectrometer  av300
8 Author
9 Solvent coci3
10 Temperature 673.2 3000
11 Pulse Sequence 2930
12 Number of Scans 32
13 Receiver Gain 256
14 Relaxation Delay ~ 1.0000 2500
15 Pulse Width 8.6000
16 Acquisition Time ~ 2.6543
17 Acquisition Date 2017-02-11T13:49:00 2000
18 Modification Date 2017-02-11T13:50:04 [
19 Spectrometer 30022
Frequency
20 Spectral Width ~ 6172.8
21 Lowest Frequency -1235.3 1500
22 Nucleus 1H
23 Acquired Size 16384
24 Spectral Size 65536
Il 1000
[l
1
i
500
[
| il
i |
0
AR ¥ U
E N 3 23 32 NI S @
T T T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm)
4m — C NMR (75 MHz, CDCls)
JL-5-F2.11.fid 2 5 2 RRR]8R ads ~ng o S S
F 3 @ § S<csed A48 =8 2 285 dg
Fparameter Value 5 gy 8 3]8EAR N EEEE g a8 Is L 1500
 owmrie e | ¥ PN ¥ i
Name nmr300.campus. bath.ac.uk/ L 1400
data/ data/ ji466/ nmr/ ) CHy
F2/ 11/ fid
2 Title JL-5-F2.11.fid L 1300
3 Comment JL-5-F2
4 Origin Bruker BioSpin GmbH
5 Owner nmr [ 1200
6 Site
7 Spectrometer av300 1100
8 Author
9 Solvent coci3 [ 1000
10 Temperature 673.2
11 Pulse 2gpg30 L 900
Sequence
12 Number of 256
Scans L 800
13 Receiver Gain 14596
14 Relaxation  2.0000
Delay 700
15 Pulse Width ~ 7.0000
16 Acquisition  1.6122 L 600
Time
17 Acquisition 2017-02-11T14:06:00
500
18 Modification  2017-02-11T14:06:45
Date
19 Spectrometer 75.50 [ 400
Frequency
20 Spectral 20325.2 L
Width 300
21 Lowest -1501.1
Frequency , 200
22 Nucleus 13¢ |
23 Acquired Size 32768
24 Spectrpl Size 65536 | | 100
i !m”r i \HWHM ]VMM
e ,
-100
T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



4m — F NMR (470 MHz, CDCls)

FLUORINE 01 @ [ 51000
Parameter Value S
1 Title FLUORINE_01 20000
2 Comment
19000
3 Origin Varian 18000
4 Owner
. 17000
5 Site
6 Spectrometer vnmrs 16000
7 Author
15000
8 Solvent cdcl3
9 Temperature 25.0 k14000
10 Pulse Sequence s2pul
11 Number of Scans 16 13000
12 Receiver Gain 60
13 Relaxation Delay 1.0000 12000
14 Pulse Width 3.1667 11000
15 Acquisition Time 0.6029 [
16 Acquisition Date 2017-02-14T10:18:50 L 10000
17 Modification Date 2017-02-14T17:13:59
18 Spectrometer Frequency 470.48 9000
19 5 i 3 oy
pectral Width 108695.7 : L 20000
20 Lowest Frequency -94342.3 S 8000
21 Nucleus 19F |
22 Acquired Size 65536 15000 7000
23 Spectral Size 131072
6000
10000
5000
+~5000 4000
3000
-0
2000
T T T T T T T T T
-101.42 -101.46 -101.50 -101.54 -101.58
1000
f1 (ppm)
0
r-1000
T T T T T T T T T T T T T T T T T T T T T T T T
30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

f1 (ppm)

S94



4p — *H NMR (500 MHz, CDCls)

PROTON 01 588 = R IInNNCnSS8 INE R R ]
Parameter ® % @ Vite NRG6 e SEEEYYdda JEppepepepe e e e L
5 S S P 850
1 Title PROTON_01 CH,
2 Comment 4 F-800
3 Origin Varian cH, ° 750
4 Owner
5 Site o [7ee
o
6 Spectrometer nmrs H3C/ \ Leso
7 Author H,C
8 Solvent ’ dcl3 ’ ﬂ N Le0o
9 Temperature 25.0 Hy
10 Pulse Sequence s2pul ’\/ N 550
11 Number of Scans 8 o ° \
12 Receiver Gain 28 s00
13 Relaxation Delay 1.0000 CH, S [
14 Pulse Width 3.9500
15 Acquisition Time 2.0447 450
16 Acquisition Date 2016-09-23T21:12:58
17 Modification Date 2016-09-26T10:25:28 I-400
18 Spectrometer Frequency 500.06
19 Spectral Width 8012.8 k350
20 Lowest Frequency -1006.1
21 Nucleus 1H L 300
22 Acquired Size 16384
23 Spectral 65536
pectral Size L2so
200
F150
|
F100
1
J F50
L 0
I
g 4 £2 : ¢ L L-s0
IS 2 23 I ) <
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 85 8.0 7.5 70 65 6.0 5.5 50 45 40 35 3.0 2.5 2.0 1.5 1.0 05 0.0
f1 (ppm)
4p — C NMR (126 MHz, CDCls)
CARBON_01 3] IR 2RRXT RS 2 son gge am B
paramet v £ 50 igEznes 3 - I I 1
arameter alug; 227 ooEds oo £l RRR 584 3¢ &8 L5
1 Tite caron_o1 \ / ! Nl N c»—g\‘/ \ I VooV
2 Comment
3 Origin Varian
4 Owner
5 Site
6 Spectrometer vnmrs
7 Author
8 Solvent cdel3
9 Temperature 25.0
10 Pulse Sequence s2pul
11 Number of Scans 128
12 Receiver Gain 30
13 Relaxation Delay 1.0000 CH, SSS
14 Pulse Width 4.8750
15 Acquisition Time 1.0486
16 Acquisition Date 2016-09-23T21:14:07
17 Modification Date 2016-09-26T10:25:26
18 Spectrometer Frequency 125.75
19 Spectral Width 31250.0
20 Lowest Frequency -1793.7
21 Nucleus 13C
22 Acquired Size 32768
23 Spectral Size 65536
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



4q — H NMR (500 MHz, CDCls)

PROTON 01 2838 & 883333 EEEEE R ggeeangy [
- 0 o 6 B o NNNKNKNKN Parameter Value TEE S o
U
A O RSB YRy
1 Title PROTON_01 1300
2 Comment
k1200
ChHy 3 origin Varian
4 Owner
5 site 1100
6 Spectrometer vnmrs
7 Author 1000
8 Solvent cdci3
9 Temperature 25.0 Lsoo
10 Pulse Sequence s2pul
11 Number of Scans 8
12 Receiver Gain 34 L 800
13 Relaxation Delay 1.0000
14 Pulse Width 3.9500
15 Acquisition Time 2.0447 700
16 Acquisition Date 2016-09-23722:07:14
17 Modification Date 2016-09-26T10:25:22
18 Spectrometer Frequency 500.06 600
19 Spectral Width 8012.8
20 Lowest Frequency -1006.1
500
21 Nucleus 1H
22 Acquired Size 16384
23 Spectral Size 65536 L 400
300
H 200
! F100
‘ L M A Lo
i i ! &
<IN S - o e R w F-100
T T T T T T T T T T T T T T T T T T T T T
100 9.5 9.0 8.5 8.0 7.5 70 65 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
4q - 3C NMR (126 MHz, CDCly)
CARBON 01 ] A585 GbR5BKRSRNAR 50 o . oo nee ma
Paramets valud £ BLGH NRRBEIINELE 88 IR$ g Ia Sdw Se
arameter falues X Lol jugiagapagatia o o i B3 RR® 53 ¢ 8848 I3
1 Title carson_01 N =N Y ~N- v I NV r7.o
2 Comment
6.5
3 origin Varian
4 Owner Ls.o
5 Site
6 Spectrometer vnmrs £5.5
7 Author
8 Solvent cdcl3 Ls.o
9 Temperature 25.0
10 Pulse Sequence s2pul
11 Number of Scans 128 45
12 Receiver Gain 30
13 Relaxation Delay 1.0000 Lao
14 Pulse Width 4.8750
15 Acquisition Time 1.0486
16 Acquisition Date 2016-09-23T22:07:48 CHy r3s
17 Modification Date 2016-09-26T10:25:20
18 Spectrometer Frequency 125.75 L3.0
19 Spectral Width 31250.0
20 Lowest Frequency -1773.8
21 Nucleus 13¢ [2:5
22 Acquired Size 32768
23 Spectral Size 65536 Lo
1.5
1.0
0.5
L WM WWWWMW Foo
-0.5

T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



49 - °F NMR (470 MHz, CDCls)

FLUORINE 01 5883
Parameter Value S8RA L7500
1 Title FLUORINE_01 ~
2 Comment 7000
3 Origin Varian L 6500
4 Owner
5 Site L 6000
6 Spectrometer vnmrs
7 Author L ss00
8 Solvent cdcl3
9 Temperature 25.0
10 Pulse Sequence s2pul 5000
11 Number of Scans 16
12 Receiver Gain 60 4500
13 Relaxation Delay 1.0000
14 Pulse Width 3.1667 L 4000
15 Acquisition Time 0.6029
16 Acquisition Date 2016-09-23722:13:49
17 Modification Date 2016-09-26T10:25:19 3500
18 Spectrometer Frequency 470.48
N
19 Spectral Width 108695.7 a388 L 3000
20 Lowest Frequency -94342.3 SO
21 Nucleus 19F AN 6000
22 Acquired Size 65536 2500
23 Spectral Size 131072
4000
2000
-2000 1500
Lo 1000
—_—
-120.95 -121.00 -121.05 [ 500
1 (ppm)
A Y
- -500
T T T T T T T T T T T T T T T T T T T T T T T T
30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
f1 (ppm)

S97



4r — *H NMR (500 MHz, CDCls)

PROTON_01 g &8 2 8 883 R RRRR222%
& @ R RRR B e SFSS3333
Y [ N2 g e F320
Parameter Value
1 Title PROTON_01 L 300
2 Comment
280
3 Origin Varian
4 Owner L 260
5 Site
6 Spectrometer vnmrs 240
7 Author
8 Solvent cdel3 F220
9 Temperature  25.0
10 Pulse Sequence  s2pul L 200
11 Number of Scans 8
12 Receiver Gain 26
180
13 Relaxation Delay 1.0000
14 Pulse Width ~ 3.9500
15 Acquisition Time 2.0447 160
16 Acquisition Date 2016-10-10T09:48:18
17 Modification Date 2016-10-10T11:36:39 L 140
18 Spectrometer  500.06
Frequency
19 Spectral Width ~ 8012.8 r120
20 Lowest -1006.1
Frequency L 100
21 Nucleus H
22 Acquired Size 16384 I
23 Spectral Size 65536 80
60
k40
20
A,
O d g S T L-20
g = g g g g g8 g
R s 2 3 < ) 3
T T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
4r — BC NMR (126 MHz, CDCls)
CARBON_ 01 52 S& 85808 I8¢ - an o T 3N I
paramet Vol © @ Shgbng nen 3 bt a5 g5 8=
arameter alud £5 EELLRLREE RRE @3 g ¢ Ng  TE L 14
1 Title carson_o1 \/ N [ NN ~S % (. N v
2 Comment
13
3 Origin Varian
4 Owner riz
5 Site
6 Spectrometer vnmrs rit
7 Author
8 Solvent cdci3 r1o
9 Temperature 25.0
10 Pulse Sequence s2pul Lo
11 Number of Scans 128
12 Receiver Gain 30
13 Relaxation Delay 1.0000
14 Pulse Width 4.8750
15 Acquisition Time 1.0486 L,
16 Acquisition Date 2016-10-10T09:51:26
17 Modification Date 2016-10-10T11:36:37
18 Spectrometer Frequency 125.75 Le
19 Spectral Width 31250.0
20 Lowest Frequency -1777.4
21 Nucleus 13¢
22 Acquired Size 32768
23 Spectral Size 65536 La
-3
-1
A N N LIk ) Lo
. W |
-1

T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



S4a - 'H NMR (300 MHz, CDCls)

JL-5-C4-F.10.fid RRR3 EE} 85834488 PEREERE R EEREERERR
JL-5-C4-F B E @ NRRRS 6o FEEFIIET 43333333
NSV L) 2F parameter vawe L0535 Ay
1 Data File /1 chpe- [ 4500
Name nmr300.campus.bath.ac.uk/
data/ data/ ji466/ nmr/ JL-5-
C4-F/ 10/ fid
2 Titl IL-5-C4-F.10.fid
e ! 4000
3 Comment JL-5-C4-F
4 Origin Bruker BioSpin GmbH
5 Owner nmr.
6 Site
! 3500
7 Spectrometer av300
8 Author
9 Solvent coci3
10 Temperature  292.3 3000
11 Pulse 2930
Sequence
12 Number of 32
Scans 2500
13 Receiver Gain 322
14 Relaxation 1.0000
Delay
15 Pulse Width 8.6000
uise 2000
16 Acquisition  2.6543
Time
17 Acquisition  2017-02-11T14:58:00
18 Modification  2017-02-11T14:58:09 1500
Date
19 Spectrometer 300.22
Frequency
20 Spectral Width 6172.8 L 1000
21 Lowest -1235.4
Frequency
| | 22 Nucleus 1H
23 Acquired Size 16384
245 500
pectral Size 65536
" ]
[
ol Lo
d 2 4d iy gy 4%
g g g8 g 88 &g
& 3 33 3 33 mm
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
S4a — °C NMR (75 MHz, CDCls)
JL-5-C4-F.20.fid 85 R85 97R4 5325883888 anler g3 s wmes oo
N ErNm NND® MANGGORSgS aelEt 358 sag 2388 W
Parameter Value N VW TTMM NNNA—A—=0C0C NN N - RN DINC O <
55 nERn FE00 4887009288 RRRE @@ €ed  aAnNgyg = L 80000
1 Data File Name // chpe- NS NSNS e 4 A
nmr300.campus.bath.ac.uk/
data/ data/ 1466/ nmr/ JL-5-C4- [ 75000
F/ 20/ fid
2 Title IL-5-C4-F.20.fid L 70000
3 Comment
4 Origin Bruker BioSpin GmbH L 65000
5 Owner nmr.
6 Site
60000
7 Spectrometer  av300
8 Author
F 55000
9 Solvent coci3
10 Te it 673.2
‘emperature | 50000
11 Pulse Sequence  zgpg30
12 Number of Scans 4092
13 Receiver Gain 18390 [ 45000
14 Relaxation Delay 2.0000
15 Pulse Width  7.0000 40000
16 Acquisition Time 1.6122
17 Acquisition Date  2017-02-11T20: L 35000
18 Modification Date 2017-02-11T20::
19 Spectrometer 75.50
Frequency 30000
20 Spectral Width 20325.2
21 Lowest -1501.1 25000
Frequency
22 Nucleus 13C
23 Acquired Size 32768 [ 20000
24 Spectral Size 65536
15000
10000
!
!
| ! {5000
i
YRR Lo
f |k b Lo
-5000
T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

S99



S4a - F NMR (470 MHz, CDCls)

FLUORINE 01 Lkl
Parameter Value R
1 Title FLUORINE_01 Y 5500
2 Comment
3 Origin Varian 5000
4 Owner
5 Site
4500
6 Spectrometer vnmrs
7 Author
8 Solvent cdcl3 L 4000
9 Temperature 25.0
10 Pulse Sequence s2pul
11 Number of Scans 16 3500
12 Receiver Gain 60 [
13 Relaxation Delay 1.0000
14 Pulse Width 3.1667
15 Acquisition Time 0.6029 3000
16 Acquisition Date 2017-02-14T10:23:01
17 Modification Date 2017-02-14T17:12:29
18 Spectrometer Frequency 470.48 8 4 2500
19 Spectral Width 108695.7 4 E
20 Lowest Frequency -94342.3 | |
21 Nucleus 19F L 2000
22 Acquired Size 65536 |
X 5000
23 Spectral Size 131072
1500
1000
=Y
T T T T T T T
-11830  -11834  -11838  -118.42 500
f1 (ppm)
0
F-500
T T T T T T T T T T T T T T T T T T T T T T T T
30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

f1 (ppm)

S100



3s —'H NMR (500 MHz,

PROTON_01 SYYQR[IRE88 g S
NNNNNRRRRR S - 3 L 2000
Parameter Value 1900
1 Title PROTON_01
2 Comment 1800
H k1700
'3 3 Origin Varian
o 4 Owner L 1600
\ 5 site
1500
6 Spectrometer vnmrs
N / l / / / / 7 Author L 1400
>\ N 8 Solvent cdci3
N/ 9 Temperature 25.0 1300
\ 10 Pulse Sequence s2pul
— 11 Number of Scans 8 [ 1200
12 Receiver Gain 28
13 Relaxation Delay 1.0000 [ 1100
14 Pulse Width 3.9500
vise T 1000
15 Acquisition Time 2.0447
16 Acquisition Date 2016-08-21T06:47:28 L oo
17 Modification Date 2016-08-22T10:29:37
18 Spectrometer Frequency 500.06 L 800
19 Spectral Width 8012.8
20 Lowest Frequency -1005.6 F700
21 Nucleus 1H
22 Acquired Size 16384 600
23 Spectral Size 65536
500
400
|
300
200
I 1l 100
[N Lo
47 4 “adds” d 4 F-100
s 3 a §55¢% S 2
33 3 G333 - <
T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 2.5 2.0 1.5 1.0 05 00
f1 (ppm)
3s — *C NMR (126 MHz, CDCls)
CARBON_01 S 2R 238528883 - 2 " e
N PR EN Sg¥maNSse R3] a 2 3
Parameter valuel BE0 EEERREEEE RRE 4 ¢ 8 [22
1 Title caron_01 | ~N IS ~N7 [21
2 Comment
20
3 origin Varian F19
4 Owner
F18
5 Site
6 Spectrometer vnmrs ri7
7 Author HyC [16
8 Solvent cdcl3 °
9 Temperature 25.0 \ ris
10 Pulse Sequence s2pul [ 14
11 Number of Scans 128 N
12 Receiver Gain 30 13
13 Relaxation Delay 1.0000 N
14 Pulse Width 4.8750 N/ \ ri2
15 Acquisition Time 1.0486 "
16 Acquisition Date 2016-08-21T06:48:43 S
17 Modification Date 2016-08-22T10:29:33 L10
18 Spectrometer Frequency 125.75
19 Spectral Width 31250.0 -9
20 Lowest Frequency -1778.3 s
21 Nucleus 13C [
22 Acquired Size 32768 Ly
23 Spectral Size 65536
F6
5
La
r3
F2
-1
! Lo
F-1
F-2
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)



4s —*H NMR (500 MHz, CDCls)

PROTON 01 3338
0 0

RV

8.69.
8.68'

— 815
7.53
7.53
7.51
7.51
7.26.
7.20

=
i

_-3.67
365
172
169

16 Acquisition Date
17 Modification Date

“o
38
N
Parameter Value

1 Title PROTON_01
2 Comment

3 Origin Varian

4 Owner

5 Site

6 Spectrometer vnmrs

7 Author

8 Solvent cdcl3

9 Temperature 25.0

10 Pulse Sequence s2pul

11 Number of Scans 8

12 Receiver Gain 28

13 Relaxation Delay 1.0000

14 Pulse Width 3.9500

15 Acquisition Time 2.0447

2016-08-21T06:57:06.
2016-08-22T10:29:32

18 Spectrometer Frequency 500.06

19 Spectral Width 8012.8
20 Lowest Frequency -1006.1
21 Nucleus 1H
22 Acquired Size 16384
23 Spectral Size 65536
]
h » I}
TT oy 1org
S ° 2 S 29 @
: 2 2 2 23 ~
T T T T T T T T T T T T
100 9.5 9.0 85 8.0 7.5 6.5 6.0 5.5 50 45
1 (ppm)
4s — 1°C NMR (126 MHz, CDCls)
CARBON_01 8R EIN T ¢ 28INAZR son Qo mm
NN N S Y FTNSAGHM oo Qe
"R a5 g8 ¥I8ggeq N N
R X ¥ o d488g8n NN Fasd
Parameter Value
1 Title CARBON_01
2 Comment
3 Origin Varian
4 Owner
5 Site
6 Spectrometer vnmrs
7 Author
8 Solvent cdcl3
9 Temperature 25.0
10 Pulse Sequence s2pul
11 Number of Scans 128
12 Receiver Gain 30
13 Relaxation Delay 1.0000
14 Pulse Width 4.8750
15 Acquisition Time 1.0486

16 Acquisition Date

17 Modification Date

18 Spectrometer Frequency
19 Spectral Width

20 Lowest Frequency

21 Nucleus

22 Acquired Size

23 Spectral Size

2016-08-21T06:58:19
2016-08-22T10:29:30
125.75

31250.0

-1776.7

13

32768

65536

l

_-27.13
~-26.09

1500

- 1400

1300

1200

1100

1000

900

800

=700

- 600

500

400

300

200

100

~-100

230 220 210 200

T T T
190 180 170

150 140 130

f1 (ppm)

T T
120 110 100 90



3t —H NMR (500 MHz, CDCI

PROTON 01 333028885205 5RRRRRIRANASQIIIIINRRANGRS3220588% R [
e e g i i B SRR NGRS  GRRCCC 3
P2 | R et
—
1400
Parameter Value
1 Title PROTON_01 1300
2 Comment
1200
3 Origin Varian
4 Owner
1100
5 Site
/ ( I 6 Spectrometer vnmrs
7 Author 1000
8 Solvent cdel3
9 Temperature 25.0 900
10 Pulse Sequence s2pul
11 Number of Scans 8 L s00
12 Receiver Gain 30
13 Relaxation Delay 1.0000
14 Pulse Width 3.9500 =700
15 Acquisition Time 2.0447
16 Acquisition Date 2016-08-21T07:07:09 600
17 Modification Date 2016-08-22T10:29:29 [
18 Spectrometer Frequency 500.06
19 Spectral Width 8012.8 L s00
20 Lowest Frequency -1006.1
21 Nucleus 1H
22 Acquired Size 16384 400
23 Spectral Size 65536
[ 300
200
i
I ' 100
L LJL-L" 0
T d 444534 d d
S5 s §88%8 g g L-100
23 2 33315 < S
T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
3t —°C NMR (126 MHz, CDCls)
CARBON 01 g 2R BEFPCEHRRATIRES soo o = ~
3 & g SANNTMNNS S 28 R " S
Parameter value § L SRANARNANNNNES RRE 8 ¢ & [20
1 Title CARBON_01 v YV \|emmmm——— NS 1
2 Comment
18
3 Origin Varian
4 Owner rv
5 Site F16
6 Spectrometer vnmrs
o 1
7 Author CHy 5
8 Solvent cdci3 Hy 14
9 Temperature 25.0 o
10 Pulse Sequence s2pul ri3
11 Number of Scans 128 1
12 Receiver Gain 30
13 Relaxation Delay 1.0000 [11
14 Pulse Width 4.8750
15 Acquisition Time 1.0486 L10
16 Acquisition Date 2016-08-21T07:08:24
17 Modification Date 2016-08-22T10:29:26 r9
18 Spectrometer Frequency 125.75
19 Spectral Width 31250.0 re
20 Lowest Frequency -1777.6 5
21 Nucleus 13C [
22 Acquired Size 32768 Le
23 Spectral Size 65536
ks
La
3
F2
F1
. to
-1
-2
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)



4t —'H NMR (500 MHz, CDCI

PROTON 01 aR8% N OPISIIQIRIRFARARNRRLLLIONN88gAY KR
Parameter Va\uew\; ‘”\; ““’ “@'z\%"k')jji']'jjjj""""““w "\; L 800
1 Title PROTON_01
2 Comment 750
3 Origin Varian F700
4 Owner
5 Site 650
6 Spectrometer vnmrs
7 Author [ 600
8 Solvent cdci3 J ’ / l
9 Temperature  25.0 550
10 Pulse Sequence s2pul
11 Numberof 8 k500
Scans
12 Receiver Gain 28
13 Relaxation 1.0000 [4s0
Delay
14 Pulse Width  3.9500 L 400
15 Acquisition Time2.0447
16 Acquisition  2016-08-21T07:16:50
Date 350
17 Modification  2016-08-22T10:29:25
Date L 300
18 Spectrometer  500.06
Frequency
19 Spectral Width 8012.8 F250
20 Lowest -1006.1
Frequenc)
requency 200
21 Nucleus 1H
22 Acquired Size 16384
23 Spectral Size 65536 150
100
L
[ 50
Lu Lo
4 4 $494 & e
8 & ] LR g8 g3 L-50
S 3 2 RV R N ée
T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
4t — °C NMR (126 MHz, CDCls)
CARBON 01 35 %8 2eTLR385aRIReY o
S NG N OSSR RBNNNN TN S 83
arameter value} § g3 SHARSRSNNANING B
13
1 Tite carBon_01 A% NN N \/
2 Comment
F12
3 origin Varian
4 Owner L1
5 Site
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3u — 'H NMR (500 MHz, CDCls)
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4u — H NMR (500 MHz, CDCls)
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3v —H NMR (500 MHz, CDCls)
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4v — *H NMR (500 MHz, CDCls)
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