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Section 1: General Materials and Methods

The TPPB ligand was prepared according to the literature method>*>2 and all other chem-
icals for the synthesis of 537-MOF were obtained commercially. The DMSO and DMF were
used without further purification and the amidine substrates were prepared according to the lit-
erature method.>® All reactions and manipulations were carried out under air atmosphere. The
solvents were obtained commercially and used as received. Column chromatography was per-
formed on silica gel (300-400 mesh). Elemental analysis (C, H and N) was performed on a
Vario EL Il Elementar analyzer. IR spectrum was measured on a Bruker Tensor 27 OPUS
FT-IR spectrometer with KBr pellet in 4000-400 cm™ region. Thermogravimetric analysis
(TGA) curves were recorded on a Perkin-Elmer Diamond SlI thermal analyzer from room
temperature to 800 <C with a heating rate of 10 < min* under nitrogen atmosphere. Powder
X-ray diffraction (PXRD) patterns were taken on a Rigaku (model Ultima IV) diffractometer,
equipped with a Rigaku D/teX ultrahigh-speed position sensitive detector and Cu-Ka X-ray (40
kV and 40mA). The intensity data were collected in the step-scan mode with the scan rate of
2 Tmin and step size of 0.02< Inductively coupled plasma mass spectroscopy (ICP-MS) analy-
sis was conducted using a Perkin-EImer ELAN 9000 instrument after degradation of the sample
in HNO3. Gas adsorption isotherms were taken on a Belsorp-Max automatic volumetric sorp-
tion apparatus under ultrahigh vacuum in a clean system. Ultrahigh-purity-grade N, C,H,, and
He gases (> 99.999%) were used in all measurements. The experimental temperatures were
maintained by temperature-programmed water bath (at 273 and 298 K) and liquid nitrogen (at
77 K). *H, and *C were recorded on a 600 or 400 MHz Bruker NMR spectrometer in CDCl5
using tetramethylsilane (TMS) as the internal standard. High resolution mass spectrometer

(HRMS) data were obtained with Micromass HPLC-Q-TOF mass spectrometer.
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Section 2: Synthesis and Characterization for TPPB

N=
N, |
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pyridine
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5-(4-aminophenoxy)benzene-1,3-diol A was prepared following published procedures or
with appropriate modifications. A (21 g, 96.7 mmol) and (E)-N'-((E)-(dimethylamino) meth-
ylene)-N,N-dimethylformohydrazonamide B (63.0 g, 290.1 mmol) were dissolved in pyridine
(60 mL). The mixture was heated at 130 °C with stirring for 18 h until the reaction was com-
plete as determined by TLC. The excess pyridine was removed under reduced pressure, and
then dumped into water (1000 mL). The mixture was stirred for 1 h and kept over night.
Work-up was performed by filteration and subsequent washing with water. The target product

C was achieved by recrystallization from EtOAc below 10 °C. C (21 g, yield: 81%).

FN\N FN\
Ny NN
CN
0)
K,CO3, DMF o)
—_—
HO OH F o o
C D

The mixture of C (21 g, 78.0 mmol), 4-fluorobenzonitrile (19.8 g, 163.8 mmol) and
K,COs (43.1 g, 312.0 mmol) in DMF (210 mL) was stirred for 12 h at 140 °C. After reaction
completed, the mixture was diluted with water (6000 mL), and stirred for additional 1 h. The
aqueous layer was extracted with ethyl acetate (200 mL > 3). The combined organic extracts

were washed with water and brine, and then dried over anhydrous sodium sulfate. The residue
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was obtained by concentration under reduced pressure and used without further purification. D

(32.3 g, yield: 88%)

N— N=
N L N, |

M g! G
6] o
oUeR oV gl
o] (o] KOH 9) o)
—_—
© EtOH, reflux

CN COOH
D TPPB

The mixture of D (32.3g, 68.5 mmol) and KOH (57.7g, 1.03 mol) in 1100 mL of EtOH
was stirred at reflux for 24 h. After cooling to room temperature, the solvent was removed in
vacuum and the residue was diluted with water (4000 mL). To this solution concentrated HCI
was added at room until pH = 3. The mixture was filtered and washed with water until pH = 7.
The crude product was dried to deliver TPPB 31.6 g ( yield: 91%) as a solid. 1H NMR (300
MHz, DMSO) § = 12.92 (s, 2H), 9.06 (s, 2H), 7.95 (d, J=8.7, 4H), 7.73 (d, J=8.9, 2H), 7.33 (d,

J=8.9, 2H), 7.15 (d, J=8.7, 4H), 6.60 (s, 3H).
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Section 3: Synthesis and Characterization for 537-MOF

A mixture of TPPB (0.028 mmol), Cu(NO3), °* 3H,O (0.042 mmol),
N,N’-dimethylformamide (DMF) (1.0 mL) and methanol (0.5 mL) with 3 drops of acetic acid
was added into a 20 mL Teflon-lined stainless steel vessel and then heated at 100 °C for 96 h in
an oven. Green crystals were harvested and washed with fresh NMF (Yield: 40% based on
TPPB). IR (KBr pellet, cm—1): 3438 (w, br), 3064 (w), 2927 (w), 1668 (s), 1592 (s), 1535 (m),
1504 (m), 1457 (m), 1401 (s), 1220 (vs), 1161 (m), 1120 (m), 1094 (m), 1007 (m), 839 (w),

785 (m), 710 (W), 656 (W), 527 (w) (Fig. S1).
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Fig. S1. IR spectra for 537-MOF.
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Section 4: Single-Crystal X-Ray Crystallography

Crystal data for 537-MOF was collected on a SuperNova diffractometer with Cu-Ka radi-
ation (A = 1.54178 A) at 294(2) K. Multi-scan absorption corrections were taken with the
CrysAlisPro program.>* Empirical absorption corrections were performed with spherical har-
monics implemented in SCALE3 ABSPACK scaling algorithm. The structures were solved by
direct methods and all non-H atoms were refined anisotropically by the full-matrix
least-squares method with the SHELXTL crystallographic software package.>>*® All H atoms
were located in calculated positions and treated in subsequent refinements as riding atoms. At-
tempts to locate and model the highly disordered solvent molecules in the void of 537-MOF
were unsuccessful. Thus, the SQUEEZE routine, a part of the PLATON software package '
was applied to calculate the disorder areas and remove the diffraction contribution to give a set
of solvent free diffraction intensity. The chemical formula of 537-MOF was determined based
on crystal data combined with the results of elemental and thermogravimetric analysis. Crys-
tallographic data and structural refinement details for 537-MOF were summarized in Table S1.
A comparison of the selected bond lengths and angles for 537-MOF was listed in Table S2 and
Table S3.
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Table S1. Crystal data and structure refinement for 537-MOF.

Compound reference 537-MOF
Chemical formula Cs6H34CusNgO14
Formula weight 1142.98
Temperature (K) 293(2)
Crystal system triclinic
Space group P-1
a(A) 12.1088(4)
b (A) 16.9597(8)
c (A 19.1362(4)
Volume (A% 3629.0(2)
Z 2
pl(mm™) 1.173
Rint 0.0350
Goodness-of-fit on F2 1.002
Ry values [1 > 20 (1)] 0.0786
WR (F?) values [1 > 2o (1)] 0.2250
R; values (all data) 0.0891
WR (F?) values (all data) 0.2442
Completeness 99.94%
CCDC number 1547691




Table S2 Selected bond lengths (A) for 537-MOF.

537-MOF

Atom  Atom Length/A  Atom  Atom Length/A

Cul  Cull  2.6796(9) cu2 07 1.856(10)
cul 0132 1.991(3) Cu2 N6 2.010(6)
Cul 0143 1.977(3) 013  cul? 1.991(3)
cul o1 1.946(3) 014  Cul3 1.977(2)
cul o2 1.978(3) 02  cull 1.978(3)
Cul  N54 2.168(3) 09  Cu2s 1.962(2)

Cu2  Cu25  2.7019(11) N5  Culd 2.168(3)

cu2 08 1.954(2) 06  Cu2s 2.010(5)
Cu2 095 1.962(2) N1  Cu26 2.010(6)
Cu2 065 2.010(5)

Symmetry transformations used to generate equivalent atoms. * —x, 2 —y, —z; % +x,1+y, — 1 +
3 -x1-y1-z2*-x2-y,1-72°2-x1-y,1-7;°2—-x,2—y,1—z7;"+x,—1+y, 1 +z
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Table S3 Selected bond angles (9 for 537-MOF.

537-MOF

Atom  Atom  Atom Angle/* Atom  Atom  Atom Angle/*

0131 Cul Cul2 84.49(9) 065 Cu2 Cu25  89.09(17)

0131 Cul N53 96.16(11) o7 Cu2 Cu25 76.6(2)

0144 Cul Cul2 82.67(8) o7 Cu2 08 88.81(18)

0144 Cul 0131 167.16(12) O7 Cu2 095  87.51(18)

0144 Cul 022 89.53(13) o7 Cu2 065 165.7(3)

0144 Cul N53 96.61(12) o7 Cu2 N16 85.0(5)

o1 Cul Cul2 8341(9) N6 Cu2 Cu25  1616(5)

o1 Cul 0131 89.44(13) N16 Cu2 065  109.3(5)

o1 Cul 0144 8931(14) C54 013  Cul?  1223(3)

01 Cul 022 167.11(12) C27 08 Cu2 123.1(2)

o1 Cul  N53 101.42(12) C54  O14 Culd  1246(2)

022 Cul Cul2 83719  C1 o1 cul  123.7(3)

022 Cul 0131  88.85(13) C1 02 Cul2 122.7(2)

022 Cul N53 91.47(12) Cc27 09 Cu25 123.9(2)

N53  Cul Cul2 17513(8) N4 N5 Cculd  127.3(2)

08 Cu2 Cu25 8398(8) C47 N5  Cul3  124.5(2)

08 Cu2 095  166.85(12) C26 06 Cu25 105.0(6)

08 Cu2 065 89.90(15) 06 C26  Cu25  50.5(5)
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08 Cu2 N16  95.1(2) 07 C26  Cu25  94.0(6)
095 Cu2 Cu25 8289(8) C23 C26 Cu25 156.7(5)
095 Cu2 065 9056(16) C26 o7 Cu2  124.8(6)

095 Cu2 N16 97.1(2) C56 N1 Cu26  153.5(14)

Symmetry transformations used to generate equivalent atoms. * +x, 1+y, —1+z,2—x,2 -y, —z;
—x2-y,1-z2;"—x,1-y,1-2°2—x1-y,1-2,°2—x,2—y,1—z; " +x,—1+y, 1 +z
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Section 5: Gas Adsorption for 537-MOF and Characterizations of the Reused Catalyst

The permanent porosity of 537-MOF was elucidated by CO, adsorption at 195 K and
273K. The CH,Cl,-pretreated 537-MOF was activated by heating in vacuum to afford the
desolvated sample. Notably, 537-MOF displays a type-1 adsorption isotherm, as a typical mi-
croporous material. The CO, uptakes for 537-MOF around 1 atm at 195 K and 273 K are 83.2
and 15.8 cm®g ™, respectively. The Brunauer—Emmett-Teller (BET) and Langmuir surface ar-

eas calculated from the CO, sorption isotherm at 195 K are 241.39 and 251.9 m%g* (Fig. S2).

The thermogravimetry curves show that the as-synthesized samples lose the guest solvent

molecules within the range 60-260 °C, above which pyrolysis of the host framework occurs

(Fig. S3).
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Fig. S2 The sorption isotherms of CO, for activated 537-MOF at 195 K and 273 K.
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Fig. S3 TGA curves for as-synthesized 537-MOF and activated 537-MOF.
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Fig. S4 PXRD patterns for 537-MOF catalyst after the reactions.
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Section 6: General Procedure for C-H functionalization of amidines

The activated 537-MOF sample was carefully treated by grind and then used in catalytic
reactions. A mixture of 537-MOF (5 mg), Benzoic Acid (5 equiv) and DMSO/DMF (1:1, 2 mL)
was stirred at room temperature for 5 min, to which amidine (0.25 mmol) was added. The mix-
ture was stirred at 100°C under air atmosphere for 24. After cooling to room temperature, sol-
vents were evaporated and the oily residue was purified by column chromatography on silica

gel with petroleum ether/ethyl acetate (polarity from 10:1 to 2:1).
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Section 7 Characterization of Benzimidazoles

2-phenyl-1H-benzo[d]imidazole 2a.'H NMR (600 MHz, MeOD) & = N

8.15 — 8.06 (m, 2H), 7.61 (s, 2H), 7.56 — 7.47 (m, 3H), 7.30 — 7.21 (m, ©:N\>_©
2H). 3C NMR (151 MHz, MeOD) § 152.0, 130.0, 129.8, 129.6, 128.8, "

126, 126.2, 122.5.

2-(4-chlorophenyl)-1H-benzo[d]imidazole 2b. *H NMR (600 MHz, N

MeOD) § = 8.10 — 8.05 (m, 2H), 7.66 — 7.58 (m, 2H), 7.59 — 7.55 (m, ©:N\>_®_C'
2H), 7.27 (dd, J=6.1, 3.1, 2H)."*C NMR (151 MHz, MeOD) & = "

150.8, 135.9, 129.0, 129.0, 128.4, 127.90, 127.89, 122.7.

2-(p-tolyl)-1H-benzo[d]imidazole 2c. *H NMR (600 MHz, DMSO) & = 12.85 (s, 1H), 8.07 (d,
J=8.1, 2H), 7.67 — 7.62 (m, 1H), 7.51 (d, J=7.8, 1H), 7.36 (d, J=8.0, ’

2H), 7.20 (dd, J=17.6, 7.4, 2H), 2.38 (s, 3H).°C NMR (151 MHz, @[N,>_©_CH3
DMSO) 6 151.8, 140.05, 130.0, 129.7, 129.1, 127.9, 126.8, 122.8, N

122.1,119.2, 111.7, 21.5.

2-(m-tolyl)-1H-benzo[d]imidazole 2d. *H NMR (600 MHz, MeOD) &

7.93 (s, 1H), 7.88 (d, J = 7.6 Hz, 1H), 7.60 (dd, J = 5.9, 3.1 Hz, 2H), A

7.43 (m, 1H), 7.34 (d, J = 7.5 Hz, 1H), 7.26 (dd, J = 6.0, 3.1 Hz, 2H), ©:N/>_Q
5.49 (s, 1H), 2.46 (s, 3H).13C NMR (151 MHz, d-MeOH) & 152.1,

138.8, 132.5, 130.9, 130.8, 129.4, 129.3, 128.7, 128.0, 127.0, 123.6, 122.6, 114.4, 20.2.

2-(o-tolyl)-1H-benzo[d]imidazole 2e. *H NMR (600 MHz, DMSO)

8 12.66 (s, 1H), 7.73 (d, J = 7.4 Hz, 1H), 7.69 (d, J = 7.8 Hz, 1H), ©: >—©
7.53 (d, J = 7.6 Hz, 1H), 7.42 — 7.35 (m, 3H), 7.26 — 7.17 (m, 2H),

2.60 (s, 3H).*C NMR (151 MHz, DMSO) & 152.4, 144.1, 137.5, 134.8, 131.8, 130.5, 129.9,
129.8,126.5, 122.9, 121.9, 119.4, 111.7, 21.5.
2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole 2f. 'H NMR H

(600 MHz, CD30D) & 7.92 (d, J = 7.7 Hz, 1H), 7.83 — 7.72 (m, 3H), @EN)_Q
7.63 (s, 2H), 7.34 — 7.26 (m, 2H). **C NMR (151 MHz, CDs;0D) & FaC

149.8, 132.0, 131.9, 130.2, 129.7, 129.7, 129.3, 129.2, 129.0, 128.8, 128.0, 126.2 (g, J = 5.1
Hz) , 123.8 (d, J = 272.9 Hz), 122.7.
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2-(2-methoxyphenyl)-1H-benzo[d]imidazole 2g. *H NMR (600 MHz, H

d-DMSO) § 12.17 (s, 1H), 8.32 (dd, J = 7.7, 1.7 Hz, 1H), 7.64 (d, J = ©:N/>_©
7.4 Hz, 1H), 7.63 — 7.59 (m, 1H), 7.49 (ddd, J = 8.9, 7.4, 1.8 Hz, 1H), NH3CO

7.25 (d, J = 8.3 Hz, 1H), 7.23 — 7.16 (m, 2H), 7.15 — 7.10 (m, 1H),

4.03 (s, 3H). *C NMR (151 MHz, DMSO) & 157.2, 149.4, 143.1, 135.1, 131.8, 130.2, 122.6,
122.0, 121.4, 118.9, 118.4, 112.6, 112.4, 56.2
2-(5-fluoro-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole  2h.

'"H NMR (600 MHz, MeOD) & = 7.76 — 7.48 (m, 2H), 7.42 — 7.36 (m, N "
2H), 7.29 (dd, J=6.0, 3.0, 2H), 7.17 (td, J=8.5, 2.8, 1H), 2.49 (s, 3H). ©:N\>_©
B3C NMR (151 MHz, MeOD) & = 160.9 (d, J = 243.3 Hz), 151.28, "

151.27, 133.08, 133.06, 132.6, 132.5, 131.6 (d, J = 7.8 Hz), 122.7, 122.1, 116.1 (J = 22.0 Hz).
5-chloro-2-(m-tolyl)-1H-benzo[d]imidazole 2i. 'H NMR (600

MHz, d-DMSO) & 13.12 (d, J = 19.0 Hz, 1H), 8.00 (s, 1H), 7.95 (d, /@EK‘;_Q
J=7.8Hz, 1H), 7.75 - 7.64 (m, 1H), 7.60 — 7.50 (m, 1H), 7.45 (t,J © N cH,
= 7.6 Hz, 1H), 7.34 (d, J = 7.5 Hz, 1H), 7.30 — 7.16 (m, 1H), 2.42

(s, 3H). 3C NMR (151 MHz, DMSO) & 153.4, 138.8, 134.2, 131.4, 130.0, 129.5, 127.6, 124.2,
123.1,122.5, 120.5, 118.6, 113.1, 111.5, 21.5.

5-bromo-2-(o-tolyl)-1H-benzo[d]imidazole 2j. *H NMR (600 MHz,

DMSO) & = 12.92 (s, 1H), 8.05 — 7.94 (m, 1H), 7.79 (dd, J=11.3, 4.6, /@:H

1H), 7.54 (t, J=7.8, 1H), 7.48 — 7.36 (m, 4H), 2.64 (s, 3H). *C NMR Br N:p
(151 MHz, DMSO) & 167.9, 153.8, 137.6, 133.3, 131.8, 131.3, 130.1,

129.97, 129.96, 129.7, 129.0, 126.5, 125.1, 21.5.
5-fluoro-2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole 2k.

'"H NMR (600 MHz, DMSO) & 12.95 (s, 1H), 7.96 (d, J = 7.8 Hz, /@:H

1H), 7.86 (t, J = 7.4 Hz, 1H), 7.79 (dd, J = 16.8, 7.9 Hz, 2H), 7.76 — F Nip
7.30 (m, 2H), 7.12 (s, 1H). *C NMR (151 MHz, DMSO) 159.2 (d, J

= 206.3 Hz), 132.9, 132.6, 130.9, 130.3, 128.2 (q, J = 30.7 Hz), 127.1 (t, J = 5.2 Hz), 126.9,
125.1, 123.3,121.5, 120.7, 111.4, 105.2.
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5-iodo-2-(o-tolyl)-1H-benzo[d]imidazole 2I. *H NMR (600 MHz, H

DMSO) & 8.06 — 8.02 (m, 1H), 7.82 — 7.79 (m, 1H), 7.58 (dd, J = 8.4, |/©:Nf>_©
1.6 Hz, 1H), 7.49 (m, 4H), 2.66 (s, 3H). *C NMR (151 MHz, DMSO) HaC

0 167.81, 153.08, 137.61, 133.38, 131.82, 130.87, 130.19, 130.00, 129.78, 129.74, 129.14,
129.06, 126.53, 21.45.
2-(4-chlorophenyl)-6-methoxy-1H-benzo[d]imidazole 2m.
'"H NMR (600 MHz, DMSO) § 7.20 (s, 2H), 6.70 (d, J = 30.0 HsCO N
Hz, 3H), 6.27 (s, 1H), 6.10 (s, 1H), 4.13 (s, 3H). *C NMR \©:N/ °
(151 MHz, DMSO) ¢ 158.0, 151.2, 146.2, 136.5, 129.9, 129.4, 128.5, 113.5, 109.8, 109.6,
101.4, 55.9.

5-methoxy-2-(4-(trifluoromethyl)phenyl)-1H-benzo[d]imid

azole 2n. 1H NMR (600 MHz, MeOD) & 8.22 (d, J = 8.1 Hz, N

2H), 7.84 (d, J = 8.2 Hz, 2H), 7.53 (s, 1H), 7.10 (s, 1H), 6.94 HSCO/©:N/>_Q o
(d, J = 8.8 Hz, 1H), 3.86 (s, 3H). *C NMR (151 MHz, MeOD) & 133.4, 131.3, 131.1, 130.9,
130.7, 129.2, 126.8, 126.6, 125.7 (q, J = 3.8 Hz), 125.0, 123.2, 121.4, 54.4.
4-fluoro-5-methoxy-2-phenyl-1H-benzo[d]imidazole 20. 'H H

NMR (600 MHz, DMSO) & = 12.94 (s, 1H), 8.14 (d, J=7.4, 2H), 7.74 — )

7.27 (m, 5H), 3.91 (s, 3H). **C NMR (151 MHz, DMSO) § 151.7, Hsco/(;[N

149.8 (dd, J = 239.5, 56.7 Hz), 145.2, 140.4, 137.0, 130.6, 130.1,

129.4, 126.6, 105.7, 103.2, 99.0, 95
5-bromo-2-(5-chloro-2-methylphenyl)-1H-benzo[d]imidazole ’ cl
2p. 'H NMR (600 MHz, MeOD) & 8.05 — 7.98 (m, 1H), 7.77 (d, J /@:'}_@

= 1.1 Hz, 1H), 7.59 (t, J = 7.4 Hz, 1H), 7.53 (d, J = 8.5 Hz, 1H), Br N HiC

7.45 (dd, J = 18.0, 4.4 Hz, 1H), 7.40 (dd, J = 8.5, 1.7 Hz, 1H), 7.36

(dd, J = 8.2, 1.6 Hz, 1H), 2.51 (s, 3H). *C NMR (151 MHz, MeOD) & 168.5, 152.6, 139.5,
135.7,132.6, 131.0, 130.7, 129.3, 128.3, 128.1, 126.0, 125.7, 115.3, 26.6.

S16



188
£33
A3
mm.m.___

|

i
97 L1
o7 £
4L
4L
b z7 zT
05 L7
05 £
05 £
15
15
75
7]
£ L
5L
pL
¢ LA Boopg |
L L y e

e

1oL~ ——

08
s y Foot
e
60°8
608
e
ored

4.0 3.5 3.0 2.5 2.0 1.5 10 0.5

4.5

50
f1 (ppm}
S17

90 B3 20 ] 7.0 6.5 6.0 5.5

9.5



61°'LY
€ELY
LY'LY
19°LY
9L'LY
06'Ly
¥0'8%
61°'8Y

STl
81°9C1
0¥'9¢1
9L°8CI
19°6CI
08'6C1
86'6C1

o

96°'IS1T —

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

70

f1 (ppm)

S18



0EE
13
e
e
Hm.m.___

A2 —

e
s
87
L
9L

9L
RHW
i
908

g
s

a0

Cl

=pET |

STT
ﬂ.,wug

=00E

9.0 2.5 2.0 7.5 7.0 6.5 6.0 3.5 50 4.5 4.0 3.5 3.0 25 2.0 1.5 10 0.5
f1 (ppm)

9.5

S19



18051—

10

20

30

50

al

70

20

o0

100

110

20

120

140

150

1a0

M

1 Cppn)

S20



e
e

CETP—

fre—

§E i
9T i
iy
LT i
EEL]
SEiy
i
£ i
L
9 L
654
09°i

0od

i
\

T=Z Nz

CHs

~

H20

L

=L0E

080

Wna.m
0T
&.rm_w.ﬁ
FETE
[A1
oo

6.5 6.0 35 50 45 a0 3.5 3.0 25 20 13 1.0 0.3
£l (ppm)

7.0

75

S21



To0E—

G
BOETT
ooser

mh.mmﬂ./fwn

IE 6T T~2
o att
2L0eT

BLELT—

TeT—

=" Nz

CH,

160 150 140 130 120 110 100 30 70 60 a0 40 30 20 10
fl (pprm)

170

S22



357
05z
107
15

AL E—

2T 49

S8TI—

CHs

= =

=0t

00z
6T
=TT
g0

=raT |

=530 |

120 125 120 113 110 105 100 95 90 85 g0 7.5 65 60 55 30 45 40 35 30 25 20 15 10 05
fl (ppm)

13.5

S23



' 1C—

05'6€ 1
€9°6€
LL'6€
16'6€
SO0F -
610
9Z'0% /|
€€°0Y 4
a
v o 4
zs°0p 4

=

LOTIT —
91611

soccl ./.
[4:x44! /
¥8'9CI

88°LCI W
S0°6CI ~C

YL'6Cl1
10°0¢€1

SOOVI —

8IS —

CHs;

T=z Nz

L

70

10

20

30

40

50

60

100

110

120

130

140

150

160

70

f1 (ppm)



0s'e
15T
15T
15T
15T
09T
TR S
6 e~

9L f—
61L
0EL
0E L
1L
1L
T
e
0L
PEL
T
LEL
e
26 L
25 (]
68 L]
ot £
ot 4
ot £ 4
1% i
1% ¢
75 i
s o]
20 L]
69 L
£L LA
e i

0ET—

_ [
|
— 5
== eErr |
—
= .
ol ]
o
=
i ™M
[ =
|
|
i w =
O ' o -
™ = =
T = |
=T =
="z = =
r - H
i
4 Wy
i -
1 -
|
| &
_ -
— -l
= .
{ bl
| -
|m =
] b=}
] -
|
! )
1 =]
. i
S -t _
—==_. =1
1 L
! -
|
o ot
= A
.m -

=—L0e

a0°%
ﬂ__.hm.m
=501
ool

0t |

=0E

130 125 120 115 110 105 100 95 90 25 &0 7.5 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 Cppm)

135

S25



0¢ TE—

e TET—

=" =

H3C

a0 10

30

160 130 140 130 120 1a 100 a0 20 i 60 30
fl (ppm)
S26

m



AL [—

i
6L
0z £
17¢
¥ L
o7 L
6 £
1y .T/
3.@»
¢t
158
758
£eg
3

JARA

HsCO

=z Nz

Foan |

13.0 125 120 115 110 103 100 935 80 &35 80 TS5 70 653 40 35 30 435 40 35 30 x5 20 135 10 05
fl (ppm)

13.5

S27



EF 6L
LCBE
1468
FE 6L

A6 AL
£T 0F-]
LT OF

5 O

179¢—

0T LET—

=z Nz

H,CO

I

L

N

110

130

140

150

160

~

LS

20 0

30

160 150 140 130 120 110 100 o0 20 70 &0 30
f1 (ppm)

0

S28



ooa
1o

G T —

0ee
[}
et
e
e

68 F—

C1'iy
o1
AN
L4
814
61°£
8L
%.L_.
6L
Dm.huw
LEL
e
6E L
68 L
oL
%.L
Wi

e

N

H g.c

=06

007
bz

%mﬁ.m

5.0 83 g0 7.5 7.0 6.5 6.0 53 50 4.5 40 33 30 235 20 1.5 10 0.5
fl (ppm)

035

S29



T&cTl

LO9TTA)
E.w:w-
LTOTT
TUETT~_
FLEETT

JER A
m_m:mﬁk
0e'TeT

CUEET
AL
g0eeTd

LT85T
BTIST

00T~
L9197

F3C

z7 “zT

——

160 150 140 130 120 110 100 a0 20 70 a0 0 40 30 20 10
fl (ppm)

170

S30



16 0—

A
15 w./
1¢ mw
15T

SFE
1EE

J

FeE

0TEL~,
AN

= Nz

Cl

CHj;

i

—a0e

Frzo

130 125 120 1.3 110 105 100 935 90 &35 g0 75 70 65 60 55 50 45 40 33 30 23 20 15 10 05
fl (ppm)

135

S31



16 18—

6111
mamﬁﬁwﬁ
TIRI14
7501
qnﬁmﬁpﬁ
20LTI-L

EIFTI-T
BE LTI

Tz Nz

Cl

CHs

-10

200 190 130 1700 160 130 140 130 120 110 100 90 20 70 60 30 a0 30 20 10
fl (ppm)

210

S32



25T

FET
[l
cogd

gl
6 £—

B
oF L
Wi
A
L
FrF L
L
oF L

#e L
¢
o i
o
99 £
9]
8L L]
8L
6L L]
66 L]
66 L1
o0
s
1oe

6ET—

=" Nz

Br

H3C

-

=00%

iy

=601
ol
Lo

fm@a

&
fl (ppm)
S33

10

15 14 13 12

16



BFIT—

LF 6Eq
1968
$L 6
65 65

L0 0%

21 0t
TE 0FY
FF OF

0r'STLy
16921
E.mﬁ-_#
FLETIA
06T
L56T1
£1051
67 1ET
NW.ET_____ﬂ
XA
09 Ls1

LLEST—

9 LRI —

Iz

Br

160 150 140 130 120 110 100 50 &0 i 60 0 40 30 20 10
fl (ppm)

170

S34



0se
Hn.NJ_,
ﬁn.mw
152

[

e

oFe—

ETi—
Lid
6L L

TEL
FEL
oEL
L84
S
hm.h._

FETT—

=z Nz

FsC

CHyClz

_)|L

—<

Foot

ooy

Fzzn

FIET
e
E07

130 125 120 115 110 105 100 95 90 &5 20 75 70 65 &0 55 50 45 40 35 30 25 20 15 10 05
fl (ppm)

13.5

S35



mw..mm..__
TO AL
SEALTR
06 6L
OO
2T 0F
e or

TZsnl—

P TIT—
PLOZT
1T
veeziy
90STIE
L8971
g4l
oreet
AT
TELTT
ARIAR
EEETT
58T
TE0ET
€E0ET
POEET
r6zE T

LEEE T~
BEAE T

F3C

20 10

30

160 150 140 130 120 110 100 90 g0 70 60 50
11 (pptn)
S36

o



LT
BT
BT
BT
oo

=

FEC—

£0°E
08"

=z Nz

Tmm.m [

J..w_u:

=z60 |

L0

11.0 103 10.0 8.5 8.0 23 2.0 7.3 7.0 8.5 8.0 55 50 43 40 33 30 2.3 20
f1 (ppm)
S37

11.5



F1E—

Lt 6Eq
T9 L
9L 6
06 6%

FOOF

21 0p-
7E Op
bt O

ECTRET
u_u_.mmT__
FUAT T

TRTA
8671
O0DET
61°0£14)
EAAS
Z8 e
seEeTd
ICEAAS

BOEET—

T87491—

=z Nz

H3C

180 150 140 130 120 1a 100 a0 20 | 60 0 40 30 20 i
f1 (ppm)

170

S38



01—

05—

POE—

Ll f—

63—

0re—
LT 9=

L9
e

0T i—

Cl

L

Tz Nz

HsCO

Fooe

G610
L&D

Fese

Eoet |

2.5 20 7.5 7.0 6.5 6.0 55 30 45 a0 3.5 3.0 25 2.0 1.5 10 0.5
fl (ppm)

oo

o3

S39



L8 Ee—

GETOT—

6¢a0T
PL601
[ERA S

FETT
mm.mmﬁ”\./h
f8arl

fpeT—

[l

EUVTET—

66 LET—

Cl

=" Nz

H,CO

160 150 140 130 120 110 100 90 20 0 &0 0 40 30 20 10
fl (ppm)

170

5S40



BT

Tet—

Q8L —

P —

o —

E6'9
SE'D
e

L —
ERL
8L
128
[

CF;

=z Nz

HsCO

ooe

Fort
Foan

Faan

Faél

261

0.3

6.5 6.0 5.5 50 4.3 4.0 33 30 2.3 20 1.5 1.0
fl (ppm)
S41

7.0

o0 35 a0 T3

Q3

0.



LT LF
T2 L
oF L
09 i
FLLE
BELF
AN
COFE—

TITTA
1Z°E7 14
06T
99°CT T
60°CT 1
FLCTIA
FicT

oc'oz

6L°9T1

a.mﬁ%
g0t
060514
ARTR

T 1ET
frrEgTd

=TT

CF3

=" Nz

HsCO

10

a0

i

a0

a0

70

a0

on

100

110

120

130

140

150

160

]

fl (ppm)

S42



85—

IFE—

T8 E—

aTL
¥ i
A

FE L
iFL
AL
A L
S aFs
9L
ETE
P2

PETI—

ay

=" Nz

Fooe

Fesa .

To &3 60 55 50 45 40 35 30 25 20 15 1o 05

fl (ppm)

7.5

izo0 125 120 115 110 1035 100 95 90 &5

13.5

S43



£€8°66 —
8686 —
TTe0l ~
0LS0T —

69Tl
£V'6C1 /
80°0¢I /
95°0¢T —
S6'9¢T
er'ovl ”
€Tsrl
£8'811
Srevi
17°0ST -7
6L°0S1 x

IL71S1

=z Nz

HsCO

-10

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

210

S44



-
L30
L2
L2310
2204
630
620
26 0—

LE'T
BT
1"

ee—

Tee
ﬁm.mW.
£

96—

i
9 LA
e L
LELA
[

Ib" L1
Tb L1
L
£
o i
i
£
e iq
661
09's

LT

Cl

Br

H3C

1

|
L

i

=00

7.0 6.5 6.0 5.5 50 4.5 4.0 35 30 2.5 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)

75

545



B¢ 0—

Teell—

9CTIA
SHCITN
90°8z1
8el
mm.mi.mn
690 1
o0 TETr
st
v
05 61

LTS T—

LRI

Cl

HsC

=z Nz

Br

30

160 150 140 120 120 110 100 90 20 70 &0 50
fl (ppm)

170

S46



op PG Wi W 07—

08—
¥l L
[ANS
Am.._hw__ﬂ.__.
PEL
Vi

10
qE%
-
i
00—

EEET—

COOH

I
p I S

- Fal

06T

I

me—————T- AR T

“rr1

651 |

7
1 (ppm)
S47

15 14 13 12 11 10

14



References

(S1) A. Gallardo-Godoy, A. Fierro, T. H. McLean, M. Castillo, B. K. Cassels, M. Reyes-Parada and D. E.
Nichols, J. Med. Chem., 2005, 48, 2407.

(S2) A. M. Sherwood, D. M. Pond and M. L. Trudell, Synthesis, 2012, 44, 1208.

(S3) G. Brasche and S. L. Buchwald, Angew. Chem., Int. Ed., 2008, 120, 1958.

(S4) CrysAlis CCD and CrysAlis RED, version 1.171.37.35, Oxford Diffraction Ltd: Yarnton, Oxfordshire,
U. K., 2014.

(S5) Sheldrick, G. M. SHELXTL, version 6.10, Bruker Analytical X-ray Systems: Madison, WI, 2001.
(S6) Sheldrick, G. M. Acta Cryst. 2008, 64, 112.

(S7) Spek, A. L. J. Appl. Crystallogr. 2003, 36, 7.

S48



