Supporting Information

for

Palladium-catalyzed picolinamide-directed iodination of
remote ortho-C—H bonds of arenes: Synthesis of

tetrahydroquinolines

William A. Nack®, Xinmou Wang?, Bo Wang®, Gang He ! and Gong Chen™*23

Address: *Department of Chemistry, The Pennsylvania State University, University Park,
Pennsylvania 16802, United States, “State Key Laboratory and Institute of Elemento-Organic
Chemistry, Nankai University, Tianjin 300071, China and *Collaborative Innovation Center of

Chemical Science and Engineering (Tianjin), Tianjin 300071, China
Email: Gong Chen - gongchen@nankai.edu.cn; Gang He - hegang@nankai.eud.cn

*Corresponding author

Detailed synthetic procedures and characterizations of all new compounds

Reagents, S2

Instruments, S2

Preparation of picolinamide substrates, S2

General procedure for the preparation of y-arylpropylamine substrates via y C-H

arylation, S3

Reaction optimization in Table 1, S6

Preparation of iodinated compounds via Pd-catalyzed € C—H iodination, S7

7. Preparation of iodinated compounds via directed electrophilic aromatic iodination,
S11

8. Preparation of tetrahydroquinolines via Cu-catalyzed cyclization, S12

9. Preparation of iodinated THQs, S15

10. Removal of PA group, S19

11. Crystallographic data of 23, S20

12. References, S20

13. Spectra, S21

P ownhE

o o

Sl



1. Reagents: All commercial materials were used as received unless otherwise noted. Anhydrous
solvents were obtained from a JC Meyer solvent dispensing system and used without further
purification. Flash chromatography was performed using 230-400 mesh SiliaFlash 60® silica gel
(Silicycle Inc.). The following reagents were used as received: Pd(OAc), (98%, Aldrich), silver
carbonate (99%, Aldrich), iodine (Alfa, 99.8%), iodosobenzene diacetate (Alfa, 98%),
dibenzylphosphate (Acros, 98%), copper iodide (Aldrich, 99.999%), cesium acetate (Acros,
99%), N-iodosuccinimide (Matrix Scientific, 97%), HBF4+Et,O (Aldrich), trifluoroacetic acid

(Alfa, 99.5%), and a,a,a-trifluorotoluene (Aldrich, 99%).

2. Instruments: NMR spectra were recorded on a Bruker AV-3-HD-500 instrument and
calibrated using residual solvent peaks as internal reference. Multiplicities are recorded as: s =
singlet, d = doublet, t = triplet, dd = doublet of doublets, td = triplet of doublets, br s = broad
singlet, m = multiplet. High resolution ESI mass experiments were operated on a Waters LCT

Premier instrument.

3. Preparation of picolinamide substrates

. L) I
H Na H N NH H Nao
H
ref [1] ref [1] ref [2] 2, ref [1]

Scheme S1. List of all substrates used in this study.
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All known compounds were prepared following the reported procedure and spectral data are
consistent with those reported in the literature.?

4. General procedure for the preparation of y-arylpropylamine substrates via y C-H
arylation.

Conditions A for substrates 9, 12, 18, 21: A mixture of picolinamide substrate (1.0 equiv),
Pd(OACc), (0.1 equiv), Ag.CO3 (1.5 equiv), aryl iodide (2.0 equiv), and (BnO),PO,H (0.2 equiv)
in t-AmylOH (0.2M) in a 4 mL glass vial (purged with Ar, sealed with PTFE cap) was heated at
110 °C for 24 hours. The reaction mixture was cooled to rt, and filtered through a pad of celite.
The filtrate was concentrated in vacuo and the resulting residue was purified by silica gel flash
chromatography to give the arylated product.

Conditions B for substrates 5, 15: A mixture of picolinamide substrate (1.0 equiv), Pd(OAc),
(0.1 equiv), AgOACc (1.5 equiv), and aryl iodide (5.0 equiv) in a 10 mL glass vial (purged with
Ar, sealed with PTFE cap) was heated at 150 °C for 12 hours.® The reaction mixture was cooled
to rt, before ethyl acetate was added, and then the mixture was filtered through a pad of celite.
The filtrate was concentrated in vacuo and the resulting residue was purified by silica gel flash

chromatography to give the arylated product.

OMe

f NHPA

5
Compound 5 was isolated in 36% vield as a colorless oil. *H NMR (400 MHz, CDCl3) & 8.56 (d,
J=4.5Hz, 1H), 8.28 (s, 1H), 8.22 (d, J = 5.7 Hz, 1H), 7.85 (td, J = 7.7, 1.6 Hz, 1H), 7.44-7.39

(m, 1H), 7.21-7.15 (m, 1H), 6.91-6.84 (m, 1H), 3.85 (s, 3H), 3.49 (q, J = 6.7 Hz, 2H), 2.74 (t, J =
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7.2 Hz, 2H), 1.96-1.89 (m, 2H): *C NMR (126 MHz, CDCl3) § 163.87, 157.06, 149.81, 147.67,

136.90, 129.62, 129.32, 126.92, 125.65, 121.73, 120.21, 109.89, 54.83, 38.38, 29.52, 26.94.

9
Compound 9 was prepared in 81% vyield as a colorless oil using arylation conditions A. *H NMR
(500 MHz, CDCl3) & 8.55 (d, J = 4.1 Hz, 1H), 8.23 (d, J = 7.8 Hz, 1H), 7.98 (d, J = 7.9 Hz, 1H),
7.85 (td, J = 7.7, 1.6 Hz, 1H), 7.42 (m, 1H), 7.19-7.05 (m, 4H), 4.35-4.24 (m, 1H), 2.77-2.62 (m,
2H), 2.30 (s, 3H), 1.92-1.79 (m, 2H), 1.34 (d, J = 6.6 Hz, 3H); *C NMR (126 MHz, CDCls) &
163.71, 150.14, 148.03, 140.07, 137.49, 135.86, 130.28, 128.79, 126.16, 126.11, 126.08, 122.33,
45.52, 37.69, 30.01, 21.18, 19.35; HRMS: calculated for C17H20N,0 [M+H"]: 269.1649, found:

269.1652.

NHPA

12
Compound 12 was prepared in 81% yield as a colorless oil using arylation conditions A. *H
NMR (500 MHz, CDCls) & 8.52 (d, J = 4.2 Hz, 1H), 8.20 (d, J = 7.8 Hz, 1H), 7.93 (d, J = 8.3
Hz, 1H), 7.82 (td, J = 7.7, 1.6 Hz, 1H), 7.39 (ddd, J = 7.4, 4.8, 0.9 Hz, 1H), 7.16 (t, J = 7.8 Hz,
1H), 6.78 (d, J = 7.5 Hz, 1H), 6.74 (s, 1H), 6.69 (dd, J = 8.2, 2.0 Hz, 1H), 4.33-4.15 (m, 1H),
3.76 (s, 3H), 2.68 (t, J = 8.0 Hz, 2H), 1.99-1.79 (m, 2H), 1.29 (d, J = 6.6 Hz, 3H); :*C NMR (126
MHz, CDCl3) 6 163.61, 159.67, 150.06, 147.96, 143.43, 137.39, 129.36, 126.09, 122.23, 120.76,
114.05, 111.27, 55.12, 45.16, 38.66, 32.65, 21.15; HRMS: calculated for Ci7H20N,0; [M+H]:

285.1598, found: 285.1604.
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NHPA
15

Compound 15 was prepared in 28% yield as a colorless oil using arylation conditions B. *H NMR (500
MHz, CDCly) & 8.52 (d, J = 4.2 Hz, 1H), 8.18 (s, 1H), 8.17 (d, J = 7.8 Hz, 1H), 7.88 (dd, J = 8.1, 0.8 Hz,
1H), 7.82 (td, J = 7.7, 1.6 Hz, 1H), 7.49 (td, J = 7.6, 1.1 Hz, 1H), 7.44-7.38 (m, 1H), 7.37 (d, J = 7.7 Hz,
1H), 7.34-7.28 (m, 1H), 3.54 (m, 2H), 3.03-2.92 (m, 2H), 2.00 (m, 2H); *C NMR (126 MHz, CDCl5) &
164.48, 149.87, 149.28, 148.10, 137.45, 136.63, 133.15, 132.09, 127.27, 126.22, 124.88, 122.23, 39.10,

30.62, 30.61; HRMS: calculated for C15H:sN3sO3 [M+H™]: 286.1186, found: 286.1188.

NHPA
18

Compound 18 was prepared in 60% yield white solid using arylation conditions A. *H NMR
(400 MHz, CDCl3) & 8.13 (d, J = 4.2 Hz, 1H), 7.99 (d, J = 7.8 Hz, 1H), 7.67 (t, J = 7.4 Hz, 1H),
7.36-7.30 (M, 2H), 7.27-7.13 (m, 3H), 7.09-7.07 (M, 1H), 4.14 (td, J = 9.0, 3.2 Hz, 1H), 2.98 (s,
1H), 2.80-2.78 (m, 2H), 2.30 (s, 3H), 2.10-1.98 (m, 2H), 1.93-1.85 (m, 1H), 1.76-1.70 (m, 1H),
1.52-1.46 (m, 1H), 1.37-1.31 (m, 1H); *C NMR (101 MHz, CDCl3) § 162.74, 149.78, 147.47,
138.53, 137.47, 136.84, 131.01, 127.41, 126.25, 126.17, 125.52, 121.52, 52.85, 52.23, 46.33,
38.56, 38.31, 28.91, 27.68, 20.74; HRMS Calcd for CyH2»N,O [M+H™]: 307.1805; Found:

307.1809.

F

NHPA
21
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Compound 21 was prpared in 94% vyield as a white solid using arylation conditions A. *H NMR
(400 MHz, CDCl3) & 8.16 (dd, J = 4.7, 0.6 Hz, 1H), 8.03 (d, J = 7.8 Hz, 1H), 7.72 (td, J = 7.8,
1.5 Hz, 1H), 7.40-7.25 (m, 3H), 7.24-7.19 (m, 1H), 7.12 (t, J = 7.5 Hz, 1H), 6.99-6.89 (m, 1H),
4.11 (td, J = 8.8, 3.8 Hz, 1H), 3.00 (s, 1H), 2.92 (s, 1H), 2.84 (t, J = 3.8 Hz, 1H), 2.04-1.99 (m,
1H), 1.94-1.80 (m, 2H), 1.78-1.70 (m, 1H), 1.54-1.45 (m, 1H), 1.40-1.29 (m, 1H); **C NMR
(101 MHz, CDCl3) 6 163.13, 162.90, 160.68, 149.90, 147.52, 137.06, 129.62, 129.57, 127.97,
127.88, 127.71, 127.56, 125.71, 124.42, 124.39, 121.79, 116.08, 115.85, 52.86, 48.51, 46.66,
46.63, 38.31, 37.88, 28.50, 27.86; HRMS Calcd for CyoH19FN,O [M+H]: 311.1554, Found:

311.1556.

5. Reaction optimization in Table 1

MeO H H [+ MeO H H MeO H H
@)ﬁ\ Pd(OAC), (10 mol%) Cﬁi .
NHPA I “NHPA NHPA
5 6 | 7
5274 (t, J= 7.2 Hz) §2.93 (t, J = 7.4Hz) §52.65 (t, J = 7.5Hz)
Scheme S2

Reactions were carried out in a 10 mL sealed vial at a 0.2 mmol scale according to the condition
in Table 1. After 24 hours, the reaction mixtures were cooled to room temperature and water was
added. The mixture was extracted with ethyl acetate for three times. The combined organic layer
was washed with water and brine, dried over Na,SQO,, filtered and concentrated in vacuo. The
resulting residue was dissolved in 1 mL of deuterated chloroform for *H NMR analysis.
Dibromomethane (34.8 mg, 0.2 mmol, 1 equiv, a singlet peak around 4.95 ppm was set as 1.00)
was added as internal standard. Yields of compounds 6, 7 were determined based on the
following method:

Yield of 6 = integration of peak (6 2.93, triplet) x 100%

Yield of 7 = integration of peak (6 2.65, triplet) x 100%
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OMe

i | NHPA

6
'H NMR (400 MHz, CDCls) 6 8.56 (d, J = 4.1 Hz, 1H), 8.35 (s, 1H), 8.21 (d, J = 7.8 Hz, 1H),
7.84 (td, J = 7.7, 1.6 Hz, 1H), 7.43-7.41 (m, 2H), 6.89-6.81 (m, 2H), 3.84 (s, 3H), 3.49 (9, J = 6.6
Hz, 2H), 2.93 (t, J =7.4 Hz, 2H), 1.90-1.83 (m, 2H); *C NMR (101 MHz, CDCI3) & 164.33,
157.53, 152.20, 150.35, 148.13, 147.68, 137.42, 132.97, 131.73, 128.68, 126.10, 122.32, 110.42,
102.02, 100.08, 55.86, 38.71, 31.91, 28.54; HRMS Calcd for C16H17IN,O, [M+H']: 397.0407,
Found: 397.0410.

OMe

i NHPA

| 7

'H NMR (400 MHz, CDCl3) & 8.54 (d, J = 4.5 Hz, 1H), 8.22 (s, 1H), 8.18 (d, J = 7.8 Hz, 1H)
7.84-7.81 (m, 1H), 7.44-7.39 (m, 3H), 6.59 (d, J = 8.2 Hz, 1H), 3.80 (s, 3H), 3.45 (m, 2H), 2.65
(t, J = 7.5 Hz, 2H), 1.92-1.85 (m, 2H): *C NMR (101 MHz, CDCl) § 164.28, 157.44, 150.12,
148.07, 138.44, 137.38, 136.01, 132.76, 126.10, 122.22, 112.63, 82.96, 55.48, 38.79, 29.73,
27.14; HRMS Calcd for C16H17IN,0, [M+H']: 397.0407, Found: 397.0411.

6. Preparation of iodinated compounds via Pd-catalyzed ¢ C—H iodination

I (2.0 equiv)
, PhI(OAc), (2.0 equiv)
! KHCO3 (1.0 equiv)

R NHPA Pd(OAc), (10 mol %) R_:\ .
1 > ¢
A DMF, 110 °C, 24 h 21 SNHPA
Scheme S3

A mixture of picolinamide substrate (0.2 mol, 1.0 equiv), Pd(OAc), (4.5 mg, 0.02 mol, 0.1

equiv), I, (101.6 mg, 0.4 mol, 2.0 equiv), PhI(OAc), (129 mg, 0.4 mol, 2.0 equiv), and KHCO3

S7



(20 mg, 0.2 mol, 1.0 equiv) in DMF 4 mL in a 10 mL glass vial (purged with Ar, sealed with
PTFE cap) was heated at 110 °C for 24 hours. Then the reactions mixture was cooled to room
temperature and water was added. The mixture was extracted with ethyl acetate for three times.
The combined organic layer was washed with water and brine, dried over Na,SQ,, filtered and
concentrated in vacuo. The resulting residue was purified by silica gel flash chromatography to

give the iodinated product.

: | NHPA

3
Compound 3 was isolated in 47% yield as a colorless oil. Compound 3 has been previously

reported and its spectra are consistent with those from the literature.’

i | NHPA

4
Compound 4 was isolated in 25% vyield as a white solid. *H NMR (500 MHz, CDCls) & 8.54 (d, J
= 3.3 Hz, 1H), 8.25 (s, 1H), 8.22 (d, J = 7.7 Hz, 1H), 7.85 (t, J = 7.4 Hz, 1H), 7.79 (d, J = 7.8 Hz,
2H), 7.47-7.37 (m, 1H), 6.49 (t, J = 7.8 Hz, 1H), 3.64 (q, J = 6.6 Hz, 2H), 3.23-3.09 (m, 2H),
1.95-1.82 (m, 2H); °C NMR (126 MHz, CDCl3) & 164.50, 150.10, 148.15, 145.39, 140.24,
137.50, 129.64, 126.22, 122.38, 99.10, 44.50, 39.21, 28.42; HRMS: calculated for C15H14I,N,0

[M+H"]: 492.9268, found: 492.9281.

Ef:[jrw<LHPA

10
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Compound 10 was isolated in 75% vyield as a colorless oil. *H NMR (500 MHz, CDCls) & 8.54
(d, J = 4.1 Hz, 1H), 8.22 (d, J = 7.8 Hz, 1H), 8.08 (d, J = 8.2 Hz, 1H), 7.84 (td, J = 7.7, 1.5 Hz,
1H), 7.64 (d, J = 7.8 Hz, 1H), 7.41 (m, 1H), 7.07 (d, J = 7.4 Hz, 1H), 6.74 (t, J = 7.7 Hz, 1H),
4.40-4.28 (m, 1H), 2.93-2.81 (m, 2H), 2.36 (s, 3H), 1.83-1.69 (m, 2H), 1.37 (d, J = 6.6 Hz, 3H);
13C NMR (126 MHz, CDCl3) 6 163.82, 150.13, 148.08, 142.46, 137.66, 137.46, 137.32, 130.62,
127.83, 126.16, 122.33, 101.93, 45.70, 35.67, 35.06, 21.10, 21.02; HRMS: calculated for

C17H10IN,O [M+H']: 395.0615; found: 395.0614.

| NHPA

13
Compound 13 was isolated in 68% vyield as a colorless oil. 'H NMR (500 MHz, CDCls) & 8.54
(d, J = 4.3 Hz, 1H), 8.21 (d, J = 7.7 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.84 (t, J = 7.2 Hz, 1H),
7.62 (d, J = 8.6 Hz, 1H), 7.42 (dd, J = 6.6, 5.2 Hz, 1H), 6.82 (d, J = 2.7 Hz, 1H), 6.47 (dd, J =
8.6, 2.7 Hz, 1H), 4.37-4.20 (m, 1H), 3.75 (s, 3H), 2.88-2.66 (M, 2H), 1.85 (m, 2H), 1.33 (d, J =
6.6 Hz, 3H); BC NMR (126 MHz, CDCl3) 6 163.76, 160.16, 150.15, 148.07, 145.43, 139.94,
137.48, 126.18, 122.35, 115.47, 114.10, 88.91, 55.43, 45.20, 37.84, 37.55, 21.22; HRMS:

calculated for C17H1gIN,O, [M+H™]: 411.0564, found: 411.0564.

| NHPA
16

Compound 16 was isolated in 68% yield as a colorless oil. *H NMR (500 MHz, CDCls) § 8.55
(d, J = 4.2 Hz, 1H), 8.24 (s, 1H), 8.21 (d, J = 7.8 Hz, 1H), 8.05 (d, J = 7.8 Hz, 1H), 7.85 (td, J =
7.7, 1.5 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.42 (dd, J = 6.6, 4.9 Hz, 1H), 7.04 (t, J = 8.0 Hz, 1H),

3.64 (g, J = 6.6 Hz, 2H), 3.04-2.94 (m, 2H), 2.11-1.97 (m, 2H); *C NMR (126 MHz, CDCls) &

S9



164.56, 150.38, 149.99, 148.16, 144.03, 137.92, 137.51, 128.58, 126.25, 124.54, 122.37, 102.96,

39.29, 35.39, 29.30; HRMS: calculated for Cy5H14IN3O3 [M+H"]: 412.0153; found: 412.0153.

NHPA
19

Compound 19 was isolated in 56% vyield as a colorless oil. *H NMR (400 MHz, CDCls) & 8.16
(d, J=4.1Hz, 1H), 7.99 (d, J = 7.8 Hz, 1H), 7.71 (d, J = 7.0 Hz, 1H), 7.70 (td, J = 7.7, 1.6 Hz,
1H), 7.27-7.24 (m, 2H), 7.09 (s, 1H), 6.75 (t, J = 7.3 Hz, 1H), 4.06 (td, J = 8.8, 3.0 Hz, 1H), 3.27
(s, 1H), 3.18 (s, 1H) 2.99 (s, 1H), 2.56 (s, 3H), 2.16-1.89 (m, 3H), 1.80-1.77 (m, 1H), 1.42-1.37
(m, 2H); *C NMR (101 MHz, CDCl5) § 162.89, 149.86, 147.46, 139.42, 136.99, 133.51, 127.19,
125.68, 121.70, 60.21, 52.22, 49.65, 41.22, 38.70, 30.65, 25.22, 23.14.

F

NHPA
22

Compound 22 was isolated in 53% yield as a white solid and the yield of 22 was improved to
85% when 1.0 equiv of Na,CO3 was used instead of KHCO3. 'H NMR (500 MHz, CDCl3) 6 8.13
(d, J = 4.0 Hz, 1H), 8.01 (d, J = 7.8 Hz, 1H), 7.71 (td, J = 7.7, 1.6 Hz, 1H), 7.64 (d, J = 7.7 Hz,
1H), 7.39 (d, J = 5.5 Hz, 1H), 7.32-7.19 (m, 1H), 7.04 (dd, J = 11.4, 8.7 Hz, 1H), 6.84 (td, J =
7.9, 5.5 Hz, 1H), 4.05 (dd, J = 14.0, 6.0 Hz, 1H), 3.30 (d, J = 4.5 Hz, 1H), 2.98 (s, 1H), 2.88 (s,
1H), 2.08 (m, 2H), 1.95-1.80 (m, 1H), 1.80-1.61 (m, 1H), 1.45-1.31 (m, 2H); **C NMR (126
MHz, CDCl3) 6 162.81, 160.60, 158.60, 149.80, 147.37, 137.12, 136.89, 136.87, 129.87, 129.75,
128.84, 128.77, 125.71, 121.77, 117.65, 117.44, 102.56, 102.52, 56.76, 56.73, 52.71, 47.92,
40.48, 40.40, 39.06, 39.00, 29.99, 25.49; HRMS: calculated for CigHigFIN,O [M+H]:

437.0521; found: 437.0516.
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7. Preparation of iodinated compounds via directed electrophilic aromatic iodination

Directed electrophilic aromatic iodination reactions were carried out following the literature
protocol *: Picolinamide substrate (0.2 mmol, 1 equiv) and NIS (49.5 mg, 0.22 mmol, 1.1 equiv)
were dissolved in anhydrous CH,CI, (27 mL) and cooled to 0 °C under Ar. TFA (3 mL) and
HBF4-Et,0 (0.11 mL, 0.8 mmol, 4 equiv) were added, and the reaction mixture was stirred at O
°C for 4 hours. Solvents were then removed in vacuo or with stream of N,. The residue was
redissolved in CH,Cl, (15 mL), washed with ag NaHCOj3, aq Na,S;0s, brine, dried over
anhydrous Na,SO., and concentrated in vacuo. The resulting residue was purified by silica gel
flash chromatography to give the iodinated products. Yields of ortho-iodinated products were
obtained using *"H NMR with 1,1,2,2-tetrachloroethane standard for substrates 2, 9, 12, 15, and

18.

NHPA
23

Compound 23 was isolated via silica gel flash chromatography in 90% yield as a white solid. *H
NMR (500 MHz, CDCls) & 8.26 (d, J = 4.2 Hz, 1H), 8.03 (d, J = 7.8 Hz, 1H), 7.72 (td, J = 7.7,
1.5 Hz, 1H), 7.61 (d, J = 6.0 Hz, 1H), 7.51-7.44 (m, 1H), 7.34 (d, J = 7.5 Hz, 1H), 7.29 (dd, J =
6.7, 4.9 Hz, 1H), 6.66 (dd, J = 10.3, 8.7 Hz, 1H), 4.05 (td, J = 8.5, 3.7 Hz, 1H), 2.92 (s, 1H), 2.90
(s, 1H), 2.79 (s, 1H), 2.00 (dd, J = 13.5, 8.7 Hz, 1H), 1.82 (m, 1H), 1.78-1.63 (m, 2H), 1.52-1.39
(m, 1H), 1.39-1.28 (m, 1H); *C NMR (126 MHz, CDCls) & 162.89, 162.62, 160.65, 149.65,

147.66, 138.43, 138.39, 137.08), 136.80, 136.74, 130.69, 130.57, 125.80, 121.70, 118.21,
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118.02, 87.51, 87.48, 52.84, 48.36, 46.39, 46.36, 38.03, 37.86, 37.85, 28.46, 27.50; HRMS:

calculated for C19H1gFIN,O [M+H"]: 437.0521; found: 437.0520.

8. Preparation of tetrahydroquinolines via Cu-catalyzed cyclization*

Cul (10 mol%)

X CsOAc (2.5 equiv) Ml
R_'/ <l - Z ~
N ~

| NHPA DMSO, 90 °C, 20 h \
PA

Scheme S4

A mixture of ortho-iodinated compound (0.2 mmol, 1.0 equiv), copper iodide (3.8 mg, 0.02
mmol, 0.1 equiv), and CsOAc (96 mg, 0.5 mmol, 2.5 equiv) in DMSO (2 mL) was heated at 90
°C under Ar for 20 hours. The reaction mixture was cooled to rt, diluted with EtOAc, washed
with water and brine. The organic phase was dried over anhydrous Na,SO,, filtered and the
filtration was concentrated in vacuo. The resulting residue was purified by silica gel flash

chromatography to give the cyclized product.

L)

PA
8

Compound 8 was isolated in 93% yield as a white solid. Compound 8 has been previously

reported and its spectra are consistent with those from the literature.’
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Compound 11 was isolated in 96% vyield as a colorless oil. *H NMR (500 MHz, CDCls) & 8.43
(d, 3= 1.8 Hz, 1H), 7.55 (s, 1H), 7.26 (s, 1H), 7.16 (s, 1H), 6.82 (d, J = 7.3 Hz, 1H), 6.69 (s, 1H),
6.40 (s, 1H), 4.83 (s, 1H), 2.72 (m, 1H), 2.65-2.47 (m, 1H), 2.32 (m, 1H), 2.22 (s, 3H), 1.58 (m,
1H), 1.19 (d, J = 6.6 Hz, 3H); *C NMR (126 MHz, CDCls) & 167.85, 155.05, 148.83, 136.64,
136.31, 135.54, 130.31, 126.38, 125.02, 124.00, 123.95, 123.26, 48.46, 30.56, 21.74, 19.2,
18.36; HRMS: calculated for C37H1gN,O [M+H"]: 267.1492; found: 267.1495.

N

PA
14

Compound 14 was isolated in 94% yield as a pale yellow oil. *H NMR (500 MHz, CDCls) & 8.50
(s, 1H), 7.60 (s, 1H), 7.21 (s, 2H), 6.69 (s, 1H), 6.34 (s, 2H), 4.90 (s, 1H), 3.72 (s, 3H), 2.73 (m,
2H), 2.43 (s, 1H), 1.49 (s, 1H), 1.25 (d, J = 6.4 Hz, 3H); **C NMR (126 MHz, CDCls) & 167.49,
157.00, 155.13, 148.99, 136.56, 127.13, 124.11, 123.40, 112.88), 111.47, 55.43, 49.34, 32.31,

26.45, 19.87; HRMS: calculated for C;7H1gN,0, [M+H™]: 283.1441; found: 283.1442.

NO,

N
PA

17
Compound 17 was isolated in 47% yield as a yellow solid. *"H NMR (500 MHz, CDCl3) & 8.48
(s, 1H), 7.79 (t, J = 7.4 Hz, 1H), 7.68 (d, J = 7.6 Hz, 1H), 7.63 (d, J = 8.1 Hz, 1H), 7.38-7.29 (m,
1H), 7.14 (s, 1H), 7.08 (s, 1H), 3.94 (t, J = 6.0 Hz, 2H), 3.14 (t, J = 6.6 Hz, 2H), 2.06 (m, 2H);
B3C NMR (126 MHz, CDCl3) 6 168.75, 153.76, 149.48, 148.78, 140.83, 137.28), 129.69, 125.85,
125.18, 124.40, 120.79, 44.98, 23.78, 23.30; HRMS: calcullated for CisH13N3O3 [M+H]:

284.1030; found: 284.1030.
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PA
20

Compound 20 was isolated in 85% yield as an off white solid. *H NMR (500 MHz, CDCls) &
8.59 (s, 1H), 7.77 (s, 1H), 7.57 (s, 1H), 7.32 (s, 1H), 6.87 (s, 2H), 2.91 (s, 1H), 2.42 (s, 1H), 2.31
(m, 4H), 1.93-1.71 (m, 2H), 1.72-1.58 (m, 1H), 1.53 (dd, J = 13.5, 7.3 Hz, 2H); *C NMR (126
MHz, CDCls) 8 167.44, 155.51, 148.97, 137.09, 136.04, 135.91, 129.63, 126.06, 125.73, 124.47,
123.68, 121.58, 46.97, 44.67, 39.78, 34.46, 29.81, 29.19, 24.89, 19.58; HRMS: calculated for

CooH2oN>O [M+H+]: 305.1649; found: 305.1650.

F
AL
20

Compound 24 was isolated in 78% vyield as a colorless oil. *H NMR (400 MHz, CDCls) & 8.59
(d, J = 4.0 Hz, 1H), 7.81-7.77 (m, 1H), 7.62 (d, J = 7.6 Hz, 1H), 7.35 (dd, J = 6.9, 5.1 Hz, 1H),
7.01 (s, 1H), 6.74 (t, J = 8.6 Hz, 1H), 4.42-4.38 (m, 1H), 3.08 (s, 1H), 2.50 (s, 1H), 2.27 (s, 1H),
1.84-1.79 (m, 2H), 1.57-1.63 (m, 1H), 1.56-1.52 (m, 1H), 1.26-1.21 (m, 2H); *C NMR (101
MHz, CDCl3) 6 167.72, 161.40, 158.99, 154.98, 148.95, 137.64, 137.19, 126.79, 124.75, 123.77,
119.02, 118.82, 118.71, 118.68, 110.52, 110.30, 45.51, 42.71, 38.82, 34.77, 29.15, 24.64; HRMS

Calcd for C19H;7FN,O [M+H™]: 309.1398, Found: 309.1402.
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9. Preparation of iodinated THQs

Pd(OAc), (10 mol%)
PhI(OAc), (4.0 equiv) |

|
I (4.0 equiv) Cul (10 mol%)
m KHCO3 (1.0 equiv) CsOAc (2.5 equiv)
) NHPA DMF, 130 °C, 24 h, 69% I NHPA DMSO, 90 °C, 20 h, 69% N

PA
4 27

Scheme S5

i | NHPA

4
Compound 2 (48 mg, 0.2 mmol, 1.0 equiv), Phl(OAc), (260 mg, 0.8 mmol, 4.0 equiv), I, (200
mg, 0.8 mmol, 4.0 equiv), Pd(OAc), (4.5 mg, 0.02 mmol, 0.1 equiv), and KHCO3 (20 mg, 0.2
mmol, 1.0 equiv) were dissolved in anhydrous DMF (6 mL, 0.03 M) in a 10 mL vial. 4 A
molecular sieves (200 mg) was added and the reaction vial was purged with Ar and sealed with a
PTFE cap. The mixture was stirred at 25 °C for 1 h, then heated to 130 °C for 24 h. The reaction
mixture was cooled to room temperature, diluted with EtOAc, then washed with aq Na,S,03
(sat.), H,O, and brine. The organic layer was dried over anhydrous Na,SQO,, filtered, and
concentrated in vacuo. The resulting residue was purified by silica gel flash chromatography to

give 4 in 69% vyield as a white solid.

Compound 27 was obtained from compound 4 using the standard Cu-catalyzed cross coupling

protocol in 69% vyield as a white solid. *H NMR (500 MHz, CDCls) & 8.50 (s, 1H), 7.74 (t, J =
S15



7.2 Hz, 1H), 7.56 (s, 2H), 7.39-7.27 (m, 1H), 7.15-6.70 (m, 1H), 6.62 (s, 1H), 3.89 (s, 2H), 2.85
(t, J = 6.6 Hz, 2H), 2.24-1.85 (m, 2H); **C NMR (126 MHz, CDCl5) & 168.24, 154.39, 148.84,
139.78, 137.03, 135.60, 133.47, 127.04, 125.37, 124.77, 124.08, 101.42, 44.72, 33.65, 24.56;

HRMS: calculated for C15H13IN,O [M+H"]: 365.0145, found: 365.0150.

|
N TFA/DCM = 1/9, 88% N

PA PA
8 28

Scheme S6

Compound 28 was prepared from compound 8 using the NIS-mediated SgAr iodination protocol:
Picolinamide substrate 8 (47.6 mg, 0.2 mmol, 1 equiv) and NIS (49.5 mg, 0.22 mmol, 1.1 equiv)
were dissolved in a mixture of anhydrous CH,Cl, (27 mL) and TFA (3 mL) at room temperature.
After 16 hours, solvents were removed in vacuo or with a stream of N,. The residue was
redissolved in CH,Cl, (15 mL), washed with ag NaHCOj3, aq Na,S;0s, brine, dried over
anhydrous Na,SQ,, and concentrated in vacuo. The resulting residue was purified by silica gel
flash chromatography to give the iodinated products in 88% vyield as a yellow solid. *H NMR
(500 MHz, CDCl3) 6 8.49 (s, 1H), 7.73 (t, J = 7.4 Hz, 1H), 7.55 (d, J = 7.2 Hz, 1H), 7.47 (s, 1H),
7.33-7.27 (m, 1H), 7.19 (s, 1H), 6.94-6.17 (m, 1H), 3.88 (s, 2H), 2.80 (t, J = 6.6 Hz, 2H), 2.09-
1.94 (m, 2H); *C NMR (126 MHz, CDCls) & 168.31, 154.35, 148.87, 137.51, 137.02, 134.67,
126.53, 124.78, 123.98, 88.85, 26.71, 23.57; HRMS: calculated for CisHi3IN,O [M+H]:

365.0145; found: 365.0146.
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Pd(OAc);, (15 mol%)
©fj NIS (2.5 equiv) _
N trifluorotoluene, 100 °C, 24 h, 55%' N
8 PA i PA

29

Scheme S7

Compound 8 (48 mg, 0.2 mmol, 1.0 equiv), NIS (113 mg, 0.5 mmol, 2.5 equiv), and Pd(OAc),
(6.5 mg, 0.03 mmol, 0.015 equiv) were dissolved in a,a,a-trifluorotoluene (2 mL, 0.1 M) ina 10
mL vial. The vial was purged with Ar, sealed with a PTFE cap, and heated to 100 °C. After 24 h,
the reaction was cooled to room temperature, filtered through a pad of celite and eluted with
EtOAc. The filtrate was washed with ag Na,S,0; (sat.), dried over anhydrous Na,;SO,, and
concentrated in vacuo. The resulting residue was purified by silica gel flash chromatography to
give 29 as a white solid (40 mg, 55%). The NMR spectrum of 29 at room temperature in CDCl;
represents a 2:1 mixture of rotamers. *H NMR (500 MHz, CDCls) 5 8.72 (s, 1H), 8.06 (d, J = 3.8
Hz, 2H), 7.93-7.80 (m, 4H), 7.77 (d, J = 7.9 Hz, 1H), 7.66 (t, J = 7.2 Hz, 2H), 7.46-7.34 (m, 3H),
7.24-7.08 (m, 6H), 6.90 (t, J = 7.7 Hz, 1H), 6.82 (t, J = 7.7 Hz, 2H), 4.78 (m, 2H), 4.25-4.13 (m,
1H), 3.54-3.41 (m, 1H), 3.21-3.06 (m, 2H), 2.90-2.72 (m, 6H), 2.47-2.32 (m, 2H), 2.17-2.03 (m,
1H), 1.87-1.64 (m, 3H); *C NMR (126 MHz, CDCl3) & 168.48, 167.54, 154.31, 153.92, 148.91,
147.10, 143.54, 141.59, 138.79, 138.23, 137.76, 137.19, 137.06, 136.62, 136.00, 128.52, 127.83,
127.72, 127.43, 125.86, 125.31, 124.73, 96.30, 94.76, 47.00, 42.69, 27.76, 26.62, 25.02, 24.54,

HRMS: calculated for C15H13IN,O [M+H']: 365.0145, found: 365.0145.
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Pd(OAG), 10 mol%

| Ag,CO3 (1.5 equiv)
\I\ . /@/ (BnO),PO,H (0.2 equiv) /©/\L
NHPA | t-AmylOH, Ar, 110 °C, | NHPA
1

24 h, 39% 25

NIS (1.1 equiv) Cul (10 mol%)
HBF 4 Et;0 (4.0 equiv) CsOAc (2.5 equiv)
- | NHPA | N

DCM/TFA=9/1,0°C,4h DMSO, 90 °C, 20 h PA
26 62% for two steps 30

Scheme S8

I/©/\LNHPA

25

Compound 25 was isolated in 39% vyield as a pale yellow oil using C-H arylation conditions A.
'H NMR (500 MHz, CDCls) & 8.54 (d, J = 4.3 Hz, 1H), 8.19 (d, J = 7.8 Hz, 1H), 8.07 (s, 1H),
7.84 (td, J = 7.7, 1.6 Hz, 1H), 7.59 (d, J = 8.2 Hz, 2H), 7.42 (m, 1H), 6.96 (d, J = 8.2 Hz, 2H),
3.50 (m, 2H), 2.73-2.60 (m, 2H), 2.00-1.89 (m, 2H); *C NMR (126 MHz, CDCl3) & 164.43,
150.01, 148.16, 141.23, 137.59, 137.50, 130.65, 126.26, 122.30, 91.13, 39.00, 32.95, 31.20;
HRMS: calculated for C1sH16IN,O [M+H'] : 367.0302, found: 367.0305.

ImNHPA

26
Compound 26 was prepared via the standard directed electrophilic aromatic iodination protocol,

and was applied directly to the next step.

Compound 30 was isolated in 62% yield (over 2 steps) as a colorless oil via the standard cross

coupling protocol. *H NMR (500 MHz, CDCls) & 8.51 (s, 1H), 7.77 (t, J = 7.5 Hz, 1H), 7.58 (d, J
S18



= 7.0 Hz, 1H), 7.40-7.27 (m, 2H), 7.24-6.93 (m, 1H), 6.86 (d, J = 8.0 Hz, 1H), 3.88 (t, J = 5.6
Hz, 2H), 2.80 (t, J = 6.6 Hz, 2H), 2.12-1.95 (m, 2H); *C NMR (126 MHz, CDCls) & 168.38,
154.29, 148.82, 139.98, 137.05, 133.56, 133.55, 130.31, 124.88, 124.04, 89.49, 44.97, 26.79,

23.59; HRMS: calculated for C45H13IN,O [M+H]: 365.0145, found: 365.0147.

10. Removal of PA group

@(j LiEt;BH, 2.0 equiv; @(j
| QA THF, 0 °C, 78% | H
29 31
Scheme S9

Compound 29 (0.3 mmol, 70 mg, 1.0 equiv) was dissolved in anhydrous THF (2 mL) in an oven-
dried 10 mL vial at 0 °C, and LiEt;BH (0.6 mL of 1 M solution in THF) was added. The mixture
was stirred at 0 °C for 4 h, then aqg NH4CI (sat.) followed by 1 M NaOH (aq) was added. The
mixture was extracted with CH,Cl,, the combined organic layers were dried with anhydrous
Na,SO, and concentrated in vacuo. The resulting residue was purified by silica gel flash
chromatography (2% ether in hexanes) to give 31 as a pale yellow oil in 78% yield. *H NMR
(500 MHz, CDCl3) § 7.47 (d, J = 7.8 Hz, 1H), 6.91 (d, J = 7.2 Hz, 1H), 6.34 (t, J = 7.6 Hz, 1H),
4.30 (bs, 1H), 3.49-3.31 (m, 2H), 2.75 (t, J = 6.3 Hz, 2H), 2.00-1.82 (m, 2H); *C NMR (126

MHz, CDCl3) 6 144.10, 136.72, 129.59, 122.49, 118.10, 84.67, 42.68, 27.84, 21.98; HRMS:

calculated for CoH1oIN [M+H]: 259.9931, found: 259.9932.
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11. Crystallographic data of 23

Figure S1. ORTEP view of compound 23
The X-ray structure is deposited in the Cambridge Crystallographic Data

Centre CCDC 1466492.
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13. Spectra
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3 B 28% & B/ZRE B8R A ©
g8 H5% 5 R&NY =S T8 i 0§ 88 3
(B tZ N |1 [ |1 NS | | |
L@} NMR (126 MHz, CDCl3) 8 163.61 (s), 159.67 (5), 150.06 (s), 147.96 (s), 14343 (s), 137.39(s),
129.36 (), 126.09(s), 122.23 (s), 120.76 (s), 114.05(s), 111.27 (s), 55.12(s), 45.16 (s), 38.66 (s), 32.65
(s), 2115 (8).
+ 1 |
I ' ’ \ I
1
210 200 190 180 170 160 150 140 130 120 él? )100 90 80 70 60 50 40 30 20 10
ppm

+-100
1
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MeO.

[~16000

15000

(~14000

13000

12000

-11000

10000

{~9000

t-8000

7000

6000

5000

[~4000

3000

2000

t-1000

0

{~-1000

-850

800

750

[~700

650

550

500

450

350

{-300

250

200

150

~100

0

{50

| NHPA
13
A3 NS8IBITH=LRLER 285 RR BRRIT 2838 38
BE DR N NG B B e B o . & QA T o [y
V PV VeV 3| RV 2
'HNMR (500 MHz, CDCl) & 8.54 (d, J = 4.3 Hz, 1H), 8.21 (d,.J = 7.7 Hz (1H), 8.00 (d,./ ~ 8.0 Hz 1H),
7.84(t,J= 7.2 Hz, 1H), 7.62 (§l,/ = 86 Hz, [H), 742 (dd,./ = 6.6, 5.2 Hz, [H), 6.82 (d,./ = 2.7 Hz IH),
647 (dd,J = 8.6, 2.7 Hz, IH),4.37 - 4.20 (m, 1H), 3.75 (s, 3H), 2.88 — 2.6 (m, 2H), 1.85 (dd,./ = 15.1,
7.7 Hz 2H), 1.33(d, J = 6.6 Hz, 3H).
L (dd) || M)
1.85 || 133
G i
1
: L) A L :
] LRI e o b iy " b R 2 B 4 By
8 s88a8 8 B & 3 a & &
= S8383 s & e ~ | = b4
T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 25 70 65 6.0 5.0 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)
£ 59 &2 28lgs 85 @ 9
98 589 an RN 43 IS i § BE 3
(i [ I A 7 | N | | "4 |
BCNMR (126 MHz, CDCl3) 8 163.76 (s), 160.16 (s), 150.15 (s), 148.07 (s), 14543 (s), 139.94 (s),
137.48 (s), 126,18 (s), 12235 (s), 11547 (), 114.10(s), 88.91 (s), 55.43(8), 45.20 (5), 37.84 (), 37.55
(5), 2122 (5).
R (s)
150.15
T (s) O (s) K (s)
163.76 139.94 115.47
Si(s) Q(s) || N(s) || M(s) 3 (s) 1(s)
160.16 | [ 148.07 || 137.48 || 126.18 | | 114.10 88.91
| L} [} in
1
1
1
1
I "G J
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 flll((l 100 90 80 70 60 50 40 30 20 10 0
[

pm)
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MeO.

5500

5000

4500

3500

3000

2500

2000

1500

1000

500

0

500

{~1100

1000

900

800

700

[-500

300

200

{~100

0

N
PA
14
2 2 88 g 3 8 R RR 2 £88
@ el &3 2 - RN E 335
| Il Né [ | | Vvl \ N
"H NMR (500 MHz, CD(13) § 8.50 (s, H), 7.60 (s, 1H), 7.21 (s, 2H), 6.69((s, 1H), 6.34 (s, 2H), 4.90 (s,
1H),3.72 (s, 3H), 2.73 (d.JrﬁSHZ.ZH). 243 (s, 1H), 1.49 (s, 1H), 1.25 (d,.J = 6.4 Hz, 4H).
K|@)
1§25
q(s) 1(s)
372 1.49
=1 =
|
1
i |
= s ol s B R e o — o T L o
& ] a4 g | g 8 8 g 8 s 8
b 3 ki s 1 M 2 - L -
T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 25 70 65 6.0 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)
= = &
| Vel | Y4 N NS [ (|
BCNMR (126 MHz, CDCL) 8 167.49 (s, 157.00(s), 155.13 (5), 148.99 (s), 136.56 (s), 127.13 (5),
124,11 (), 123.40 (s, 11288 (5), 111.47Ks), 5543 (), 4934 (5), 32.31 (5), 2645 (5), 19.87 (s).
C(s) F (s) 1(s)
155.13 127.13 111.47
A(s) || B(s) E(s) G (s) 1(s)
167.49 | 157.00 136.56 124.11 (| 112.88
H HH — ==
H (s)
123.40
1
|
]
1
m |
datet) . A A T
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 rlllf’ )100 90 80 70 60 50 40 30 20 10
ppm

100

S30



NO,

NHPA
15
o8 nezgseseedsaessaanenasoals 8B R&R YLRG 17000
@ o mmNNM??T}L\NNNNNhNNI\TNNNV\ M oo NN
YoV N NN e
6500
"H NMR (500 MHz, CDCl5) & $.52 (d, /(4.2 Hz, I|H), 8.18s, IH), 8.17 (d,./= 7.8 Hz 1H), 7.88 (dd,./
=8.1,0.8 Hz, 1H), 7.82 (td,./ =[7.7, 1.6 H4 1H), 749 (td,./ ¥ 7.6, 1.1 Hz, 1H), 7.44 — 7.38 (m, 1H), 7.37 6000
(d,J = 7.7Hz 1H), 7.34 — 7.28Xm, 1H), 354 (dd, ./~ 13.3, 6.8 Hz 2H), 3.03 - 2.92 (m, 2H), 2.00 (dt,./
=14.7, 7.2 Hz 2H).
5500
5000
4500
4000
3500
3 {ddy | | kfm) L (dt)
3154 2§97 2{00
3000
2500
2000
1500
1000
|
~500
A_J u Lo
OO N By o e
g8 8 8& &&& 8 & 2 +-500
L et % o &
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
2 58S £328~y8d Tas E ak
z $8% SRANRAXY 228 A 28
| NI SEAY NAZ2 NS | Y
900
BCNMR (126 MHz, CDCls) 8 164.48 (s), 149.87 (s), 149.28(s), 148.10 (8), 137.45 (s). 136.63 (s),
133.15(s), 132.09(s), 127.27 (s), 126.22(s), 124.88 (s), 122.23 (s), 39.10 (), 30.62 (s,.J = 1.9 Hz), 30.61 l-s00
(s).
=700
600
500
400
300
200
|
100
1 L l Lo
210 200 190 180 170 160 150 140 130 120 flil(O )100 S0 80 70 60 50 40 30 20 10 0
ppm
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NO,

6500

6000

5500

5000

4500

4000

3500

3000

2500

[~2000

1500

1000

500

0

[~-500

I “NHPA
16
28 NSSIReYFgRTy 233Y SRRB5 588393
PR EEEIS EEFE RS grog8aags Bsszaas
VU PN T SS RRRoos
"H NMR (500 MHz, (DCl;) 8 8.53 (d,.J=4.2Hz, 1H), 8.24 (s, |H), 8.21 (d,./= 7.8 Hz IH), 8.05(d,.J
= 78 Hz, |H), 7.85 (td, .J~ 7.7, LY Hz 1H), 7.73(d, ./ = R.O Hz |H), 742 (dd. ./ - 6.6,4.9 Hz, 1H), 7.04
(1,.J=8.0Hz, 1H), 3.64 (q,.J = 6.6/Hz 2H), 3.04 — 2.94 (m, 2H),|2.11 — 1.97 (m, 2H).
| 1
o s L7 2 n | il W L 1y L L
8 RrRIREg® & =] & & o
- S-S = - ~ o~ ~
IS N S L~ M« S — S S .8 S S ————
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
8 29°98H 2935 2 = =
% | #3588 akxd g 2RE g8 g
; BB A S r G -0

BOENMR (126 MHz, CDCl) 8 164.56 (5), 150.38 (s), 149.99 (s), 148.16 (s), 144.03(s), 137.92 (s )

137.51 (s), 128.58 (s), 12625 (s), 124.54 (s), 122.37 (8). 102.96 (s). 39.29(s).

, 35.

39(s), 29.30(s).

T T T T T T T T

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 - (100 90 80 70 60 50 40 30 20
pI

pm)

10

T
0 -10

(-850

800

750

700

650

550

500

450

350

300

250

200

150

100

50

50
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NO,

17

8883
Saao
S 5000
iz, 1H), 7.68 (d,.J + 7.6 Hz, 1H), 7.63 (d,J ~
594 (1, = 6.0 Hz, 2H), 3.14 (1,./= 6.6 Hz, L4500
4000
3500
3000
2500
-2000
1500
!
1000
500
1 Lo
) I frigml | HETETY I el by m
g €58 SR8 g = ]
3 S98 8383 ~ ~ ~
T T T T T T T T T T T T T T T T T T T T T
100 95 9.0 85 80 75 720 65 6.0 5.0 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)
® LR 88 FBRER F9s
% 4g¥ $5 REAIN RRE H 55
| VNI 3Nl ~N- | N 1200
3C NMR (126 MHz, CDCls) 8 168.75 (s), 153.76 (s), 149.48 (s), 148.78 (s), 140.83 (s), 137.28 (s), F1100
129.69 (), 125.85(s), 125.18 (3), 124.40(s), 120.79 (5), 44.98 (5), 23.78 (5), 23.30(s).
+-1000
900
-800
700
J(s)
125.85
1600
P (s) M (s) H (s)
153.76 | |140.83 124.40
Q (s) N(s) || L(s) G (s) 500
168.75 148.78 | [137.28 120.79
L] LI ]
1(s) 400
125.18
K(s) 300
129.69
1
| i 200
1
| |
‘ 100
1
o S J - [,
100
T T T T T T T T T T T T T T T T T T T T T |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)
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MI‘.\\:

0.0

8

1.0
1 (ppud

5.0

5.

6.0

N

Sie SssJY

T T
110 100 90
1 (ppm)

T
20

T
150 110

T
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o
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1 {ppm)
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e

17°0—

687291 —

T
180

100 90 8O 7 60 20 10 30 20

1 (ppm)
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PA
20

............ 2 13000

—8.59

N

—687
—291
£
2
30
8
65
55
5
52

{~12000
'HNMR (500 MHz, CDCl;) & 8.59 (s, 1H), 7.77 (s, 1H), 757 (s, IH), 7.32 (s, 1H), 6.87 (s, 2H), 291 (s,
1H), 242 (s, 1H), 2.31(d, J= 6.8 Hz 4H), 1.93 — 1.71 (m, 2H), 1.72— 1.58 (m, 1H), 1.53 (dd, /= 13.5,

7.3 Hz, 2H): 11000

o) r -

-8000

t~7000

NGO

~3000

2000

T T T T T T T T T T
6.5 6.0 5.5

j\ W I -
L -0
? 85 854
=] : - N [--1000
T T
8, 1

T
10.0 9.5 9.0 4.0 35 3.0 2.5 2.0

5.0
1 (ppm)

S5EReza8R 1500

—167.44
—15551
—14897
137,
( 136.
135,
129,
'2126
125,
Y 124
'\ 123.
121,
7741
{71 16
76.91
\iﬁ‘
39,
34,
29.81
29.19
24,

[~1400

CNMR (126 MHz, CDXCls) 8 167.44 (s), 155.51 (s), 148.97 (3), 137.09 (s), 136.04 (.. = 15.7 Hz),
13591 (s), 129.63 (s), 126.06 (s), 125.73 (s), 124.47 (s), 123.68 (s), 121.58 (s), 4697 (s), 44.67 (s), 39.78 L1300
(8), 34.46 (s), 29.81 (8), 29.19(s), 24.89 (s), 19.58 (s).

1200
1100
1000

900

155.51 =2

T(s)
148.97
L]

137.09

‘ U(s)
123.68

l S (s)

‘ M (s)

700

V. (s)
| 136.04 121.58

167.44
]

| 1(s) L(s)

J(s)
135.91

300

200

100

0

=100

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

818
Lew

805
<

8,03

14
88
86

~

1.89

anog Tozs
i B 888
YT T NN

4.09

BIIBRINITLITAGHKY
wie e pafafetohfotipiie fufi

4

300

3
i

284
}Cl‘
i

2

'HNMR (500 MHz, CDCl3) & 8.17 (d,.J = 4.1 Hz, 1H), 8.04 (d, /= 7.8 Hz, IH), 7.71 (td, ./ = 7.7, 1.3 Hz,
H), 7.43 — 7.30 (m, 2H), 7.30 — 7.24 (m, [H), 7.24 - 7.19 (m, 1H), 7.13 (1, /= 7.4 Hz, [H), 6.94 (dd, /=
10.1, .8 Hz, IH), 4.12 (td, J = 8.7, 3.6 Hz, 1H), 3.00 (s, 1H), 2.94 (s, 1H), 2.84 (s, 1H), 2.09— 1.96 (m,
[H), 1.94 — 1.79 (m 2H), 1.73 (ddt, /= 15.8, 1 1.7, 3.8 Hz, IH), 1.57 — |L.43 (m, IH), 1.42 — 131 (m, 1H).

A

L
==
—

3
:
&

1,03:
1,05
1,05
211
1,08
1,07
1,08:

r
10.5

T
10.0

T
9.5

—162.78
~160.83

—149.80
~14741

—1698
L

129.53
12949

12434
12431
1468
1577

A58

y
<

T T T

5.5

o 7 107

P
o
w
]
w
o
-
i

5.0
f1 (ppm)

Y8R NR %
3 w 2 &
\ \ \
13C NMR (126 MHz, CDCl;) 8 162.78 (s), 160.83 (s), 149.80 (s), 147.41 (s), 136.98 (s), 129.51 (d,./ =
5.0 Hz), 127.84(d,.J =84 Hz), 127.51 (d, J= 14.6 Hz), 125.63 (s), 124.33 (d,./= 3.4 Hz), 121.68 (s),

HI5.95(s), H5.77(5), 52.79(8), 4842 (8), 46.56 (5,7 = 3.5 Hz), 46.53 (5), 38.22(5), 37.79(s), 2841 (s),
27.77(s).

3779

N7
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{~4000

[~3500
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NHPA
22

—2. 9500
—2.891

N T 1
r T T T T T T T T T T T — T T T T T 1
B 9.0 H.b K0 .o .o 6.5 6.0 5. 0.0 , B 1.0 8.5 3.0 Y8 1.0 0.5 0.0 0
1 (ppm)
& ER
Il N | I
1 | [ 2
1
\ 1
| ‘ I
/I A
T T T T T T T T T T T T T T T T T T T T 1
0 190 180 170 160 150 110 130 120 110 100 90 50 70 60 50 10 30 20 10 {
71 {ppm)
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8838 RNRS83E88E 588338 S8R SCS8RBURTBRRINKRELIAIFAS
© 0 © MR NS O OO T T T T T ~N e NN~~—-T:4:¢:—4—$—4_4_-~_-_4_._.—4_4.4
VAVELR AR A RSO SE U A e
"H NMR (500 MHz, CDCls) 8 8.26 (d,./ =~ 4.2 Hz, 1H), 8.03 (d,./ ~ 7.8 Hz IH), 7.72 (td,./ =~ 7.7, 1.5 Hz,
1H), 761 (d,.J + 6.0 Hz, IH), 7.51 — 744 (m, 1H), 7.34 (d,J ~ 7.5} 1H), 7.29 (dd,./ ~ 6.7, 49 Hz,
IH), 6.66 (dd,.J = 10.3, 8.7 Hz 1H), 4.05 (td, ./ ~ 8.5, 3.7 Hz, 1H), 2{92 (s, 1H), 2,90 (s, 1H), 2.79(s,
IH), 200 (dd,./ = 13.5, 8,7 Hz, 1H), 1.82 (ddd,./~ 12.1,82,44 1 1H), 1.78 — 1.63 (m, 2H), 1.52 —
1.39 (m, 1H), 139 — |.28(m, 1H).
H (s)
4.90
J|(s)
2}op
it
L](s)
2}79
|
1
I
JOU . A Il
b il | S e g m P G iR . o
8 8 82&a% & 8 a8 =Rl Boo]
10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
aulE L8 YRsWHESRIY "
dog $5 HHESEEgS3d g% i é*?{; agg &g
Voo AT WEVITRY VAN A GE RS
'3CN'MR(|26MH7, CDCls) 6 16289 (s), 162.62 (s), 160.65 (), 149.65 (), 147.66 (s), 13841 (d,./ =
5.0 Hz), 137.08 (s), 136.77 (d,./ = 8.3 H2), 130.63 (d,./ = 15.6 H2), 125.80 (s), 121.70(s), 118.21 (s),
118.02(s), 87.49 (d, ./ = 3.5Hz), 52.84(5), 4836 (s), 46.38 (d. .7 = 3.1 Hz), 38.03 (s), 37.86 (d, .7 = 1.
Hz), 2846 (s), 27.50 (s).
! 1
1
" 1
210 200 190 180 170 160 150 140 130 120 f111(0 )100 90 80 70 60 50 40 30 20 10 0
ppm
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NHPA
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TR RRIIFRIIGE a2 258 &LR488
© & @O NN NN N NS O Moo Nea o
N 2N NA 2N e N SNl
"HNMR (500 MHz, CDCls) 8 854 (d, /= 4.3 Hz, IH), 8.19 (fi, /= 7.8 Hz, 1H), 807 (s, IH), 7.84 (td, ./
=7.7, 1.6 Hz 1H), 7.59 (d,.J = B2 Hz 2H), 7.42{(ddd, ./ = 7.8 4.8, 1.0 Hz, 1H), 6.96 (d, J= 8.2 Hz, 2H),
3.50(dd, 7 = 13.4, 6.8 Hz 2H), 3.73 — 2,60 (m, JH), 2.00 — 1.89 (m 2H).
it !
L |
b R S B T T iy iy
g 88858 a g & &
3 338323 g < = 2
T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 6.0 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)
2 29 g8 B8]
z 8¢ sRh B8 3 s 2%
| W oA #LN | I\
BCNMR (126 MHz, CDCls) 8 16443 (3), 15001 (5), 148.16 (5), 141.23 (s), 137.59 (s), 137.50 (s),
130,65 (s), 126.26 (s), 122.30(s), 91.13 (s), 39.00 (s), 32.95 (), 31.20 (s).
c(s) || F(s) 1(s)
148.16 (13750 |, [122.30
A (s) B (s) Ey(s) H (s)
164.43 150.01 | | 13.59 || 126.26
=] i il =~ |
D (s G|(s)
141.23 | 13p.65
1 I
1
1
|
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



775
774
7.56
=730

N

7.26

2
2
I

N

—6.62

—389

'H NMR (500 MHz,

) 6 B50(s, IH), 774 (1,J=7.2
7.15 - 6.70 (m, 1H), 6.62(s, IH), 3.89 (s, 2H), 2.85 (, ./ =

86

)
<
o~

2.83

N

2.

1H), 7.56 (s, 2H), 7.39 — 7.27 (m, 1H),
6 Hz, 2H), 2.24 — L85 (m, 2H).

6500

6000

[-5500

5000

4500

{-3500

{-3000

2500

[~2000

1500

1000

{-500

-0

500

r T
0.5 10.0 9.5

—168.24
—154.39
—14884

AN
13703
~135.60
13347

127.04

%
X

K (s)
127.04

12537
124.08

§
N

77

—101.42

BCNMR (126 MHz, CDCl3) 8 16
13347 (), 127.04 (s), 125.37 (s ).

P (s)
154.39

M (s)
137.03

I(s)
124.77

Q (s)
168.24
0

0 (s)
148.84
T

L (s)
135.60

H (s)
124.08

G (s)
101.42
T

N (s)
139.78

16

s

76.91
—4n

g | =
il )

.24 (s), 154.39 (5), 148.84 (s), 139.78(s), 137.03 (s), 135.60 (s).
PA.77 (s). 124.08 (), 10142 (s), 44.72 (s), 33.65 (), 24.56 (s).
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? RRRBBEARRSES 8 #4882 2588
§ RRRRRERRAART & N3s S]E3
e R | NS N [~9000
TH NMR (500 MHz, CDCls) & 8.49 (s, 1H), 7.73 (t,/ = 7.4 Hz, 1H), 7.55 (d, J = 7.2 Hz, 1H), 747 (s,
1H), 7.33 — 7.27 (m, 1H), 719 (s, 1H), 6.94 — 617 (m, 1H), 3.88 (s, 5.3 Hz 2H), 2.80(1,.J= 6.6 Hz,
2H), 2.09 - 1.94 (m, 2H). -8000
7000
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BCNMR (126 MHz, CDCh) 8 168.31 (), 154.35 (s), 148.87 (5), 137.51 (s), 137.02 (s), 134.67 (5),
126.53 (s), 124.78 (s), 123.98 (s), BB.BS5 (s), 26.71 (5), 23.57 (s). 450
400
I-350
300
N (s). K(s) || H()
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O (s) M (s) 1(s) | G(s) 1250
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'HNMR (500 MHz, CDCly) & 8.72 (s, IH), 806 (d, ./ = 3.8 Hz, 2H), 7.93 - 7.80 (m,4H), 7.77 (d,./ = 7.9
Hz, 1H), 7.66 (t,.J = 7.2 Hz 2H), 7.46 — 7.34 (. 3H), 7.24 - 7.08 (m, 6H), 6.90(1,./ = 7.7 Hz 1H), 6.82
(t,.J+= 7.7 Hz, 2H), 4.78 (ddd, J + 12.8, 9.3, 6.6 Hz, 2H), 4.25 — 4.13 (m, 1H), 3.54— 3.41 (m, IH), 3.21 -
3.06 (m, 2H), 2.90 — 2.72 (m, 7H), 2.47 — 2.32{(m, 2H), 2.17 - 2.03 (m, H), 1.87 — 1.64 (m, 3H).
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Be; NMR (126 MHz, CDCl3) & 16848 (s), 167.54 (s), 154.31 (s), 153.92 (8), 148.91 (), 147.10(s),
143.54 (s), 141.59 (s), 138.79(s), 138.23 - 137.76 (m), 137.19(s), 137.06 (s), 136.62(s), 136.00(s),
128.52(5), 127.83(s), 127.72(s), 12743 (8), 125.86 (3), 125.31 (3), 124.73 (5), 96.30 (5), 94.76 (5), 47.00
(5),42.69 (5),27.76(5), 26.62(s), 25.02(s), 24.54(s).
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THNMR (500 MHz, CDCF) 8 8.51 (s, 1H), 7.77 (t./ = 7.5 Hiz, 1H), 7.58 (d, /= 7.0 Hz, 1), 740 - 7.27 2200
(m 2H), 7.24 - 6.93 (m, 1), 6.86 (d, ./ = 8.0 Hz, IH), 3.88 (t|./ = 5.6 Hz 2H), 2.80 (1, /= 6.6 Hz 2H),
2,12 1.95 (m, 2H).
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BCNMR (126 MHz, (J)Cl) 6 16838 (5), 154.29 (5), 148.82(s), 139.98 (s), 137.05 (5), 133.56.(s), Lss0
133,55 (s), 13031 (s), 4.8 (5), 124.04 (5), 8949 (5), 44.97 (), 26.79(5), 23.59 (s).
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"HNMR (500 MHz CDCls) 8 7.47 (d,.J= 7.8 Hz, IH), 6.91 (d /= 7.2 Hz 1H), 6.34(1,.J= 7.6 Hz [H),
4.30(bs, 1H), 3.49 — 331 (m, 2H),[2.75 (1, /= p.3 Hz, 2H), 2.00 — 1.82 (m, 2H),
Al(d)
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g 8 g g By ] 3
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5C NMR (126 MHz, CDCL) 8 114.10 (s), 136.72 (s), 129.59 (s), 122.49 (s), 1 18.10 (s ), B4.67 (s), 42.68

(8, 27.84 (5), 2198 (s).
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