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A. General Information

Dichloromethane, tetrahydrofuran, diethyl ether, toluene, and acetonitrile were dried by
elution through alumina as described by Grubbs.** Cu(OTf)2 was purchased from
Oakwood Chemical and stored in glovebox. Methanol, ethanol, isopropanol, allyl
alcohol, 2-(allyloxy)ethan-1-ol and 3-methylbut-3-en-ol were distilled under atmospheric
pressure and stored over 3 A molecular sieves overnight prior to use. Pyridine was
distilled over CaH2. All other chemicals were purchased from commercial suppliers and
used as received unless otherwise stated. 40 W PR160L 427 nm LEDs from Kessil
Lights were used as light source. Flash chromatography was performed with Sigma
Aldrich 60 A silica gel (230-400 mesh) and thin layer chromatography (TLC) was
performed utilizing pre-coated silica gel F254 plates from SiliCycle Inc. containing a
fluorescent indicator. Visualization of plates were accomplished with 254 nm UV lamp or
staining with p-anisaldehyde or KMnOa4. All NMR spectra were obtained using a Bruker
Avance-400, Avance-500 or Avance-600 spectrometer, and the spectra were internally
referenced according to CDCls chemical shifts (7.26 ppm for *H NMR and 77.16 ppm for
13C NMR). The spectrometers used for this work are funded by the NSF (CHE-
1048642), NIH (1S10 OD020022-1) and a generous gift from Paul J. and Margaret M.
Bender. Mass spectrometry was performed with a Thermo Q Exactive™ Plus
(electrospray ionization, time-of-flight analyzer or electron impact) and is funded by the
NIH (1S10 OD020022-1). Melting points were obtained using a Stanford Research
Systems DigiMelt apparatus.



B. Select Optimization Results
Sulfonamidation reactions:

Supplementary Table 1. Ligands.

Cu(OTf), (2.5 equiv)

Me O\\S/'O Ligand (X equiv) Me O\\S,,O
©)\002H . HoN” \©\ NazPOy4 (3.0 equiv) _ @)\”, \©\
OMe CH,Cl, (0.10 M) OMe

kessil 427 nm, rt, 24 h

1a, 1.0 equiv 1b, 3.0 equiv 2, 3.0 equiv
Entry Ligand % 2 % recovered 1b % recovered la
1 none 1 74 63
2 1,10-phen (0.10 equiv.) 3 74 49
3 (t-Bu)ster_py (0.20 5 76 73
equiv.)
4 bpy (0.20 equiv.) 3 77 70
5 DABCO (0.20 equiv.) 4 73 51
6 KTp (0.10 equiv.) 3 84 62
7 PPhsz (0.10 equiv.) 6 72 54
8 dtbbpy (0.05 equiv.) 3 80 51
9 dtbbpy (0.10 equiv.) 5 70 48
10 dtbbpy (0.20 equiv.) 5 87 60
11 dtbbpy (2.0 equiv.) 6 83 78

12 MeCN (2.7 equiv.) 15 60 53

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (90.3 mg, 2.5 equiv., 0.25 mmol), NasPO4 (49.2 mg, 3.0 equiv., 0.30 mmol), the
ligand (if solid), 1b (56.2 mg, 3.0 equiv., 0.30 mmol), 1a (15.0 mg, 1.0 equiv., 0.10 mmol), CH2Clz (1.0 mL,
0.10 M), and the ligand (if liquid). The vial is sealed, removed from the glovebox, and irradiated, with
stirring, at 427 nm with a 40W Kessil PR160 lamp in a PhotoRedox Box. A fan is used to maintain the vial
at room temperature. After 24 h, the crude reaction mixture is diluted with EtOAc and 2.0 M aqueous HCI.
Yields are determined by GC or *H NMR analysis using 1-methylnaphthalene (10 pL) is as an internal
standard.




Supplementary Table 2. Nitrile Ligands.

QP e 5

\ d

@)\ @)\N R
H

Cu(OTf), (2.5 equiv) Me

Me O\\ ,/O nitrile ligand (X equiv)
Ritter, 3
©)\COZH . H2N’S\©\ NazPOy4 (3.0 equiv) _
OMe CH,Cl, (0.10 M) o
kessil 427 nm, rt, 24 h 0
1a, 1.0 equiv 1b, 3.0 equiv
Me

Kharasch, 4

Entry nitrile nitrile loading %2 %3 %4 % recovered 1b % recovered la

1 MeCN 2.0 18 4 2 81 24
2 MeCN 2.5 21 3 6 67 22
3 MeCN 5.0 25 5 8 69 22
4 MeCN 10 40 43 7 54 2
5 MeCN 20 44 42 2 50 0
6 MeCN 30 43 43 4 51 1
7 EtCN 2.0 19 0 5 64 20
8 EtCN 2.5 27 0 7 64 19
9 EtCN 5.0 26 0 6 65 14
10 EtCN 10 51 29 8 40 0
11 EtCN 20 42 51 2 41 0
12 CyCN 2.0 38 0 5 44 0
13 CyCN 2.5 44 0 7 29 0
14 CyCN 5.0 58 0 9 24 0
15 CyCN 10 46 17 11 26 0
16 CyCN 15 32 18 13 38 0
17 i-PrCN 2.0 34 0 5 62 7
18 i-PrCN 2.5 46 0 5 51 3
19 i-PrCN 5.0 59 2 4 32 0
20 i-PrCN 10 49 7 5 35 0
21 i-PrCN 15 37 20 13 41 0
22 i-PrCN 20 39 21 5 42 0
23 PhCN 2.0 13 0 2 71 20
24 PhCN 2.5 18 0 3 65 11
25 PhCN 5.0 34 0 4 46 13
26 PhCN 10 32 7 4 42 2
27 PhCN 20 42 16 S 41 0

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (90.3 mg, 2.5 equiv., 0.25 mmol), NasPO4 (49.2 mg, 3.0 equiv., 0.30 mmol), and
1b (56.2 mg, 3.0 equiv., 0.30 mmol). 1a is delivered via a stock solution in CH2Cl2 (15 mg/mL, 1.0 mL,
0.10 M), and the nitrile (x equiv.) is added. The vial is sealed, removed from the glovebox, and irradiated,
with stirring, at 427 nm with a 40W Kessil PR160 lamp in a PhotoRedox Box. A fan is used to maintain
the vial at room temperature. After 24 h, the crude reaction mixture is diluted with EtOAc and 2.0 M
aqueous HCI. Yields are determined by GC or *H NMR analysis using 1-methylnaphthalene (10 uL) is as
an internal standard.



Supplementary Table 3. Solvent.

M M
" ‘%
N~ N~ "R
H H
OMe
e QP Cu(OTH), (2.5 equiv) .
8. NagPO, (3.0 equiv) 2 Ritter, 3
CO,H + HzN/ \©\ 3P04 (3.0 eq >~
OMe Solvent (0.10 M) Me O
0
Me

kessil 427 nm, rt, 24 h

1a, 1.0 equiv 1b, 3.0 equiv
Kharasch, 4
Entry Solvent %2 %3 %4 % recovered 1b % recovered la
1 THF 0 — 0 89 54
2 Et2O 0 — 0 87 72
3 EtOAC 0 — 0 90 62
4 DMF 0 - 0 52 58
5 DMA 0 - 0 44 31
6 DMSO 0 — 0 48 53
7 PhOMe 0 - 0 77 67
8 PhMe 0 — 0 75 64
9 PhCFs 0 — 0 78 68
10 MeCN 0 75 5 85 6
11 PhCN 25 42 6 76 4
12 DCE 1 — 0 76 61
13 DCM 2 — 0 74 63
PhMe (+ 5.5 equiv. i-
14 PICN) 15 1 4 77 41
PhCFs (+ 5.5 equiv. i-
15 PICN) 23 6 15 74 21
16 DCE (+ 5.5 equiv. i-PrCN) 48 4 10 69 4
17 DCM (+ 5.5 equiv. i-PrCN) 66 0 15 61 2

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (90.3 mg, 2.5 equiv., 0.25 mmol), NazPO4 (49.2 mg, 3.0 equiv., 0.30 mmol), 1b
(56.2 mg, 3.0 equiv., 0.30 mmol), 1a (15.0 mg, 1.0 equiv., 0.10 mmol), solvent (1.0 mL, 0.10 M), and i-
PrCN (0 or 50 pL, 0 or 5.5 equiv., 0 or 0.55 mmol). The vial is sealed, removed from the glovebox, and
irradiated, with stirring, at 427 nm with a 40W Kessil PR160 lamp in a PhotoRedox Box. A fan is used to
maintain the vial at room temperature. After 24 h, the crude reaction mixture is diluted with EtOAc and 2.0
M aqueous HCI. Yields are determined by GC or *H NMR analysis using 1-methylnaphthalene (10 pL) is
as an internal standard.



Supplementary Table 4. Concentration.

QP e

\I

©)\ @/kN .
H

Cu(OTf), (2.5 equiv) Me

Me Q.0 i-PrCN (5.5 equiv)

N .
Ritter, 3
©)\COQH .\ HN" \©\ NazPO, (3 0 equiv) .
OMe CH,Cl, (X M) Me O
O
Me

kessil 427 nm, rt, 24 h

1a, 1.0 equiv 1b, 3.0 equiv
Kharasch, 4
0
entry concentration (M) % 2 % 3 % 4 Yo recloavered
2 0.075 45 1 20 1o
3 0.10 66 0 15 3
4 0.16 42 5 > 13

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (90.3 mg, 2.5 equiv., 0.25 mmol), NasPOa4 (49.2 mg, 3.0 equiv., 0.30 mmol), 1b
(56.2 mg, 3.0 equiv., 0.30 mmol), 1a (15.0 mg, 1.0 equiv., 0.10 mmol), CH2Cl> (X M), and i-PrCN (50 pL,
5.5 equiv., 0.55 mmol). The vial is sealed, removed from the glovebox, and irradiated, with stirring, at 427
nm with a 40W Kessil PR160 lamp in a PhotoRedox Box. A fan is used to maintain the vial at room
temperature. After 24 h, the crude reaction mixture is diluted with EtOAc and 2.0 M aqueous HCI. Yields
are determined by GC or 'H NMR analysis using 1-methylnaphthalene (10 pL) is as an internal standard.



Supplementary Table 5. i-PrCN vs. MeCN.
Me O\//O

X
N’S N R
H H
OMe
Me 0.9 Cu(OTf), (2.5 equiv) fonamidati it
.S itrile li i sulfonamidation itter
COZH . H,N \©\ nitrile ligand (Xequ:vL
. Me O
OMe NazPO, (3.0 equiv) e @
(0]
Me

CH,Cl, (0.10 M)
1.0 equiv 1b, 3.0 equiv rt, 24 h, kessil 427 nm
Kharasch
Entry Ar nitrile ligand % sulfonamidation % Ritter % Kharasch
1 4-Me-Ph ~ MeCN (10 equiv.) 91 0 5
2 4-Me-Ph i-PrCN (5.5 equiv.) 95 0 2
3 4-i-Bu- MeCN (10 equiv.) 80 0 12
Ph
4 4-i-Bu-  i-PrCN (5.5 equiv.) 99 0 <1
Ph
5 4-CI-Ph  MeCN (10 equiv.) 16 42 4
6 4-CI-Ph  i-PrCN (5.5 equiv.) 48 0 8
7 Ph MeCN (10 equiv.) 40 43 7
8 Ph i-PrCN (5.5 equiv.) 66 0 15

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (90.3 mg, 2.5 equiv., 0.25 mmol), NazPOs (49.2 mg, 3.0 equiv., 0.30 mmol), 1b
(56.2 mg, 3.0 equiv., 0.30 mmol), the carboxylic acid (1.0 equiv., 0.10 mmol), CH2Cl> (1.0 mL, 0.10 M),
and either MeCN (52 L, 10 equiv., 1.0 mmol) or i-PrCN (50 uL, 5.5 equiv., 0.55 mmol). The vial is
sealed, removed from the glovebox, and irradiated, with stirring, at 427 nm with a 40W Kessil PR160
lamp in a PhotoRedox Box. A fan is used to maintain the vial at room temperature. After 24 h, the crude
reaction mixture is diluted with EtOAc and 2.0 M aqueous HCI. Yields are determined by GC or *H NMR
analysis using 1-methylnaphthalene (10 pL) is as an internal standard.
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Supplementary Table 6. Cu(ll) salts.

Me q, 0 Me O
o, O
Me Q.0 CuX, (2.5 equiv) OMe _

©)\002H . HZN’S PICN (5.5 equiv) 2 Ritter, 3

\©\0Me NasPO, (3.0 equiv) Me w
oy
Me
Kharasch, 4

Entry Cu salt Zo % 3 % 4 % reclci)vered % recovered 1a
1 Cu(OTf)2 66 0 15 53 3
2 Cu(NTf2)2 24 0 3 78 1
3 CuBr2 0 0 0 71 45
4 Cu(OAc)2 0 0 0 66 42
5 Cu(OPiv)2 0 0 0 69 49
6 Cu(isobutyrate)2 0 0 0 70 49
7 Cu(TFA)2*MeCN 0 0 0 68 41
8 Cu(eh)2 0 0 0 71 45
9 Cu(acac): 0 0 0 70 49
10 CuF2 0 0 0 74 45
11 Cu(OMe)2 0 0 0 67 42
12 CuCl2 0 0 0 71 43
13 CuSOq4 0 0 0 63 39

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with the Cu(ll) salt (2.5 equiv., 0.25 mmol), NasPO4 (49.2 mg, 3.0 equiv., 0.30 mmol), 1b (56.2
mg, 3.0 equiv., 0.30 mmol), 1a (15.0 mg, 1.0 equiv., 0.10 mmol), CH2Cl> (1.0 mL, 0.10 M), and i-PrCN (50
uL, 5.5 equiv., 0.55 mmol). The vial is sealed, removed from the glovebox, and irradiated, with stirring, at
427 nm with a 40W Kessil PR160 lamp in a PhotoRedox Box. A fan is used to maintain the vial at room
temperature. After 24 h, the crude reaction mixture is diluted with EtOAc and 2.0 M aqueous HCI. Yields
are determined by GC or 'H NMR analysis using 1-methylnaphthalene (10 pL) is as an internal standard.

11



Supplementary Table 7. Cu(ll) equivalencies.

Me

0
S
©)\002H +  HoN

Cu(OTf), (X equiv)
i-PrCN (5.5 equiv)

h
>

NazPOy (3.0 equiv)
CH,CI, (0.10 M)

M Me O
X A
N~ N "R
sgaclNen

OMe

2 Ritter, 3
Me O
)
Me

1a, 1.0 equiv 1b, 3.0 equiv rt, 24 h, kessil 427 nm
Kharasch, 4
Entry equiv. Cu(OTf)2 % 2 % 3 % 4 % recovered la
1 1.0 15 2 8 21
2 15 35 3 18 18
3 2.0 53 4 19 12
4 2.5 66 0 15 0
5 3.0 65 3 18 1

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (X equiv.), NasPOa (49.2 mg, 3.0 equiv., 0.30 mmol), 1b (56.2 mg, 3.0 equiv., 0.30
mmol), 1a (15.0 mg, 1.0 equiv., 0.10 mmol), CH2Cl2 (1.0 mL, 0.10 M), and i-PrCN (50 L, 5.5 equiv., 0.55
mmol). The vial is sealed, removed from the glovebox, and irradiated, with stirring, at 427 nm with a 40W
Kessil PR160 lamp in a PhotoRedox Box. A fan is used to maintain the vial at room temperature. After 24
h, the crude reaction mixture is diluted with EtOAc and 2.0 M aqueous HCI. Yields are determined by GC

or *H NMR analysis using 1-methylnaphthalene (10 pL) is as an internal standard.
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Supplementary Table 8. Bases.
Me Q\/,O

I
N/S N R
H H
OMe
Me O\\/,O Cu(OTf), (2.5 equiv) ) rter 3
5 [ itter,
©)\002H . HZN’S\©\ i-PrCN (5.5 equiv) _
OMe base (3.0 equiv) Me O
(6]
Me

1a, 1.0 equiv 1b, 3.0 equiv 24 Lo 427
Kharasch, 4
Entry base % 2 % 3 % 4 % recovered 1b % recovered la

1 Na2COs3 58 4 6 31 0
2 K2COs3 66 3 7 34 0
3 Cs2C03 2 0 0 95 32
4 NasPOa4 66 3 15 31 0
5 K3POg4 10 1 2 34 28
6 NaOAc 25 1 2 18 23
7 CsF 45 2 12 48 5
8 K2HPO4 42 2 5 40 10
9 Na2HPO4 54 2 13 36 6
10 pyridine 63 2 2 34 4
11 KH2PO4 18 1 2 16 25

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (90.3 mg, 2.5 equiv., 0.25 mmol), the base (3.0 equiv., 0.30 mmol), 1b (56.2 mg,
3.0 equiv., 0.30 mmol), 1a (15.0 mg, 1.0 equiv., 0.10 mmol), CH2Cl2 (1.0 mL, 0.10 M), and i-PrCN (50 pL,
5.5 equiv., 0.55 mmol). The vial is sealed, removed from the glovebox, and irradiated, with stirring, at 427
nm with a 40W Kessil PR160 lamp in a PhotoRedox Box. A fan is used to maintain the vial at room
temperature. After 24 h, the crude reaction mixture is diluted with EtOAc and 2.0 M aqueous HCI. Yields
are determined by GC or 'H NMR analysis using 1-methylnaphthalene (10 pL) is as an internal standard.
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Supplementary Table 9. Base loading.

@ gelillens

Ve QP Cu(OTf), (2.5 equiv)
©)\COZH . HZN’S\©\ i-PrCN (5.5 equiv) o @ Ritter, 3
OMe NasPO, (X equiv) O)\o
_ . CH,Cl (0.10 M) Me
1a,1.0 equiv 1b, 3.0 equiv ft, 24 h, kessil 427 nm
Kharasch, 4
=i equiv. % 2 % 3 % 4 % recovered
y NasPO4 0 0 0 1a
1 1.0 38 1 9 0.27
2 15 38 1 14 0.27
3 2.0 41 1 14 0.20
4 3.0 61 0 15 0.41

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (90.3 mg, 2.5 equiv., 0.25 mmol), NasPO4 (X equiv.), 2a (56.2 mg, 3.0 equiv., 0.30
mmol), 1a (15.0 mg, 1.0 equiv., 0.10 mmol), CH2Cl2 (1.0 mL, 0.10 M), and i-PrCN (50 L, 5.5 equiv., 0.55
mmol). The vial is sealed, removed from the glovebox, and irradiated, with stirring, at 427 nm with a 40W
Kessil PR160 lamp in a PhotoRedox Box. A fan is used to maintain the vial at room temperature. After 24
h, the crude reaction mixture is diluted with EtOAc and 2.0 M aqueous HCI. Yields are determined by GC
analysis using 1-methylnaphthalene (10 pL) is as an internal standard.

Q9 e g
A\ I
N
H
Me
AL Cu(OTf), (2.5 equiv) e 3
-S . itter,
©)\COZH . HoN \©\ i-PrCN (5.5 equiv) o
OMe NasPO, (3.0 equiv) Me O
o)
Me

Supplementary Table 10. Substrate loadings.

Me

CH,Cl, (0.10 M)

1a, X equiv 1b, Y equiv rt, 24 h, kessil 427 nm
Kharasch, 4
Entry equiv.la equiv. 1b % 2 % 3 % 4 % recovered la

1 1.0 1.0 19 1 39 5
2 1.0 1.2 23 1 37 7
3 1.0 1.5 30 0 31 3
4 1.0 3.0 61 0 15 0
5 1.0 5.0 28 0 8 43
6 15 1.0 9 1 27 58
7 2.0 1.0 7 1 28 53
8 3.0 1.0 4 0 18 65

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (90.3 mg, 2.5 equiv., 0.25 mmol), NasPOa4 (49.2 mg, 3.0 equiv., 0.30 mmol), 2a (X
equiv.), 1a (Y equiv.), CH2Cl2 (1.0 mL, 0.10 M), and i-PrCN (50 pL, 5.5 equiv., 0.55 mmol). The vial is
sealed, removed from the glovebox, and irradiated, with stirring, at 427 nm with a 40W Kessil PR160
lamp in a PhotoRedox Box. A fan is used to maintain the vial at room temperature. After 24 h, the crude
reaction mixture is diluted with EtOAc and 2.0 M aqueous HCI. Yields are determined by GC or 1H NMR
analysis using 1-methylnaphthalene (10 pL) is as an internal standard.
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Supplementary Table 11. Time course.

Me

2P
OMe

1a, 1.0 equiv 1b, 3.0 equiv

Entry Time (h)
1
2

6
7
16
18
20
24

OCoOoO~NOOUIP WNPE

Cu(OTf), (2.5 equiv
i-PrCN (5.5 equiv)

h

>

NazPOy (3.0 equiv)

CH,Cl, (0.10 M)

rt, T h, kessil 427 nm

% 2
5
15
20
22
21
39
45
56
61

% 3

OCWWWMNRFR,EFLEFLO

Me Q\//O

<8
H
) 2

Aot

Ritter, 3
Me O
oA
Me
Kharasch, 4

% 4 % recovered la
2 55
4 36
6 28
7 40
6 41
8 18
15 11
11 5
15 0

I
N R
©)\H
OMe

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (90.3 mg, 2.5 equiv., 0.25 mmol), NazPO4 (49.2 mg, 3.0 equiv., 0.30 mmol), 1b
(56.2 mg, 3.0 equiv., 0.30 mmol), 1a (15.0 mg, 1.0 equiv., 0.10 mmol), CH2Cl> (1.0 mL, 0.10 M), and i-
PrCN (50 L, 5.5 equiv., 0.55 mmol). The vial is sealed, removed from the glovebox, and irradiated, with
stirring, at 427 nm with a 40W Kessil PR160 lamp in a PhotoRedox Box. A fan is used to maintain the vial
at room temperature. After the given time, the crude reaction mixture is diluted with EtOAc and 2.0 M
aqueous HCI. Yields are determined by GC analysis using 1-methylnaphthalene (10 pL) is as an internal

standard.
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Supplementary Table 12. Water addition under sulfonamidation conditions.

M M
' 1
N~ N "R
<aaclNen
) OMe
2

Ritter, 3

Me

h

QL Cu(OTf), (2.5 equiv
©)\COZH . HZN’S\©\ i-PrCN (5.5 equiv)
OMe NazPO, (3.0 equiv) Me O
o]
Me

) ) CH,CI, or MeCN (0.10 M)
1a, 1.0 equiv 1b, 3.0 equiv +H,0 X 4l

rt, 24 h, kessil 427 nm

Kharasch, 4
=iy H20 (L) Solvent % 2 % 3 % 4 g recl%vered % recovered la
1a 0 CH2ClI2 2 - 0 74 63
24 1 CH2ClI2 2 - 0 91 96
3a 10 CH2Cl2 2 - 0 95 94
4a 25 CH2ClI2 0 - 0 93 99
5a 50 CH:Cl> 0 - 0 95 97
6 0 CH2ClI2 66 0 15 61 2
7 1 CH2Cl2 33 19 0 78 64
8 10 CH2Cl2 16 9 0 87 70
9 25 CH2Cl2 1 4 0 89 91
10 50 CH:Cl> 1 3 0 92 94
112 0 MeCN 0 75 0 85 6
122 1 MeCN 4 69 0 82 19
132 10 MeCN 1 15 0 83 64
142 25 MeCN 1 12 0 76 69
152 50 MeCN 5 14 0 73 71

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (90.3 mg, 2.5 equiv., 0.25 mmol), NasPO4 (49.2 mg, 3.0 equiv., 0.30 mmol), 2a
(56.2 mg, 3.0 equiv., 0.30 mmol), 1a (15.0 mg, 1.0 equiv., 0.10 mmol), CH2Cl> (1.0 mL, 0.10 M), i-PrCN
(50 L, 5.5 equiv., 0.55 mmol), and H20 (X pL). The vial is sealed, removed from the glovebox, and
irradiated, with stirring, at 427 nm with a 40W Kessil PR160 lamp in a PhotoRedox Box. A fan is used to
maintain the vial at room temperature. After 24 h, the crude reaction mixture is diluted with EtOAc and 2.0
M aqueous HCI. Yields are determined by GC or *H NMR analysis using 1-methylnaphthalene (10 pL) is
as an internal standard. & Reaction conducted without i-PrCN ligand.
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Supplementary Table 13. Water addition under Ritter conditions.

Me iv Me O
©Aw NesCOs (.0 ) _ @/UL
MeCN (0.05 M)
1a, 1.0 equiv kess-iill 2122;) n(g,ﬂri-,)24 h
Entry H20 (pL) % product % recovered la

1 0 73 6
2 0.2 70 5
3 0.5 60 4
4 1.0 54 10
5 2.0 50 14
6 3.0 44 18
7 4.0 33 25
8 5.0 0 29
9 10 0 21
10 25 0 27
11 50 0 21
12 100 0 23

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (90.3 mg, 2.5 equiv., 0.25 mmol), Na2COs (10.6 mg, 1.0 equiv., 0.10 mmol), 1a
(15.0 mg, 1.0 equiv., 0.10 mmol), MeCN (2.0 mL, 0.10 M), and H20 (X pL). The vial is sealed, removed
from the glovebox, and irradiated, with stirring, at 427 nm with a 40W Kessil PR160 lamp in a
PhotoRedox Box. A fan is used to maintain the vial at room temperature. After 24 h, the crude reaction
mixture is diluted with EtOAc and 2.0 M aqueous HCI. Yields are determined by GC or *H NMR analysis
using 1-methylnaphthalene (10 pL) is as an internal standard.
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Supplementary Table 14. Miscellaneous Optimization with Adamantyl Acid: bases and
loadings.

\\ //

CO,H 0,0 Cu(OTf), (2.5 equiv) @ @

\//

. H2N/S MeCN 10eqU|v . sulfonamidation Ritter
i: \OMe base (X equiv) (6]
CH,Cl, (0.10 M)
1.0 equiv 1b, 3.0 equiv rt, 24 h, kessil 427 nm @)LO
Kharasch
Entry SEEE €UV Sulfonamidation/IS  Ritter/IS  Kharasch/IS  acid/IS
(equiv.) 1b

1 NasCOs (3) 3 0.95 0.41 0.65 0
2 K2COs (1) 3 0.65 0.27 0.45 0.41
3 K2COs3 (1.5) 3 0.69 0.27 0.47 0.30
4 K2COs (3) 3 1.11 0.37 0.68 0
5 K2COs (5) 3 0.30 0.19 0.26 0.64
6 NasPOs (1) 3 1.16 0.40 0.65 0
7 N?l"’g?“ 3 1.47 0.48 0.79 0.00
8 NasPOas (3) 3 0.96 0.45 0.72 0
9 NasPOs (2) 3 0.57 0.32 0.41 0.30
10 NasPOa4 (5) 3 0.74 0.41 0.59 0.13

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (90.3 mg, 2.5 equiv., 0.25 mmol), NasPO4 (49.2 mg, 3.0 equiv., 0.30 mmol), 1b
(56.2 mg, 3.0 equiv., 0.30 mmol), 1-adamantane carboxylic acid (18.0 mg, 1.0 equiv., 0.10 mmol), CH2Clz
(0.50 mL, 0.20 M), and MeCN (52 pL, 10 equiv., 1.0 mmol). The vial is sealed, removed from the
glovebox, and irradiated, with stirring, at 427 nm with a 40W Kessil PR160 lamp in a PhotoRedox Box. A
fan is used to maintain the vial at room temperature. After the given time, the crude reaction mixture is
diluted with EtOAc and 2.0 M aqueous HCI. Analyte/internal standard ratios (IS) are determined by GC
analysis using 1-methylnaphthalene (10 pL) is as an internal standard.
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Supplementary Table 15. Sulfonamide loading with promising bases.

N (0]
HN’S\©\ HNJ\Me

Eha &

= + HzNO’\\S,/o Cﬁgggz(%zmsl)v) N sulfonamidation Ritter

\©\0Me base (3.0 equiv) B (0]
CH,Cl, (0.10 M)
1.0 equiv 1b, X equiv rt, 24 h, kessil 427 nm @)J\O
Kharasch
equiv. L . .

Entry base 1b sulfonamidation/IS  Ritter/IS  Kharasch/IS acid/IS
1 NasPOa 1.0 0.73 0.54 0.85 0.00
2 NasPOa 1.5 0.89 0.44 0.78 0.00
3 NasPO4 3.0 1.04 0.34 0.68 0.00
4 NasPOa4 5.0 1.10 0.40 0.66 0.00
5 K2CO3 1.0 0.16 0.20 0.31 0.54
6 K2COs 15 0.30 0.17 0.27 0.64
7 K2CO3 3.0 0.32 0.16 0.27 0.65
8 K2COs 5.0 0.31 0.17 0.26 0.59

General procedure: In a nitrogen-filled glovebox, an oven-dried 4-mL vial equipped with a stir bar is
charged with Cu(OTf)2 (90.3 mg, 2.5 equiv., 0.25 mmol), NasPO4 or K2CO3 (3.0 equiv., 0.30 mmol), 2a (X
equiv.), l-adamantane carboxylic acid (18.0 mg, 1.0 equiv., 0.10 mmol), CH2Cl2 (0.50 mL, 0.20 M), and
MeCN (52 pL, 10 equiv., 1.0 mmol). The vial is sealed, removed from the glovebox, and irradiated, with
stirring, at 427 nm with a 40W Kessil PR160 lamp in a PhotoRedox Box. A fan is used to maintain the vial
at room temperature. After the given time, the crude reaction mixture is diluted with EtOAc and 2.0 M
aqueous HCI. Analyte/internal standard (IS) ratios are determined by GC analysis using 1-
methylnaphthalene (10 pL) is as an internal standard.
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Optimization for Etherification:

Supplementary Table 16. Cu(ll) Salt.
CO,H Cu(ll) Salt (2.5 equiv) OMe

ridine (3.0 equiv
Me + Me—OH by ( quiv) : . Me
3.0 equiv PhMe/MeCN (v:v = 19:1)

427 nm blue LED

6h
Entry Cu(ll) Salt P:zgllg:t
1 Cu(OTf)2 78%
2 Cu(TFA)2-MeCN 10%
3 Cu(OAC)2-H20 12%
4 Cu(BF4)2:4H20 8%
5 Cu(ClOa4)2:6H20 12%
6 CuCl2 14%
7 CuBr2 16%

General procedure: to an oven-dried 1 dram vial, add 2-phenylpropionic acid (15.0 mg, 0.1 mmol) and
dry MeOH (9.6 mg, 0.3 mmol, 3 equiv.). To an oven-dried 15 mL Schlenk tube, add Cu(OTf)2 (90.4 mg,
0.25 mmol, 2.5 equiv.), freshly distilled pyridine (24 pL) and acetonitrile (50 yL). The 1 dram vial was
rinsed with 0.95 mL dry PhMe, and the content was added to the Schlenk tube. The mixture was
degassed by freeze-pump-thaw (3 x 3 min cycles) and refilled with nitrogen, and then was irradiated with
one 40 W blue LED for 6 h. The reaction was diluted with 2 mL diethyl ether and washed with deionized
water (4 mL). The organic layer was passed through a pad of Na2SO4 and analyzed by 1H NMR with 1-
methylnaphthalene as internal standard.
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Supplementary Table 17. Solvents.
CO,H Cu(OTf), (2.5 equiv) OMe

Me + Me—OH pyridine (3.0 equiv) > Vo
3.0 equiv solvent (viv = 19:1)

427 nm blue LED

6 h
Entry Solvent Product Yield
1 MeCN 24%
2 DCM 20%
3 1,2-DCE 62%
4 1,2-DCE:MeCN =19:1 67%
5 1,2-DCE:MeCN =9:1 55%
6 1,2-DCE:MeCN = 6:1 48%
7 DMF 7%
8 DMA 9%
9 PhMe 57%
10 PhMe:MeCN = 19:1 78%
11 PhMe:MeCN = 9:1 73%
12 PhMe:MeCN = 6:1 71%

General procedure: to an oven-dried 1 dram vial, add 2-phenylpropionic acid (15.0 mg, 0.1 mmol) and
dry MeOH (9.6 mg, 0.3 mmol, 3 equiv.). To an oven-dried 15 mL Schlenk tube, add Cu(OTf)2 (90.4 mg,
0.25 mmol, 2.5 equiv.) and freshly distilled pyridine (24 yL). The 1 dram vial was rinsed with dry solvents,
and the content was added to the Schlenk tube. The mixture was degassed by freeze-pump-thaw (3 x 3
min cycles) and refilled with nitrogen, and then was irradiated with one 40 W blue LED for 6 h. The
reaction was diluted with 2 mL diethyl ether and washed with deionized water (4 mL). The organic layer
was passed through a pad of Na:SO4 and analyzed by 1H NMR with 1-methylnaphthalene as internal

standard.

Supplementary Table 18. Bases.
CO,H Cu(OTf), (2.5 equiv) OMe

b ) i
Me + Me—OH ase (3.0equiv) e
3.0 equiv PhMe/MeCN (v:v = 19:1)

427 nm blue LED

6 h
Entry Base P:zgllg:t
1 pyridine 78%
2 quinoline 66%
3 mTBD 14%
4 KH2PO4 8%
5 K2HPO4 5%
6 NasPOas 20%
7 Cs2C0s3 22%
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General procedure: to an oven-dried 1 dram vial, add 2-phenylpropionic acid (15.0 mg, 0.1 mmol) and
dry MeOH (9.6 mg, 0.3 mmol, 3 equiv.). To an oven-dried 15 mL Schlenk tube, add Cu(OTf)2 (90.4 mg,
0.25 mmol, 2.5 equiv.) and base (0.3 mmol, 3 equiv.). The 1 dram vial was rinsed with dry solvents, and
the content was added to the Schlenk tube. The mixture was degassed by freeze-pump-thaw (3 x 3 min
cycles) and refilled with nitrogen, and then was irradiated with one 40 W blue LED for 6 h. The reaction
was diluted with 2 mL diethyl ether and washed with deionized water (4 mL). The organic layer was
passed through a pad of Na:SOs4 and analyzed by 1H NMR with 1-methylnaphthalene as internal
standard.

Supplementary Table 19. Control Experiments.
CO,H Cu(OTf), (2.5 equiv) OMe

Me + Me—OH pyridine (3.0 equiv) - Mo
3.0 equiv PhMe/MeCN (v:v = 19:1)

427 nm blue LED

6h
Deviation from
Entry optimal Prqduct
" Yield
conditions
1 No light 78%
2 No pyridine 0%
3 No Cu(OTf)2 0%
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C. Substrate Preparation

Mechanistic probe substrate 2a:

o .
Brph3p\/\/\)J\OH . ©AO NaHMDS (2.0 equiv) . O/\/\/\)‘\OH
THF (0.04 M), 0 °C to rt, overnight
1.0 equiv 1.0 equiv 81% (1:1 Z:E) 2a

A flame-dried round-bottomed flask equipped with a stir bar was charged with the
phosphonium salt (4.59 g, 10 mmol, 1.0 equiv.) and anhydrous THF (20 mL, 0.50 M).
The flask was sealed and stirred under a nitrogen atmosphere. To a separate flame-
dried flask was added NaHMDS (3.78 g, 20.6 mmol, 2.06 equiv.) and anhydrous THF
(200 mL, 0.10 M). The solution of NaHMDS was slowly transferred to the suspension of
the phosphonium salt at rt via cannula. Addition time is approximately 30 minutes. After
the addition, the mixture was allowed to stir at rt for 1 h. Next, a solution of
benzaldehyde (1.20 mL, 10.9 mmol, 1.09 equiv.) in anhydrous THF (3.0 mL, 3.6 M) was
added in a dropwise fashion. The mixture was allowed to stir at rt overnight. The
reaction was quenched by addition of 1 M aqueous HCI and extracted with ethyl acetate
(3x40 mL). The combined organic layers were dried with MgSOa, filtered, and the
solvent removed by rotary evaporation to obtain the crude product, which was purified
by column chromatography on silica gel, eluting with 20-30% ethyl acetate in hexanes.
The product 2a was obtained as a clear oil (1.65 g, 1:1 Z:E, 81%). 'H NMR (500 MHz,
CDCIz) 6 11.13 (br s, 1H), 7.40 — 7.30 (m, 4H), 7.27 — 7.18 (m, 1H), 6.51 — 6.45 (m,
0.5H), 6.45 — 6.39 (m, 0.5H), 6.23 (dt, J = 15.8, 6.9 Hz, 0.5H), 5.67 (dt, J = 11.6, 7.2 Hz,
0.5H), 2.42 (t, J = 7.4 Hz, 1H), 2.38 (t, J = 7.4 Hz, 2H), 2.27 (9, J = 7.3 Hz, 1H), 1.81 —
1.65 (m, 2H), 1.63 — 1.49 (m, 2H). 3C NMR (126 MHz, CDCIz) & 178.71, 178.59,
137.56, 136.58, 131.52, 129.69, 128.86, 128.81, 128.28, 127.52, 126.62, 126.39,
123.04, 121.26, 34.00, 33.90, 33.42, 32.49, 28.79, 28.21, 28.16, 27.72. The spectral
data matched those previously reported.*

Simmons-Smith Cyclopropanation to access S1:

Cu(OAc), (0.08-0.24 equiv)
Zn dust (4.3-12.9 equiv.)

©/\/\002Me . o, AcOH (0.20 M) J (>/<]/\002Me
Et,0 (0.50 M)

. . rtor 60 °C, 24 h
1.0 equiv. 3.0-6.0 equiv. S1

Part I: Preparation of Zn/Cu couple*®

A 24-mL glass vial equipped with a stir bar was charged with Cu(OAc)2 (352 mg, 1.8
mmol, 0.08 equiv.) and AcOH (10 mL, 0.18 M in Cu). The solution was heated to 60 °C
with vigorous stirring. To the vial was added Zn dust (6.18 g, 9.5 mmol, 4.3 equiv.) in
one portion. The blue mixture immediately turned dark black/purple. The mixture was
stirred at 60 °C for 15 min, after which point stirring was disengaged and the solids were
allowed to settle. A 9” pipette was used to remove AcOH. Next, the purple solid was
washed with diethyl ether (5x10 mL) until the rinsings no longer carried the AcOH odor.
The Zn/Cu was thus used without further purification or drying.
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Part Il: Formation of carbenoid*’

A flame-dried pear-shaped flask equipped with a stir bar was charged with freshly
prepared Zn/Cu (all of the material made in Part | was added, and a quantitative yield
was assumed). Anhydrous diethyl ether (20 mL) was added, and the mixture was
sealed under a nitrogen atmosphere and allowed to stir at rt. An addition funnel is
installed, and a solution of CHzl2 (4.85 mL, 60 mmol, 3 equiv.) in diethyl ether (15 mL)
was added. CAUTION: the CH:lz2 solution must be added extremely slowly, as
significant bubble and heat generation were observed. As more of the solution is
added, the addition rate can be increased. After all the CHzl2 solution had been
added, the mixture was allowed to stir at 60 °C for 1 h. The carbenoid was used without
purification in the next step. A quantitative yield was assumed.

Part Ill: Cyclopropanation®’

To the flask of the freshly prepared carbenoid (see Part Il) was added the alkene (2.1
mL, 11.3 mmol, 1.0 equiv.) at 60 °C. GC-FID analysis was used to monitor the reaction
every 12-24 h. To push the reaction to completion required two additional iterations of
Part | and Part II, with the carbenoid being added directly to the alkene-containing flask.
The reaction did not reach completion until 96 h. Upon completion, the reaction was
cooled to rt and filtered over silica to remove solids. The organic filtrate was quenched
with 1 M HCI and extracted with diethyl ether (3x50 mL). The combined organic layers
were dried with MgSOsa, filtered, and the solvent removed by rotary evaporation. The
crude product was purified by filtration through a silica plug (20% EtOAc in hexanes) to
remove a maroon-colored impurity. The material thus obtained (1.50 g) was used in the
next step without further purification. *H NMR (500 MHz, CDClz) & 7.26 — 7.21 (m, 2H),
7.18 — 7.12 (m, 1H), 7.12 — 7.06 (m, 2H), 3.70 (s, 3H), 2.47 (dd, J = 15.9, 7.0 Hz, 1H),
2.36 (dd, J = 15.9, 7.0 Hz, 1H), 1.82 — 1.72 (m, 1H), 1.45 - 1.33 (m, 1H), 1.01 (dt, J =
8.7, 5.3 Hz, 1H), 0.87 (dt, J = 8.7, 5.3 Hz, 1H). The spectral data matched those
previous reported.*®

Note: Reaction times changed drastically based on the scale. Significant screening and
optimization of conditions was required. The raw data obtained during this process is
provided below (Table S20). The cyclopropane:alkene ratios given were determined by
GC-FID analysis of reaction aliquots.

Supplementary Table 20. Optimization of Simmons-Smith reaction.

equiv. equiv. T t . .
Entry scale cu/Zn CHz  (°C)  (h) cyclopropane:alkene Yield Notes
1 1mmol 00843 30 o 24 19:81 __not
isolated
_ 0.125g,
2 1 mmol 0.08/4.3 3.0 60 24 93:7 66%
24 58:42 not
3 20 mmol  0.08/4.3 3.0 60 48 61-39 isolated
4  4mmol 00843 30 60 24 96:4 05179, 4x1.0 mmol
68% reactions
24 29:71 3x iterative
5 12mmol 024/12.9 90 60 ‘7‘2 gifgg 1('5%?,/9’ add'n of
' ®  CulZn/CHalz

96 >99:1
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Ester Hydrolysis to access 3a:*

LiOHeH,0 (5.0 equiv)
CO,Me THF:H,0 (1:1 viv, 0.25 M) CO,H

o rt, 14 h 3a
$1, ~95:5 with alkene 68%

A 24-mL glass vial equipped with a stir bar was charged with the crude cyclopropyl
ester S1 (0.760 g, 4.0 mmol), THF (8 mL, 0.5 M), H20 (8 mL, 0.5 M), and LiOH+H20
(0.839 g, 20 mmol, 5 equiv.). The mixture was stirred at rt for 14 h, after which point it
was quenched with 6 M aqueous HCI until the pH reached ~2. The layers were
separated, and the organic extract was dried with MgSOau, filtered, and the solvent
removed by rotary evaporation. Crude 'H NMR of the residue indicated 5% of the
parent alkene was present as an impurity. Column chromatography on silica, eluting
with 40% EtOAc in hexanes, afforded the pure cyclopropyl acid 3a as a pale yellow,
low-melting solid (0.470 g, 68%).*H NMR (500 MHz, CDCIs) & 11.37 (br s, 1H), 7.33 —
7.25 (m, 2H), 7.24 — 7.16 (m, 1H), 7.16 — 7.07 (m, 2H), 2.53 (dd, J = 16.2, 6.9 Hz, 1H),
2.44 (dd, J = 16.2, 7.2 Hz, 1H), 1.82 (dt, J = 9.3, 4.9 Hz, 1H), 1.52 — 1.36 (m, 1H), 1.06
(dt, J = 8.5, 5.3 Hz, 1H), 0.92 (dt, J = 8.8, 5.4 Hz, 1H). 13C NMR (126 MHz, CDCl3) &
178.74, 142.33, 128.33, 126.05, 125.73, 38.70, 22.91, 18.04, 15.29. The spectral data
matched those previously reported.>°

Synthesis of Acid 4a:

Step 1: bromination Step 2: cross-coupling
B(OH), CF3
AICI5 (1.0 equiv) /©/ . O
: Br. 4.5 equiv.
/©/\COZM9 Brz (1.1 equiv) _ j©/\002Me CF4 (iterative add'n) O COMe
MeO CH,Cl, (0.50 M)  MeO Pd(PPhs), (8 mol %) MeO
s2 0°C,1h K,CO3 (2.6 equiv.)
. 96% s3 PhMe:H,0 (3:1 viv, 0.21 M) S4
1.0 equiv. 70°C. 36 h
45%
Step 4: methylation Step 3: hydrolysis
CF3 . CF;
O Me LDA (2.2 equiv) O LiOHeH,0 (5.0 equiv)
Mel (1.5 equiv . 4y
O CoMH ( quiv) O COM ‘THF.HZO (1:1 viv, 0.25 M)
THF (0.60 M) rt, overnight
MeO 78°Ctort, 16 h MeO 96%
4a 75% S5

Step 1: Bromination of S2:51

To a round-bottomed flask equipped with a stir bar was added AICIs (2.67 g, 20 mmol,
1.0 equiv.), methylene chloride (40 mL, 050 M), and methyl 2-(4-
methoxyphenyl)acetate S2 (3.18 mL, 20 mmol, 1.0 equiv.). The mixture was cooled to O
°C and bromine (1.13 mL, 22 mmol, 1.1 equiv.) was added in a slow, dropwise fashion.
After stirring at 0 °C for 1 h, the mixture was carefully poured over 50 mL of an ice-H20
slurry. The mixture was washed with methylene chloride (2x30 mL) and the combined
organic layers were then washed with sodium thiosulphate (2x10 mL) to quench excess
bromine. The combined organic extracts were dried with magnesium sulfate, filtered,
and concentrated via rotary evaporation. Although spectroscopically pure, the product
was further purified by flash chromatography on silica, eluting with 20% EtOAc in
hexanes. The bromide S3 was thus obtained as a pale yellow oil (4.95 g, 96%). *H NMR
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(500 MHz, CDCI3) 6 7.49 (d, J = 2.2 Hz, 1H), 7.21 (dd, J = 8.4, 2.2 Hz, 1H), 6.88 (d, J =
8.4 Hz, 1H), 3.90 (s, 3H), 3.72 (s, 3H), 3.57 (s, 2H). 13C NMR (151 MHz, CDCIz) &
171.83, 155.06, 134.07, 129.36, 127.47, 111.91, 111.62, 56.28, 52.17, 39.82. The
spectral data matched that previously reported.>?

Step 2: Suzuki coupling of S3:53

A round-bottomed flask equipped with a stir bar and reflux condenser was charged with
Pd(PPhs)s (463 mg, 0.41 mmol, 4.1 mol %), the bromide S3 (2.63 g, 10 mmol, 1.0
equiv.), and 4-(trifluoromethyl)phenylboronic acid (3.87 g, 20 mmol, 2.0 equiv.). Toluene
(33 mL, 0.30 M) and 2.0 M aqueous K2COs (12.75 mL, 2.6 equiv. K2CO3s) were next
added, and the mixture was sparged with nitrogen for 20 min. The mixture was then
warmed to 70 °C and stirred for 18 h, after which point conversion was assessed by thin
layer chromatography (0.45:0.5:5 CH2Cl2:Et20:hexane). Due to significant remaining
bromide S3, a second addition of Pd(PPh3)s (0.423 mg) and 4-
(trifluoromethyl)phenylboronic acid (1.85 g) was performed, and the mixture was once
again sparged and heated at 70 °C for an additional 18 h. After cooling to room
temperature, the crude mixture was filtered through a thick pad of silica on a fritted
glass funnel to remove solids. The filtrate was transferred to a separatory funnel, and
the layers were separated. The aqueous layer was washed with EtOAc (2x20 mL). The
combined organic extracts were dried with magnesium sulfate, filtered, and the solvent
was removed by rotary evaporation. Product S4 was used directly in the next step.

Step 3: Hydrolysis of S4:4°

A round-bottomed flask equipped with a stir bar was charged with ester S4 (1.45 g, 4.5
mmol), THF (9 mL, 0.5 M), H20 (9 mL, 0.5 M), and LiOH*H20 (0.937 g, 22 mmol, 5
equiv.). The mixture was stirred at rt overnight, after which point it was quenched with 6
M aqueous HCI until the pH reached ~2. The layers were separated, and the organic
layer was dried with sodium sulfate, filtered, and the solvent removed by rotary
evaporation. The crude product thus obtained was analytically pure and used in the next
step without further purification (1.33 g, 93%).*H NMR (500 MHz, CDClz) & 10.90 (s,
1H), 7.58 (d, J = 8.5 Hz, 2H), 7.55 (d, J = 8.5 Hz, 2H), 7.21 (dd, J = 8.5, 2.3 Hz, 1H),
7.15 (d, J = 2.3 Hz, 1H), 6.90 (d, J = 8.5 Hz, 1H), 3.74 (s, 3H), 3.58 (s, 2H). 13C NMR
(151 MHz, CDCls) 6 177.11, 155.75, 141.76, 131.80, 130.29, 129.83, 129.41, 129.08 (q,
J = 32.5 Hz), 125.65, 124.92 (q, J = 3.9 Hz), 124.24 (q, J = 272.2 Hz), 111.51, 55.68,
39.95.

Step 4: Methylation of S5:° Under nitrogen, a flame-dried round-bottomed flask
equipped with a stir bar was charged with diisopropylamine (1.91 mL, 13.6 mmol, 2.2
equiv.) and anhydrous THF (23 mL, 0.60 M). Next, the mixture was cooled to —78 °C,
and n-BuLi (5.41 mL, 2.5 M in hexane, 13.5 mmol, 2.2 equiv.) was added in a dropwise
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fashion. After stirring at —78 °C for 30 min, the carboxylic acid S5 was added as a
solution in THF in a dropwise fashion (1.91 g, 6.1 mmol, 1.0 equiv., 11 mL THF). The
mixture was allowed to warm to 0 °C and was stirred for 1 h. The mixture was then
cooled back to —78 °C, and methyl iodide (0.58 mL, 9.3 mmol, 1.5 equiv.) was added in
a dropwise fashion. The mixture was stirred at rt for 16 h after which point it was
guenched by the addition of 1.0 M HCI. The layers were separated, and the aqueous
layer was washed with diethyl ether (3x30 mL). The combined organic extracts were
dried with sodium sulfate, filtered, and the solvent removed by rotary evaporation. Flash
column chromatography on silica gel, eluting with 10% EtOAc in hexanes afforded the
product 4a as a white solid (1.57 g, 79%). *H NMR (500 MHz, CDCIls) & 11.06 (s, 1H),
7.68 (d, J = 8.5 Hz, 2H), 7.65 (d, J = 8.5 Hz, 2H), 7.34 (dd, J = 8.5, 2.4 Hz, 1H), 7.30 —
7.27 (m, 1H), 6.99 (d, J = 8.5 Hz, 1H), 3.83 (s, 3H), 3.77 (9, J = 7.2 Hz, 1H), 1.56 (d, J =
7.2 Hz, 3H). 3C NMR (151 MHz, CDCI3) d 179.86, 155.77, 141.90, 141.88, 132.18,
129.84 (q, J = 32.3 Hz), 129.43, 129.10, 128.46, 124.91 (q, J = 3.8 Hz), 124.29 (q, J =
271.9 Hz), 111.51, 55.69, 44.36, 18.19.

Synthesis of acid 5a:

Step 1: bromination Step 2: methylation
AcOH (0.50 M) LDA (2.2 equiv) Me
/@/\(;OzH Bry (1.1 equiv) Brj©/\CO2H Mel (1.5 equiv) BrD)\COﬂ"
MeO . rt, 16 h MeO THF (0.60 M) MeO
$6, 1.0 equiv. 93% s7 78°Ctort, 16 h 5a

72%

Step 1: Bromination of S6:° A round-bottomed flask equipped with a stir bar was
charged with 4-methoxyphenylacetic acid S6 (4.98 g, 30 mmol, 1.0 equiv.), AcOH (60
mL, 0.50 M), and bromine (1.70 mL, 33 mmol, 1.1 equiv.). The mixture was stirred at rt
for 16 h, after which point AcOH was removed in vacuo. The crude product was taken
up in ethyl acetate and washed with sodium thiosulfate (15 mL) and water (2x20 mL).
The organic layer was dried with magnesium sulfate, filtered, and the solvent removed
in vacuo. The product S7 is purified by flash chromatography on silica, eluting with 40-
50% EtOAc in hexanes (6.86 g, 93%). 'H NMR (400 MHz, CDCI3) & 10.76 (br s, 1H),
7.47 (d, J = 2.2 Hz, 1H), 7.19 (dd, J = 8.4, 2.2 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 3.88 (s,
3H), 3.57 (s, 2H). *C NMR (101 MHz, CDClz) d 177.58, 155.24, 134.18, 129.49,
126.66, 111.93, 111.71, 56.28, 39.66. The spectral data matched those previously
reported.>®

Step 2: Methylation of S7:% Under nitrogen, a flame-dried round-bottomed flask
equipped with a stir bar was charged with diisopropylamine (3.80 mL, 27.0 mmol, 2.2
equiv.) and anhydrous THF (44 mL, 0.60 M). Next, the mixture was cooled to —78 °C,
and n-BuLi (10.75 mL, 2.5 M in hexane, 26.9 mmol, 2.2 equiv.) was added in a
dropwise fashion. After stirring at —78 °C for 30 min, the carboxylic acid S7 was added
as a solution in THF in a dropwise fashion (2.94 g, 12.0 mmol, 1.0 equiv., 20 mL THF).
The mixture was allowed to warm to O °C and was stirred for 1 h. The mixture was then
cooled back to —78 °C, and methyl iodide (1.12 mL, 18.0 mmol, 1.5 equiv.) was added
in a dropwise fashion. The mixture was stirred at rt for 16 h after which point it was
guenched by the addition of 1.0 M HCI. The layers were separated, and the aqueous
layer was washed with diethyl ether (3x30 mL). The combined organic extracts were
dried with sodium sulfate, filtered, and the solvent removed by rotary evaporation. Flash
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column chromatography on silica gel, eluting with 20% EtOAc in hexanes afforded the
product 5a as a white solid (2.23 g, 72%). *H NMR (600 MHz, CDCI3) & 11.00 (br s, 1H),
7.53 (d, J =2.2 Hz, 1H), 7.25 (dd, J = 8.4, 2.2 Hz, 1H), 6.88 (d, J = 8.4 Hz, 1H), 3.90 (s,
3H), 3.69 (q, J = 7.2 Hz, 1H), 1.51 (d, J = 7.2 Hz, 3H).13C NMR (151 MHz, CDCl3) &
179.66, 155.22, 133.22, 132.47, 127.70, 111.95, 111.78, 56.30, 44.06, 18.11.

Synthesis of acid 6a:%

LDA (2.2 equiv) COzH
S CO,H Mel (1.5 equiv) S Me
W — >
THF (0.60 M)
) -78°Ctort, 16 h 6a
1.0 equiv. 91%

Under nitrogen, a flame-dried round-bottomed flask equipped with a stir bar was
charged with diisopropylamine (3.80 mL, 26.8 mmol, 2.2 equiv.) and anhydrous THF (45
mL, 0.60 M). Next, the mixture was cooled to —78 °C, and n-BuLi (10.75 mL, 2.5 M in
hexane, 26.9 mmol, 2.2 equiv.) was added in a dropwise fashion. After stirring at =78 °C
for 30 min, the carboxylic acid was added as a solution in THF in a dropwise fashion
(1.74 g, 12.2 mmol, 1.0 equiv., 20 mL THF). The mixture was allowed to warm to 0 °C
and was stirred for 1 h. The mixture was then cooled back to —78 °C, and methyl iodide
(2.15 mL, 18.3 mmol, 1.5 equiv.) was added in a dropwise fashion. The mixture was
stirred at rt for 16 h after which point it was quenched by the addition of 1.0 M HCI. The
layers were separated, and the aqueous layer was washed with diethyl ether (3x30 mL).
The combined organic extracts were dried with sodium sulfate, filtered, and the solvent
removed by rotary evaporation. Flash column chromatography on silica gel, eluting with
20% EtOAc in hexanes afforded the product as a pale yellow oil (1.73 g, 91%). '*H NMR
(600 MHz, CDCIs) & 11.36 (s, 1H), 7.25 (dd, J = 5.1, 1.2 Hz, 1H), 7.02 (dt, J = 3.5, 1.2
Hz, 1H), 6.99 (dd, J = 5.1, 3.5 Hz, 1H), 4.06 (q, J = 7.2 Hz, 1H), 1.63 (d, J = 7.2 Hz, 3H).
13C NMR (151 MHz, CDCIz) & 179.51, 141.97, 126.76, 125.21, 124.61, 40.63, 19.06.
The spectral data matched those previously reported.>®

Synthesis of acid 7a:>
CO,H

LDA (2.2 equiv)

O i O

< :©) Mel (1.5 equiv) < D)\Me

0o THF (0.60 M) o

1.0 equiv -78°Ctort, 16 h 7a
91%

Under nitrogen, a flame-dried round-bottomed flask equipped with a stir bar was
charged with diisopropylamine (5.32 mL, 37.9 mmol, 2.2 equiv.) and anhydrous THF (63
mL, 0.60 M). Next, the mixture was cooled to —78 °C, and n-BuLi (15.08 mL, 2.5 M in
hexane, 37.7 mmol, 2.2 equiv.) was added in a dropwise fashion. After stirring at =78 °C
for 30 min, the carboxylic acid was added as a solution in THF in a dropwise fashion
(3.09 g, 17.14 mmol, 1.0 equiv., 30 mL THF). The mixture was allowed to warm to 0 °C
and was stirred for 1 h. The mixture was then cooled back to —78 °C, and methyl iodide
(.60 mL, 25.6 mmol, 1.5 equiv.) was added in a dropwise fashion. The mixture was
stirred at rt for 16 h after which point it was quenched by the addition of 1.0 M HCI. The
layers were separated, and the agueous layer was washed with diethyl ether (3x30 mL).
The combined organic extracts were dried with sodium sulfate, filtered, and the solvent
removed by rotary evaporation. Flash column chromatography on silica gel, eluting with
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30% EtOAc in hexanes afforded the product as a white solid (3.03 g, 91%). 'H NMR
(500 MHz, CDCls) & 11.37 (s, 1H), 6.89 — 6.83 (m, 1H), 6.82 — 6.76 (m, 2H), 5.96 (s,
2H), 3.68 (q, J = 7.2 Hz, 1H), 1.50 (d, J = 7.2 Hz, 3H). 3C NMR (126 MHz, CDCls) &
180.13, 147.87, 146.89, 133.52, 120.90, 108.34, 107.99, 101.10, 44.89, 18.26. The
spectral data matched those previously reported.>®

Synthesis of acid 8a:

Step 1: dialkylation Step 2: hydrolysis
o] CN CO,H
KOH (4.1 equiv) cl KOH (10 equiv) cl
DMSO (0.57 M), 6 h, rt EtGly (0.60 M)
62% 168 °C, 10 h

1.0 equiv 1.0 equiv 70%

S8 8a

Step 1: Dialkylation:>” A solution of 3-chlorobenzonitrile (2.36 mL, 20 mmol) and 1,3-
dibromopropane (2.03 mL, 20 mmol) in DMSO (4 mL, 5.7 M) was added in a slow,
dropwise fashion to a stirring suspension of KOH (4.56 g, 4.1 equiv.) in DMSO (35 mL,
0.57 M) at room temperature under air. The mixture was allowed to stir at rt for 6 h, after
which point it was quenched by the addition of water. The mixture was washed with
ethyl acetate (3x20 mL), and the combined organic extracts were dried with magnesium
sulfate, filtered, and the solvent was removed by rotary evaporation. Flash
chromatography on silica gel, eluting with 10% EtOAc in hexanes, afforded the nitrile S8
as a clear oil (2.39 g, 62%). *H NMR (500 MHz, CDClz) 6 7.45 — 7.40 (m, 1H), 7.40 —
7.30 (m, 3H), 2.95 — 2.78 (m, 2H), 2.69 — 2.57 (m, 2H), 2.47 (dp, J = 11.7, 8.9 Hz, 1H),
2.11 (dtt, J = 11.7, 9.0, 4.4 Hz, 1H). 3C NMR (126 MHz, CDCls) & 141.75, 134.97,
130.26, 128.15, 125.98, 123.88, 123.80, 39.90, 34.60, 17.05. The spectral data
matched those previously reported.>®

Step 2: Hydrolysis of S8:%” A mixture of the nitrile S8 (2.39 g, 12.45 mmol) and KOH
(6.99 g, 124.5 mmol) was dissolved in ethylene glycol (21 mL, 0.60 M) in a round-
bottomed flask equipped with a stir bar and condenser. The mixture was heated to 168
°C for 10 h, after which point it was allowed to cool to rt. Water and ethyl acetate were
added, and the organic layer was separated. The aqueous layer was further washed
with ethyl acetate (2x20 mL). The combined organic layers were dried with sodium
sulfate, filtered, and the solvent removed by rotary evaporation. Flash chromatography
on silica, eluting with 30% EtOAc in hexanes, afforded purified acid 8a, which was
further purified by recrystallization with CH2CI2 and pentane (1.82 g, 70% yield). *H
NMR (500 MHz, CDCIz) & 11.12 (s, 1H), 7.37 — 7.18 (m, 4H), 2.95 — 2.80 (m, 2H), 2.69
—2.42 (m, 2H), 2.13 (dp, J = 11.3, 8.6 Hz, 1H), 1.91 (dtt, J = 11.3, 9.4, 4.8 Hz, 1H). 13C
NMR (126 MHz, CDCls) & 180.79, 145.09, 134.28, 129.60, 127.11, 126.82, 124.66,
51.91, 32.24, 16.62. The spectral data matched those previously reported.
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Synthesis of nucleophile 1c:%°
(0]

DMAP (10 mol %)
:| \> . cl TEA (1.5 equiv) [ :I \>
H ©)‘\ CH,Cl, (0.20 M) N\BZ
1.0 equiv. 1.2 equiv. 0°C-r,12h
A round-bottomed flask equipped with a stir bar was charged with indole (1.22 g, 10.4
mmol, 1.0 equiv.), DMAP (14.2 mg, 0.10 equiv.), methylene chloride (52 mL, 0.20 M),
and triethylamine (2.2 mL, 15.9 mmol, 1.5 equiv.). Benzoyl chloride (1.45 mL, 124
mmol, 1.2 equiv.) was added in a dropwise fashion at 0 °C and the mixture was then
allowed to stir at rt for 12 h. The reaction was quenched by the addition of 1 M HCI and
extracted with methylene chloride (3x20 mL). The combined organic layers were dried
with magnesium sulfate, filtered, and concentrated in vacuo. The product was purified
by flash chromatography on silica gel, eluting with 20% EtOAc in hexane (2.1 g, 90%).
!H NMR (500 MHz, CDCl3) & 8.44 (d, J = 8.3 Hz, 1H), 7.86 — 7.71 (m, 2H), 7.71 — 7.62
(m, 2H), 7.60 — 7.52 (m, 2H), 7.42 (ddd, J = 8.4, 7.2, 1.3 Hz, 1H), 7.38 — 7.32 (m, 2H),
6.65 (d, J = 3.8 Hz, 1H). 3C NMR (126 MHz, CDCIz) 5 168.84, 136.00, 134.55, 131.98,
130.78, 129.24, 128.65, 127.69, 124.99, 124.01, 120.94, 116.44, 108.64. The spectral
data matched those previously reported.5°

1c

Synthesis of nucleophile 2b:%!

QP

y | 2P
/©/ ~cl . H2N/\© TEA (1.03 equiv), CH,CI, (0.60 Ml /©/ \H/\©
MeO 0 °C to rt, overnight MeO
2b

95%
1.0 equiv 1.17 equiv

A round-bottomed flask equipped with a stir bar was charged with 4-
methoxybenzenesulfonyl chloride (3.1 g, 15 mmol, 1.0 equiv.), methylene chloride (25
mL, 0.60 M), and benzylamine (1.92 mL, 17.6 mmol, 1.17 equiv.). The mixture was
cooled to 0 °C, and triethylamine (2.15 mL, 15.4 mmol, 1.03 equiv.) was added in a
slow, dropwise fashion. The mixture was allowed to stir at rt overnight, after which point
it was quenched by addition of 1.0 M HCI. The layers were separated, and the aqueous
layer was washed with methylene chloride (2x20 mL). The combined organic extracts
were dried with magnesium sulfate, filtered, and concentrated in vacuo. The crude
product was purified by precipitation from methylene chloride with pentane as the
antisolvent (3.95 g, 95%). *H NMR (500 MHz, CDClz) & 7.74 (d, J = 8.9 Hz, 2H), 7.25 —
7.17 (m, 3H), 7.14 — 7.10 (m, 2H), 6.91 (d, J = 8.9 Hz, 2H), 4.52 (t, J = 6.3 Hz, 1H), 4.05
(d, J = 6.0 Hz, 1H), 3.81 (s, 3H). 3C NMR (126 MHz, CDCls) 5 162.98, 136.29, 131.46,
129.34, 128.73, 127.96, 127.89, 114.30, 55.65, 47.29. The spectral data matched those
previously reported.®?
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Synthesis of nucleophile 1d:
nBuLi

OH THF, =78 °C,1h OH
> Z
/\/ — TES/\/
-78°C,1h 1d

rt, 1h

Prepared according to literature procedure.®® To a stirred solution of 3-butyn-1-ol (0.23
mL, 3.0 mmol) in THF (0.7 M, 4.3 mL), a solution of nBuLi in hexanes (2.5 equiv., 3.8
mL, 2.1 M) was added slowly at —78 °C. After stirring at that temperature for 1 h, TESCI
(2.5 equiv., ImL, 7.5 mmol) was added. The reaction was continued at —78 °C for 1 h
and was warmed to rt. It was quenched with saturated aqueous NH4ClI solution after 1
h. The aqueous layer was extracted with EtOAc for three times and the combined
organic layers were dried over MgSOa4 and concentrated under reduced pressured. The
crude was purified by flash column chromatography in 0 — 20 % EtOAc in hexanes to
afford faint yellow oil (0.218 g, 39%). *H NMR (400 MHz, CDClIz) & (ppm) = 3.72 (dt, 2H,
J=6.22, 6.22 Hz), 2.53 (t, 2H, J = 6.23 Hz), 1.78 (t, 1H, J = 6.55 Hz), 0.98 (t, 9 H, J =
7.91 Hz), 0.59 (g, 6H, J = 7.88 Hz). 13C NMR (101 MHz, CDCl3) & (ppm) = 104.46,
84.44,61.17, 24.46, 7.59, 4.55.

Synthesis of nucleophile 2d:

\/
. Cl/ 7 pyndme &/OH
0 C 1h N

i, 12 h Ts
2d

Prepared according to literature procedure.®* To a solution of L-prolinol (0.202 g, 2
mmol) in distilled pyridine (2 mL), tosyl chloride (0.46 g, 2.46 mmol) was added at O °C.
The mixture was stirred for 1 h at that temperature, and then allowed to warm to room
temp and stir for 12 h. The crude mixture was poured into aqueous 1 M HCI solution
and extracted with DCM. The combined organic layers was dried over Na2SO4 and
purified by flash column chromatography in 1:1 hexanes/EtOAc to yield 2d as a white
solid (0.25 g, 0.98 mmol, 49%). *H NMR (400 MHz, CDCI3) & (ppm) = 7.74 (d, 2H, J =
8.27 Hz), 7.33 (d, 2H, J = 8.03 Hz), 3.65 (m, 3 H), 3.46 (dt, 1H, J = 10.46, 6.31 Hz), 3.27
(dt, 2H, J = 10.49, 6.92 Hz), 2.75 (m, 1H), 2.44 (s, 3H), 1.79 (ddt, 1H, J = 12.79, 8.23,
6.68 Hz), 1.69 (m, 2H), 1.45 (dp, 1H, J = 12.72, 6.46 Hz).

Synthesis of acid 9a:

LDA, THF COzH Me
©/\COZH —78 °C then rt, 2h - 4 Me
Me
B 9a

r\/\/\Me

—78 °C then rt, overnight
Freshly made LDA solution in THF (5 mmol, 5.7 mL) was cooled to — 78 °C, to which a
THF solution of phenylacetic acid (0.34 g, 2.5 mmol, 1.5 mL) was added slowly. The
reaction was warmed to rt and stirred for 2 h. It was cooled to — 78 °C again when 5-
bromo-2-methylpent-2-ene (0.5 mL, 3.8 mmol) was added slowly. The reaction was
warmed to rt and stirred overnight, before 3 M aqueous HCI solution was added until pH
< 3. The aqueous layer was extracted with Et2O and the combined organic layers were
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washed with brine and dried over Na2SOa4. The crude mixture was concentrated and
purified by flash chromatography in 3:1 petanes/Et20 to yield 8a as a yellow oil (0.41 g,
1.87 mmol, 75%). *H NMR (500 MHz, CDClz) & (ppm) = 11.57 (br s, 1H), 7.28 (m, 5H),
5.07 (tdd, 1H, J = 5.72, 2.90, 1.42 Hz), 3.55 (t, 1H, J =7.61 Hz), 2.11 (m, 1H), 1.95 (q,
2H, J =7.32 Hz), 1.82 (m, 1H), 1.66 (d, 3H, J = 1.41 Hz), 1.50 (d, 3H, J = 1.33 Hz). 13C
NMR (125 MHz, CDCIs) & (ppm) = 180.6, 138.4, 132.7, 128.6, 127.4, 123.1, 50.9, 33.0,
25.8, 25.6, 17.7, 17.6. HRMS (FTMS + p ESI) calculated for C14H1702 [M — HJ
217.1234, found 217.1234.

D. Experimental Procedure, Characterization, and Isolation

General Procedure A:
R1
J\ NasPO, (3.0 equiv)
R2>CO,H + Nuc ™ R Nuc
CH,Cl, (0.10 M), + 100 pL i-PrCN
2x (40W 427 nm LED), rt, 24 h

Cu(OTf), (2.5 equiv)

1.0 equiv 1.5-3.0 equiv
0.20 mmol

An oven-dried 6-mL vial equipped with a stir bar is brought into a nitrogen-filled
glovebox and charged with Cu(OTf)2 (180.8 mg, 2.5 equiv., 0.50 mmol), NasPO4 (98.2
mg, 3.0 equiv., 0.60 mmol), the sulfonamide nucleophile (1.5-3.0 equiv.), the carboxylic
acid (1.0 equiv., 0.20 mmol), methylene chloride (2.0 mL, 0.10 M), and isobutyronitrile
(100 pL, 5.5 equiv., 1.1 mmol). The vial is sealed with a screwcap bearing a teflon
septum, removed from the glovebox, and placed on a stir plate. The vial is irradiated at
427 nm with two 40 W Kessil Lamp PR160 lamps at a distance of 10 cm with stirring at
800 rpm. A fan is used to maintain the vial at room temperature. After 24 h, the crude
reaction mixture is diluted with 1.5 mL EtOAc and adsorbed directly on diatomaceous
earth (Celite®). The product is purified by flash chromatography on silica gel, eluting
with mixtures of ethyl acetate and hexanes.

General Procedure B:

R Cu(OTf), (2.5 equiv)

R!

J\ NazPO,4 or K3PO, (3.0 equiv) J\
R ~COuH * Nuc > R¥ “Nuc
MeCN (0.20 M)
2x (40W 427 nm LED)
1.0 equiv 1.5-3.0 equiv rt, 24 h
0.20 mmol

An oven-dried 6-mL vial equipped with a stir bar is brought into a nitrogen-filled
glovebox and charged with Cu(OTf)2 (180.8 mg, 2.5 equiv., 0.50 mmol), NasPOa4 (98.2
mg, 3.0 equiv., 0.60 mmol) or KsPO4 (127.4 mg, 3.0 equiv., 0.60 mmol), the nitrogen
nucleophile (1.5-3.0 equiv.), the carboxylic acid (1.0 equiv., 0.20 mmol), and acetonitrile
(2.0 mL, 0.10 M). The vial is sealed with a screwcap bearing a teflon septum, removed
from the glovebox, and placed on a stir plate. The vial is irradiated at 427 nm with two
40 W Kessil Lamp PR160 lamps at a distance of 10 cm with stirring at 800 rpm. A fan is
used to maintain the vial at room temperature. After 24 h, the crude reaction mixture is
diluted with 1.5 mL EtOAc and adsorbed directly on diatomaceous earth (Celite®). The
product is purified by flash chromatography on silica gel, eluting with mixtures of ethyl
acetate and hexanes.
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General Procedure C:
Cu(OTf), (2.5 equiv)

1 1
jR\ Na,CO3 (1.0 equiv) j{\ JO]\
R2 CO,H - RZSN R
R3CN (0.10 M) H
1.0 equiv 2x (40W 427 nm LED)
0.20 mmol rt, 24 h

An oven-dried 6-mL vial equipped with a stir bar is brought into a nitrogen-filled
glovebox and charged with Cu(OTf)2 (180.8 mg, 2.5 equiv., 0.50 mmol), Na2COs (21.2
mg, 1.0 equiv., 0.20 mmol), the carboxylic acid (1.0 equiv., 0.20 mmol), and the nitrile
(2.0 mL, 0.10 M). The vial is sealed with a screwcap bearing a teflon septum, removed
from the glovebox, and placed on a stir plate. The vial is irradiated at 427 nm with two
40 W Kessil Lamp PR160 lamps at a distance of 10 cm with stirring at 800 rpm. A fan is
used to maintain the vial at room temperature. After 24 h, the crude reaction mixture is
diluted with 1.5 mL EtOAc and adsorbed directly on diatomaceous earth (Celite®). The
product is purified by flash chromatography on silica gel, eluting with mixtures of ethyl
acetate and hexanes.

General Procedure D:

R’ Cu(OTf), (2.5 equiv) R" O
pyridine (3.0 equiv)
RZJ\COZH > RZJ\NJJ\R3
PhMe/MeCN (0.10 M) H
40W 427 nm LED
1.0 equiv rt, 8_-24h
0.30 mmol

To an oven-dried Schlenk tube of 15 cm diameter, carboxylic acid (0.3 mmol) and
alcohol (0.3 mmol — 1.5 mmol, 1 — 5 equiv.) and copper(ll) trifluoromethanesulfonate
(0.75 mmol, 271.25 mg) were added, followed by freshly distilled pyridine (0.9 mmol, 73
ML) and acetonitrile (0.15 mL). The reaction mixture was degassed by freeze-pump-
thaw for four 4-min cycles and refilled with nitrogen. It was irradiated for variable periods
of time in front of a 40 W blue LED lamp. The reaction mixture was diluted with ethyl
acetate or diethyl ether (2 mL) and then washed with deionized water (2 x 5 mL). The
aqueous layer was extracted with ethyl acetate or diethyl ether (5 mL). The combined
organic layers were dried over Na2SO4 and concentrated and purified by flash column
chromatography.

4- methoxy -N-(1-phenylethyl)benzenesulfonamide (2)

\\//
: OMe

Prepared according to General Procedure A with 4-methoxybenzenesulfonamide
(112.3 mg, 3.0 equiv., 0.60 mmol) and 2-phenylpropanoic acid (30.0 mg, 1.0 equiv.,
0.20 mmol). Purification by flash chromatography on silica gel, eluting with 30% ethyl
acetate in hexanes, afforded the product as a clear oil (42.5 mg, 73% yield). *H NMR
(500 MHz, CDCls) 6 7.65 (d, J = 8.8 Hz, 2H), 7.24 — 7.16 (m, 3H), 7.15 — 7.06 (m, 2H),
6.85 (d, J = 8.8 Hz, 2H), 4.73 (br m, 1H. N-H), 4.45 (p, J = 6.8 Hz, 1H), 3.84 (s, 3H),
1.43 (d, J = 6.8 Hz, 3H). 3C NMR (126 MHz, CDCls) d 162.83, 142.17, 132.41, 129.36,
128.73, 127.67, 126.27, 114.13, 55.73, 53.75, 23.73. HRMS (FTMS + p ESI) m/z:
[M+Na]* calculated for C1sH17NOsSNa, 314.0821; found, 314.0816.
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4- methyl -N-(1-phenylethyl)benzenesulfonamide (5)

| \\ /1
: Me

Prepared according to General Procedure A with 4-methylbenzenesulfonamide (102.7
mg, 3.0 equiv., 0.60 mmol) and 2-phenylpropanoic acid (30.0 mg, 1.0 equiv., 0.20
mmol). Purification by flash chromatography on silica gel, eluting with 20% ethyl acetate
in hexanes, afforded the product as a clear oil (37.4 mg, 68% yield). *H NMR (500 MHz,
CDCI3) 6 7.61 (d, J = 8.2 Hz, 2H), 7.23 — 7.15 (m, 5H), 7.13 — 7.04 (m, 2H), 4.86 (d, J =
6.9 Hz, 1H, N-H), 4.45 (p, J = 6.9 Hz, 1H), 2.38 (s, 3H), 1.42 (d, J = 6.9 Hz, 3H). 3C
NMR (126 MHz, CDCls) & 143.30, 142.09, 137.62, 129.59, 128.68, 127.62, 127.21,
126.23, 53.73, 23.69, 21.65. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for
CisH17NO2SNa, 298.0872; found, 298.0866.

N-(1-phenylethyl)benzenesulfonamide (6)
Me g O

N/

<R

Prepared according to General Procedure A with benzenesulfonamide (94.3 mg, 3.0
equiv., 0.60 mmol) and 2-phenylpropanoic acid (30.0 mg, 1.0 equiv., 0.20 mmol).
Purification by flash chromatography on silica gel, eluting with 15% ethyl acetate in
hexanes, afforded the product as a white solid (31.6 mg, 60% yield). *H NMR (500 MHz,
CDCl3) & 7.72 (d, J = 7.3 Hz, 2H), 7.48 (t, J = 7.5 Hz, 1H), 7.38 (t, J = 7.8 Hz, 2H), 7.24
—7.15 (m, 3H), 7.15 - 7.03 (m, 2H), 4.85 (d, J = 6.9 Hz, 1H, N-H), 4.50 (p, J = 6.9 Hz,
1H), 1.44 (d, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CDCIlz) & 141.95, 140.79, 132.51,
128.98, 128.73, 127.73, 127.18, 126.24, 53.86, 23.71. mp: 99.7 — 101.3 °C. HRMS
(FTMS + p ESI) m/z: [M+Na]* calculated for Ci4Hi1sNO2SNa, 284.0716; found,
284.0710.

4-bromo-N-(1-phenylethyl)benzenesulfonamide (7)

Me 0 O

| \\//
\©\Br

Prepared according to General Procedure A with 4-bromobenzenesulfonamide (141.6
mg, 3.0 equiv., 0.60 mmol) and 2-phenylpropanoic acid (30.0 mg, 1.0 equiv., 0.20
mmol). Purification by flash chromatography on silica gel, eluting with 15% ethyl acetate
in hexanes, afforded the product as a white crystalline solid (32.4 mg, 48% vyield). 'H
NMR (500 MHz, CDCls) 6 7.51 (d, J = 8.7 Hz, 2H), 7.47 (d, J = 8.7 Hz, 2H), 7.22 — 7.15
(m, 3H), 7.13 — 6.97 (m, 2H), 4.92 (d, J = 6.9 Hz, 1H, N-H), 4.50 (p, J = 6.9 Hz, 1H),
1.45 (d, J = 6.9 Hz, 3H). 3C NMR (126 MHz, CDCls) d 141.52, 139.74, 132.13, 128.77,
128.69, 127.82, 127.39, 126.24, 54.02, 23.79. mp: 113.5 - 115.9 °C. HRMS (FTMS + p
ESI) m/z: [M+Na]* calculated for C14H14BrNO2SNa, 361.9821; found, 361.9814.
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N-(1-phenylethyl)-4-(trifluoromethyl)benzenesulfonamide (8)

Me(%é)
I
H
CF3
Prepared according to General Procedure A with 4-

(trifluoromethyl)benzenesulfonamide (135.1 mg, 3.0 equiv., 0.60 mmol) and 2-
phenylpropanoic acid (30.0 mg, 1.0 equiv.,, 0.20 mmol). Purification by flash
chromatography on silica gel, eluting with 20% ethyl acetate in hexanes, afforded the
product as a white solid (29.3 mg, 45% yield). 'H NMR (500 MHz, CDClz) 6 7.74 (d, J =
8.1 Hz, 2H), 7.57 (d, J = 8.1 Hz, 2H), 7.18 — 7.10 (m, 3H), 7.07 — 6.96 (m, 2H), 4.97 (d,
J = 7.0 Hz, 1H, N-H), 4.56 (m, 1H), 1.47 (d, J = 6.9 Hz, 3H). 13C NMR (126 MHz,
CDCls) & 144.38, 141.27, 134.09 (q, J = 32.9 Hz), 128.77, 127.92, 127.64, 126.67,
125.98 (q, J = 3.7 Hz), 123.37 (g, J = 272.8 Hz), 54.24, 23.83. 1°F NMR (377 MHz,
CDCls) 6 -63.21 (s, 3F). mp: 118.7 — 120.1 °C. HRMS (FTMS + p ESI) m/z: [M+Na]*
calculated for CisH14FsNO2SNa, 352.0590; found, 352.0583.

4- methoxy -N- (1 (4-methoxyphenyl)ethyl)benzenesulfonamide (9)

oo
MeO OMe

Prepared according to General Procedure A with 4-methoxybenzenesulfonamide
(112.3 mg, 3.0 equiv., 0.60 mmol) and 2-(4-methoxyphenyl)propanoic acid (36.0 mg,
1.0 equiv., 0.20 mmol). Purification by flash chromatography on silica gel, eluting with
30% ethyl acetate in hexanes, afforded the product as an off-white solid (63.9 mg, 99%
yield). *H NMR (500 MHz, CDCls) & 7.65 (d, J = 9.0 Hz, 2H), 7.01 (d, J = 8.8 Hz, 2H),
6.85 (d, J =9.0 Hz, 2H), 6.72 (d, J = 8.8 Hz, 2H), 4.75 (d, J = 6.6 Hz, 1H, N-H), 4.40 (m,
1H), 3.84 (s, 3H), 3.75 (s, 3H), 1.41 (d, J = 6.8 Hz, 3H). 13C NMR (126 MHz, CDCI3) d
162.79, 159.08, 134.32, 132.51, 129.37, 127.50, 114.11, 114.04, 55.71, 55.41, 53.23,
23.59. mp: 119.8 — 120.9 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for
Ci16H19NO4SNa, 344.0927; found, 344.0922.

4-methoxy-N-(1-(p-tolyl)ethyl)benzenesulfonamide (10)

Me 0 O

jegae!
Me OMe

Prepared according to General Procedure A with 4-methoxybenzenesulfonamide
(112.3 mg, 3.0 equiv., 0.60 mmol) and 2-(p-tolyl)propanoic acid (32.8 mg, 1.0 equiv.,
0.20 mmol). Purification by flash chromatography on silica gel, eluting with 20-30% ethyl
acetate in hexanes, afforded the product as a white solid (59.3 mg, 97% yield). *H NMR
(500 MHz, CDCIs) & 7.66 (d, J = 9.0 Hz, 2H), 7.01 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.4
Hz, 2H), 6.85 (d, J = 9.0 Hz, 2H), 4.82 (d, J = 6.7 Hz, 1H, N-H), 4.40 (m, 1H), 3.84 (s,
3H), 2.28 (s, 3H), 1.41 (d, J = 6.8 Hz, 3H). 13C NMR (126 MHz, CDCIz) & 162.80,
139.27, 137.32, 132.48, 129.37, 129.33, 126.20, 114.09, 55.71, 53.51, 23.65, 21.13.
mp: 98.5 -98.9 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for C16H19NO3SNa,
328.0978; found, 328.0973.
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N-(1-(4-fluorophenyl)ethyl)-4-methoxybenzenesulfonamide (11)

Me 0 O

NY/
.S
N
H
F OMe

Prepared according to General Procedure A with 4-methoxybenzenesulfonamide
(112.3 mg, 3.0 equiv., 0.60 mmol) and 2-(4-fluorophenyl)propanoic acid (33.6 mg, 1.0
equiv., 0.20 mmol). Purification by flash chromatography on silica gel, eluting with 30%
ethyl acetate in hexanes, afforded the product as a white solid (47.5 mg, 77% vyield). *H
NMR (500 MHz, CDCI3) 6 7.63 (d, J = 8.9 Hz, 2H), 7.07 (dd, J = 8.5, 5.3 Hz, 2H), 6.92 —
6.79 (m, 4H), 4.97 (d, J = 6.6 Hz, 1H, N-H), 4.45 (m, 1H), 3.84 (s, 3H), 1.39 (d, J = 6.9
Hz, 3H). 13C NMR (126 MHz, CDCls) 8 163.11, 162.90, 161.16, 138.03, 138.01, 132.30,
129.33, 128.04, 127.97, 115.52, 115.35, 114.14, 23.58. *®F NMR (377 MHz, CDCI3) d -
114.97 (s, 1F). mp: 105.9 — 106.9 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated
for C1sH16FNO3sSNa, 332.0727; found, 332.0721.

N-(1-(4-bromophenyl)ethyl)-4-methoxybenzenesulfonamide (12)

Me 0 O

\ /7
N’S
H
Br OMe

Prepared according to General Procedure A with 4-methoxybenzenesulfonamide
(112.3 mg, 3.0 equiv., 0.60 mmol) and 2-(4-bromophenyl)propanoic acid (45.8 mg, 1.0
equiv., 0.20 mmol). Purification by flash chromatography on silica gel, eluting with 20%
ethyl acetate in hexanes, afforded the product as a white crystalline solid (47.3 mg, 64%
yield). *H NMR (500 MHz, CDCls) & 7.60 (d, J = 8.9 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H),
6.97 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.9 Hz, 2H), 4.88 (d, J = 6.8 Hz, 1H, N-H), 4.43 (p,
J = 6.8 Hz, 1H), 3.85 (s, 3H), 1.39 (d, J = 6.8 Hz, 3H). 13C NMR (126 MHz, CDClz) &
162.95, 141.20, 132.16, 131.69, 129.33, 128.14, 121.41, 114.14, 55.79, 53.22, 23.62.
mp: 143.6 — 1457 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for
C1sH16BrNO3SNa, 391.9927; found, 391.9921.

N-(1-(4-chlorophenyl)ethyl)-4-methoxybenzenesulfonamide (13)

Me 0 O

\//
.S
N
H
Cl OMe

Prepared according to General Procedure A with 4-methoxybenzenesulfonamide
(112.3 mg, 3.0 equiv., 0.60 mmol) and 2-(4-chlorophenyl)propanoic acid (36.9 mg, 1.0
equiv., 0.20 mmol). Purification by flash chromatography on silica gel, eluting with 30%
ethyl acetate in hexanes, afforded the product as a white solid (42.4 mg, 65% vyield). *H
NMR (500 MHz, CDClz) & 7.60 (d, J = 8.9 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 7.03 (d, J =
8.4 Hz, 2H), 6.84 (d, J = 8.9 Hz, 2H), 4.77 — 4.62 (m, 1H, N-H), 4.45 (p, J = 6.9 Hz, 1H),
3.85 (s, 3H), 1.40 (d, J = 6.9 Hz, 3H). ¥3C NMR (126 MHz, CDCIl3) & 162.96, 140.65,
133.38, 132.19, 129.35, 128.77, 127.78, 114.15, 55.77, 53.15, 23.68. mp: 121.1 —
122.3 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for CisHi1sCINO3SNa,
348.0432; found, 348.0427.
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4-chloro-N-(1-(o-tolyl)ethyl)benzenesulfonamide (14)
Me O 0

\/s
.S
N
H
Me (¢]]

Prepared according to General Procedure A with 4-chlorobenzenesulfonamide (115.0
mg, 3.0 equiv., 0.60 mmol) and 2-(o-tolyl)propanoic acid (32.8 mg, 1.0 equiv., 0.20
mmol). Purification by flash chromatography on silica gel, eluting with 15% ethyl acetate
in hexanes, afforded the product as a white solid (44.2 mg, 71% yield). *H NMR (500
MHz, CDCls) & 7.55 (d, J = 8.6 Hz, 2H), 7.27 (d, J = 8.6 Hz, 2H), 7.09 — 7.04 (m, 1H),
7.04 — 6.97 (m, 3H), 5.05 (d, J = 6.8 Hz, 1H, N-H), 4.79 (p, J = 6.8 Hz, 1H), 2.23 (s,
3H), 1.40 (d, J = 6.8 Hz, 3H). 3C NMR (126 MHz, CDCIs) & 139.70, 139.19, 138.83,
134.64, 130.63, 129.04, 128.44, 127.51, 126.56, 125.34, 49.97, 23.27, 19.18. mp:
110.8 —112.0 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for C1sH16CINO2SNa,
332.0483; found, 332.0476.

N-(1-(p-tolyl)ethylthiophene-2-sulfonamide (15)

Me 0 O

N

NSNS

Ho Ly
Me'

Prepared according to General Procedure A with thiophene-2-sulfonamide (97.9 mg,
3.0 equiv., 0.60 mmol) and 2-(p-tolyl)propanoic acid (32.8 mg, 1.0 equiv., 0.20 mmol).
Purification by flash chromatography on silica gel, eluting with 20% ethyl acetate in
hexanes, afforded the product as a clear oil (55.9 mg, 99% yield). *H NMR (500 MHz,
CDClI3) 6 7.51 (dd, J = 5.0, 1.3 Hz, 1H), 7.44 (dd, J = 3.7, 1.3 Hz, 1H), 7.05 (d, J = 8.4
Hz, 2H), 7.02 (d, J = 8.4 Hz, 2H), 6.97 (dd, J = 5.0, 3.7 Hz, 1H), 4.94 (d, J = 7.0 Hz, 1H,
N—H), 4.51 (m, 1H), 2.29 (s, 3H), 1.47 (d, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CDCl3) &
141.72, 138.90, 137.54, 132.42, 131.87, 129.42, 127.27, 126.08, 53.89, 23.59, 21.19.
HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for C13H1sNO2S2Na, 304.0436; found,
304.0431.

Methyl 2-(N-(1-(thiophen-2-yl)ethyl)sulfamoyl)benzoate (16)
Me o\\//o CO,Me

S N,S

\ I H

Prepared according to General Procedure A with methyl 2-sulfamoylbenzoate (129.1
mg, 3.0 equiv., 0.60 mmol) and 2-(thiophen-2-yl)propanoic acid (31.2 mg, 1.0 equiv.,
0.20 mmol). Purification by flash chromatography on silica gel, eluting with 30% ethyl
acetate in hexanes, afforded the product as a clear oil (36.4 mg, 56% yield). *H NMR
(600 MHz, CDCls) 6 7.93 (dd, J = 7.6, 1.5 Hz, 1H), 7.75 (dd, J = 7.6, 1.5 Hz, 1H), 7.54
(td, J = 7.6, 1.6 Hz, 1H), 7.50 (td, J = 7.6, 1.6 Hz, 1H), 7.00 (dd, J = 5.0, 1.1 Hz, 1H),
6.76 (dt, J = 3.5, 1.1 Hz, 1H), 6.72 (dd, J = 5.0, 3.5 Hz, 1H), 6.45 (d, J = 8.4 Hz, 1H, N—-
H), 4.89 (m, 1H), 3.96 (s, 3H), 1.55 (d, J = 6.9 Hz, 3H). 3C NMR (151 MHz, CDCI3) d
168.15, 145.94, 140.41, 132.05, 131.70, 130.67, 129.96, 129.49, 126.53, 124.61,
124.55, 53.48, 50.13, 24.27. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for
C14H15sNO4S2Na, 348.0335; found, 348.0329.
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N-(4-methoxybenzyl)-2,4,6-trimethylbenzenesulfonamide (17)

Q‘S”O Me
N
H
MeO Me' Me

Prepared according to General Procedure A with 2,4,6-trimethylbenzenesulfonamide
(119.6 mg, 3.0 equiv., 0.60 mmol) and 2-(4-methoxyphenyl)acetic acid (33.2 mg, 1.0
equiv., 0.20 mmol). Purification by flash chromatography on silica gel, eluting with 20-
30% ethyl acetate in hexanes, afforded the product as a white solid (48.5 mg, 76%
yield). *H NMR (500 MHz, CDCls) & 7.08 (d, J = 8.7 Hz, 2H), 6.96 (s, 2H), 6.79 (d, J =
8.7 Hz, 2H), 4.58 (br t, J = 6.0 Hz, 1H, N-H), 4.01 (d, J = 6.0 Hz, 2H), 3.77 (s, 3H), 2.64
(s, 7H), 2.31 (s, 3H). 13C NMR (126 MHz, CDCIlz) & 159.49, 142.42, 139.33, 133.71,
132.13, 129.45, 128.53, 114.22, 55.45, 46.50, 25.11, 21.09. mp: 100.6 — 101.3 °C.
HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for C17H21NO3SNa, 342.1134; found,
342.1128.

4-methoxy-N-(1-phenylpropyl)benzenesulfonamide (18)

Me
X
N
L
OMe

Prepared according to General Procedure A with 4-methoxybenzenesulfonamide
(112.3 mg, 3.0 equiv., 0.60 mmol) and 2-phenylbutanoic acid (32.8 mg, 1.0 equiv., 0.20
mmol). Purification by flash chromatography on silica gel, eluting with 20% ethyl acetate
in hexanes, afforded the product as an off-white solid (28.5 mg, 47% vyield). 'H NMR
(500 MHz, CDCl3) 6 7.57 (d, J = 8.9 Hz, 2H), 7.18 — 7.12 (m, 3H), 7.06 — 6.97 (m, 2H),
6.77 (d, J =8.9 Hz, 2H), 4.91 (d, J = 7.2 Hz, 1H, N-H), 4.18 (g, J = 7.2 Hz, 1H), 3.81 (s,
3H), 1.81 (dp, J = 13.8, 7.3 Hz, 1H), 1.71 (dp, J = 13.8, 7.3 Hz, 1H), 0.79 (t, J = 7.3 Hz,
3H). 3C NMR (126 MHz, CDCIz) d 162.69, 140.86, 132.52, 129.29, 128.56, 127.49,
126.72, 113.97, 59.96, 55.69, 30.77, 10.59. mp: 86.4 — 87.4 °C. HRMS (FTMS + p ESI)
m/z: [M+Na]* calculated for C16H19NO3SNa, 328.0978; found, 328.0971.

N-benzhydrylcyclopropanesulfonamide (19)

YNV

Prepared according to General Procedure A with cyclopropanesulfonamide (72.7 mg,
3.0 equiv., 0.60 mmol) and 2,2-diphenylacetic acid (42.5 mg, 1.0 equiv., 0.20 mmol).
Purification by flash chromatography on silica gel, eluting with 20% ethyl acetate in
hexanes, afforded the product as a white crystalline solid (54.0 mg, 94% yield). *H NMR
(500 MHz, CDCl3z) & 7.37 — 7.31 (m, 8H), 7.31 — 7.22 (m, 2H), 5.75 (d, J = 7.5 Hz, 1H,
N-H), 5.06 (d, J = 7.5 Hz, 1H), 2.07 (it, J = 8.1, 4.9 Hz, 1H), 1.02 (dt, J = 4.9, 2.5 Hz,
2H), 0.73 — 0.65 (m, 2H). 13C NMR (126 MHz, CDCI3) & 141.32, 128.92, 128.00, 127.63,
61.44, 31.68, 6.04. mp: 141.0 — 142.0 °C. HRMS (FTMS + p ESI) m/z: [M+Na]*
calculated for C16H17NO2SNa, 310.0872; found, 310.0867.
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4- methoxy N-(2-methyl-1-phenylpropyl)benzenesulfonamide (20)

\\//
: OMe

Prepared according to General Procedure A with 4-methoxybenzenesulfonamide
(112.3 mg, 3.0 equiv., 0.60 mmol) and 3-methyl-2-phenylbutanoic acid (35.6 mg, 1.0
equiv., 0.20 mmol). Purification by flash chromatography on silica gel, eluting with 20-
30% ethyl acetate in hexanes, afforded the product as an off-white solid (25.5 mg, 40%
yield). *H NMR (600 MHz, CDCI3) & 7.52 (d, J = 8.9 Hz, 2H), 7.15 — 7.08 (m, 3H), 6.96 —
6.84 (m, 2H), 6.71 (d, J = 8.9 Hz, 2H), 5.05 (d, J = 8.3 Hz, 1H, N-H), 4.01 (m, 1H), 3.79
(s, 3H), 1.92 (m, 1H), 0.95 (d, J = 6.7 Hz, 3H), 0.73 (d, J = 6.7 Hz, 3H). 13C NMR (151
MHz, CDCI3) & 162.57, 140.09, 132.40, 129.25, 128.25, 127.18, 127.07, 113.84, 64.25,
55.66, 34.54, 19.50, 18.99. mp: 91.5 — 92.6 °C. HRMS (FTMS + p ESI) m/z: [M+Na]*
calculated for C17H21NO3SNa, 342.1134; found, 342.1128.

4- methoxy -N-(2-phenylpropan-2-yl)benzenesulfonamide (21)

: \\//
: OMe

Prepared according to General Procedure B with 4-methoxybenzenesulfonamide
(112.3 mg, 3.0 equiv., 0.60 mmol), 2-methyl-2-phenylpropanoic acid (32.8 mg, 1.0
equiv., 0.20 mmol), and NasPOa4 (98.2 mg, 3.0 equiv., 0.60 mmol). Purification by flash
chromatography on silica gel, eluting with 20% ethyl acetate in hexanes, afforded the
product as a white solid (35.8 mg, 59% vyield). *H NMR (500 MHz, CDCl3z) 6 7.59 (d, J =
8.9 Hz, 2H), 7.32 — 7.27 (m, 2H), 7.22 — 7.10 (m, 3H), 6.82 (d, J = 8.9 Hz, 2H), 4.91 (s,
1H, N-H), 3.84 (s, 3H), 1.63 (s, 6H). 3C NMR (126 MHz, CDClz) & 162.51, 145.24,
134.60, 129.18, 128.34, 127.22, 125.68, 113.98, 58.73, 55.71, 29.96. mp: 127.5 —
129.3 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for C1i6H19NO3SNa, 328.0978;
found, 328.0972.

N-(1-(3-chlorophenyl)cyclobutyl)-4-methylbenzenesulfonamide (22)

cl ?“s"o
N
Me

Prepared according to General Procedure A with 4-methylbenzenesulfonamide (51.4
mg, 1.5 equiv., 0.30 mmol) and 1-(3-chlorophenyl)cyclobutane-1-carboxylic acid (42.1
mg, 1.0 equiv., 0.20 mmol). Purification by flash chromatography on silica gel, eluting
with 15-20% ethyl acetate in hexanes, afforded the product as a white crystalline solid
(27.9 mg, 42% vyield). *H NMR (500 MHz, CDCIz) 5 7.28 (d, J = 8.0 Hz, 2H), 7.16 — 7.11
(m, 1H), 7.10 — 6.96 (m, 5H), 5.21 (s, 1H, N-H), 2.71 — 2.46 (m, 4H), 2.34 (s, 3H), 2.17
—1.98 (m, 1H), 1.77 — 1.66 (m, 1H). ¥3C NMR (126 MHz, CDCIlz) & 144.23, 142.94,
138.60, 134.20, 129.38, 129.18, 127.48, 127.21, 126.87, 124.93, 61.41, 35.61, 21.55,
15.32. mp: 131.6 — 132.7 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for
C17H18CINO2SNa, 358.0639; found, 358.0632.
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N-benzyl-4-methoxy-N-(1-(4-methoxyphenyl)ethyl)benzenesulfonamide (23)

Me o\\s/lo
Q)\r}l/ \©\
B
MeO " oM

Prepared according to General Procedure B with N-benzyl-4-
methoxybenzenesulfonamide (166.4 mg, 3.0 equiv., 0.60 mmol), 2-(4-
methoxyphenyl)propanoic acid (36.0 mg, 1.0 equiv., 0.20 mmol) , and NasPOa4 (98.2 mg,
3.0 equiv., 0.60 mmol). Purification by flash chromatography on silica gel, eluting with
20% ethyl acetate in hexanes, afforded the product as a clear oil (49.8 mg, 61% vyield).
'H NMR (500 MHz, CDCI3) 8 7.70 (d, J = 8.8 Hz, 2H), 7.22 — 7.14 (m, 3H), 7.14 — 7.05
(m, 2H), 6.97 — 6.89 (m, 4H), 6.72 (d, J = 8.8 Hz, 2H), 5.15 (g, J = 7.1 Hz, 1H), 4.42 (d,
J = 15.7 Hz, 1H), 3.98 (d, J = 15.7 Hz, 1H), 3.88 (s, 3H), 3.77 (s, 3H), 1.35(d, J = 7.1
Hz, 3H). 13C NMR (126 MHz, CDCI3) & 162.73, 159.15, 138.26, 133.41, 131.53, 129.34,
129.33, 128.43, 128.22, 127.24, 114.22, 113.71, 55.96, 55.76, 55.41, 47.87, 18.71.
HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for C23H2sNO4SNa, 434.1397; found,
434.1390.

tert-butyl 2-((4-methylphenyl)sulfonamido)pyrrolidine-1-carboxylate (24)
Q¥
N N’S
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Prepared according to General Procedure B with 4-methylbenzenesulfonamide (51.4
mg, 1.5 equiv., 0.30 mmol), (tert-butoxycarbonyl)proline (43.0 mg, 1.0 equiv., 0.20
mmol), and KsPOs (127.8 mg, 3.0 equiv.,, 0.60 mmol). Purification by flash
chromatography on silica gel, eluting with 30% ethyl acetate in hexanes, afforded the
product as a white solid (53.4 mg, 79% yield). *H NMR (500 MHz, CDCls) 8 7.77 (brd, J
= 7.9 Hz, 2H), 7.30 (d, J = 7.9 Hz, 2H), 5.48 — 4.62 (m, 2H), 3.51 — 3.03 (m, 2H), 2.42
(s, 3H), 2.32 — 1.69 (m, 4H), 1.36 (br s, 9H). (mixture of rotamers). 13C NMR (126 MHz,
CDCI3) 6 155.22, 153.37, 143.57, 138.54, 137.45, 129.83, 126.94, 81.02, 80.49, 68.55,
46.39, 45.99, 33.35, 31.25, 28.42, 22.92, 21.81, 21.66. (mixture of rotamers). mp: 118.8
— 119.7 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for CisH24N204SNa,
363.1349; found, 363.1344.

N-adamantan-1-yl-4-methoxybenzenesulfonamide (25)
@ Q.0
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Prepared according to General Procedure A with 4-methoxybenzenesulfonamide
(112.3 mg, 3.0 equiv., 0.60 mmol) and adamantane-1-carboxylic acid (36.1 mg, 1.0
equiv., 0.20 mmol). Only 1.0 equivalent (49.2 mg) of NasPOs was required for this
substrate. Purification by flash chromatography on silica gel, eluting with 30% ethyl
acetate in hexanes, afforded the product as a white solid (44.2 mg, 69% yield). *H NMR
(500 MHz, CDCls) & 7.83 (d, J = 8.9 Hz, 2H), 6.94 (d, J = 8.9 Hz, 2H), 4.60 (s, 1H, N-H),
3.86 (s, 3H), 2.09 — 1.96 (m, 4H), 1.72 — 1.69 (m, 2H), 1.66 — 1.48 (m, 9H). *C NMR
(126 MHz, CDClIs) 6 162.53, 135.92, 129.15, 114.08, 68.36, 55.69, 55.12, 45.50, 43.22,
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36.22, 36.00, 30.87, 29.62. mp: 132.4 — 134.2 °C. HRMS (FTMS + p ESI) m/z: [M+Na]*
calculated for C17H23NO3SNa, 344.1291; found, 344.1286.

2,2,2-trichloroethyl (1-(naphthalen-2-yl)ethyl)sulfamate (26)

Me 0 O
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Prepared according to General Procedure A with 2,2,2-trichloroethyl sulfamate (137.1
mg, 3.0 equiv., 0.60 mmol) and 2-(naphthalen-2-yl)propanoic acid (40.0 mg, 1.0 equiv.,
0.20 mmol). Purification by flash chromatography on silica gel, eluting with 20% ethyl
acetate in hexanes, afforded the product as an off-white solid (44.9 mg, 59% yield). *H
NMR (500 MHz, CDClIs) 6 8.17 (d, J = 8.5 Hz, 1H), 7.90 (d, J = 8.1 Hz, 1H), 7.84 (dd, J
= 8.2, 1.2 Hz, 1H), 7.63 — 7.51 (m, 3H), 7.49 (dd, J = 8.2, 7.2 Hz, 1H), 5.57 (p, J = 6.8
Hz, 1H), 5.07 (d, J = 6.8 Hz, 1H, N-H), 4.49 (d, J = 10.9 Hz, 1H), 4.47 (d, J = 10.9 Hz,
1H), 1.82 (d, J = 6.8 Hz, 3H). 13C NMR (126 MHz, CDCIlz) & 136.88, 134.18, 130.42,
129.26, 129.23, 127.09, 126.24, 125.47, 123.40, 122.77, 93.45, 78.28, 51.12, 22.47.
mp: 101.1 - 101.9 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for
C14H14CIsNO3SNa, 403.9652; found, 403.9651.

N-(1-(benzo[d][1,3]dioxol-5-yl)ethyl)naphthalene-2-sulfonamide (27)
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Prepared according to General Procedure A with naphthalene-2-sulfonamide (124.4
mg, 3.0 equiv., 0.60 mmol) and 2-(benzo[d][1,3]dioxol-5-yl)propanoic acid (38.8 mg, 1.0
equiv., 0.20 mmol). Purification by flash chromatography on silica gel, eluting with 30%
ethyl acetate in hexanes, afforded the product as an off-white solid (58.6 mg, 83%
yield). *H NMR (500 MHz, CDCls) & 8.16 (d, J = 1.9 Hz, 1H), 8.01 — 7.81 (m, 3H), 7.70
(dd, J =8.7, 1.9 Hz, 1H), 7.67 — 7.50 (m, 2H), 6.56 (dd, J = 7.9, 1.9 Hz, 1H), 6.50 (d, J =
7.9 Hz, 1H), 6.43 (d, J = 1.9 Hz, 1H), 5.80 — 5.64 (m, 1H), 5.50 (m, 1H), 4.87 (d, J = 6.4
Hz, 1H, N-H), 4.48 (m, 1H), 1.40 (d, J = 6.8 Hz, 3H). 13C NMR (126 MHz, CDClz) &
147.69, 146.92, 137.48, 135.50, 134.72, 132.05, 129.35, 129.28, 128.79, 128.73,
127.91, 127.44, 122.44, 120.02, 107.96, 106.57, 101.05, 53.91, 23.68. mp: 124.7 —
126.1 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for Ci1ogH17NO4SNa, 378.0771;
found, 378.0766.

1,4-dimethyl-2-((4-methylpent-3-en-1-yl)oxy)benzene (28) and 1,4-dimethyl-2-((4-
methylpent-4-en-1-yl)oxy)benzene (28’)

Me Me
/@[ Me * /@
Me OW Me OW

Me Me
28 28’

Prepared according to General Procedure A with 4-methoxybenzenesulfonamide
(112.3 mg, 3.0 equiv., 0.60 mmol) and gemfibrozil (50.0 mg, 1.0 equiv., 0.20 mmol). H
NMR analysis of the crude reaction mixture indicated a 28:28’ ratio of 1.2:1 with a
combined yield of 81%. The products were not isolated. The spectral data used to
assign the ratios match that previous reported.®® The *H NMR spectrum of the crude
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reaction mixture is provided below. The integrations have been referenced to 1-
methylnaphthalene (20 pL) as an internal standard (peaks at 7.70 and 7.71 ppm).
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N-(1-(4-methoxyphenyl)ethyl)-4-(5-(p-tolyl)-3-(trifluoromethyl)-1H-pyrazol-1-

yl)benzenesulfonamide (29)
Me

Me o O

¥
N
L
MeO
CF,

Prepared according to General Procedure A with 4-(5-(p-tolyl)-3-(trifluoromethyl)-1H-
pyrazol-1-yl)benzenesulfonamide (114.4 mg, 3.0 equiv., 0.30 mmol) and 2-(4-
methoxyphenyl)propanoic acid (18.0 mg, 1.0 equiv., 0.10 mmol). Purification by flash
chromatography on silica gel, eluting with 20% ethyl acetate in hexanes, afforded the
product as a white crystalline solid (49.5 mg, 96% yield). H NMR (500 MHz, CDCls) &
7.66 (d, J = 8.6 Hz, 2H), 7.33 (d, J = 8.7 Hz, 2H), 7.16 (d, J = 7.9 Hz, 2H), 7.06 (d, J =
8.2 Hz, 2H), 6.98 (d, J = 8.7 Hz, 2H), 6.75 - 6.71 (m, 3H), 4.65 (d, J = 6.6 Hz, 1H, N-H),
4.47 (m, 1H), 3.74 (s, 3H), 2.37 (s, 3H), 1.43 (d, J = 6.8 Hz, 3H). 13C NMR (126 MHz,
CDCI3) 6 159.31, 145.34, 144.18 (q, J = 38.5 Hz), 142.33, 140.45, 139.90, 133.61,
129.86, 128.84, 128.19, 127.48, 125.87, 125.40, 121.26 (q, J = 269.4 Hz), 114.14,
106.39 (g, J = 3.4 Hz), 55.42, 53.54, 23.64, 21.47. *°F NMR (377 MHz, CDClz) & -62.41
(s, 3F). mp: 153.0 — 156.0 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for
C26H24F3N303SNa, 538.1383; found, 538.1437.

N
|
N=
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N-(1-(3-benzoylphenyl)ethyl)-2-methylpropane-2-sulfonamide (30)
O

Prepared according to General Procedure A with 2-methylpropane-2-sulfonamide
(82.3 mg, 3.0 equiv., 0.60 mmol) and 2-(3-benzoylphenyl)propanoic acid (50.9 mg, 1.0
equiv., 0.20 mmol). Purification by flash chromatography on silica gel, eluting with 30%
ethyl acetate in pentane, afforded the product as a white crystalline solid (39.0 mg, 57%
yield). *H NMR (500 MHz, CDClI3) 6 7.84 — 7.77 (m, 3H), 7.70 (d, J = 7.7 Hz, 1H), 7.61
(t, J = 6.8 Hz, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.53 — 7.46 (m, 3H), 4.76 (m, 1H), 4.19 (d, J
= 8.9 Hz, 1H, N-H), 1.60 (d, J = 6.9 Hz, 3H), 1.34 (s, 9H). 13C NMR (126 MHz, CDCI3) &
196.57, 144.21, 138.26, 137.56, 132.76, 130.25, 130.22, 129.49, 128.95, 128.53,
127.37, 60.07, 54.36, 25.48, 24.37. mp: 97.8 — 98.7 °C. HRMS (FTMS + p ESI) m/z:
[M+Na]* calculated for C19H23NO3sSNa, 368.1291; found, 368.1285.

N-(1-(2-fluoro-[1,1'-biphenyl]-4-yl)ethyl)-1-phenylmethanesulfonamide (31)

Me 0 O

N

F ,S\vx[::]
N
H

Ph

Prepared according to General Procedure A with phenylmethanesulfonamide (102.7
mg, 3.0 equiv., 0.60 mmol) and 2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoic acid (48.9 mg,
1.0 equiv., 0.20 mmol). Purification by flash chromatography on silica gel, eluting with
20-30% ethyl acetate in hexanes, afforded the product as a white crystalline solid (38.8
mg, 53% yield). *H NMR (500 MHz, CDCls) 6 7.55 (d, J = 8.4 Hz, 2H), 7.49 — 7.42 (m,
3H), 7.41 - 7.27 (m, 4H), 7.28 — 7.20 (m, 2H), 7.13 (d, J = 7.9 Hz, 1H), 7.05 (d, J = 13.2
Hz, 1H), 4.58 (m, 1H), 4.38 (d, J = 7.3 Hz, 1H, N-H), 4.16 (d, J = 14.0 Hz, 1H), 4.08 (d,
J = 14.0 Hz, 1H), 1.50 (d, J = 6.9 Hz, 3H). 3C NMR (126 MHz, CDCI3) & 160.95,
158.97, 144.36, 144.31, 135.37, 131.33, 131.30, 130.84, 129.11, 129.09, 128.92,
128.86, 128.03, 122.36, 122.34, 114.25, 114.07, 60.28, 53.52, 24.16. *°F NMR (377
MHz, CDCls) & -116.76 (s, 1F). mp: 157.3 — 159.0 °C. HRMS (FTMS + p ESI) m/z:
[M+Na]* calculated for C21H20FNO2SNa, 392.1091; found, 392.1084.

N-(1-(4-isobutylphenyl)ethyl)-2-methylbenzenesulfonamide (32)

Me 0 0 Me

N
Me N’S
H
Me’

Prepared according to General Procedure A with 2-methylbenzenesulfonamide (102.7
mg, 3.0 equiv., 0.60 mmol) and 2-(4-isobutylphenyl)propanoic acid (41.3 mg, 1.0 equiv.,
0.20 mmol). Purification by flash chromatography on silica gel, eluting with 15% ethyl
acetate in hexanes, afforded the product as a clear oil (64.1 mg, 97% vyield). *H NMR
(500 MHz, CDCl3) 6 7.88 (d, J = 7.9 Hz, 1H), 7.36 (t, J = 8.2 Hz, 1H), 7.19 (m, 2H), 6.94
(s, 4H), 4.74 (d, J = 7.0 Hz, 1H, N-H), 4.42 (m, 1H), 2.50 (s, 3H), 2.38 (d, J = 7.1 Hz,
2H), 1.85 — 1.71 (m, 1H), 1.44 (d, J = 6.8 Hz, 3H), 0.86 (d, J = 6.6 Hz, 6H). *3C NMR
(126 MHz, CDCls) & 141.30, 139.14, 138.61, 137.00, 132.66, 132.38, 129.73, 129.37,
126.11, 125.90, 53.58, 45.08, 30.28, 23.38, 22.47, 22.45, 20.30. HRMS (FTMS + p ESI)
m/z: [M+Na]* calculated for C19H2sNO2SNa, 354.1498; found, 354.1493.
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4-methoxy-N-(1-(4-((2-oxocyclopentyl)methyl)phenyl)ethyl)benzenesulfonamide
(33)
Me o O

0 \//
N’S
H
OMe

Prepared according to General Procedure A with 4-methoxybenzenesulfonamide
(112.3 mg, 3.0 equiv., 0.60 mmol) and 2-(4-((2-oxocyclopentyl)methyl)phenyl)propanoic
acid (49.3 mg, 1.0 equiv., 0.20 mmol). Purification by flash chromatography on silica
gel, eluting with 40-50% ethyl acetate in hexanes, afforded the product as a white solid
(61.7 mg, 80% yield). *H NMR (600 MHz, CDClz) 5 7.66 (d, J = 8.9 Hz, 2H), 7.01 (d, J =
8.1 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.84 (d, J = 8.9 Hz, 2H), 4.92 (d, J = 6.9 Hz, 1H,
N-H), 4.42 (p, J = 6.9 Hz, 1H), 3.83 (s, 3H), 3.06 (ddd, J = 13.9, 4.3, 2.0 Hz, 1H), 2.45
(ddd, J = 13.9, 9.5, 2.7 Hz, 1H), 2.40 — 2.23 (m, 2H), 2.14 — 2.05 (m, 1H), 2.05 — 2.00
(m, 1H), 1.99 — 1.90 (m, 1H), 1.82 — 1.68 (m, 1H), 1.55 — 1.44 (m, 1H), 1.40 (d, J = 6.9
Hz, 3H). 13C NMR (151 MHz, CDCI3) & 220.29, 162.76, 140.13, 140.12, 139.43, 132.43,
129.35, 129.14, 126.36, 114.05, 55.70, 53.40, 51.06, 38.29, 35.23, 29.29, 23.63, 23.62,
20.65. mp: 104.8 — 105.4 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for
C21H25sNO4SNa, 410.1397; found, 410.1390.

2,4-dichloro-N-(1-(3-phenoxyphenyl)ethyl)thiophene-3-sulfonamide (34)

Me O\\//O cl
PhO N,S
Ho D
c” S

Prepared according to General Procedure A with 2,4-dichlorothiophene-3-sulfonamide
(139.3 mg, 3.0 equiv., 0.60 mmol) and 2-(3-phenoxyphenyl)propanoic acid (48.5 mg,
1.0 equiv., 0.20 mmol). Purification by flash chromatography on silica gel, eluting with
15% ethyl acetate in hexanes, afforded the product as a pale yellow oil (37.3 mg, 44%
yield). *H NMR (500 MHz, CDClz) & 7.36 (t, J = 7.9 Hz, 2H), 7.19 (t, J = 7.9 Hz, 1H),
7.14 (t, J = 7.4 Hz, 1H), 7.00 (d, J = 7.0 Hz, 2H), 6.91 — 6.80 (m, 3H), 6.82 — 6.76 (m,
1H), 5.12 (d, J = 7.6 Hz, 1H, N-H), 4.52 (m, 1H), 1.49 (d, J = 6.9 Hz, 3H). 3C NMR (126
MHz, CDCls) & 157.92, 156.68, 143.16, 137.08, 130.10, 130.03, 129.52, 127.06,
126.77, 123.88, 120.64, 119.39, 117.85, 116.18, 54.06, 23.52. HRMS (FTMS + p ESI)
m/z: [M+Na]* calculated for C1sH15CI2NO3S2Na, 449.9763; found, 449.9756.

3-(1-(benzo[d][1,3]dioxol-5-yl)ethyl)oxazolidin-2-one (35)

Me /12
o N
Q@A L
Prepared according to General Procedure B with oxazolidin-2-one (26.1 mg, 1.5
equiv., 0.30 mmol), 2-(benzo[d][1,3]dioxol-5-yl)propanoic acid (38.8 mg, 1.0 equiv., 0.20
mmol), and NasPOs (98.2 mg, 3.0 equiv., 0.60 mmol). Purification by flash
chromatography on silica gel, eluting with 50% ethyl acetate in hexanes, afforded the
product as a white solid (40.3 mg, 86% yield). *H NMR (500 MHz, CDCls) 5 6.87 — 6.73
(m, 3H), 5.96 (s, 2H), 5.13 (q, J = 7.1 Hz, 1H), 4.29 (td, J = 8.9, 6.9 Hz, 1H), 4.23 (td, J
= 8.9, 6.7 Hz, 1H), 3.47 (td, J = 8.8, 6.7 Hz, 1H), 3.17 (td, J = 8.8, 6.9 Hz, 1H), 1.53 (d, J
= 7.1 Hz, 3H). 13C NMR (126 MHz, CDCls) & 158.05, 148.14, 147.34, 133.63, 120.42,
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108.35, 107.82, 101.32, 62.05, 51.43, 40.13, 16.74. mp: 99.8 — 101.2 °C. HRMS (FTMS
+ p ESI) m/z: [M+Na]* calculated for C12H13NO4sNa, 258.0737; found, 258.0734.

tert-butyl (1-(4-methoxyphenyl)ethyl)carbamate (36)

Me O

N’ﬂ\opBu
H
MeO

Prepared according to General Procedure B with tert-butyl carbamate (35.1 mg, 1.5
equiv., 0.30 mmol), 2-(4-methoxyphenyl)propanoic acid (36.0 mg, 1.0 equiv., 0.20
mmol), and NasPOs (98.2 mg, 3.0 equiv., 0.60 mmol). Purification by flash
chromatography on silica gel, eluting with 10% ethyl acetate in hexanes, afforded the
product as a white solid (42.3 mg, 84% vyield). *H NMR (500 MHz, CDCl3) 8 7.22 (d, J =
8.4 Hz, 2H), 6.86 (d, J = 8.4 Hz, 2H), 4.84 — 4.67 (m, 2H), 3.79 (s, 3H), 1.50 — 1.33 (m,
12H). 3C NMR (126 MHz, CDCI3) d 158.82, 155.24, 136.34, 128.15, 114.06, 79.47,
57.31, 50.32, 28.55, 24.01.mp: 85.1 — 85.8 °C. HRMS (FTMS + p ESI) m/z: [M+Na]*
calculated for C14H2:NOsNa, 274.1414; found, 274.1409.

tert-butyl (1-(3-bromo-4-methoxyphenyl)ethyl)carbamate (37)

Me O

B

r N)J\Ot-Bu
H

MeO

Prepared according to General Procedure B with tert-butyl carbamate (35.1 mg, 1.5
equiv., 0.30 mmol), 2-(3-bromo-4-methoxyphenyl)propanoic acid (51.8 mg, 1.0 equiv.,
0.20 mmol), and NasPOas (98.2 mg, 3.0 equiv., 0.60 mmol). Purification by flash
chromatography on silica gel, eluting with 10-20% ethyl acetate in hexanes, afforded the
product as a white solid (34.0 mg, 52% vyield). *H NMR (500 MHz, CDCl3) 6 7.47 (d, J =
2.3 Hz, 1H), 7.21 (dd, J = 8.4, 2.3 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 4.85 — 4.63 (m, 2H),
3.88 (s, 3H), 1.49 — 1.34 (m, 12H). ¥C NMR (126 MHz, CDCl3) d 155.15, 155.07,
138.06, 130.96, 126.31, 112.07, 111.88, 79.76, 56.46, 49.38, 28.53, 22.76. mp: 67.6 —
68.6 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for C1aH20BrNO3Na, 352.0519;
found, 352.0515.

tert-butyl benzyl(1-(4-methoxyphenyl)ethyl)carbamate (38)

Me O

oy
MeO Bn

Prepared according to General Procedure B with tert-butyl benzylcarbamate (62.2 mg,
1.5 equiv., 0.30 mmol), 2-(4-methoxyphenyl)propanoic acid (36.0 mg, 1.0 equiv., 0.20
mmol), and NasPOs (98.2 mg, 3.0 equiv., 0.60 mmol). Purification by flash
chromatography on silica gel, eluting with 10% ethyl acetate in hexanes, afforded the
product as a clear oil (47.7 mg, 70% vyield). *H NMR (500 MHz, CDClz) & 7.25 — 7.07 (m,
7H), 6.84 (d, J = 8.7 Hz, 2H), 5.87 — 5.17 (m, 1H), 4.67 — 4.28 (m, 1H), 4.16 — 3.89 (m,
1H), 3.80 (s, 3H), 1.48 — 1.33 (m, 12H). 3C NMR (126 MHz, CDCIz) 5 158.84, 156.28,
140.03, 134.02, 128.56, 128.24, 127.00, 126.60, 113.79, 79.99, 55.43, 52.55, 47.10,
28.54, 18.59. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for C21H27NOsNa,
364.1883; found, 364.1878.
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N-(1-(4-methoxyphenyl)ethyl)benzamide (39)

Me O

A0

Prepared according to General Procedure B with benzamide (36.3 mg, 1.5 equiv., 0.30
mmol), 2-(4-methoxyphenyl)propanoic acid (36.0 mg, 1.0 equiv., 0.20 mmol), and
NasPOa4 (98.2 mg, 3.0 equiv., 0.60 mmol). Purification by flash chromatography on silica
gel, eluting with 30% ethyl acetate in hexanes, afforded the product as a white solid
(27.4 mg, 54% vyield). *H NMR (500 MHz, CDCl3) & 7.79 — 7.73 (m, 2H), 7.48 (t, J = 7.3
Hz, 1H), 7.41 (t, J = 7.5 Hz, 2H), 7.32 (d, J = 8.6 Hz, 2H), 6.89 (d, J = 8.7 Hz, 2H), 6.27
(d, J = 7.4 Hz, 1H, N-H), 5.30 (m, 1H), 3.80 (s, 3H), 1.59 (d, J = 6.8 Hz, 3H). 13C NMR
(126 MHz, CDCIs) 6 166.62, 159.09, 135.38, 134.83, 131.57, 128.69, 127.64, 127.04,
114.25, 55.47, 48.80, 21.74. mp: 122.2 — 122.9 °C. HRMS (FTMS + p ESI) m/z:
[M+Na]* calculated for C16H17NO2Na, 278.1152; found, 278.1148.

N-(1-(4-bromophenyl)ethylisobutyramide (40)

Me O

M
/@)\H)l\( e
Me
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Prepared according to General Procedure C with 2-(4-bromophenyl)propanoic acid
(45.8 mg, 1.0 equiv., 0.20 mmol) and isobutyronitrile (2.0 mL, 0.10 M). Purification by
flash chromatography on silica gel, eluting with 30% ethyl acetate in hexanes, afforded
the product as a white crystalline solid (43.0 mg, 80% yield). H NMR (500 MHz, CDCls)
0 7.45 (d, J = 8.5 Hz, 2H), 7.18 (d, J = 8.5 Hz, 2H), 5.64 (d, J = 7.6 Hz, 1H, N-H), 5.06
(m, 1H), 2.34 (hept, J = 6.9 Hz, 1H), 1.45 (d, J = 7.0 Hz, 3H), 1.15 (d, J = 6.9 Hz, 3H),
1.13 (d, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CDCl3) & 176.19, 142.63, 131.83, 127.97,
121.16, 48.02, 35.74, 21.83, 19.75, 19.65. mp: 148.3 — 149.0 °C. HRMS (FTMS + p
ESI) m/z: [M+Na]* calculated for C12H16BrNONa, 292.0308; found, 292.0304.

N-(1-(4-(trifluoromethyl)phenyl)ethyl)propionamide (41)

/@)\NJ\/Me
F3C

Prepared according to General Procedure C with 2-(4-
(trifluoromethyl)phenyl)propanoic acid (43.6 mg, 1.0 equiv., 0.20 mmol) and propionitrile
(2.0 mL, 0.10 M). Purification by flash chromatography on silica gel, eluting with 50%
ethyl acetate in hexanes, afforded the product as a white crystalline solid (46.1 mg, 94%
yield). *H NMR (500 MHz, CDClz) d 7.59 (d, J = 8.1 Hz, 2H), 7.42 (d, J = 8.1 Hz, 2H),
5.73 - 5.63 (m, 1H, N-H), 5.17 (m, 1H), 2.23 (m, 2H), 1.49 (d, J = 7.0 Hz, 3H), 1.16 (t, J
= 7.6 Hz, 3H). 3C NMR (126 MHz, CDCls) d 173.04, 147.67, 147.66, 129.80 (q, J =
32.2 Hz), 127.49, 126.57, 125.79 (q, J = 3.8 Hz), 124.25 (q, J = 271.9 Hz), 48.53, 29.83,
22.00, 9.86. °F NMR (377 MHz, CDCl3) d -62.51 (s, 3F). mp: 115.1 — 115.9 °C. HRMS
(FTMS + p ESI) m/z: [M+Na]* calculated for Ci2H14FsNONa, 268.0920; found,
268.0916.
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N-(1-(4-cyanophenyl)ethyl)propionamide (42)

Me O

/@)\HJ\/Me
NC

Prepared according to General Procedure C with 2-(4-cyanophenyl)propanoic acid
(35.0 mg, 1.0 equiv., 0.20 mmol) and propionitrile (2.0 mL, 0.10 M). Purification by flash
chromatography on silica gel, eluting with 70% ethyl acetate in hexanes, afforded the
product as a clear oil (31.9 mg, 79% vyield). *H NMR (500 MHz, CDCl3) 3 7.62 (d, J = 8.4
Hz, 2H), 7.41 (d, J = 8.4 Hz, 1H), 5.64 (m, 1H, N-H), 5.14 (m, 1H), 2.24 (qd, J=7.6, 1.9
Hz, 1H), 1.48 (d, J = 7.0 Hz, 3H), 1.16 (t, J = 7.6 Hz, 3H). 13C NMR (126 MHz, CDCI3) &
173.11, 149.10, 132.68, 126.98, 118.89, 111.30, 48.67, 29.78, 21.92, 9.83. HRMS
(FTMS + p ESI) m/z: [M+Na]* calculated for C12H14N2ONa, 225.0998; found, 225.0995.

N-(1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethyl)acetamide (43)

Me O

NJ\Me
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Prepared according to General Procedure C with 2-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)propanoic acid (27.6 mg, 1.0 equiv., 0.10 mmol) and
acetonitrile (1.0 mL, 0.10 M). Purification by flash chromatography on silica gel, eluting
with 70% ethyl acetate in hexanes, afforded the product as a white solid (31.8 mg, 55%
yield). *H NMR (500 MHz, CDCls) & 7.79 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H),
5.69 (d, J = 8.1 Hz, 1H), 5.14 (m, 1H), 1.98 (s, 3H), 1.48 (d, J = 6.9 Hz, 3H), 1.33 (s,
12H). 13C NMR (126 MHz, CDCls) & 169.16, 146.41, 135.39, 125.68, 83.95, 49.01,
24.99, 23.63, 21.83. !B NMR (128 MHz, CDCIz) & 30.78 (s). mp: 121.7 — 123.1 °C.
HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for Ci1eH2aBNO3sNa, 312.1742; found,
312.1736.

N-(2-methyl-1-phenylpropyl)propionamide (44)

Prepared according to General Procedure C with 3-methyl-2-phenylbutanoic acid (35.6
mg, 1.0 equiv., 0.20 mmol) and propionitrile (2.0 mL, 0.10 M). Purification by flash
chromatography on silica gel, eluting with 50% ethyl acetate in hexanes, afforded the
product as a white solid (32.0 mg, 78% vyield). *H NMR (600 MHz, CDCIz) 8 7.32 (t, J =
7.5 Hz, 2H), 7.25 — 7.21 (m, 3H), 5.70 (d, J = 8.2 Hz, 1H, N-H), 4.77 (dd, J = 8.2, 7.8
Hz, 1H), 2.23 (m, 2H), 2.03 (dh, J = 7.8, 6.7 Hz, 1H), 1.15 (t, J = 7.6 Hz, 3H), 0.96 (d, J
= 6.7 Hz, 3H), 0.83 (d, J = 6.7 Hz, 3H). 3C NMR (151 MHz, CDCls) & 173.07, 141.85,
128.62, 127.26, 127.07, 59.00, 33.57, 30.08, 19.93, 18.96, 10.07. mp: 84.9 — 85.6 °C.
HRMS (FTMS + p ESI) m/z: [M+H]* calculated for CisH20NO, 206.1539; found,
206.1538.
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N-(1-phenylpropyl)acetamide (45)
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0
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Prepared according to General Procedure C with 2-phenylbutanoic acid (32.8 mg, 1.0
equiv., 0.20 mmol) and acetonitrile (2.0 mL, 0.10 M). Purification by flash
chromatography on silica gel, eluting with 30% ethyl acetate in hexanes, afforded the
product as a white solid (25.7 mg, 73% vyield). *H NMR (600 MHz, CDCls) 5 7.36 — 7.31
(m, 2H), 7.30 — 7.23 (m, 3H), 5.72 (m, 1H, N-H), 4.88 (m, 1H), 1.98 (s, 3H), 1.86 — 1.78
(m, 2H), 0.88 (t, J = 7.4 Hz, 3H). 13C NMR (151 MHz, CDCls) 5 169.36, 142.21, 128.80,
127.51, 126.80, 55.08, 29.19, 23.65, 10.88. mp: 75.3 — 77.2 °C. HRMS (FTMS + p ESI)
m/z: [M+Na]* calculated for C11Hi1sNONa, 200.1046; found, 200.1044.

N-(1-phenylethyl)benzamide (46)

Me O

Sqae

Prepared according to General Procedure C with 2-phenylpropanoic acid (30.0 mg, 1.0
equiv.,, 0.20 mmol) and benzonitrile (2.0 mL, 0.10 M). Purification by flash
chromatography on silica gel, eluting with 30% ethyl acetate in hexanes, afforded the
product as a white solid (28.0 mg, 62% yield). *H NMR (600 MHz, CDCI3) 8 7.80 — 7.74
(m, 2H), 7.49 (d, J = 7.5 Hz, 1H), 7.45 — 7.34 (m, 6H), 7.28 (t, J = 7.2 Hz, 1H), 6.35 (d, J
= 7.8 Hz, 1H, N-H), 5.35 (m, 1H), 1.61 (d, J = 6.9 Hz, 3H). 3C NMR (151 MHz, CDClz)
0 166.70, 143.24, 134.73, 131.63, 128.91, 128.71, 127.63, 127.06, 126.41, 49.36,
21.86. mp: 121.8 — 122.3 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for
C1sH1sNONa, 248.1046; found, 248.1043.

1-Methoxy-4-(1-methoxyethyl)benzene (47)

OMe
Me

MeO
Prepared according to General Procedure D with 2-(4-methoxyphenyl)propionic acid
(54.1 mg, 1.0 equiv., 0.3 mmol) and methanol (9.6 mg, 1.0 equiv., 0.3 mmol). Irradiation
time is 5 h. Column condition is 30:1 pentanes/Et20. Isolated 40.7 mg clear oil (82%
yield). NMR data matched literature values.®® *H NMR (500 MHz, CDCI3) & (ppm) = 7.24
(d, 2H, J = 8.64 Hz), 6.89 (d, 2H, J = 8.64 Hz), 4.25 (q, 1H, J = 6.43 Hz), 3.81 (s, 3H),
3.20 (s, 3H), 1.42 (d, 3H, J = 6.43 Hz). 3C NMR (126 MHz, CDCIz) d (ppm) = 159.05,
135.53, 127.55, 113.85, 79.22, 56.37, 55.38, 24.00.

1-Isobutyl-4-(1-methoxyethyl)benzene (48)

OMe

Me

Prepared according to General Procedure D with 2-(4-isobutylphenyl)propanoic acid
(61.9 mg, 1.0 equiv., 0.3 mmol) and methanol (9.6 mg, 1.0 equiv., 0.3 mmol).Irradiation
time is 16 h. Column condition is 125:1 DCM/acetone. Isolated 44.9 mg pale yellow oll
(78% yield). *H NMR (600 MHz, CDCI3) & (ppm) = 7.20 (d, 2H, J = 8.03 Hz), 7.12 (d,
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2H, J = 8.03 Hz), 4.27 (q, 1H, J = 6.45 Hz), 3.22 (s, 3H), 2.46 (d, 2H, J = 7.20 Hz), 1.86
(dp, 1H, J = 13.55, 6.74 Hz), 1.43 (d, 3H, J = 6.46 Hz), 0.90 (d, 6H, J = 6.64 Hz).13C
NMR (151 MHz, CDCls) & (ppm) = 141.06, 140.78, 129.27, 126.12, 79.61, 56.50, 45.28,
30.38, 23.89, 22.55. HRMS (FTMS + p ESI) calculated for C1sH190 [M—H]* 191.1430,
found 191.1430.

2-Fluoro-4-(1-methoxyethyl)-1,1'-biphenyl (49)

OMe

F O Me
Prepared according to General Procedure D with 2-(2-fluoro-[1,1'-biphenyl]-4-
yl)propanoic acid (73.3 mg, 1.0 equiv., 0.3 mmol) and methanol (9.6 mg, 1.0 equiv., 0.3
mmol). Irradiation time is 24 h. Column condition is 35:1 pentanes/Et20. Isolated 45.2
mg white solid (65% vyield). *H NMR (600 MHz, CDCI3z) & (ppm) = 7.55 (dd, 2H, J =
6.85, 1.47 Hz), 7.43 (dt, 3H, J = 16.75, 7.60 Hz), 7.37 (tt, 1H, J = 7.43, 1.47 Hz), 7.14
(m, 1H), 4.33 (g, 1H, J = 6.46 Hz), 3.29 (s, 3H), 1.46 (d, 3H, J = 6.42 Hz).:3C NMR (150
MHz, CDCl3) & (ppm) = 160.83, 159.19, 145.56, 145.51, 135.82, 130.90, 130.87,
129.12,129.10, 128.57, 128.20, 128.11, 127.75, 122.22, 122.20, 113.91, 113.76, 79.03,

79.02, 56.81, 23.90. %F NMR (377 MHz, CDCls) & (ppm) = -117.95. mp 35.5 — 36.4 °C.
HRMS (FTMS + p ESI) calculated for C1sHisFO [M]* 230.1101, found 230.1102.

3-(4-(1-Methoxyethyl)benzyl)cyclopentan-1-one (50)

OMe

(0]

o o
Prepared according to General Procedure D with 2-(4-((3-
oxocyclopentyl)methyl)phenyl)propanoic acid (73.9 mg, 1.0 equiv., 0.3 mmol) and
methanol (9.6 mg, 1.0 equiv., 0.3 mmol). Irradiation time is 6 h. Column condition is
10:1 to 5:1 pentanes/Et20. Isolated 32.4 mg clear oil (46% yield). 'H NMR (500 MHz,
CDCls) & (ppm) =7.22 (d, 2H, J = 8.08 Hz), 7.15 (d, 2H, J = 8.05 Hz), 4.27 (q, 1H, J =
6.45 Hz), 3.22 (s, 3H), 3.14 (dd, 1H, J = 13.87, 4.11 Hz), 2.53 (dd, 1H, J = 13.89, 9.50
Hz), 2.34 (m, 2H), 2.10 (m, 2H), 1.96 (m, 1H), 1.74 (dtdd, J = 12.88, 10.60, 8.39, 6.35
Hz), 1.56 (dtd, 1H, J = 12.74, 10.82, 6.57 Hz), 1.42 (d, 3H, J = 6.44 Hz). 13C NMR (126
MHz, CDCI3) & (ppm) = 220.35, 141.46, 139.32, 129.06, 126.43, 79.49, 56.53, 51.16,
38.33, 35.42, 29.36, 23.85, 23.83, 20.68. HRMS (FTMS + p ESI) calculated for C14H170
[M — OMe]*201.1274, found 201.1274.

(3-(1-Methoxyethyl)phenyl)(phenyl)methanone (51)
OMe

o}
oo
Prepared according to General Procedure D with 2-(3-benzoylphenyl)propanoic acid
(76.3 mg, 1.0 equiv., 0.3 mmol) and methanol (28.8 mg, 3.0 equiv.,, 0.9 mmol).

Irradiation time is 16 h, with 3 equiv. MeOH. Column condition is 10:1 pentanes/Et20.
Isolated 32.7 mg clear 0il(49% yield). *H NMR (500 MHz, CDCIz) d (ppm) = 7.81 (dd,
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2H, J = 8.28, 1.34 Hz), 7.75 (t, 1H, J = 1.79 Hz), 7.70 (dt, 1H, J = 7.55, 1.47 Hz), 7.58
(m, 2H), 7.48 (m, 3H), 4.37 (g, 1H, J = 6.46 Hz), 3.26 (s, 3H), 1.46 (d, 3H, J = 6.42
Hz).13C NMR (126 MHz, CDCls) & (ppm) = 196.85, 144.19, 137.94, 137.78, 132.58,
130.25, 130.18, 129.49, 128.60, 128.47, 128.44, 127.94, 79.41, 56.75, 23.96. HRMS
(FTMS + p ESI) calculated for C16H1702 [M+H]* 241.1223, found 241.1220.

(Methoxymethylene)dibenzene (52)
OMe

Prepared according to General Procedure D with diphenylacetic acid (63.7 mg, 1.0
equiv., 0.3 mmol) and methanol (9.6 mg, 1.0 equiv., 0.3 mmol).Irradiation time is 18 h.
Column condition is 50:1 pentanes/Et20. Isolated 43.6 mg clear oil (73% yield). NMR
data matched literature values.®” *H NMR (600 MHz, CDCIs) & (ppm) = 7.32 (m, 10H),
5.25 (s, 1H), 3.40 (s, 3H).13C NMR (151 MHz, CDCls) & (ppm) = 142.21, 128.53, 127.59,
127.05, 85.57, 57.17.

1-Bromo-4-(1-methoxyethyl)benzene (53)

OMe
Me

Br
Prepared according to General Procedure D with 2-(4-bromophenyl)propanoic acid
(68.7 mg, 1.0 equiv., 0.3 mmol) and methanol (9.6 mg, 1.0 equiv., 0.3 mmol). Irradiation
time is 16 h. Column condition is 32:1 pentanes/Et20. Isolated 29.8 mg clear oil (46%
yield). *H NMR (500 MHz, CDCIz) d (ppm) =7.47 (d, 2H, J = 8.45 Hz), 7.19 (d, 2H, J =
8.31 Hz), 4.26 (g, 1H, J = 6.50 Hz), 3.21 (s, 3H), 1.40 (d, 3H, J = 6.47 Hz). 3*C NMR
(126 MHz, CDClIs) & (ppm) = 142.76, 131.71, 128.06, 121.32, 79.17, 56.65, 23.95.
HRMS (FTMS + p ESI) calculated for CoHi2Br [M — OMe + H]* 196.9960, found
196.9958.

(1-Methoxy-5-methylhex-4-en-1-yl)benzene (54)
OMe Me

Z Me

Prepared according to General Procedure D with 8a (65.5 mg, 1.0 equiv., 0.3 mmol)
and methanol (48.0 mg, 5.0 equiv., 1.5 mmol). Irradiation time is 16 h. Column condition
is 80:1 pentanes/Et20. Isolated 28 mg clear oil (50% yield). NMR data matched
literature.®® *H NMR (500 MHz, CDCI3) & (ppm) = 7.34 (dd, 2H, J = 8.05, 6.68 Hz), 7.27
(m, 2H), 5.10 (m, 1H), 4.07 (dd, 1H, J = 7.67, 5.73 Hz), 3.20 (s, 3H), 2.01 (q, 2H, J =
7.48 Hz), 1.84 (dtd, 1H, J = 14.31, 7.80, 6.42 Hz), 1.68 (d, 3H, J = 1.37 Hz), 1.63 (dtd,
1H, J =13.53, 7.76, 5.71 Hz), 1.57 (d, 3H, J = 1.23 Hz). 13C NMR (126 MHz, CDClz) &
(ppm) = 142.57, 132.08, 128.45, 127.56, 126.88, 124.07, 83.53, 56.76, 38.33, 25.87,
24.47, 17.82. HRMS (FTMS + p ESI) calculated for CisH200 [M]* 241.1223, found
241.1220.
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(2-Methoxypropan-2-yl)benzene (55)

OMe
M
Me ©

Prepared according to General Procedure D with 2-methyl-2-phenylpropanoic acid
(49.3 mg, 1.0 equiv., 0.3 mmol) and methanol (28.8 mg, 3.0 equiv., 0.9 mmol).
Irradiation time is 17 h. Column condition is 30:1 pentanes/Et20. Isolated 29.0 mg clear
oil (64% vyield). NMR data matched literature values.®® 'H NMR (500 MHz, CDCIls) &
(ppm) = 7.41 (m, 2H), 7.34 (dd, 2H, J = 8.49, 6.88 Hz), 7.25 (it, 1H, J = 6.69, 1.36 Hz),
3.08 (s, 3H), 1.54 (s, 6H).13C NMR (126 MHz, CDCI3) & (ppm) = 146.06, 128.33, 126.96,
125.94, 50.80, 28.10.

(E)-(3-Methoxyprop-1-en-1-yl)benzene (56)
X

Prepared according to General Procedure D with (E)-4-phenylbut-3-enoic acid (48.7
mg, 1.0 equiv., 0.3 mmol) and methanol (28.8 mg, 3.0 equiv., 0.9 mmol). Irradiation time
is 16 h. Column condition is 20:1 pentanes/Et20. Isolated 17.7 mg clear oil (40% yield).
NMR data matched literature values.”® *H NMR (500 MHz, CDCIs) & (ppm) = 7.39 (dd,
2H,J=7.39, 1.43 Hz), 7.31 (t, 2H, J = 7.67 Hz), 7.25 (m, 1H), 6.61 (dd, 1H, J = 15.82,
1.45 Hz), 6.28 (dd, 1H, J = 15.87, 6.00 Hz), 4.10 (dd, 2H, J = 6.04, 1.46 Hz), 3.40 (s,
3H). 13C NMR (126 MHz, CDCIz) & (ppm) = 136.87, 132.59, 128.69, 127.80, 126.62,
126.12, 73.25, 58.14.

2-Methoxy-6-(1-methoxyethyl)naphthalene (57)

OMe

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yhpropanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and methanol (9.6 mg, 1.0 equiv., 0.3
mmol). Irradiation time is 24 h. Column condition is 5:1 pentanes/Et20. Isolated 52.5 mg
white solid (81% vyield). NMR data matched literature values.”* *H NMR (500 MHz,
CDCl3) & (ppm) = 7.74 (t, 2H, J = 9.16 Hz), 7.66 (m, 1H), 7.43 (dd, 1H, J = 8.43, 1.75
Hz), 7.15 (m, 2H), 4.43 (q, 1H, J = 6.44 Hz), 3.93 (s, 3H), 3.25 (s, 3H), 1.51 (d, 3H, J =
6.48 Hz). 13C NMR (126 MHz, CDClz) & (ppm) = 157.66, 138.62, 134.22, 129.41,
128.75, 127.33, 125.23, 124.79, 119.01, 105.71, 79.81, 56.60, 55.44, 24.03. mp 53.3 —
54.7 °C.

2-(1-Ethoxyethyl)-6-methoxynaphthalene (58)
0" Me

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yl)propanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and ethanol (41.5 mg, 3.0 equiv., 0.9
mmol). Irradiation time is 24 h. Column condition is 15:1 hexanes/EtOAc. Isolated 55.0
mg white solid (80% vyield). *H NMR (500 MHz, CDCIs) & (ppm) = 7.72 (m, 2H), 7.65

51



(m, 1H), 7.44 (dd, 1H, J = 8.47, 1.78 Hz), 7.14 (m, 2H), 4.53 (g, 1H, J = 6.48 Hz), 3.92
(s, 3H), 3.38 (qd, 2H, J = 7.05, 1.01 Hz), 1.55 z(d, 3H, J = 6.46 Hz), 1.19 (t, 3H, J =
6.99 Hz). 13C NMR (126 MHz, CDCl3s) & (ppm) = 157.72, 139.48, 134.23, 129.43,
128.87, 127.27, 125.02, 124.92, 118.96, 105.90, 77.97, 64.04, 55.48, 24.31, 15.58. mp
50.2 — 51.0 °C. HRMS (FTMS + p ESI) calculated for CisH1sO2 [M]* 230.1301, found
130.1299.

2-Methoxy-6-(1-(2,2,2-trifluoroethoxy)ethyl)naphthalene (59)

0" CF,

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yl)propanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and 2,2,2-trifluoroethan-1-ol (90.0 mg,
3.0 equiv., 0.9 mmol). Column condition is 10:1 hexanes/EtOAc. Isolated 45.7 mg clear
oil (54% yield). *H NMR (500 MHz, CDCI3) & (ppm) = 7.74 (dd, 2H, J = 16.39, 8.67 Hz),
7.66 (d, 1H, J = 1.61 Hz), 7.43 (dd, 1H, J = 8.50, 1.77 Hz), 7.16 (m, 2H), 4.70 (q, 1H, J =
6.46 Hz), 3.93 (s, 3H), 3.67 (m, 2H), 1.57 (d, 3H, J = 6.41 Hz). *C NMR (126 MHz,
CDCls) & (ppm) = 158.09, 136.90, 134.61, 129.50, 128.75, 127.78, 125.64, 124.52,
119.34, 105.91, 79.79, 66.25, 65.98, 65.71, 65.44, 55.50, 23.85. *°F NMR (377 MHz,
CDCls) & (ppm) = =74.07 (q, Jc-F = 34 Hz). mp 45.3 — 45.9 °C. HRMS (FTMS + p ESI)
calculated for CisHi1s F302 [M]* 284.1019, found 284.1015.

2-(1-(Benzyloxy)ethyl)-6-methoxynaphthalene (60)

0 > Ph

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yhpropanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and benzyl alcohol (32.4 mg, 1.0
equiv., 0.3 mmol). Irradiation time is 7 h. Column condition is 15:1 pentanes/Et20.
Isolated 59.1 mg clear oil (67% yield). *H NMR (600 MHz, CDCIz) & (ppm) = 7.76 (d,
1H, J = 8.57 Hz), 7.73 (d, 1H, J = 8.20 Hz), 7.69 (s, 1H), 7.50 (m, 1H), 7.32 (m, 5H),
7.16 (dd, 2H, J =7.92, 1.86 Hz), 4.63 (q, 1H, J = 6.47 Hz), 4.47 (dd, 1H, J =11.88, 1.56
Hz), 4.47 (dd, 1H, J = 11.91, 1.58 Hz), 3.94 (s, 3H), 1.57 (dd, 3H, J = 6.45, 1.71 Hz). 13C
NMR (151 MHz, CDCls) & (ppm) = 157.81, 138.93, 138.84, 134.34, 129.47, 128.88,
128.50, 127.87, 127.60, 127.43, 125.38, 125.01, 119.04, 105.93, 70.43, 55.49, 24.28.
HRMS (FTMS + p ESI) calculated for C20H2002 [M]* 292.1458, found 292.1452.

2-Methoxy-6-(1-(3-(4-methoxyphenyl)propoxy)ethyl)naphthalene (61)
(0]

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yl)propanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and 3-(4-methoxyphenyl)propan-1-ol
(149.5 mg, 3.0 equiv., 0.9 mmol). Irradiation time is 16 h. Column condition is 20:1
hexanes/EtOAc. Isolated 63.1 mg clear oil (60% yield). *H NMR (500 MHz, CDCIz) &
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(ppm) = 7.72 (M, 2H), 7.64 (m, 1H), 7.44 (dd, 1H, J = 8.40, 1.70 Hz), 7.14 (d, 2H, J =
7.86 Hz), 7.04 (m, 2H), 6.77 (m, 2H), 4.50 (q, 1H, J = 6.47 Hz), 3.92 (s, 3H), 3.33 (t, 2H,
J = 6.39 Hz), 2.65 (m, 1H), 2.56 (dt, 1H, J = 13.98, 7.67 Hz), 1.85 (dddd, 2H, J = 13.34,
8.87, 6.58, 2.32 Hz), 1.51 (d, 3H, J = 6.47 Hz). ¥3C NMR (126 MHz, CDCI3) & (ppm) =
157.80, 157.73, 139.41, 134.29, 134.24, 129.45, 128.85, 127.27, 125.11, 124.99,
118.96, 113.81, 105.90, 78.19, 67.94, 55.48, 55.38, 31.89, 31.61, 24.17. HRMS (FTMS
+ p ESI) calculated for C2sH2603Na [M + Na]* 373.1774, found 373.1772.

2-(1-1sopropoxyethyl)-6-methoxynaphthalene (62)

Me

(@) Me

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yl)propanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and isopropanol (90.2 mg, 5.0 equiv.,
1.5 mmol). Irradiation time is 24 h. Column condition is 8:1 hexanes/EtOAc. Isolated
55.3 mg clear oil (75% yield). *H NMR (500 MHz, CDCI3) & (ppm) = 7.72 (m, 2H), 7.66
(m, 1H), 7.46 (dd, 1H, J = 8.49, 1.29 Hz), 7.14 (m, 2H), 4.66 (g, 1H, J = 6.45 Hz), 3.91
(s, 3H), 3.52 (heptd, 1H, J = 6.11, 0.91 Hz), 1.47 (dd, 3H, J = 6.46, 0.66 Hz), 1.18 (dd,
3H, J = 5.95, 0.92 Hz), 1.10 (dd, 3H, J = 6.22, 1.01 Hz). *3C NMR (126 MHz, CDCl3) 5
(ppm) = 157.68, 140.10, 134.16, 129.40, 128.85, 127.19, 125.04, 124.93, 118.92,
105.90, 74.88, 68.59, 55.47, 24.83, 23.52, 21.54. HRMS (FTMS + p ESI) calculated for
C16H2002 [M]* 244.1458, found 244.1456.

2-(2-(1-(6-Methoxynaphthalen-2-yl)ethoxy)ethylthiophene (63)
TN
O/\/Q
oo
MeO

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yl)propanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and 2-(thiophen-2-yl)ethan-1-ol (115.4
mg, 3.0 equiv., 0.9 mmol). Irradiation time is 15 h. Column condition is 15:1
hexanes/EtOAc. Isolated 60.9 mg opaque gel (65% yield). *H NMR (600 MHz, CDClz) &
(ppm) = 7.70 (dd, 2H, J = 14.02, 8.54 Hz), 7.61 (d, 1H, J = 1.69 Hz), 7.41 (dd, 1H, J =
8.43, 1.74 Hz), 7.13 (m, 3H), 6.91 (dd, 1H, J = 5.14, 3.42 Hz), 6.81 (m, 1H), 4.56 (q, 1H,
J = 6.45 Hz), 3.92 (s, 3H), 3.56 (td, 2H, J = 6.81, 3.66 Hz), 3.09 (td, 3H, J = 6.83, 2.68
Hz), 1.52 (d, 3H, J = 6.49 Hz). 13C NMR (151 MHz, CDCls) & (ppm) = 157.73, 141.61,
138.99, 134.24, 129.46, 128.82, 127.29, 126.72, 125.23, 125.10, 124.92, 123.69,
118.98, 105.84, 78.51, 69.39, 55.47, 30.84, 24.18. HRMS (FTMS + p ESI) calculated for
C19H2002S [M]* 312.1179, found 312.1172.

2-(1-(2-(Allyloxy)ethoxy)ethyl)-6-methoxynaphthalene (64)
0/\/0\/\
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Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yl)propanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and 2-(allyloxy)ethan-1-ol (91.9 mg,
3.0 equiv., 0.9 mmol). Irradiation time is 16 h. Column condition is 10:1 hexanes/EtOAc.
Isolated 56.1 mg yellow oil (70% vyield). *H NMR (500 MHz, CDCIz) & (ppm) = 7.72 (dd,
2H, J =8.44, 7.13 Hz), 7.67 (d, 1H, J = 1.56 Hz), 7.45 (dd, 1H, J = 8.48, 1.69 Hz), 7.14
(m, 2H), 5.91 (ddt, 1H, J = 17.34, 10.42, 5.61 Hz), 5.27 (dd, 1H, J = 17.21, 1.72 Hz),
5.17 (dd, 1H, J = 10.40, 1.56 Hz), 4.59 (q, 1H, J = 6.45 Hz), 4.01 (m, 2H), 3.92 (s, 3H),
3.58 (dd, 2H, J = 5.01, 3.99 Hz), 1.53 (d, 3H, J = 6.51 Hz). 13C NMR (126 MHz, CDCls)
o (ppm) = 157.75, 139.04, 135.02, 134.27, 129.45, 128.86, 127.31, 125.21, 124.97,
118.97, 117.04, 105.89, 78.62, 72.30, 69.74, 68.02, 55.47, 24.23. HRMS (FTMS + p
ESI) calculated for C1sH2203Na [M + Na]* 309.1461, found 309.1454.

2-methoxy-6-(1-((3-methylbut-3-en-1-yl)oxy)ethyl)naphthalene (65)

(0) Me

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yl)propanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and 3-methylbut-3-en-1-ol (77.5 mg,
3.0 equiv., 0.9 mmol). Irradiation time is 16 h. Column condition is 15:1 hexanes/EtOAc.
Isolated 56.5 mg clear oil (70% vyield). *H NMR (500 MHz, CDCI3) & (ppm) = 7.72 (dd,
2H, J = 8.43, 6.34 Hz), 7.66 (m, 1H), 7.44 (dd, 1H, J = 8.50, 1.69 Hz), 7.14 (d, 2H, J =
8.35 Hz), 4.71 (m, 2H), 4.53 (q, 1H, J = 6.45 Hz), 3.92 (s, 3H), 3.44 (m, 2H), 2.31 (t, 2H,
J = 7.02 Hz), 1.70 (t, 3H, J = 1.08 Hz), 1.50 (d, 3H, J = 6.46 Hz). 13C NMR (126 MHz,
CDClIs) & (ppm) = 157.73, 143.17, 139.34, 134.24, 129.44, 128.86, 127.27, 125.08,
124.95, 118.96, 111.41, 105.90, 78.24, 67.32, 55.48, 38.17, 24.23, 22.97. HRMS
(FTMS + p ESI) calculated for C1sH2202Na [M + Na]* 293.1512, found 293.1505.

2-(1-(Allyloxy)ethyl)-6-methoxynaphthalene (66)
o NF

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yhpropanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and allyl alcohol (87.2 mg, 5.0 equiv.,
1.5 mmol). Irradiation time is 16 h. Column condition is 18:1 hexanes/EtOAc. Isolated
60.5 mg white solid (83% yield). *H NMR (500 MHz, CDCIz) & (ppm) =7.73 (t, 2H, J =
8.34 Hz), 7.66 (d, 1H, J = 1.66 Hz), 7.45 (dd, 1H, J = 8.40, 1.73 Hz), 7.15 (d, 2H, J =
8.32 Hz), 5.92 (ddt, 1H, J = 16.29, 10.78, 5.60 Hz), 5.24 (dd, 1H, J = 17.19, 1.76 Hz),
5.16 (dd, 1H, J = 10.38, 1.62 Hz), 4.60 (q, 1H, J = 6.48 Hz), 3.92 (s, 3H), 3.92 (m, 1H),
3.83 (m, 1H), 1.52 (d, 3H, J = 6.48 Hz). 13C NMR (126 MHz, CDCls) & (ppm) = 157.78,
138.99, 135.23, 134.29, 129.45, 128.87, 127.35, 125.21, 124.96, 119.01, 116.86,
105.90, 69.55, 55.49, 24.18. mp 47.9 — 48.7 °C. HRMS (FTMS + p ESI) calculated for
Ci6H1802 [M]* 242.1301, found 242.1299.
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2-(1-(3-Chloropropoxy)ethyl)-6-methoxynaphthalene (67)
0"

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yl)propanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and 3-chloropropan-1-ol (28.4 mg, 1.0
equiv., 0.3 mmol). Irradiation time is 16 h. Column condition is 20:1 hexanes/EtOAc.
Isolated 60.6 mg clear oil (70% vyield). *H NMR (500 MHz, CDCIz) & (ppm) = 7.72 (m,
2H), 7.64 (m, 1H), 7.42 (dt, 1H, J = 8.46, 1.60 Hz), 7.15 (dt, 2H, J = 11.73, 2.29 Hz),
4.53 (g, 1H, J = 6.46 Hz), 3.93 (s, 3H), 3.65 (m, 2H), 3.46 (m, 2H), 2.03 (dqd, 2H, J =
12.94, 5.78, 2.57 Hz), 1.50 (dd, 3H, J = 6.57, 1.49 Hz). 13C NMR (126 MHz, CDCl3) &
(ppm) = 157.77, 139.00, 134.28, 129.43, 128.83, 127.35, 125.06, 124.77, 119.02,
105.89, 78.45, 65.12, 55.45, 42.23, 33.13, 24.06. mp 38.3 — 38.9 °C. HRMS (FTMS + p
ESI) calculated for C16H19ClO2Na [M + Na]* 301.0966, found 301.0960.

Triethyl(4-(1-(6-methoxynaphthalen-2-yl)ethoxy)but-1-yn-1-yl)silane (68)

o/\/TES

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yl)propanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and 1le (276.5 mg, 5.0 equiv., 1.5
mmol). Irradiation time is 8 h. Column condition is 30:1 hexanes/EtOAc. Isolated 77.9
mg clear oil (70% vyield). *H NMR (500 MHz, CDCI3) & (ppm) = 7.72 (dd, 2H, J = 8.55,
5.45 Hz), 7.65 (d, 1H, J = 1.60 Hz), 7.45 (dd, 1H, J = 8.47, 1.74 Hz), 7.15 (d, 2H, J =
8.66 Hz), 4.59 (q, 1H, J = 6.46 Hz), 3.92 (s, 3H), 3.46 (m, 2H), 2.52 (m, 2H), 1.50 (d,
2H, J = 6.43 Hz), 0.96 (t, 9H, J = 7.89 Hz), 0.56 (g, 6H, J = 7.91 Hz). *C NMR (126
MHz, CDCI3) & (ppm) = 157.78, 139.02, 134.29, 129.44, 128.85, 127.35, 125.06,
124.86, 119.01, 105.90, 105.07, 82.85, 78.40, 67.12, 55.48, 29.86, 24.20, 21.70, 7.60,
4.61. HRMS (FTMS + p ESI) calculated for C23Hs2Si O2Na [M + Na]* 391.2064, found
391.2062.

(S)-2-((Benzhydryloxy)methyl)-1-tosylpyrrolidine (69)

NTs

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yl)propanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and 2e (229.8 mg, 3.0 equiv., 0.9
mmol). Irradiation time is 24 h. Column condition is 5:1 hexanes/EtOAc. Isolated 110.0
mg opaque gel (87% vyield). *H NMR (500 MHz, CDCIz) & (ppm) = 7.67 (d, 2H, J = 8.30
Hz), 7.32 (m, 7H), 7.26 (m, 5H), 5.39 (s, 1H), 3.81 (it, 1H, J = 8.05, 3.32 Hz), 3.71 (dd,
1H, J = 9.46, 3.66 Hz), 3.45 (dd, 1H, J = 9.44, 8.01 Hz), 3.39 (ddd, 1H, J = 9,89, 7.26,
3.94 Hz), 2.41 (s, 3H), 3.11 (ddd, 1H, J = 9.82, 8.26, 6.74 Hz), 1.96 (m, 1H), 1.82 (dqd,
1H, J = 9.06, 7.69, 6.11 Hz), 1. 56 (m, 2H). 13C NMR (126 MHz, CDCI3) d (ppm) =
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143.44, 142.41, 142.28, 134.74, 129.75, 128.53, 128.50, 127.68, 127.61, 127.59,
127.09, 84.37, 71.80, 59.35, 49.36, 29.10, 24.18, 21.67. mp 55.8 — 59.1 °C. HRMS
(FTMS + p ESI) calculated for C2sH27NO3sSNa [M + Na]* 444.1603, found 444.1597.

(3S,4R,5S,6R)-2-((Benzhydryloxy)methyl)-3,4,5,6-tetramethoxytetrahydro-2H-
pyran (70)

OMe
MeO wOMe

O
OMe

(o)

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yl)propanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and ((3S,4R,5S,6R)-3,4,5,6-
tetramethoxytetrahydro-2H-pyran-2-yl)methanol  (70.9 mg, 1.0 equiv., 0.3 mmol).
Irradiation time is 24 h. Column condition is 3:1 hexanes/EtOAc. Isolated 63.0 mg clear
oil (52% vyield). *H NMR (500 MHz, CDCI3) d (ppm) = 7.36 (m, 4H), 7.31 (m, 4H), 7.24
(m, 2H), 5.44 (s, 1H), 4.83 (d, 1H, J = 3.59 Hz), 3.64 (td, J = 4.07, 3.48, 2.25 Hz), 3.52
(m, 4H), 3.49 (m, 4H), 3.38 (s, 3H), 3.28 (m, 1H), 3.22 (dd, 1H, J = 9.60, 3.57 Hz). *C
NMR (126 MHz, CDCls) & (ppm) = 142.42, 142.34, 128.45, 127.58, 127.47, 127.28,
127.02, 97.52, 84.27, 83.87, 82.00, 79.81, 70.42, 67.92, 61.03, 60.62, 59.14, 55.19.
HRMS (FTMS + p ESI) calculated for C23sH30OsNa [M + Na]™ 425.1935, found 425.1930.

1-(6-methoxynaphthalen-2-yl)ethyl acetate (71)
(0]
J

(0] Me

Prepared according to General Procedure D with (S)-2-(6-methoxynaphthalen-2-
yhpropanoic acid (69.1 mg, 1.0 equiv., 0.3 mmol) and acetic acid (6.1 mg, 1.0 equiv.,
0.3 mmol). Irradiation time is 16 h. Column condition is 20:1 hexanes/EtOAc. Isolated
19.0 mg clear oil (30% yield). NMR data matched literature values.”? *H NMR (500 MHz,
CDCl3) & (ppm) = 7.73 (m, 3H), 7.45 (dd, J = 8.56, 1.61 Hz, 1H), 7.14 (m, 2H), 3.92 (s,
3H), 2.09 (s, 3H), 1.61 (d, J = 6.59 Hz, 3H). 3*C NMR (126 MHz, CDCI3) & (ppm) =
170.52, 157.99, 136.84, 134.36, 129.65, 128.76, 127.30, 125.14, 124.87, 119.20,
105.80, 72.61, 55.46, 22.24, 21.57.

phenyl(3-(1-(thiophen-2-yl)ethyl)-1H-indol-1-yl)methanone (72)

Me
e
J X,

\

Bz
Prepared according to General Procedure A with (1H-indol-1-yl)(phenyl)methanone
(66.4 mg, 1.5 equiv., 0.30 mmol) and 2-(thiophen-2-yl)propanoic acid (31.2 mg, 1.0
equiv., 0.20 mmol). Purification by flash chromatography on silica gel, eluting with 2.5%
diethyl ether in pentane, afforded the product as a clear oil (26.5 mg, 40% yield). H

56



NMR (500 MHz, CDCls) & 8.34 (d, J = 8.2 Hz, 1H), 7.81 — 7.70 (m, 2H), 7.60 (it, J = 7.6,
1.4 Hz, 1H), 7.53 (it, J = 6.6, 1.4 Hz, 2H), 7.46 (dt, J = 7.8, 0.9 Hz, 1H), 7.35 (ddd, J =
8.3, 7.2, 1.3 Hz, 1H), 7.28 — 7.22 (m, 1H), 7.18 (d, J = 1.0 Hz, 1H), 7.13 (dd, J = 5.1, 1.2
Hz, 1H), 6.90 (dd, J = 5.1, 3.5 Hz, 1H), 6.87 (dt, J = 3.5, 1.1 Hz, 1H), 4.56 (q, J = 7.1 Hz,
1H), 1.74 (d, J = 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl3) & 168.66, 149.36, 136.86,
134.89, 132.02, 130.11, 129.33, 128.77, 126.81, 126.75, 125.22, 123.97, 123.85,
123.67, 119.88, 116.68, 32.35, 22.88. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated
for C21H17NOSNa, 354.0923; found, 354.0918.

(3-(1-(6-methoxy-4'-(trifluoromethyl)-[1,1'-biphenyl]-3-yl)ethyl)-1H-indol-1-
yl)(phenyl)methanone (73)

A
MeO N\

Bz

Prepared according to General Procedure A with (1H-indol-1-yl)(phenyl)methanone
(66.4 mg, 1.5 equiv., 0.30 mmol) and 2-(6-methoxy-4'-(trifluoromethyl)-[1,1'-biphenyl]-3-
yl)propanoic acid (64.9 mg, 1.0 equiv., 0.20 mmol). Purification by flash chromatography
on silica gel, eluting with 2.5% diethyl ether in pentane, afforded the product as a white
solid (94.9 mg, 95% yield). *H NMR (500 MHz, CDCI3) & 8.31 (d, J = 8.0 Hz, 1H), 7.80 —
7.73 (m, 2H), 7.68 — 7.60 (m, 3H), 7.60 — 7.50 (m, 4H), 7.39 — 7.30 (m, 2H), 7.24 — 7.18
(m, 4H), 6.91 (d, J = 8.4 Hz, 1H), 4.28 (9, J = 7.1 Hz, 1H), 3.78 (s, 3H), 1.65(d, J = 7.1
Hz, 3H). 13C NMR (126 MHz, CDCI3) d 168.44, 154.93, 142.22, 137.56, 136.78, 134.84,
131.82, 130.35, 129.81, 129.69, 129.12, 128.91 (q, J = 32.4 Hz), 128.60, 128.08,
126.82, 124.98, 124.84 (q, J = 3.8 Hz), 124.33 (q, J = 271.9 Hz), 123.81, 123.61,
119.91, 116.43, 111.38, 55.62, 36.01, 22.12. 1°%F NMR (377 MHz, CDCIz) & -62.40 (s,
3F). mp: 82.2 — 87.2 °C. HRMS (FTMS + p ESI) m/z: [M+Na]* calculated for
Cs1H24F3NO2Na, 522.1651; found, 522.1649.

3-(1-(6-methoxy-4'-(trifluoromethyl)-[1,1'-biphenyl]-3-yl)ethyl)-1-tosyl-1H-indole
(74)

F3C O Me O
A
MeO N\

Ts
Prepared according to General Procedure A with 1-tosyl-1H-indole (81.4 mg, 1.5
equiv., 0.30 mmol) and 2-(6-methoxy-4'-(trifluoromethyl)-[1,1'-biphenyl]-3-yl)propanoic
acid (64.9 mg, 1.0 equiv., 0.20 mmol). Purification by flash chromatography on silica
gel, eluting with 2.5% diethyl ether in pentane, afforded the product as a white solid
(83.5 mg, 76% yield). *H NMR (500 MHz, CDClz) 8 7.95 (d, J = 8.3 Hz, 1H), 7.71 (d, J =
8.4 Hz, 2H), 7.63 (d, J = 8.1 Hz, 2H), 7.55 (d, J = 7.6 Hz, 2H), 7.41 (d, J = 1.2 Hz, 1H),
7.27 -7.24 (m, 2H), 7.17 (dd, J = 8.5, 2.4 Hz, 1H), 7.11 (d, J = 6.7 Hz, 4H), 6.89 (d, J =
8.5 Hz, 1H), 4.23 (q, J = 7.1 Hz, 1H), 3.78 (s, 3H), 2.30 (s, 3H), 1.68 (d, J = 7.1 Hz, 3H).
13C NMR (126 MHz, CDCI3) d 168.61, 155.10, 142.39, 142.38, 137.73, 136.95, 135.01,
131.99, 130.52, 129.98, 129.86, f129.33, 129.29, 129.20, 129.07 (g, J = 33.4 H2z),
128.77, 128.69, 126.99, 125.58 (q, J = 271.9 Hz), 125.15, 125.00 (q, J = 3.74 Hz) ,
123.98, 123.78, 120.08, 116.60, 111.55, 55.79, 36.18, 22.29, 14.21. **F NMR (377
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MHz, CDCls) & -62.38 (s, 3F). mp: 92.7 — 95.0 °C. HRMS (FTMS + p ESI) m/z: [M+Na]*
calculated for C31H26F3NO3SNa, 572.1478; found, 572.1475.

tert-butyl 2-(2,4,6-trimethoxyphenyl)pyrrolidine-1-carboxylate (75)

OMe
N
Boc
MeO OMe

Prepared according to General Procedure C with 1,3,5-trimethoxybenzene (50.4 mg,
1.5 equiv., 0.30 mmol), (tert-butoxycarbonyl)proline (43.0 mg, 1.0 equiv., 0.20 mmol),
and KsPOa4 (127.8 mg, 3.0 equiv., 0.60 mmol). Purification by flash chromatography on
silica gel, eluting with 30% ethyl acetate in hexanes, afforded the product as a white
crystalline solid (62.8 mg, 93% vyield). *H NMR (500 MHz, CDCI3) & [6.23 (s, 0.33H)],
6.11 (s, 1.77H), [5.25 (t, J = 7.5 Hz, 0.17H)], 5.18 (t, J = 8.2 Hz, 0.83H), [3.83 (s, 0.5H)],
3.80 (s, 2.5H), 3.76 (s, 5H), [3.70 (s, 1H)], 3.68 — 3.57 (m, 0.84H), 3.56 — 3.36 (m,
1.16H), 2.20 — 2.07 (m, 0.9H), 2.07 — 1.86 (m, 1.62H), 1.83 — 1.73 (m, 0.95H), 1.72 —
1.65 (m, 0.53H), [1.39 (s, 1.5H)], 1.12 (s, 7.5H). (mixture of rotamers, signals for the
minor are given in brackets where identifiable). 13C NMR (126 MHz, CDCls) & 160.69,
159.85, 159.64, 159.28, 158.78, 158.62, 154.47, 113.04, 112.49, 105.08, 91.52, 90.78,
78.24, 56.27, 56.13, 55.86, 55.46, 55.34, 52.51, 52.05, 47.44, 46.95, 32.96, 32.67,
28.78, 28.29, 25.32, 25.19 (mixture of rotamers). mp: 77.9 — 80.7 °C. HRMS (FTMS + p
ESI) m/z: [M+Na]* calculated for CisH27NOsNa, 360.1781; found, 360.1777.

N-(cyclopentyl(phenyl)methyl)acetamide (76)
[0}
N

HN™ "Me

Prepared according to General Procedure C with 7-phenylhept-6-enoic acid (40.9 mg,
1.0 equiv., 0.20 mmol) and acetonitrile (2.0 mL, 0.10 M). Purification by flash
chromatography on silica gel, eluting with 30-40% ethyl acetate in hexanes, afforded the
product as a white solid (22.6 mg, 52% vyield). *H NMR (500 MHz, CDCI3) & 7.35 — 7.20
(m, 6H), 5.75 (d, J = 8.6 Hz, 1H, N-H), 4.79 (m, 2H), 2.31 — 2.19 (m, 1H), 1.96 (s, 3H),
1.85 - 1.75 (m, 1H), 1.71 — 1.64 (m, 1H), 1.61 — 1.40 (m, 5H), 1.21 — 1.12 (m, 1H). *C
NMR (126 MHz, CDClzs) 6 169.15, 142.72, 128.66, 127.34, 127.17, 58.01, 45.66, 30.43,
30.11, 25.46, 25.44, 23.70. mp: 111.7 — 112.4 °C. HRMS (FTMS + p ESI) m/z: [M+Na]*
calculated for C14H19NONa, 240.1359; found, 240.1356.

1-methoxy-4-(3-((1-phenylbut-3-en-1-yl)oxy)propyl)benzene (77)
(@)
X OMe

Prepared according to General Procedure D with 2-(2-phenylcyclopropyl)acetic acid
(52.9 mg, 1.0 equiv., 0.3 mmol) and 3-(4-methoxyphenyl)propan-1-ol (149.6mg, 3.0
equiv., 0.9 mmol). Irradiation time is 24 h. Column condition is 20:1 pentanes/Et20.
Isolated 6 mg clear oil (7% yield). *H NMR (500 MHz, CDCIz) d (ppm) = 7.31 (m, 5H),
7.06 (d, 2H, J = 8.49 Hz), 6.80 (d, 2H, J = 8.57 Hz), 5.81 (ddt, 1H, J =17.15, 10.22, 6.93
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Hz), 5.03 (m, 2H), 4.23 (dd, 1H, J = 7.67, 5.76 Hz), 3.78 (s, 3H), 3.34 (dt, 1H, J = 9.40,
6.28 Hz), 3.26 (dt, 1H, J = 9.35, 6.31 Hz), 2.60 (m, 3H), 2.40 (dddt, 1H, J = 14.25, 7.09,
5.76, 1.33 Hz), 1.83 (ddd, 2H, J = 14.04, 7.69, 6.31 Hz). 13C NMR (125 MHz, CDCls) &
(ppm) = 157.83, 142.57, 135.25, 134.34, 129.47, 128.43, 127.60, 126.83, 116.87,
113.83, 82.20, 68.11, 55.40, 42.83, 31.86, 31.61. HRMS (FTMS + p ESI) calculated for
C20H2502 [M + HJ* 297.1849, found 297.1844.

E. UV-Vis studies of Cu(ll) with carboxylate 1-Na.

Objective: To gain insight into Cu speciation in solution and the photochemical
properties of the resulting complexes.

0}
ONa Cu(OTf),

Me

Molecular Weight: 172.16 Molecular Weight: 361.67
1-Na Cu

Operational notes: Three stock solutions of Cu(OTf)2 (Cu) and the sodium carboxylate
derived from 1 (hereafter referred to as 1-Na) were prepared in anhydrous MeCN.
These solutions were then used to produce mixtures of 1-Na and Cu at the desired
ratios in separate cuvettes for UV-Vis analysis. An important operational note: 1-Na is
insoluble in MeCN and required added Cu(OTf)2 to promote dissolution. This was done
by preparing 1-Na solution C with the parent Cu solution A to maintain a constant [Cu]
across all runs. Volumetric glassware and syringes were employed for all solutions and
manipulations. Details are given below (Supplementary Table 21).

Solution A: Solution B: Solution C:

3.0 mg Cu(OTf)2 1.9 mg 1-Na 1.0 mg 1-Na

100 mL MeCN 50.0 mL Solution A 10.0 mL solution A

0.083 mM Cu 0.221 mM 1-Na, 0.083 mM Cu 0.581 mM 1-Na, 0.083 mM Cu
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Supplementary Table 21. Solutions prepared for UV-Vis titration of Cu with 1-Na.
Cuvette [Na carboxylate] (mM) [Cu(Otf)z] (mM) 1-Na:Cu

1 0.000 0.083 0.0
2 0.007 0.083 0.1
3 0.018 0.083 0.2
4 0.037 0.083 0.4
5 0.055 0.083 0.7
6 0.074 0.083 0.9
7 0.092 0.083 11
8 0.110 0.083 1.3
9 0.129 0.083 1.6
10 0.147 0.083 1.8
11 0.166 0.083 2.0
12 0.184 0.083 2.2
13 0.194 0.083 2.3
14 0.202 0.083 2.4
15 0.221 0.083 2.7
16 0.290 0.083 3.5
17 0.339 0.083 4.1
18 0.387 0.083 4.7
19 0.436 0.083 5.3
20 0.581 0.083 7.0

UV-Vis measurements for each mixture were obtained in triplicate and, after blank
subtraction, the data was averaged. Next, the background UV-vis spectrum of free
Cu(OTf)2 (with no added 1-Na) was subtracted out to look at differences in absorbance
properties relative to free Cu(OTf)2. Finally, the data was normalized by assuming A =0
at 500 nm to account for imperfections in the cuvettes. The results are summarized in
Supplementary Figure 1 below.
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Supplementary Figure 1. UV-Vis titration study of Cu(OTf)2 + 1-Na (200-500 nm
range). The legend refers to the 1-Na:Cu ratio.

UV-Vis traces for free Cu(OTf)2 and 1-Na are also provided (Supplementary Figure 2).
Importantly, 1-Na proves to be only weakly absorbing in the relevant (250-800 nm)
range. This suggests that the observed changes in absorbance are largely due to
changes in the Cu speciation, and not a result of increased [1-Na]. This is further
supported by the distinct changes in the d-d bands between 500-800 nm, suggesting a
change in the metal complex is occurring (Supplementary Figure 3).

a.

Free Cu(OTf), in MeCN
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Supplementary Figure 2. a, Cu(OTf)
absorbance.
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61



[Na] = 0 Difference Spectra

0.05
—7
5.3
4.7
0.04 a1
0.03
<
<]
0.02
0.01
0 2
500 550 600 650 700 750 800

A (nm)

Supplementary Figure 3. UV-Vis titration study of Cu(OTf)2 + 1-Na (500-800 nm
range). The legend refers to the 1-Na:Cu ratio.

As indicated by the data above, a considerable change in absorbance properties results
as Cu(OTf)2 is titrated with 1-Na. To understand the dynamic of the interaction between
these two species, absorbances were monitored at several fixed wavelengths
(Supplementary Figure 4). At 250 nm, a change in absorbance was observed from 0:1
1-Na:Cu up to just below 2:1 1-Na:Cu, supporting the binding of ~2 carboxylates to a
single Cu(ll) center.
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Supplementary Figure 4. Monitoring absorbance at fixed wavelengths to understand
binding dynamics.

Studying changes in absorbance at 350 nm reveals a sequential binding mechanism
may be operative, as different growth and decay regimes are observed from 0:1 to 1:1
1-Na:Cu and again from 1:1 to 2:1 1-Na:Cu. At all wavelengths, no meaningful changes
in absorbance are observed going beyond 2:1 1-Na:Cu indicating a saturation effect.
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F. UV-Vis studies of Cu(ll) with sulfonamide 1b.
Objective: To study the interaction between Cu(OTf)2 and the sulfonamide (1b), such

as a soft deprotonation or a simple Lewis acid-Lewis base binding, both in the presence
and absence of 1-Na as an internal base.

@) O\\S//O
ONa Cu(0Tf), /©/ NH,
MeO

Me

Molecular Weight: 172.16 Molecular Weight: 361.67 Molecular Weight: 187.21
1-Na Cu 1b

Operational notes: Two stock solutions of Cu(OTf)2 were prepared in anhydrous
MeCN. Solution A contained only Cu(OTf)2, and Solution C contained added 1-Na
(2.3:1 1-Na:Cu ratio). A third stock solution of the sulfonamide in anhydrous MeCN was
also prepared (Solution B). These solutions were then used to produce mixtures of 1-
Na, Cu, and the sulfonamide at the desired ratios in separate cuvettes for UV-Vis
analysis. A constant [Cu] was maintained across all runs. Volumetric glassware and
syringes were employed for all solutions and manipulations.

Solution A: Solution B: Solution C:

9.7 mg Cu(OTf)2 5.0mg 1b 5.2mg 1-Na

100 mL MeCN 50.0 mL MeCN 50.0 mL solution A

0.269 mM Cu(OTf)2 0.534 mM 1b 0.604 mM 1-Na, 0.268 mM Cu

First, UV-Vis absorbance traces of free Cu(OTf)2 and the free sulfonamide 1b were
obtained (Supplementary Figure 5). Sulfonamide 1b was found to be more absorbent
than Cu(OTf)2 in the 200-400 nm range. The results of the titration are provided below
(Supplementary Figure 6).

a. b.
Free Cu(OTf), in MeCN 1b
0.3
0.25 ——0.083 mM Cu(OT#)2
= - ——0.36 MM
& 02 3
© ol ———0.089 mM
g e
< 0.15 ©
L0 L0
S [
S 2
8 01 Q
(] ©
0.05
0 -
200 300 400 500 400 600 800
A(nm) A (nm)

Supplementary Figure 5. a, Cu(OTf)2 UV-Vis absorbance. b, 1b UV-Vis absorbance.

63



0.089 mM Cu(OTf), + Varying 1b
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Supplementary Figure 6. a, UV-Vis titration study of Cu(OTf)2 + 1b (200-800 nm
range). The legend refers to the 1b:Cu ratio. b, UV-Vis titration study of Cu(OTf)2 + 1-

Na + 1b (200-800 nm range). The legend refers to the 1b:Cu ratio.
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The overall traces indicate little meaningful interaction between sulfonamide 1b and
Cu(OTf)2. Given the high absorbance of 1b compared to Cu(OTf)2, the individual and
addition spectra in the 500-800 nm d-d transition range (where Cu(OTf)2 absorbs more
strongly) were also scrutinized (Supplementary Figure 7). The excellent overlap
further supports the lack of an interaction.

a. b.
Cu(OTf), + 1b addition spectra Cu(OTf), + 1b addition spectra
0.05 0.089 mM Cu(OTH)2 0.05 0.089 mM Cu(OTf)2 + 0.20 mM 1-Na
0.04 0.36mM 1b 0.04 0.089 mM 1b
? 0.36 mM 1b + 0.089 mM Cu{OTf)2 Add'n ? 0.089 mM 1b + [0.089 nM Cu(OTf)2 + 0.20
3 Spectrum 3 mM 1-Na] Add'n Spectrum
o 0.03 (0.36 mM 1b + 0.089 mM Cu{OTA2] g 0.03 [0.089 mM 1b + 0.089 mM Cu(OTf)2 +0.20
c < mM 1-Na]
3 8
5 0.02 5 0.02
[72] 172
£ L0
© ©
0.01 0.01 ol
S S N g — g
0 a7 mincetn SN hunbintns. cst o dda 0 B tdeoas W ¥
500 600 700 800 500 600 700 800
A (nm) A (nm)
C.
AA at different A
0.45
0.35 ® 725 nm (Cu + 1b)
) 4 300 nm (Cu + 1b)
< 0.25 675 nm (Cu + 1-Na + 1b)
< 300 nm (Cu + 1-Na + 1b)
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0.05 ¢ 1 2 3 4 5
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Supplementary Figure 7. a, UV-Vis addition spectra of Cu(OTf)2 + 1b (200-800 nm).
[Cu] = 0.089 mM and [1b] = 0.36 mM. b, UV-Vis addition spectra of Cu(OTf)2 + 1-Na +
1b (200-800 nm). [Cu] = 0.089 mM, [1-Na] = 0.20 mM, and [1b] = 0.089 mM. c,
Monitoring absorbance at fixed wavelengths to understand binding dynamics.

To further confirm the lack of a meaningful interaction between Cu(OTf)2 and the
sulfonamide 1b, changes in absorbance at fixed wavelengths were monitored, which
further reveals no significant changes, regardless of the presence of 1-Na as an internal
base (Supplementary Figure 7c).
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G. Study of reaction performance as a function of 1a loading at 427 nm.

Objective: As outlined above in the UV-Vis titration studies of carboxylate 1-Na and
Cu(OTf)2, the speciation and absorbance properties of the Cu(ll) complex(es) in
solution can be influenced by the equivalencies of the carboxylate (i.e., the 1-Na:Cu
ratio). To study whether this dynamic behavior has an impact on preparative
decarboxylative cross-coupling reactions, we elected to study the performance of the
Ritter amidation and sulfonamidation reactions as a function of acid equivalencies. We
hypothesized that at high acid loadings, the yield of the decarboxylative cross-coupled
products would diminish due to the blue-shift in the absorbance of the Cu(ll) species out
of the visible range and into the UV.

Ritter Conditions:
Me Cu(OTf), (2.5 equiv) Me O
©)\002H NaCO; (X equiv) : J N)LMe
MeCN (0.05 M) - H
kessil 427 nm, rt, 24 h
1a, X equiv 3
Experimental: Oven-dried 4-mL vials were brought into a nitrogen-filled glovebox and
charged with Cu(OTf)2 (72.6 mg, 0.20 mmol), Na2COs (5.3 — 148.4 mg, 0.05 — 1.4
mmol), 1-phenylpropionic acid (7.5 — 210 mg, 0.05 — 1.4 mmol), stir bar, and acetonitrile
(2.0 mL). The vials were sealed with screwcaps bearing teflon septa, removed from the
glovebox, and placed in a Hepatochem PhotoRedOx Box on a stir plate. The vials were
irradiated at 427 nm with a 40 W Kessil PR160 lamp with stirring at 800 rpm. A fan was
used to maintain the vials at room temperature. After 24 h, the vials were removed from
the photoreactor and diluted with 1.0 mL EtOAc and 1.0 mL 2 M aqueous HCI. 1-
Methylnaphthalene (10 pL) was added as an internal standard, and 15 drops were
removed for GC analysis. Yields were calculated based on either the acid or Cu(OTf)2
as the limiting reagent (depending on acid loading) and assuming complete reduction to
Cu(0) is operative.

Supplementary Table 22. Decarboxylative Ritter reaction performance as a function of
la equivalencies.

Entry X la:Cu % 3 % rsm la mass balance (%)
1 0.53 0.26 51 0 62
2 0.82 0.41 64 0 74
3 1.03 0.52 68 5 92
4 1.23 0.62 63 4 86
5 1.59 0.80 35 33 82
6 2.00 1.00 20 57 80
7 3.04 1.52 5 95 100
8 4.02 2.01 0 100 100
9 5.15 2.58 0 100 100
10 7.30 3.65 0 100 100
11 10.09 5.04 0 100 100
12 14.33 7.17 0 100 100
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Supplementary Figure 8. Yield of the decarboxylative Ritter product 3 as a function of
la:Cu ratio.

In line with the UV-Vis titration studies and our hypothesis, the yield of the
decarboxylative Ritter product 3 drops precipitously as the la:Cu ratio is increased
beyond 0.6:1 (Supplementary Table 22, Supplementary Figure 8). Importantly, 1a is
recovered unreacted at higher ratios, supporting that other pathways are not occurring
that consume this substrate. These results suggest that the species formed at high
la:Cu ratios are photochemically inactive at 427 nm and that the species formed at low
la:Cu ratios is responsible for the observed reactivity. An important implication of these
observations: modulation of the 1a:Cu ratio is critical for enabling the photochemical
decarboxylation with visible light with high chemoselectivity.

\\//
Cu(OTf), (2.0 equiv) ©)\

Me O\\S/,O i-PrCN (5.5 equiv) amlnat|on
~ Nas;PO, (1+X equiv,
CO,H +/©/ NH, 3PO4 ( q )
MeO CH,Cl, (0.10 M)
rt, 24 h, kessil 427 nm J\(Me +
1a, X equiv 1b, 1.0 equiv
Me

Ritter Kharasch
3 4

Experimental: Oven-dried 4-mL vials equipped with stir bars were brought into a
nitrogen-filled glovebox and charged with Cu(OTf)2 (72.6 mg, 0.20 mmol), NasPOa4 (24.1
— 246 mg, 0.05 — 1.4 mmol), 1-phenylpropanoic acid la (7.5 — 210 mg, 0.05 — 1.4
mmol), 4-methoxybenzenesulfonamide 1b (18.7 mg, 0.10 mmol), methylene chloride
(1.0 mL, 0.10 M), and isobutyronitrile (50 pL, 0.55 mmol). The vials were sealed with
screwcaps bearing teflon septa, removed from the glovebox, and placed in a
Hepatochem PhotoRedOx Box on a stir plate. The vials were irradiated at 427 nm with
a 40 W Kessil PR160 lamp with stirring at 800 rpm. A fan was used to maintain the vials
at room temperature. After 24 h, the vials were removed from the photoreactor and

Sulfonamide Conditions:
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diluted with 1.0 mL EtOAc and 1.0 mL 2 M aqueous HCI. 1-Methylnaphthalene (10 pL)
was added as an internal standard, and 15 drops were removed for GC analysis. Yields
were calculated based on either the acid or the sulfonamide as the limiting reagent
(depending on acid loading).

Supplementary Table 23. Decarboxylative sulfonamidation reaction performance as a
function of 1a equivalencies.

Entry X laiCu %2 %3 %4 L % rsm 1b RS [CEIEEE
la (%)
1 0.5 0.26 49 4 20 0 52 73
2 0.8 0.40 38 4 22 0 48 64
3 1.1 053 29 4 20 32 54 97
4 1.3 0.64 23 7 20 1 49 51
5 1.7 0.85 9 6 10 45 58 70
6 2.1 1.03 8 4 8 54 57 74
7 3.2 1.60 4 2 4 85 63 95
8 41 2.04 1 0 2 92 59 95
9 51 255 1 1 2 91 58 95
10 7.0 3.50 0 0 0 89 55 89
11 10 5.00 0 0 0 87 65 87
12 14 7.00 0 0 0 87 67 87
% Decarboxylation vs. 1a:Cu Ratio
100
90
80
70 |® ® All Decarboxylation
- 60 | ¢
g 50 ... ® Sulfonamidation
X a0 | o
30 ®
20 | *%
10 o ©
] °s 8 ® @
0 2 4 6 8

1a:Cu ratio

Supplementary Figure 9. Yield of the decarboxylative products as a function of 1a:Cu
ratio. All decarboxylation also includes the Ritter (3) and Kharasch (4) products.

As with the study of the Ritter conditions and also in line with our hypothesis, the yield of
the decarboxylative sulfonamidation product 2 drops precipitously as the la:Cu ratio is
increased (Supplementary Table 23, Supplementary Figure 9). The same trend is
observed when considering all decarboxylation products observed under these
conditions, which includes those resulting from Kharasch (4) and Ritter (3) reactions.
Importantly, the acid la is recovered unreacted at higher ratios, supporting that other
pathways are not occurring that would consume this substrate. These results support
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that the species formed at high 1a:Cu ratios are photochemically inactive at 427 nm and
that the species formed at low acid:Cu ratios is responsible for the observed reactivity.
An important implication of these observations: modulation of the 1a:Cu ratio is critical
for enabling chemoselective photochemical decarboxylation with visible light.

H. Study of reaction performance as a function of 1a loading at 254 nm.

Objective: Given that productive photochemical decarboxylation is diminished at high
la:Cu ratios under visible light conditions, we hypothesized that shifting the wavelength
of irradiation might restore reactivity. In the UV-Vis titration studies of the carboxylate 1-
Na and Cu(OTf)2 outlined above, a significant blue-shift into the UV is observed at
higher 1la:Cu. We thus elected to study reaction performance under UV irradiation
conditions.

Ritter Conditions:

ﬁ@d

L N e rodeaamer Riter styrene
CO,H 2C0s (Xequiv)
MeCN (0.05 M)
hv (254 nm), rt, 24 h
(quartz tube)
1a, X equiv

hydroxylat|on Kharasch

Experimental: Oven-dried quartz tubes equped with stir bars were brought into a
nitrogen-filled glovebox and charged with Cu(OTf)2 (72.6 mg, 0.20 mmol), Na2COs (5.3-
148.4 mg, 0.05-1.4 mmol), 1-phenylpropionic acid 1a (7.5-210 mg, 0.05-1.4 mmol), and
acetonitrile (2.0 mL). The tubes were sealed with rubber septa and electrical tape,
removed from the glovebox, and placed in a Rayonet RPR-200 photoreactor fitted with
254 nm bulbs. The tubes were irradiated with stirring at 600 rpm. A fan was used to
maintain the tubes at room temperature. After 24 h, the tubes were removed from the
photoreactor and diluted with 1.0 mL EtOAc and 1.0 mL 2 M aqueous HCI. 1-
Methylnaphthalene (10 pL) was added as an internal standard, and aliquots were
removed for GC and 'H NMR analyses. Yields were calculated based on either the acid
or Cu(OTf)2 as the limiting reagent (depending on loading) and assuming complete
reduction to Cu(0) is operative.

Supplementary Table 24. Decarboxylative Ritter reaction under UV irradiation.

Entry mmol la 1a:Cu % 78 % % % % %rsmla
3 styrene OH 4
1 1.41 7.07 64 0 2 0 0 85
2 0.50 2.52 35 1 3 0 0 74
3 0.21 1.04 21 21 1 6 7 24
4 0.11 0.55 0 73 0 7 5 5
58 1.40 - 1 0 0 0 0 98

a Control reaction in the absence of Cu(OTf)2.
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Comments: Upon irradiation at 254 nm, significant decarboxylative reactivity is
observed at all 1a:Cu ratios (Supplementary Table 24). Importantly, this includes the
7:1 1a:Cu ratio that was photochemically inactive at 427 nm. This supports the overall
hypothesis that restoration of decarboxylation can be achieved by shifting the
wavelength of irradiation. Of note, the chemoselectivity of the process does not favor
the Ritter product 3 at high 1a:Cu ratios, but instead the radical dimer 78. However, at
low 1a:Cu, chemoselectiviy is reversed, favoring the Ritter product 3. We attribute this
to an increased rate of radical production at high 1a:Cu where the Amax (260 nm) of the
species more closely matches the 254 nm wavelength of irradiation as compared to that
which is formed at low 1a:Cu.

Sulfonamide Conditions:

% oo o

Me QR Cu(OTf), (2.0 equiv) am'”at'O" thter

Ss NaszPO, (1+X equiv) rad|cal dlmer
COH * /©/ NH, 3PO4
MeO CH,Cl, (0.10 M), 50 L i-PrCN
hv (254 nm), rt, 24 h
1a, X equiv 1b, 1.0 equiv (quartz tube) Me
Me O

styrene Kharasch

ketone

Experimental: Oven-dried quartz tubes equipped with stir bars were brought into a
nitrogen-filled glovebox and charged with Cu(OTf)2 (72.6 mg, 0.20 mmol), NasPOas
(24.1-246 mg, 0.05-1.4 mmol), 1-phenylpropanoic acid 1a (7.5-210 mg, 0.05-1.4 mmol),
4-methoxybenzenesulfonamide 1b (18.7 mg, 0.10 mmol), methylene chloride (1.0 mL,
0.10 M), and isobutyronitrile (50 L, 0.55 mmol). The tubes were sealed with rubber
septa and electrical tape, removed from the glovebox, and placed in a Rayonet RPR-
200 photoreactor fitted with 254 nm bulbs. The tubes were irradiated with stirring at 600
rom. A fan was used to maintain the tubes at room temperature. After 24 h, the tubes
were removed from the photoreactor and diluted with 1.0 mL EtOAc and 1.0 mL 2 M
aqueous HCI. 1-Methylnaphthalene (10 yL) was added as an internal standard, and
aliquots were removed for GC and *H NMR analyses. Yields were calculated based on
either the acid or sulfonamide as the limiting reagent (depending on acid loading).

Supplementary Table 25. Decarboxylative sulfonamidation under UV irradiation.
% %

Entry X l1a:Cu %78 % 2 % 3 % 4 % rsm la
styrene ketone
1 14.1 7.03 62 1 0 4 4 2 24
2 50 252 21 2 6 4 11 6 30
3 21 1.03 0 3 6 0 18 22 26
4 1.0 0.52 0 15 6 0 12 28 2
52 143 — <1 0 0 0 0 0 98

a Control reaction in the absence of Cu(OTf)2.

Comments: Irradiation at 254 nm results in significant decarboxylative reactivity at the
7:1 l1a:Cu ratio that was photochemically inactive at 427 nm (Supplementary Table
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25). In this case, the chemoselectivity of the process does not favor the sulfonamidation
product 2, but instead the radical dimer 78. This is likely due to an increased rate of
radical production relative to a slower rate of processing by Cu(ll). At lower 1la:Cu
ratios, the yield of the sulfonamidation product 2 is only modest compared to when the
standard irradiation at 427 nm is applied. We attribute this to the degradation of the i-
PrCN ligand in a reductive coupling process to produce a diketone byproduct. Not only
is the enabling ligand destroyed, but the carboxylic acid also appears to be consumed
by this process.

I. UV-Vis studies of Cu(ll) with i-PrCN

Objective: To determine the role of the nitrile ligand by studying the interaction between
a preformed Cu(ll) carboxylate and i-PrCN in CH2Cl>.

Ej 0
Me-__CN
oNa Cu(OTf), \M(
e

Me

Molecular Weight: 172.16 Molecular Weight: 361.67 Molecular Weight: 69.11
1-Na Cu CN

Operational Notes: An authentic reaction mixture was prepared by adding 90.7 mg
Cu(OTf)2 (0.25 mmol), 16.3 mg 1a (0.10 mmol), 16.9 mg NasPO4 (0.10 mmol), and 1.0
mL CH2Cl2 (0.10 M) to a vial. The sulfonamide was omitted to simplify analysis.
Following thorough mixing, the solids were allowed to settle, and the mixture was
filtered to remove insoluble material. A 500 pL aliquot was removed and diluted to 3.0
mL in a cuvette (~41.8 mM Cu). UV-Vis spectra were obtained (averages of ten
measurements) after 0, 13, 25, 50, and 150 uL of i-PrCN had been added directly to the
cuvette. The results are summarized in Supplementary Figure 10 below.
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Supplementary Figure 10. a, UV-Vis titration study with the i-PrCN ligand. b,
Subtraction spectrum of the solution containing 150 and 0 pL i-PrCN.

wavelength (nm)

As outlined in the UV-Vis trace above, a significant modulation of the d-d transition band
between 550-800 nm is observed, suggesting that the nitrile binds directly to the Cu(ll)
center. Three isosbestic points are observed at 404, 506, and 612 nm. Between 506-
612 nm, a decrease in absorbance is observed. However, this is likely inconsequential
to reaction performance, as the spectral output of the blue LEDs utilized in the
preparative coupling reactions is centered between 400-460 nm. By contrast, between
404-505 nm, an increase in absorbance is observed. This could be more clearly
visualized by studying the subtraction spectrum (Supplementary Figure 10b).

Albeit modest, the increase in absorbance upon addition of a nitrile ligand could explain
the crucial role it plays in enabling the photodecarboxylative mechanism. Another
explanation could be due to increased solubility of the reagents. We favor the former, as
reaction performance is poor in other media where solubility is high (Supplementary
Table 3). However, based on the evidence gathered at this point, either role cannot be

strictly supported or refuted.

72



J. References

44. Pangborn, A. B., Giardello, M. A., Grubbs, R. H., Rosen, R. K. & Timmers, F. J. Safe and
convenient procedure for solvent purification. Organometallics 15, 1518 (1996).

45. Perkins, R. J., Xu, H.-C., Campbell, J. M. & Moeller, K. D. Anodic coupling of carboxylic
acids to electron-rich double bonds: A surprising non-Kolbe pathway to lactones. Beilstein J.
Org. Chem. 9, 1630-1636 (2013).

46. A modified procedure was followed: LeGoff, E. Cyclopropanes from an easily prepared,
highly active zinc—copper couple, dibromomethane, and olefins. J. Org. Chem. 29, 2048
2050 (1964).

47. A modified procedure was followed: Charette, A. B. & Beauchemin, A. in Simmons-Smith
Cyclopropanation Reaction. Organic Reactions, Overman, L. E. Ed. (John Wiley and Sons,
Hoboken, NJ, 2001), pp. 42—-43.

48. Gualandi, A. et al. Organocatalytic Enantioselective alkylation of aldehydes with
[Fe(bpy)s]Br. Catalyst and visible light. ACS Catal. 5, 5927-5931 (2015).

49. A modified literature procedure was followed: Han, X. et al. Novel dihydroquinolizinones for
the treatment and prophylaxis of hepatitis B virus infection. US20150210682A1 (10-4-2016).

50. Langella, E. et al. Probing the peptidylglycine a-hydroxylating monooxygenase active site
with novel 4-phenyl-3-butenoic acid based inhibitors. ChemMedChem 5, 1568-1576 (2010).

51. Ruf, S. et al. Biaryl-propionic acid derivatives and their use as pharmaceuticals.
W02014154727A1 (10-2-2010).

52. Yokokawa, F. et al. Discovery of potent non-nucleoside inhibitors of dengue viral RNA-
dependent RNA polymerase from a fragment hit using structure-based drug design. J. Med.
Chem. 59, 3935-3952 (2016).

53. A patented procedure was modified: Allen, D. A. et al. (Hetero)aryl-bicyclic heteroaryl
derivatives, their preparation and their use as protease inhibitors. WO2000035886A3 (10-
26-2000).

54. Wang, D., Zhu, N., Chen, P., Lin, Z. & Liu, G. Enantioselective decarboxylative cyanation
employing cooperative photoredox catalysis and copper catalysis. J. Am. Chem. Soc. 139,
15632-15635 (2017).

55. Lee, D. Y. W,, Liu, J., Zhang, S., Huang, P. & Liu-Chen, L.-Y. Asymmetric total synthesis of
tetrahydroprotoberberine derivatives and evaluation of their binding affinities at dopamine
receptors. Biorg. Med. Chem. Lett. 27, 1437-1440 (2017).

56. Meng, Q.-Y., Schirmer, T. E., Berger, A. L., Donabauer, K. & Kénig, B. Photocarboxylation
of benzylic C—H bonds. J. Am. Chem. Soc. 141, 11393-11397 (2019).

57. He, W. et al. Identification of a novel small-molecule binding site of the fat mass and obesity
associated protein (FTO). J. Med. Chem. 58, 7341-7348 (2015).

73



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Aquila, B. M. et al. Ligands for monoamine receptors and transporters, and methods of use
thereof (neurotransmission). WO2002022572A2, (9-11-2000).

A modified procedure was followed: Buchspies, J., Rahman, M. M., Szostak, R. & Szostak
M. N-Acylcarbazoles and N-acylindoles: Electronically activated amides for N—C(O) cross-
coupling by N, to Ar conjugation switch. Org. Lett. 22, 4703—-4709 (2020).

Umehara, A., Ueda, H. & Tokuyama, H. Condensation of carboxylic acids with non-
nucleophilic N-heterocycles and anilides using Boc;O. J. Org. Chem. 81, 11444-11453
(2016).

Yang, Y. et al. Micellar catalysis strategy for amidation of alkynyl bromides: Synthesis of
ynamides in water. Eur. J. Org. Chem. 1166-1169 (2019).

Reed-Berendt, B. G. & Morrill, L. C. Manganese-catalyzed N-alkylation of sulfonamides
using alcohols. J. Org. Chem. 84, 3715-3724 (2019).

Lee, Y., Rochette, E. M., Kim, J. & Chen, D. Y.-K. An asymmetric pathway to dendrobine by
a transition-metal-catalyzed cascade process. Angew. Chem. Int. Ed. 56, 12250-12254
(2017).

Boto, A. et al. Synthesis of alkaloid analogues from B-amino alcohols by p-fragmentation of
primary alkoxyl radicals. Eur. J. Org. Chem. 325-334 (2007).

Fu, M.-C., Wang, J.-X. & Shang, R. Triphenylphosphine-Catalyzed Alkylative lodo-
decarboxylation with Lithium lodide under Visible Light. Org. Lett. 22, 8572-8577 (2020).

Talluri, S. K. & Sudalai, A. NBS-catalyzed hydroamination and hydroalkoxylation of activated
styrenes. Org. Lett. 7, 855-857 (2005).

Phan, T. B. et al. Can one predict changes from Syl to Sn2 mechanisms? J. Am. Chem.
Soc. 131, 11392-11401 (2009).

Michael, J. P. & Nkwelo, M. M. Heterocyclisations induced by thallium(lll) acetate. Effect of
varying the internal nucleophile. Tetrahedron, 46, 2549-2560 (1990).

Katsukiyo, M., Hiroyuki, ., Hidenori, K., Junji, . & Akira, H. Platinum(ll)-catalyzed acetal—
ene reaction: Easy access to homoallylic ethers. Chemistry Letters, 38, 1204-1205 (2009).

Kasashima, Y. et al. Synthesis of cinnamyl ethers from a-vinylbenzyl alcohol using iodine as
catalyst. J. Oleo. Sci. 59, 549-555 (2010).

Webb, E. W. et al. Nucleophilic (radio)fluorination of redox-active esters via radical-polar
crossover enabled by photoredox catalysis. J. Am. Chem. Soc. 142, 9493-9500 (2020).

Koul, S. et al. Trichosporon beigelli esterase (TBE): a versatile esterase for the resolution of
economically important racemates. Tetrahedron: Asymmetry 16, 2575-2591(2005).

74



K. NMR Spectra

1900
800
+700

CHy o o
N/
NH
3 600
H,
O/
500
2
TH NMR (500 MHz, CDG)
+400
T N
A 300
] — -
g N
(@]
888280883 200
NNNNNNNNOO
\ﬂ\\/%&/
[ Ne5eIQ
CEEE TS 100
- P
& sdd 35 & 4
o oOoo o o o o
N MmN — ™ ™
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 T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 25 20 1.5 1.0 05 0.0 -0.5 -1.0
f1 (ppm)
[als Nl 280
Qg0
adgao
(2] ~N — O MNN [a2] O Qo
© - +TMONON — o~ o~ ™M ™ 260
N A N ONO < NN NN N
O < MmN ~— ~N O nm (2]
~— -~ o o o ~— ~ ~ n wn o
I =\ I \ Y 240
I 220
CH o o
\V/ 200
NH
1180
CHy
O/
I 160
2
13C NMR (126 MHz, CDG)) 140
120
+100
180
+60
F40
20
, . ” Fo
F-20
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 80 70 60 50 40 30 20 10 0
f1 (ppm)

75



900
850
CHy o0 o L
N/ 800
NH [ { 750
f / 700
CHy
?% 650
o~
5 600
1H NMR (500 MHz, CDC%I)
550
m
(@) 500
a
o
NOWVWOONOO® 450
ocOowANN-A—A—~—O
NNNNKNNNKNKN -
B B (o B 400
-
350
300
250
‘ 200
1
VN ONLWT M 150
Q@I
T T T T T
\\“k 100
! L 50
L | L o
33 3 & 2 >
53595 S 9 S S F-50
N N N — — oM ™
. . . . . . . . . . . . . . . . . . . . . . . . . . .
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)
Al Nl
248
o NOON—=M N 400
MmMouwmnmuwvwuoannN [ Bl m aQ wn
AN ONN O NN B ~ © e
TTETmANANNNAN ~N g O m oM~
o o o o o NN wn NN
AN = N/
350
CHy o o
\V74
~
N
300
CHy
5
13C NMR (126 MHz, CDG)) 250
200
150
100
50
. r0
. . . . . . . . . . . . . . . . . . . .
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

76



(=) o (=) (=) (=) (=) (=) (=) o o o o o o o o o o (=] o o o (=] o
o n o wn o wn o wn o o n o n o n o n o n o n o wn o o n
wn < < ™ ™M o~ o~ ~— ~— n o ~ ~ o o wn n < < ™ (] o~ o~ — — wn o [
L L L L L L L L L L L L L L L L L L L L L L L L L L L L
o
M
0
re
s ]
o
wn
Fo 18—
o
M L2
AR |
ShT — =00°€ +
o
F
[ 0
o 98'€5 —
o
[ o
0
el
. o
4 Fe €10aD 16'9L
mv.¢ n (Ais oy o oy = =
— WM.HN\U 00T [ « €Pad eh'LL
I €5y - FOOH | o
v8'y E
S8’y e
L0°L [ oF
mo.L ©
Ay Lo
6T°L
£10ad 97°2 0z | 2
e — /167 w\wO.m ~ $2°9CT
—_— 8L = 200z | 81/e1
- ovs ) oot [ €T
o ozl S ecser 7
b/ wm.wNﬂ\
Om.h; L TS°CET
= ] @ .
o NR.Rg 6L°0vT V =
a - o S6'THT
. 3 €L Lo Dc.v
X m n ©
oZ \z s [ @ o T
N z © o o W S
5 %\ r m o7~ /W © %
14 J o <
s Fo 5 o
4 P =
T L 3 z
I b 0
n 2
-
b
o
~
o

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

f1 (ppm)

77



\\//

o L, |

7
TH NMR (500 MHz, CD())
n <
M
- -
2]
(o]
a
o
AN=HNOWOOOWMN WL LW
MUY YINN—THQQOQ
NNNNNNNNNNKNKN
e e
MeEMmoN OO 0
Qqninin ¥ Y
TETE T T
_JL U (00
6 8% s 4 3
ISESR-R-=] S o S
NN - - [l
T T T T T T T T
120115110105100 95 90 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 1.5 10 05 00 -0.5 -1.0
f1 (ppm)
[l ]
O@®O
Jay: gal
NTOONODON O T N
INN—=NWOVWOMmMAN [N B=l o (=)}
SO NDBBONNY N B < ~N
T MmMANNNNN ~ O < (2]
o o o o o N~ wn o
o =\ I I
3 O O
\V/4
-
NA
Br
7
13C NMR (126 MHz, CDG))
T 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 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

550

500

450

400

350

300

250

200

150

r100

50

220
210
200
190
180
170
r 160
150
140
130
120
r110
100
90
r80
70
r 60
F50
r40
r30

r20

r10

ro0

r-10
r-20

78



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] O < o o o o o o O < o o @ O < o~ o @ O < o~ o (=] o o o ~
L L L L L L L L L L L L L L L L L L L L L L L L L L
o
Fe
in
re
=
o
0
o
o
L s 1
9T ol €8'€ —
e ——=00€ [ 4
o
4 F
wn
F e
o YTHS —
e
[
™ epadzeos
mm.v |- “ [ (v v rw ay oy &y =
mm.vw €100 2h'LL
i .
. osbL Foot|F & 02021 1
wm.v\ 82'TCT |
— 65 Foor | 3~ SbHTT
om.v\ 3 €6'STT 1
86't Lng 9652 Y
102 e 66°ST
202 LS 20'9zT ¢
20, SZ°9ZT
€02 Fa 79°9¢T
o'z it v9'L21 ﬁ
—— PTL \ll 007 F = Nm.hwa%
—_— .
YL uwoo.m " £L821 | o
. . | — N LN
- a1/ ao0e [ OL'EET | s S
_— o1/ =500z | o 96°€€T 0Z°02T E
€Pad 9z°2 Fo TTYET | 8T'TLl1 8
* 95, 8Y°bET | N SHHTT ~ P
1 . ] . bl
_ /5y oo LTTPT w
W bl ° 8EYHT ° N
g «
o o SeL o _ [ 6~
X m n o’ = m
o7 \g s o 8 m [ &
Z © o o B N~
g [e] N 3
] 2 re X T La*
o " 0% \z s =
s o z 8 o]
Z — ©° = 0L'€ET \ 1\m)
I = ° o < 5EETY he
- - 2 el 7 in=
[ o 8p'vET a%
| 3
z @
o~
—

-20 -30

-10

0

10

f1 (ppm)

250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

79



-63.21

CH o o
N/

8
19F NMR (377 MHz, CcDAQ))

T T T T
-10 -20 -30 -40 -50 -60

-70

-80

-90

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -
f1 (ppm)

200 -210

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

F-500

80



< (] o~ — o o o o o o o o o o — o o o o o o o o o
— ~— ~— — — (&)} [°e] ~ O wn < (9] [a\] — ] (o)) o) ~N O wn < (2] o~ — o
L L L L L L L L L L L L L L L L L L L L L L L L L
o
-
0
?
o
o
0
° 65°€C —
o
=
0b'T e[ 0
g ~00°€ | 2
o
o~
wn .
N E€TES N\
1555~
o .
pd 155’
0
™M
SLE~ - L00°E
e -+ . o
v8'e mm.v% Nooe | 3 €D 26'9L
_ o'\ i r———
'y 00T ¢ €10aD zv'LL
. v’y 00T [ o
Sty he
9y 8
no
ol
o
19
mm.o/ _te
— p89\-— L0 - POPIT
E— 98'9 7 2 Mwo.N = TTPIT
00°Z - el £
© No.m\ < ) S
9 €Dad 9z'L’f - =00'C 0S°ZTT~ Y%
/o wm.m\ M LE°6CT —
99/ 157261 — =
o zever &
= o
ma < o N
o 8 3 s £
X N n o7 \
I o ©
= Z 3 : g
z ©° Z
£ >3 2 6s1—  © [ -
5 B S wo.mmH s
o o 6479T — z
s =] Q
4 . -
B = o
— I
©° n 00
o0—0O -
b
o
~
-

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

f1 (ppm)

81



CH o o
N/
~
N f/
CH
/3
H,C [0 <+
&
10 «
1H NMR (500 MHz, CDG)) o
o
N
2]
g
o ST
NLNDOUNOONOTT T — -
LOUNOOOOWOWOw
NNV IR v <’
=
‘\
MM ANOON
o T M
FELTE LA
]
Il
S SN g g 4 & &
o o o o o o o o
ST 545 @ = =
12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 80 7.5 7.0 65 6.0 55 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 05 0.0 -0.5 -1.0
f1 (ppm)
[l Nl
ok IS,
[alys la)
) NM TN mMmA o N Ea - - n o™
o GnNGGS o« K N i @
[(e] MmmMmmMmaNN~N i ~N g O n m ™M —
~— o o o o i NN N mn wn o~ N
| SN VS | \ Y/ \ o/
CHy o0 o
V%
~
NH
CH,
HyC o7
10
13C NMR (126 MHz, CDGJ)
190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10

f1 (ppm)

1000

900

800

700

600

500

400

300

200

r100

1000

900

800

700

600

500

400

300

200

r100

~-100



CH o o <
N/ %
- [ [ of
N
CH,
5
11
1H NMR (500 MHz, CDG})
[=Re))
) < @
8 -
] -
TONOWONNOVONWLWL TM
VOVONOOOO®®®©®© K 0
NNNANNNNNOOOOOO
T \——
OOUMNOVOLMAN
QL LTS
T T T T T
M_JA—LL,%O

1300

1200

1100

r 1000

900

800

700

600

500

400

300

200

r100

s 43 s & 4 d
e Q<9 Q < Q <
o~ N« — — ™ ] r-100
T T T T T T T T T T T T T T T T T T T T T T T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 50 45 40 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)
sl )
Od 0O
Jaly: Wal
— O M- OoOmMmSTN NS N 1100
-~ ooMmMMOO INmM— o g~ wn
N B0 NGO N 1T NN B ~
O O O MM MANNN ~ — - INEN B ™
oo o o o o o NN o
~ NN\ NS r 1000
CHy o o
N/ 900
—
NA
800
CHg
5
1" 700
13C NMR (126 MHz, CDG))
600
500
400
300
200
100
0
r-100
T 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 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

83



200
190

—-114.97

o o o I 180
\Y4 170
N I 160
_-CHs l150

" I 140
19F NMR (377 MHz, CDGJ) 1130
120
110
I 100
90
80
70
60
I 50
40
30
20
10

r-10

r-20

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

84



(=] o o (=) o (=) o o o o (=) o (=) o (=) o (=) o (=] (=] (=) o (=] (=) (=)
o wn o wn o wn o n o n o n o n o o n o n o wn o n o wn o o
@ ~ ~ O O wmn wn < < (s ™M o o~ — ~— wn o [ wn < < (2] ™M o~ o~ — ~— n o
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
o
o
0
S
o
o
0
o
o
8c'T 5 - e
N . n
b1 M =00°¢€ =
o
9 o
0
o~
o
o TS ~
in 61'55—
™
S8°¢€ (02672 =00'€ | ©
b N
—_— Sb'b - 00T L 1 100D 169
bbb N e e
— Sty 00T | 2 €100 ¢v'LL
(8t T
. na
68t ng
oF
v
789 "
vm.o/ <
— Nm.o AT 700¢| <
6'9 ooz [N PTHIT ~
- €I0AD 9T~ ~00Z [ 1n W 1zT
8Tl =00z [ ™ v1°821 £
z 0c'L . s
o . o £€°6¢CT / \
\ 65°L @ 69°TET )
o 192 zer >
n 9T'ZET — _
- o =
& g
s o 0T THT — 0
o o N
o N " %% T
X 3 o z w2
o” \r Y o °© W - %
z A= S £ s
£ © — o 14
5 o in S6'79T — s
s =l Z
z — o
T < >
z = @
o
n
-
—
o
o~
N

Br

Br

-10

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

190

85



(=] o (=] (=) (=] o (=) o (=) o (=] o (=) (=) (=] o (=) (=) (=] o (=] o
o n o wn o wn o n o n o o n o wn o n o wn o n o o n
o wn n < < (a2 ™M o~ o~ — ~— wn o 1 wn < < o™ (] (o] o — — wn o 1
L L L L L L L L L L L L L 1 L L L L L L L L L L L L
o
e
n
re
o
o
0
o
o
e 89'€7 —
65T~ o[ o
o1’ “00E L G
o
]
wn
F e
o
s ST€S ~
" 1065~
F s
) 44 i
S8'€ oD 00 | o
Sb'b
T o'y - =00'T | M €12dD 16°9Z
— wv.v\ oot (ao)S oy oy oy =
89'p L m) €10aD ¢v'LL
69°% - m
2L L8
£8'9 =
$8'9 L3
20, -
v0'L e
I V'L _ 00z o
— 4 — ooz [ ™ LIT —
ovs pd ST'HIT
_ DN\ - =00z [ ™
£ €10dD 92°2 . £
5 oty [ o 8L7LTTA 3
\ @ 107821 5 \
o 092 7 o
Toz Lo Se'621f
5 797 mH.Nmﬁ\ =
a Lo seeet ), g
o S9°0bT o
N n 7
°x z [o °x I
oZ \1 ®s ] oZ \z “e
z m r m z -~ N
5 g - 3 °
£ Lo 96'29T — x
= s
z o z
I Fo Q
o e
L o
—
o o @]
~
.

-10

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

90

86



Cl

o
N/
NA

14
1H NMR (500 MHz, CDG})

o

CHy

CH,

87

-10

10

20

30

40

50

60

70

(=] 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 wn < (1] o~ ~— o o o o o o o o o o — o wn o wn o n o n o wn o wn o n o o n
— — -~ ~— ~— — ~ ~— (o)) @ ~ o wn < (5] o~ — o ] [*°] ~ ~ O o wn wn < < ™M o® o o~ — -~ wn [
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o
i
i
re
- 8T'6T —
o1 e
. rdlxd
w -00°€ |
< -00°¢
L 1660 —
b |
mn._VW [
6LV =00'T
gy =00'T [ 1o
8 £ .
co'e [ng €pad169s
) 90°S ~ ESSSETEE
Mm.w [ oF  epadevic
002
102 -

20,
. 00°€ [
. \ x4In

80°L
€10dd 9¢°L [
8T'L
¥S'L r
95/ pESCT
r 95'9¢1T /
18/¢T
[ v'8¢CT V o
v0'621 7
[ €9°0€T
PO PET /
[ £8'8€T
6T'6ET
[ 0/£°6€T

12.0 11.511.0 10.5 10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

80
f1 (ppm)

110 100 920

120

14
13C NMR (126 MIHz, CcDag)
140 130

150

160




1400
1300
Cl
Hy o\\//o 1200
e |
NH
‘ 1100
/ g
I y
" o +1000
15
TH NMR (500 MHz, CDC}) 200
800
faa} 700
2
S 5
N =LY OOTMN®ON WO — 600
nmnmeETssTsNoocococo
NNNNNNKNKNNGOGOBO
e L 500
400
300
TN
QoW inn << L 200
T T T T T T
\W
‘ ” 100
ML l\ILA 70
o's &' s & 5 >
855679 S 9 S S
- - - %) ™ ~-100
. . . . . . . . . . . . . . .
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 8.0 7.5 7.0 65 60 55 5.0 4.5 40 35 30 25 20 1.5 10 05 00 -0.5 -1.0
f1 (ppm)
[l )
OPO
[alys Wa)
NOTANNN® o L 450
NOWMmTOFTANO o} (o)} a
HONN- OGN O NN B @ 1=
T mMmmmmmANNN ~ g O m ™M —
o o o o o NN wn NN
N I N
400
\\//
\[:) 350
300
15
13C NMR (126 MHz, CDG))
250
200
150
100
50
J o
r-50
. . . . . . . . . . . . . . . . . . . . .
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

88



(=] o o o o (=] (=) (=) (=) (=) (=] (=] (=] t=} o (=) o (=) o o o o (=] o o (=] o o
[32] [a\] — o o o o o o o o o o — — o (o)) ) ~N () n < (3] [a\] — o o o o o o o o o o — ~
~— ~— i — (o)) [°o) ~ O wn < (2] (o)) — o ] o o~ — — — — — -~ — — — — ()] @ ~ O wn < o™ o~ — o ] '
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
o
-
0
<
=
o
0
o
o
-
" [TvT—
bS'T ) )
ol -00°¢ [ —
o
~
0
o
2 €105 —
8b'€5 —
n
o
. J . o
96°€ 3 00°€ ¢
98’ 3 €202 96°9L
8% TG
I 88’y F=== =001 | & = €DAD 8E'LL
mw.v\ €
16'% Hm
) oF
99 ©
. L9 - J00T |
o €49 _ 00T | @
- oL - 00T | o SSbeT
L0971 oo [N 19421
66'9 7 .
_— oozdp - #00Z f Mw.mm
— €10ad 972 % = Mwouﬁ o 96°621 / =
6v°L ] 0T Fa £9°0ET ~ 3
052 0 ozmﬂw -
152 ® S0'TET oo
5 o €5°L1 ) TovT — -
= s ] o e ¥
3 s | . v6'SHT 8
[a]
o mni a °x N
EN N 9L ] 2 o 3 s
0% \z ©2 6L S . er
z -3 6] in N 2
© © =] . pvt
5 < - ST'89T — «
1e o —
s = Z
z " g
= - H
o
o~
8]

-10

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

190

89



o o CH 3
\V4 q
v f
o HyC CH,
CH,
17
1H NMR (500 MHz, CDGJ) o~
S8R
T ™
~
[s2]
@)
a
@]
COANNOO®
NOOOO®ON
NNNNG GO
I
il N
n wn wn
<+ < <
~
L
o'd's s <4 o &
ISESES] & &9o ISIRS]
N AN — Ry S ™
. . . . . . . . . . . . . . . . . . . . . . . . . . :
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 75 70 6.5 6.0 55 50 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.
M ™M
oOd0
ay: Wl
(=) NM—=MmLw0n M ~N N
< TN A N o o g~ n o -
o NG Mo B <+ NN B M 0 —Q
wn T mMmmmmm NN — ~ g O wn O ™M -
- o o o - NN wn < NN
I SN SN S I I I N/
o o ¢©
\V4
N
‘o HyC CH,
cl
o 17
13C NMR (126 MHz, CD(%I)
. . . . . . . . . . . . . .
190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20

2200
2100
2000
r 1900
1800
r1700
r 1600
r 1500
1400
r 1300
r 1200
r1100
1000
900
800
700
600
500
400
300
200
r100
ro0

r-100

450

400

r350

300

250

200

r150

100

50




n < (2] o~ — o o o o o (=) o o o o — n o wn o n o o
— ~— ~— ~— — — (&) 0 ~ O wn < (] o~ — o ] o™ (2] o~ o~ ~— — wn
L L L L L L L L L L L L L L L L L L L L L L L L L
o
o
0
b
o
o
in 65°0T —
wn.o/ 89'T =]
mn.o\ G =00€ | o
: T -
T -
(74 - e —
- - ££°0€
s ==
8.1 J ~
64T "
18°1 ~
781 o
¥8'T o
69'SS —
n
o 96'65 —
-00€ [ o
_J ¢
-—== =00'T
¢ EPpadzeas
Teb~__ L, mowTE
zen” =00'T 2z €10ad 'L
ng
ne
9,9 p
8.9 S
00°Z
10°L 2
MM.M - =007 [ o
B — AN 00T [~ L6°€TT —
ST = “oo"
oT'L O] 1
ROL ~007C | ™ 29Tt \
8T 2 6b°LTT
4 €102 92°Z Mm.MNH 7 4
(St i 7621
% gcs @ zsTeT / %
o 98°0bT — _
& g
[a] \n [a]
o o ©
N o N
o T g T
> . 2 > o:
7 =3 o 6979T— 07 \g e
) = =
1e o 4
; s
2 = z
z 2 § g
- ke
o
~
o

91

-10

10

20

30

40

50

100 90 80 70 60
f1 (ppm)

110

120

170 160 150 140 130

180

190



5000
4500
4000
o o / / / [ [
N/
NH 13500
19
1H NMR (500 MHz, CDG}) 3000
I 2500
2000
o
O
a
[}
hm mPIIRK +1500
NN ONENNNN
—_ =
1000
500
m l J_¥J
| | R
s s & S )
o o o o o o o
@ = — — NN
T T T S A S T TR T T S IR
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 55 50 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)
[aelsalea)
28 a8
I N o m [SRONT] 5000
o™ () =] NN < el
4 B@oN % o < © pix
< N NN NN O - — Q
— o NNN (o) ™M 0
| ~ ~ | | | 4500
(e} (o]
N/ 4000
~
NH
3500
19
13C NMR (126 MHz, CD
¢ @ 3000
2500
- 2000
11500
11000
500
| Lo
: : : : : : : : : : : : : : : : : : : :
190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 -10
f1 (ppm)

92



93

-10

10

20

30

40

50

60

70

j=} o o o o (=) o (=) (=] (=] (=) (=] (=] t=} (=) (=) (=) (=] o o (=) (=] (=] o (=) o
M o~ — o o o o o o o o o o — o wn o n o wn o wn o n o o n
~ — — — (o)} [°e) ~ O wn < ™M (o)) ~— o ] O wn wn < < ™ ™M o o~ — ~— wn 1
L L L L L L L L L L L L L L L L L L L L L L L L L L L L
o
Fe
0
re
o
o
€20 La
vL'0 —_— -00°¢ 66°8T
¥6'0 - — —ooe | e 05617
56'0 "
68°T b
06'T e
bl o _ 00t | 2 b5 bE
26'T "
£6'T F e
S6'T °
o
99'65 —
0
64°€ / [ ™
ooy -00€ [ o STHo—
10 E— - 00T [ ¥
w0v = epadosos
U LV LD
505~ o ] L2 €100 8€°LL
90's 7 =00'T 2
na
Lng
129 [ o®
(AL ©
Nm.ow Lo
£6'9 I ] .
e E— — ot
orL — “w ~ P8IETT —
N:\ 0°€ | 1y
1/ D— ) 007~ L0°LTT
€100 927°£ [ 2 8T'Lel
167 3 57821 7
£5°L o in ST'62T -
6] [ © 0v'CeT 6]
% Lo 60°0bT — %
oy n oy
L o
3 o o
g ° g
o I E o W
X o w in L5791 — S o=
o7 \z N re o7 \z N ©
o z © - o z Z
14 L = 14
s — =
z n z
E ES M= by 8
o
o
—

90 80
f1 (ppm)

100

110

120

170 160 150 140 130

180

190



a2
(@)
[a]
@)
COHOVUN-HORONOMN o < o
OCNMAMANNNNNHH—AH®®O O @ ¢
NNNNNNNNNNNKNNGOO < ™ -
e |
CHy o o
Hy \Y4
-
NA
CHy
s
1H NMR (500 MHz, CDCJ)
{ §
I
|
|
sd's d > & >
ISESR-R-=! S S S
NN m 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 T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)
Jaels e)
od o
ado
— ¢+ ooTN®  ®© N
n N ©O-HMANO o a o 0 o ©
IN] B Yo oNW, o] NN B NN o
o < MmMANNNN — InE B @ wn f<a
i -~ o ~— NN wn wn (2]
I I N I Vol
CHy o o
Hy \Y4
-
NA
CHy
s
21
13C NMR (126 MHz, CDG)
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 80 70 60 50 40 30 20 10 -10

f1 (ppm)

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

r 1200

r 1000

800

600

400

200

r-200

1100

r 1000

900

800

700

600

500

400

300

200

100

+-100

94



o o o o o o o o o
o (=) o o (=] o (=) o (=) o (=) (=] (=) o o o (=) o (=) (=] (=] (=) o (=) (=] o t=}
< (2] [a\] — o o o o o o o o o o — — o o o o o o o o o o —
— — ~— — — (o)} [°e) ~ O n < (2] o~ — o 1 — — (o)) [°o) ~N © wn < ™M o — ]
L L L L L L L L L L L L L L L L L L L L L L L L L L L L
o
-
n
o
o
o
89'T in
. o
69'T ST —
(A o
SL'T - SS' 1T —
9T 1
e — = =00t | _
0z —_ 2007 [ ~ 19'5€ —
wo.NN 0E T
. —_— — 200 [
80°C
vE'T pod
6+'C
157 -
Ss'C ° 19—
65T <
n
< €100D 16'9Z
° Ao o
B~ €0 THLL
12°6 — — -—— F00°T S
na
nE
86'9 o
0L ©
€0, 1
S0,
90°L - 2
80LT I
NHN\ n £6'¥TT
€T, ~ £8'9CT 4
€10AD 97°L S 12L2T 5
&l @ 8v' /2717 g
6T, g 1n wﬁ.mﬁx ©
o ® wm.mﬁ\ N
2 0T'bET o =
— . X © [—
& om.mﬁ\ >4 S8
a n ¥6'ZPT T A
5 o o €THHT x
S g 3 s
o# T = - 6]
< No \n o
8 2
o
o >
s bt
z n o
I —
~ —
o
~
a

-10

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

190

95



73

7.26 CDCI3

7.71
7.69
7.18
7.17
7.10
7.09
6.94
6.93
6.92
6.91

71
5.17
5.15

6
6

CHy o o
N/
/©)\N/
c
‘o Ph) o/H3

CH,
2 J
1H NMR (500 MHz, CDCJ)

2

—

,1.36
N 1.35

OF
1.00= ==—0

3.00=

12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.
f1 (ppm)

—162.73
—159.15
114.22
N113.71

23
13C NMR (126 MHz, Ccba)

77.42 CDCI3
2212 coc12

T T T
6.5 6.0 55 5.0

45 4.0 3

76.91 CDCI3

55.96
55.76
55.41

Y

\47.87

T T T T T
.5 3.0 25 2.0 15

T T T T T
1.0 0.5 0.0 -0.5 -1.0

18.71

3400

3200

3000

2800

2600

2400

2200

2000

r 1800

1600

r 1400

r 1200

1000

800

600

400

200

r-200

[ L1ouu

r 1200

1100

1000

900

800

700

600

500

400

300

200

r100

r-100

190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

96



o o o (=) o (=) o (=) (=) o
o o (=) (=) (=) (=) o o (=) (=) (=) (=) (=) (=) (=) (=) (=) (=) o o (=) (=] o o o o o o (=) o o o
T8 8 2 32 8 2SS 8 8RS8 B PR R S o 32 8 8 ¥ 38 8 ¥ 9 ¥ ¥ 2 8 8 2 R o w
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
o
-
0
<
o
o
0
9e'T = 9912
bl = 87T
8’1 - e’ W
v _ F00'6 | [
061 - sTie’
66T ¢ = o sees ]
90z~ =< H0b [
e = o .
. ) 66°St
NN.N\ 00w 6c'9b 7 -
'z o
7€ B o
e ~ = hooz| .,
se'e o
o
< 5589 —
69" " €10aD 16°9L
ﬁN.VA/ 4 (ol laYa WA &
L0yt = ° €10aD 2h'LL
68t - z . i~ 6+°08
. 5 ooz | g
0 mx B ng 20°18
mﬂ.m\ R se
om.m\ =
b’ v
0
o
o
€D 9TLy ~
6CL — — =007 [ 1n
€L N £
LT — Fooz| o ¥6°92T ~
. > ——-
8LL z ® £86CT
n [—
@ SYLET~ g
& - veger” o
g a (SEPTT TN i
oL © n o? /w < =
N .
=g < - A N8
I - > At
N e ] 14
o [e]
2 n = W
z e e
_—0 s M mv 8
z H =
i, i E w4
s} - “ ?
-
]
o
o
—

-10

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

190

97



[s2
O
[a)
s} 14500
TN O Mm o O QDONIANO®RWOUM
w0 NO O o op AONN©VOOYINNIN
NN NOO < of oA o o
NN N I e
+4000
o (0]
N/
~
NA +3500
CH.
0/ °
+3000
25 i
1H NMR (500 MHz, CDG))
+2500
+2000
+1500
|
| +1000
+500
If
‘L
A ,0
s = g & g8
o o o o o O o
~ ~ - = 08N
. . . . . . . . . . : . . . . . . . . . . : . . . . .
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)
selNs Jyso}
2438
™ N 1 ) N 1200
n a i o NTg — O a N onNNOoONN
N oo < N B © = MNANS®Q
=} (a2 (o] ~— ~NTIg O © n un nmuowwooa
— - - — NN © nin Trmmond L1100
I (- I NSNS N
+1000
o o
A\
N 900
CH.
e 3
o 800
25
13C NMR (126 MHz, CDGJ) L 700
+600
+500
+400
+300
200
100
: Lo
F-100

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



1600

r 1500

7.26 CDCI3
5.60
5.58
5.57
5.56

N\ 5.54
451
4.48
4.46
1.83
1.81

\ 507

i
\.
<

,5.08

g\§
|

1400

o o
N/ cl 1300

NH (¢
o 1200
Cl

2 N

TH NMR (500 MHz, CcDag)

1100

—_
—

1000
900
800
700
600
500
400
300

200

100
Al J[ A Lo

< r-100

TiE

1.00=
1.00=
42.001
01

12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 8.0 7.5 7.0 65 6.0 55 50 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)

2800

.17 CDCI3
76.91 CDCI3

2600

77.42 CDCI3

130.42
129.26
129.23
125.47
123.40
122.77
78.28

—93.45
51.12
—22.47

/

2400

ci\ //o cl 2200

cl 2000

1800

26

13C NMR (126 MHz, CDCGI) 1600

1400

1200

1000
800

600

400

‘ ‘ -
ro

r-200

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



100

-10

10

20

40 30

50

60

70

(=) (=) (=) (=) (=) (=) (=) (=) (=) (=) (=) (=)
wn o wn o wn o wn o wn o wn o m 8 Q 2 S 2 S
g S o =1 o o (=] (=) (=]
T R e 88 s FFfEeR S F R e 2 F 8 3 7 8§ F 7 8
L 1 1 1 1 1
5
re
e
o
1n
o
| e
65T i ey
AP e [ 89'€7
— ]
o
— e
3
wn
F e
e
el
" . 16'€5—
o' [
8ty (B
6b'b 1 N
0S't _
oy - =00'T | ¢ €00ad 16'92
i o ) i
fodd FOOTL R epad ey
15°S - Sl=E
IS — 4 00T [ 38
e ~00°T O.ﬂ
€9y Sl
e . 0T, S0'TOT ~
&' = = 2007 | @ £5'90T
o] 0Tt o 96'£0T —
kg N z0'0zT
=21 " $.Nﬁ/
59 — 00T jsapdd
4 | - [ 14 T
o) 00T |, 64821 _
e F o 8z'621 o
Lee] . SE'621 8
o5t ] 5 Lo S0'ZET 5
O] . S " TLUET X z
o N o F o 0S'SET 0% \¢ ~ o
gor] o7 \g I 2 Seott £/ =
ol . Z I ] T6'9bT s v
roL £ NS o 69'LbT s
1L e B 5
€8/ g S =
s8s z [ =
98°L I n
88/ - =
91’8 ~ N
o

90 80

f1 (ppm)

100

110

120

170 160 150 140 130

180

190



2 o (=) o o (=) (=] o (=) (=] (=] o o o (=) o (=) o o o o
= n o wn o wn o n o o o (o)} ) ~N () wn < (4] (3] ~— o o o o o o o o o o —
n < < ™M (] o~ o~ — — n o N = = = —= = = = = —= —= o0 0 N OV In ¥ M N —= O
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
o
5
0
?
o
o
0
o
— e LT~
£ - v9'€7
[ M u|mmoo eLn
OQH ¥§'T o
o~
LEC— -—00°€ ._.u
o
o bS'ES ~
" TR
@ ™
~00°E | o
I
. 00T | 2 €100 16°9L
—_— H/OO.H - [ [w Aty g v =y
o €10aD Th'LL
2a
3
n 8
(AL Lo
€29 = S€'90T
vL9 © 8€'90T
86'9 ke 0t°90T £ N
66'9 - JO0'E 1901
! — S0 2 PIBTT 7
L0L — wwo.N SO'8TT~ _
ST'L - 0°C | n 9/°02T ~
. w . ~N .
o1'L N L\ )oo.N gezer
€12ad 9T°L y 0C| o [4al14s \w
ze'L @ oot ]
0b'STT =
vE'L 1 rser ° [
59°/ - @ a2 N a
) 8vszt | >4 o
L9°L . 2 61'82T W 07 \g N
ms vw.wNj £ 3
" .
8 i 98621 | 2g
oL N - T9'€ET N
P § < S 06'6€T «
°7 g s - mv.oi; . 3
£ 2 i €€ THT ] s Z
° vy - zLepT ] gy 8
s = 20'bbT1 ]
z - mm.vwi
o T - S9bbT |
0 m PE'SHT
o 3 1€'65T )
o

-10

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

190

101



=
<
N
©
|
CH,
CHy o o
N/
~
NA
a N\
Sch, |
29 F
19F NMR (377 MHz, CD
( 2, D)) .
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
10 0 -10 -20 -30 40 -50 -60 -70 -80 -90 ~-100 -110 -120 -130 -140 -150 -160 -170 -180

f1 (ppm)

1100

1000

900

800

700

600

500

400

300

200

r100

~-100

102



o (=) (=) (=] (=] o o (=) (=) (=) o o o (=)
n o wn o n o n o o wn o n o wn o o
< < (2] (2] o o~ — ~— wn o (a2 ™M o~ o — ~— n o
L L L L L L L L L L L L L L L L L L
o
5
0
?
o
o
0
o
L S LEVT~
Vel . 6v'57
09T~ voo.m M
1917 T I =00'€
o
b o~
3 i
o
S 9E'hs —
" £0°09 —
o
o .
8T~ ~ b €100 16°9L
ozy” - = 00T e
€Lv < €100 2h'LL
(784 - 00T [ o
9t b
8Lt ns
6Lt nS
€10aD 92°L of
9L ©
8"/ in
. o}
mm.mg LELTT
1 o .
fotys N £5°82T
1 . 56'8Z1
P 0°€ [ 1y
L - [ . ! 6v°6CT Tz
65~ = = 200 [ N i 53
09°Lf — ﬂo.ﬁ ° 2T 0ET £
29°L JE 0@ SZ'0€T o
69 O O " 9/'CET X
1] 5 - S5€T 07 \z =
[} . Z o
G ) 97'8€T a
8L N o . E 3
64'L o7 \ = P 1T HpT [§ ]
187 z & - T
©° o o =
o ) Qe
M < I
o: : £
® g \n o S
v ] z
P = 8
o] W n
wn
I - £5°96T —
o
o~
o

-10

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

200

103



o o O © O o o O O o o o O o
M 4 6 &6 ® KN O©h T MAQU A O 0 O O o o S R 8 8 ¢ 8 R 2
Q o o o 8
A AR ISR RTS8 REBERI2 o7 N %S 29598 8R88¢8 KRR o T
-
wn
<
=
o
0
o
< o
. -
05T 9T'bZ —
ST €4
oaH vm.H\ oo
o
o~
wn
~
0% -
o ™ 25°€5 —
. n
M.w o 82°09 —
LEY —_— = = #00T M.v.
Pt [ = 00T
sy — - 07 | 2 100D 169
oot H/oo.ﬁ (i oy v
oy S WL
os's £ _
6 n § LOPTT
ooy o STHIT
. S :
SL S VEZZT
) 9€°22T |
g L= £0°821 1
v 0T 69827 1
mN.h;W . 0'T _n/v 98'8¢T 1
R S __——0¢ 76'8C1
eef — e N soeet |
By »wo.m 11621
. o .
eee] 0z |2 8 0€T /w
vl 5 0€'TET
. 0 €e1ET =
VA [a} g
Lee] 3 s nm.mmﬂ\ / \ ma
; 2o ;
oL z e ~ N
] o7 \g¢ - pt P s
b ] z L] o o7 g Se
el g g 5 . . R
i) « = £6°8ST ~ g )
e = " S6°091 L
98°L I S z
- 0
2 e
s
I wn
L w
O o
o
o

-10

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

190

104



230
220
l210
200
190
AV 180
NG 170
I 160
150
31 F140

19F NMR (377 MHz, CDGJ) [130

-116.76

CHy

r120
r110
100
90
r 80
70
- 60
r50
r40
F30
r20
r10
ro

r-10
r-20

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

105



(=) o (=) o (=] (=) o (=) o o o (=] (=] (=) (=) o o o o o
o o o o o o o o o n o n o wn o n o n o o n
(o)) @ ~ O n < o™ (o)) — o wn n < < (2] ™M o~ o~ — — n [
L L L L L L L L L L L L L L L L L L L L L L
o
-
98°0 2
180 '
€T S
Sb'T
YT 2
o1 . 0£°0Z
01 R Sz
8L'T " Yoarad
6L'T =00°€ | 5 geee,
18°T —_— 00T [ o 82°0€
78T ~
£ — ‘ il
o¢ [~ 80'Sy —
om.N\ ] °
b 85'€5 —
n
o™
6V o
ov.vW <
[Aag . _ [ .
Ebh - _ U HW.H v mwmw M.w wm
Sb'b - o .
E.v\ i €10aD v’ LL
SL'Y na
nE
ol
$6'9 S
9T'L "
D.T/ ©
6T°L .
0L 00 [N
w, A — == M/O . .
e _ 0T [ 1 06'sZT z
€100 97°L Yoot [ 11°921T
Se'L — - X007 [ o LE°6CT o &
9€°L © €L°62T X w
€L 1n 8€'CET 7 oZ \z K
8] ° o 99°Z€T o Z I ]
68L0 o 2 a2 —
x _ o 19'8€T ®Q
0”7 \z & in bT'6€T =
. 7 o o 0 THT s
I - o
o N o z
N n 2
88 g £
e o
x — 19}
s - £
z n
g z o
o
o
—

H;C

-10

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

190

106



9000
8000
7000
6000
5000
4000
3000
2000
1000
~-1000
400
r350

107

300
250
200
150
r100
r50

11000
10000

NOOVONYT OOD
coocoaw¥Mm
NANNANAA A

e

T T T T
-0.5 -1.0

€10aD 969~

0 -10 -20 -30

10

OO TT T

€10ad 8e°LL

TMmN
T Mm@
NN
e ———

s & 4
S o S
- )
T T T

12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

n
N
N
—

SO'PTT —
9€'921

pT6eT A
SE'62T

eveer”
€b°6ET T
NH.OE\

€T°0PT

f1 (ppm)

=00"¢

- —1 L
L0°€ ma 00"t
80°€ \ L
' o F00'¢

n
]
)

94'C9T —

o]
o
©
CH,
N\
N

33
TH NMR (600 MHz, CcDag)

62°0CC —

o~
Q
N

(o)

€12ad 9¢’L
99°L
£L9°L L

f1 (ppm)

CHy o
AV
NE

33
13C NMR (151 MHz, CDG)

[e]

50 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20



108

-10

10

20

40 30

50

60

70

< (2] o~ — o o o o o o o o o o — o n o n o wn o wn o wn o o n
AL M R R (L A U A S < 2 2 T ¥ T °? i i i T 2 :
o
e
0
re
o
o
0
o
)
- 5T —
. n
o1 > ooe |2
o
F
5 wn
F e
)
by 90'b5 —
0
™
05y °
5% Fe
sy [ €10aD 16'9L
vav T B 0T v AT
mmm o epader
e’ — - Foo'r | 7
wn
8.9 s
. =
£o0 -
o
58'9
. wn
£8'9 0T g .
ael i _ o[ oo
669 1 —_— — 007 L 2 /
Ny —_— - : 6611
002 0T 2o\
e - = o1 |2 9'02T ~
vTL] ozl 88°€7T —
ST | o Ry
71z ® 90°'/21
61,1 n 75°6¢CT
" oo .
1L SR €0°0€T
€Pad 9z'L 7 = o OT'0€T _
vez ] g o mo.a\ ms
— Q .
oes] Ox 5 © - orert D) s ©
50 0% \¢ N ° 89°9ST~\. - I
Z W [p= T6'L5T s
3 3o " 39
o H N
o re v
1e o
3 s
: 2 :
I 1 Q
M v ~ b M U 2
o] — o]
o
P

90 80
f1 (ppm)

100

110

120

130

180 170 160 150 140

190




(=) (=) o o (=] o (=) o o (=) (=) (=] o o S S S S S S S 3 3 3 3
€ ¥ 8 | @ ¢ % & g8 88 8 ¥ & o «w = = 3 3 N 8 2 g & 8 =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o
e
)
e
o
o
T Lo
bST Y s oT —
ST'E) L w
8.2/
81°€ | [
=00'€ [~
0Z°€ =
SbE ] B
e —
8P°€ L ._M.
05°€ 1
e L2 €15 —
it — uU =00'T
g — - 00T |- o o
STh 5029
LTy )ﬁ L w
' — 0T
NM.W, — === 07w €D 169
g re e
s ° €0ad zv'LL
zrs —_ -—== =001 [ "E
E.mx (08
ST'S =
0zl 3
96's— o © ZET0T ~
) in 7801
e | © GE'80T —
829 —_— e 1()0'C o
08'9 L2
& B in Zv'0eT —
mw.m\ Lo
€0ad 9z'L -
F o
€9°€€T —
1
" oo
© = eI o ° 5
° o pT'8rT 7 u Q
[a] | 15
3) o ]
) N o sogst— & N
o T 12 z
= - v o
|9 n (R
S L o g
© ~—
pos 1e
1e < s
S r4 z
z o LI
AN I . &
o
S

-10

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

190

109



)
O
a
@]
OMANNOOULWL Nz (o2} T N
N N N 0 0 N N < <
NNKNNOV®YO© < o - -
e N | N7
HC O Hc
e
NH (0]
CH,
"
BC\\O
36 [ ] J
1H NMR (500 MHz, CDG)
A L
L a f oy
o o o o o
S o ] S ~
—— -
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)
[l L)
OPbO
[aN \|ya}
N T T 0 © OPpo
0 N (+2] i o N oy ~— ~— o mn
% 15 S % < A mo| n o
n n ™ o~ — ™~ O ~N o ©
— - — — — N~ ~ wn n NN
hyd o pd | [ ~5 [ (.
I
NH (o]
CH,
Hs
C\O
36
13C NMR (126 MHz, CDG})
| . | ) L
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 8 70 60 50 40 30 20 10 -10
f1 (ppm)

r 3400

r 3200

3000

2800

r 2600

2400

2200

2000

r 1800

r 1600

r 1400

r1200

1000

r 800

r 600

400

200

r-200

650

600

550

500

450

400

350

300

250

200

r150

r100

50

110



3000

7.26 CDCI3
7.22
7.21

7.48
f7 47
%7:20
<

7.19
6.86
6.84
4.71
8
1.42
1.41

2800

H,C O hc 2600

Jk X CH
B
" NH o 2400

CH,
2200

CH, 2000

37 1800

TH NMR (500 MHz, CDG))

1600

1400

1200

1000
800

600

400

L . "

—_
o
o
o~

r-200

2.00=

!
o
S
o

.00 ~
1.00 =
S .00

T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 8.0 7.5 7

T T T T T T T T T T T T T T T
6.5 6.0 55 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)

300

e
76.91 CDCI3

280

77.42 CDCI3

"\ 138.06
_-130.96
,126.31
112.07
111.88
79.76
—56.46
28.53
22.76

—49.38

260

N
o)
Cl
B JL X s L 240
H o

220

<
/

| 200
37 1180

13C NMR (126 MHz, CDC‘3I)

I 160
140
120
I 100
80
160
40

r20

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

111



H
3C\O

HaC\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 o o o o o o o S o o o o (=] o (=) o (=) (=) (=) o
o~ — o O 0 N O wn < ™m o — o O ©O O O O O O O o - N n o n o n o wn o wn o o n
o~ o~ o~ — — — — — — — — — — O 0 N O N ¥ M N = O ] D wn wn < < ™ ™ o~ o~ — ~— wn o [
L L L L L L L L L L L L L L L L L L L L L L L L 1 L L L L L L L L L L L L L
o
e
0
[<
o
o
0
L2 B
o 65°8T — 1
68T -
L A — - =001 2 bS'87 —
T
o
[~
[ =
o oT'Lb— _
[ o SS'TS~ um
™M
£b'55 ~
n 4
el
08'c— ~o00¢ o
00p ~ M Noo) ¥
- . . €100 16°9L
\ P st ]
3
o DA TriL’y
fweg 66°6L
aQ
) 00T 22
95° — / . ﬁv o
o
o
£8'9
58'9 e
L .
w:/ o 00e o 6L°€TT —
6T'L —_— 00/
€T'L H
veL 09'92T~ 1
. o . —
epad 9z’ F e . IS 0wy F e —
© o vT'8eT 5 _
. X o 8 Lo os8e1 Y X o 5% —
© © N C0'PET Vs £ o o —
z ] €0°0T N
I
o 3 S | 13} =
© 3 pt ) o
P ° 82°95T ~ =
s re +8'8GT — 14
z o s
z [ w
z S 0
o ~
i
—
n
-
~—
o
o
o

-10

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

190

112



2
[}
[a]
(]
COVOORMHOMNOVOPPOY M= OON =3 oo
NRNOTTTLITMMNMANOAONN Mm@ N & © n
NNNNKNNNNRNNNGSGGEOSS 1inumn oh - -
T———— Y T N~
cHy O
NH
[¢]
CH,
1H NMR (500 MHz, CDCJ)
|
j;A . L LLAA;AAA
sdgdee & s > )
SS6566a& oS S S S]
NN - o) )

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 T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 75 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)

fselis )
[SA NE)
[al: Wa)
N o DN T T N
© o MOMOOO N N N o <+
© o N d0ONN NN B ¥ @ ~N
O wn MMM AN NN — ~N g o wn [ee] —
~— - o - N~ wn < o~
leny | o N N I I I I
NH
[¢]
CH;
39
13C NMR (126 MHz, CDG)
T 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 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

2000
1900
r 1800
1700
r 1600
r 1500
1400
1300
r 1200
r1100
1000
900
800
700
600
500
400
300
200
r100
0

r-100

r 1500

r 1400

1300

r1200

r1100

1000

900

800

700

600

500

400

300

200

100

r-100

113



Br

Br

[a\] — o o o o o o o o o o — o wn o n (=] n o n o o
~— — — (o)) [°e) ~ o wn < ™ o~ — o ' wn < < ™ (] o~ o~ — — n
L L L L L L L L L L L L L L L L L L L L L L L L
o
-
n
<
e
o
n
(4" 5
BT 59'61
o
m.ﬁ.ﬁk Q 0°E [ — mh.mHW
9T T 3 00€ [ 1 €8'1C
2! — ) Yooe [~
9’1 °
0€'C — N vLseE—
1€ —_ e =00°T | 10
(4344 N
ve'T o 208y —
SET o
9€'C .
9T o
8€'C °
1 <
€0°S n .
S0°S < €10dD 16'9L
'S PO
oo. B L2 €12aD zv'LL
80°S —_— - - =0T [ LW~
e/ €
60°S n &
$9'S N n
coc’ oot o
°
1
o
L1°L =Y
61°L RS
€1Dad 9Z°2~ — 00
vbL T 00T | -
. \ 9T'TZT
'L 2 L6°LTT~
€8'TET
1n
©
o - S £9'2HT — o -
5 o 5 o
[a] n o
o o <) o C,
J N
z I 2 z
% = 2 o =
5 < 5 Qo
<3 n <+
© S <
4 o o
s — s
z - 6T°9LT — z
T 1 &)
- — facd
=
o
o
3

-10

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

190

114



e
a L 1800
[}
Do m © o oNLW T NYN-HO®NOT L1700
NINNNDN nwmwnLwmwmwn NANANN ™
e | —_— 1600
cHy, O
/ﬂ\\// +1500
cHy
N L 1400
.
L1300

F j/ / 1200
41
1H NMR (500 MHz, CDG}) L1100
11000
900
800
700
600
I 500
I 400
300
200

r100

r-100

-
2.005 Sem———

L

f

g

00~
1.00]
1.00x

2

4 3.00-
3.00=

. . . . . . . . . : . . . . . . . . . . . . .
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 05 0.0
f1 (ppm)

125.80
125.77
125.74
125.33
123.17
121.01

300

_-130.08
—129.82
~129.57
~129.31
—127.49

126 57

125.83

{
\

/ﬂ\\//cm 250
NH

41 200

13C NMR (126 MHz, CDG))
W ANMN ~
o o un
o o
NN
a9
\ o/

~129.3

S
o]
—

\

T T T T T T T
130.5 129.6 126.0 125.6 128 124 120
f1 (ppm) f1 (ppm) f1 (ppm)

150

100

r50

. . . . . . . . . . . . . . . . .
134 133 132 131 130 129 128 127 126 125 124 123 122 121 120 119 118
f1 (ppm)

115



f1 (ppm)

=
wn
~
9
CHy ©O
g
NH
.
.
41
19F NMR (470 MHz, CDCJ)
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

F3800
3600
3400
3200
3000
2800
2600
2400
2200
2000
1800
1600
1400
r 1200
r 1000
800
600
400

200

r-200

116



he) [a\] — o o o o o o o o o o — T M N 4 O OO 0O N O In ¥+ M N - O O O © O O O O o o —
— — — — (o)) [°e} ~ o wn < (2] o~ — o ] N N N N AN A A H A A A H A A H 0N 0N T M AN H O '
L L L L L L L L L L L L L L 1 L L L L L L L L L L L L L L L L L L L L L L L L L 1
o
=
0
<
o
o
in €86 —
o
i) :
e 61—
pess = =00€ | ©
817 T00°€ - 8L°67—
6b'T
172y N
€TTF —_ - 00T ,
mN.N\ ~
gce o 19'8% —
™M
wn
P
o
<
9 €000 16'9L
s e =
mﬂ.m/ 2 €000 2 LL
PTG+ —_ 00T [ Y
mH.m* wg
LTS — Foo't =
S.m\ ok
¥9's ©
0
o
. o o€ TTT —
) IS
2> - — ST -
. ~
Nm.h\ A =00'C ° ) -
£9'L 2 86'92T
N 89'2€T —
= © =
o o o
()} =
o 65T — o
o a in 0TErT— g
o a o
z N o z N
5 s = 5 s
Qo bt} Qo
8 ] &
o .
o : TTELT — o
s s s
z n z
z ! 3
o
3

-10

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

190

117



7.79
7.78
7.32
7.31
7.26 CDCI3

o
/
L
\

HaC O~g
b 5
HyC
Cry 43 [
1H NMR (500 MHz, CDCJ)

,5.70
"\ 5.68

5.16
5.15

C

5.14
5.12
5.11
1.98
1.49
1.47

§

Bt
(=) (=)
S 9
T T T T T T T o \N
12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0

o — (o)) o]
— < [52] (=}
D O n n
(¢} < ™M o~
- - - -
| O L | |
NH CHy
HaG C*\\F
H o
C
MO o,
43

13C NMR (126 MHz, CcDag)

T T T T T T T T T
75 7.0 65 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 1

—49.01

2500

2000

1500

1000

500

1900

r 1800

r1700

1600

r 1500

r 1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

r100

T T T T T T T T
190 180 170 160 150 140 130 120

110

oo
o o
S S
I
f1 (ppm)
salss] [}
O OfO
[alya) [a)]
O OO
n o N
o T —Hlo
NN
e ™ NI
N
L
. . .
100 90 80
f1 (ppm)

118



8 3 8 S 8 3 8 o o
S 2 S 2 S 2 (=) (=) o o (=] (=) o o o o (=)
¢ 8 8 & & = = g o § 8 &8 8 3§ R &2 38 9 g3 R o ®
L o L L L L L L L L L L L L L L L L L
5
78'01 0
€8'0 <
S6°0 o
96°0 S
YT T i £0°0T —
ST'T =
. L
it o 96'8T ~.
00z, - €661 ¥
Mo.m in
mm.w - 80°0€ —
£ o S 15°€€—
v -
50 N;ﬁ 0
90°Z N
617 o
0z -
1z°e] n
- o 0065 —
€2z o
VN.A <
STz
et o €100 96'9L
@N.V _ o [ (v = rw ay =y &y =
R.vN 2 €A
6Lt n m
69'S w
—_ ~
K.mv o¥
2
L 0
€z ©
YL o
sz - _ wo0e | ™
€10aD 97°L - oz | W
0€L ~ .
s ° 1Va N
e N roant/ 1
wn
I
. o S8 THT —
o] ma " % ms
o s ©
o m b= o T
= T — ) M
o z M o \n w W < -~
g S hE
e =] e
o
d m = LO°ELT— g
Z M b z
I - 8
— o
o
o
—

-10

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

190

119



14000

7.26 CDCI3

7.35
7.33
7.32
7.28
7.27
7.27

13000

|
i
|

° 12000

Jk 11000

NH CHy

10000

45 [ f 9000

TH NMR (600 MHz, CcDag)
8000

7000
16000
5000
4000
‘ 3000
2000

1000

F-1000

100 -

1 2.00,_
3.00°
1.00+

J3.000 b
2.002
3.00=

. . . . . . . . . . . . . . . . . . . . : . . . .
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)

-850

800

77.38 CDCI3
ki M alnYall)
76.96 CDCI3

2

r750

Jk 700

NH CHy 650

—169.36
— 14221
128.80
127.51
"\ 126.80
_55.08

—29.19
—23.65
—10.88

600

45 550
13C NMR (151 MHz, CcDa)
500
450
400

350

300

250

200

r150

100

F50

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

120



6500

6000

7.26 CDCI3
635
{634

5.37

5.36

5.35

5.34

5.32

1.62

61

/
4

5500
5000

NH
4500

46 Il / | 4000

TH NMR (600 MHz, CcDag)

3500
3000
2500
2000
r 1500
r 1000

500

L

T
o

I
3

1.00= ———

3.00- &

r-500

7 2.0
1.0

0,
1 6:0%
1.00/

12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)

400

77.38 CDCI3
221200013
76.96 CDCI3

—166.70

—143.24
134.73
131.63
128.91
128.71
127.63
127.06
126.41

—49.36
21.86

/
\

r350

300

46
13C NMR (151 MHz, CDG))
250

200

r150

100

r50

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

121



2500

7.26 CDCI3

7.25
6.90
6.88
4.27
4.26

h
{.
1

\7.23
4.25
4.23
3.81

—3.20
1.43
1.42

A

/CH3

~
CHy
2000
%C\\O
47 /
TH NMR (500 MHz, CDC)) B

r 1500
1000

500

-
-
F

1.52=
1.587
1.001
3.189
2,979
13.13]

T T T
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
f1 (ppm)

T T
12.0 11.0

3200

77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

159.05
79.22
24.00

3000

—127.55

113.85
,56.37
N 55.38

/
h

o 12800
cH, 12600
HiC 2400

2200
47
13C NMR (151 MHz, CDG)) 2000

1800
r 1600
1400
r 1200
1000
800
600
400

200

r-200

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

122



8 S 8 3 8 3 8 5] 8 o 8 8 8 o o o o o o o o o g
o n o wn o wn o n o o [a\] — o o o o o o o o o o —
° N ¥ 7 ? i i i iy 2 < by i iy T e i < < ¥ ? Y by < !
0601 .
16°0 1 ;
€5°T ]
bbT |
18°T o
78'T 1
+8'T ;
S8'T 1
981 Y Ao [ ™ ssze
(8'T ; o 296'7 68°€7
88'T 1 e 8€'0€ —
%.ﬁ% — 7 N
06'1
TXAN ~ . L
vz — {14 82'St
] (2]
7ot . 1 Feee 0595 —
st -
gcy — -—— koot €10AdD S6°92
MM.W €100 91=
" €10aD LE°LL
T 19'6L
[=%
g
bal
=]
1L
2&/ INHINN
0C'LF —_— —_— .
81
1L
€102 92°Z 21°92T ~
g g = ® et g 5
\ g \ 8
o 80T~ w o
I o 90 THT b
s
© 2 ©
< m < 5
© Z
z = m
© s
5 z g nNV
I
= — 9, =
~— I
[aV]
o

-10

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

190

123



124

-10

10

20

30

40

50

60

70

o (=) o o o o o (=) (=] o (=] o o
(=] (=) o (=] (=) o (=] (=) (=} (=) (=] (=] (=) o o (=] o o (=) (=) o o
n o n o n o wn o n o n o o n wn o n o n o n o o
o O wn wn < < (a2 ™ o o~ — — wn o 1 < < o™ (] o~ o~ -~ — wn
L L L L L L L L L L L L L L L L L L L L L L L L
E
L o
L -
- 06'€7 —
B — 156'C
b1 > —
LN
L m
6C'€ — L ?w.m 1896 —
1€t L«
et . €10dD §6°9L
— —
vEY Foo't €10dd E.R/
mmw elDdo L L2
27 LN 2062
[AYA € .
. g £0°6L
I AWA a .
vTL e 9L€TT
) — .
o1/ ] | 0& T6°€11
ST/ 0z'zet
o1/ 1 MN.NN#
9T )ﬁ o s
€10aD 92°L - oT b 1sel
L8 - = o1 0z'8zt
S e . L5°8CT
LEL A T'e .
] . 0T°62T
8cL 2T | o .
8L ] ~ zrezt
8e' ] £ © o’ (8'0ET T )
) 8] 8] a 06'0€T 3
e \ © wser! £ z a
L 0 N Lo 5} S S
S I 1§°SbT \ :
Ev'L z o N
S . 95°SHT F
Ev'L ] Qo s
vbL 3 @ =
vz ] - FS . <5
| x 61°65T ~ e
. ot
mv.n W w £€8°09T '
9L z s
9L = | - z
sz 8
Ss°L
95
95, S

100 90 80
f1 (ppm)

110

120

170 160 150 140 130

180

190



49

O

CHy

19F NMR (377 MHz, CDG))

-117.95

9000

8500

8000

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

r 1000

500

r0

r-500

-10

-30

-50

-70

T T T
-90  -110
f1 (ppm)

T
-130

T
-150

-170

-190

-210

-230

-250

125



6000
5000
4500
4000
3500
3000
2500
2000
1500
1000
500
Lo
-500
750
700

126

650
600
1550
500
1450
400
1350
300
250
200
1150
100
F50

-1.0

1.0

89'02
mm.MNW
- s8'€C
° oc6z 7
L3S ce /-
[ [44 mm\
€e'8e
oIS —
L2 £5'95 —
™

ez - €0ad 16'9L
€A 9T°LL

m_uou:u.hm \

61'6L

Mm ™M
™ 0
NN
[l
2
o
-
T
4.0

5.0

f1 (ppm)

©

™M

]
6.0

. £5°92T ~
9g'c L 90'621 7
LET ° TEEET
0s'z F e 9 THT —

. —_— _ v€0'C
Nm.N —_— ﬂ 26T

™

3

[}
_CHy
CH,

©

N

<

50
9.0

1H NMR (500 MHz, CDG})
T
10.0

Se0¢ce—

€12ad 9L B

12.0

-10 -20 -30

10 0

f1 (ppm)

CHy
CHy

50
13C NMR (126 MHz, CDG))

250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20



127

-10 -20 -30

10 0

(=) o o (=) o o o o (=) o o (=) o (=] (=] o
o o o o o o o o o o o o o b=} =3 o o o o o o o o o o o o o o
™M [a\] — o o o o o o o o o o — o0 O < o~ o [°e} () < o o o o o o ~
el -~ — — (9] [*3) ~ o wn < ™ o~ — o ] ~N o o~ o~ o~ — ~— ~— — — [°e] O < (o] '
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
o
M
o
=]
o
R
SbT o
DZW - g6z | 96°€C
p'T o
F e
o . —
L2 5295
788 6'T
. r €000 16'9L
mm.v =) £0an o1 V
€A 97°L L3 ;
o ERad TrLL
1 — - Too't 6L
naa F
A °
8t/ | Fag
6v'L | [ g v6°L21
05°Z 1 = vb'82T
0527 L o% Lb'8TT
S © 09°82T
. . = —
95°L | L 61621 -
95°L Y ° 81°0€1
(5°L VAN ST'0€T
LS°L 6°0 85°ZET
8574 — 60 VAR
8s'L ﬂ S 60 o b6°LET
85°L | e . o o
] £ © = 60 [ @ 6T bbT £ £ =
65, 3] [ o o1 [} o o
69°2 ] \ a L \ a
o) o o
69°Z g o .
o N L < T
oLL T P L
02 =2 -%
1] °8 i §8'96T — ©o
1 < o <
., ° 14 o o
se'z] s = s
SLL z [ z
oLL I ° 3
08'2 [ 2
08'Z ]
18'L L
18°L °
L
~—

f1 (ppm)

250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20



120U
r1100
1000

900
800
700
1600
500
400
300
200
100
I-100
1100
1000

128

900
800
700
600
I 500
400
300
200
100
I-100

6€°€ k

W [ARS

ov€
ov.mN JA WA

Ja

L €0ad 16'92~,
maouoﬁxn\

~EPAd ThLL

15587

9815~ f — w 00°T
YT LA
YT L o
STLA
STLA

ST LA N
STLN ﬁ}f/f}\r\r\JJg —_— ﬁoﬁmﬁ
Ly
9TL ——
€200 92'2 ]
L r
/]
L] S0°LZT N
L] 65°L21
L ‘9 mm.wﬁ

f1 (ppm

1T —

11

n n n m MmN
mmMmm MmmMmmMm
NN NN

_- Oy

52

1H NMR (500 MHz, CDG))
T T

12 10

13

-10

60 50 40 30 20 10

70

100 90 80
f1 (ppm)

110

120

_CHy
150 140 130

52
160

13C NMR (151 MHz, CDG))
170

180

190




129

-10

60 50 40 30 20 10

70

o o o o
o o (=) o o (=) (=) (=] o o (=) (=] o o o o o o
7.7 8 8 R 8 8 % 8 8 F e 7 5 ¥ 5 8 & 8 & 27 F 8
L L L L L L
(S
L o
or'1 - Tos'z
' > R
LN
]
4 L ™M
Tee - 8'C 59°95 —
1€ 1 2 b
v |«
scy ,J -—== To.ﬁ 100D 169
9ty 7 (dlaYaia Nl
cer | €0AO L]
t LT'6L
LT°LA s
LT o
81'/ 1 Lo*
8T'L Y
6T°L
6T°L
oc'L ;7. P N
Sb'L — — =9/'T —
-y
ov.f\‘. L o 90°8ZT ~.
WW.M; TLTET ~
e > g
s D
Sl] © o Fo wwt— ¥ z ©
8b'L (] [§) N \ m
6bL 7 A I z
) W Qe
v 3 LS g
© At
z <
2 z
5 T Lo & 8
o
o~

100 90 80
f1 (ppm)

110

120

130

170 160 150 140

180

190



6500

5500

5000
4500
4000

3500

3000

2500

2000

1500
1000
500
Lo

r-500

r550
r 500

450

400

r350

300
r250
200
r 150
100
F50

r-50

s

£0ad 972
or's |
e
e
8z'L
8L
8z,
el
be'L
be'L
se'L

—n

SE'L

CHy

CHy

O

54
1H NMR (500 MHz, CDG})

LL'T
MWNA
0°€

3.0 2.0 1.0 0.0 -1.0

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0
f1 (ppm)

12.0

LT~
LbhT
(8'57—

£€'8€ —

94798 —

€12aD 16'9L

ePdd 91'ZL
€10ad 1v°/LL

mm.mwg\

L0°bTT
88921 M
95°LTT 7
Sb'8et *
80°Z€T

LSTHT—

CHy

- CHs

CH,

54
13C NMR (126 MHz, CDG))

-10

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

190

130



7.26 CDCI3

MAND A OUMIYTONNNOOWLLLY YT o
TECECELCLCTMOMmmnmnmmaNNNdNNNNNNN [S: u
NNNNNNNNNNNNNNNNNNNNNNN of
N 5

" I J

1H NMR (500 MHz, CDG))

.
L
L

N 2 b
@ =N Q N
— N m (o}

T T T T T T T T T T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
f1 (ppm)

M mm
000
Jalalyal
O M O T oo
o Mmoo — O (=) o
%) 0 O 1 N @ -
< [ NN O o o]
— — NN wn o
| NI ~
CH,
o
CH,
CH,
55

13C NMR (126 MHz, cDqg)

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

2300
2200
2100
2000
1900
1800
1700
r 1600
1500
r 1400
1300
r 1200
r1100
1000
900
800
700
600
500
400
300
200
r100

r-100

~-200

- 4uuu
3800
3600
3400
3200
3000
2800
2600
2400
2200
2000
r 1800
r 1600
1400
r 1200
1000
800

600

400

200

r-200




(=) (=] (=] 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 o o (=) o o o o
o (o)) @ ~N () wn < (3] o~ — o o o o o o o o o o — ) ~N i} wn < (0] o — o o o o o o o o o o —
o~ — — — ~— -~ ~— ~— — — ~— ()] [*3] ~ o n < (5] o~ ~— o ' ~— -~ — ~— ~— — i ~— ~— ()} [°o) ~ o wn < (2] o~ ~— o '
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
o
-
. ]
o
o
-
o
o~
o
(2]
o€ /T 1°85 —
60t o
oT'v [ . <
E.vv Fooz szec
Tt €10aD 16°9Z -
979 ° €10dD 977 2
129 5qm, €100 TH'LL
629 £
629 X
1€°9 o%
€9 ©
09'9 — o1
09'9 — -= Fstr
om.o“ m\vm:ﬁ N
£9'9 - _
E.@g T [A°T41 1
gL 2 29'921 L _ _
1 08221 —_—
VN NL WJ —_ mo.wNﬂ x\w H3 = \
STL G 3 8z / © o8 —
9z, A ) o 65'2€T 1 % 8
S > 18°9€T
9z : P -
€0ad 9z'L T <
oe ] ©= ©o
e ] / © S ° / 8¢
] © =) A
L ¥ - z
ze'L £ s
vEL z . Z
6€L I 3 8
6L -
6€L
ov'L °
'L ~
o

-10

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

190

132



133

-10

10

20

40 30

50

60

70

o o o o (=] (=) (=) o o o (=] (=) (=) o o o
(=) o o (=] (=) (=) o o o o o (=) o (=) o o o (=) (=) (=) S S S S S 8 3 S S 8 8 8 S
=1 S 3 < QL =1 5 3 ? IS S S 3 ? IS S t=} o o o o o (=] (=] o o o o o o o o o o o o o o S
4%%%%%%11&&%4144%%%%0& mmwmﬂwﬁmwunm%%mwm%mmwom
L L L L o L L L L L L L L L L L L L L L L L L L L L L ﬂ
Lo
o
- o
05T L3
. ~—
MM ~/ u €0'vC —
T —_ Teez -
mm.ﬁw IR -
€51 F e
o
sze N F e .
st — fosz 098
€6'€ q |
v6'c = bzl e
vy N
. - _ ) €10aD 16'9L
ey Foo'r gl
Sty [o_  epatviy
1 E 18'64
VA re
ST°ZA o
ST°LA reo
ST°Z7
o1y | + 1£°501 —
LT°L )7. o
8T/ — 68T [N 10611
€Pas 9z'L 7 — _ P60 6LvCl
mv.n\w = _ _ wma.o i €T°STT
£ g z Al €€~ o
bbL \ 5 @ mn.wﬁ\ S s =
2 ) - \ [
Sv'L a L ezty g
9007 ] o THEL [ o
191 b L2 79'8€T N
L9°L ~ 2 s
Nmi 3 r 58
ve'L] s [ 99°/5T — =
9s'L g =] £
M L p4
o I o o 8
d - d
©° ©°
o
F o
o

80

90
f1 (ppm)

100

110

120

180 170 160 150 140 130

190




134

-10

40 30 20 10

50

60

70

(=) (=] o (=) o o o (=) o (=] (=) (=) o (=] o (=) (=) (=) o o o (=] (=] (=) (=) (=) o o o
wn o n o wn o n o n o wn o o n o wn o un o n o n o wn o wn (=) n o o n
O o n wn < < ™ ™M o o~ ~— — n o [ 0 ~ ~ O O wn n < < (2] ™M o~ o~ — — n 1
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
o
r=
o
=]
8T'1 [
oc't 85'ST —
171 [ o
0S'T - L og | 1€ve—
ST - il
ol $6°C
o€ o
oc'e
8¢c'€ F
8c'e °
6€°€ e .
6€°€ - _ et 8b°55 —
ob's r
b€ t1gz | © $0"b9 —
z6'c b .
st €0ad 16'9L
€5y — - oot £0a2 91"
vS'b ) €10ad :\.R\
95 wo 16°LL
vT'L Y L&
ST/ i
91"/ ro
€10aD 972
€7 r 06'S0T —
YL [S]
St'L % - e — AR 96811
LA S— pL60 [ 621
992 - = 6'0 zo'set
99, ﬁ © £ 8T | 2 wrer—  f z
997 o o R © 5 [} 3] =~
L \ 5 (8821 &
s o 5 L £4°621 8
MMML G ° £THET 7 0
T F o 8b°6ET T
VAR s s
€L 8g L 8g
beis? ) ° g
v L3 LS — o
s - 2
z L P4
0 S o o} %
d - d
©° ©
o
= o
o

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

190




r 1200
1100
1000

900

800
700

600

500

400
300
200
100

r--100

1000
900

800

700

600

I 500
400
300
200
I 100

~-100

S

ST°L7
ST/
9T/
(T
81°/ 7
6T°L 47.

€0aD 9z ~*

LT

€v'L

vv.iw
bbL ]
99°2 ]

00 ]

1H NMR (500 MHz, CDG))

o

FS6'C

6'T
me.o
m\ﬁm.o

6°0

0T

5.0 4.0 3.0 2.0 1.0 0.0 -1.0

f1 (ppm)

11.0 10.0 9.0 8.0 7.0 6.0

12.0

S8'€C—

05'S§\

bb'S9
ﬁh.mo/
86'G9 &

57997
£0ad 16'9/

A Firr
€10ad Tv°LL \
6L'6L

16°S0T —

bE6TT
zs'vel 1
vw.mﬁ/ w
8L7LTT~
SL'821
05621 7

T19'pET \

06'9€T

60°8ST —

HC o

59
13C NMR (126 MHz, CDG))

-10

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

190

135



o

OO B
Hy
G .

59
19F NMR (377 MHz, CDGJ)

—-74.07

0 -10 -20 -30 -40 -50 -60

-70

-80

T T T
-90 -100 -110 -
f1 (ppm)

120 -130 -140 -150 -160 -170 -180 -190 -200 -210

5500

5000

4500

4000

3500

3000

2500

2000

r 1500

r 1000

500

~-500

136



137

-10

60 50 40 30 20 10

70

O o ©9 O 9 © 9 O © 9O 9o O 9O O o o o o 8 88 88888 88888 0 o o oo oo o o 8 8
o n o n o n o n o n o n o n o n o o n ~— o (o)) 3] ~N () n < (2] o — o o o o o o o o o o — ~
(o)} o] [°o) ~ ~ © © wn wn < < ™ o® o~ o~ — — n o 1 o~ (o] — — — — — — ~— — — — (o)} 0 ~ o wn < o™ [a\] ~— o 1 '
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 1
o
i
o
] =
95T °
95'T Fa
LS'T 8TvT —
(ST —_— x4l
¥6'€ o
z€¥ | F e
£e'p |
SE'Y i
SE'b [ o
LYY ™
bt 1 [ 6655 —
6b't
b4 — F99z | 2 cvos
484 10°'T \
_VSLW [— j— %QH L €100 16'9L
v9'p T - - foor| , Pk
59t L2 €epad 1L
59t m
Y F e
3ty o
9T Fo
8T/
8TLA = . _
€10ad 92'2 8T o £6's0t
8z, o . 0T -2 bO'6TT
sz - T —— = g€ 1\
. 10°SeT
oz F J— — 8.0 .
Sk — — . 8€°5CT
6c’L T 601 o b /2T = ——
s T TT'T [ @ . o |
0€'L ] £ g o1 09221 £ a
ee'L] o L (8°LTT ©
€€ ] o N ° 05'8ZT N
ve'] 3 = 88'82T s
S€'L 2 Ly°6TT =
| ©3 ©
sl O e r YEPET O =
wm.mg o =) ¥8°8€T W
= ra £6°8€T
Nmi O z - 18°£ST \ z
orL I - 8
€L'L o 2 o
vLL =
SLL & wm
oLL T [
8/, o
= o
~—

100 90 80
f1 (ppm)

110

120

180 170 160 150 140 130

190




2300
2200
100

2000

1900

1800
r1700
r 1600

r 1500

1400
r1300
r 1200

1100

1000
900
800

700

600

r 500
400
300

200

100
r0

r-100
~-200

2500
2400
2300
2200
2100
2000
1900
r 1800
r1700
1600
r 1500
1400
r 1300
r1200
r1100
1000
900
800
700
r 600
r 500
400
300
200
r 100

r-100
r-200

™
©
a
e
==

U

N
©
N

—_—

€0ad 97°L
b's ]
b ]
mvi
oL
v9°L
s9'¢
s9'L
1L
e
€Lt
vl

61
1H NMR (500 MHz, CDG))

=18'¢C
£86'T

#60

10T
F96'T
¥SL'T
258

ST
mmwé
=66'T
¥C0'T

£96'0
Jmmé

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
f1 (ppm)

12.0

LT —
19°'1€
mw.~MUV

8€°SS
wv.mmuv

v6°L9 —
€12aD 16'9L

Slogo o

€10ad 1v°LL
61°8L

06°S0T
I8°ETT /

wm.w:/
mm.¢-/
:.mN~/

Vealkal
S8'8z1T V
sv'eet
YT PET
62'HET W
TH'6€T

€L°LST
08°LST v.

o CHy

HC 5

61
13C NMR (126 MHz, CD4)

-10

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

190

138



1800
1700

1600

1500

1400
1300

r1200
r1100
1000
900

800
700
600
500
400
300
200
100

-100

3500

3000

2500

2000

r 1500

1000

500

Q © ©
TS
RN
—

€1Ddd 92°L
9/ ]
op/ |
9L |

1H NMR (500 MHz, CDG))

6°C

250's

0T
Feez

J10°C

6'0
0'¢

3.0 2.0 1.0 0.0 -1.0

4.0

5.0
f1 (ppm)

11.0 10.0 9.0 8.0 7.0 6.0

12.0

bSTZA
zs€r—
8y’

Ly'SS —

mm.wo/

88'vL
€12ad ﬁm.mm%
€10ad 91°4L W
€10ad T¥'LL

06°S0T —

¢6'8TT
£6'vCT \S
$0°S¢T
6T°L2T —
S8'8¢T \
ov'6¢T
9T PET
0T°0PT /

89°/LST —

CHy

FBC\\O

CHy

62
13C NMR (126 MHz, cDag)
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