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General Methods.

Analytical grade solvents and commercially available reagents were purchased from commercial
sources and used directly without further purification unless otherwise stated. THF and DME
were purified according to the Grubbs procedure.* Thin-layer chromatography (TLC) was carried
out on Merck 60 F,s4 precoated, glass silica plates which were visualized with either ultraviolet
light or stained with KMnO,. *H-NMR and *C-NMR spectra were recorded at room temperature
using a Varian 1400 or VXR400 (*H-NMR at 400 MHz and **C-NMR at 100 MHz), Varian 1500
(*H-NMR at 500 MHz and **C-NMR at 125 MHz), and Varian 1600 (*H-NMR at 600 MHz and
13C-NMR at 150 MHz ). **F-NMR spectra were recorded at room temperature using a Varian
1400 or VXR400 (**F-NMR at 376 MHz). Chemical shifts are reported in ppm with reference to
solvent signals [*H-NMR: CDCl; (7.26 ppm), acetone-ds (2.05 ppm); *C-NMR: CDCl; (77.16
ppm)]. °F-NMR was externally referenced to a trifluoroacetic acid standard (-77.55 ppm).
Signal patterns are indicated as s, singlet; d, doublet; t, triplet, g, quartet; and m, multiplet. Mass
spectrometry (MS) analysis was obtained using electron-impact ionization (EI) or chemical
ionization (CI) and reported as m/z (relative intensity) for the molecular ion [M], or with
electrospray ionization (ESI) and reporting the molecular ion [M+H]" or [M+Na]", or a suitable

fragment ion.
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Optimization

Table S1. Initiator screen

(0] o]
>< Initiator ><
N I > N
F 12-24 h H
1a 2a
Entry Initiator Product (%) RSM (%)
1 17-W CFL, PhH, rt 0 quant
2 BEt5/O,, rt, MeCN 0 quant
3 AIBN, PhH, 80 °C 0 quant
4 Benzoyl peroxide, PhH, 80°C 0 quant
5 Cul, MeCN, 80 °C 0 50
6 Fe(OAc),, MeCN, 80 °C 0 quant
7 FeCl,, " " 0 quant
8 FeBr,, " " 0 quant
9 Fe(S0O,4),07H,O, " " 0 quant
10 Fe(BF,),#6H,0, " " <5 95
1 Fe(OTf),, " " 17 27

Procedure: To a flame-dried screw-cap test tube equipped with a stir bar were added solid
initiators (0.2 equiv, 0.01 mmol). The contents were then evacuated and backfilled three times
with nitrogen. A 0.1 M solution of fluoroamide (1 equiv, 0.05 mmol) in anhydrous acetonitrile
was added via syringe. For entry 2, triethylborane (0.2 equiv, 0.01 mmol) was added via syringe
under an atmosphere of air. The reaction was sealed and stirred at the specified temperature for
12-24 hours, then removed from heat, diluted with Et,0O, filtered through Celite, concentrated,
and analyzed by 'H-NMR.
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Table S2. Solvent Screen

o)
>< Fe(OTf), (20 mol %)
N
F Solvent (0.1 M)
80°C, 16 h
1a

O

S

H
2a
Entry  Solvent Yield (%)® Conversion(%)
1 Acetonitrile 17 73
2 Benzene 6 79
3 DME 32 71
4 THF 25 70
5 2-MeTHF 13 76
6 Dioxane 18 73
7 tBuOH 5 68
8 DCE 10 74

@ Determined by "H-NMR with 1,3,5-
trimethoxybenzene as internal standard.

Procedure: To a flame-dried screw-cap test tube equipped with a stir bar were added 1a (10.5
mg, 0.05 mmol, 1 equiv) and Fe(OTf), (3.5 mg, 0.01 mmol, 0.2 equiv). The contents were
evacuated and backfilled three times with nitrogen, and then the desired solvent was added via
syringe. The reaction was sealed, stirred at room temperature for 15 minutes, and then heated to
80 °C for 16 hours. After this time, the reaction was cooled and diluted with DCM (3 mL) and
then filtered through a silica plug, washing with ~12 mL EtOAc. The solution was concentrated
by rotary evaporation and then analyzed by *H-NMR, using 1,3,5-trimethoxybenzene as internal

standard.
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Table S3. Optimization of temperature and concentration

(0] F (0]
>< Fe(OTf), (X mol %) ><
N > N
©)‘\F DME (Y M) H
Temp, 16 h
1a 2a
Entry mol % Fe  Temp (°C) Conc (M) Yield (%)° RSM (%)
1 2 rt 0.05 3 85
2 2 rt 0.5 13 77
3 2 80 0.05 8 81
4 2 80 0.5 4 84
5 20 rt 0.05 54 11
6 20 rt 0.5 69 0
7 20 rt 1.0 53 4
8 20 80 0.05 38 3
9 20 80 0.5 20 +/-8 3
10 10 50 0.25 19 55

@ Determined by "H-NMR with 1,3,5-trimethoxybenzene as internal standard.

Procedure: To a flame-dried screw-cap test tube equipped with a stir bar were added 1a (10.5
mg, 0.05 mmol, 1 equiv) and Fe(OTf), (0.02 or 0.2 equiv). The contents were evacuated and
backfilled three times with nitrogen, and then anhydrous DME was added via syringe. The
reaction was sealed, stirred at room temperature for 15 minutes, and then held at room
temperature or 80 °C for 16 hours. After this time, the reaction was cooled and diluted with
DCM (3 mL) and then filtered through a silica plug, washing with ~12 mL EtOAc. The solution
was concentrated by rotary evaporation and then analyzed by *H-NMR, using 1,3,5-
trimethoxybenzene as internal standard.
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Table S4. Optimization of catalyst loading and reaction time

F
>< e(OTH), (20 mol %) Q ><
N
DME (0.5 M) H
rt, t|me
2a

Entry time (h) Yield (%)% RSM (%)
1 1 71 9
2 16 71 4
3 24 70 4
4 1 (10% Fe) 69 22
5 1 (10% Fe, 40 °C) 90+2 4

@ Determined by TH-NMR with 1,3,5-trimethoxybenzene
as internal standard.

Procedure: To a flame-dried 1-dram vial equipped with a stir bar was added Fe(OTf), (0.2 or
0.1 equiv). The contents were evacuated and backfilled three times with nitrogen, and then a 0.5
M solution of 1a (21.0 mg, 0.1 mmol, 1 equiv) in anhydrous DME was added via syringe. The
reaction was held at the specified temperature for the desired time under positive N, pressure.
After the specified time, the reaction was diluted with EtOAc (3 mL) and then filtered through a
silica plug, washing with ~12 mL EtOAc. The solution was concentrated by rotary evaporation
and then analyzed by *H-NMR, using 1,3,5-trimethoxybenzene as internal standard.
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Table S5. Evaluation of metal triflates

o)
J< M(OT), (10 mol %) J<
& DME (0.5 M)

40°C,1h F

Iz

Entry Metal Product (%)% RSM (%)

1 Fe(ll) 91 4
2 Fe(lll® 33 31
3 cu(l) 0 60
4 Ag(l) 0 92
5 Ni(ll) 0 42
6  zn(ll) 0 74
7 BI(lll) 10 56

2 Determined by "H-NMR with 1,3,5-
trimethoxybenzene as internal standard.
bused 10 mol % FeCl; and 30 mol % AgOTf.

Procedure: To a flame-dried 1-dram vial with a stir bar was added metal triflate (0.1 equiv). The
contents were evacuated and backfilled three times with nitrogen, and then a 0.5 M solution of
la (21.0 mg, 0.1 mmol, 1 equiv) in anhydrous DME was added via syringe. The reaction was
then heated to 40 °C under positive N, pressure. After one hour, the reaction was diluted with
EtOAc (3 mL), and then filtered through a silica plug, washing with ~12 mL EtOAc. The
solution was concentrated by rotary evaporation and then analyzed by *H-NMR, using 1,3,5-
trimethoxybenzene as internal standard.
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Control Reactions

Fluorine is not transferred from the triflate ligand:

>< &(OTf); (20 mol %) ><
DME (0.5 M)
rt, 1h
Sl-1a No conversion

Exogenous electrophilic fluorine sources do not engage productively with the catalyst:

o Fe(OTf), (20 mol %)
>< NFSI (1 equiv) ><
N
H DME (0.5 M)
temp, 12 h

Sl-1a

rt, 80 °C; Quantitative RSM

0 Fe(OTf), (10 mol %)
>< Selectfluor (2.2 equiv) ><
N
H MeCN (0.08 M)
rt, 16 h

1a

The fluoroamide does not fluorinate other potentially reactive’? C—H bonds:

Fe(OTf), (10 mol %)  F o F R R
J< Additive (4 equw) J<
N
DME (0.5 M) H

40°C,1h Not observed
Entry Additive Yield (%) Sl-1a (%) RSM (%)
1 Benzylacetone 78 3 2
2 Butylbenzene 88 4 0
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Unsuccessful substrates

@\iwx yx @f o @‘j\iyx

0% (70% conv) 0% (23% conv) 5% (50% conv) trace yield (10% conv)
i LM
Ph
b
N
0% (quant RSM) 4% (11% conv)
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Computational Details:

All calculations were performed using the Jaguar 8.1 suite of ab initio quantum chemistry
programs. Geometries were optimized with the B3LYP** and M06° functionals and a 6-31G**
basis set. Fe was represented using the Los Alamos LACVP>"® basis that includes relativistic
effective core potentials. The energies of the optimized structures assessed using single point
energy calculations using Dunning’s correlation consistent triple-{ basis set cc-pVTZ(-f)’ that
includes a double set of polarization functions. For Fe, we used a modified version of LACVP,
designated as LACV3P, in which the exponents were decontracted to match the effective core
potential with triple-{ quality. Solvation energies were evaluated by a self-consistent reaction
field (SCRF)® approach based on accurate numerical solutions of the Poisson—Boltzmann
equation. In the results reported, solvation calculations were carried out with a 6-31G**/ LACVP
basis at the optimized gas-phase geometry employing the dielectric constants of € = 7.2 for
dimethoxyethane. Analytical vibrational frequencies within the harmonic approximation were
computed with the 6-31G**/LACVP basis to confirm proper convergence to well-defined
minima and maxima on the potential energy surface. The energy components have been
computed with the following protocol. The free energy in solution phase G(sol) has been
calculated as follows:

G(sol) = G(gas) + G(solv)

G(gas) = H(gas) — TS(gas)
H(gas) = E(SCF) + ZPE
AE(SCF) =Y E(SCF) for products - Y E(SCF) for reactants

AG(SCF) =} G(SCF) for products - . G(SCF) for reactants
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Table S6. Relative Gibbs free energy (at 338.15 K) for the starting Fe' complexes

0
\\
m LOTf TfO, ﬂ | 0=5"CFs

Fe‘ Fe\ ~ /\/O/, \ \\‘O
" OTf " OTf !
7 75 o
Fe'' Complex A Fe" Complex B Fe" Complex C
(H?gh (LOWAS i) (Hi r? Spin) (LowBS in) (Hi r? Spin) ('-(‘:’W
Spin) p gh Sp p gh Sp Spin)
B3LYP
Rel. AG 0.00 +35.06 +1.80 +37.02 +2.40 +42.29
(kcal/mol)
Table S7. Relative Gibbs free energy (at 338.15 K) for the Fe'"' fluoride complexes.
F
F F O‘\s/o"Fle“‘\\o“ 2
TfO, | ~O P B SNPS FsC 07 Y0 “cF
,Fle\o,; N ,Fle\O,;S\ _0O 3
R4 CFs orr>  CFs L
7
Fe'"' Complex D Fe'"' Complex E Fe'' Complex F
D E F
N D - E . F
(High : (High . (High .
Spin) (Low Spin) Spin) (Low Spin) Spin) (Low Spin)
B3LYP
Rel. AG 0.00 +31.86 +7.23 +28.84 +18.42 +45.57
(kcal/mol)

S11



tBu
o N----F-----Fe—
o) Y
-1 s 0
1aTSi 1aTSi O
40—— /
o S (+39.45)
30—— ‘ Oi\é/CF3 ,':
O] 0 S 1aTSii
20—— 0 Fe (+20.71)

0]
10——6] WOTf
Fe

-10—— tBu tBu (-2.06)
o N-F . N- o S
-20—— ?:g 1O, _ Q © (-16.78) S
Fe_ S : 3 H

/ . . K H tBuNH 2a
-30—— a N Lt H
30 1a T 0 F
40— (-32.56) :

-50—— O. CFs

o Bu,. BH
60—~ tBu /O o ° R
70— o F-Fe- (-64.51)
5 IO ¢ 12N T 2a
1aTSii
Figure S1. Computed (with uB3LYP/LACVP**//cc-pVTZ(-f) — LACV3P** level of theory)
relative Gibb’s free energies for possible reaction pathways.

The activation barrier for radical oxidative addition of fluorine in 1aTSii is much more favored
(AAG* = 18.74 kcal/mol) when one molecule of DME dissociates from A, forming a
pentacoordinate iron with an open coordination site Fe''R, compared to the transition state 1aTSi
where one of the one the DME molecules is monoligated to the iron species..

The energy barrier for C-H abstraction was calculated as 8.93 kcal/mol.

Radical intermediate 1a® can abstract a fluorine via two different pathways: 1. Abstracting a
fluorine from the Fe'" fluoride complex (termination) 2. Abstracting a fluorine from another
fluoroamide molecule (chain transfer). The activation barrier for the latter process is +29.88
kcal/mol. Several attempts to find the former transition state using both the LST and QST
methods resulted in the convergence to the product (see Figure S3).
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Figure S2. Proposed free energy pathway calculated using the uB3LYP functional (black) and
the uMO06 functional (blue).
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Figure S3. Energy profile for the barrierless transition state between 1a° and 2a.
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Figure S4. Free energies of homolytic cleavage of fluorine and radical recombination with the
iron catalyst and the C-radical intermediate.
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Figure S5. 3D geometry of transition state 1aTSi.
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Figure S6. 3D geometry of transition state 1aTSii.

Figure S7. 3D geometry for 1a"TS.
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Figure S9. 3D geometry of the pentacoordinate Fe' complex, Fe'' R.
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Table S8. uB3LYP calculated energies:

Molecule E(SCF)/ E(SCF)/ ZPE/ S/ G(solv)/ G(Sol)/
eV (eV) (kcal/mol) (eu) (kcal/mol) (eV)

6-31**/  cc-pVTZ(-f)/  6-31G**/  6-31G**/  6-31G**/  6-31G**/
LACVP**  LACV3P** LACVP** LACVP** LACVP** LACVP**
DME -8404.616  -8407.541 88.91 86.873 -4.17 -8405.140
la -18957.873  -18963.888 162.42 122.708 -5.18 -18958.869
1a" -16241.462  -16246.344 159.48 120.294 -5.22 -16241.419
1a° -16242.046  -16247.01 159.94 117.91 -6.91 -16242.103
2a -18959.685  -18965.846 163.73 123.321 -8.86 -18960.939
Fe'A(LS) | -72493.873  -72514.851 219.64 211.99 -19.18 -72509.267
Fe''B(LS) | -72493.955  -72514.935 220.26 205.617 -18.06 -72509.182
Fe'' C(LS) | -72493.421  -72514.405 218.31 218.111 -18.83 -72508.953
Fe"A(HS) | -72495.171  -72516.228 219.12 223.68 -18.01 -72510.787
Fe''B(HS) | -72495.068  -72516.13 218.69 226.083 -17.23 -72510.709
Fe'' C(HS) | -72494.867  -72515.924 217.34 236.013 -16.67 -72510.683
Fe"'F E (HS) | -66805.877  -66825.678 128.8 190.477 -14.42 -66823.511
Fe'""F D (HS) | -66806.251  -66826.029 128.89 192.669 -12.9 -66823.824
Fe""FF (HS) | -66805.53  -66825.327 127.74 194.133 -9.02 -66823.025
Fe'"FE (LS) & -66805.35  -66824.905 130.27 181.309 -15.2 -66822.574
Fe""FD (LS) | -66805.263  -66824.791 130.14 181.434 -14.64 -66822.443
Fe"'F F (LS) | -66804.683  -66824.213 129.06 191.474 -9.78 -66821.848
Fe''R -64089.837  -64108.114 126.99 187.449 -14.57 -64105.988
1aTSi -91451.759  -91478.869 378.74 314.246 -18.77 -91467.867
1aTSii -83047.293  -83071.588 288.57 266.284 -14.72 -83063.617
1aMTS -16240.962  -16245.856 156.39 114.778 -6.32 -16241.031
1a°TS -35199.349  -35210.277 322.18 195.493 -11.61 -35199.676
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Table S9. uMO06 calculated energies:

Molecule E(SCF)/ E(SCF)/ ZPE/ S/ G(solv)/ G(Sol)/
eV (eV) (kcal/mol) (eu) (kcal/mol) (eV)

6-31**/  cc-pVTZ(-f)/ 6-31G**/ 6-31G**/  6-31G**/ 6-31G**/
LACVP**  LACV3P** LACVP** LACVP** LACVP** LACVP**
DME -8399.111 -8401.664 88.48 86.662 -4.17 -8399.279
la -18945.202  -18950.491 161.72 122.78 -5.29 -18945.508
1a" -16229.563  -16233.97 158.8 119.891 -5.77 -16229.092
1a° -16230.142  -16234.59 159.11 119.189 -6.99 -16229.741
2a -18947.164  -18952.558 163.14 123.255 -8.88 -18947.676
Fe'' A (HS) -72473.947  -72491.655 219.7 217.349 -17.86 -72486.090
Fe''R -64073.648  -64088.949 129.56 182.162 -13.16 -64086.573
Fe"'F D (HS) | -66789.533  -66806.026 130.2 186.483 -12.57 -66803.660
1a"TS -16228.965  -16233.365 155.69 114.609 -6.45 -16228.574
1a°TS -35174.961  -35184.637 320.63 199.733 -11.43 -35174.158
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é;?RMOTf

Fe~orr
High Spin
Fe -0.104187941 -0.091524665 -0.011076980
O  -0.216344488  0.093862517 -2.047221357
S 0.694504215 -0.062796005 -3.253349889
0 1.701265711  1.003547719 -3.356250496
0 1.159798382 -1.449646122 -3.440648886
C  -0.525216431 0.258630404 -4.617972271
F  -1.051253508 1.481959182 -4.478205341
F  -1.508840948 -0.644892538 -4.583642658
F 0.092751398  0.184532968 -5.801054019
O  -2.040106045 -0.570077611  0.327765495
S -3.209243044  0.377095291  0.602357295
O  -3.365116579 0.645302130 2.043660853
O  -3.267693016  1.519325169 -0.314552496
C  -4.622550454 -0.735367376  0.134561127
F  -4.626027840 -1.828911799  0.907686600
F -4.509243896 -1.111684666 -1.143798757
F  -5.778615164 -0.085382212  0.297025615
0 0.276340249 -2.263478688  0.028966842
C 1.650122522 -2.588283080 0.278510828
H 1799023898 -2.505231171  1.360470872
H 1.860944251 -3.619115334 -0.026974299
o] 2.139526125 -0.296047246 -0.088242432
C 2.570522636 -1.621746468 -0.445898373
H 2515256860 -1.746102674 -1.533127704
H 3.604794168 -1.774954466 -0.108313410
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0.129398787
-0.246789658
-1.337201435

0.220399455

0.235251141
-0.205437382

1.329600334
-0.194241129
-0.392250815

0.091879723
-0.392025967
-1.413656873

3.064232476

4.010688478

3.218889565

2.612593745
-0.392934002
-1.476581766
-0.164156231

0.095318728
-0.507428638

0.378387113
-0.813551092

-1.332188076

0.279933464
1.615426882
1.662671213
1.868476630
2.571985389
3.559837708
2.670958096

2.061848322

-3.078572196

-2.974613083

-4.122030710

-2.703099525

0.728835301

0.597908571

0.711075629

1.682015959

-0.707621720

-0.595320635

-1.682652953

-0.602162154

3.039275750

3.644138814

2.479214525

3.668426366

2.184855531
2.566820615
2.663241478
3.528624124
1.490378970
1.669229635
1.495064808
0.227069517
-0.961284882
-1.935788793
-0.626654278
-1.010084754
-0.487092865
0.051032995
-1.568663898
-0.212885441
3.093791444
3.188674986
2.663525893
4.069914399
-0.782693186
-1.007229101
-1.662893444

-0.437110000

6.3 o

Fe
7 | TOTf
Low Spin Q_/O




Fe

O O O

r o O T T O O m

I o IT I O O =T

0.004685880
-0.333533621
0.549395101
1.378225046
1.217635662
-0.765543632
-1.463375323
-1.596044241
-0.191871272
-1.923954270
-3.077797990
-3.331326964
-3.070402804
-4.472087850
-4.560940763
-4.267504567
-5.624834160
0.276640045
1.660409278
1.823792193
1.861708356
2.094877289
2.555553828
2.493042892
3.594558489
0.167269599
-0.195972844
-1.286596012
0.264218802
0.308314433

-0.133875853

-0.093192328
-0.028463898
-0.068690598
1.135352902
-1.371305066
0.028007625
1.159679330
-1.014841544
0.011960045
-0.473428660
0.518515355
0.893676627
1.594624369
-0.612610880
-1.635120086
-1.105018342
0.063344138
-2.107345547
-2.432298607
-2.362903945
-3.457971234
-0.131988853
-1.453201657
-1.582943015
-1.574057001
0.074815843
1.407237721
1.465212694
1.606713006
2.396118338

3.379337761

0.067508857
-1.891417361
-3.124384414
-3.294789108
-3.322167008
-4.433944131
-4.298346303
-4.334750988
-5.641980434

0.296148427

0.415059867

1.820296600
-0.580794990
-0.064371108

0.797631116
-1.292168313
-0.053342690

0.106982284

0.330443501

1.410587179

0.005476327
-0.050472923
-0.403696922
-1.488893486
-0.069257522

2.128009882

2.558221681

2.636032418

3.534598480

1.526449360

1.724530576

S20

H 1.402606776  2.490975955  1.547415279
O  -0.114512671 1.922867308  0.246587545
C  -0.415159141 -2.923539961 -0.874360590
H 0.089421097 -2.867299569 -1.840933205
H  -0.453564030 -3.951555913 -0.499512157
H  -1.416865484 -2.505073898 -0.947223214
C 2.951823906 0.907120019 -0.558031816
H 3.942110625 0.807512596 -0.099163344
H 3.013648388  0.863836067 -1.647701284
H 2503689248  1.855271836 -0.268148597
C  -0.478893517 -0.921906377  2.948609868
H  -1.558559761 -0.754601743  2.958631250
H  -0.263560715 -1.888936629  2.499006131
H  -0.066332991 -0.868926434  3.962376842
C  -0.328573287 2.916388590 -0.776393413
H 0.614770923  3.420875690 -1.012621886
H -0.703778184  2.382723624 -1.643469490
H  -1.079966695 3.628123979 -0.426139125
rio. 7 .3
e~oTf
High Spin Q/O
o 1422784940  1.046415870 -1.833959219
S 1.103087083  1.430780006 -3.274055277
0] 0.933790100 2.876705822 -3.457622537
0] 1.932483472  0.707624505 -4.253075972
C  -0.597857053 0.692917342 -3.397302281
F -1.406273818  1.262126870 -2.487917711
F  -0.552636382 -0.624045576 -3.160591663
F  -1.104975243 0.900044925 -4.614382375



m O O O w

n

Tn

r r 0 r rr r O O T T o rr T O O T T O O T T O O

4.569691486
4.403638468
3.872682089
3.825234430
6.193240456
6.828535803
6.793008030
6.295665064
3.974321259
4.690074040
5.363522234
3.932753506
4525394287
5.458743433
6.054648666
6.121028917
1.395567559
0.498134525
-0.028445182
-0.229585002
1.342605569
0.724947906
1.817022505
2.376984304
4.676038412
5.668129331
4.097837878
4.755992096
4.213128892
5.094888368

3.887661802

1.460256352
1.211245735
2.380273332
-0.108849783
1.094799778
2.239639312
0.099559077
0.844419437
-0.473286550
-0.185268040
-1.017865251
-0.095871642
2.183502640
1.116302740
1.345799212
1.067818218
1.034497353
2.149732522
2.127044301
2.100450501
3.397108085
4.293609110
3.411206168
3.371456882
-1.356746913
-0.966657279
-1.414104004
-2.344708211
2.974022882
3.559920442

2.341855479

0.759360230
2.256454040
2.972309885
2.551317731
2.746087300
2.470240922
2.069341177
4.053193742
-1.313475154
-2.537111012
-2.770374759
-3.320586028
-2.106716369
-2.363832762
-3.254549158
-1.494785221
0.942606769
0.858391747
-0.102504241
1.678977708
1.014854219
0.876997073
2.002121356
0.011359899
-0.418065746
-0.173259180
0.503165861
-0.883977943
-3.272038084
-3.555918946

-4.102430844

S21

H 3.389624827  3.634070107 -3.001901884
C 0.736545902 -0.238754322  0.965004629
H 1511736573 -0.982150592  1.150964479
H 0.014853122 -0.264870449  1.789187106
H 0.234730542 -0.428733628 0.010637860
C 3.363781345  4.400591514  0.209066079
H 2.898746079  5.381938639  0.061359427
H 3.791544275  4.319987028  1.212358947
H 4.142369384  4.237240284  -0.534981550
Fe  3.009758469  1.377388700 -0.582897562
0. 7 .8
Q(_)Ff ~OTf
Low Spin
(0] 1487721377 1521299211 -1.887936849
S 1.073085398  1.521799861 -3.345728910
(] 0.625139673  2.836624112 -3.810808693
0 1.986662176  0.764804716 -4.222749678
C  -0.457777821 0.474748294 -3.223663222
F  -1.334323832 1.031393620 -2.371665678
F  -0.150076565 -0.751521082 -2.764586708
F  -1.035204373  0.350796605 -4.419267652
0] 4520885696  1.456115517 0.723891131
S 4.388965104  1.240330757  2.229632387
0 3.895135855  2.429286816  2.942977388
0 3.816682607 -0.063988412  2.592916263
C 6.197226261  1.125489707  2.644171448
F 6.827715372  2.261338000  2.322270454
F 6.762917581  0.114784055  1.961872981
F 6.349040914  0.899160617  3.950597364
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3.667964809
4.448728892
5.049406746
3.730105197
4.460089162
5.322576949
5.907089230
5.995347739
1.579487980
0.645195780
0.063572652
-0.018367682
1.466402603
0.831496696
1.958009963
2.482352563
4307413319
5.337131968
3.760952746
4.284482827
4.123339483
5.007112620
3.778573129
3.317090073
0.923576702
1.690164558
0.199745349
0.428942438
3.480003255
3.019205079

3.892698252

-0.391878720
-0.187555218
-1.081224991
-0.035253667
2.151392516
1.037471565
1.274995327
0.918022908
0.978438170
2.077391727
2.101963957
1.934757055
3.331378907
4.221088147
3.316177985
3.362436767
-1.312362990
-1.010232622
-1.293799086
-2.311790690
2.991289166
3.577314019
2.393721789
3.648962324
-0.299037484
-1.057560573
-0.375052032
-0.417626165
4.369803153
5.358312853

4.238822059

-1.250820659
-2.456373434
-2.657872416
-3.264070901
-1.919551267
-2.250238663
-3.145224964
-1.397814083
0.757515606
0.814354176
-0.110950738
1.675793399
1.010926711
0.916659943
1.988482287
-0.014799804
-0.340443415
-0.131125960
0.598709973
-0.787377141
-3.047254526
-3.320871778
-3.893653924
-2.725592471
0.680755377
0.817129594
1.498305933
-0.286443867
0.247053198
0.140011662

1.250339933

S22

H 4.265704076  4.237115383  -0.493818596
Fe  3.035241284  1.486231987 -0.599971724
Q
| O_/_\s\\—~CF3
\O/\/O/ \e“\\O
7 | OTf
High Spin Q_/O
Fe -0.428566611 0.663716823 -0.057236188
O  -0.837570366  0.617801517 -1.991821513
S 0.180341926  0.601816984 -3.145476154
O 1.117486064  1.732085404 -3.054977352
(0] 0.715216255 -0.733519477 -3.413415142
C  -0.961053271 0.996787376 -4.560611543
F  -1.538108152  2.195098925 -4.368308359
F  -1.914255921  0.070853963 -4.665809820
F  -0.259434876  1.037648865 -5.695987263
O  -0.711563616 -1.311236648  0.780797845
S -2.161109777 -1.097798062  1.179423716
O  -2.539689050 -1.565775239  2.508773513
O  -2.473711116 0.335933302  0.836215311
Cc -3.123736370 -2.114214294 -0.051183375
F  -2.843607201 -3.406047884  0.129334811
F  -2.793238953 -1.756478339 -1.291096152
F  -4.429358747 -1.912672730 0.136932789
0] 3.173472489 -3.107398966  0.116859046
C 2.624873894 -1.915364497 0.635291876
H 1.783993071 -2.123796544  1.314200639
H 3.384218376 -1.343046402  1.198773503
0] 1.672345435  0.198419884 -0.136966731
o 2.120994462 -1.115434590 -0.560900041
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1.271489127
2.903251279
0.093799629
-0.770357766
-1.802398625
-0.463827208
-0.630054226
-1.365133619
0.376541988
-0.867007469
3.530872711
4.303580159
2.662396113
3.929825709
2.684110255
3.603774739
2.870660073
2.297314861
0.293411176
-0.658302136
0.923739015
0.796291291
-0.962167352
-0.006492211
-1.215634456

-1.750790817

-1.611177890
-1.003312004
1.507172031
2.613897781
2.254812559
3.093337165
3.597380969
4.405137354
4.040878048
2.894983898
-4.037183664
-3.634954068
-4.336300096
-4.919208852
1.216670213
0.872849550
1.476415162
2.082689370
0.634545516
0.230237057
-0.181940820
1.185178295
3.749802530
4.251646283
3.117859766

4.494018605

-1.028206660
-1.317008477
2.002823028
2.290536772
2.378953171
3.229376345
1.146749680
1.266876310
1.131378803
-0.069025332
1.118379758
1.793071935
1.725148080
0.611914931
-0.213093201
0.271515405
-1.258760516
0.325412484
3.127015464
3.487104800
2.779126208
3.930703316
-1.217197067
-1.406361225
-2.062896746

-1.053724996

S23

O

W
| (\)f—‘S\'”CFS
O/ \\\

Q:cf ~OTf

Low Spin
Fe -0.310323519 0.725772394  0.147491686
O  -0.832540550 0.580405477 -1.740015602
S 0.017064983  0.273808910 -2.969885429
0 1.094931886  1.261647696 -3.167956385
0 0.350422956 -1.143777846 -3.130900728
C  -1.246810228 0.669923961 -4.275386540
F  -1.628010453 1.954358823 -4.171583599
F -2.323726475 -0.109164829 -4.147668892
F  -0.713580859 0.479859318 -5.486384739
O  -0.746212225 -1.232430218  0.580962234
S -2.214128757 -0.940363513  0.857415771
O  -2.764139932 -1.473791153  2.098860306
O  -2.338327167 0.554206901  0.635100347
C  -3.193788668 -1.782915761 -0.498703960
F  -3.046291529 -3.100830735 -0.349302094
F -2.792742836 -1.423778768 -1.706904734
F -4.478728435 -1.455452634 -0.337856789
0 3.395884341 -2.805245186  0.153990072
C 2.850441846 -1.611811283  0.667979032
H 2.122245806 -1.819181636  1.469359007
H 3.638984986 -0.964782038  1.092876343
0 1.684338843  0.393226503 -0.087257184
C 2.145462905 -0.923622917 -0.494913918
H 1.273527720 -1.491592551 -0.812449137
H 2.813792075 -0.818192652 -1.353677029
0 0.088108817  1.250795395  2.128659058



C  -0.608407644  2.483242341  2.375111364
H  -1.688304919 2.297919308  2.351500104
H  -0.319323038 2.882704802  3.355050832
C  -0.193589939  3.447664144  1.280297437
H  -0.816281044  4.350548632  1.321344327
H 0.860054451  3.742137371  1.392150425
O  -0.382556306  2.784640088  0.029890043
C 3979129170 -3.625094800  1.144569091
H  4.814084254 -3.118874533  1.655133379
H  3.243405302 -3.932489267  1.904113985
H 4361007594 -4.516506799  0.641542533
C 2.619379764  1.444546007 -0.383147664
H 3.615147680 1.161343196 -0.027918941
H 2627276691 1.637317106 -1.459136912
H 2288803514 2329578335 0.160618076
C  -0.004602803  0.313756516  3.218453771
H  -1.047081288  0.053199515  3.425377959
H 0536237111 -0.578188741  2.908244602
H 0463151512 0.753383816  4.105963034
C  -0.244357152  3.629964432 -1.124309968
H 0.769184450  4.044435217 -1.175713074
H  -0.436414158 3.008885311 -1.993723009
H  -0.977220521 4.441893340 -1.061966184
TfO/ \\\Q\ //O
Q,o " cr,
High Spin
Fe  0.022760150 0.511014042  0.070395306
O 1908768782  0.438492409 -0.375857527
S 2866319556 1.553435336  0.106928367
O 2230744505 2.876949575 -0.012473091

S24

@]

O
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3.538321547
4.141426096
3.568514098
4.704753431
5.080248744
-1.324212972
-1.787048963
-3.208073065
-1.098578316
-0.896361179
-1.356716683
0.412786522
-1.093466664
0.196998370
-0.690104626
-1.692243350
-0.324115062
-0.695349180
-1.475261570
0.283268801
-0.980564111
0.540641905
-0.346680528
1.273371164
0.995525538
-1.041471859
-0.074255678
-1.283568702

-1.831525757

1.204991146
1.474725581
1.727221220
0.266826930
2.394630049
-1.030932889
-1.239088290
-1.454374939
-0.146058025
-2.796434651
-3.825339128
-2.648528019
-3.023363215
1.150236489
2.228993182
1.829282926
2.758640820
3.173383292
3.934403822
3.648647317
2.385470627
0.289896088
-0.235903900
-0.419764395
0.882124760
3.147187501
3.622303627
2.434673948

3.901839998

1.357450291
-1.244508633
-2.424167189
-1.275031280
-1.007700993

0.494820604
-0.944641674
-1.158169156
-1.726030748
-1.448938833
-0.738483307
-1.217385158
-2.746178299

2.115989273

2.439896306

2.644590620

3.328047718

1.251806960

1.380940501

1.129533842

0.082653187

3.212817835

3.581722951

2.830493478

4.013207181
-1.140148628
-1.330473267
-1.928336152

-1.060810472
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O
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,Fle
0" “cF
Low Spin Q-D 8

o

O O O w

m O O O

Tn

n
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-0.572717188
1.122050228
2.431592600
2.634126649
2.668067950
3.646091245
3.402131300
3.563876050
4.881641613

-0.627076627

-1.274621246

-2.406331984

-1.472003654
0.060951870
0.321202090
1.165067230

-0.401005430
0.001593837

-0.492021342

-1.510002779
0.161387164

-0.458095452
-0.996296393
0.576318673
-1.128973315
0.286958299
-0.631285006

0.705477531

0.740726697
1.082515972
1.258187148
2.652542517
0.193837749
0.979741930
1.825060539
-0.274118308
1.196004156
-1.258203461
-1.497033906
-2.404196231
-0.078327672
-2.262654295
-3.480741603
-1.530200627
-2.355315002
1.362950532
2.673902399
2.595727310
3.143058398
3.464255734
4.412424916
3.636003312
2.654017708
0.500426703
0.292903414

-0.410623762

0.286617766
-0.582759068
0.211558069
0.639096212

1.192717291
-1.171297217
-2.178508391
-1.622832132
-0.710534984

0.548938440
-0.812079437
-0.872218185
-1.337479132
-1.874959605
-1.400889307
-1.859236757
-3.122647502

2.095407585

2.409204691

2.815532202

3.152833908

1.114450058

1.226379013

0.800981473

0.119433472

3.213506126

3.774385908

2.792630356

S25

H  1.030880274 0.984185380  3.852090741
C  -1.091882980  3.220676574 -1.209297745
H  -0.055149363 3.350280450 -1.529237394
H  -1597308180 2.506145272 -1.857848996
H  -1.626255873 4.175716247 -1.203796287
TfO, . I|: \\\Q\ &
{Q of “CF,
High Spin
Fe -0.497202810 0.340585182 -0.164579313
O  1.356428961 0.026776121 -0.569917582
S 2645248867 0.745164447 -0.080174107
O 2532661946 2.200564914  -0.244151259
O  3.130701440 0.204007412  1.187040103
C 3811827254 0.156984772 -1.405918898
F 3386077725 0.570689458 -2.601005669
F 3.883251569 -1.173117042 -1.394279076
F 5021440537 0.668902833 -1.167016361
O  -0.886463728 -1.537755354  0.633135856
S -2.281002392 -1.237027639  1.184066109
O  -2.554031161 -1.671279583  2.544961872
O  -2.482447422  0.222974977  0.849656985
C  -3431078886 -2.185827819  0.060658445
F -3.224707018 -3.488389747  0.240984512
F -3.195992846 -1.860527115 -1.205358183
F -4.687424859 -1.879937462  0.381234303
O  0.145747022 1.036528457  1.846917347
C  -0.464602032 2289392913  2.181854508
H  -1.520549165 2.132140358 2.388610724
H 0025025450 2.719101750  3.063217525



C  -0.246842629  3.191407333  0.983794041
H -0.847747644 4104515178  1.073336513
H 0.812293219  3.439240607  0.866055687
O  -0.677221087 2.456301925 -0.178429880
C 0.449715195  0.181318808  2.969273560
H  -0.467631073 -0.092968042  3.498761245
H 0.934605564 -0.702119250  2.560916345
H 1.142913997  0.705336511  3.633310102
C  -0.472450106 3.162223261 -1.424377208
H 0.594353690  3.359354724  -1.559359609
H  -0.847584929  2.503170743 -2.204509824
H  -1.044414623 4.095019067 -1.399942015
F -1.169762107 0.269529817 -1.787022725
TfO, ,FI|: ,\\\\O\} //O
Low Spin
Fe -0.499172554 0.407772303  0.041481747
o] 1.271664596  0.052068753 -0.495693807
S 2569170492  0.798124121 -0.078665296
o] 2477324655  2.250767774 -0.293422523
0] 3.109833159  0.311646421  1.190670533
C 3.678122998  0.144462417 -1.425205783
F 3.200234774  0.494377789 -2.620733018
F 3.762947429 -1.182120010 -1.348987040
F 4.893149404  0.676233806 -1.264823408
O  -0.774559966 -1.549003174  0.556901579
S  -2.169811879 -1.302878526  1.107738529
(@) -2.489209641 -1.837026642  2.421121860
O  -2.312100450  0.212283727  0.927155428

S26

C -3.371111877 -2.108691735 -0.081515359
F -3.175003441 -3.424545895 -0.019898090
F  -3.185783126 -1.678357456 -1.317301537
F  -4.607285789 -1.816510736  0.323001819
o 0.188830674  1.017746544  1.862366119
C  -0.414094753 2.285167263  2.182563392
H  -1.471046677 2.128866155  2.423628495
H 0.106084781  2.728513475  3.038446219
C  -0.223618956  3.148944767  0.950323336
H  -0.831267056  4.058598042  1.014255147
H 0.830902403  3.393393805  0.801371491
O  -0.681737006 2.366818396 -0.176344394
C 0.446089527  0.138793560  2.981178617
H  -0.489877928 -0.121097737  3.484145421
H 0.922429557 -0.747025644  2.567823951
H 1.134287262  0.644359731  3.662772653
Cc -0.444608326  2.975749973 -1.471751762
H 0.624447899  3.156421030 -1.598415116
H  -0.812598553  2.254049450 -2.197512183
H -1.018957210  3.905596150 -1.519051919
F -1.144893874  0.135938425 -1.542154981
/. ||:‘\\\\O\§S//O
NG er
High Spin oTf 3
Fe -0.797171258 0.886177739  0.145111379
0] 0.979626510  1.002791667 -0.711015109
S 2.347820340  1.349972062 -0.079012448
O 2469822476  2.791855187  0.181661733
0] 2.730091219  0.406016704  0.970955063



m O O O u»v O

Tn

Tn

r O I T O O

r T T O T T T O O T

Tn

3.460847601
3.047779760
3.461025245
4.701935740
-0.672129523
-1.198452812
-2.317328573
-1.342577458
0.233604141
0.439264068
1.332258561
-0.093759274
-0.018423823
-0.649234499
-1.723307042
-0.207435030
-0.356060217
-0.915906071
0.717535901
-0.778786106
0.206368694
-0.747992358
0.773466795
0.797221902
-0.385218579
0.700291760
-0.718014787
-0.890881917

-2.463596712

1.016672207
1.718636707
-0.281297994
1.392026581
-1.182261035
-1.664042170
-2.587247873
-0.370953601
-2.573270676
-3.698047870
-1.829783667
-2.863590417
1.373640173
2.598628745
2.423104092
2.919814850
3.628110765
4.550784967
3.835078009
3.075798842
0.388162564
0.017950493
-0.413277287
0.848232776
3.857753096
3.979567945
3.311843247
4.828478871

1.094498217

-1.534737922
-2.594195627
-1.839711435
-1.216337727
0.682259138
-0.663825347
-0.663653210
-1.456802648
-1.449763445
-0.765873502
-1.429833236
-2.707840725
2.070064073
2.497273902
2.618067821
3.446701821
1.421427007
1.620317573
1.372699690
0.161477526
3.101041727
3.486956066
2.633699436
3.898242303
-0.981111036
-1.000270203
-1.864720524
-0.940489334

0.689562133

S27

F

. ,\\\O\\ //O
et
Low Spin OTf 3
Fe -0.632276148 0.772810613  0.396717157
0] 1.084195894  0.781522677 -0.489703730
S 2410467635  1.327409573  0.086527571
] 2409477556  2.796544136  0.179265048
0] 2.899010279  0.549593911  1.226058385
C 3.517392320  0.924036700 -1.355667548
F 3.051402536  1.505248228 -2.466087522
F 3.581740456 -0.395327601 -1.542617202
F 4.741781265 1.390274358 -1.098274466
O  -0.519607011 -1.195441603 0.563538346
S -1.230972311 -1.438100305 -0.772228692
O  -2.389544337 -2.307155148 -0.786774907
O  -1.381194841 -0.004168782 -1.284551531
C 0.023393323 -2.276458347 -1.887590535
F 0.282301606 -3.478128423 -1.374280736
F 1143843881 -1.578922298 -1.984324706
F  -0.530736764 -2.408800356 -3.092792683
0] 0.135999529  1.409429880 2.102640268
C  -0.553217086 2.630307624  2.458378475
H  -1.589840281 2.387689677 2.706776233
H  -0.041184472  3.089693938  3.309742079
C  -0.450600809 3.513426630  1.230623623
H  -1.107563298 4.385355270  1.319007260
H 0.584207825  3.813844006  1.049210015
O  -0.900741803 2.705150145 0.116798558
C 0.226140167  0.422076555  3.157855223
H  -0.773165500 0.051716054  3.400036571



H 0.861220203 -0.370581798  2.767813663
H 0.700907148  0.890431986  4.023545034
C  -0.650630412  3.273694448 -1.188121413
H 0.420518048  3.439558572 -1.322055712
H  -1.026089526  2.549597728 -1.909910139
H -1.211454514  4.209565338 -1.267353537
F -2.191388867  0.712173750  1.179511999
ON /O/.Fllzé\\\\q} //O
P07 N6 e
At
O
High Spin
Fe -0.889684873 0.696480181 -0.804732276
O  -0.455469317 -0.582205639 -2.410769583
S 0.233837582  0.503888195 -3.233866718
0] 0.087032898  1.745115786 -2.361387020
0] 1.554538600 0.208450348 -3.760069606
C  -0.904665308 0.789533717 -4.688226567
F  -2.133462089 1.039608749 -4.256837254
F  -0.898684994 -0.305608436 -5.444268245
F  -0.445314940 1.825562909 -5.385739671
o] -1.293716675 -0.439451244  0.910992701
S -1.070817847  0.727335416  1.869778622
O  -0.200136779 0.504336696  3.009733649
O  -0.737815369  1.884339626  0.932960116
C  -2.771069920 1.123019694  2.538937544
F  -3.189370973 0.089010933  3.265066621
F -3.612345708 1.344939339  1.538033684
F -2.674790765  2.206980251  3.305157221
0 2.623902122 -2.945428331  1.000403291

S28

C 2141717536 -1.628649269  1.165235720
H 1278150028 -1593535395  1.845476066
H 2922477998 -0.974788383 1588633230
O  1.230969564  0.194199041 -0.216951122
C  1.725463034 -1.163488152 -0.227992172
H 00910986624 -1.785526665 -0.600417233
H 2562876270 -1.238515623 -0.930524424
C 2996277908 -3.554757871  2.220906013
H  3.807304969 -3.002586219  2.720803683
H 2146262141 -3.626121271  2.916283187
H  3.347485239 -4561731121 1984113323
C 2250737832 1.210386481 -0.231565874
H 2908504715 1.097072257  0.634039174
H 2827706471 1.147329698 -1.159635816
H 1740887784  2.171066249 -0.175802717
F -2526077752 1.105682338 -1.253288002
O. 0., Il:\ N //O
) e. >S
FoC 07 L 0" cF,
L
(@]
Low Spin
Fe -0.600294993  0.637522023 -0.750747091
O  -0.390172046 -0.600504392 -2.333331771
S 0.166679747 0.519481052 -3.208887805
O 0.144474005 1.707436847 -2.232261813
O 1404615418 0.278456107 -3.926795401
C  -1.142078520  0.893374390 -4.497761219
F -2.314585221 1.115633237 -3.932408829
F -1.216216544 -0.156138415 -5.313767337
F -0.746190861 1.968721022 -5.175723509



-1.138632171
-1.076598259
-0.335694669
-0.649948118
-2.847732789
-3.269491652
-3.624528392
-2.851226170
2.656716209
2.137946214
1.230058370
2.875556053
1.310849229
1.806082354
1.015313373
2.685968426
2.953052108
3.716482610
2.056997497
3.338150065
2.320105167
3.000464733
2.866982168
1.800048769

-2.223234205

-0.458187670
0.729370657
0.543249009
1.860796012
1.084892403
0.070283319
1.214584479
2.209702647

-2.950375453

-1.646658150

-1.637183044

-0.981432747
0.188699575

-1.174406444

-1.787314555

-1.230758191

-3.573089024

-3.014832358

-3.669871507

-4.569805878
1.220304194
1.054365427
1.212905704
2.167594233

1.013927871

0.819598544
1.788634369
3.023155710
0.857027441
2.287073392
3.040418644
1.225710280
2.999755102
1.049347658
1.198874709
1.818749159
1.679189597
-0.212712745
-0.214493157
-0.644942290
-0.863774370
2.285119865
2.848858011
2.916317440
2.058431011
-0.201202998
0.637091000
-1.148318344
-0.071669672

-1.161342309

S29

TfQ OTf
tBu -
N----F-----Fe-
RagnA
(
High Spin TS /
Fe -2.538649674 1.814414613 2.631473041
0] -0.918751045  2.294775406  1.635724366
S 0.541985521  2.749035994  1.767871106
o] 0.644879434  4.099237133  2.336115054
o] 1413839038 1.702976145  2.308954673
C 0.969666798  2.918805817 -0.035318784
F 0.178073457  3.820412032 -0.614746221
F 0.822609896  1.741936450 -0.658155788
F 2.242016001  3.311464552 -0.146669458
o] -3.839466244  2.110995268  1.132387127
S -4.456317453  3.415223845  0.602284223
0] -5.763864700  3.679739776  1.220573395
0] -3.497216907 4.516320707  0.499121676
C -4.809142389  2.895850021 -1.149244071
F -5.668462551  1.866629934 -1.171194832
F -3.677902321  2.521467893 -1.758281622
F -5.344934158  3.920118085 -1.816669243
0o -2.497795941  -0.737247341  7.262577434
C -2.378155320  0.519611711  6.630463549
H -3.366759871  0.950652467  6.406867057
H -1.844991228  1.230994695  7.284372331
O -1.464964287  1.523688613  4.590218648
C -1.615863734  0.294454814  5.325744719
H -2.160763313 -0.385682180  4.673974043
H -0.628806695 -0.137963331  5.521069166



r o0 rr rr r O I T T O O T T O T T O O

I O O Z2 m r T T O I I

I

-4.301581713
-4.966202587
-5.581778087
-5.599254160
-3.901471785
-4.379934129
-3.361807838
-2.983588697
-3.174132011
-2.647085130
-4.201489709
-3.216760847
-0.385240658
-0.554421840

0.563425896
-0.347737557
-5.224725405
-5.949201133
-4.633590920
-5.747214441
-2.323453925
-1.818860564
-1.592235070
-3.062613166
-2.542978255
-3.004530808
-3.639761485
-3.843742847
-2.895449075
-4.443622435

-4.371773614

1.558543009
2.799222960
3.092078691
2.672309029
3.841984195
4.826364849
3.641267811
3.824719293
-0.664424070
-0.013365978
-0.284343824
-1.676744277
2.347920060
2.643600983
1.810536502
3.236337193
0.475653398
0.731733691
-0.383161052
0.264317728
5.085777658
5.417121630
4922157773
5.823775101
-0.133327792
-1.805678236
-1.516664944
-2.868132029
-3.346087849
-3.564181022

-2.621490800

4.031262604
4.325591739
3.467373990
5.214395066
4.595406629
4.665324544
5.530482994
3.501930650
8.500676208
9.215846971
8.383556429
8.909061967
5.063219432
6.104481216
4.971524930
4436146720
3.831946357
3.052413749
3.521270739
4.772558229
3.262702743
4.178138170
2.476709524
2.939635928
2.395472343
1.518909820
0.226378685
-0.528709345
-0.771997714
0.057773199

-1.455194242

S30

C -2.783457258 -0.591195354 -0.661773456
H  -1.843558726 -1.070915563 -0.942629370
H  -3.342949632 -0.370344951 -1.575606332
H -2.575756628 0.355087085 -0.163891529
C  -5.019674708 -0.900291899  0.497447905
H  -5.555443523 -0.771111237 -0.447178920
H  -5.609522672 -1.557092994  1.144143034
H  -4.920596557 0.081307860 0.957512786
C  -2.033121626 -2.725299094  1.863723381
O  -2.307322864 -3.887994060  1.564408165
C  -0.858985278 -2.415503114  2.733966140
C  -0.850008687 -3.068817742  3.976047903
C 0.259354433 -1.672087030  2.306388941
C 0.238893308 -2.945364251  4.833968991
C 1.344786327 -1.564913239  3.184743266
C 1.338507437 -2.184008143  4.434845366
H  -1.705011958 -3.675122424  4.259394009
H 0.230262894  -3.443344110 5.798902567
H 2.205649467 -0.981338200 2.873755497
H 2.199273375 -2.081589741  5.090424135
C 0.334566188 -1.052194827  0.935928979
H 1.315903121 -0.609612972  0.763589955
H 0.155675963 -1.800612274  0.154832493
H  -0.404793296 -0.258468255 0.823201266
o, CFs
oo
tBu o4
o TR
TfO
High Spin TS




Fe

w

o o O

r o r r T 0O O T T O T T O O

-2.354097465
-0.982347484

0.257567633
-0.208396735

1.071316666

1.362791933

0.814238019
1.542547115

2.537665807
-4.024787373
-5.207334517
-5.646265779
-5.027907624
-6.528181055
-6.734175512
-6.165177011
-7.663128528
-2.899835196
-3.051332268
-4.080584900
-2.834731585
-2.065987142
-2.291205833
-1.028346806
-2.229910550
-3.807821343
-4.838274972
-3.622133252
-3.586828887
-2.095968162

-1.144204303

1.935434878
2.399263388
1.926370831
1.655758401
0.916093689
3.423729840
4.336474568
3.966132025
3.051066751
2.371438736
3.251102359
2.923151256
4.660302205
2.597926645
1.295869659
2.762316227
3.264345430
1.836623144
3.095765455
3.444873937
2.964823253
4.067385206
5.084450693
3.819138349
3.971145744
0.827139844
1.171331621
-0.054383390
0.620951563
5.197204426

5.677616887

1.771298159
0.149542363
0.880989838
2.291048056
0.219098290
1.021023514
1.837719026
-0.181775895
1.526108614
0.820680577
1.272172406
2.636879037
0.919011007
0.137742217
0.370604481
-1.135321222
0.363274047
3.868930079
4.544015662
4.409234041
5.612338655
3.922082239
4.261165653
4.173994265
2.502051024
4.354097138
4.230297829
3.746786568
5.407021612
1.756032490

1.993760238

S31

-2.124486374
-2.940953215
-2.552949127
-2.455660169
-2.966425461
-3.089086849
-2.101201432
-3.653228363
-3.636165191
-2.094036684
-1.091622829
-2.558612628
-2.010036879
-4.393543611
-4.858322767
-5.004559616
-4.374598054
-1.128277966
-0.428528711
-0.733682914
-1.735798429

0.633485262
-1.412104447

0.927667923
-0.070804022
-2.768970060
-2.195699556

1.969282478

0.200933438

1.768630717

2.709086036

4.920829232

5.851834202
0.043320317
-1.713060265
-1.450304356
-2.886491268
-3.304841930
-3.555236306
-2.775534642
-0.552093289
-0.963922495
-0.463463560
0.451163180
-0.889637714
-0.815323722
-1.547005198

0.100646990
-2.084614487
-2.543982808
-2.100208245
-2.208328979
-2.081515408
-2.281920072
-2.131628765
-2.231305353
-2.257368896
-2.383772527
-2.100070236
-2.281023544
-2.016244797

-1.811203962

0.703705740
1.980682176
1.699350317
0.763145062
-0.565772457
-1.194095017
-1.382092470
-0.538855668
-2.135703011
-1.456501198
-1.576827095
-2.443778109
-1.034415708
-0.417698849
-1.405383587
0.207980043
0.034231518
1.034345775
0.131905810
2.466373209
3.446964105
2.842322338
4.796404536
4.210490062
5.178852728
3.124118673
5.541959192
4.519167237
6.230099471
1.849441081

2.369447015



H 1.869686053 -2.962756604  1.309777332
H 1611261805 -1.238931734  1.097784621
O
d N -tBu
F
C 1.012296287  1.092315019 -1.125324136
C -0.141570404  1.493681106 -0.453128359
C 1529562731 -0.176409437 -0.886966423
C 0.890128126 -1.065601343 -0.010380528
C -0.268937769 -0.663845837  0.689288451
C -0.756967026  0.627240047  0.448812541
H 1509777106  1.762285876 -1.820123028
H -0.556498706  2.483918572 -0.619421008
H 2441582142 -0.500154780 -1.377748350
C 1596239091 -2.378906473 0.161612276
C -0.983567793 -1.540560153  1.691896339
H -1.639486333  0.958912756  0.989970417
0] 2.811439315 -2.445954634  0.295375292
N 0.816319394 -3.540913580 0.201722396
F -0.384993084 -3.333769416 -0.539626218
C 1.339380332 -4.903008421 -0.124008415
H -0.286256717 -2.142946506  2.279651730
H -1.660224131 -2.237785327  1.188682983
H -1.573205919 -0.928907348  2.380280215
C 2.391122642 -5.272418429  0.938475994
C 1.932671289 -4.923877999 -1.543171651
C 0.154317547 -5.878074418 -0.010521245
H 3.269890169 -4.633528858  0.874214755
H 2.689994044 -6.313772393  0.781556746
H 1967378289 -5.187290914  1.943753096

H -0.311668375 -5.809048252  0.976948606
H 0.522336964 -6.898914879 -0.146855362
H -0.606633968 -5.681832922 -0.767301428
H 2.792579949  -4.253739271 -1.612777830
H 1.180278353 -4.614039782 -2.274718711
H 2.262257194  -5.935533799 -1.799425603
O
d N -1Bu
C 1.285386240 1.343010834 -0.289503926
C 0.112784168  1.548649384  0.437063010
C 1.673573417 0.044405144 -0.595283408
C 0.907446302 -1.061838029 -0.193413800
C -0.280693640 -0.862854067  0.551105949
o -0.650395909  0.456524159  0.846123973
H 1.889719263 2.184710234 -0.614437606
H -0.207931642  2.555573333  0.689610984
H 2.580696089 -0.149922952 -1.157388877
C 1468763374 -2.393541361 -0.588446504
C -1.162793424  -1.983622543  1.049567178
H -1.559695023 0.626431351  1.416908298
0] 2551848252 -2.491220074 -1.184299534
N 0.700244644 -3.518577974 -0.411274115
C 1.256038224 -4.804781509 0.001756018
H -0.632077053 -2.628768085  1.759670157
H -1.502299159 -2.625615822  0.232669497
H -2.037604694 -1.576665446  1.564501545
C 2.399012661 -4.677135665  1.026158650
C 1761578116 -5.505974031 -1.289360132
C 0.088537864 -5.620189510  0.593012415



H 3232613866 -4.107245232  0.612146093
H  2.761375847 -5.670526929 1.308638533
H 2049217019 -4.176238566 1.935713523
H  -0.204373781 -5.155137339 1506861965
H 0429026785 -6.630034412  0.842447586
H  -0.732929186 -5.694305183 -0.124943377
H 2504605114 -4.947067214 -1.716985267
H 0960016213 -5.568830017 -2.030344534
H 2087611877 -6.521626539 -1.038879927
O
©:’*N~tBu
. H
C 0941382753 1.179781555 -1.057100672
C 0242181712 1.499678753 -0.375442649
C 1512334123 -0.082638871 -0.887768013
C 0929341102 -1.047276126 -0.067891200
C  -0.253927158 -0.720462585 0.687126387
C  -0.820059213 0576718818  0.475256458
H 1400909242 1905036948 -1.715251468
H  -0.699408899 2.476703731 -0.504540598
H 2428096013 -0.349059739 -1.404870992
C 1631841695 -2.384450220 -0.058180839
C  -0.841105820 -1556712771 1656452760
H  -1.717307108 0.837940371  1.030074510
O 2857721764 -2.452967374 -0.154929732
N 0823280596 -3.484373308 -0.006280837
C 1277351068 -4.891943686 -0.086101927
H  -1730526425 -1.226064454 2.181820820
H  -0401954149 -2.496799421  1.961129424
C 2217186155 -5.205637207 1.092895610
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C 1.990509018 -5.144673044 -1.428706277
C 0.011075899 -5.757611059 0.008363796
H 3.097648749 -4.562753002 1.058243161
H 2.539604140 -6.251320350 1.047807548
H 1.703936652 -5.046026173 2.046914533
H -0.516722140 -5.584980231 0.952955921
H 0.274136500 -6.817725655 -0.041146617
H -0.677808948 -5.545552750 -0.817919969
H 2.868815681 -4.503208206 -1.516919833
H 1.317780226 -4.936480663 -2.267446150
H 2.308041327 -6.190470939 -1.496257241
H  -0.172117365 -3.322254987 -0.056497457
S _tBu
Cr
rs 2
C 1.114382918 1.377353072 -0.493296389
C -0.079265556 1.526666641 0.219508909
C 1.648871440 0.107246886 -0.688746778
C 0.999769055 -1.018172797 -0.171493419
C -0.184519555 -0.871601652 0.578892688
C -0.725828491 0.409653347 0.747461198
H 1.617417553  2.248449230 -0.902700788
H -0.505224410 2.515093457 0.367127956
H 2.565444493 -0.044554226 -1.249464196
C 1589750509 -2.370424378 -0.463202186
C -0.809365074 -2.086512647 1.178850861
H -1.647293954  0.529807460 1.311094589
(@] 2.731513507 -2.496210215 -0.914907482
N 0.732742953 -3.430659902 -0.283774684
C 1.179303983 -4.811384315 -0.014973850



H  -0.469155630 -2.333901411  2.188057626
H  -0.262740411 -2.996452326  0.439689586
H  -1.895143851 -2.160005551  1.088053703
C  2.241525009 -4.866926097  1.099346548
C 1749184074 -5.385822532 -1.333758144
C  -0.067417657 -5.616290628  0.390243856
H  3.118143560 -4.276905483  0.824441650
H  2.558188660 -5.901232754  1.270323325
H 1837376402 -4.478179872  2.040691562
H  -0.492304418 -5.245657780  1.329414029
H 0196186114 -6.668475856  0.533400587
H  -0.837651946 -5555310741 -0.384571195
H  2.630243933 -4.822845320 -1.642376576
H 1000005954 -5.330669218 -2.128821151
H 2021502564 -6.436647711 -1.184031983
tBuNH
O N O
tBu
TS
C  -9.011574897  6.843933183 -7.902393072
C  -8.799661957  7.081792178 -6.538339803
C  -9.044954558 5533526814 -8.380943275
C  -8.895098358  4.445684929 -7.519766335
C  -8.642151870  4.672023999 -6.131207640
C  -8.607153467  6.016208757 -5.673674402
H -0.147712596  7.674947801 -8.588303131
H  -8769533719  8.099592495 -6.159951318
H  -0.194691964 5.335729290 -9.437587720
C  -8.999244898  3.080654556 -8.161573929
C  -8.325520417  3.633688021 -5.203660198
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-8.393493020
-8.399794956
-9.835792728
-10.224555966
-8.338631096
-8.406781335
-8.976496702
-10.925909187
-11.195776992
-8.262130779
-9.262045392
-8.488226664
-10.718898754
-11.523126501
-12.090126422
-10.253473825
-11.824370123
-11.226785999
-10.399343626
-6.187818939
-6.747638638
-5.406594885
-5.198386098
-5.747622531
-6.514336625
-6.347566146
-7.353923239
-4.937885585
-4.313768393
-5.523445463

-6.931454763

6.197360735
2.826040226
2.202348853
0.865500105
3.857379171
2.594519161
-0.026981469
1.006996803
0.274467637
0.409502437
-1.021183788
-0.141897233
0.176664956
-0.719743463
0.900034228
1.466817415
1.627319336
0.022575180
2.579392575
6.261260848
5.206457765
5.981070550
4.663133574
3.584733451
3.891349414
7.289874950
5.402091441
6.783626466
4.534957660
2.134478110

3.073265437

-4.623715699
-9.204846429
-7.530742553
-8.044351540
-4.144306170
-5.486372712
-8.166467193
-9.409524721
-7.010260260
-8.866157800
-8.526375110
-7.193096300
-6.028637160
-7.326583266
-6.901903630
-10.136228006
-9.320746781
-9.783419064
-6.781728123
-1.374651173
-0.655714914
-2.492695440
-2.924442582
-2.192356482
-1.060103444
-1.063675969
0.224718135
-3.053444856
-4.133259611
-2.553986541

-0.477610320



r T O O O I T O 2 O

-3.328661272
-4.598105491
-4.122397250
-5.910612739
-4.461307924
-2.595397051
-4.433224613
-4.792509192
-2.073079971

-2.227316262

5.263516302
3.528380478
3.548438037
1.481922320
1.912964860
3.286876935
4877611799
2.372518705
4.110589826

3.176031057

-4.266977653
-5.042077027
-6.437270551
-1.766346366
-2.692546984
-6.383006440
-7.146303060
-7.170809233
-5.897662875

-7.408704503
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Tn

-2.382288302
-4.646421349
-4.345786883
-5.862286666
-3.923024734
-5.510345574
-4.103980827
-6.018782929

-6.324846279

2.360580817
1.439922476
2.260377178
2.542300912
5.709380037
5.062360443
4.831987042
1.889512818

3.553265850

-5.840364585
-6.616919725
-8.163271850
-7.293848869
-6.656415628
-7.135577238
-8.189375300
-3.495769842

-5.161410379



Experimental Procedures and Characterizations
Synthesis of N-(tert-butyl)benzamides. General Procedure A.
Amidations were typically conducted on 2.5-5.0 mmol scale.

To a round-bottom flask with a stir bar was added carboxylic acid (1.0 equiv) and DCM (0.3 M).
N,N-Dimethylformamide (DMF; 0.05 equiv) was added at rt. Oxalyl chloride (1.50 equiv) was
added dropwise. The reaction was stirred at room temperature until bubbling stopped (generally
15-60 min). Without transferring from the reaction flask, volatile components were removed by
rotary evaporation and high vacuum. The crude reaction product, in most cases a yellow oily
solid, was dissolved in DCM (0.3 M) and stirred. tert-Butylamine (1.5 equiv), followed by
triethylamine (2.0 equiv), were added at room temperature, and the reaction was stirred for 1-3
hours. The reaction was quenched with 1 M aqueous HCI and transferred to a separatory funnel.
The crude mixture was diluted with DCM (0.1 M) and water (0.1 M). The organic layer was
removed, and the aqueous layer was then extracted with DCM (3 x 0.1 M). The combined
organic layers were washed with saturated aqueous NaHCO3 and then brine. The organic layer
was dried with MgSQy,, filtered, and concentrated by rotary evaporation. In many cases the crude
amide was quantitatively pure by NMR analysis. If necessary, the amide was purified by silica
column chromatography (typically 20% EtOAc in hexanes) or Biotage flash chromatography.

Synthesis of N-(tert-butyl)-N-fluorobenzamides. General Procedure B.°
Fluorinations were typically conducted on 1.5-3.0 mmol scale.

To a flame-dried round-bottom flask with a stir bar was added amide (1.0 equiv). The contents
were evacuated and backfilled three times with nitrogen. Anhydrous THF (0.13 M) was added
and the stirred solution was cooled on an ice bath for 15 min. n-Butyllithium (1.1 equiv, 2.2-2.5
M in hexanes) was added dropwise. The reaction was maintained at 0 °C for 1.5 h. NFSI (1.5
equiv, 0.6 M in THF) was added dropwise (1 drop/sec). The reaction was left overnight in the ice
bath and allowed to warm to room temperature. After 10-14 h, the reaction was quenched with 1
M aqueous HCI and transferred to a separatory funnel. The crude mixture was diluted with DCM
(0.1 M) and water (0.1 M). The organic layer was removed, and the aqueous layer was extracted
with DCM (3 x 0.1 M). The combined organic layers were washed with saturated aqueous
NaHCOj3 and then brine, dried w/MgSQ,, filtered, and concentrated by rotary evaporation.
NOTE: the wash with NaHCOj3 eases purification by removing the dibenzenesulfonimide
byproduct, but often provides an emulsion. The fluoroamide was purified by Biotage flash
chromatography (gradient, 3 to 30% EtOAc/hexanes) or by silica column chromatography (15%
EtOAc in hexanes, Rt generally 0.5-0.6). In most cases, the fluoroamide is a clear, colorless oil
which turns yellow upon standing; this discoloration shows no decomposition by 1H- or 19F-
NMR and does not affect the efficiency of the fluorine-transfer reaction. Typically, 20-30%
amide and NFSI can be recovered. A common contaminant is the acyl sulfonamide, which in
some cases coelutes with the fluoroamide, but does not affect the performance of the reaction.
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Iron-catalyzed fluorine-transfer reaction. General Procedure C.

Catalytic reactions were typically run on 0.1 mmol scale for optimization, 0.1-0.3 mmol scale for
mechanistic experiments, and 0.5 mmol scale for isolated yields.

To a flame-dried septum-cap reaction vial with a stir bar was added anhydrous Fe(OTf), (10 mol
%). The contents were evacuated and backfilled three times with nitrogen. A solution of
fluoroamide in anhydrous DME (0.5 M) was added via syringe. The reaction mixture was heated
to 40 °C under positive nitrogen pressure for 1-3 hours. After the specified time, the reaction was
quenched by dilution with ethyl acetate (5 mL) and filtered through a 1-inch pad of silica,
washing with ~100 mL ethyl acetate. The solution was concentrated by rotary evaporation. The
benzyl-fluoride product was isolated by silica column chromatography (typically 15-25% EtOAc
in hexanes). Note: The Fe(OTf), was weighed on the benchtop, but should be stored in a
glovebox and retrieved directly before use. Samples of Fe(OTf), that were exposed to ambient
air and moisture for several hours gave diminished yields. Anhydrous DME was dispensed under
argon atmosphere and kept under inert atmosphere before use.
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N-(tert-butyl)-2-methylbenzamide (Sl-1a)

O J<
Cr
H
2-Methylbenzoyl chloride (10.0 mmol, 1.30 mL) was subjected to General Procedure A to

provide Sl-1a (1.884 g, 99% yield) as a white solid. The crude material was quantitatively pure
by NMR analysis and matched the reported spectra.’?

'"H-NMR (400 MHz, CDCls): & 7.36 — 7.23 (m, 2H), 7.23 — 7.13 (m, 2H), 5.59 (s, 1H), 2.43 (s,
3H), 1.47 (s, 9H).

MS (ESI): Calcd. for C15H1sNO [M+H]", 192.14. Found: 192.2.

TLC: Ry = 0.25, 15% EtOAc/hexanes.

N-(tert-butyl)-2-(methyl-d)benzamide (d-Sl-1a)

0

@NX
H

D
To a flame-dried 25-mL round-bottom flask with a stir bar was added SI-1a (3 mmol, 574 mg).
The contents were evacuated and backfilled three times with nitrogen. THF (15 mL, 0.2 M) was
added via syringe and the flask was cooled on an ice bath for 15 minutes. n-Butyllithium (2.8
mL, 2.1 equiv, 2.2 M in hexanes) was added dropwise over approx. 2 minutes. The blood-red
solution was stirred at 0 °C for 45 minutes, and then quenched with D,O (4 mL). The biphasic
mixture was transferred to a separatory funnel and diluted with DCM (25 mL) and brine (25
mL). The organic layer was removed, and the aqueous layer was extracted with 25 mL DCM.
The combined organic layers were dried with MgSQO,, filtered, and concentrated by rotary

evaporation to afford d-Sl-1a as a pure, white solid (582 mg, quantitative). *H-NMR analysis
showed 108% D-incorporation.

'H-NMR (400 MHz, CDCls): § 7.36 — 7.27 (m, 3H), 7.24 — 7.14 (m, 2H), 5.56 (s, 1H), 2.43 (s,
2H), 1.48 (s, 9H).

BC-NMR (151 MHz, CDCl3): 6 169.76, 138.02, 135.51, 130.87, 129.46, 126.52, 125.72, 51.80,
28.97,19.38 (t, J = 19.7 Hz).

HRMS (ESI): Calcd. for C;1,H:7DNO [M+H]+, 193.1446. Found: 193.1453.

FTIR (NaCl) cm™: 3065, 2966, 2454, 2403, 1636, 1546, 1451, 1423, 1362, 1224

TLC: 15% EtOAc/hexanes, Rf = 0.25.
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N-(tert-butyl)-2-(methyl-ds)benzamide (ds-Sl-1a)

0 ><
O
H
CD;
A crude mixture of 2-(methyl-ds)benzoic acid S1-22 and benzoic acid was subjected to General
Procedure A (4.0 mmol). Silica column chromatography (15% EtOAc/hexanes) provided ds-Sl-

1a (502 mg, 64% vyield over 2 steps) as a white solid. *H-NMR analysis showed 99% D-
incorporation.

'H-NMR (400 MHz, CDCls) & 7.32 — 7.23 (m, 2H), 7.22 — 7.14 (m, 2H), 5.64 (s, 1H), 1.46 (s,
9H).

BC-NMR (101 MHz, CDCl3) 6 169.73, 137.97, 135.38, 130.81, 129.40, 126.48, 125.68, 51.74,
28.92.

HRMS (ESI): Calcd. for C1,H;5sD3sNO [M+H]", 195.1571. Found: 195.1585.

FTIR (NaCl) cm™*: 3063, 2966, 1637, 1538, 1446, 1363, 1326, 1225

TLC: Rf=0.25, 15% EtOAc/hexanes.

N-(tert-butyl)-2-ethylbenzamide (SI-1b)

e

H

(0]

2-Ethylbenzoic acid (5.0 mmol, 750 mg) was subjected to General Procedure A to provide SI-1b
(1.011 g, 98% vyield) as a white solid. The crude material was quantitatively pure by NMR
analysis.

'H-NMR (400 MHz, CDCl3): 6 7.29 (dt, J = 13.7, 7.4 Hz, 2H), 7.23 (d, J = 7.6 Hz, 1H), 7.17 (t,
J=7.4Hz, 1H), 5.57 (s, 1H), 2.79 (q, J = 7.6 Hz, 2H), 1.46 (s, 9H), 1.25 (t, J = 7.6 Hz, 3H).
13C-NMR (101 MHz, CDCls): § 169.83, 141.73, 137.53, 129.49, 129.24, 126.55, 125.60, 51.69,
28.79, 26.25, 15.84.

HRMS (ESI): Calcd. for C13HoNO [M+H]", 206.1539. Found: 206.1550.

FTIR (NaCl) cm™: 3324, 2963, 1731, 1643, 1531, 1445, 1310, 1223

TLC: Ry =0.27, 15% EtOAc/hexanes.
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N-(tert-butyl)-2-isopropylbenzamide (S1-1c)

S

2-lsopropylbenzoic acid S1-6 (3.25 mmol, 535 mg) was subjected to General Procedure A and
purified by silica column chromatography (15% EtOAc/hexanes) to provide Sl-1c (651 mg, 91%
yield) as a white solid.

'H-NMR (600 MHz, CDCls): 8 7.36 — 7.30 (m, 2H), 7.26 — 7.22 (m, 1H), 7.18-7.12 (m, 1H),
5.58 (s, 1H), 3.36 (p, J = 6.9 Hz, 1H), 1.46 (s, 9H), 1.26 (d, J = 7.0 Hz, 6H).

BC-.NMR (151 MHz, CDCl5): 6 170.12, 146.26, 137.52, 129.63, 126.45, 125.97, 125.60, 51.85,
29.90, 28.92, 24.20.

HRMS (ESI): Calcd. for C14H22NO [M+H]", 220.1696. Found: 220.1695.

FTIR (NaCl) cm™: 3269, 2964, 1633, 1540, 1445, 1364, 1224

TLC: Rf=0.27, 15% EtOAc/hexanes.

N-(tert-butyl)-2,4-dimethylbenzamide (SI-1d)

o

2,4-Dimethylbenzoic acid (4.0 mmol, 600 mg) was subjected to General Procedure A to provide
SlI-1d (827 mg, 100%) as a white solid. The crude material was quantitatively pure by NMR
analysis.

'H-NMR (400 MHz, CDCl5): 6 7.20 (d, J = 7.6 Hz, 1H), 7.06 — 6.88 (m, 2H), 5.57 (s, 1H), 2.39
(s, 3H), 2.31 (s, 3H), 1.45 (s, 9H).

BC-NMR (101 MHz, CDCl3): 6 169.74, 139.24, 135.45, 135.04, 131.51, 126.55, 126.16, 51.56,
28.85, 25.00, 24.54, 21.18, 19.58.

HRMS (ESI): Calcd. for C13H2oNO [M+H]", 206.1539. Found: 206.1540.

FTIR (NaCl) cm™: 3273, 2972, 1636, 1545, 1452, 1364, 1326, 1227

TLC: R¢=0.30, 15% EtOAc/hexanes.
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N-(tert-butyl)-2-(3-phenylpropyl)benzamide (S1-1e)

O

CrxS

A crude mixture of 2-(3-phenylpropyl)benzoic acid SI-7 and benzoic acid (5.0 mmol scale, see
below) was subjected to General Procedure A and purified by silica column chromatography
(20% EtOAc/hexanes) to provide SI-1e (764 mg, 52% vyield over 2 steps) as a white solid.
Contains roughly 8% residual tert-butylbenzamide.

'H-NMR (400 MHz, CDCls): § 7.38 — 7.27 (m, 5H), 7.25 — 7.17 (m, 4H), 5.56 (s, 1H), 2.87 (t, J
=7.7Hz, 2H), 2.72 (t, J = 7.8 Hz, 2H), 2.08 — 1.92 (m, 2H), 1.49 (s, 9H).

BC-NMR (101 MHz, CDCl3): 6 169.85, 142.31, 140.01, 137.93, 130.02, 129.50, 128.52, 128.38,
126.70, 125.88, 125.81, 77.48, 77.16, 76.84, 51.81, 36.03, 33.24, 32.99, 28.90.

HRMS (ESI): Calcd. for CxH26NO [M+H]", 296.2009. Found: 296.2002.

FTIR (NaCl) cm™: 3244, 3062, 3026, 2956, 2928, 1635, 1541, 1452, 1358, 1323, 1224,

TLC: Rf = 0.34, 20% EtOAc/hexanes.

5-bromo-N-(tert-butyl)-2-methylbenzamide (SI-1f)

o

5-Bromo-2-methylbenzoic acid (4.0 mmol, 860 mg) was subjected to General Procedure A to
provide SI-1f (1.011 g, 98% vyield) as a white solid. The crude material was quantitatively pure
by NMR analysis.

'H-NMR (400 MHz, CDCl3): 6 7.41-7.30(m, 2H), 7.00 (d, J = 8.1 Hz, 1H), 5.72 (s, 1H), 2.30 (s,
3H), 1.42 (s, 9H).

13C-NMR(151 MHz, CDCl5): 6 168.05, 139.65, 134.44, 132.47, 132.25, 132.22, 129.35, 119.08,
106.41, 52.00, 28.86, 19.06.

HRMS (ESI): Calcd. for C1,H17,BrNO [M+H]", 270.0488. Found: 270.0484.

FTIR (NaCl) cm™: 3431, 2971, 1640, 1545, 1477, 1453, 1315, 1223

TLC: Rf=0.27, 15% EtOAc/hexanes.
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N-(tert-butyl)-2-methyl-5-(trifluoromethyl)benzamide (SI-1g)

O X
F3C\d\N
H

2-Methyl-5-(trifluoromethyl)benzoic acid (5.0 mmol, 1.002 g) was subjected to General
Procedure A to provide SI-1g (1.306 g, 100% yield) as a white solid. The crude material was
quantitatively pure by NMR analysis.

'"H-NMR (400 MHz, CDCls): § 7.50 (d, J = 8.8 Hz, 2H), 7.35 — 7.22 (m, 1H), 5.65 (s, 1H), 2.45
(s, 3H), 1.46 (s, 9H).

13C-NMR (101 MHz, CDCls): & 168.34, 139.85, 138.47, 131.34, 128.25 (d, J = 32.7 Hz), 126.05
(9, J = 3.8 Hz), 124.05 (q, J = 272.1 Hz), 123.42 (t, J = 3.9 Hz), 52.23, 28.91, 19.63.

E.NMR (376 MHz, CDCl5):  -62.48 (s).

HRMS (ESI): Calcd. for Ci5H17F3NO [M+H]*, 260.1257. Found: 260.1251.

FTIR (NaCl) cm™: 3431, 2971, 1640, 1548, 1339, 1307, 1124

TLC: R¢=0.38, 20% EtOAc/hexanes.

N-(tert-butyl)-4-methoxy-2-methylbenzamide (S1-1h)

i ><
N
H
MeO

2-Methyl-4-methoxybenzoic acid (2.5 mmol, 415 mg) was subjected to General Procedure A and
purified by silica column chromatography (20% EtOAc/hexanes) to provide SlI-1h (503 mg, 91%
yield) as a white solid.

'H-NMR (400 MHz, CDCl3): 6 7.25 (d, J = 8.4 Hz, 1H), 6.75 — 6.58 (m, 2H), 5.52 (s, 1H), 3.77
(s, 3H), 2.40 (s, 3H), 1.42 (s, 9H).

BC.NMR (101 MHz, CDCl5): 6 169.44, 160.27, 137.89, 130.54, 128.26, 116.31, 110.73, 55.28,
51.60, 28.95, 20.18.

HRMS (ESI): Calcd. for C13HxoNO, [M+H]", 222.1489. Found: 222.1485.

FTIR (NaCl) cm™: 3431, 2967, 1644, 1608, 1541, 1497, 1453, 1247

TLC: Rf=0.20, 20% EtOAc/hexanes.
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N-(tert-butyl)-5-ethynyl-2-methylbenzamide (SI-1i)

oo

5-Ethynyl-2-methylbenzoic acid SI-9 (2.65 mmol, 689 mg) was subjected to General Procedure
A and purified by silica column chromatography (20% EtOAc/hexanes) to provide SI-1i (424
mg, 99% vyield) as a white solid.

'H-NMR (400 MHz, CDCl5): 6 7.39 (d, J = 1.8 Hz, 1H), 7.36 (dd, J = 7.8, 1.8 Hz, 1H), 7.11 (d, J
=7.9 Hz, 1H), 5.64 (s, 1H), 3.05 (s, 1H), 2.38 (s, 3H), 1.43 (s, 9H).

BC-NMR (101 MHz, CDCl3): 6 168.67, 138.05, 136.69, 132.87, 130.98, 130.11, 119.54, 83.04,
77.45,51.94, 28.89, 19.62.

HRMS (EI): Calcd. for C14H17NO [M]", 215.1310. Found: 215.1309.

FTIR (NaCl) cm™: 3293, 2967, 2928, 2106, 1727, 1642, 1542, 1453, 1223

TLC: Rf=0.33, 20% EtOAc/hexanes

N-(tert-butyl)-2-methyl-5-(phenylethynyl)benzamide (S1-1j)

Ph O
hsea

2-Methyl-5-(phenylethynyl)benzoic acid SI-11 was subjected to General Procedure A on 3.0
mmol scale. The crude product was purified by silica column chromatography (20%
EtOAc/hexanes) to provide SI-1j (637 mg, 73% yield) as a white solid.

'H-NMR (400 MHz, CDCl3): 6 7.57 — 7.49 (m, 2H), 7.47 (s, 1H), 7.43 (d, J = 7.9 Hz, 1H), 7.39
—7.29 (m, 3H), 7.17 (d, J = 7.9 Hz, 1H), 5.64 (s, 1H), 2.43 (s, 3H), 1.47 (s, 9H).

BC.NMR (101 MHz, CDCl3): 6 168.86, 138.08, 136.17, 132.41, 131.67, 131.09, 129.60, 128.48,
128.45, 123.18, 120.77, 89.65, 88.78, 51.97, 28.95, 19.68.

HRMS (ESI): Calcd. for CoH2,NO [M+H]", 292.1696. Found: 292.1696.

FTIR (NaCl) cm™t: 2970, 2095, 1640, 1541, 1362, 1224

TLC: Rf=0.35, 20% EtOAc/hexanes
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N-(tert-butyl)-5-(cyclopent-2-en-1-yl)-2-methylbenzamide (SI-1k) and isomers
o) o) o}
“X “X “X
H H H
10 : 2 : 1

5-(Cyclopent-2-en-1-yl)-2-methylbenzoic acid SI-13 (3.0 mmol, 607 mg) was subjected to
General Procedure A. The crude product was purified by silica column chromatography (20%
EtOAc/hexanes) to provide SI-1k (608 mg, 79% yield) as a white solid. The isolated product
was a 10 : 2 : 1 mixture of SI-1k : 3-cyclopentene : styrene.

'H-NMR (SI-1j only) (400 MHz, CDCls): & 7.14 — 7.01 (m, 3H), 5.94 (dg, J = 4.6, 2.1 Hz, 1H),
5.81 -5.67 (m, 1H), 5.56 (s, 1H), 3.85 (ddt, J = 6.7, 4.5, 2.8 Hz, 1H), 2.56 — 2.45 (m, 1H), 2.45 -
2.28 (m, 5H), 1.76 — 1.63 (m, 1H), 1.46 (s, 9H).

BC-NMR (SI-1j only) (101 MHz, CDCls): 6 169.99, 144.12, 138.04, 134.06, 132.82, 132.31,
130.91, 128.23, 125.34, 51.78, 50.86, 33.85, 32.56, 28.96, 19.19.

HRMS (ESI): Calcd. for Ci7H2NO [M+H]", 258.1852. Found: 258.1848.

FTIR (NaCl) cm™: 3062, 2967, 2928, 2111, 1641, 1542, 1452, 1364, 1223

TLC: Rf = 0.40, 20% EtOAc/hexanes

N-(tert-butyl)-2-methyl-5-vinylbenzamide (SI-11)

area

2-Methyl-5-vinylbenzoic acid SI1-15 (2.3 mmol, 373 mg) was subjected to General Procedure A
and purified by silica column chromatography (20% EtOAc/hexanes) to provide SI-11 (479 mg,
96% yield) as a white solid.

'H-NMR (400 MHz, CDCl3): 6 7.31 (s, 1H), 7.29 (s, 1H), 7.12 (d, J = 7.8 Hz, 1H), 6.65 (dd, J =
17.6,10.9 Hz, 1H), 5.71 (d, J = 17.6 Hz, 1H), 5.62 (s, 1H), 5.22 (d, J = 10.9 Hz, 1H), 2.38 (s,
3H), 1.45 (s, 10H).

BC.NMR (101 MHz, CDCl3): 6 169.59, 138.19, 136.03, 135.25, 134.94, 131.04, 126.98, 124.35,
113.90, 51.83, 28.93, 19.37.

HRMS (ESI): Calcd. for C14H2NO [M+H]", 218.1539. Found: 218.1541

FTIR (NaCl) cm™: 2967, 2919, 2080, 1641, 1545, 1453, 1362, 1319

TLC: Rf=0.33, 20% EtOAc/hexanes
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2-(but-3-en-1-yl)-N-(tert-butyl)benzamide (SI-1m)

e

A~

A crude mixture of 2-(but-3-en-1-yl)benzoic acid SI-16 and benzoic acid (6 mmol scale, see
below) was subjected to General Procedure A and purified by silica column chromatography
(20% EtOAc/hexanes) to provide SI-1m (625 mg, 45% yield over 2 steps) as a white solid.

'H-NMR (400 MHz, CDCls): 6 7.31 (m, 2H), 7.27 — 7.15 (m, 2H), 5.97 — 5.79 (m, 1H), 5.64 (s,
1H), 5.14 - 4.91 (m, 2H), 2.89 (t, J = 7.8 Hz, 2H), 2.49 - 2.32 (q, J = 7.2 Hz 2H), 1.48 (s, 9H).
BC-NMR (101 MHz, CDCl3): 6 169.77, 139.45, 138.15, 137.95, 130.09, 129.43, 126.69, 125.93,
115.06, 51.81, 35.66, 32.70, 28.88.

HRMS (ESI): Calcd. for C1sH22NO [M+H]", 232.1696. Found: 232.1692.

FTIR (NaCl) cm™: 2971, 2095, 1632, 1546, 1453, 1364, 1324

TLC: Rf=0.36, 20% EtOAc/hexanes.

N-(tert-butyl)-3-methylthiophene-2-carboxamide (SI-10)

(@)
NGh
\ || H

3-Methylthiophene-2-carboxylic acid (2.5 mmol, 355 mg) was subjected to General Procedure A
to provide SI-10 (490 mg, 99% vyield) as a clear, pale yellow oil. The crude material was
quantitatively pure by NMR analysis.

'H-NMR (400 MHz, CDCls): 6 7.20 (dd, J = 5.0, 1.3 Hz, 1H), 6.84 (dd, J = 5.1, 1.4 Hz, 1H),
5.64 (s, 1H), 2.47 (s, 3H), 1.44 (s, 9H).

BC.NMR (101 MHz, CDCls): 6 162.57, 139.87, 132.65, 131.93, 125.87, 51.96, 29.03, 15.69.
HRMS (ESI): Calcd. for C1oH1sNOS [M+H]", 198.0947. Found: 198.0959.

FTIR (NaCl) cm™: 2968, 2099, 1639, 1512, 1452, 1283, 1215

TLC: Rf = 0.40, 20% EtOAc/hexanes.
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N1,N3-di-tert-butyl-2-methylisophthalamide (S1-1p)

I

2-Methylisophthalic acid S1-16 (4.2 mmol, 757 mg) was subjected to General Procedure A. The
crude material was purified by silica column chromatography (50% EtOAc/hexanes) to provide
SI-1p (1.083 g, 89% yield) as a white solid.

'H-NMR (400 MHz, CDCls): & 7.24 — 7.17 (m, 3H), 7.10 (t, J = 7.6 Hz, 1H), 5.52 (s, 2H), 2.35
(s, 3H), 1.40 (s, 18 H).

13C-NMR (101 MHz, CDCls): & 169.45, 139.62, 132.10, 127.28, 125.79, 52.04, 28.94, 16.31.
HRMS (ESI): Calcd. for C17H2;N,0, [M+H]", 291.2067. Found: 291.2079.

FTIR (NaCl) cm™: 2968, 2092, 1634, 1544, 1449, 1362, 1315, 1227

TLC: Ry = 0.24, 50% EtOAc/hexanes.

(E)-N-(tert-butyl)-3,7-dimethylocta-2,6-dienamide (SI-1r)
0
PPN $'E
H

(E)-Geranic acid (5.0 mmol, 841 mg) was subjected to General Procedure A. The crude material
was purified by silica column chromatography (20% EtOAc/hexanes) to provide SI-1r (604 mg,
54% yield) as a white solid.

'H-NMR (400 MHz, CDCl5): 6 5.46 (s, 1H), 5.28 (s, 1H), 5.10 — 4.98 (m, 1H), 2.18 — 1.96 (m,
7H), 1.65 (s, 3H), 1.57 (s, 3H), 1.34 (s, 9H).

BC-NMR (101 MHz, CDCl5): 6 166.91, 152.65, 132.22, 123.43, 119.37, 77.48, 77.16, 76.84,
51.04, 40.78, 29.02, 26.26, 25.75, 18.11, 17.76.

HRMS (ESI): Calcd. for C14H26NO [M+H]", 224.2009. Found: 224.2012.

FTIR (NaCl) cm™: 3069, 2968, 2927, 2859, 1661, 1632, 1542, 1450, 1363, 1268

TLC: Rf = 0.40, 20% EtOAc/hexanes.
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N-(tert-butyl)-3,3-dimethylbutanamide (SI-15s)
U ><

N

H

3,3-Dimethylbutyric acid (0.400 mL, 3.1 mmol) was subjected to General Procedure A to
provide Sl-1s (450 mg, 85%) as a white solid. The crude material was quantitatively pure by
NMR analysis and matched the reported spectra.*!

'H-NMR (400 MHz, CDCl3): § 5.15 (s, 1H), 1.94 (s, 2H), 1.34 (s, 9H), 1.02 (s, 9H).

MS (ESI): Calcd. for C1oH2,NO [M+H]* 172.17. Found: 172.3.
TLC: Ry = 0.28, 20% EtOAc/hexanes (visualized with KMnOy).

N-(tert-butyl)-2-(cyclopropylmethyl)benzamide (SI-2)

e

H
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A crude mixture of 2-(cyclopropylmethyl)benzoic acid SI-20 and benzoic acid (6.0 mmol scale,
see below) was subjected to General Procedure A and purified by silica column chromatography
(20% EtOAc/hexanes) to provide SI-2 (433 mg, 31% vyield over 2 steps) as a white solid. Note:
Contains a small amount (<5%) of alkene contaminant.

'H-NMR (400 MHz, CDCl3) 6 7.45 —7.25 (m, 3H), 7.19 (td, J = 7.4, 1.5 Hz, 1H), 5.62 (s, 1H),
2.71 (d, J = 6.8 Hz, 2H), 1.45 (s, 9H), 1.11 - 0.93 (m, 1H), 0.58 — 0.42 (m, 2H), 0.31 - 0.12 (m,
2H).

BC.NMR (101 MHz, CDCl3) 6 169.90, 139.85, 137.74, 129.80, 129.51, 126.61, 125.90, 51.85,
37.22, 28.95, 11.89, 4.94.

HRMS (ESI): Calcd. for C1sH2,NO [M+H]", 232.1696. Found: 232.1705.

FTIR (NaCl) cm™l: 2967, 2103, 1640, 1539, 1449, 1315, 1229

TLC: Rf=0.37, 20% EtOAc/hexanes.
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N-(tert-butyl)-2-((trans-2-phenylcyclopropyl)methyl)benzamide (S1-3)

e
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A crude mixture of 2-((trans-2-phenylcyclopropyl)methyl)benzoic acid SI-21 and benzoic acid
(4.0 mmol scale, see below) was subjected to General Procedure A and purified by silica column
chromatography (20% EtOAc/hexanes) to provide SI-3 (597 mg, 48% yield over 2 steps) as a
white solid.

'"H-NMR (400 MHz, CDCls3) § 7.41 — 7.29 (m, 3H), 7.28 — 7.18 (m, 3H), 7.17 — 7.10 (m, 1H),
7.04 (d, J=7.1 Hz, 2H), 5.63 (s, 1H), 2.95 (qd, J = 15.0, 6.9 Hz, 2H), 1.91 - 1.73 (m, 1H), 1.47
—1.37 (s, 10H), 1.07 — 0.88 (m, 2H).

BC.NMR (101 MHz, CDCl3) 6 169.82, 143.46, 139.27, 137.66, 129.74, 129.66, 128.32, 126.64,
126.03, 125.75, 125.38, 77.48, 77.16, 76.84, 51.84, 36.86, 28.92, 23.99, 23.50, 16.41.

HRMS (ESI): Calcd. for C21H6NO [M+H]", 308.2009. Found: 308.2003.

FTIR (NaCl) cm™: 3066, 2969, 1642, 1535, 1510, 1450, 1364, 1312, 1222

TLC: Rf=0.34, 20% EtOAc/hexanes.

N-(tert-butyl)-N-fluoro-2-methylbenzamide (1a)

-

N-(tert-butyl)-2-methylbenzamide Sl-1a (4.0 mmol, 765 mg) was subjected to General
Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp
to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 40
mL/min) provided 1a (283 mg, 34% yield) as a clear, light yellow oil.

'H-NMR (600 MHz, CDCly): & 7.37 — 7.27 (m, 2H), 7.24 — 7.17 (m, 2H), 2.41 (s, 3H), 1.56 (d, J
= 2.2 Hz, 9H).

3C-NMR (151 MHz, CDCls): & 175.17 (d, J = 11.3 Hz), 135.47 (d, J = 2.3 Hz), 135.21, 130.55,
130.03, 127.27 (d, J = 4.5 Hz), 125.44, 64.50 (d, J = 10.4 Hz), 27.31 (d, J = 5.6 Hz), 19.46.
YE_NMR (376 MHz, CDCls): & -65.88 (s).

HRMS (EI): Calcd. for C1oH16FNO [M]*, 209.1216. Found: 209.1211

FTIR (NaCl) cm™: 2981, 2935, 1689, 1458, 1367, 1308, 1206

TLC: Rf = 0.55, 15% EtOAc/hexanes.
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N-(tert-butyl)-N-fluoro-2-(methyl-d)benzamide (d-1a)

b o)
t j NN
F
N-(tert-butyl)-2-(methyl-d)benzamide d-SlI-1a (2.5 mmol, 481 mg) was subjected to General
Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp
to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 40

mL/min) provided d-1a (196 mg, 38% vyield) as a clear, light yellow oil. *H-NMR analysis
showed 115% D-incorporation.

'H-NMR (400 MHz, CDCls): & 7.31 (t, J = 7.5 Hz, 2H), 7.25 — 7.16 (m, 2H), 2.39 (s, 2H), 1.55
(d, J = 1.9 Hz, 9H).

B3C-NMR (101 MHz, CDCl3): 6 175.14 (d, J = 10.8 Hz), 135.44, 135.22, 130.55, 130.05 (d, J = 1.3
Hz), 127.28 (d, J = 4.4 Hz), 125.46, 64.52 (d, J = 10.6 Hz), 27.33 (d, J = 5.7 Hz), 19.21 (t, J =
19.5 Hz).

YE_NMR (376 MHz, CDCls): & -64.73 (s).

HRMS (CI): Calcd. for C1,H:sDFNO [M]*, 210.1279. Found: 210.1279.

FTIR (NaCl) cm™: 2981, 2936, 1687, 1490, 1458, 1367, 1307, 1205

TLC: Rf=0.55, 15% EtOAc/hexanes.

N-(tert-butyl)-N-fluoro-2-(methyl-ds)benzamide (ds-1a)

0
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N-(tert-butyl)-2-(methyl-ds)benzamide ds-Sl-1a (2.0 mmol, 388 mg) was subjected to General
Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp
to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 40

mL/min) provided d-1a (130 mg, 31% yield) as a clear, light yellow oil. *H-NMR analysis
showed >98% D-incorporation.

'"H-NMR (400 MHz, CDCls3) § 7.36 — 7.28 (m, 2H), 7.25 — 7.17 (m, 2H), 1.55 (d, J = 1.9 Hz,
9H).

3C-NMR (101 MHz, CDCl3) & 175.14 (d, J = 10.9 Hz), 135.37, 135.21, 130.53, 130.04 (d, J =
1.4 Hz), 127.28 (d, J = 4.4 Hz), 125.45, 64.50 (d, J = 10.5 Hz), 27.30 (d, J = 5.7 Hz).
YF-NMR (376 MHz, CDCl3) & -64.48.

HRMS (CI): Calcd. for C1,H14DsFNO [M], 213.1477. Found: 213.1467.

FTIR (NaCl) cm™: 2982, 2935, 1687, 1490, 1461, 1448, 1367, 1306, 1205

TLC: R¢=0.55, 15% EtOAc/hexanes.
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N-(tert-butyl)-N-fluoro-2-ethylbenzamide (1b)
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N-(tert-butyl)-2-ethylbenzamide SI-1b (3.0 mmol, 616 mg) was subjected to General Procedure
B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp to 30%
EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 40 mL/min)
provided 1b (313 mg, 46% yield) as a clear, light yellow oil.

'H NMR (600 MHz, CDCls): 6 7.34 (td, J = 7.6, 1.4 Hz, 1H), 7.30 (dd, J = 7.7, 1.4 Hz, 1H), 7.26
(t, J=8.0Hz, 1H), 7.20 (td, J=7.5, 1.2 Hz, 1H), 2.74 (9, J = 7.6 Hz, 2H), 1.56 (d, J = 2.1 Hz,
9H), 1.24 (t, J = 7.6 Hz, 3H).

3¢ NMR (151 MHz, CDCls): 8 175.13 (d, J = 10.9 Hz), 141.70 (d, J = 2.3 Hz), 134.76, 130.12,
129.03, 127.23 (d, J = 4.2 Hz), 125.46, 64.41 (d, J = 10.5 Hz), 27.28 (d, J = 5.6 Hz), 26.23,
15.78.

e NMR (376 MHz, CDCl3): 6 -63.21 (s)

HRMS (EI): Calcd. for C13H1gFNO [M]", 223.1372. Found: 223.1375.

FTIR (NaCl) cm™: 3423, 2979, 2088, 1679, 1644, 1311, 1204

TLC: R¢=0.55, 15% EtOAc/hexanes.

N-(tert-butyl)-N-fluoro-2-isopropylbenzamide (1c)

S

N-(tert-butyl)-2-isopropylbenzamide Sl-1c (2.75 mmol, 603 mg) was subjected to General
Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp
to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 40
mL/min) provided 1c (330 mg, 50% yield) as a clear, light yellow oil.

'H-NMR (400 MHz, CDCls): & 7.45 — 7.30 (m, 2H), 7.29 — 7.14 (m, 2H), 3.16 (hept, J = 6.9 Hz,
1H), 1.56 (d, J = 1.9 Hz, 9H), 1.26 (d, J = 6.9 Hz, 6H).

B3C-NMR (101 MHz, CDCl5): 6 175.28 (d, J = 11.2 Hz), 146.00 (d, J = 2.3 Hz), 134.57, 130.10
(d, J=1.4 Hz), 126.71 (d, J = 4.0 Hz), 125.81, 125.48, 64.54 (d, J = 10.4 Hz), 30.48, 27.35 (d, J
= 5.6 Hz), 24.15.

YE_NMR (376 MHz, CDCl3): & -62.59 (s).

HRMS (CI): Calcd. for C14H,FNO [M+H]", 238.1602. Found: 238.1606.

FTIR (NaCl) cm™: 3435, 2967, 1652, 1460, 1366, 1307, 1204

TLC: Rf = 0.55, 15% EtOAc/hexanes.
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N-(tert-butyl)-N-fluoro-2,4-dimethylbenzamide (1d)
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N-(tert-butyl)-2,4-dimethylbenzamide SI-1d (2.0 mmol, 410 mg) was subjected to General
Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp
to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 40
mL/min) provided 1d (116 mg, 26% vyield) as a clear, light yellow oil.

'H-NMR (400 MHz, CDCls): & 7.24 (d, J = 7.7 Hz, 1H), 7.09 — 6.95 (m, 2H), 2.37 (s, 3H), 2.32
(s, 3H), 1.53 (d, J = 2.0 Hz, 9H).

BC-NMR (101 MHz, CDCl3): 6 175.49 (d, J = 10.4 Hz), 140.26, 135.71 (d, J = 2.3 Hz), 132.27,
131.38, 127.64 (d, J = 4.6 Hz), 126.10, 64.40 (d, J = 10.6 Hz), 27.30 (d, J = 5.8 Hz), 21.41,
19.48.

e NMR (376 MHz, CDCl3): 6 -64.02 (S).

HRMS (EI): Calcd. for C13H1gFNO [M]", 223.1372. Found: 223.1377.

FTIR (NaCl) cm™: 3459, 2982, 2928, 2095, 1685, 1642, 1458, 1307, 1206

TLC: R¢=0.55, 15% EtOAc/hexanes.

N-(tert-butyl)-2-(3-phenylpropyl)benzamide (1e)

O
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N-(tert-butyl)-2-(3-phenylpropyl)benzamide Sl-1e (2.5 mmol, 738 mg) was subjected to General
Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp
to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 40
mL/min) provided 1e (243 mg, 31% yield) as a clear, light yellow oil.

'H-NMR (400 MHz, CDCls): & 7.40 — 7.09 (m, 9H), 2.77 (t, J = 7.6 Hz, 2H), 2.69 (t, J = 7.7 Hz,
2H), 1.98 (p, J = 8.0 Hz, 2H), 1.54 (s, 9H).

3C-NMR (101 MHz, CDCls): 6 174.98 (d, J = 10.8 Hz), 142.20, 139.89 (d, J = 2.1 Hz), 135.01,
130.02, 129.70, 128.57, 128.42, 127.38 (d, J = 4.3 Hz), 125.87, 125.62, 64.35 (d, J = 10.4 Hz),
35.95, 33.13, 32.87, 27.24 (d, J = 5.5 Hz).

F NMR (376 MHz, CDCl3): & -63.33 (s).

HRMS (CI): Calcd. for CaoH2sFNO [M+H]", 314.1915. Found: 314.1916.

FTIR (NaCl) cm™: 3063, 3026, 2980, 2935, 2862, 1685, 1601, 1454, 1308, 1205

TLC: R¢=0.50, 15% EtOAc/hexanes.
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5-bromo-N-(tert-butyl)-N-fluoro-2-methylbenzamide (1f)

pcea

5-Bromo-N-(tert-butyl)-2-methylbenzamide SI-1f (4.0 mmol, 1.081 g) was subjected to General
Procedure B using methyllithium in place of n-butyllithium. Silica gel chromatography (50 g; 3%
EtOACc in hexanes for 1 column volume, ramp to 30% EtOAc in hexanes over 10 column
volumes, hold at 30% for 2 column volumes, 40 mL/min) provided 1f (116 mg, 26% yield) as a
clear, light yellow oil.

'H-NMR (400 MHz, CDCl3): & 7.50 — 7.35 (m, 2H), 7.07 (d, J = 8.1 Hz, 1H), 2.33 (s, 3H), 1.55
(d, J = 2.0 Hz, 9H).

BC-NMR (101 MHz, CDCls): § 173.15 (d, J = 11.1 Hz), 136.86, 134.39 (d, J = 2.5 Hz), 132.88
(d, J = 1.3 Hz), 132.20, 129.91 (d, J = 4.4 Hz), 118.95, 64.70 (d, J = 10.4 Hz), 27.22 (d, J =5.5
Hz), 18.97.

YF-NMR (376 MHz, CDCl5): 5 -64.62 (s).

HRMS (CI): Calcd. for C1,H16BrFNO [M+H]", 288.0394. Found: 288.0393.

FTIR (NaCl) cm™: 2981, 2932, 1689, 1592, 1564, 1481, 1307, 1206

TLC: R¢=0.55, 15% EtOAc/hexanes.

N-(tert-butyl)-N-fluoro-2-methyl-5-(trifluoromethyl)benzamide (19)
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N-(tert-butyl)-2-methyl-5-(trifluoromethyl)benzamide S1-1g (3.5 mmol, 907 mg) was subjected
to General Procedure B at -78 °C, using methyllithium in place of n-butyllithium. Silica gel
chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp to 30% EtOAc in
hexanes over 10 column volumes, hold at 30% for 2 column volumes, 40 mL/min) provided 1g
(241 mg, 25% yield) as a clear, light yellow oil.

'H-NMR (600 MHz, CDCl5): & 7.66 — 7.48 (m, 2H), 7.33 (d, J = 7.9 Hz, 1H), 2.45 (s, 3H), 1.57
(d, J = 1.9 Hz, 9H).

B3C-NMR (151 MHz, CDCls): § 173.30 (d, J = 11.1 Hz), 135.75, 131.08, 128.22 (q, J = 33.1
Hz), 126.61 (g, J = 3.7 Hz), 124.18 (q, J = 272.2 Hz), 124.26 (p, J = 3.9 Hz), 64.86 (d, J = 10.3
Hz), 27.24 (d, J = 5.4 Hz), 19.49.

YE_NMR (376 MHz, CDCls): & -62.55 (s, CF3), -65.00 (s, N—F).

HRMS (CI): Calcd. for C13H16FsNO [M+H]*, 278.1163. Found: 278.1158.

FTIR (NaCl) cm™: 2924, 2855, 1695, 1457, 1338, 1131

TLC: Rf = 0.45, 15% EtOAc/hexanes.
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N-(tert-butyl)-N-fluoro-4-methoxy-2-methylbenzamide (1h)
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N-(tert-butyl)-4-methoxy-2-methylbenzamide S1-1h (2.0 mmol, 443 mg) was subjected to
General Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column
volume, ramp to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column
volumes, 40 mL/min) provided 1h (156 mg, 32% yield) as a clear, light yellow oil.

'"H-NMR (400 MHz, CDCls): & 7.34 (d, J = 8.3 Hz, 1H), 6.81 — 6.63 (m, 2H), 3.81 (s, 3H), 2.41
(s, 3H), 1.52 (d, J = 1.9 Hz, 9H).

B3C-NMR (101 MHz, CDCls): 6 175.32 (d, J = 9.6 Hz), 161.00, 138.59 (d, J = 1.9 Hz), 129.98
(d, J=5.1 Hz), 127.38, 116.12, 110.69, 64.30 (d, J = 10.6 Hz), 55.33, 27.28 (d, J = 5.8 Hz),
20.01.

YF-NMR (376 MHz, CDCls): & -63.12 (s).

HRMS (CI): Calcd. for C13H1sFNO, [M+H]", 240.1394. Found: 240.1401.

FTIR (NaCl) cm™: 2975, 2932, 1682, 1607, 1572, 1458, 1320, 1249

TLC: R¢=0.50, 20% EtOAc/hexanes.

N-(tert-butyl)-5-ethynyl-N-fluoro-2-methylbenzamide (1i)

v

N-(tert-butyl)-5-ethynyl-2-methylbenzamide SI-1i (3.5 mmol, 754 mg) was subjected to General
Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp
to 30% EtOAcC in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 40
mL/min) provided 1i (216 mg, 26% vyield) as a clear, light yellow oil.

'H-NMR (400 MHz, CDCls): & 7.53 — 7.34 (m, 2H), 7.16 (d, J = 7.9 Hz, 1H), 3.06 (s, 1H), 2.39
(s, 3H), 1.55 (d, J = 2.0 Hz, 9H).

13C-NMR (101 MHz, CDCls): 6 173.84 (d, J = 11.0 Hz), 136.34 (d, J = 2.3 Hz), 135.39, 133.40
(d, J =1.3 Hz), 130.85 (d, J = 4.5 Hz), 130.67, 119.55, 82.87, 77.55, 64.64 (d, J = 10.4 Hz),
27.25 (d, J = 5.6 Hz), 19.46.

YF-NMR (376 MHz, CDCls): & -64.50 (5).

HRMS (CI): Calcd. for C14H;,FNO [M+H]", 234.1289. Found: 234.1280.

FTIR (NaCl) cm™: 2987, 2107, 1683, 1652, 1316, 1199

TLC: R¢=0.48, 15% EtOAc/hexanes.
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N-(tert-butyl)-N-fluoro-2-methyl-5-(phenylethynyl)benzamide (1j)

Ph O
oS
N
F

N-(tert-butyl)-2-methyl-5-(phenylethynyl)benzamide SI-1j (2.0 mmol, 582 mg) was subjected to
General Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column
volume, ramp to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column
volumes, 40 mL/min) provided 1j (217 mg, 35% yield) as a clear, light yellow oil.

'H-NMR (400 MHz, CDCls): & 7.61 — 7.50 (m, 3H), 7.48 (d, J = 7.9 Hz, 1H), 7.41 — 7.29 (m,
3H), 7.20 (d, J = 7.9 Hz, 1H), 2.43 (s, 3H), 1.58 (d, J = 1.8 Hz, 9H).

BC-NMR (101 MHz, CDCl3): 6 174.05 (d, J = 10.9 Hz), 135.71 (d, J = 2.2 Hz), 135.40, 132.86,
131.67, 130.70, 130.32 (d, J = 4.4 Hz), 128.44, 128.42, 123.19, 120.70, 89.70, 88.62, 64.59 (d, J
=10.4 Hz), 27.24 (d, J = 5.6 Hz), 19.44.

Y NMR (376 MHz, CDCl5): 6 -64.37 (S).

HRMS (CI): Calcd. for CooH2:FNO [M+H]", 310.1602. Found: 310.1602.

FTIR (NaCl) cm™: 2979, 2099, 1679, 1644, 1501, 1326, 1212

TLC: Rf=0.52, 15% EtOAc/hexanes.

N-(tert-Butyl)-5-(cyclopent-2-en-1-yl)-N-fluoro-2-methylbenzamide (1k) and isomer
0 0
Nx Nx
F F
4 : 1

N-(tert-Butyl)-5-(cyclopent-2-en-1-yl)-2-methylbenzamide SI-1k (2.15 mmol, 553 mg) was
subjected to General Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1
column volume, ramp to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2
column volumes, 40 mL/min) provided 1j (157 mg, 27% vyield) as a clear, light yellow oil. The
product was a 4:1 mixture of 1k : 3-cyclopentene.

'H-NMR (1k only) (600 MHz, CDCls): § 7.24 — 7.19 (m, 1H), 7.17 — 7.09 (m, 2H), 5.95 (dq, J =
4.6, 2.2 Hz, 1H), 5.80 — 5.73 (m, 1H), 3.88 (ddd, J = 8.7, 4.0, 2.4 Hz, 1H), 2.54 — 2.47 (m, 1H),
2.45—2.38 (m, 2H), 2.37 (s, 3H), 1.74 — 1.63 (m, 1H), 1.55 (d, J = 1.7 Hz, 9H).

B3C-NMR (1k only) (151 MHz, CDCls) § 175.38 (d, J = 10.8 Hz), 143.80, 135.17, 134.07,
132.37, 130.61, 129.92, 128.94, 126.05 (d, J = 4.0 Hz), 64.49 (d, J = 10.4 Hz), 50.86, 33.87,
32.58, 27.36 (d, J = 5.6 Hz), 19.03.

YE_NMR (376 MHz, CDCls): & -64.59 (s).

HRMS (CI): Calcd. for C17H3FNO [M+H]", 276.1758. Found: 276.1747.

FTIR (NaCl) cm™: 2937, 2103, 1686, 1365, 1202

TLC: R¢=0.55, 15% EtOAc/hexanes.
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N-(tert-Butyl)-N-fluoro-2-methyl-5-vinylbenzamide (1)

v

N-(tert-butyl)-2-methyl-5-vinylbenzamide SI-11 (2.5 mmol, 588 mg) was subjected to General
Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp
to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 40
mL/min) provided 11 (64 mg, 11% yield) as a clear, light yellow oil.

'H-NMR (600 MHz, CDCls): & 7.40 — 7.31 (m, 2H), 7.17 (d, J = 7.8 Hz, 1H), 6.68 (dd, J = 17.6,
10.9 Hz, 1H), 5.73 (d, J = 17.5 Hz, 1H), 5.24 (d, J = 10.9 Hz, 1H), 2.39 (s, 3H), 1.56 (d, J = 1.9
Hz, 9H).

3C-NMR (101 MHz, CDCls): & 174.96 (d, J = 10.9 Hz), 135.96, 135.45, 135.14, 134.95 (d, J =
2.4 Hz), 130.76, 127.62, 125.11 (d, J = 4.2 Hz), 114.10, 64.57 (d, J = 10.4 Hz), 27.33 (d, J = 5.7
Hz), 19.23.

YE_NMR (376 MHz, CDCls): & -64.56 (s).

HRMS (CI): Calcd. for C14H1gFNO [M+H]+, 236.1445. Found: 236.1143.

FTIR (NaCl) cm™t: 2956, 2926, 2855, 2227, 1687, 1458, 1366, 1314

TLC: Rf=0.53, 15% EtOAc/hexanes.

2-(But-3-en-1-yl)-N-(tert-butyl)-N-fluorobenzamide (1m)

O ><
N
=

2-(But-3-en-1-yl)-N-(tert-butyl)benzamide SI-11 (2.6 mmol, 601 mg) was subjected to General
Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp
to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 40
mL/min) provided 1m (387 mg, 59% vyield) as a clear, light yellow oil.

'H-NMR (400 MHz, CDCls): & 7.41 — 7.28 (m, 2H), 7.28 — 7.15 (m, 2H), 5.85 (ddt, J = 16.9, 10.2,
6.6 Hz, 1H), 5.13 — 4.88 (m, 2H), 2.90 — 2.73 (m, 2H), 2.46 — 2.26 (m, 2H), 1.55 (d, J = 1.9 Hz, 9H).
13C-NMR (101 MHz, CDCl5): § 174.93 (d, J = 10.8 Hz), 139.43 (d, J = 2.2 Hz), 137.95, 135.00,
130.00, 129.78, 127.41 (d, J = 4.4 Hz), 125.70, 115.12, 64.38 (d, J = 10.4 Hz), 35.57, 32.65, 27.26
(d, J=5.6 Hz).

BF.NMR (376 MHz, CDCl5) & -63.16.

HRMS (CI): Calcd. for C15H»FNO [M+H]", 250.1602. Found: 250.1602.

FTIR (NaCl) cm™: 2979, 2936, 2090, 1687, 1640, 1445, 1208

TLC: Rf = 0.53, 15% EtOAc/hexanes.
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N-(tert-butyl)-N-fluoro-2-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (1n)

3%
asen

To a flame-dried 25-mL round-bottom flask with a stir bar was added 5-Bromo-N-(tert-butyl)-N-
fluoro-2-methylbenzamide 1f (1.5 mmol, 432 mg), B,pin, (1.65 mmol, 419 mg), KOAc (4.5
mmol, 442 mg), and PdCl,(dppf)sDCM (0.075 mmol, 61.2 mg).** The flask was evacuated and
backfilled three times with nitrogen. Anhydrous dioxane (10 mL, 0.15 M) was added. Under
positive N, pressure, the flask was sealed with a glass stopper. The reaction was heated to 80 °C
for 20 hours, and then removed from heat and cooled to room temperature. The crude reaction
mixture was filtered through a 1-inch pad of silica, washing with Et,O (100 mL), and
concentrated by rotary evaporation to provide a dark oil. Silica gel chromatography (50 g; 3%
EtOACc in hexanes for 1 column volume, ramp to 30% EtOAc in hexanes over 10 column
volumes, hold at 30% for 2 column volumes, 40 mL/min) provided 1n (194 mg, 38% yield) as a
white solid.

'H-NMR (400 MHz, CDCls): & 7.84 — 7.65 (m, 2H), 7.21 (d, J = 7.5 Hz, 1H), 2.41 (s, 3H), 1.55 (d, J
=1.8 Hz, 9H), 1.33 (s, 12H).

B3C-NMR (101 MHz, CDCls): 6 174.96 (d, J = 11.1 Hz), 138.55 (d, J = 2.2 Hz), 136.34, 134.93,
133.39 (d, J = 4.0 Hz), 129.89, 83.97, 64.37 (d, J = 10.4 Hz), 27.29 (d, J = 5.5 Hz), 24.95, 19.69.
¥F.NMR (376 MHz, CDCls): § -65.00 (5).

HRMS (CI): Calcd. for C1gH26B3 FNO [M+H]", 336.2141. Found: 336.2148.

FTIR (NaCl) cm™: 2979, 2940, 1683, 1639, 1359, 1315, 1145

TLC: Rf=0.44, 15% EtOAc/hexanes.

N-(tert-butyl)-N-fluoro-3-methylthiophene-2-carboxamide (10)

e
\ || F

N-(tert-butyl)-3-methylthiophene-2-carboxamide SI-10 (2.0 mmol, 394 mg) was subjected to
General Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column
volume, ramp to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column
volumes, 40 mL/min) provided 10 (223 mg, 51% yield) as a clear, light yellow oil.

'H-NMR (600 MHz, CDCls): § 7.42 (d, J = 5.0 Hz, 1H), 6.89 (d, J = 5.1 Hz, 1H), 2.50 (s, 3H),
1.52 (d, J = 2.2 Hz, 9H).

BC.NMR (151 MHz, CDCl5): 6 169.18 (d, J = 6.9 Hz), 146.18, 131.00, 130.05 (d, J = 7.3 Hz),
128.06 (d, J = 3.0 Hz), 64.55 (d, J = 10.4 Hz), 27.04 (d, J = 6.2 Hz), 16.65 (d, J = 1.8 Hz).

¥ NMR (376 MHz, CDCl5): 6 -67.91 (s).

HRMS (EI): Calcd. for C1oH14FNOS [M]*, 215.0775. Found: 215.0782.

FTIR (NaCl) cm™: 2979, 2096, 1659, 1399, 1366, 1285, 1204

TLC: Rf=0.57, 15% EtOAc/hexanes.
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N1,N3-di-tert-butyl-N1-fluoro-2-methylisophthalamide (1p)

A

N1,N3-di-tert-butyl-2-methylisophthalamide SI-1p (4.5 mmol, 1.307 g) was subjected to
General Procedure B (modifications: cooled to -78 °C, used 2.2 equiv n-BuLi and 3.0 equiv
NFSI). Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp to
30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 40
mL/min) provided 1p (366 mg, 26% yield) as a white solid.

'"H-NMR 400 MHz, CDCls): & 7.45 — 7.31 (m, 2H), 7.26 (t, J = 7.6 Hz, 1H), 5.66 (s, 1H), 2.47 (s,
3H), 1.61 (d, J = 1.9 Hz, 9H), 1.51 (s, 9H).

B3C-NMR (101 MHz, CDCls): 6 174.24 (d, J = 11.2 Hz), 169.14, 139.25, 136.65, 132.35 (d, J =
2.3 Hz), 127.87, 127.76 (d, J = 4.0 Hz), 125.52, 64.69 (d, J = 10.3 Hz), 52.02, 28.90, 27.30 (d, J
= 5.5 Hz), 16.29.

YF-NMR (376 MHz, CDCls): & -64.20 (s)

HRMS (ESI): Calcd. for C17H26FN,0, [M+H]*, 309.1973. Found: 309.1971.

FTIR (NaCl) cm™: 2979, 2079, 1680, 1642, 1540, 1444, 1366, 1302, 1219

TLC: R¢=0.15, 15% EtOAc/hexanes.

N1,N3-di-tert-butyl-N1,N3-difluoro-2-methylisophthalamide (1q)

AN

N1,N3-di-tert-butyl-2-methylisophthalamide SI-1p (5.5 mmol, 1.597 g) was subjected to
General Procedure B (modifications: cooled to -78 °C, used 2.2 equiv n-BuLi and 3.0 equiv
NFSI). Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp to
30% EtOAcC in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 40
mL/min) provided 1q (162.8 mg, 9% yield) as a clear, light yellow oil.

'H-NMR: (400 MHz, CDCls) & 7.34 (d, J = 7.6 Hz, 2H), 7.25 (t, J = 7.6 Hz, 1H), 2.40 (s, 3H),
1.55(d, J =1.9 Hz, 18H).

B3C-NMR: (101 MHz, CDCl3) & 174.03 (d, J = 11.1 Hz), 136.40, 132.48 (t, J = 2.4 Hz), 128.42
(d,J=3.9Hz), 125.34, 64.72 (d, J = 10.4 Hz), 27.33 (d, J = 5.6 Hz), 16.36.

BF.NMR: (376 MHz, CDCls) 5 -64.22 (s).

HRMS (ESI): Calcd. for C17H24F2N,0;Na [M+H]", 349.1698. Found: 349.1706.

FTIR (NaCl) cm™: 2979, 2095, 1683, 1640, 1368, 1297, 1204

TLC: Ry =0.41, 15% EtOAc/hexanes.
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(E)-N-(tert-butyl)-N-fluoro-3,7-dimethylocta-2,6-dienamide (1r)

N

(E)-N-(tert-butyl)-3,7-dimethylocta-2,6-dienamide SI-1r (4.5 mmol, 1.005 g) was subjected to
General Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column
volume, ramp to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column
volumes, 40 mL/min) provided 1r (93.1 mg, 9% yield) as a clear, light yellow oil.

'"H-NMR (400 MHz, CDCls): 6 6.04 (d, J = 7.1 Hz, 1H), 5.07 (d, J = 1.4 Hz, 1H), 2.16 (s, 4H),
2.11 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H), 1.45 (d, J = 2.1 Hz, 9H).

B3C-NMR (101 MHz, CDCl5): 6 173.52 (d, J = 3.8 Hz), 159.28 (d, J = 4.8 Hz), 132.61, 123.16,
115.56 (d, J = 8.1 Hz), 64.03 (d, J = 9.9 Hz), 41.45, 27.31 (d, J = 6.6 Hz), 26.25, 25.79, 19.36,
17.82.

YF-NMR (376 MHz, CDCls): & -73.00 (s).

HRMS (CI): Calcd. for C14H2sFNO [M+H]", 242.1915. Found: 242.1915.

FTIR (NaCl) cm™: 2962, 2927, 2856, 2729, 1752, 1681, 1633, 1455, 1367, 1262

TLC: R¢=0.60, 15% EtOAc/hexanes.

N-(tert-butyl)-N-fluoro-3,3-dimethylbutanamide (1s)
U ><

N
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N-(tert-butyl)-3,3-dimethylbutanamide SI-1s (4.0 mmol, 692 mg) was subjected to General
Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column volume, ramp
to 20% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 100
mL/min) provided 1s (174.8 mg, 23% yield) as a clear, yellow oil.

'H-NMR (400 MHz, CDCl3) & 2.33 (d, J = 7.8 Hz, 2H), 1.44 (d, J = 2.0 Hz, 9H), 1.04 (s, 9H).
3C-NMR (101 MHz, CDCls) & 177.85 (d, J = 5.8 Hz), 64.20 (d, J = 9.8 Hz), 47.02 (d, J = 3.0
Hz), 31.34, 29.96, 27.44 (d, J = 6.3 Hz).

YE-NMR (376 MHz, CDCl5): 5 -69.91 (s).

HRMS (CI): Calcd. for C1gH,FNO [M+H]", 190.1602. Found: 190.1605.

FTIR (NaCl) cm™: 2960, 2920, 2851, 1734, 1553, 1464, 1368, 1261, 1054.

TLC: R¢=0.60, 15% EtOAc/hexanes (N-F is UV active, also visualizes with KMnOj,.
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N-(tert-butyl)-2-(cyclopropylmethyl)-N-fluorobenzamide (3)

-

N-(tert-butyl)-2-(cyclopropylmethyl)benzamide SI-2 (2.0 mmol, 462 mg) was subjected to
General Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1 column
volume, ramp to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2 column
volumes, 40 mL/min) provided 3 (157 mg, 31% yield) as a clear, light yellow oil. Note: Contains
a small amount (<5%) of alkene contaminant.

'"H-NMR (400 MHz, CDCls): & 7.43 (d, J = 7.7 Hz, 1H), 7.39 — 7.28 (m, 2H), 7.22 (t, J = 7.3 Hz,
1H), 2.64 (d, J = 6.9 Hz, 2H), 1.55 (d, J = 1.9 Hz, 9H), 1.08 — 0.97 (m, 1H), 0.58 — 0.47 (m, 2H),
0.22 (q, J = 5.0 Hz, 2H).

B3C-NMR (101 MHz, CDCl3) & 175.09 (d, J = 10.8 Hz), 139.66 (d, J = 2.0 Hz), 134.87, 130.03,
129.38, 127.15 (d, J = 4.4 Hz), 125.64, 64.46 (d, J = 10.3 Hz), 37.31, 27.32 (d, J = 5.7 Hz),
11.67,5.01.

YF.NMR (376 MHz, CDCl3) & -63.12.

HRMS (CI): Calcd. for C15H2,FNO [M+H]", 250.1602. Found: 250.1610.

FTIR (NaCl) cm™: 2943, 2099, 1683, 1647, 1366, 1304, 1205.

TLC: R¢=0.52, 15% EtOAc/hexanes.

N-(tert-butyl)-N-fluoro-2-((trans-2-phenylcyclopropyl)methyl)benzamide (4)

Ph" o) J<
N
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N-(tert-butyl)-2-((trans-2-phenylcyclopropyl)methyl)benzamide SI-3 (1.8 mmol, 553 mg) was
subjected to General Procedure B. Silica gel chromatography (50 g; 3% EtOAc in hexanes for 1
column volume, ramp to 30% EtOAc in hexanes over 10 column volumes, hold at 30% for 2
column volumes, 40 mL/min) provided 4 (187.5 mg, 32% yield) as a clear, light yellow oil.

'H-NMR (400 MHz, CDCls): & 7.44 — 7.28 (m, 3H), 7.23 (t, J = 7.5 Hz, 3H), 7.12 (t, = 7.3 Hz,
1H), 7.04 (d, J = 7.4 Hz, 2H), 2.94 — 2.74 (m, 2H), 1.81 (dt, J = 9.2, 4.9 Hz, 1H), 1.55 (s, 9H),
1.44 —1.32 (m, 1H), 0.97 (ddt, J = 17.1, 8.6, 5.1 Hz, 2H).

B3C-NMR (101 MHz, CDCls) § 175.01 (d, J = 10.6 Hz), 143.33, 138.89 (d, J = 2.0 Hz), 134.87,
130.17, 129.32, 128.36, 127.27 (d, J = 4.5 Hz), 125.84, 125.79, 125.47, 64.50 (d, J = 10.4 Hz),
36.88, 27.32 (d, J = 5.5 Hz), 23.72, 23.62, 16.29.

YF-NMR (376 MHz, CDCl3) & -63.32.

HRMS (CI): Calcd. for C,1H24FNO [M]*, 325.1842. Found: 325.1824.

FTIR (NaCl) cm™: 2986, 2934, 2117, 1685, 1460, 1367, 1307, 1204

TLC: Rf=0.44, 15% EtOAc/hexanes.
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N-(tert-butyl)-N-chloro-2-ethylbenzamide (8)
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To a 25-mL round-bottom flask with a stir bar were added N-(tert-butyl)-2-ethylbenzamide Sl-
1b (2.0 mmol, 410 mg), trichloroisocyanuric acid (0.7 mmol, 163 mg), and methanol (0.2 M).=
The mixture was stirred at room temperature for one hour, during which time a white precipitate
formed. The solution was filtered, washing with diethyl ether, and then concentrated by rotary
evaporation. Silica gel chromatography (25 g; 3% EtOAc in hexanes for 1 column volume, ramp
to 30% EtOAcC in hexanes over 10 column volumes, hold at 30% for 2 column volumes, 25
mL/min) provided 8 (111 mg, 23% vyield) as a clear, colorless oil which turned pale yellow upon
standing.

'H-NMR (400 MHz, CDCls) & 7.33 (ddd, J = 8.4, 6.8, 1.9 Hz, 1H), 7.29 — 7.16 (m, 3H), 2.72 (q,
J=7.6 Hz, 2H), 1.63 (s, 9H), 1.27 (t, J = 7.6 Hz, 3H).

BC-NMR (101 MHz, CDCl3) 6 174.69, 140.65, 137.28, 129.37, 128.79, 126.39, 125.64, 64.55,
28.70, 26.12, 15.19.

FTIR (NaCl) cm™: 3419, 2970, 2940, 2096, 1667, 1455, 1306, 1189, 1140

TLC: Rf = 0.58, 15% EtOAc/hexanes

N-(tert-butyl)-N-chloro-2-methylbenzamide (11)
0
S
Cl

The title compound was prepared following the same method as 8, using N-(tert-butyl)-2-
methylbenzamide Sl-1a (2.0 mmol, 383 mg). Silica gel chromatography (25 g; 3% EtOAc in
hexanes for 1 column volume, ramp to 30% EtOAc in hexanes over 10 column volumes, hold at
30% for 2 column volumes, 25 mL/min) provided 11 (218 mg, 48% yield) as a clear, colorless
oil which turned pale yellow upon standing.

IH-NMR (600 MHz, CDCl3) 6 7.25 - 7.20 (m, 2H), 7.17 (t, J = 7.9 Hz, 2H), 2.35 (s, 3H), 1.60
(s, 9H).

BC.NMR (151 MHz, CDCl3): 6 174.56, 137.80, 134.27, 130.26, 129.14, 126.11, 125.63, 64.53,
28.67, 19.04.

FTIR (NaCl) cm™*: 3419, 2980, 2932, 2090, 1666, 1456, 1311, 1189, 1140

TLC: Rf=0.58, 15% EtOAc/hexanes
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N-(tert-butyl)-2-(fluoromethyl)benzamide (2a)

e

N-(tert-butyl)-N-fluoro-2-methylbenzamide 1a (0.5 mmol, 104.6 mg) was subjected to General
Procedure C for 1 hour. Silica gel chromatography (25% EtOAc/hexanes) provided 2a (89.5 mg,
86% vyield) as a white solid.

'H-NMR (600 MHz, CDCl3): & 7.49 (t, J = 6.9 Hz, 2H), 7.44 (t, J = 7.5 Hz, 1H), 7.37 (, J = 7.6
Hz, 1H), 5.93 (s, 1H), 5.58 (d, J = 48.1 Hz, 2H), 1.46 (s, 9H).

3C-NMR (151 MHz, CDCls): & 168.11, 136.73 (d, J = 3.7 Hz), 134.43 (d, J = 16.2 Hz), 130.32,
128.86 (d, J = 12.2 Hz), 128.84, 127.30, 83.00 (d, J = 164.2 Hz), 52.12, 28.88.

YE_NMR (376 MHz, CDCls): § -205.34 (t, J = 48.0 Hz).

HRMS (ESI): Calcd. for C1,HisFNONa [M+Na]*, 232.1108. Found: 232.1107.

FTIR (NaCl) cm™: 2975, 2103, 1638, 1537, 1453, 1364, 1317, 1222

TLC: Rf=0.33, 25% EtOAc/hexanes.

N-(tert-butyl)-2-(1-fluoroethyl)benzamide (2b)

F
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N-(tert-butyl)-N-fluoro-2-ethylbenzamide 1b (0.5 mmol, 109.3 mg) was subjected to General

Procedure C for 1 hour. Silica gel chromatography (25% EtOAc/hexanes) provided 2b (102.0
mg, 91% vyield) as a white solid.

'"H-NMR (400 MHz, CDCls): & 7.57 (d, J = 7.9 Hz, 1H), 7.45 (td, J = 7.5, 1.6 Hz, 1H), 7.40 —
7.26 (m, 2H), 6.04 (dg, J = 47.7, 6.3 Hz, 1H), 5.77 (s, 1H), 1.68 (dd, J = 24.1, 6.3 Hz, 3H), 1.45
(s, 9H).

BC-NMR (151 MHz, CDCls): & 168.68, 140.07 (d, J = 19.2 Hz), 135.71 (d, J = 5.1 Hz), 130.30,
128.10 (d, J = 1.8 Hz), 126.61, 125.87 (d, J = 9.1 Hz), 88.75 (d, J = 165.0 Hz), 52.07, 28.87,
23.26 (d, J = 25.3 Hz).

YE.NMR (376 MHz, CDCl5): & -166.53 (dq, J = 48.1, 24.2 Hz).

HRMS (ESI): Calcd. for C13Hi;sFNONa [M+Na]", 246.1265. Found: 246.1277.

FTIR (NaCl) cm™: 2971, 2088, 1640, 1535, 1366, 1314, 1227

TLC: R¢=0.45, 25% EtOAc/hexanes.
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N-(tert-butyl)-2-(2-fluoropropan-2-yl)benzamide (2c)

v

N-(tert-butyl)-N-fluoro-2-isopropylbenzamide 1c (0.5 mmol, 118.7 mg) was subjected to
General Procedure C for 1 hour. Silica gel chromatography (neutralize silica with 85%
hexanes/14% EtOAc/1% Me,NEt, then run using 15% EtOAc/hexanes) provided 2c (111.3 mg,
93% yield) as a white solid. The crude reaction product was an 8.2:1 mixture of 3° and a-methyl
styrene; the purified product was a 7.9:1 mixture of fluoride and styrene.

'H-NMR (2c) (400 MHz, CDCls): & 7.41 (d, J = 8.0 Hz, 1H), 7.34 (tt, J = 8.0, 4.2 Hz, 1H), 7.31
—7.22 (m, 2H), 5.62 (s, 1H), 1.80 (d, J = 22.8 Hz, 6H), 1.45 (s, 9H).

3C-NMR (2c) (101 MHz, CDCl3): § 170.72, 142.59 (d, J = 21.7 Hz), 135.86 (d, J = 4.7 Hz),
129.12 (d, J = 2.0 Hz), 128.10, 127.33, 125.27 (d, J = 11.9 Hz), 96.75 (d, J = 168.9 Hz), 51.79,
29.15 (d, J = 25.4 Hz), 28.69.

YF.NMR (376 MHz, CDCls): 5 -129.38 (hept, J = 22.5 Hz).

'H-NMR (styrene) (400 MHz, CDCls): § 7.61 (d, J = 7.4 Hz, 1H), 7.18 (d, J = 7.5 Hz, 1H), 6.06
(s, 1H), 5.22 (s, 1H), 5.07 (s, 1H), 2.09 (s, 3H), 1.42 (s, 9H).

B3C-NMR (styrene) (101 MHz, CDCls): & 168.28, 146.77, 141.58, 135.22, 130.02, 128.84,
128.52, 127.53, 115.73, 51.66, 28.55, 24.59.

HRMS (CI): Calcd. for C14H2FNO [M]", 237.1529. Found: 237.1529.

FTIR (NaCl) cm™: 2975, 2099, 1643, 1577, 1449, 1366, 1223

TLC: Rf=0.28, 15% EtOAc/hexanes.

N-(tert-butyl)-2-(fluoromethyl)-4-methylbenzamide (2d)

i

N-(tert-butyl)-N-fluoro-2,4-dimethylbenzamide 1d (0.5 mmol, 111.6 mg) was subjected to
General Procedure C for 1 hour. Silica gel chromatography (25% EtOAc/hexanes) provided 2d
(90.2 mg, 83% vyield) as a white solid.

'H-NMR (400 MHz, CDCls): & 7.39 (d, J = 7.8 Hz, 1H), 7.31 (s, 1H), 7.16 (d, J = 7.9 Hz, 1H),
5.91 (s, 1H), 5.57 (d, J = 48.1 Hz, 2H), 2.38 (s, 3H), 1.45 (s, 9H).

BC-NMR (101 MHz, CDCls): & 168.15, 140.62, 134.48 (d, J = 16.1 Hz), 133.84 (d, J = 3.6 Hz),
129.51 (d, J = 9.3 Hz), 129.33 (d, J = 2.8 Hz), 127.43, 83.15 (d, J = 163.9 Hz), 52.00, 28.91,
21.42.

YE.NMR (376 MHz, CDCls): § -205.32 (t, J = 47.8 Hz).

HRMS (ESI): Calcd. for C13Hi;sFNONa [M+Na]*, 246.1265. Found: 246.1272.

FTIR (NaCl) cm™: 2979, 2093, 1643, 1449, 1362, 1311, 1224

TLC: Rf=0.39, 25% EtOAc/hexanes.
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N-(tert-butyl)-2-(1-fluoro-3-phenylpropyl)benzamide (2e)
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5-Bromo-N-(tert-butyl)-N-fluoro-2-methylbenzamide 1e (0.5 mmol, 144.0 mg) was subjected to
General Procedure C for 3 hours. Silica gel chromatography (15% EtOAc/hexanes) provided 2e
(145.2 mg, 93% yield) as a white solid.

'"H-NMR (500 MHz, CDCls): 8 7.57 (d, J = 7.9 Hz, 1H), 7.44 (td, J = 7.6, 1.5 Hz, 1H), 7.36 (d, J
=7.6 Hz, 1H), 7.34 — 7.23 (m, 3H), 7.21 (d, J = 6.7 Hz, 2H), 7.17 (t, J = 7.3 Hz, 1H), 6.02 — 5.84
(m, 1H), 5.71 (s, 1H), 2.95 — 2.74 (m, 2H), 2.34 — 2.17 (m, 2H), 1.42 (s, 9H).

B3C-NMR (126 MHz, CDCls): & 168.60, 141.38, 138.52 (d, J = 19.6 Hz), 136.01 (d, J = 5.0 Hz),

130.11, 128.61, 128.48, 128.18 (d, J = 1.9 Hz), 126.73, 126.24 (d, J = 9.3 Hz), 126.01, 91.40 (d,

J =168.8 Hz), 52.03, 38.81 (d, J = 23.5 Hz), 31.85 (d, J = 3.2 Hz), 28.83.

YE-NMR (376 MHz, CDCl5):  -176.52 —-176.89 (m).

HRMS (ESI): Calcd. for CxH2sNONa [M+Na]*, 336.1734. Found: 336.1750.

FTIR (NaCl) cm™: 3063, 3028, 2967, 2927, 2867, 1641, 1538, 1454, 1363, 1312, 1220

TLC: R¢=0.39, 15% EtOAc/hexanes.

5-bromo-N-(tert-butyl)-2-(fluoromethyl)benzamide (2f)
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5-Bromo-N-(tert-butyl)-N-fluoro-2-methylbenzamide 1e (0.5 mmol, 144.0 mg) was subjected to

General Procedure C for 3 hours. Silica gel chromatography (gradient, 10% Et,O/hexanes to
30% Et,0O/hexanes) provided 2f (117.0 mg, 81% vyield) as a white solid.

'"H-NMR (400 MHz, CDCls): & 7.68 — 7.46 (m, 2H), 7.34 (d, J = 8.2 Hz, 1H), 5.95 (s, 1H), 5.49
(d, J=47.9 Hz, 2H), 1.44 (s, 9H).

BC-NMR (101 MHz, CDCls): 8 166.51, 138.20 (d, J = 3.7 Hz), 133.51 (d, J = 16.8 Hz), 133.25,
130.36 (d, J = 9.5 Hz), 130.25, 122.66 (d, J = 3.5 Hz), 82.30 (d, J = 165.5 Hz), 52.39, 28.81.
YF-NMR (376 MHz, CDCls): § -206.95 (t, J = 46.4 Hz).

HRMS (ESI): Calcd. for C1,H;sBrFNONa [M+Na]*, 310.0213. Found: 310.0214.

FTIR (NaCl) cm™: 2967, 2095, 1640, 1541, 1457, 1362, 1315, 1222

TLC: Rf = 0.35, 20% Et,O/hexanes.
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N-(tert-butyl)-2-(fluoromethyl)-5-(trifluoromethyl)benzamide (29)
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N-(tert-butyl)-N-fluoro-2-methyl-5-(trifluoromethyl)benzamide 1f (0.5 mmol, 138.6 mg) was
subjected to General Procedure C for 6 hours. Silica gel chromatography (15% EtOAc/hexanes)
provided 2g (117.4 mg, 85% vyield) as a white solid; recovered 13.4 mg (10%) Sl-1g.

'H-NMR (400 MHz, CDCls): & 7.81 — 7.55 (m, 3H), 5.91 (s, 1H), 5.63 (d, J = 47.6 Hz, 2H), 1.47
(s, 9H).

13C-NMR (101 MHz, CDCls): & 166.74, 139.02 (d, J = 17.0 Hz), 136.52 (d, J = 3.8 Hz), 130.81
(qd, J = 33.2, 2.5 Hz), 128.58 (d, J = 11.0 Hz), 127.07 (q, J = 3.7 Hz), 123.91 (q, J = 3.6 Hz),
123.69 (q, J = 272.4 Hz), 82.20 (d, J = 167.2 Hz), 52.55, 28.84.

YF-NMR (376 MHz, CDCls): 6 -62.56 (s), -211.44 (t, J = 47.4 Hz).

HRMS (ESI): Calcd. for C13H1sFsNONa [M+Na]*, 300.0982. Found: 300.0987.

FTIR (NaCl) cm™: 2975, 2087, 1643, 1548, 1339, 1307, 1128

TLC: R¢=0.45, 20% EtOAc/hexanes.

N-(tert-butyl)-2-(fluoromethyl)-4-methoxybenzamide (2h)
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N-(tert-butyl)-N-fluoro-4-methoxy-2-methylbenzamide 1h (0.5 mmol, 120 mg) was subjected to
General Procedure C for 1 hour. Silica gel chromatography (30% EtOAc/hexanes) provided 2h
(107.4 mg, 90% yield) as a white solid.

'"H-NMR (400 MHz, CDCls): & 7.44 (d, J = 8.5 Hz, 1H), 7.06 (d, J = 2.6 Hz, 1H), 6.85 (dd, J =
8.6, 2.6 Hz, 1H), 5.85 (s, 1H), 5.63 (d, J = 48.2 Hz, 2H), 3.85 (s, 3H), 1.45 (s, 10H).

3C-NMR (101 MHz, CDCls):  167.78, 161.16, 137.41 (d, J = 16.2 Hz), 128.93, 128.19 (d, J =
3.6 Hz), 113.51 (d, J = 2.5 Hz), 113.34 (d, J = 11.8 Hz), 83.00 (d, J = 165.5 Hz), 55.51, 51.87,
28.91.

F_NMR (376 MHz, CDCl5): § -208.51 (t, J = 48.2 Hz).

HRMS (ESI): Calcd. for C13H;sFNO,Na [M+Na], 262.1214. Found: 262.1212.

FTIR (NaCl) cm™: 2967, 2088, 1642, 1493, 1362, 1284, 1170

TLC: R¢=0.37, 30% EtOAc/hexanes.
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N-(tert-butyl)-5-ethynyl-2-(fluoromethyl)benzamide (2i)
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N-(tert-butyl)-5-ethynyl-N-fluoro-2-methylbenzamide 1i (0.5 mmol, 116.6 mg) was subjected to

General Procedure C for 3 hours. Silica gel chromatography (15% EtOAc/hexanes) provided 2i
(89.5 mg, 76% yield) as a white solid.

'H-NMR (400 MHz, CDCl3): & 7.60 — 7.51 (m, 2H), 7.47 (d, J = 7.8 Hz, 1H), 5.89 (s, 1H), 5.58
(d, J = 47.8 Hz, 2H), 3.14 (s, 1H), 1.45 (s, 10H).

13C-NMR (101 MHz, CDCls): & 167.15, 136.26 (d, J = 3.8 Hz), 135.56 (d, J = 16.6 Hz), 133.75,
130.60, 128.37 (d, J = 10.4 Hz), 122.58 (d, J = 2.8 Hz), 82.49 (d, J = 1.5 Hz), 82.48 (d, J = 165.9
Hz), 78.78, 52.30, 28.85.

YE.NMR (376 MHz, CDCls): 5 -209.55 (t, J = 47.9 Hz).

HRMS (ESI): Calcd. for C14H;sFNONa [M+Na]*, 256.1108. Found: 256.1107.

FTIR (NaCl) cm™: 2971, 2095, 1643, 1541, 1455, 1366, 1311, 1220

TLC: Rf=0.34, 15% EtOAc/hexanes.

N-(tert-butyl)-2-(fluoromethyl)-5-(phenylethynyl)benzamide (2j)
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N-(tert-butyl)-N-fluoro-2-methyl-5-(phenylethynyl)benzamide 1i (0.5 mmol, 154.7 mg) was
subjected to General Procedure C for 1 hour. Silica gel chromatography (15% EtOAc/hexanes)
provided 2i (117.2 mg, 75% yield) as a white solid.

'H-NMR (400 MHz, CDCl5): § 7.68 — 7.57 (m, 2H), 7.57 — 7.45 (m, 3H), 7.41 — 7.30 (m, 3H),
5.92 (s, 1H), 5.61 (d, J = 47.9 Hz, 2H), 1.47 (s, 9H).

B3C-NMR (101 MHz, CDCls): § 167.34, 136.40 (d, J = 3.8 Hz), 134.82 (d, J = 16.4 Hz), 133.20,
131.80, 130.11, 128.81, 128.61, 128.54 (d, J = 6.1 Hz), 123.86 (d, J = 2.8 Hz), 122.82, 90.95,
88.22, 82.61 (d, J = 165.5 Hz), 52.29, 28.88.

YE_NMR (376 MHz, CDCls): § -208.62 (t, J = 47.8 Hz).

HRMS (ESI): Calcd. for CooHaoFNONa [M+Na]*, 332.1421. Found: 332.1417.

FTIR (NaCl) cm™: 2979, 2107, 1641, 1541, 1453, 1362, 1227

TLC: Rf=0.38, 15% EtOAc/hexanes.
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N- (tert butyl) -5- (cyclopent -2-en-1-yl)-2- (ﬂuoromethyl)benzamide (2k) and isomer
N-(tert- Butyl) -5- (cyclopent -2-en-1-yl)- N fluoro-2-methylbenzamide 1k (0.5 mmol, 136 mg) was
subjected to General Procedure C for 1 hour. Silica gel chromatography (15% EtOAc/hexanes)

provided 2k (99.0 mg, 73% vyield) as a white solid. The product was isolated as a 4 : 1 mixture of
2k : 3-cyclopentene (same isomeric ratio as 1Kk).

'"H-NMR (400 MHz, CDCls): & 7.43 — 7.36 (m, 1H), 7.34 (s, 1H), 7.30 — 7.22 (m, 1H), 6.09 —
5.88 (M, 2H), 5.84 —5.70 (m, 1H), 5.52 (d, J = 48.2 Hz, 2H), 3.92 (d, J = 7.9 Hz, 1H), 2.84 (dd, J
=14.6,9.0 Hz, 1H), 2.62 — 2.31 (m, 2H), 1.80 — 1.62 (m, 1H), 1.47 (s, 9H).

B3C-NMR (101 MHz, CDCls): & 168.34, 147.99 (d, J = 3.4 Hz), 137.52 (d, J = 3.5 Hz), 133.56,
132.90, 131.30 (d, J = 16.1 Hz), 129.84 (d, J = 2.2 Hz), 129.06 (d, J = 1.5 Hz), 126.52 (d, J = 1.8
Hz), 83.08 (d, J = 162.8 Hz), 52.15, 51.08, 33.78 (d, J = 1.5 Hz), 32.59, 28.89.

YE-NMR (376 MHz, CDCl5): 6 -200.16 (t, J = 48.3 Hz) (minor), -200.60 (t, J = 48.2 Hz) (2j).
HRMS (ESI): Calcd. for CasHz,FNONa [M+Na]*, 298.1578. Found: 298.1577.

FTIR (NaCl) cm™: 2967, 2091, 1642, 1536, 1453, 1364, 1219

TLC: R¢=0.38, 15% EtOAc/hexanes

N-(tert-butyl)-2-(fluoromethyl)-5-vinylbenzamide (2I)
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N-(tert-Butyl)-N-fluoro-2-methyl-5-vinylbenzamide 11 (0.44 mmol, 101 mg) was subjected to
General Procedure C (modification: added 3,5-di-tert-butylcatechol [0.3 mg, 0.5 mol %]) for 3
hours. Silica gel chromatography (15% EtOAc/hexanes) provided 2l (61.8 mg, 61% vyield) as a
white solid. In the absence of the catechol additive, more extensive polymerization was
observed, and a 44% isolated yield of 2| was obtained.

'H-NMR (600 MHz, CDCls): & 7.51 (d, J = 7.9 Hz, 1H), 7.47 (d, J = 8.1 Hz, 1H), 7.43 (d, J =
7.9 Hz, 1H), 6.71 (dd, J = 17.6, 10.9 Hz, 1H), 5.97 (s, 1H), 5.81 (d, J = 17.5 Hz, 1H), 5.53 (d, J =
48.1 Hz, 2H), 5.33 (d, J = 10.9 Hz, 1H), 1.47 (s, 9H).

3C-NMR (151 MHz, CDCls): § 168.01, 138.41 (d, J = 3.4 Hz), 137.36 (d, J = 3.8 Hz), 135.67,
133.27 (d, J = 16.0 Hz), 129.56 (d, J = 8.6 Hz), 127.77, 125.28, 115.78, 82.88 (d, J = 163.7 Hz),
52.21, 28.89.

YF.NMR (376 MHz, CDCl5): § -203.40 (t, J = 48.0 Hz).

HRMS (ESI): Calcd. for C14H1sFNONa [M+Na]*, 258.1263. Found: 258.1265.

FTIR (NaCl) cm™: 2975, 2095, 1640, 1537, 1453, 1356, 1223S

TLC: Rf=0.34, 15% EtOAc/hexanes.
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N-(tert-butyl)-2-(1-fluorobut-3-en-1-yl)benzamide (2m)

2-(But-3-en-1-yl)-N-(tert-butyl)-N-fluorobenzamide 1m (0.5 mmol, 124.7 mg) was subjected to
General Procedure C for 6 hours. Silica gel chromatography (15% EtOAc/hexanes) provided 2m
(108.1 mg, 87% yield) as a white solid.

'"H-NMR (400 MHz, CDCl3) 6 7.56 (d, J = 7.8 Hz, 1H), 7.45 (t, J = 7.7 Hz, 1H), 7.40 — 7.29 (m,
2H), 6.01 (dd, J = 8.1, 4.0 Hz, 0.5H), 5.96 — 5.82 (m, 1.5H), 5.73 (s, 1H), 5.22 — 5.07 (m, 2H),
2.75—2.58 (m, 2H), 1.46 (s, 9H).

B3C-NMR (101 MHz, CDCls): § 168.65, 138.39 (d, J = 19.7 Hz), 135.80 (d, J = 5.2 Hz), 133.35
(d, J =3.7 Hz), 130.12, 128.19 (d, J = 1.8 Hz), 126.62, 126.41 (d, J = 9.4 Hz), 118.17, 91.15 (d,
J=170.4 Hz), 52.11, 41.53 (d, J = 23.8 Hz), 28.88.

YE-NMR (376 MHz, CDCl5): 6 -176.14 (ddd, J = 48.2, 30.7, 20.3 Hz).

HRMS (ESI): Calcd. for C1sH20FNONa [M+Na]*, 272.1421. Found: 272.1430.

FTIR (NaCl) cm™: 2967, 2083, 1642, 1537, 1453, 1362, 1223

TLC: R¢=0.38, 15% EtOAc/hexanes

N-(tert-butyl)-2-(fluoromethyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (2n)
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N-(tert-butyl)-N-fluoro-2-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide 1n
(0.48 mmol, 160.0 mg) was subjected to General Procedure C for 3 hours. Silica gel
chromatography (25% EtOAc/hexanes) provided 2n (72.8 mg, 45% vyield) as a white solid.
Extensive protodeboration occurs during purification; the crude reaction product was ~95% pure
by 'H-NMR with quantitative mass balance (160.2 mg, no solvent or insoluble material).

'"H-NMR (400 MHz, CDCls): & 7.89 (d, J = 7.6 Hz, 1H), 7.84 (s, 1H), 7.54 (d, J = 7.7 Hz, 1H),
5.88 (s, 1H), 5.63 (d, J = 48.0 Hz, 2H), 1.46 (s, 9H), 1.35 (s, 12H).

3C-NMR (101 MHz, CDCls): & 168.20, 138.20 (d, J = 16.4 Hz), 136.80, 135.33 (d, J = 3.8 Hz),
132.69, 127.28 (d, J = 10.7 Hz), 84.34, 82.91 (d, J = 165.4 Hz), 52.14, 28.92, 25.00.

YE.NMR (376 MHz, CDCls): 6 -210.73 (t, J = 48.1 Hz).

HRMS (ESI): Calcd. for C1H2,BFNOsNa [M+Na]*, 358.1960. Found: 358.1963.

FTIR (NaCl) cm™: 2981, 2087, 1644, 1361, 1311, 1145

TLC: Rf=0.42, 25% EtOAc/hexanes.
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N-(tert-butyl)-3-(fluoromethyl)thiophene-2-carboxamide (20)
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N-(tert-butyl)-N-fluoro-3-methylthiophene-2-carboxamide 10 (0.5 mmol, 106.5 mg) was
subjected to General Procedure C for 3 hours. Silica gel chromatography (15% EtOAc/hexanes)
provided 20 (62.3 mg, 58% yield) as a white solid; recovered 30.1 mg (28%) unreacted 1o0.

'"H-NMR (600 MHz, CDCls): & 7.32 (d, J = 5.0 Hz, 1H), 7.11 (d, J = 5.1 Hz, 1H), 6.04 (s, 1H),
5.63 (d, J = 48.2 Hz, 2H), 1.44 (s, 9H).

B3C-NMR (151 MHz, CDCls): 6 161.39, 139.13 (d, J = 18.6 Hz), 136.24 (d, J = 5.1 Hz), 129.13
(d, J = 6.4 Hz), 127.06, 79.55 (d, J = 162.1 Hz), 52.27, 28.94.

YF-NMR (376 MHz, CDCl5): 6 -203.87 (td, J = 46.8, 6.9 Hz)

HRMS (ESI): Calcd. for C1oH14FNOSNa [M+Na]*, 238.0672. Found: 238.0680.

FTIR (NaCl) cm™: 2976, 2100, 1643, 1548, 1455, 1365, 1295, 1216

TLC: R¢=0.33, 15% EtOAc/hexanes.

N1,N3-di-tert-butyl-2-(fluoromethyl)isophthalamide (2p)
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N1,N3-di-tert-butyl-N1-fluoro-2-methylisophthalamide 1p (0.5 mmol, 154.2 mg) was subjected
to General Procedure C for 2 hours. Silica gel chromatography (50% EtOAc/hexanes) provided
2p (104.0 mg, 68% vyield) as a white solid.

'H-NMR (400 MHz, CDCls): & 7.46 (d, J = 7.6 Hz, 2H), 7.41 — 7.32 (m, 1H), 6.01 (s, 2H), 5.53
(d, J = 47.6 Hz, 2H), 1.44 (s, 18H).

3C-NMR (101 MHz, CDCls):  167.78, 140.33 (d, J = 3.8 Hz), 129.86 (d, J = 3.8 Hz), 128.90
(d, J = 2.8 Hz), 128.73, 79.70 (d, J = 161.5 Hz), 52.39, 28.78.

YFE-NMR (376 MHz, CDCls): 6 -193.00 (t, J = 47.4 Hz).

HRMS (CI): Calcd. for C17H25FN20, [M]*, 308.1900. Found: 308.1900.

FTIR (NaCl) cm™: 2971, 2099, 1636, 1547, 1450, 1362, 1310, 1225

TLC: Rf=0.21, 50% EtOAc/hexanes.
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N1,N3-di-tert-butyl-2-(difluoromethyl)isophthalamide (2q)
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N1,N3-di-tert-butyl-N1,N3-difluoro-2-methylisophthalamide 1p (0.5 mmol, 162.8 mg) was
subjected to General Procedure C for 6 hours. Silica gel chromatography (50% EtOAc/hexanes)
provided a 5:1 mixture of 2p:20 (108.0 mg, 66% yield) as a white solid; partially converted SI-
2p (30.4 mg, 18%) was also isolated.

'"H-NMR (400 MHz, CDCl,): § 7.48 — 7.34 (m, 3H), 6.99 (t, J = 54.1 Hz, 1H), 6.01 (s, 2H), 1.45 (s, 18H).
BC-NMR (126 MHz, CDCly): & 167.40, 138.21 (t, J = 4.3 Hz), 130.87, 129.24, 128.03 (t, J = 22.2 Hz),
113.26 (t, J = 239.1 Hz), 52.48, 28.72.

F-NMR (376 MHz, CDCls): § -105.87 (d, J = 54.2 Hz).

HRMS (CI): Calcd. for C;7H,,F,N,0, [M]*, 326.1806. Found: 326.1806.

FTIR (NaCl) cm™: 2979, 2095, 1637, 1545, 1363, 1311, 1221, 1033

TLC: Ry =0.18, 50% EtOAc/hexanes.

(Z2)-N-(tert-butyl)-3-(fluoromethyl)-7-methylocta-2,6-dienamide (2r)
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(E)-N-(tert-butyl)-3,7-dimethylocta-2,6-dienamide 1r (0.37 mmol, 89.1 mg) was subjected to
General Procedure C for 1 hour. Silica gel chromatography (15% EtOAc/hexanes) provided 2r
(46.0 mg, 52% yield, 5:1 mix of 2r : alpha-fluorination) as a white solid. Additionally, a mixture
of one secondary and two primary allylic fluorides was isolated (16.2 mg, 18%), either as the
result of Lewis-acid-catalyzed olefin isomerization or unselective fluorine transfer; 12.5 mg
(14%) unreacted 1r was recovered.

'H-NMR (400 MHz, CDCl5): § 5.61 (d, J = 47.8 Hz, 1H), 5.54 (s, 1H), 5.37 (s, 1H), 5.13 — 5.06 (m, 1H),
2.32-2.21 (m, 2H), 2.22 — 2.12 (m, 2H), 1.68 (s, 4H), 1.60 (s, 4H), 1.35 (s, 9H).

BC-NMR (101 MHz, CDCls): & 165.58 (d, J = 2.0 Hz), 152.38 (d, J = 18.2 Hz), 132.71, 123.20, 120.64
(d,J=4.9Hz),82.14 (d, J = 161.6 Hz), 51.43, 33.85 (d, J = 7.2 Hz), 28.95, 26.75 (d, J = 0.9 Hz), 25.80,
17.82.

F-NMR (376 MHz, CDCls): & -178.35 (dt, J = 49.0, 4.2 Hz) (isomer), -222.51 (t, J = 48.6 Hz) (2r).
HRMS (ESI): Calcd. for C14H,sFNO [M+H]", 242.1915. Found: 242.1921.

FTIR (NaCl) cm™: 3066, 2970, 2929, 1658, 1630, 1543, 1453, 1364, 1276, 1224.

TLC: R; = 0.40, 15% EtOAc/hexanes.
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N-(tert-butyl)-4-fluoro-3,3-dimethylbutanamide (2s)
0
F\></U\N><
H

N-(tert-butyl)-N-fluoro-3,3-dimethylbutanamide 1s (0.5 mmol, 96.0 mg) was subjected to
General Procedure C for 14 hours. Silica gel chromatography (15% EtOAc/hexanes) provided 2s
(31.4 mg, 32% yield) as a white solid. The product was isolated as 39.0 mg of an inseparable,
79:21 mixture of 2s and non-fluorinated amide SI-1s.

'H-NMR (400 MHz, CDCls) 8 5.37 (s, 1H), 4.18 (d, J = 47.7 Hz, 2H), 2.03 (s, 2H), 1.32 (s, 9H),
1.01 (d, J=1.9 Hz, 6H).

3C-NMR (101 MHz, CDCl3) § 170.30, 90.60 (d, J = 172.6 Hz), 51.30, 45.76 (d, J = 3.6 Hz),
35.13 (d, J =17.1 Hz), 28.85, 23.82 (d, J = 5.1 Hz).

YE.NMR (376 MHz, CDCls): § -222.96 (t, J = 47.7 Hz).

HRMS (CI): Calcd. for C1oH2:FNO [M+H]", 190.1602. Found: 190.1606.

FTIR (NaCl) cm™: 3323, 2964, 1645, 1544, 1473, 1392, 1364, 1225, 1025.

TLC: Rf = 0.24, 15% EtOAc/hexanes (visualized with KMnO,)
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Synthetic Intermediates

2-1sopropylphenyl trifluoromethanesulfonate (SI-4)

The treatment of 2-isopropylphenol (5.0 mmol, 0.673 mL) with triflic anhydride, following the
published procedure,** provided SI-4 (1.237 g, 92% vyield) as a clear, light yellow oil. The
compound matched the reported spectra and was used directly without further purification.

'H-NMR (600 MHz, CDCls): § 7.41 (dd, J = 7.9, 1.6 Hz, 1H), 7.38 — 7.32 (m, 1H), 7.30 — 7.18
(m, 2H), 3.31 (hept, J = 6.9 Hz, 1H), 1.28 (d, J = 6.9 Hz, 6H).

2-1sopropylbenzoic acid (S1-5)

Following the known procedure™ >, the palladium-catalyzed carboxylation of 2-isopropylphenyl
trifluoromethanesulfonate S1-4 (4.0 mmol, 1.073 g) provided SI-5 (535 mg, 81% yield) as a
white solid after purification by basic extraction. The compound matched the reported spectra.

14-15

'H-NMR (400 MHz, CDCl):  12.17 (s, 1H), 7.91 (d, J = 7.8 Hz, 1H), 7.58 — 7.37 (m, 2H), 7.33
—7.16 (m, 1H), 3.92 (hept, J = 6.9 Hz, 1H), 1.27 (d, J = 6.9 Hz, 6H).

2-(But-3-en-1-yl)benzoic acid (S1-6)

O

OH
Ph

The title compound was synthesized on 5.0 mmol scale by the alkylation of 2-iodobenzoic acid
with 2 equivalents of 1-iodo-3-phenylpropane, as an adaptation to a known procedure.'® The
crude reaction mixture was subjected directly to the amidation reaction.
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Ethyl 2-methyl-5-((trimethylsilyl)ethynyl)benzoate (SI-7)

Me3Si O
ave
OEt

Following a reported general procedure®’, the palladium-catalyzed Sonogashira coupling of ethyl
5-bromo-2-methylbenzoate (10.0 mmol, 2.431 g) with trimethylsilylacetylene provided SI-7
(2.214 g, 85%) as a clear, yellow oil after silica column chromatography (5% EtOAc/hexanes).

'H-NMR (400 MHz, CDCl3): 6 8.00 (d, J= 1.8 Hz, 1H), 7.45 (dd, J=7.9, 1.9 Hz, 1H), 7.16 (d, J
=7.9 Hz, 1H), 4.35 (q, J = 7.1 Hz, 2H), 2.58 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H), 0.25 (s, 9H).
BC-NMR (101 MHz, CDCl3): 6 166.95, 140.66, 134.94, 134.12, 131.79, 130.11, 120.88, 104.25,
94.51, 61.02, 21.80, 14.45, 0.07.

FTIR (NaCl) cm™: 2960, 2163, 1724, 1644, 1294, 1251, 1199

TLC: R = 0.40, 5% EtOAc/hexanes

5-Ethynyl-2-methylbenzoic acid (S1-8)

O

OH

General saponification conditions: To a 25-mL round-bottom flask with a stir bar were added
ethyl ester SI-7 (2.65 mmol, 689 mg), NaOH (2.5 equiv, ~300 mg), methanol (1 M), and water
(2 M). The flask was sealed and heated to 60 °C with vigorous stirring for 12 h. The reaction was
removed from the heat and cooled. The homogenous mixture was acidified to pH =1 with 1 M
aqueous HCI and diluted with DCM (25 mL). The organic layer was separated and the aqueous
layer was extracted with DCM (3x25 mL). The combined organic layers were washed with brine,

dried with MgSQ,, filtered, and concentrated by rotary evaporation to provide SI-8 as a yellow
solid (424 mg, 99% vyield).

'H-NMR (600 MHz, CDCls): & 12.56 (s, 1H), 8.21 (s, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.24 (d, J =
7.9 Hz, 1H), 3.10 (s, 1H), 2.67 (s, 3H).

3C-NMR (151 MHz, CDCl5) & 172.80, 142.28, 136.22, 135.44, 132.26, 128.65, 120.18, 82.59,
77.82, 22.25.
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Ethyl 2-methyl-5-(phenylethynyl)benzoate (S1-9)

™
A

Run in the same fashion as for SI-7, the palladium-catalyzed Sonogashira coupling of ethyl 5-
bromo-2-methylbenzoate (4.0 mmol, 972 mg) with phenylacetylene provided SI-9 (583 mg,
55%) as a clear, red-orange oil after silica column chromatography (5% EtOAc/hexanes).

'H-NMR (400 MHz, CDCl3) 6 8.10 (s, 1H), 7.63 — 7.45 (m, 3H), 7.43 — 7.30 (m, 3H), 7.23 (d, J
=7.9 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 2.62 (s, 3H), 1.42 (t, J = 7.1 Hz, 3H).

BC-NMR (101 MHz, CDCl3): 6 166.99, 140.40, 134.56, 133.76, 131.94, 131.69, 130.21, 128.46,
123.17, 120.99, 89.66, 88.61, 61.03, 21.80, 14.44.

FTIR (NaCl) cm™: 2983, 2099, 1723, 1640, 1501, 1239

TLC: Rf = 0.33, 5% EtOAc/hexanes.

2-Methyl-5-(phenylethynyl)benzoic acid (S1-10)

ase
OH

Ethyl 2-methyl-5-(phenylethynyl)benzoate SI-9 (3.0 mmol, 804 mg) was subjected to the general
saponification conditions with 1.5 equiv NaOH for 4 hours. The carboxylic acid SI-10, a yellow
solid, was carried on to the amidation reaction without further purification or characterization.

'H-NMR (400 MHz, CDCly): 5 8.24 (d, J = 3.0 Hz, 1H), 7.68 — 7.46 (m, 3H), 7.43 — 7.26 (m,
3H), 7.28 (s, 1 H), 2.67 (s, 3H).
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Ethyl 5-(cyclopent-2-en-1-yl)-2-methylbenzoate (SI-11)

& i ] i S i
O OEt O OEt O OEt

10 : 2 : 1
Following a reported general protocol,™® the palladium-catalyzed Heck reaction of ethyl 5-
bromo-2-methylbenzoate (4.0 mmol, 972 mg) with cyclopentene provided SI-11 (694 mg, 75%)
as a clear, colorless oil after silica column chromatography (7% EtOAc/hexanes). The product
was isolated as a 10:2:1 mixture of SI-11 : 3-cyclopentene : styrene.

'H-NMR (SI-11 only) (400 MHz, CDCls): & 7.73 (s, 1H), 7.25 — 7.18 (m, 1H), 7.16 (d, J = 7.8
Hz, 1H), 6.00 — 5.92 (m, 1H), 5.83 — 5.71 (m, 1H), 4.37 (q, J = 7.1 Hz, 2H), 3.91 (dt, J = 6.7, 2.1
Hz, 1H), 2.56 (s, 3H), 2.48 — 2.36 (m, 3H), 1.77 — 1.64 (m, 1H), 1.40 (t, J = 7.1 Hz, 3H).
B3C-NMR (SI-11 only) (151 MHz, CDCls): & 168.02, 144.09, 137.52, 134.05, 132.36, 131.85,
130.72, 129.89, 129.30, 60.73, 50.83, 33.83, 32.58, 21.37, 14.47.

FTIR (NaCl) cm™: 2987, 2084, 1715, 1643, 1263

TLC: Rf=0.40, 7% EtOAc/hexanes.

5-(Cyclopent-2-en-1-yl)-2-methylbenzoic acid (SI-12)

. 0 c o} e o}
(L™ L™ L™
10 : 2 : 1
Ethyl 5-(cyclopent-2-en-1-yl)-2-methylbenzoate S1-11 (3.0 mmol, 697 mg) was subjected to the
general saponification conditions with 1.5 equiv NaOH. The carboxylic acid SI-12 (558 mg,

92% yield), a white solid, was carried on to the amidation reaction without further purification or
characterization.

'H-NMR (400 MHz, CDCls) § 12.25 (s, 1H), 7.89 (d, J = 1.8 Hz, 1H), 7.32 — 7.25 (m, 1H), 7.20

(d, J = 7.8 Hz, 1H), 6.03 — 5.93 (m, 1H), 5.84 — 5.72 (m, 1H), 3.99 — 3.86 (M, 1H), 2.62 (s, 3H),
2.58 —2.34 (m, 3H), 1.78 — 1.64 (m, 1H).
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Ethyl 2-methyl-5-vinylbenzoate (S1-13)

L

Run in the same fashion as for SI-11, the Heck reaction of ethyl 5-bromo-2-methylbenzoate (4.0
mmol, 972 mg) with ethylene (balloon atmosphere) provided SI1-13 (357 mg, 47%) as a clear,
colorless oil after silica column chromatography (7% EtOAc/hexanes).

'H-NMR (600 MHz, CDCl3): 6 7.93 (d,J=2.0 Hz, 1H), 7.44 (d,J=7.5Hz, 1H), 7.19 (d, J =
7.9 Hz, 1H), 6.70 (dd, J = 17.6, 10.9 Hz, 1H), 5.76 (d, J = 17.6 Hz, 1H), 5.26 (d, J = 10.8 Hz,
1H), 4.37 (q, J = 7.1 Hz, 2H), 2.59 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H).

BC-NMR (151 MHz, CDCl3): 6 167.66, 139.49, 135.92, 135.35, 131.97, 130.21, 129.17, 128.55,
114.07, 60.85, 21.56, 14.43.

FTIR (NaCl) cm™: 2980, 2936, 1952, 1720, 1611, 1449, 1300, 1261, 1192

TLC: Rf=0.35, 7% EtOAc/hexanes.

2-Methyl-5-vinylbenzoic acid (SI-14)

Ethyl 2-methyl-5-vinylbenzoate SI-13 (2.3 mmol, 439 mg) was subjected to the general
saponification conditions with 1.5 equiv NaOH. The carboxylic acid SI-14 (quantitative yield), a
white solid, was carried on to the amidation reaction without further purification or
characterization.

'H-NMR (400 MHz, CDCl3): 5 11.48 (s, 1H), 8.10 (d, J = 2.0 Hz, 1H), 7.51 (dd, J = 7.9, 2.0 Hz,

1H), 7.24 (d, J = 7.7 Hz, 1H), 6.72 (dd, J = 17.6, 10.9 Hz, 1H), 5.79 (d, J = 17.6 Hz, 1H), 5.29
(d, J = 10.9 Hz, 1H), 2.65 (s, 3H).
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2-(But-3-en-1-yl)benzoic acid (SI-15)
0

OH
=

The title compound was synthesized on 6.0 mmol scale by the allylation of 2-methylbenzoic acid
with allyl bromide, according to the known procedure.*® Crude SI-15 matched the reported
spectra.? The crude reaction mixture (~2 : 1 SI-15 : RSM) was subjected directly to the
amidation reaction.

'H-NMR (400 MHz, CDCls) § 12.37 (s, 1H), 8.23 — 7.93 (m, 1H), 7.48 (dtd, J = 9.2, 7.4, 1.5 Hz,
1H), 7.36 — 7.26 (m, 2H), 5.91 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.13 — 4.93 (m, 2H), 3.15 (t, J =
7.6 Hz, 2H), 2.41 (g, J = 7.8 Hz, 2H).

2-Methylisophthalonitrile (SI-16)

NC CN

1,3-Dicyanobenzene (5.0 mmol, 640 mg) was methylated according to the known procedure®
and purified by silica column chromatography (DCM) to provide SI-16 (375 mg, 53% vyield) as a
white solid which matched the reported spectra.

'H-NMR (400 MHz, CDCls): & 7.83 (d, J = 7.8 Hz, 2H), 7.44 (t, J = 7.8 Hz, 1H), 2.78 (s, 3H).
TLC: Rf=0.47, DCM. (1,3-Dicyanobenzene R = 0.40).

2-Methylisophthalic acid (SI1-17)

@) @)
HO OH

To a 50-mL round-bottom flask were added 2-methylisophthalonitrile SI-17 (2.65 mmol, 374
mg) and a 10% aqueous NaOH solution (5 mL, 0.5 M reaction concentration). The reaction was
sealed and heated to 100 °C overnight.?® The reaction was acidified to pH =1 with 1 M aqueous
HCI. The aqueous layer was extracted with EtOAc (5x50 mL); the combined organic layers were
washed with brine, dried with MgSO,, filtered, and concentrated to provide SI-17 (461 mg, 96%
yield) as a white solid which matched the reported spectra.

'H-NMR (400 MHz, Acetone-ds): 8 7.96 (d, J = 7.8 Hz, 2H), 7.40 (t, J = 7.7 Hz, 1H), 2.72 (s,
3H).
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2-(cyclopropylmethyl)benzoic acid (S1-18)
o)

OH

The title compound was synthesized on 6.0 mmol scale by the alkylation of 2-iodobenzoic acid
with 3 equiv (bromomethyl)cyclopropane, as an adaptation to a known procedure.*® The crude
reaction mixture (2:1 benzoic acid : SI-18) was subjected directly to the amidation reaction.

'H-NMR (400 MHz, CDCls) § 12.02 (s, 1H), 8.05 (dd, J = 7.8, 1.5 Hz, 1H), 7.62 (t, J = 7.5 Hz,
1H), 7.57 — 7.43 (m, 1H), 7.31 (td, J = 7.5, 1.6 Hz, 1H), 2.99 (d, J = 6.9 Hz, 2H), 1.17 — 1.07 (m,
1H), 0.64 — 0.46 (M, 2H), 0.32 — 0.17 (m, 2H).

2-((trans-2-phenylcyclopropyl)methyl)benzoic acid (SI-19)
0]
OH

"'Ph

The title compound was synthesized on 6.0 mmol scale by the alkylation of 2-iodobenzoic acid
with 1.5 equiv trans-2-(iodomethyl)cyclopropyl)benzene, as an adaptation to a known
procedure.'® The crude reaction mixture (4:1 SI-19 : benzoic acid) was subjected directly to the
amidation reaction.

'H-NMR (400 MHz, CDCls) § 12.16 (s, 1H), 8.11 (ddd, J = 25.2, 8.2, 2.9 Hz, 2H), 7.58 — 7.40

(m, 3H), 7.28 — 7.19 (m, 2H), 7.05 (dd, J = 7.8, 2.9 Hz, 2H), 3.21 (qdd, J = 15.3, 6.9, 3.0 Hz,
2H), 1.85 (dt, J = 8.9, 4.4 Hz, 1H), 1.54 — 1.37 (m, 1H), 1.00 (tt, J = 11.1, 6.1 Hz, 2H).
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2-(Methyl-ds)benzoic acid (S1-20)
o]
dOH
CD;
The title compound was synthesized on 5.0 mmol scale by the trideuteromethylation of 2-
iodobenzoic acid with 2 equiv CDsl, as an adaptation to a known procedure.'® The crude reaction

mixture (4:1 SI-20:benzoic acid) was subjected directly to the amidation reaction. *H-NMR
analysis showed 99% D-incorporation.

'H-NMR (500 MHz, CDCl3) § 8.07 (d, J = 7.2 Hz, 1H), 7.46 (td, J = 7.6, 1.5 Hz, 1H), 7.29 (t, J

=7.5Hz, 2H).
MS (El): MW = 139.0713; observe 139.1.
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Mechanistic Experiments
Crossover reactions

a) N-H/N-F crossover:
o) O

0 >< N>< Fe(OTf), (10 mol %)
oot Oy
F

X

DME (0.5 M)
40°C, 1h L
1a Sl-1b 2a
0.5 equiv 0.5 equiv 94% NMR yield

F
éﬁx
N
H
2b

not observed

Procedure: General Procedure C was followed on 0.2 mmol scale, using 1a (0.5 equiv, 0.1
mmol) and SI-1b (0.5 equiv, 0.1 mmol). NMR analysis with 1,3,5-trimethoxybenzene as internal
standard showed a 94% vyield of 2a, with quantitative recovery of SI-1b and no formation of 2b.
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b) N-CI/N-F crossover:
X
F

@i @\»x X

o}

0.5 equiv Cl
Fe(OTf), (10 mol %) 22 9
o DME (0.5 M)
>< 40°C,1h 0 o}
N M M
N N
“ ©§LH H
8 o] F
0.5 equiv 10 2b

Table S10. N-F/N-CI crossover results
Entry 2a(%)2 7 (%) 8(%) 2b(%) 1a(%) 6 (%)
7

: o1 %8 0 B 62 Exposed to

3 o1 o . 0 4 46 ambient light

3 81 36 5 0 4 50

5 93 37 6 0 5 o Runinthe dark

@Yields determined by 1H-NMR with 1,3,5-trimethoxybenzene

as internal standard.
Procedure: General Procedure C was followed once on 0.5 mmol scale, using 1a (0.5 equiv,
0.25 mmol) and 8 (0.5 equiv, 0.25 mmol), and in four parallel trials on 0.1 mmol scale.
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c) "Reverse" N-CI/N-F crossover:

i LN\ L\ i
N>< N N N
cl H H H
" F cl cl
0.5 equiv
Fe(OTf), (10 mol %) 2b 10 9
> 4 : 1 : 1
o DME (0.5 M) o
>< 40°C,1h
N NiBu
F H
F
1b 2a
0.5 equiv Not observed

Procedure: General Procedure C was followed on 0.5 mmol scale, using 11 (0.5 equiv, 0.25
mmol) and 1b (0.5 equiv, 0.25 mmol). The relative ratios of the crude reaction products were
analyzed by *H- and **F-NMR.
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Radical clocks

Fe(OTf), (10 mol %) F /%
o) >< DME (0.5 M) o) >< HN
+
N °C 1. N o)
N 40°C,1-3h N P
F

3 5a 5b

Procedure: N-(tert-butyl)-2-(cyclopropylmethyl)-N-fluorobenzamide 3 (0.2 mmol, 49.9 mg)
was subjected to General Procedure C for 1 or 3 hours. The crude reaction mixture was analyzed
by *H- and *F-NMR. The *H resonance at 5.35 ppm (dd, J = 47.2, 7.9 Hz, 1H) and *°F resonance
at -163.77 ppm (dd, J = 46.7, 7.2 Hz) are indicative of the fluoromethylcyclopropyl of 5a. The
'H resonance at 5.10 ppm is the only possible indication of ring-opening. Attempts to isolate 5a
failed, as the compound decomposed on silica.
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Trial 3, 3 h
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K Fe(OTf)2 (10 mol %) \\\A F Ph
Ph o) DME (0.5 M) Ph' o
M Mo+ N o
N 40°C,1-3h N
F H NBu
H
4 6a 6b

Procedure: N-(tert-butyl)-N-fluoro-2-((trans-2-phenylcyclopropyl)methyl)benzamide 5 (0.1
mmol, 32.5 mg) was subjected to General Procedure C for 1 or 3 hours. The crude reaction
mixture was analyzed by *H- and **F-NMR. The *°F resonances at -166.79 ppm (dd, J = 47.2,
10.8 Hz) and at -167.42 ppm (dd, J = 48.0, 10.7 Hz) are indicative of the two diastereomers of
fluoromethylcyclopropyl 6a. The *°F resonance at -174.46 ppm (ddd, J = 47.1, 28.2, 18.0 Hz) is
diagnostic for the ring-opened product 6b, (displays a similar chemical shift and identical
splitting pattern as the structurally similar 2m: 6 -176.14 [ddd, J = 48.2, 30.7, 20.3 Hz]).

Attempts to isolate 6a failed, as the compound decomposed on silica. *H-NMR analysis was not
instructive.

Time (h)  Conversion (%) a:b
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3 27 1.3:1
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Intramolecular KIE study

o)
>< Fe(OTf), (10 mol %) >< ><
N
F DME (0.5 M)
CH,D 40 °C 1h

d-1a d-2a
115% D

Procedure: N-(tert-butyl)-N-fluoro-2-(methyl-d)benzamide 3 (0.2 mmol, 42.0 mg, run in
triplicate) was subjected to General Procedure C for 1 hour. The crude reaction mixture was
analyzed by 'H- and **F-NMR, using benzene-ds as the NMR solvent to obtain the best
resolution between d-2a and 2a. The observed ratio of d-2a/2a was divided by 2 to correct for
the 2:1 ratio of H:D in the intramolecular competition. By *H-NMR analysis, an intramolecular
KIE of 3.33 was calculated, with a range from 3.26 to 3.38; by 1°F-NMR analysis, an
intramolecular KIE of 3.97 was calculated, with a range from 3.87 to 4.12.

Ratio of d-2a to 2a:

Methylene 5.6 ppm Methylene 5.5 ppm 1H-NMR KIE 19F-NMR KIE
A 6.58 6.46 6.52/2 = 3.26 7.85/2 =3.92
B 6.84 6.68 6.76/2 = 3.38 8.25/2=4.12
C 6.86 6.58 6.72/2 = 3.36 7.74/2 = 3.87
Mean 6.76 6.57 3.33 3.97
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Intermolecular KIE study

D
CD F F
J< 3 J< Fe(OTf), (10 mol %) O J< DO J<
> +
F DME (0.5 M) N N
40 °C, 2.5 min

d;-1a 2a d,-2a
0.5 equw 0.5 equiv

A 1:1 mixture of 1a and ds-1a (0.05 mmol each, run in triplicate) was subjected to General
Procedure C for 2.5 minutes. The crude reaction mixture was analyzed by *H- and **F-NMR. By
F_NMR analysis, an intermolecular KIE of 1.6 was calculated, with a range from 1.54 to 1.61.

Table S11. KIE as determined by the ratio of d,-2a to 2a.
Conv (%) KIE (19F-NMR)

A 3 1.61
B 3 1.55
C 4 1.54
Mean 1.57

A separate trial (0.2 mmol each 1a and ds-1a, 5 mol % Fe) run to 25% conversion provided an
intermolecular KIE of 1.66.

FErre ras0

—-205.24
—-205.37
—-205.50

SN
F300
B - F250
200
F. o Fe_ DLJ o
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o [ "
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( ‘ F100
| |

1
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Elaboration and Stability of Fluoroamides
(a) Reduction of tert-butyl benzamide to benzyl alcohol with Schwartz’s reagent.?®

F F

o Cp,ZrHCI (5 equiv) H H
N THF (0.1 M) OH
i, 2 h
2a S1-21

Procedure: In the glovebox, Schwartz' reagent (0.25 mmol, 5 equiv) and a stir bar were added to
a 1-dram vial, which was then sealed with a rubber septum and removed from the box. Amide 2a
(0.05 mmol, 10.5 mg) was added and the septum was quickly replaced. The contents were
evacuated and backfilled three times with nitrogen. Anhydrous THF (0.5 mL, 0.1 M) was added
via syringe and the heterogeneous mixture was stirred vigorously at room temperature for 2
hours. After 2 hours, the reaction was quenched with 700 mg silica and 1 mL water. The
resulting slurry was stirred at room temperature for approx. 2 h, and then transferred to a
separatory funnel, diluting with approx. 20 mL water and 20 mL DCM. The organic layer was
removed and the aqueous layer was extracted with DCM (3x20 mL). The combined organic
layers were dried w/MgSQy, filtered, and concentrated by rotary evaporation. The crude reaction
product was analyzed by *H-NMR and GC-MS to show benzyl alcohol S1-21 as the major
component (85% SI-21 and 8% recovered 2a, uncalibrated yields).

'"H-NMR (400 MHz, CDCl3) § 7.46 (d, J = 7.3 Hz, 1H), 7.43 - 7.32 (m, 4H), 5.54 (d, J = 47.9
Hz, 2H), 4.78 (s, 2H).

YF-NMR (376 MHz, CDCl3) & -204.18 (t, J = 47.9 Hz).

MS (EI): Found 140.1 (MW = 140.06)

(b) Reduction of tert-butyl benzamide to aldehyde with Schwartz’s reagent.®

F F

o Cp,ZrHCI (2 equiv) O
N THF (0.13 M) H
t, 2 h
2a SI-22

Procedure: In the glovebox, Schwartz' reagent (0.4 mmol, 2 equiv) and a stir bar were added to
a 1-dram vial, which was then sealed with a rubber septum and removed from the box. Amide 2a
(0.2 mmol, 41.8 mg) was added and the septum was quickly replaced. The contents were
evacuated and backfilled three times with nitrogen. Anhydrous THF (1.5 mL, 0.13 M) was added
via syringe and the heterogeneous mixture was stirred vigorously at room temperature for 2
hours. After 2 hours, the reaction was quenched with 600 mg silica and 1.5 mL water. The
resulting slurry was stirred at room temperature for approx. 2 h, and then transferred to a
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separatory funnel, diluting with approx. 20 mL water and 20 mL DCM. The organic layer was
removed and the aqueous layer was extracted with DCM (3x20 mL). The combined organic
layers were dried w/MgSQy, filtered, and concentrated by rotary evaporation. The crude reaction
product was analyzed by *H- and *F-NMR to show aldehyde SI-22 as the major component (4:1
ratio of S1-22: 2a) with less than 5% defluorinated aldehyde or over-reduction to alcohol SI-21.

'H-NMR (400 MHz, CDCls)  10.10 (s, 1H), 7.93 — 7.83 (m, 1H), 7.75 — 7.63 (m, 2H), 7.60 —
7.49 (m, 1H), 5.88 (d, J = 48.0 Hz, 2H).

YF_NMR (376 MHz, CDCls) 6 -217.72 (t, J = 47.9 Hz).

(c) Cross-coupling reactions orthogonal to the reactive N—F bond.

Miyaura Borylation: See preparation of 1n, page S56.

Suzuki-Miyaura Coupling:**

Pd(OAc), (5 mol %)
P(o-Tolyl)z (7.5 mol %)

o PhB(OH), (1 equw
Br N>< K,COs3 (2 equiv) ><
F Toluene/EtOH (7:1, 0.3 M)

H,0 (1 M)
2e 40 °C, 20 h 55%
SI-23
Buchwald-Hartwig Coupling (first-pass):*®
Pd(OAc), (3 mol %)
(+)-BINAP (4.5 mol %)
Cs,CO3 (1.4 equiv) O/\ o
>< Morpholine (1.2 equiv) K/N ><
N
Toluene (1.0 M) ©)\F
80 °C, 16 h
Si-24
10% NMR yield
80% RSM

Under cross-coupling conditions, the fluoroamide is exposed to low-valent palladium,
superstoichiometric quantities of base, and elevated temperatures with minimal decomposition of
the N—F bond. Decomposition of the N—F bond occurred during our attempts at Stille and
Sonogashira cross couplings. The thermal stability of the fluoroamide has not been rigorously
tested, but the limit under cross-coupling conditions is likely near 90 °C; reactions run at 100 °C
result in extensive protodefluorination.
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NMR Spectra

—1oUU

-1500

~1400

~1300

~1200

-1100

-1000

-900

-800

~700

-600

-500

-400

-300

~200

~100

~-100

B]Ge1868_1H_pure NE88nS8552252 g o =
STANDARD PROTON PARAMETERS ™G TR mh F 5rm T w i :
e
i J<
N
H
Sl-1a -
[
) i) .
!
—— - - — S L S L
! I — T Tt
o~ w o wn
— o Lo o [=]
ni = = I @
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 85 8.0 7.5 7.0 65 6.0 5.5 4.0 3.5 25 2.0 1.5 1.0 0.5 0.0

SI-91



~10000

9000

8000

~7000

6000

5000

4000

~3000

2000

~1000

vv.~V

bET
9 ﬂk\

BE'T
BET
BEE
BET

955—

Ere
£re
[
sre
are
9re
e
e
£ie
v
pre
52¢
sz
9z¢
9z
aze
iee
ive
8¢
8e¢
[

e

— o

d-Sl-1a

L

1.5

%\oo,m

ﬂ|ﬁma

L0'C
£r'c

0.0

0.5

1.0

95 90 85 8.0 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

10.0

roou
~600

~550

~500

—450

~400

-350

-300

~250

-200

-150
-100
~50

—50

9z 6T
BE'BT W—
1561

56'8L
L6 RT

LI585
am.ﬂmv

5694
mﬁ.th-
LETELL

26521~
z59g1—
b bZT—
egnEr="
I66ET~_

BHLET
[ mmﬁV‘

B9'69T
9L mmﬁv

it -0

d-Sl-1a

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S1-92



731
731
7.29
7.29
7.28
727
7.26
725
719
719
718
718

J
b

217
717
7.15
715
564
146

-2000

>< ~1900
N

H ~1800

7,27
717

~1700
dy-Sl-1a
~1600
~1500
! _—y - » ~1400
~1300
~1200
~1100
~1000
—900
~800
~700
~600
~500
~400
—300
~200

-100

3=

197
191
0.04=

4.0 3.5 3.0 2.5 2.0

0‘9?{
bl
]

o —-100
=]
=3
T
15

9.5 9.0 8.5 8.0 25 7.0

bl
n
=
=

5.0
f1 (ppm)

~18000

130.81
7716 cdcl3

—169.73
— 13797
——135.38
Lina
1125.53
~77 48 cdcl3
v
76 B4 cdel3
5174
28 .92

~17000
H -16000
~15000
14000
~13000
12000
~11000
10000
9000
8000
~7000
6000
5000
4000
| ) 3000

~2000

i | -1000

—1000

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 8o 70 60 50 40 30 20 10 0
f1 (ppm)

S1-93



B1Gel1902_1H_crude R R 5 S8ER 2545
STANDARD PROTON PARAMETERS TR R R RS w oo e
T S NS
L\
N
H
-
¢ [
| /
SI-1 b )'I J‘l.-r _/f_ - JII J .-II
]
Il
I
1
- S L | S . |
L T T T
™~ oo ~ o o 7]
S 0 & a S S =
nN oo (=] ~ o (o]
T T T T T T T T T T T T T T T T T T T T T
0.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)
B1Ge1902_13C_pure m nom ogIng o o o -
STANDARD CARBON PARAMETERS I % 829 z2a 2 - =
| I NS e I
LN
N
H
Sl-1b
u
" .
p
T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

SI1-94

~1000

-900

~800

~700

—600

500

—400

~300

-200

~100

—3000

~2800

~2600

~2400

—2200

—2000

~1800

~1600

~1400

—1200

~1000

~800

-600

—400

-200




mLoUUU
-24000
~23000
~22000
—21000
-20000
-19000
-18000
-17000
~16000
~15000
~14000
~13000
-12000
—11000
~10000
~9000
~8000
~7000
—6000
~5000
~4000
~3000
—2000
-1000
0
—-1000
2000

—1000

~900

-800

—700

~600

-500

—400

-300

—200

-100

B]Ge2146_LH_pure IEommnEninEsssann Ty a LR 29N S Z
Gradient Shimmin N O NN 0 mmmmm gl ) =1
9 N e VW
T\
N
H
Sl-1c [ ~ .
]JJ ) / )
]
1
‘ q \ ‘
J L ﬁ Lt
S, T T BN
w =M o (=3 o o
S oo S S @ o
i = = w0
r T T T T T T T T T T T T T T T T T T T T
0.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 40 35 3.0 25 2.0 15 10 0.5 0.0
f1 (ppm)
BlGe2146_13C_pure o = o oen3 e 1 gog
Gradient Shimming g £ 5 &&48 RRE z EFE
[N ~ iz}
LN\
N
H
Sl-1c
1
T
T T T T T T r T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10 i

100
f1 (ppm)

SI1-95



B1Gel905_1H_pure

STANDARD FROTON PARAMETERS ~750

7.26
7.26
721

t;
ST

=699
X:s.ga
696
557
—239
—231
149
145
144
140
126
125
123
123

I
t

—700

(0]

>< 650

N

H
600
SI-1d r | | -550
500
450
400
350
300
-250
200

-150

-100

-

0.99
3.00
3.01

6.5 6.0 5.5 4.0 3.5 3.0 2.5 2.0 1.5 10 0.5 0.0

5.0
f1 (ppm)

BlGel905_13C_pure =
STANDARD CARBON PARAMETERS

-13000

—139.24
13545
“-135.04
— 13151
126,55
12616
77.48
7716
76 84
5156
2885
2118
—19.58

L
V4
N

-12000

2541\
N 11000
H

-10000
Si-1d
9000
-8000
~7000
-6000
~5000
-4000
~3000

~2000

: N ~1000

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

S1-96



©c o o @ © o o o o o o 5 o
©c o o @ o o o o o & S 8 28 8§ 8 8 &8 8 8 8 8 @ © @ 9o o = o o o 2 g
@ ~ I} I =+ m o =1 =] o o = =] = o = o 3 S a ® ~ @ 1 T m 8 4 o o o S 2 o o o e o S R
— — — — — — — - — (=] =] r~ =] ["s] =+ ~ - =] o~ — - - — — — — — — — =] =] r~ =] ["s} =+ [ o~ — = ]
1 1 1 1 1 1 | 1 1 1 1 f i 1 i h | T ! | 1 | 1 1 ] 1 L 1 1 1 1 i f | 1 i i | 1 T i |

L=

=

L w

=

L=

=

0682 3

' [} f
=868 5 b6 ZE
PEEE

85T £0'9E—

66T L Le

GSW —~ - ooz g

HE
. (']

0re L w

NEW o 815— —_—

vee— — —==——— 0%

mm.mN — ~wemm—— -00'Z . m

e ]

68 m

[ 1
lal 3
bEoz
RN —_—
F g B ee
(I}
<
—-
E
Ll =g
5@
sl
']
95— i — Wmm,o i 3
Lo
I LT
mmmNL(
029z~
in BE'8E

(41 -] mmmmﬁV

Ere 05621

bl Z0'0ET

s24 =] EGEl—

9z¢ ~ 006t —

b o - — 6Lt ez — —

S —_— .

16 — =oes |

3 Mo

e b

e

SE¢ L=

se¢ <

Ln
=% 58691 — -
h h
o o
> 5 > i
P
ZT =T
[ n [
o) e Lo o) o
—_ —_
w w
i
=
E1

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI1-97



o o o o o ©o o o O @ o o o o o o o = s 2 o o o o o o o o o
["e] =2 el = w [=] [Te] = "] (=] ["e] (=] wy [=1 [} = [=] ] o~ — (=1 (= (=1 = =2 = (=] (=] (= (=1
T i h | f i { { f | h | ! 1 { T ] N 1 i i h f { | ] 1 T
L o
=
[ v
=1
| o 90 61—
-
v \ L
\ ) ' E—
mv”ﬂ/ — B Wmom ] e
EFT | -
|
L=
0ee o
1eE N
Tee — —— ‘Looe
ZET | ]
et _ i ooEs—
|
1
| L=
| P
|
L
o
56197
WEW —_—
= e
<+
L
+
-
g
L 2a
s
ﬂ .
L
| ['s]
w6 N - %hm,a
| o BB —
F=]
SEBZT~_
(']
669 L zzzer
10¢ 2 e
9zs PEPET-"
[ . o SUHET— —
ZEE — —= 660 F R
pEE
PEE - =
L3 — Hlom,ﬁ "
9Ee P
LEE
e
BEY | =
=]
w
o
_M 50897 —
L
¢ & e
m ZT ZT
L= ]
g2 o e o 5o o -
a m - o s —
50 Ly JE -
4
T E 17} |y g E 0
o8 o o5
22 B
b o2
U+ [ =] @B -
@b i} E BG i}

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S1-98



B1Ge1870_1H_pure 33233 2
STANDARD PROTON PARAMETERS TRTT RS T
=5 e
O

F.C M

N

H

Sl-1g r
I e

245

113

146

100 95 90 85 80 75 70 65 6.0 5.0
f1 (ppm)

B1Gel870_13C_pure =
STANDARD CARBON PARAMETERS

L
H

_~139.85

13847
131.34
128 .42
128.09
126.08
126.05
126,01
12540
12345
123.42
12338
12269
77.48
7716

ﬁ
ﬁ
\‘

Sl-1g

76 B4
52.23

N

1963

-1000

-900

~800

-700

—600

-500

—400

~300

-200

-100

-1800

~1700

~1600

~1500

-1400

~1300

~1200

-1100

~1000

—900

~800

—/00

-600

500

~400

-300

-200

-100

00 190 180 170 160 150 140 130 120 110 S0 80

100
f1 (ppm)

S1-99



B1Gels70_19F_pure

STANDARD FROTON PARAMETERS

~62.48

—30000

~25000

~20000

~15000

~10000

~5000

0

O = L
F.C 3 40000
o N | 5
H 30000
]
20000
Sl-1g I
H 10000
e L
T T T T T T T T
1.8 -62.0 62.2 -62.4 -62.6 -62.8 -63.0 -63.2
f1 (ppm)
—— T T
40 30 20 10 0 -10 -20 -30 40 -50 -60 -70

-80 -QUfl-IUU -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
m

SI-100



-1900

~1800

-1700

~1600

~1500

~1400

~1300

-1200

~1100

~1000

-900

~800

—700

—600

~500

—400

-300

-200

-100

-0

—100

—2400

~2200

~2000

~1800

-1600

~1400

—1200

~1000

-800

-600

—400

-200

—200

SI-101

BlGeld71_LH_pure 525 3353853 & " Z Z
STANDARD PROTON PARAMETERS wR WMo oW ow w m o -
N e
I
"
N
H
MeO
r -
Sl-1h I |
r | -
J J v | |
|
1
1
B B | A e e e |
T T T e T T
o o ™~ wn (=] o
~ (23 [#)] o (=] (=]
= = = I o @
T T T T T T T T T T T T ; T T T T T T T T
10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 40 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)
< ~ o ot - m
: s E o= - 23 g3 g 2
| | | I [ S I
I
N
H
MeO
Sl-1h
I
I
]
" |
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



~1300

~1200

~1100

~1000

-900

-800

~/00

—600

~500

—400

-300

~200

-100

—100

~1400

~1300

—1200

-1100

~1000

-900

-800

=700

-600

—500

—400

-300

-200

-100

—100

B1Ge2120_1H_pure sansnIos T “ = o
STANDARD PROTON PARAMETERS RRRZE SRS o T b -
“\ O
S M :
N
H
Si-1i [_
r — r
J _— i J —
1
[
|
o T T T T
u a ~ =+ [=3 [=3
a a [ol] a o o
- o = S " o
‘ T ‘ T T T T T T T T T T ‘ T ‘ ‘ ‘ T T T
100 95 980 &5 80 75 70 65 60 55 5.0 40 35 30 25 20 15 10 05 0.0
f1 (ppm)
BlGe2120_13C_pure o LT nEC = Tewsg - o
STANDARD CARBOMN PARAMETERS EEEEH = R z =
I NS [~
“\ O
N M
N
H
Si-1i
!
H
. : o .
T T T T T T T T T T ‘ T T ‘ T T T T T T
200 190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

SI-102



—/00

-650

—600

-550

-500
-350
-300
~250
-200
-150

—450
-400

-100
-50

—50

3 S

E¥Z—

b5

ars
BrE
EEE
PEL
PEL
GE'Y
9E's
TP
(A
Eb'L
Las
Fays
B
19
184
28
ESE

Ph

4

e,

L

Sl-1j

A

Fsez

%umm,o

deee

£0'T
66'0
S6'T

—2300
-2200

~2100

~2000
-1900

—1800

~1700

—1600

~1500

~1400

~1300

~1200

-1100

~1000

-900

—B00

~700

—600

~500

~400

—300

~200
—100
-0

—100

—-200

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.5

10.0

896l —

16 B

56 BE

& TE—

L mm./.

ELrs
m.u.nnw

8¢ 88~
5968~

LENET—
BVEZI—
Sk 8ET

8 BII
-2

D9GET
BO'TED
LITET
13 nmﬁt\w
D.mmﬁx\\
80°BET

88—

Y

Ph

ZT

Sl-1j

190 180 170 160 150 140 130 120 110 100 an 8o 70 60 50 40 30 20 10
f1 (ppm)

200

SI-103



-170
-160
-150
~140
-130
-120
-110
-100

Eal]
~3200

~3000

—2800

—2600

—2400

~2200

~2000

-1800

~1600

~1400

-1200

-1000

-800
—600
—400
-200

=0

~-200

90
-80
70
60
-s0
40
30
20
10

~— o

TFT 5
5914

91

91 N

891

891

697 \

e \ F
1w

see

9£'z- |
|T
662
sez
e
el
e
e
2wz
ErE
br
bre
9’z
9r'e \
we

we
8z
Bz

6h'E ﬁ
62

05z
25z
25z
bEE
bEE
s8E
s8E
98°E
ame

e

e
et

.

LEE

U|Lm_h_ﬁj LMJ“\/\JM

Tem
ZER
83

ST

|
1

wowwn mk\\\.—:
(0]
N
H
SI-1k
|
e

Sl

(12 ,

ore
e
Ire
Zre — -
SPE \
e
are \
are
B
9ge

i

. \ m
Eb T~ \ %oo,m.ﬁ

#5'9)
ST'T
870
Th'0)

TZ'0)

00'T

£2'T
#'T
00'T

60°0)

6Z'E]
£'0)
TZ'0)

7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0
f1 (ppm)

73

B BT —

96'82
95 ZE~_
SEEE—

9805~
85157

+E 9L
aF Nh/
Br L

PESZI
EZRIT~_

TE'0ET
ﬂmnmﬁ.r./.l

P
ZR el
svver/
porper~"

ETHbT—

G667 —

Sl-1k

nl

ik
g

Al

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-104



B1Ge2207_1H_pure
STANDARD FROTON PARAMETERS

-1100

731
729
7.29

726

T713
711
660

ls.aa

Te664

\a 62

573

~—569

Y]

_-524

521
238

147
145

o}

- ~1000
_ S

H ~900

sI-I / | 800
~700
~600
-500
~400
~300
~200

-100

‘ =
E—_

2.04-1
1.02-7

1,005
3

—-100

10.0 9.5 9.0 8.5 8.0 73 7.0

=3
wn
bl
=
v
wn

4.

o

50 _ 45 35 30 25 20 15 1.0 05 0.0
f1 (ppm) -
B1Ge2207_13C_pure =

5]

STANDARD CARBON PARAMET ERS
I
(0]

i}l{l\ ~2800
= N

H

_~138.19

—136.03
135.25
13494
131.04
7716
76.84
51.83
28.93
19.37

\

12698

-12435

—11390
7748

A
A

~3000

-2600
2400
SI-11
-2200
~2000
-1800
-1600
1400
-1200
-1000
-800
i -600
-400

-200

I P
o 0

: T . T . T T T T . T T T . T T T T T . T
200 190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

SI-105



-1400

-1300

~1200

~1100

-1000

-900

—800

~700

—600

~500

—400

—300

-200

—100

-8000

—7500

~7000

~6500

~6000

~5500

~5000

~4500

~4000

—3500

—3000

—2500

—2000

-1500
-1000
-500

~-500

Bl
BET
BE'T
BET
BET

oF e
oFE
e
e
e
[ 4
E¥E
E¥E
bFE

LEE
BEE
BET
L1

4
LB
Bi't
B
B
oos
0o's
ors
oos
TS
EDS
E0GT
EO0'G
w_u_.mJﬁ
E0TG~

£0S
ma.m%
BO'S
LR

PES

BES—F
ﬁm.m\\.

are
B
0z
(44
(444
ETE
a4
0Es
(443
PEE
PEY

_pure
STANDARD PROTON PARAMETERS

B1Ge2278_1H

ZT

SI-1m

Mnmﬁ,m

Fooz
66T

w|hma

Fogo
Feso

86'T
90'¢

95 90 85 80 75 70 65 60 55 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

88 8"
D& ZE~
99 GE~_

e

890
mﬁ.hhv
Ll

Qs —

EB'SET
) aNﬁV

EFBET—=
L) amﬁ\

SHLET
ST'BET
ki mmﬁ\

~
=

_pure
STANDARD CARBON PARAMETERS

B1Ge2278_13C

O

X

N
H

SI-1m

10

20

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

200

SI-106



-1100

-1000

—900

-800

—700

—600

-500

—400

~300

-200

~100

=-100

—4000

~3500

—3000

~2500

~2000

-1500

~1000

~500

=0

B1Geld78_LH_pure 2533348583 I Tk Iz
STANDARD PROTON PARAMETERS nRRRreCew w o N
el N bW
Y4
S N
\ | H
Sl-10 -
|
I T J _J
JJL !\ I J
B 1 — A D | R |
oo ! T
™~ ~ ~ o m
[#)] [+)] [+)] (=] —
s o = I @

T T T T T T T T T T T T T T T T T
100 95 9.0 85 80 75 7.0 65 6.0 55 5.0 4.0 25 20 1.5 1.0 0.5 0.0
f1 (ppm)

BlGel878_13C_pure o n oommoo asz - . -
STANDARD CARBON PARAMETERS 3 Z =E & i = & o
| Y -
O
s ><
N
\ || H
Sl-10
Tk -
APy "
T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 _ 100 80 50 40 30 20 10 0

f1 (ppm)

SI-107



734
733
732
724
7.22
7.20
565
248
151

el ' y ) 1900

Ekix 1800
N B

—1700

I
I

-1600
Sl-1p
1500
. 1400
1300
1200
1100
1000
900
-800
700
600
-500
-400
-300
200

-100

=

—100

224 -1
1.03 =
f18.80-7

w284 I

10.0 9.5 9.0 8.5 8.0 25 70 6.5 6.0 5.5 4.0 3.5 3.0

=]

2.0

=
w

50 _ 45 1.0 05 00
f1 (ppm)

12728
12579
7748
77.16
76 B4
52 04
94
1631

~3000

— 16945
— 13962
~-132.10

z
Vi
\

o] o —2800

-2600

I
I

Si1p ~2400
—2200
—2000
~1800
~1600
—1400
-1200
~1000
-800

~600

~400

-200

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

SI-108



=) o o o = o =) o ) o o o =) o = = = = = =] =] =] =] =] ] =] o 2
= =1 =] = = = =1 =) A =] =] = = = = = ]
el s} [Te] ["x] [T} s} 2] [V} [Tel ["e] ["s] 2]
1 f i f | 1 1 | ] h | 1 1 i | f 1 1 1 | | | f 1 | i {
I
|
| =
| =
|
|
|
| (]
_ =
941
L= e —
s 3
. 652~
MM.”V A HVmH,m 9z 9z
51— - s0€ |2 ez~
L o Zr'e .
we
EDE =)
. L= vl
ENE — Who.n ~ B O
S0
L0E
807 L w
il i POIS— RN
or'e
L=
| o
|
|
|
| ]
lal
| a9z
| - ar RW
[ F3 B 4L
|
[ L n
| +
| -
=B
oy Baso [ A2
Use - .Thm,m =
87§ - 00T | n
95" ¥ Fa
| - W FERTT— - .
| EFETT— _—
| |
| =}
| 2T IE — E——
[ o
[~
9gE— -
[ A
™~
| 59751 —
|
|
[ L=
ZT o ZT
o (o]
" 169971 — -
\ = [ = \ -
-~ -
- -
(2] = (2]
[ a
']
\ | @ \
|
| =
1 =]
| 1
|

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-109



o = o o o o > o o o =
A =] A = A 1= I =1 I = o B
{ i | i ) A ! 1 i i

e — |d =+8'8

PET— 606

bET— — -— [0z

5T —

oN><

Sl-1s

fmmd

95 8.0 85 8.0 7.5 7.0 65 6.0 55 50 _ 45 40 35 3.0 25 2.0 1.5 1.0 05 0.0
f1 (ppm)

10.0

SI-110



—340

-320

300
280
260
240
220
-200
-180
-160
-140
-120
-100
-80
6
-40
-20

—20

—1600
~1500
—1400

~1300

~1200

-1100

~1000

-900

~800

-700

-600

-500

~400
-300
~200
-100

—-100

0o
170
170
zzo
zz0
£C0
8¢ 0|
610
050
050
150
150

= )

-

/
1

]
ESD
Tor
ToE
Tor
Zor
EDT
B0
B0
k0T

SFT
e
Zre

29G—

are
e
1%
(332
0z
12
9z¢
8z
6
DE'
g
1E¢
ze¢
ZEE
EEC
PEE
9EE
8EC
86

i

l\ . u_m_m_w‘_ﬂh_ﬂﬂww U

Ji

Sl-2

Foet
Feet

Lzt

~06'6

Fooe

%lmma

LT'T
62'E

%0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.5

10.0

FoE—

BETT—

168
56 mwv

ELiE—

5815

e ah./.

ariL
2 NNH\

i) mwﬁlf

i —
T56ET—
ammmﬁ\\

bOLET—
SEBET—

06691 — v&

ZT
@)

Sl-2

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-111



~2000
~1900

~1800

-1700
-1600

~1500

—1400

~1300

~1200

-1100

~1000

—900

-800

—/00

—600

~500

—400

-300

-200

-100

—100

~3800
—3600
~3400

-3200

~3000

—2800

-2600

~2400

—2200

—2000

~1800

-1600

—1400

~1200

~1000

-800
—600
~400
-200

—-200

400

860
860
660
(1]
oot
1ot
ToE

o'
i
Wi
(A4
ELA S

ogr
e
T80
Z8r
(404
ERT
BET

BEL
n_m.m/
EHE~%
PEE
96
BEE
ore
T0E

11
POE
PO
50¢
50¢
90¢
e
ENE
[A¥'S
PIE
51|
Spe=d
9re
61
10
126
106
[
£T¢
14
P
pEe
9ge
9z¢
9g¢
16
ZEE
EEE
EEC
SE¢
SE¢
9EE
L6
8E¢
BEE

ZT

Ph

‘,

SI-3

s

96°0)

96'T
00'T
SO'E
86'Z

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

T T =

05 EZ—F
[y mw\
Lo BL—

9f 9E—

FA16—

L mhu/n

aris
wv.mhN

8e'5el
st mmﬁW.
Evozi~4
po9El

ceaznf
99 mmﬁ*
beEl

99E1—
szbEr"
9 ERT—

[ mmﬁx

ZT
(@]

Ph

‘
’

SI-3

190 180 170 160 150 140 130 120 110 100 90 8o 70 60 50 40 30 20 10
f1 (ppm)

200

SI-112



—18000

-17000

-16000

-15000

~14000

~13000

~12000

—11000

-10000

-9000

—8000

~7000

—6000

-5000

~4000

—3000

~2000

~1000

-0

—-1000

~550

~500

—450

—400

-350

-300

-250

-200

-150

-100

—0

B1Gel869_LH_pure e 2 i in
Gradient Shimming TR Py M P R OO R B G i N
8} )<
N
F
1a [
s
/|
Iy J J
]
|
- J -
)
7 T T
oo (=] —
- (=] o
ol ] @
T T T T T T T T T T T T T T
10.0 8.5 9.0 8.5 8.0 73 7.0 5.0 4.0 3.5 3.0 .3 1.5
f1 (ppm)
B1Gel1869_13C_pure & g FERR3SAT noowm me e
Gradient Shimming & 2 BERRRRRY e 3 s
v SV NV |
8} k
(]
F
1a
" I_ L i) i i e
T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 100 90 80 70 60 50 30

f1 (ppm)

SI-113



B1Gel869_19F_pure

STANDARD FROTON PARAMETERS ~3800

—-6588

—3600

-3400

0 F4000
k 3200
N

3000
~3000

n

~2000
—2800

1000 2600

e — — o 2400

2200
-65.5 657 650 661 663
f1 (ppm)

—2000
~1800
~1600
—1400
-1200
-1000
-800
—600
~400

~200

—0

—200

0 4 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -9%1-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
m

734
733
731
730
729
726
722
722
721
720
719
241
239
239
238
155
158
153
153

~1300

9]
/l\» 1200

~1100

E
}
<
<

mZ

d-1a

~1000
—900
-800
~700
—600
-500
~400
-300
-200

| 100

e .

184-]

—100

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 75 7.0 6.5 6.0 5.5 4.0 3.5 3.0 2.

= | 9.00

n

5.0 2.0
f1 (ppm)

SI-114



—2300
~2200
-2100
~2000
~1900
~1800
~1700
-1600
~1500
-1400
~1300
~1200
~1100
-1000
-900
-800
~700
-600
-500
~400
-300
~200

-100

—100

—200

—2000

-1900

~1800

~1700

~1600

~1500

-1400

~1300

—1200

-1100

~1000

-900

-800

~700

-600

-500

—400

-300

—200

-100

~-100

B i TrmeTownw
aa o FmecoRY: 2r=2E5 k¥ ]
g8 8 LEEEEREH FREe 2z RS sos
v A e Y YN
D
9]
N ;
F
d-1a
]
LW‘M
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 _ 100 = 90 80 70 60 50 40 30 20 10
f1 (ppm)
3
i
D
9]
F2uuu
N
F
1500
d-1a
/ | 1000
,'I k 500
Prar—— j 0
T T T T
-64.6 -64.7 -64.8 -64.9
f1 (ppm)
—— 7T 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
50 40 30 20 10 0 10 20 30 40 50 60 70 B0 9O Emu )—110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250
ppm

SI-115



o © o & o © © o o o o o o o o o o o
o o © © o o o o o o o o o O o o o o & © © 5 © © © &8 © § © 8 & O © o 8 o o o o 2
(= s} (=1 ] [=1 [Te] = [Te] (=] ["x] (=] ["e] 2 wy = 2] = = ] o =1 ==} =3 st o [=] (=] =3 N o~ (=] =) =] =+ ~ =] = 2 =3 = o~
a o [} P~ r~ =] =] ['s] e} %y A‘_y o 3} o =] — — ["s] [=] 4‘_, %v 3} o [l [ ™ [x] o o o o~ — — — — — =] =] ﬁy o [=]
1 i i h | i f 1 1 | 1 | | 1 ] 1 T | i | i 1 | | 1 | | h 1 1 1 1 1 i | h T !

L= F
° ]
(]
=
3
L=
= E
8zt -
5l | mm.hv 3
cer — =656 [ —
L =
™~
Vmoouj
™~
L= —3
o
]
—_—
sva
) L
m —
- =
+
L
+
-
| =&
1\
=
L v
(e}
L=
b Sb'5Z1

B mna/

BIE 0EET

0z wﬁ #ODET

0zt mﬁ_ﬁ_ﬂw

17 5 DET _

1€ Eme\

zEe| F 2 £E'SET

Mw.mxf - e 00T

P - — .

el 86T "

9ze -

62

0EE

16¢ .

e -2

EEE

PEE

L v
=]
60541
\T ammbv \T
=
NFD3 o [ o NFD,._J o ]

- -

[} [ SN o] [ ST

-] " -
[ o

10.0

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-116



-64.48

~5500

-5000

—4500

—4000

~3500

~3000

~2500

-2000

~1500

~1000

~500

-0

o
N fl 5000
F |'|
CD; f \ 4000
dy-1a ,'I [ 3000
} \ 2000
1000
Lo
——— T T :
64.1 -64.3 -64.5 -64.7 -64.9
f1 (ppm)
————— —— T T
50 40 30 20 10 -0 -20 -30 -40 S50 -60 -70 -BO

-%ﬂ [-10% -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240

1 (ppm

SI-117

500



~22000

~21000

~20000

—19000

-18000

~17000

-16000

—15000

-14000

~13000

-12000

—11000

-10000

-9000

~8000

—/000

~6000

-5000

~4000

—3000

-2000

~1000

—-1000

—2000

~1000

-900

—800

~700

-600

-500

~400

—300

~200

-100

0

B1Ge1907_1H_pure ER gl R ol cann EREER
Gradient Shimmin e A B i i S o e
9 L R VNP
8] X
M
F
(
~
1b » \ \
i J /
1
A BN o
s — 0~ (=] w o
co-ao S @ o
o ~ o m
10.0 9.5 9.0 8.5 8.0 73 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
f1 (ppm)
B1Gel1907_13C_pure m= R 2935 a® 3 = I RER [
Gradient Shimming £ 2 iz BERERK 2 REZ 23 Enz o4
™ N N % P
8] )4
N
F
1b
1
200 190 180 170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10 1]

100
f1 (ppm)

SI-118



B1Gel907_19F_pure
STANDARD FROTON PARAMETERS

A

(o]

=63.21

[-6000

5000

4000

3000

2000

1000

-Fo

T T
2.9 -63.0

-63.1 -63.2
f1 (ppm)

T T T
-63.3 -63.4 -63.5

~6500

~6000

-5500

~5000

~4500

—4000

~3500

~3000

—2500

~2000

~1500

—1000

~500

0 40 30 20 10 0O -10

-20

-30 40

-30

-60

-70

-80

-90

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
m

SI-119

—-500



o o o o o o o
o o o o o o o o o o o o o o o o e =] =] 2 ] 2 ] o
(=] el = [Te] = [Te} = "] = [T} (=] ) (=1 2] = = ] =2 ["e] = el (= [} = =2
1 I h f 1 1 1 | | h h L f 1 T ! i 1 | | 1 1 {

=)
=
['s]
=
o
4 L=
-
. _ ) ) I pE~—
R.ﬂV —— =ZIT9 i,
w " €t
951 P S 8 g~
i — — Fete | =
| o
o
S
o~

133

1433 o

BTE [ o

9TE —==RE Woo,ﬁ S.vav

iTE 65'b9

6TE ™

1CE [ o

bE oL
ot RW
L= 8bis
+
L
o«
-
E
=
(GRS
o
ful
['s]
[
L=
g w
are T
pii re sz —
69927
Gre Fa EL amhﬂ |u
F=]

“_MM o1 amﬁ\-
£ TT0er —F

e nmvﬂ\.

P L2

vee r .

52~ e M Tz 1 mEVv

:Tw S~ a0'c zoapT

9zs L

pEE

PEE

g -

9Ee L=

e 2

8g 9

6E i

o Fa Im
: ¥
m AR
= e s X

g3 < £z

Wm Zlo B Zl

H_m o Cm

E w L & o)
=1 - * =1 -

o o

\n < \n <

= -

=] . =]

32 L3 32

@b - =l

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-120



B1Ge2152_19F_pure ~3400
STANDARD FROTON PARAMETERS

-62.59

~3200

o >< L3000 3000
N ﬂ
f [ 2800
ﬁ " 2000
1c [ 2600

(1000 —2400

j ~2200

— Fo
. . - : . -2000

-62.4 -62.5 fiﬁz.ﬁ -62.7 -62.8
m
(ppm) 1800

-1600

—1400

-1200

-1000

-800

~600

-400

-200

—-200

o 40 30 20 10 o0 -10 -20 -30 -40 -50 -60 -70 -BO -90 -100 5110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
m

SI-121



~700

-650

-600

-550

~500

-450

—400

-350

-300

—250

—200

-150

-100

-0

—50

~3800

-3600

3400

~3200

—3000

~2800

-2600

—2400

-2200

—2000

—1800

~1600

-1400

~1200

~1000

-800

-600

-400

-200

—200

B1Gel910_1H_pure mnmno == om
STANDARD PROTON PARAMETERS O oo 7
N \ e
o} x P
N
F
1d i
|
r ]
JJ Il
|
II
Jl 1
Tt o s
(=] -~ oo w
= o S & S
— — [l (=
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 75 7.0 6.5 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)
BGe1910_13C_pure 3% SRERRBZS 233 24 RE 58
STANDARD CARBOMN RABAMETERS SRARARRS pdages Tz Bn oae
Y SEERSY NS ~ 4 Yoo
e} x
N
F
1d
s
e L
T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 _ 100 90 80 70 50 50 40 30 20 10
f1 (ppm)

SI-122

400



B1Gel910_19F_pure
STANDARD FROTON PARAMETERS

fsen

1d

=64.02

vau

-63.8 639 -64.0 -641 -64.2
f1 (ppm)

F8000

6000

4000

2000

ro

-64.3

~6500

—6000

-5500

~5000

—4500

~4000

~3500

—3000

~2500

-2000

~1500

~1000

-500

0

500

0 40 30 20 10 0O -10

-20

-30 40

-50

-60

-70

-80

-9%1-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
m

SI-123



=200

o o © o o o ©o o o =
=) o =) =) =) o =) o = o =) =) o & & © ©§ &5 & B 8 ©® o o o ©o o o o o o 2
" = ] =] n = " =] Il = 5] =] = A @ ~ I} Il =+ m o — = =] = =) = =] = =] = = =2
f f | | i | h h ] L { T N 1 | | N 1 T 1 T T i h f | | | | T

| =

1 [=]
[

[ L n

| =

L=

—

bel faptd

.“2/ w N e W

ST o LBEE

906 [ ~

961 N F ELEE -

61 5656~

66T - . =)

e - Fwzkg

(il

e

492 1n

mqmw F 2

we —_— ——— ooc

S0E B —— 00'z

&@we =

BT ™ e

(3%
L
o
LN
E.RW
L= B 4L
+
| ']
m R
| -
| E
| | =@a
5@
=
L v
['s]
| (=]
F 3 29521

e 28521

9E Lzl

8re " nv.hmﬁV. —_—=

Gre Mo 23 Tas

1ee £5821

EzL 062t

vl 0 aﬂ\

. L o

sTe ~ TOSET

9g¢ (S . 88 6ET

9ze — 60'6 06 GET

e L in 0z zk1

BT ™~

16 |

ZEE |

£E¢ | | =

PEL | o

SE¢ - | -

LEE |

>3 P >3
1 o
|
> | ZFLT >
° | | = E'SLT °
(@] - | = o 2
| (']
| [ o
|
W o
| =]
| —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-124



mz

1e

Ph

-6333

6000
5000
4000
3000
r2000
1000

ro

63.0 631 -63.2 -63.3 -63.4 -63.5 -63.6 -63.7
1 {ppm)

—6000

~5500

~5000

—4500

~4000

—3500

~3000

~2500

—2000

~1500

-1000

~500

-10

-20

-30

-40

-50

-60

-70

-80

-0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
f1 (ppm)

SI-125

—500



B1Gel943_1H_pure
STANDARD FROTON PARAMETERS

asea

7.44
7.44
.42
7.42

7.40
7.40
726

708
708

233

155
155

<

-1100

~1000

-900

—800

~700

-600

500

—400

~300

—200

-100

~-100

~5500

~5000

~4500

—4000

—3500

~3000

~2500

~2000

-1500

-1000

~500

1f . [
1 f ]
]
J |
1
R T R U
R iy s
w (=] o ™
a o o —
— — m ()]
T T T T T T T T T T T T T T T T T r T T T
00 95 90 &5 80 75 70 65 60 55 50 40 35 30 25 20 15 10 05 0.0
f1 (ppm)
B1Gel1943_13C pure o2 EEE R es3 o ge oo
STANDARD CARBON PARSHIETERS ARRERREE 2 NE e Tz Nn o=
v SSs=ve | S Y Yoo
(0]
Br ><
N
F
1f
]
- "
T T T T T T . T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o
f1 (ppm)

SI-126



BJGel943_19F pure

STANDARD PROTON PARAMETERS

pcsa

1f

-6462

10000

5000

o

-64.3 -644 -64.5 f-64.6 -64.7 -64.8 -64.9

1 (ppm

~10000

-9000

-8000

—7000

-6000

—5000

~4000

-3000

~2000

~1000

0

0 40 30 20 10 0

T
-10

T
-20

T
-30

T
-40

T
-50

T
-60

T
-70

T
-80

T
-90

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240

f1 (ppm)

SI-127

=-1000



B1Gel933_1H_pure mamT T E oo
Gradient Shimmin s i i 5
g R o 15000
o - 14000
FsC N><
13000
F
12000
19 -
[ ‘ 11000
J J J
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
‘ ._JLJ_.J
J L M n
N T T
5 8 8 a 1000
~ o (o] L]
T T T T T T T T T r T T T T T T T r T T T
100 95 90 &5 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)
BJGe1933_13C_pure £33 ENENCREINEEI RS E0S2] A =0 en g
Gradient Shimming 2 £ CEEELEEEEEE R R i EER Iz B =
Y B R ae s ~ Y Yool
900
800
300
+700
200
‘ 100 600
AN o -500
————— T
120 128 127 126 125 124 123 122 121
f1 (ppm)
400
300
| 200
100
Il
|
[P — l " l m
" Y L 0
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 _ 100 _ 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

SI-128



B1Gel933_19F_pure
STANDARD FROTON PARAMETERS

o
g M
3C\d\N
F

19

—-b255
—=65.00

2.0 -62.5 -63.0 -?3.(5 -6)4.0 -64.5 -65.0

1 (ppm

Flzuuu

r1lo000

8000

[-6000

4000

(2000

0

~11000

-10000

~9000

—8000

~7000

~6000

~5000

~4000

~3000

—2000

~1000

0 40 30 20 10 0 -10

-20

-30 40

-50

-60

-70

-80

" ~-1000

-QUfl-IUU -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250
m

SI-129



B1Gels874_1H_pure
STANDARD FROTON PARAMETERS

736
735
7.35
734
733
733
7.26
673
671
671
381
241
152
152

-1000

i
\

-800

A
AN
<

0O

mZz

MeO

~700

~600

-500

~400

~300

| 200

-100

.0 6.5 6.0 5.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

5.0
f1 (ppm)

BlGel874_13C_pure 5 r
STANDARD CARBON PARAMETERS

v
o

~2000

13001
12996
7748
77.16
76 B4
55.33
27.30
27.25

—161.00
138,60
13858
64.35
64.25

—116.12
— 11069
—2001

L
Y
<
<

1900
>><i\ 1800
N 1700
F
MeO ~1600
1h 1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200

-100

—100

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

SI-130



B1Gels74_19F_pure
STANDARD FROTON PARAMETERS

A

F

(0]

MeO
1h

~63.12

~5000

-620 -625 _-63.0
1 (ppm)

T T
-63.5  -64.0

~9000

—8000

—7000

~6000

~5000

—4000

—3000

~2000

~1000

0 40 30 20 10 0O -10

-20

-30 40

-50

-60

-70

-80

-9%1-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
m

SI-131



B1Ge2126_1H_pure
STANDARD FROTON PARAMETERS

(0]

[ ><
N

n

1i

306
239
155
154

<

10.0 9.5 9.0 8.5 8.0

BlGe2126_13C_pure 2o
STANDARD CARBON PARAMETERS

v
o

[ ><
N

F

1i

& 195

136.35
136.33
135.39
13341

/

65 6 50 _ 45 40 3.5
f1 (ppm)
2823 & GmeEsy
R | [
000
3000
2000

g

T
78.0 77.5 77.0 76.5

f1 (ppm)

27.28
27.22

<
— 1946

~1500

~1400

—1300

-1200

~1100

~1000

-900

—800

-700

~600

-500

—400

-300

—200

-100

—-100

—4000

—3800

—3600

—3400

—3200

—3000

—2800

—2600

—2400

—2200

-2000

~1800

~1600

-1400

~1200

~1000

~800

~600

~400

~200

—200

200 190 180 170 160

T T T T T T T
130 120 110 100 90 80 70
f1 (ppm)

SI-132

400



B1Ge2126_19F pure
STANDARD FROTON PARAMETERS

o
x S

F

1i

=64.50

T . T
-64.3 644 -64.5
f1 (ppm)

-64.6

-64.7

20000

15000

rioooo

5000

21000

20000

19000

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

+5000

4000

~3000

2000

1000

1000

0 40 30 20 10 0O -10

-20

-30 40

-50

-60

-70

-80

-90

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
m

SI-133

—2000



= o o = = o = = o =
s o © o 2 o @ o =8 =@ o o @ o =9 o & =] S = =] =] S =] =] = = 2
I =] ] =) I} =) A =) A = " =] Il =) ) =) = i = A =) " =] A = I =) = I3
i i h f | 1 | 1 i | h | | 1 | 1 ! 1 | 1 1 | | f | T {
| o
| =]
{
|
| (']
, re
| E
- 61—
L2 ]
1
s
851 - R
> — ) —
e - roze 3
L=
o~
?E— —_— Fooe [ n
w (3]
_ :
|
_ &
| £549 _
| g —
']
{  In
| $EOL
| E.RW B EE—
| L= B L
| <+
| 2988~ I
Fa 02 68— —
| —
| E
L =a
| sE
, P
ﬁ [ v
| [
1
|
, L=
| s 0z 021 — -
| 61 EET— -
| 2 8er I_
| L B BET
133 w 0£'0ET —
I PEOET
PEL 0z 01 -
pEL F2 £9TET
see . 80T ag'zel
a2 - — Yo owser
ige — — —— ra 0751
e _ — 80T L 12 2s'sel
bb'e o J 60'E
£5¢
£5¢ -
v5E F o
s5¢
9 Zu @ Zu
['e] w
E o F £ o
=
6T I
m — o1 Wﬁv —
o - F= o -
L @
g3 58
2 m o
50 =4
| n o
T F oo a5
Lo \ o ] \
'8 | 2
= o=
Sc < = =] <
U = o | = U = o
= | = o=
@b =l

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-134



B1Ge2055_19F_pure
STANDARD FROTON PARAMETERS

Ph o

~64.37

—3500

-3000

~2500

~2000

~1500

~1000

—500

A >< ﬂ 3000
N |
F |'
2000
1j
+1000
— — 0
. ‘ . . —— .
54.1 -64.2 -64.3 -64.4 -64.5 H64.6 647
f1 (ppm)
—_——— T T T
0 40 30 2 10 0 -10 -20 -30 -40 -50 -60 -70 -80

-00 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
f1 (ppm)

SI-135



-1100

-1000

-900

-800

—/00

—600

-500

~400

-300
-200
~100

=-100

551
95T
B9T

69T
0l
0l
1014
3

— o

ECT
LEE r
8EZ
e
e
o'z
we
e

ZFE

& \\.U

e
£
brE
sk ﬁ
o

e
8z
b7
BFE
6H2
05z ﬁ
05z

152
z5z
e
28z ﬁ
e85

e
EHE
brE
3
SHE
SHE
IHE
IHE
HE
8E
£8E
£8E
8HE
8HE
BHE
6HE
65E
65
ses]
se5
sesd|
9751
s
s
8rs
biS
bES
bES
565
56
965
Zrin,

y

|
L

L I

ET
bre w
#red

sred
0z
I
£2¢
aze
[
[
e
e

k)

Wﬁm,m
90T

T0E
SF'C
Hrva

Lo

Fezo

Foor

6T'0
6C'T
280
8T°0

ToLE
=990
020
610

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
f1 (ppm)

.5

8.0

450

400

330

~300

250

-200

r150

100

50

EDRT—

PELT

BE'LD
BG ZE~
LHEE-T

98 05—

G b9
mm.va-

#0'ALT
£ amﬁuk
i mwﬁ/.

266E =
TonEr-,

£E mmﬁww
navmﬁ.\
£LT'SET

0BEPT—

FESLT
T+ mhﬁv

300

200

100

134 132 130 128 126
f1 (ppm)

136

20

190 180 170 160 150 140 130 120 110 100 90 8o 70 60 50 40
f1 (ppm)

200

SI-136



-6459

—10000

—9000

~8000

~7000

~6000

~5000

~4000

-3000

—2000

-1000

0

s >< 10000
N
F 8000
6000
1k
|
/ 4000
J !k 2000
L | P
; - - \ : ;
643 644 645 646 647 -64.8
f1 (ppm)
N -
; ; \ — ; \ —— ; —_— ——— -
0 80 60 40 20 20 40 <100 120 -140  -160  -180  -200  -220  -240

-0 -80
f1 (ppm)

SI-137



—1/00U

~16000

-15000

-14000

-13000

~12000

-11000

~10000

-9000

~8000

~7000

~6000

-5000

~4000

—3000

~2000

—1000

—-1000

-1700

~1600

—1500

~1400

~1300

~1200

~1100

~1000

-900

~800

~700

-600

-500

400

~300

-200

-100

—100

B1Ge2241_LH_pure LELEN223%3 R a L
Gradient Shimmin e N . . =1 i w0 o -
9 e N ol N N v
(0]
M '
= N
F
11 (
J ; j’ f f / J
|
Iy [
' J L.
I I o S
T oo iy i\
w o — L= (=3 L=
o o [=] o (%)) o o
P = — =1 ™ @
T T T T T T T T T T T T T T T T T T T
100 95 9.0 85 80 75 70 65 6.0 50 45 40 35 30 25 20 15 10 05
f1 (ppm)
B]Ge2241_13C_pure =2 293523898 S . . [P —
STANDARD CARBON PARAMETERS ARARRRRSL I hsh T3 sn o=
| RO Y Yo
LN\
= N
F
11
|
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

SI-138

—200



BlGe2241_19F_pure
STANDARD FROTON PARAMETERS

-6456

~2000
-1900
(0]

>< 1500 —1800

= N /\
~1700

F f |‘
‘| || 1000 L1600

|
1 || \n‘ oo -1500

J \ 1400
1300

——— —— 0

T T T T T T 1200
-63.5 -64.0 -64.5 -65.0 -655 -66.0

f1 (ppm) 1100

~1000
-900
-800
~700
—600
~500
~400
—300
~200
=100
e s 0

—-100

=200

50 40 30 20 10 0O -10 -20 -30 -40 -50 -60 -70 -BO -Qﬂfl-(lﬂﬂ )-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250
ppm

SI-139



—1400
-1300

~1200

-1100

-1000

~900

-800

-700

~600

—500

—400

~300

—200

-100

—-100

~1000

-900

-800

~700

600

-500

—400

-300

-200

=100

~-100

85T
951
£SF
BED
bEED

FEZ
SE'T
SE'T
9€T IS

are
T

(£
seT

BeT

mm.?r
sez-

e
[y
oge
18z
5e
1
96k
9t
96
96k
s
Bi
B8k
B
Bi
Bk
s
oS
[
s
sog
9
g
905
it
285
285
£qS
bEs
985
8
85
985
DS
o1
nee
12¢
e
£ze
Ere
£re
sze
sre
Tee
T8¢
£
£ce
vEr
s
age

e L L e L

Zuw

1m

b1

Lz

Faoz
Fooz

%lmma

Feeo

T
c0c

80 75 70 65 60 55 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

85

9.5 9.0

10.0

BT
BELT
§9'ZE—
5756

EE'#9
mv.va

#0894
mﬂ.hnv
B L

ZrstE—

[T
BE nnﬂ./.
EbSTD
BLBLT
O00Er
00rGEr—"
SBEEL--

(43 wmﬂ%
b BED

BERLT
mwvhﬂv

Zuw

1m

-10

220 210 200 190 180 170 160 150 140 130 120 ﬁ_%lﬂ ) 100 90 80 70 60 a0 40 30 20 10
ppm

230

SI-140



-63.16

~1200

-1100

—1000

-900

-800

~700

—600

—500

~400

~300

-200

-100

0

—100

LN\
: /
= {\ 1000
[
1m /
300
m—— g.—.—g
-62.9 -63.0 -63.1 -63.2 -63.3 -63.4
f1 (ppm)
ol "
I
50 40 30 20 10 0 -0 -20 -30 40 -50 -60 -70 -8O

-%0 (-10% -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240

1 (ppm

SlI-141



BlGe2121_1H_pure nm oo bl Lo
STANDARD PROTON PARAMETERS e omRn o Il
AV Vo
900
-
(? O
B >< f
o8 N 800
F
1n f _ 700
J 7 | J
600
500
400
300
1
200
\ 100
N 1
——— — —_—— —_—t e — — .0
s T e e
@ o o ™ ;
@ ] S S i
= o o o o
T T T T T T T T T T T T T T T T T T T T T
100 95 9.0 85 8.0 7.5 7.0 6.5 6.0 5. 5.0 4.0 35 3.0 25 2.0 1.5 10 0.5 0.0
f1 (ppm)
BlGe2121_13C pure oz BREIREIRE 5 oesl oo g o
STANDARD CARBON PARAMETERS BRARRRE % ERe Tz BRE S -14000
Y =5 e |~ Y Y
13000
(? O
B >< 12000
o~ N
F
11000
1n -10000
9000
8000
7000
6000
5000
4000
3000
I
i 2000
Ll 1000
i i |
tor -0
1000
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10 i
f1 (ppm)

SlI-142



BlGe2121_19F_pure
STANDARD FROTON PARAMETERS

m

1n

T T

-65.00

600
600
=550
500
400 Lsoo
300
200 450
100
—400
ro
T T T T T T T
4.7 -648 -04.9 -65.0 -65.1 -65.2 -65.3 350
1 (ppm
300
250
200
+=150
100
50
30

0 40 30 20 10 0 -10

-20

-30 40

-50

-60

-70

-80

-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250

SI-143



EJGEISSI_IH_DUFE o= a ham
Gradient Shimmin R R n i
9 VRS <
(0}
s ><
N
\ Il F
10
; -
/ J
1
| | .
T T T T
- o o o
=] =] S o
— — m [
T T T T T T r T T T T T T T . .
00 95 90 85 80 75 R0 65 6.0 50 45 40 35 2.5 1.
f1 (ppm)
B1Gel881_13C pure B E BT R @ oo oz
Gradient Shimming - 2 EEEEE REz 3% Bn ==
v | 5 S~ v Y v

o
s
\ |

10

R

m34uuu

-32000

—30000

-28000

~26000

-24000

-22000

-20000

~18000

~16000

~14000

—12000

-10000

—8000

~6000

~4000

~2000

-0

—2000

-1200

~1100

~1000

—900

~800

~700

—600

-500

—400

~300

-200

-100

200 190

T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

SlI-144



B1Gels81_19F_pure

STANDARD FROTON PARAMETERS

o
Nea
\ Il F

10

—h7 91

+=8000

6000

4000

2000

-ro

-677 678

679 -680 -68.1 -68.2

f1 (ppm)

0 40 30 20 10

0

-10

-20

-30 40

-50

-60

-70

-80

—8000

~7500

~7000

—6500

-6000

~5500

-5000

~4500

—4000

~3500

—3000

~2500

-2000

-1500

~1000

-500

—300

-QUfl-IUU -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250
m

SI-145



o =) o o o o o o =) o
o =) o =) o =) =) = o o o o o o IS5 ) a = IS5 a a = IS5 o 2
= n = ] = ] =] ] = A = A = o A =] " =] ] =] ] = ] =] =] R
1 f i 1 | | 1 | h 1 1 1 1 | 1 | 1 h | 1 1 | T !
L= 3
=
[ 1
=1
6297 — =
L=
-
181 s 3
mmﬂf . \n EE'LT
65T - — Wz,m - i
::W BE'6
191 E
L2
[a]
we— b Tooe |-
o 20 25—
i :
| = X
| [ e
| ¥I b9 -
4]
L
o E
LN
- E.RW.
F 3 B 4L ]
[ v
+
-
E
L =2
(GRS
=
Lw
_ ['s]
95— = -— L£6'0
L=
w
25’521
peszrah
80T .
(%]
F e E.EW -
b OGLET —
9L ¥E NE“\
8ze = cezery ——
EE¢ e 599197 -
PEE ) ST GET
PEE = 1 oT'T
9EE o FIT | in
9EE F o
L6
86
BE'E =
[ [ o
" Zuw Zu
-
mm e} - o
S
a L PT6AT— -
L= * BTbLT
l_m 1p seva” Am.
e | o
mm p=
=
[=N4
Eo ZT | ZT
=) a
P
d3
3z g
= &

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SlI-146



B1Ge2243_monofluoro_19F_pure
STANDARD PROTON PARAMETERS

Ay

H F

0} O

1p

e

~64.20

~86.06

T T T
-64.0  -041  -64.2

2 643
f1 (ppm)

T
4.4

~10000

+5000

ro

~12000

~11000

~10000

—9000

—8000

—7000

~6000

~5000

~4000

~3000

~2000

-1000

—-1000

50 40 30 20 10 0 -10

-20

-30

-40

-50

-60

-70

-80

-90
f:

SI-147

0 -10% -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
ppm



= o o o o o = = o o =
=] S = = = = = = o = = = 2 = = =] =] = = =] =
I3 - =] =] =] = = =] =] =] = = =2 =] n = ] =] " = =
f N ! i i p f { | ) T T } f | h ! ! |
L=
I = 3
L w
=
e 99— —3
L=
]
0E"LT
mmﬁv Hl o n 9E mnv
S571 — 8e'8T| ~
-]
(3]
oFE— — - — = 00E 1n
[ el
3
! 4
, L=
-
| £949
| byt
| [ (']
| o
9rE— -4 PE9L
| mﬁ.th
| L= a
| - B ée j
L w
=+
| —-
| L =&
ns
, P
L
" E
| o
] =1
PESIT -
[ O BET
| e vwszt/ B
| ar zer "
| 0P 9ET— -
ETE | L2
52¢ ™~
s . = = ST'T
e o - B o667
EEY L
SE'E
v& | L= v&
Zuw | @ Zuw
w
@ (o] | (e}
b | v
| o
g= BE'ELT
a (=2 (=2
P_m e mavav -
T L=
O_N =]
sE © o :
=1 Zuw L Zuw
-8
8
82 =
Fa
@b -

10

20

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

200

SI-148



B1Ge2243_difluoro_19F_pure
STANDARD PROTON PARAMETERS

M I X

F F

1q

-64.22

g AL

|'n|‘ 8000
[

| 6000
|

| I‘ 4000

/ l', 2000

_,// \\\m__ —}0
- : . : . .
640 641 -64.2 -64.3 644 -64.5
f1 (ppm)

. -

—10000

~9000

~B000

~7000

—6000

~5000

~4000

—3000

~2000

~1000

50 40 30 20 1w 0 -10 -20

-300 40

-50 60 -70
f1 (ppm)

SI-149

-80 80 ElOU -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240



2 2 & 8 8 8 g g & &= 2 g § &8 &8 &8 &8 & &8 8 g 8 g . 8
] A % F 8 a a & [} g @ = i N N I - - - - | @ ) ¥ N S N
B ! i} ! L 4 [ L i | L L L L L L L L L L L L L L L
|
|
| o
| L=
7 (=]
|
|
['s]
8T~
3
L= 9£'6T
A - 6L'ST
sz
PET m_ . sz'oz
KT g =3 H\S,m L mNNN\
0917 Pe— z90e | ve'Lz
E— Sonne
8g1-" w 00'E
3
. | = 3
M m/. — — EQT | o SP Ty — 3
e h ESE 3
E
(']
[ i
| |l o
o 86'€9
a0v9 >
L v 3
m E
v8'9L 3
B,RW
L= -
, 2 svLL
|
|
W L wn
1 o+
-
E
405 F2&
e ™ = w60 | = 1
o
ful
L0
1A =
4133 E
og's11 >
EDO- . w2
509~ ™ =960 [ @
or'ger — =
ﬁ [ 1
| I =
| 19261 —
|
)
‘ |~ E
9gi— £
J L
| ™~
|
ﬁ 3
| =) ozt~
= .
Zu | TE'6ST P
(@]
L
==
| 0s°€LT
\ - | veei1 \ -
- | -
L=
| o
L
/ @ /
| =1
ro
=

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200

SI-150



-73.00

-3400

—3200

~3000

~2800

—2600

-2400

—2200

—2000

~1800

-1600

-1400

~1200

-1000

-800

—600

—400

~200

0

—-200

M |
3000
PSS |
N L
F
1r ‘ {2000
“ 1000
SN L ______ L
2.0 -72.5 -73.0 -73.5 -74.0
fL (ppm)
1
T T r T T T T T T T T T T T T T T T T T T T T T
-0 <20 -30 40 -50 60 70 -80

-0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
f1 (ppm)

SI-151



_-234
145
144

—104

232
<

1s 900

-800

—700

~600

-500

~400

-300

~200

I
-100

2.00-]

10.0 9.5 9.0 8.5 8.0 75 70 6.5 6.0 4.5 4.0 3.5 3.0 2.5 2.0 1

w7 9.20%

55 5.0
f1 (ppm)

~18000

17785
17779
64,20
fd 10
4702
46 98
3134
29 96
2747
27 40

7748

7716
76 .84

<
z
<
Ed
<
A
<

17000
’:>%<;v//ii\ /,l<:: 16000
15000

1s ~14000

mZz

~13000

-12000

~11000

~10000

—9000

—8000

~7000

~6000

~5000

—4000

-3000

~2000

| ~1000

—1000

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

SI-152



M

1s

K

mZz

-6991

1500

1000

500

€96 -69.7 -69.8 -60.9 -70.0 -70.1
1 (ppm

~10UU

~1500

—1400

~1300

~1200

-1100

~1000

-900

-800

~700

—600

-500

-400

—300

-200

-100

—0

—100

-10

-20

-30

-40

-50

-60

-70

-80

-0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
f1 (ppm)

SI-153



o o o o o o o o o o o o o o o = =] o o o o o o o o o 2
[y S 3 g ] F @ g 3 8 q = a s s ) o = s F 2 R g & F 8 8 = =) n
] ; f f { { T ki H A h i 1 i { T i T T i i ] i i 1 i ! 1 T !
0o |
170 | L=
ECD =
(T4} — 18t 05—
050 -
150 — Il
1an 48T [ o —
z50
£50 -
[ 960 S
550
660
' 62'4C
ﬂ”” - L n s
— 09'6 | —
zot
bOT .
o't - TE'fE—
51 Fa
EST
51
S5T g |
E9E~ _ U , ~
o4 = Fast
L=
o
]
1b9
.y}
o
vaos
mEth.
| - m B’ ée
|
[ L
| +
| -
E
)
R
sl
L
['s]
L2
o
P52
erez D —
L in Pl ¥
o 8E mu%
12 £00ET _
e et
voe L o 59'6ET
52 o ™~ L] aﬂw
133 ——
26 - = Mmo,m
PEE -—= T Ln
44 00T |
e
e
b L2
[=-]
|
| (']
| [ o
| POSLT
| I
Z | - ZL
(o] | P a
| [
[ 1
o

100

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-154



=62 .40
-62.91

63.12
~64.35

-3800

~3600

~3400

~3200

~3000

~2800

~2600

-2400

~2200

~2000

-1800

—1600

—1400

—1200

—1000

-800

—600

—400

—200

—200

-
I L
N I
” 3000
“ 2000
‘ 1000
|
———
T T T T ‘ ‘
2.0 -625 630 635 640 -64.5
f1 (ppm)
[ ]
|
—— T T T T
S0 40 30 20 10 0 -10 -20 30 -40 -50 -60 -70 8O

-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
f1 (ppm)

SI-155



—450

~400

-350

-300

~250

-200

~150

-100

-50
-0

~1900

~1800

~1700
~1600
~1500
-1400
-1300
~1200
~1100
~1000
-900

-800

~700

~600

-500

—400

~300

-200

-100

—100

—200

6ET
6ET

51
57
38 |
EST

[ w
551
5T
857
[
0T
181
334
bET
[T
182
ESE
[
L4
£8E
(14
162

Ph"

08'T
86'0

e

%0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

9.5

10.0

BE 97—

LET
CLED

62T
mm.mnW
OS2

BE9E—

G b9
55 vav.

9L
mﬁ.hhw
Ll

G2
BLGET
L ETAY
STLET
BELET
9E'RET
EE'BET
LT0ET
LRPET
88'BET
06'8ET
EE'EPT

P

P

LAY
an mbv

el

VLY

ph’

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-156



ph"

-6332

-10000

-9000

-8000

—/000

—6000

~5000

—4000

~3000

~2000

~1000

=0

{10000
F [ [

” 8000

‘\ 6000

} 4000

’ 2000

T T T T T T T
-63.0 -63.1 -63.2_ -63.3 -63.4 -63.5 -63.6
f1 (ppm)
______JJ_J__J_
T T T T T T T T T T T T T T T T T T T T T T T T
-0 20 -30 -40 50 60 -70 -80

-0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
f1 (ppm)

SI-157



= = o o & = = = = = = = = = = = = = = &
=] =] S = = = = o = = = = = 2 =] =] =] =] =] =] =] =] =] =] =] =] =] =] = 2
A o =1 =) =] = = =) = =] 1=} =1 = = ] = I = I = A =] " = Il = I = = i
f T ! ! 7 i h f { ] h T T h | f f d { f f h h ! ! {
| bt
| =
M o
[ =
| 61'5T—
=
-
SzT .
EW — e o az—
621 " s 88—
\ —
E9T— S ar'é
AA =
(']
|
1
7 (']
69 ~N
e —_ - W .
i f . 00z
see | 5
| -
|
| 55 b9 — -
i =
| o
| PE 9L
avie
|
| =) v
| b B ie
n
| <+
_ =k
| =
| =
. =
| ]
['s]
[ =
6l | I
0ze | posEl
ree " [13 ,EV
12 H 61821 —
H e ez
£ie
beLy o BZ/ET— —
pee =
52¢ . ¥R —
oy —_— - o€
9ze = )
e = oot |
iz | ~
e |
e |
[ | o
e | =
gee |
PEL |
see | n
| [=-]
x | BT — v& ——
| o
Z0O @ Z0O
(@] © | (@) ©
| ]
| (=
| =]
| =
| E

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-158



6500

6000

+5500

5000

4500

4000

+3500

3000

2500

2000

1500

1000

500
0

—500

09r—

SEE—

are
LTE
BEE
T
(444
ETE
ETY
L34
i
G2
ST
9z
9z

Cl

1

E
R

€06

=ooe

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

F230
F220

r210

200

190

180

170

r160

r150

L 140

130

r120

110

r100

rF-10

F-20

+0°'6T —

£SV9 —

S69L
oT'LL W

LELL

£9°'STT ~_
19T
»162T \
9T°0T

rever
ogze1 "

9SPLT —

N
Cl

1

30

50

80

T
110 100

f1 (ppm)

T
120

210

SI-159



=25000
-24000

-23000

—22000

—21000

—20000

~19000

-18000

~17000
-16000
-15000
—14000
—13000
—12000
~11000
~10000
-9000
-8000
~/000
—6000
—5000
—4000
-3000
~2000
~1000

—-1000
—2000

1100

—1000

-900

-800
700
600
-500
-400
~300
200
100
-0

=100

Wi

i

bEG—
95—

E6G—
9ge
SE¢
SE¢
9EE
9E'E
LB
s
8EC
8E¢
86| W
EbE
mw.m\ﬁ
£v'e
PEE
bt
SbE
e
e
e
8be
bt
[
05¢

—

2a

|
-

Foos

=1oe
w.om,o

00'T
Hﬁmm,o
LE'T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

9.5

10.0

888
[15: 14

res—

5694
mﬁ.th
LELL
S E8~
e e~

OELET
ZRBET
+EBIT
06'8ET

ZE amﬁ\\
LEPET

B HET
ZL9ET
PLOET

e —

2a

n

I

10

20

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

200

SI-160



=205.21

20534
-205.46

L

-1400

~1300

-1200

~1100

—1000

-900

-800

~700

—600

~500

~400

~300

-200

-100

-0

—100

-80 '%P (-10% -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240

1 (ppm

SlI-161

1000
2a ) \
/\ } 500
\I |
J N—
- ‘ . : : -
-205.1 -205.3 -205.5 -205.7
f1 (ppm)
. .
e
——— T T T T
500 40 30 20 10 0 -0 -20 -30 -40 -50 -60 -70



~1400

~1300

-1200

-1100

-1000
~900
-800
—700
—600
~500
-300
—200
-100

~400

100

~1400

~1300

~1200

~1100

—1000

-900

-800

~700

~600

—500

—400

-300

-200
~100
0

S#T
T
LN
99'F

st %-
(143

LG
B
LBG
B6'S
0oy

L0
609
vy
[

9ge
(144
[
BT
16
ZE'C
EE¢]
eee
SE¢
SE'¢)
9EE
L6
LEE
8E¢
EbE
EbE
5be
5be
e
e
95'¢
95'¢
85¢
85¢

-+o

E

2b

I

Fars
Feoe

86'0

00T

66T
66'0
Bg60

%0 85 &0 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0
f1 (ppm)

8.5

10.0

BUEZ
SE mnv

88—

Es—

56°94
E.RW—
LELE

02" 88~
62 68"

bEszl
DESzL
Taazr
orezr
Trac—
oeoer”
neSEr
ECEL

T00RE
PEORE

BagIr—

pure

Gradient Shimr‘rﬂng

B1Ge1921_13C

2b

190 180 170 160 150 140 130 120 110 _ 100 _ 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-162



B1Gel921_19F_ pure

STANDARD FROTON PARAMETERS ~5000

F
o J< 2000 -4500
N
H 2000
‘ ‘ -4000
2b ‘

| 1000

-166.37
=166 44
=166.50
-166.56
=166 63
-16669

%

~3500

-166.0 -166.2 -166.4 -166.6 -166.8 -167.0 3000
f1 (ppm)

~2500
~2000
~1500
-1000

-500

0

—-500

0 4 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -Qﬂfl-(lﬂﬂ 5110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
ppm

SI-163



©c & © © o © v o o ©o o o o o o o o o
o = o =) o ) o =) o = o =) o o & 85 ©®& ©& © & B85 & © © 8 ©® @8 °§o B B8 B o 2
= [Te] [=] [Te] = [Tl =] ["e] (=] ["s] = 2] = = ) =2 ["e] (=1 el = [Te} [=] [Te] =2 ["x] (=} ["e] (=] ) = [} = = ]
h f f 1 1 | ] f I 1 1 | I | 1 i i h I f I 1 { i i 1 | | | 1 1 | T !

|
|
L=
=
L w
=
L=
- —
69 82
Wi~ r 0 6z w.._
ShT- < Wmm,E- n (76T
W -

LET~ _ .

EQT— ™ Hl 009 -

BrE— N |U = opg ™

'] —
@ [7a5
L=
o
L v
o
EPD b8 8L,
EPpo 8y 2L e
o EPP2 8I &4
[ =
L v
+
T 16 Gh— I
65 /i -—
, s
£0G— - )
2T5— \ B T el o
| L in
(']
zo5— J - 96'0)
4
L= 12521
| .T £y @ mm.ma%.
EE'4E1 —_—
are S.muV _ =
. n .

SL | A m

coe e £ EM.

sz VEREI S .

176 - GE'SET

0E'E F o= o R

TEE 60| 69'Z61

EEY — -

. — _ ar'T 5

EEE = o

see- \ - R POT[ ~

WM_MH 10 3

LE¢ | o

ope @

e

09¢

79 L i E

=% o0 — -

| =
o

ZT ZT
o & Lo o &

a
o Lo

=]
1

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

Sl-164



=129.20
-129.26
=12932
-129.38
-129.44
=12950
-12956

%

O
,I< 400
N

‘ 300

“ 200

|
\Jl lUl lu l\—Jl L;\_ﬁ;wu Lo

-120.1 -129.3
f1 (ppm)

T T
-129.5 -120.7

~400

~380

—360

—340

-320

~300

-280

-260

—240

220

-200

-180

-160

-140

-120

-100

T T T T T T T T T T T T T T T T T T T
40 30 20 10 o -0 -20 -30 -40 -50 -60 -70 -BO
1 (ppm

SI-165

-QfO (-100) -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240



o o =) =) o o o o o =
o = o =) o ) o =) o = o =) o o = S IS5 ) a = = a = o 2
=] ] = ] =] " =] %] =] ] = ] =] =) = = n =] " = ] = %] =) = R
h f f | 1 i 1 | h ] | ! T ! | | h h | T | T
| =)
7 [ =
L v
=1
L=
-

65 b2 — ——

T — IS

L —
=

60— o

L v
(]
99 15—
L=
o
L v
o
EPPAPE 9
- EPPO T e 5
= EPP2 8i &L
]
+
= PR
E —
=
2 &
£05— —
2rs— b=
££51T— ——
909— I 3
£5'221 B ———
TR M«
['s]
F g PE'REI7 =
Z0'0ET
Tr'sE— ==
-2
ALY~ ~ 85191 — —
[1¥se
L8961 — -—3
[ A
09~ ™~
29¢"

2c-styrene

9.0 8.5 8.0

9.5

10.0

BRI —

2c-styrene

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

200



o = = o = o o o = = o o = o
s =] =] = =] = = = = = = = = = 2 = = =] =] = =] =] 2 =
= o o — = = =] =] =] = = = = =) = n = ] = " = ] =] =]
! f T ! n i i h f { 1 ) ! T 1 I h ) ! ! { T
| L= E
| =]
|
|
| 1n
| ]
| [=]
= [0 T
-
e Foo TEBI—
. 006 |
LI N i}
L=
o~
sEE— — = LoE| s
i 00 gs—
(3] um
L=
| o |
|
| ]
| m
m #89L
| E.RW
| f= m Bk
| - 3
| fraa—s
| 96'£8
| L
| +
| —-
| E
| o
M A
sl
['s] X
55— - - .
. LB'T n
1S = -ﬁ F
THS— J - 0| o B
s zE'HE
FEBET
£ BET F
™ 95 BET -
=] ZREET
agEET —
sr'e avvﬂu‘.
i\ e
y - T4
el - = It
A S m o
8EL | Lo
S&W | ~
0pe
=
[ e
w
4
_M | L 1 §1'891— —
m k " i k
& ZT | L= ZT
o Z | =3
s5g o =) [ =
2 N | ~
Lo _ L M
o9
o = 1
S |
EE “ =
=
@b = 1

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-167



B1Gel920_19F_pure
STANDARD FROTON PARAMETERS

i

2d

=117.60
-205.20

20532
-205.45

~2000
|‘ ~1500
~1000

500

g
W
_/)L/JL

—— T T . T —
04.8 -205.0 -205.2 -205.4 -205.6 -205.8 -206.0
f1 (ppm)

—2000

—1900

-1800

-1700

-1600

~1500

~1400

~1300

~1200

-1100

—1000

—900

~800

-700

-600

~500

-400

~300

-200

-100

—100

0 40 30 20 10 0 -10

-20

-30

-40

-50 -60 -70 -80 -QUﬁTIUU -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
m

SI-168

—200



-1000

~900

—800

~700

—600

~500

—400

-300

~200

-100

~7000

—6500

~6000

—5500

-5000

~4500

—4000

~3500

~3000

—2500

—2000

~1500

—1000

~500

—-500

(A4
e
we
L4
(44
ETE
ETT
FZE
Bz

T4
9rE
9re

ws

NN»

685

96’5
£BS
865
L1

sre
9re
e
are
are
6I¢
0zeg
zze
se¢
Lze
8z¢
e
TEE
e
SE¢
LEE
e
[
be
bE
134
SbE
95¢
85¢

20

rio

0

6.00 595 5.90 5.85 5.80
f1 (ppm)

6.05

J

£

Fsos

Fooz

Feoz

%0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

9.5

10.0

ERBZ~
E81E
98 1E

24 BE
T mmv

EIEs—

16 9L
mﬁ.hhv
LS

EL 0B~
L0 R

TO9gT
irAvTAY
BT'9ET
EL9ET
FAN:TAY
6T'RET
B BET
LN A
TT'0ET
B6'SET
ED'9ET
' BET
09'8ET
BE'TET

09'R97 —

1

-10

2200 210 200 190 180 170 160 150 140 130 120 f %lﬂ ) 100 90 80 70 60 50 40 30 20 10
1 (ppm

230

SI-169



Iz

Ph

2e

| 1500

w|||

|| ﬁ , 1000
I I\l

| | { | 500
}l l'U l‘u‘ ! U ’l

1
o

T
-176.2 -1

T . T T T
76.4 -176.6 -176.8 -177.0 -177.2
f1 (ppm)

-176 57
=176.64
=176.70

-176.77
=176 83

{

~1800

-1700

—1600

-1500

~1400

~1300

—1200

-1100

~1000

-900

-800

—700

-600

-500

~400

—300

-200

~100

—-100

-0 -200 30 0

-50

-60

-70

-80

-90 100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
f1 (ppm)

SI-170



10

20

o o © o o o o o o o o o o o o o o o o o o o o
8 8 8 © © © & & © 8 6 v o o o o o o o o H s = = 88 5 &8 & B &8 B8 o 2
S & @ M~ @B A+ o AN A 2 o o o o S 9 o o o = %) =] I = A 1=} I} =1 I = =) i
o — — — — — — - — — — (=11 =] M~ =] (2] %y o o~ — = ] ["e] 'l 4 4 o ™M o~ ~ — — '} )
) 1 L N N l T T 1 N 1 i i h f { | | T T 1 { { | I h h n T { |

2
=
)
=
L=
-

v j

vv.ﬂW A — VVDN,m ! 18

9T \ ! —

L=
o~
v
o 6E 25—
L=
o
L
o
pE 9L
fyhs
) .
L= Bbis
+ -
w187
EU'E8
L
o«
-
E
=2
(GRS
sl
EFG— — - . 1
\ L
e . - Wcam o
\
ses— ~ - 0TS
| L PO~
89zer
52081
] ;_H_EW
P
o T DET 3
9ze SZEET —

3 b EET
e L= D9EET
£5¢ ™~ 61'8ET

voE _ zBer

PG ~ = 10T
55°¢ . F

—— ! M~

95°¢ Al Wmmﬁ
9g¢
85¢ -
85¢ F o
5%

w
i 15991 —
b |
o
=
z zT zT
o (=]

wZ (@] w [ e (@)

um Y Y

a5 N N
'@

Lo L
¥=] -

B

&

=)

ﬂM n.m = w'm

| =

@b =

30

40

50

60

70

180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)
SI-171

190

200



B1Gel954_19F_pure
STANDARD FROTON PARAMETERS

0
B J<
r N
H
F

-206.82
-206.94
=207.07

<

~1000

-900

~800

~700

-600

~500

—400

-300

-200

-100

500
i
U' l‘JI|
2f J Ig\
ro
-206.2 -206.6 -207.0 -207.4 -207.8
f1 (ppm)
——— T T T
50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -BO _gf?_ -100)-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
ppm

SI-172

—100



~1200
-1100

~1000

-900

-800

—700

600

—500

—400

-300

-200

-100
-0

100

-70000

—65000

—60000

—55000

-50000

—45000

~40000

~35000

~30000

~25000

~20000

-15000

-10000

—5000

—-5000

I3 =

£557
(13-t
TH G~

aE—
59'L
£9E
B9
0
28

0O

FsC

2g

A

Fors

%uoo,m
%uhm,o

%umm,m

50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

3.5

8.5 9.0 8.5 8.0 735 7.0 6.3

10.0

+EBI—

557E5—

8 9L
aris
9E'LL
BE L

At

mqmmM
€961
ezel
agezl
bHEL]
ERERT
£HEDT
#OSET
oz
s0¢il
60¢ET
ereel
secil
z5'8e1
R
ZE0E]
E9DET
90T
9601

86'0ET &
rerer’

05'9ET
5 mmﬁv

€6 mﬂu\\
oT'BET

99T —

{10000

8000

6000

4000

2000

O

2g

130 128 126 124 122 120
f1 (ppm)

132

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-173



62.56

~12000

-11000

-10000

~9000

—8000

~7000

—6000

~5000

—4000

~3000

—2000

~1000

0

o +12000 [reve 7
FsC J< .
3 N f +10000 1000
H |
-8000 | (800
F 6000 ﬂ |‘ 1 600
2g +4000 ‘ 400
L3000 -200
L. Lo -0
T T T T T T T T
2.3 -624 -62.5 -62.6 -62.7 -211.0  -211.5 -212.0
1 (ppm f1 (ppm)
——— T
S0 40 30 20 10 0 -0 -20 -30 40 -50 -60 70 -80

-QUlEIUU -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
Pl

SI-174

—1000



= = = o o o o o o = &
= = = = = = = = = = = = = = & =] =] =] = = = S = ] =] = 2
I = ) = I = ) =] ) = Il = ) =) = R I = A" =) I} 1=} A =} A = = i
h ) f f L { ] | h ] 1 ! { T { { ] ] ) h | T { T {
5
=
['e]
=
L=
-
16'82
. ) 6682
Sw1— - Favorl »
-
L=
(3]
['s] S —
-2 15
15 55—
=
| =
o
[ v
o
(Lo
cae - - . iy ————
) i
g€ ey w7
« 81 ze~T =
zaea
L v
]
T
o =9
L oS
fisi
u | BTEN
£55— = o[ OETT
“i M w 00 E:W —_—
S8 5— - . ZgElt
S6 Dl o
=1
18
1zazl
(']
F s v
bE9
bga . EEVET
mm.mv !Iu Fort - @.EV —]
89 a2
e m AIT mm D
Wy
aze = in
mv.h%n F oot 2
e
=
@ arrar— -
By, Y, ]
ZzT @ zT
(@] TN
L=
< o <
N N
L
E
o] o
4] o 4]
= E =

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

200

SI-175



B1Gel886_19F_pure
STANDARD FROTON PARAMETERS

OJ<
N
H
MeO :j
F Il

| \\Jfl lUf

/
2h f
_

|

|
o

T T
-208.3

T T
-208.5
f1 (ppm)

T
-208.7

(3000

2000

1000

0

-208.9

-208.38
=20B51
-20B63

<

-3EUU

—3600

~3400

~3200

-3000

—2800

~2600

-2400

~2200

—2000

-1800

~1600

-1400

—1200

~1000

-800

~600

—400

-200

—200

0 4 30 20 10 0 -10 -20 -30 40 -50 -60 -70 -80 -Qﬂfl-lﬂﬂ -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
m

SI-176



s o o © © © © © @ o o = o o s o = = o o o
S 8 8 28 8 8 8 8 & 8 2@ 8 38 8 2 o o o o o o o o 2 g =] =] = S =] =
m N 4 9o & & M~ ©® I o+ o m &6 A 2 9o 9o o o o o o o o s 8 = Il =] A = =
PR PR\ WU M R A MR MR M RPN R M AU ol MO LY T T A h ) ! ! { T
L= “
[=] k-
I5
=
L=
- I.Jr
. 1882
KT b
m:Wu - 2 Fegs | SEa 3
T - 3
3
L=
(3]
L w
~ 08 25—
L=
-
BUE— — —— 00T
['s]
ot $E9z
arie
BbLe
- 8s8i—
F <+ 59 18— -
8 28
05 28
| in 06 £8
+
9rE— - —-
E
5
=
sl
L w
2557 m. HHW Loz [ v
i '
[T & _ .
“T«‘Dﬁlﬂ“
"] e5zEl
wza
T 4
L ezt > —_— =
_—
w 090Er="
SrEET— . ]
8#'5ET s
9z¢ L= SUSET
#.m/ ™~ ¥ 9ET
mw.hW —— 8z9ET 3
P .
v5e ~ ] 0T [
95'¢ o oz | ™ az'zsT— —5
i5e 9
i5e
-]
=]
" srea1— —s
L 3
ZT ZT
o w L= (o]
=
N N 1
" 2
Fa 4
\ S
7 i 7
E

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-177



2i

U

|

N —

|

T
-209.3

-209,5
f1 (ppm)

T
-209.7

-209.9

+1000

r500

=0

=209 .42
=20955
-20967

<

~2500

-2000

~1500

=1000

-500

50 40 30 20 10 0

-10

-20

-30 40

-50

-60

-70

-80

-901 (—100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250
ppm

SI-178



o o o o o o o o o o
S ] ] 5 =] o o o o o o o o o 2 =] =] =] =] o
=+ oM o~ — = = =] = = =] =] =] =1 =] = %] = ] =) =
! T ] N T T i h f { | | N T ] ] T N { T

|
|
| (=]
, rs
[ 1
=
L=
-
kL e S Tz |- 8887
T M =
| o
4 o
L
~ 62 25—
| o
o
4 Lw
o
YOI~
- E.R.\\\
[ < B L
mm;\\w
¥ EB _
L [ h
<+ 5606~ -
—-
E
of
Fes
fisi
L w

555" W _ 3 ch,m 1 ez

295" SEELT

265 _ . W . EREET

1 860 | 2 15821
£582r

9z¢ 198z

5o " 188zl

age o " Eu“

e 08 1ETr

aey 0zEET

6b's . PLPED

156 S TEHET

£5¢ ] BE9ET

£s2 ﬁ S _ — t90€ b 9ET

v . M sog |2

f — - 502

55

65¢

65 ) =

09¢ =

19¢

29¢ ZT PELET— ZT -

£9¢ o - o w

E9¢

— —
« F o N
[ 1
Vi > Vi
£ L= £
o - o

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-179



Ph o)
A J<
N

||
N
_JUU‘L

T T T T T
-208.2 -208.4 -208.6 -208.8 -209.0
f1 (ppm)

3000

2000

1000

0

-208.49

20852
-208.75

Ay

50 40 30 20 10 0 -10

-20

-30

-40

-50

-60

-70

-80

—3400

~3200

~3000

-2800

-2600

2400

~2200

~2000

~1800

-1600

~1400

—1200

-1000

-800

600

-400

-200

—0

~-200

-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250
f1 (ppm)

SI-180



o o =) =) =) =) =
5] S =1 =1 5] 5] o o o o =) =) o o o 2
o o = ) S = = S 5] IS5 = = a IS5 IS5 = = = 2
— = = =} = = = =} =) = = =1 " =+ oM o — =] =] = = = =] =] = = = =1
— — =] ==} r~ =] (2] _ﬂv m ~ — = i — — - — — — =] =] ~ =] '} 4‘_, [l o — (=]
| T i i | f ! | | 1 T | 1 N | 1 | ] i i h f | 1 | N T
L=
-
EF T~ — 80'T "
ol g6'0T 2 3
me
i / W .
b T
BEE 68 BT~
or'E = 65 2&
L= . P
e I B mmW _—
vz 6 EE
e
EFE \ [
[ e | —3
SHE 0g'el 1
SrE .//_ ~
W 8015~ e — ]
L \ 515" —
05z \ f £5'0)
182 =
ERE )
58z
48T
SHE
1 mW : -
HE \ W o .
mv.m%n L P20 o PEAL_ 1
5 i
: Jiatt R —
THE 5 ) s e E—
v | 0T = =) = =
EGE + =] = =
= & = =
L) Al 1 L L
E
=9
= - &
[t -
hul
+ M~
o
—
15921 @
25921 F o
L = S06ET
n EOBET L&
E86ET e E
S 58621 oa
855 TGET o8 —
124 \ " 6621 = —_—
PG T T'E 1A T 8
- —_— o
wmm - mmikn —
06 ZET o JE—
952 ~ W 25T 95 EET s
LS ) 05EET -
965 (W o e bSLET F o
465 T % over g £6epT -
865 008kt + E
655 o
665
o0
(]
k ° k
zT PEBIT— ZT ——
agey O T8 L= @) 18
R.mw ™~
8¢ i~ . X
8¢ N w2 N
PEE— = 0z'T
B €7 i
™~

BEYL
BEYL
0
b

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-181



SI-182

SEREER
RRRFEE 3500
o W‘J
J< |
N
H 2000
3000
F ‘
| 1000
2k | }
M -
o
T T T T T T
9.8 -200.0 -200.2 -200.4 -200.6 -200.8
1 (ppm 2000
1500
1000
500
; 0
A
(=0
S
—
T T T T T T T T T T T T T T T T T T T T T 1
90 70 50 30 10 -10 -30 -50 -70 -90 -110 -130 -150 -170 -190 -210 -230 -250
f1 (ppm)



=] S 2 = = = = = = = = = 2 = = = = = = = = = = = o
= - S 15 =5 =] =) = = =] o = e S A =] A = % = Il o R =] o b4
T T T ;i i h f f | | T T f { { i | ; h | 1 ! | T
| L=
i =
|
|
.y}
=
L=
=
68 B2
. M 00 6E
T e L
sKT-T K = Fose 14
| =
o
_ n N
F s
| o
o
Lw
o
5694
E.RW.
| = o
| < e
| s
Lo
| +
| —
[ E
=
RS
o
pl
25~ _
cee ~ _ P90t |
k5" b - - m
095" b - 00'z
60— - - 10T 8E511— -
mm.m“ - 160 | o sz'sel
965 \ e R.hﬁ/
£5 mu./ _
65 mmﬁaf
. | PTEEr
M_NN @ ZEEET
e / = ._.lom,ﬁ £9GET
v secel
(%) | = BECED
NMM/. ™~ 0b'BET
e - 8l
e — |L =L n
ab'e ' - Wmm N
r'e
15¢
15¢ | =
[=-]
in Traer— -
Y, Y, —1
ZT ZT
|
o w , L= o w 3
_ | @ _
N | N
, Ln
@
<
\ Fs \
E

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI1-183



21

| \
U lU S

f || \

~3000

2000

r1loo0

-203.2

. T T T
2034
f1 (ppm)

T
-203.6

-203.8

=20327
=203 40
-20353

<

~3000

~2800

—2600

-2400

~2200

-2000

~1800

~1600

~1400

-1200

-1000

~800

—600

-400

-200

—0

—200

90

70

50

30

10

-10

-30

-50

—
-70 -a0 -110
f1 (ppm)

SI-184

-130

-150

-170

-180

-210

-230

-250



2 2 E] 3 8 8 8 8 8 8 8 8 8 ° S
=] =] = = = = = = = = = 2 2 S =] ] =] S 2 S 2 S S 3
= s s g = g & g 8 8 = o n n n < ¥ ™ Il N N - - It o 0
! 4 1 [ 4 L [ L [ L 1 L L L L L L L L L L L Il L
=
=
']
=
BE0
160 o
€60 =] E
EL3:
o P 3
. 8 . ™
av'T < = Fees |1
B = oI~
Cen ol 9T~
€97
s9z
9z "
69 | o 8025 — —_—
e L .
we ™ A %nm T
bz =
e =
e
[:1ars
18 i
o
ve'oL
orLL W
o 8Ll
+
in 8206 ~
+ 16716 — - 3
—-
E
=9
oo
o J o=
- —= et 2
['s] E
: [
~ = S6'0
e IM , ST'811 —
RS < 6T 2 zeroet
Th9eT W
09'921
sTset
1 .,
3 et
60°0ET
zeeet \ -—
- SEeeT
~ bLSET
6L'SET
= 00z 8T'8ET
—= WS,H i Ly'8ET
= oot | ™ bTTST— -—
=
=]
in £9'89T — —
oo
= VA
=
ZT
w £ v E
N o N

9.5

10.0

30 20 10

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)

200

SI-185



-17601
=176.06
=176.09
-176.14
=176.18
=176.22
-176.27
=176.29

—2500

—2000

~1500

~1000

=500

-0

fe) J< i
N
/
F ‘ 1 1000
o \“ F\ I |
| “‘ { H 500
ij\, JUJ WL
e 0
. . —
-175.9 -176.0 -176.1 -176.2 -176.3 -176.4
f1 (ppm)
--—...J-'_r—
— T T T T T ——— T T T ———T T
0 80 60 40 20 20 -40 -100  -120  -140  -160  -180  -200  -220  -240

-0 -80
f1 (ppm)

SI-186



= = o o o = o o = = o o o = = o =
= e S S S ] 2 g =1 =1 2 L] S i} 2 I = I s R S I e R S 2 2
a 3 S 2 R 2 b % = & = = - R & B iA & ¥ i B & o & - = A = °
T T 7 i h f { ; h T ;i | f f { l | i ) ) 1 ! { T
.
2 L
Lw
=
3
L =
-
00'se—
- - 2T
N eyt T 26 8e—
= czg- 2
| o
o
Y
o PrEE—
3
e s
o F
[ 1
lal
PE Oz
avie
L= wit
- 60 28— -
£ BB
bEbE
L v
<
—-
E
Ll =g
5@
sl
()
[ —_— i :
L o Fooog
§ 31
Feg o
w
ezeal
L v EECET 3
e B9 ZET~_ _
TESET -]
peser— -
F2 08 9ETf —
rael
— 8T8ET
L 1
4 86'0
= — 07| o L
[ es
ZT ZT
['s] —_— —.
o w s 0z'89t o —
= = c
N o N
-0 ] -0
T o ” T s
o
=]
=

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

200

SI1-187



-21060

21073
-21085

~4000

—3500

-3000

—2500

~2000

~1500

-1000

~500

—0

| 4000
: Q |
_B J< ‘ F3000
o) N H
F H 1 2000
F Il ‘” 1000
|
2n | |
A g
. : - : ‘
-210.5 -210.6 -210.7 -210.8 -210.9
f1 (ppm)
_—
40 30 20 10 0 -10 -20 30 40 -50 -60 -70 -80

SI1-188

-QUﬁTIUU -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
m



= 2 = = 2 o © o © © © © © o © o o o o o o o
=] 2 ] =] 5] ] S & 8 @ £ © 9 © © © & © & 5 © o o o o o o o o 2 8
=] I = e S =] M N 4 2 @ & ~ ©® & ¥ MmN 4 90 o o0 9o 0 9 o o o o S 8
o o~ o~ — — ["s] [=] o o o o~ — — — — — — - - — — (=11 =] M~ =] ["s] Av [} o~ — = | )
| | | M 1 / T P S U P T AR M U AP M AP M S T LA il M O | T LT |
)
1 [ =
|
|
| L
S
L =
-
(TR 506 | 10 6 BT
y - sz
=)
[ e
- L
o~
fZas—
L=
o
L n
o
5697
ERW.
L= Eur —
- S.R.L\n
8008
.yl
+
-
1 L=
| nes
_ =
| Lo
655~ - B 1A
—1 '
SUG— - ooz
| o
poa— - 160 [
| 90T —
| L n Tr6e
| o 51621 =
] Zz9Er
L - HINAN R
e R £0BET —
NEV. =66'0 [ mﬂw
Tee =960
e | s
~
| =
| [ ed
| BETII— —
L0
=]
VA L= VA
@
ZT ZT
o o o
~ | i ~
=
— =
2 2 N~
F o
=

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI1-189



20

mIz

e

un
o

-203.4

— T
-203.6 -203.8
1 (pp

500

=0

2040 -204.2 2044
m)

-203.73
-203.76
=203 85
-20388
=203 89
=203.98
=204.00
=204.02

é
\

M

W

50

40

30

20

10

0

-10

-20

-30 40

-50

-60

-70

-80

-%0 (-10% -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240

1 (ppm

SI-190

-850

—800

—730

—700

—650

—600

~550

~500

~450

~400

~350

~300

~250

~200

-150

-100

—0

—-50

—-100



o o o o o o o
o ] ] 5] 5] 5] 5] o o o o o o o o o 2
] o o o o o o o o o =] S 5] ] 5 e e e e =] =] =] =] S S 2
=] = =] = =] =] = = = = ] =+ m o~ — = = =] =] =] =] = =) =} =) =
T T 2 Il i 2 il i N T T i T T T T T T i T i T T T i i T
T o
{ [ =
|
| ]
ﬁ =
L=
-
_ R
brT— el . =
- BIBT— —
| =
o
L
o~
6E 25— _—
| =
| o
i
|
| L w
| o
| pE 9L
| aris
| F =2 B if T —
| - 06 0: 7 —
| 0508
|
| -
| <+
| —
| | o€
| g
=
g b=]
G . _ in
655 L - W 002l A
095
10— - - Foarth 2
0821
68 @W. 3
[
L 16821 —
e 8 mmﬁ*
28621
9z¢
PEE L2 PEOT~
aee SE0KT
9EE - )
9g'¢ ~ B o
BEL - - 9Tl 2
e
5b'¢
e
L=
k 2 k
ZT | ars9— ZT .
[ Lo
==
w
o = =R
N o N
.y}
@
ZT | ZT
VA = VA
F o
B

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-191



=192 B8
-193.00
-193.13

F o
(0]
>< )< F4000
N N n
H H |
N 3000
2p | 2000
|W
I
H\ “ “I 1000
AU
ko
— ——
1926  -192.8  -1930  -1932  -193.4
ppm
"
R A B T —— S ——
50 40 30 20 10 0 -10 -20 -30 40 -50 -60 -70 -80

SI-192

~4000

—3800

~3600

~3400

—3200

~3000

~2800

-2600

—2400

~2200

—2000

-1800

~1600

-1400

~1200

-1000

-800

600

-400

~200

—0

~-200

—400

-00 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250
f1 (ppm)



o o 2 2 2 2 o o e o o o o o o o o
s &8 © ©& &5 ©5 © B © ©6 &8 © 8 =8 5 5 o 2
o o o o o o o o o o o o o o o o s &8 & © 5 ©5 © ©5 © © &8 © 8 & © © o 2
(=] "e] = s} =2 [Te] = "} =2 ["e] (=] ["s] (= %1 = [=] e} ["e] (=] ] = [Te] [=] [Te] [=1 [Tel = [V} (=] s} = 2] = = ]
=] P~ r~ o =] ["s] ["s] =+ =+ m o o o~ — — ["s] = I =) =] P~ r~ w =] ["s] s} A‘_v %v m o o o~ — — ["s] [=] |
i h | i f { | i i i f | ] 1 1 | T I i i h | f f { { 1 ] h | | T { T
|
| o
[ =
]
S
L=
-
VT
8L g
KT L Hl . n > 3
mEW N — 65'TZL a 5882
vl
L=
(2]
L
o 8 25—
PR R S S =
L=
K_ i
5]
e w (']
= [ o
= 1697
80| L= E.RW
W o T iE —
— h F T m;hw\m .
i 08
Py
n ['s]
[
-
E
L =8
5@
o
2 n g - = = 9ETIT
P L L S . sTEn
55— ! - o ar m:/ ——
ETG— ! _ © - 88 mmhﬁ./ E—
& 0821 -—
E6 G ZT L ) —_— - - w0 o 18 ZT
wa— O = _ ©E h LTl 3 ww MM ©
=9
8 o} —— Thad it o8 )
989 ~ £ | = r ﬁ 0 EﬂW ~ S B e —
[T} W g | o £80ET w g
EPE | 3\ — _ ar'ner
e o \ IJ o~ . Iz mﬂW O e
b ZT rﬁ ~ - 00T R szl >T —
op'e - 5k EL“*
vl X D o S
- B .
. 3 L i
L \ 320
5b'¢
05¢ + +
25¢ | o
Ay, : AV,
o, B
ZT | TEear ZT
o
(o] (]
o- L= o-
] 53 @ o~ T
T4 E W E
(o] L @]
o
ZT ZT
X 5 >
=]
A

10

20

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

200

SI-193



~1600

Iz

-10580
10594
19239
-19252
-192.64

MATS L v L
N N + N i o
H H H
~1500

<

2q 2p
major minor 1400

150
1500 1300

-
| 1000 R PP

| 500 \ s [
Jul M ALL

~1000

—_— — o

T T T T
-105.6 -105.8 -106.0 -106.2 2.1 -192.3  -192,5 -192.7 -192.9 -900
f1 (ppm) f1 {ppm)
-800
~700
~600
-500
~400
~300

-200

-100

—100

50 40 30 20 10 0 -10 -20 -30 40 -50 -60 -70 -80 -Qﬂfl ElUU )—110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
ppm

SI-194



= = o o o = o = o &
s =2 o o =2 2 o 2 o ©o =@ =2 o 9 o & =] =] = = = =] = =] = = 2
=] ] = ) =] I = I = I = I} = ) = = i =] A =) I 1=} Il =) I =) = i
i h ] i f { { H I h ) 1 T L T { | i A h 7 T { T
|
| =
=
[ v
=1
i — —_—
o 08 52
- searx
6 BE
- = EL'6 seae/
MM” ) 3 04T [ in THEE
A — P — - B EE:
- fa - W
srz 08'E
LTE -
6r'E . vz | ™
NS — = .
mn.m% €0z - £ 15—
9z Lw
8z o
L=
=
L
o vE 9z
E.EW
s’
= ¥E18
+ avzn’
805
606 - H =
s z
ors s
s o
as — [ S b 3
MM £6'0
N .
65 X - ol
85 = —= TOT [ 4
[ ZT 00T
bSS LT
bSS o = L= s9uer = [
555 ] a ozear=" o
09 £ £
195 2 2
- [ _ —
L F g TETET T
~ ~
L =
/ ~
97— —
L in TSt
~
" zsl
>( E
o
£5591
e
ZT "
O [ o
/. | 5
~ =
w
L w
E
i
Fa
E

10

20

30

40

50

60

70

140 130 120 110 100 90 80
f1 (ppm)
SI-195

150

160

180 170

190

200




~750

~/00

-650

—600

—550

-500

~450

-400

-350

—300

—250

-200

-150

-100

-0

—50

AARTES ERnge
F. o SEESES R
0O >< e ~
X
N N >< * N
N H
H F
. 00
2r 2r-isomer “
00
Ll
| | 200
|| ‘ I| I\
| |
dh_,ﬂ,_,_J ) LN 0
—— T T
2222 -222.4 2226  -222.8
f1 (ppm)
ﬂ II\I 60
F“| |.|\ ’
o .
| L’\MA
W 0
T T T T
-178.2 -178.3 -178.4 -178.5
f1 (ppm)
) T
1 |
o (=]
(=] —
= I
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
0 -10 -20 -30 -40 -50 ~-60 -70 80 -180 -190 -200 -210 -220 -230 -240

90 -100 -110 -120 -130 -140 -150 -160 -170
f1 (ppm)

SI-196



2r-mixed fluorides

j—
T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)
o
PPN >< 500
N
H 400
2r-mixed fluorides 300
200
100
Fo
T T T T
-222.0 -222.5 -223.0 -223.5
f1 (ppm)
300
200
+ 100
Fo
T T T T T T
-179.0 -179.1 -179.2 -179.3 -179.4 -179.5
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 T
0 -0 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
1 (ppm)

SI-197

2000

1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

900

800

F700

600

500

400

300

200

r 100

r-100

550

500

450

400

350

300

r250

200

r150

r 100

50




~900

-850
-800

=750

~700

-650

~600

-550

-500

450

—400

-350

—300

—250

-200

-150

-100

~4000

—3500

~3000

~2500

—2000

-1500

~1000

—500

~0

=500

oot
T ﬂv
ot

LT

THT
E0E
foe

ETp—
Pip—

0TG=—
LES—

L

ZT

2s

AT

i

£0'g]
69°S|
81T

= Tp'0)
= 66'T

TZ'0)
66'0)

e

3.0 2.5 2.0 15 1.0 0.5 0.0

3.5

%0 85 80 75 70 65 60 55 50 _ 45
f1 (ppm)

8.5

10.0

08 ET
SEET
58 8T~
TE BZ-"

S0 GE:
[ mmv

L
mm.mvvr

0ET1sS—

P B8
W T

2s

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-198



gﬂ
Iz

K

-22283
-22296
=223.09

<

-3800

—3600

—3400

~3200

~3000

-2800

-2600

-2400

—2200

—2000

—1800

~1600

~1400

~1200

-1000

-800

—600

400

-200

-0

~-200

-0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
f1 (ppm)

SI-199

\ 3000
2s |
| 2000
f
| | |
} k1000
WA
I L—’\
I\ L
T T T T T T
2227 2228 -222.9 -223.0 -223.1 -223.2
f1 (ppm)
J A
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
0 -0 -20 -30 -40 50 -60 -70 -80



© o o o o o = o = o o o o s o o = o o = o o = o o
S £ 23 8 8 2 28 8 8 58 8 8 8 o @ © @ o o o o o 2 g = =] =] = =] ] = =] =] = 2
N 4 o & @ ~ v I T m &6 4 9 9 o o o 9 o o o o s = =] I = I = ] =) I = =) ]
PN PR W S PRI R L MY MU M AP M A L M TR P M { ] | ] ) 1 ! {

. fro—
[ o
cro— = Foos
1 (']
| [ o
| ST —
,. [=]
, S 0 1e—

i

GCHI/\. — - Fooe |

5 ) L

|
[ L=
m (2]
. L
8§ E— — - = Too,m =~
= we—
o
[ 1
lal
bEoz
&.RW
| = B ee
L

s |

bEw [ [ .

sev Hlk" Fesr|

e ] L

T 15 b6— -
=9
=N
ba—
[
b SZPOT—
[ L in
| ['s]
| g _ _
| F3 s80E! _—
| " TT0ET B
| Fa 64 TEI~—
| FTPET—
| pober"

sre

t.“/ | Fa 99061 —

9zEn" = = 860

e

Sbe A - F950 | 1 A

#.&ﬂ | Ll =

v O |
. o J o

o0s Le

oos N — Te0ra

|
L | gigar— N -
- | " -
(2] | Mo (2]
|
Vi _ L Vi :
| =
@ m o
I | L I
s ” ’ 2

100

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S1-200



~3000

4

-2800

-2600
SI-8 2400
,///“' | | | 2200
- g I
2000
-1800
-1600
~1400
~1200
1000
800
-600

-400

—200
“k—‘__i__J\_ALL_\_ 0

—200

p—

e JL_JL.)LL I PR, W

[ I T T
~ [} @~
o0 =] o =
[=1 — -
T T T T T

0.96-T
3.00

T T
135 13.0 125 120 115 11.0 105 10.0 95 90 85 80 75 6.0 55 50 45 40 35 30 25 20 15 1.0 05 00

— 17280
— 14228
— 13622
13549
~-13226
— 12865
120,18
52 59
7.8
76.95
2235

\w . 320

-300

74
(@]

OH ~280

260
SI-8 240
220
200
180
160
140
120

-100

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

SI-201



1000

=] o o o =) =) =) =) o o
=) o =) =) ) =) =) =) o o o = = IS5 IS5 IS5 IS5 5] 5] a a
] =] ] =] " =] " =] " =] =) R = = =] =] =] =] =] =] = =)
['e] ["s] %v 4., m m o~ o~ - — '} = ] — (=1 =] M~ =] 'zl =+ m ~ — =
| | | | | | N 1 f T 1 N i 1 h f | i i h ] T
=)
=
']
[ =
L= b —
-
oI . 08 12—
T — — .Tqm,m | 1
el o q -
L=
(']
< ['s]
[ e
zog— A = — Woo,m
| = 0 19—
o
" £ b8 02
[ e EPP2 91 éd
9EL _ B
4 eppo gy s’
- =
< 19 B — -
seb 99 68"
P — — Leet| .,
T |
-
g
FRs
o
e 66 au/
| i el I—
" 9'8El —_ ]
TZ'0E
69'TET =
| = vw:uV
_ I 9LEET
pEe
ves Lo
PEE <
SE¢
9EE -
9EE F e
LEE
£5y — \“I-ﬂ‘ 660
bae . e 66991 — -
\ > P
PG e —— Qe ~
55¢ )
9g¢ \;
95'¢ @
or'e [ o
:.mv.o O -— _— R0 L o
(']
2 = 2
(2] (7]
=
@
7 " 7
=
o c
o o

10.0

-10

2200 210 200 190 180 170 160 150 140 130 12[|f %lﬂ )1[][I 90 80 70 60 50 40 30 20 10
1 (ppm

230

S1-202



-60
-55

-50

45

—40

—35

-30

-25

=20

-15
-10
5
0

QOH 651

09
£9E

B9

TS
9L
E[PP2 8T &
S
SEE

9E' £ T

bS i
(3 n\
194
B
LA

OH

4

Ph

SI-10

Foog

L0
Wom,m

H/L“.m,m

=€6'0

-1

6
f1 (ppm)

12 11 10

13

S1-203



-160
-150
-140
-130
-120
-110
~100

170
-90
80
70
-60
-50
-40
-30
2
-10

10

-90

—80

—70

—60

~50

~40

-30

—20

SN

/
i
I

L

I

Ni

wwmmo

hITTS

oo
S s

@ o
A
oo
-
|

ka—

56
LS
-
LS
BLS

565 —_
965
mm.mW. —_
165
09
nm.mW. 5
19

D

ﬂ

1

51
E.m.,/.. o -

1 1|| —
;an O 5
n

132
EHW. —
E6E

N LMN

I
Fsot
Fzzo

Segz
62
520
Tevo

Freo
Fzot
WR,N

Lort

oot

=010

et
90T
Azzo

00'T
120
=IT'0

5.0 45 4.0 3.5 3.0 25 2.0 15 1.0
f1 (ppm)

3.3

75 7.0 6.5

8.0

LT
LETT=—

85 ZE~—
EFEE~"

EFDS—

ES 09—

0E'6E1
68 mﬂﬁr
22081 —
SETET

9E wmﬁn\
SOPET
ESLET
60FPT—

Z0'R9T—

SI-11

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SI-204



-90

-80

-70

-60

-50

40
30
20
-10
-0

EF T

EF T

&
05 &
we
9

TEE
1o E
26 E
Bl
EGE
L
9 &
905
£8G
L)
B G
BLS
b5
96
€6 5
Fiogy
BE' S
o)
13
LS
9" £
[Ls

n

BE" £
0E'L
B L
06'¢
06" &

W
NW
|
:
7

SI-12

| [ LUWJJJ i

ELET
160
=010

52T
95T

E6'0

ST°T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)

9.5

13.5 130 125 120 115 110 105 10.0

SI-205



= = = = = =
= = =] g g = = = = = = = = = 2
= = =1 g =] g g = = 2 =] =] =] g 2
<+ m o~ — = = = =] =} =} = =1 =] =] =
- - - - - o =) ~ w0 s} 4- m o - (=]
l T N T I i ; h f 1 | ) T T
|
6ET u
:LW. —— -~ -o0E
25 #
|
BSZ— IIIMHM =5LT
|
|
SEF )
Lev —_— - 0
8EF - 1
[T |
STS~ |
- . .
05 — — 860
PO \ |
s — — F60
|
|
EEES
029 - .
Z.mw - 860
€9
8re
6l'e —_— - — E0'T
e
22 —_— =160
e
L
[ X
. 00T

EB'L
mmnuﬂ.

SI-13

00 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.5

10.0

-320
—300

—280

~260

-240

—220

—200

-180

-160

—140

-120

-100

80
60
40
20
-0

—20

EFpT—

99—

5809

569
mﬁ.mhw
LELL

LOPTIT—

55 mNT/n

RIS
TZ0Er~,

£ ﬁmﬁ“\
SE'SET
£ mmﬁ\

& mmﬁ\

99 /91—

SI-13

L

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

200

S1-206



-180

-170

-160

-150

-140

-130

-120

-110

-100

-90

—80

~70
—60
~50
—40
~30
—20
-10
-0

—10
—20

—80
~75

~70

—65

~60

~55

-50

45

—40

-35

-30

25

-20

-15

-10

S

LR
L85
BE'S
BE' G
065
65
EB' G
EB' S
05
965
ET'#
9T

EPPI BT &
BT
BTE
nee
TEL
(495
EEE
b L
L
9L
[
A s
B £
(NS
[0S
5
T8&
ang
an' &
ane
ang
60 &
are
LETEE

SI-14

o

602

FEZFT

Feoe

Feoe

Foot

=80'E
bgsT

EP'T

—ZET

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

135 13.0 125 120 115 110 105 10.0 9.5

fz's
0E mV
LG~
185"

LR
e mw
EL9
a9 m\
EZL

)7
Erars
0s'd
054

s
49 N%
608
ore

#Tl—

OH

OH

SI-15

Foze

660

00T

660

Fese
=207

=107

ce'n

6
f1 (ppm)

12 11 10

13

SI-207



-170

~160

~150

-140

-130

-120

-110

-100

—90

~80

~70

~60

~50

~40

-30

—20

-10

—10

o
EZ' 0
w0
52T
S0
9z

3
E9L
12 1

50 mL
a8
08
e
A5
e
#1178

Z0ET—

R ]

OH

OH

(@)

SI-18

J HL.LWJH(M@L

n

J

eeT

Fas'1

S6'T
£6'0
FoeT

eet

00e
ezt

60T
[AS-1
85'T
o't
e

—89'T

3.0

1.5 10 05 0.0

2.0

3.5 25

90 85 80 75 70 65 6.0 55 5.0 45 4.0
f1 (ppm)

9.5

3.5 13.0 125 120 115 11.0 10.5 100

S1-208



-50

45
40
35
30
25
20
15

-10
-5
-0
5

960
60
86’0
(25
T
[nS
0T
0T
T

Sk T
%1
&

T
81
bE'T
581
98'1
Pl
#1E)
PTE
51 E
a7 £
e
e
61 e
0z €]
2]
[z413
PEE
SZ'E
92'E
e
a3
62'E
g5
T1e5d

0L
ELUra
s
e

e
21
&1
e
s
1]
2z
€z
vzl ]
vee]
sz

are

1

—_— "'hL !
— ||F|J Wﬁo <

T0'E
S9'E
e

, — 150
, 3

— — Froz

OH

9T'T

OH
N
“'Ph

SI-19

~550

—500

—450

~400

~350

—300

~250

-200

~150

-100

-50

—0

—-50

3.0 25 20 15 10 05 0.0

4.5 40 35

5.5 5.0

85 80 75 70 65 6.0
f1 (ppm)

9.0

13.5 130 125 120 115 110 105 10.0 9.5

are

0aH £9°E

6TE
0z
TEs
ETL
9L
9E'L
Fxars
EPPI I
OE'L
TEL
b
LS
b
9L
9b' L
fa s
8L
[
05
T9L
29
B
e
e
[}
EDE
an' g
a0E
L0
B0 B
BoaE
(AN}
rrE
PR

:
5
2
8

—me’

>

OH

OH

CD3

SI-20

__

[ —

=£00

OS2
=0T
=600

oo
%DQ.H
£1'0

9.0 8.5 8.0 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 0.5 0.0
f1 (ppm)

9.5

3.0 125 120 115 11.0 10.5 10.0

S1-209



7.47
7.45
7.42
7,40
738
7.38
737
7.35
7.26

550

—5.48
478

OH

Sl-21

=156

187
147

10.0 8.5 9.0

OH

SlI-21

»-WI-JU l'\J UW.JJWW

150

rioo

50

-203.5 -204.0 -204.5 -205.0
f1 (ppm)

T
-205.5

-20391
=204.05
=204.18
-204.31
=205.17
=205.30
-205.43

/
}

-120

-110

-100

-40

-10

-280

~260

-240

-220

-200

-180

-160

—140

-120

-100

—40

-20

—— ———————TT—T T —— T
-20 -30 40 -50 -60 -70 -B0 -90
1 (ppm)

SI-210

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240



-
z BERENARR2I2 2RO iy
o) T AR S35
U
H |-
;
F \
|
SI-22 r \||‘ [
[
\ /
J 1] Sy [

|
| S—

kLJu s wui | .L,\_JUU. )

Tt [ AP f [T T

o 0 ~ oo 0o o 1) - =] o+

[=%-11 =] =R=-2%x a Sm = D

[=X=] (=Rl “—oo (=] coao 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 T
12.0 115 110 105 1.0 95 90 B85 80 75 7 50 45 40 35 30 25 20 15 10 05 0.0

60 55
f1 (ppm)

=21759
21772

(0]
H SI-21 2a SI-22

t-400

F b
Sl-22 5o _—300
' ’ jZUO
||| ‘ “ f100

A mmw“ Lm'h'-mm—u, ._)LJUNM lo

I —2o|3.5 I —20#.15(p;m)—2ols.5 I —zols.s .I7.2 I -2£7.4 I —21I7.5 I(Zfrﬁ‘?'a |—21la.o ‘ —21|s.2

-21785

-230
-220
-210
—200
-190
-180
-170
-160
-150
-140
-130
-120
-110

-100

-0

10

—20

~400

-350

-300

~250

-200

-150

-100

—0

0 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -BO *9% -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240

1 (ppm)

SI-211



