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Fig. S1. 'H NMR spectra of 7b (left, CDsCN) and 7c (right, CDs0D) in various low temperatures.
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Fig. S2. Left: 'H NMR spectral traces of 6"b in degassed deuterated acetonitrile (CD3CN) upon irradiation by blue light (12 W) at room temperature. After irridiation, the
formation of cis-6"b is stable in solution, even exposed to air; Middle: 'H NMR spectra traces of 6"b in deuterated acetonitrile in dark. Right: a) the ESI-MS pattern for
parent ion cis-6"b (the final solution from NMR tube); b) the ESI-MS pattern for parent ion of as-prepared 6"b; c) the calculated isotope pattern for the cation ion of
6"b (ESI-MS: m/z 873.5 [M-OTf]*; Calcd. for C41HsolrNgS,, 873.2.).

Fig. S3. Perspective view of 4Mep (left) and 7b (right) (all hydrogen atoms, the CH3CN solvent molecules and counteranions (PFs or OTf) are omitted for clarity). Thermal
ellipsoids are drawn at the 30% probability level.
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Fig. S4. UV/Vis absorption (top) and emission (bottom) spectra of solutions of a) 1a— 1c, b) 6"/fb — 9b and c) 4Mea, 4Mep, 4Hexp, 5b and L5 in degassed DCM (concentration
of 2.0X 105 M) at 298 K, d) solvent dependence of 4Meb; The calculated UV-Vis profile of e) 1a, f) 1d and g) fac-Ir(ppy)s in DCM.
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Fig. S5. Cyclic voltammograms of solution of 1a, 4"¢*b, 6b, and 7b — 9b in acetonitrile with "BusNPFs (0.1 M) as supporting electrolyte. Conditions: working electrode,

glass-carbon, scan rate: 100 mVs-.
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Fig. S6 Time resolved spectra: a) transient absorption; b) transient emission spectra of 5b in degassed DCM; c) transient absorption; d) transient emission spectra of 64c
in degassed water recorded at specified time after laser pulse excitation (355 nm, laser energy: 5 mJ; beams area: 0.5 cm?) at 298 K.
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Fig. S7 Kinetic studies of tr-abs spectra of 4Mec at A = 495 nm: a) 4Mec only and b) 4ec and in the presence of acetone (2.72M); c) tr-abs of A (495 nm) and d) tr-em of A
(524 nm) of 4Mec by adding specified acetone.
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Fig. S8 a) Triansient absorption spectra of 6%c in water by different energies of laser beams; b) and c) time-resolved triansient absorption spectra of 4Meb in MeCN under
50 mJ laser beams; d) and e) transient absorption spectra of 4Meb after specified time excitation from different energy of laser beams; f) and g).triansient absorption
spectra of 4Meb in MeCN, in presence of DIPEA, substrate Al and both after 100 pus upon specified energy of laser excitation.(laser beams area 0.5 cm?, concentration

of 6Hc and 4Meb: 22X 10> M; DIPEA and A1: 2X 103 M (100 equiv. to 4Veb)).
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Fig. S9 a): Cyclic voltammograms of solution of amines in acetonitrile with "BusNPF¢ (0.1 M) as supporting electrolyte. Conditions: working electrode, glass-carbon, scan
rate: 100 mVs; b): mechanism for radical cyclization for substrate A1, the blue (proposed) /red (reference?) catalytic cycles represent the different quenching cycles.




1a Ir(ppy); 1d

Fig. $10 MO diagram of 1a, Ir(ppy)s and 1d based on the optimized ground state geometries (H for HOMO and L for LUMO).

Table S1. Selected bond length(A) and angles (deg).

Complex Bond length (A) Bond angles (deg)
Ir1-C18 2.064(6) | C18-1r1-C45 174.7(3)
Ir1-C38 2.054(6) C38-1r1-C41  175.4(3)
Ve Ir1-C41N"Ca  2.139(7) N1-Ir1-N2  167.8(2)
Ir1-C45MNFC  2.112(7) | C18-Ir1-N1  79.5(2)
Ir1-N1 2.074(6) C38-1r1-N2 80.1(2)
Ir1-N2 2.053(6) | c41-Ir1-c45  84.7(3)
Ir1-C1 2.077(2) C1-1r1-C31  176.38(9)
Ir1-C14 2.054(2) | c14-ir1-c27  174.27(9)
&b Ir1-c27NHe 2.128(2) N1-1r1-N2  167.85(8)
Ir1-C31NHC  2.105(2) C1-Ir1-N1  79.17(9)
Ir1-N1 2.071(2) | c14-Ir1-N2  79.47(8)
Ir1-N2 2.067(2) C27-1r1-C31  85.10(9)
Irl-C11 2.0568(17) | C11-1r1-C29 175.81(6)
Ir1-C25 2.0440(17) | C25-1r1-C35  173.60(6)
- Ir1-C29MHC  2.0941(17) | N1-Ir1-N2  168.75(5)
Ir1-C35MHC  2.1080(17) | C11-Ir1-N1  78.63(6)
Ir1-N1 2.1156(14) | C25-Ir1-N2  79.28(6)
1r1-N2 2.0894(14) [ C29-1r1-C35  85.58(6)
Irl-C13 2.187(18) | C27-Ir1-C13 173.1(12)
Ir1-N2 2.106(16) | C31-Ir1-N2  169.1(12)
cis-gMp | lri-caiMe 2.00(3) N1-Iri-N2  97.7(12)
Ir1-C27NHe 2.06(4) C13-Ir1-N1  77.4(11)
Ir1-N1 2.05(3) C26-1r1-N2  78.7(10)
1r1-N2 2.20(3) C27-1r1-C31  86.0(14)

2NHC refers to the bis-NHC carbene carbon atoms.



Table S2. Crystal data and structure refinement for crystals.

Complex 4Mep 6"b 7b cis-6"b
Empirical formula Cs7HsgFsIrN-P CoH4oNgO3F3S;3lr CusH4sNgO3F3S;3lr CaoHaoF3IrNgO3S3
Formula weight 1179.28 1022.18 1050.23 1022.18
Temperature/K 100 100 115.04 100
Crystal system monoclinic orthorhombic triclinic triclinic
Space group P21/n Pbca P-1 P-1
alA 14.9598(7) 13.3460(5) 11.6716(7) 15.8141(6)
b/A 22.5882(11) 19.6302(7) 12.4594(8) 16.3895(6)
c/A 16.6294(8) 30.1437(11) 14.7489(9) 18.8888(7)
a/degree 90 90 74.683(2) 67.0480(19)
B/ degree 112.4532(13) 90 86.255(2) 67.5521(17)
v/ degree 90 90 83.689(2) 82.559(2)
Volume/A3 5193.3(4) 7897.2(5) 2054.6(2) 4165.4(3)
VA 4 8 2 4
pcalcg/cm?® 1.508 1.719 1.698 1.63
wmm™ 5.826 8.566 3.465 8.12
F(000) 2384 4080 1052 2040
Crystal size/mm? 0.03 x 0.02 x 0.01 0.1 x 0.05 x 0.05 0.354 x 0.222 x 0.18 0.2x0.15x 0.03
Radiation CuKoa (A=1.54178) CuKo (A =1.54178) MoKa (A =0.71073) CuKa (A =1.54178)
20 range for data collection/ 6.96 t0 134.94 5.86 to 135.22 5.12 to 50.06 5.46 to 108.86
-17<h<17, -14<h<15, -13<h<13, -l6<h<16,
Index ranges -26 <k <26, -23 <k <21, -14 <k <14, -17<k<17,
-19<1<19 -28<1<35 -17<1<17 -19<1<19
Reflections collected 54353 144642 43882 50514
8990 7057 7243 [Ri = 0.0819, Rygra =
Independent reflections [Rint = 0.0746, [Rint = 0.0644, Rsigma =  [Rint = 0.0250, Rsigma = nt 0'0759'] sigma
Rsigma = 0.0472] 0.0215] 0.0151] '
Data/restraints/parameters 8990/5/626 7057/0/525 7243/0/546 10044/828/996
Goodness-of-fit on F? 1.049 1.127 1.012 1.036
. . R, =0.0647, R; = 0.0227, R; =0.0123, R;=0.1713,
Final R indexes [1 =20 (1] WR, = 0.1706 WR, = 0.0588 WR, = 0.0307 WR, = 0.3922
. - R =0.0706, R =0.0228, R: =0.0126, R; =0.2365,
Final R indexes [all data] WR; = 0.1799 WR; = 0.0590 WR; = 0.0309 WR, = 0.4436
Largest diff. peak/hole / e A 3.11/-1.43 0.79/-0.95 0.40/-0.50 9.71/-4.68
% Ri= Y|[Fol — |Fell / X[Fol; [DIWR2= [Xw(IFo| — [Fel)? YwIFo[]**
Table S3. Electrochemical Data® and Excited State Redox Properties of Complexes 1-9.
Complex  E(Ir'V'")® (V) E (Ir'"M e (V) Eoo? E(Ir'V"™) (vs CpyFe® E(r"M (vs E,' (eV) HOMO/LUMO'
vs Cp,Fe*’® vs Cp,Fe*® / SCE)® Cp,Fe*®/ SCE)® (eV)
1b 0.68 (0.80) -2.39 (-2.63) 2.74 -2.06/-1.70 0.35/0.71 3.07 -5.48/-2.41
2a 0.48 (0.59) -2.12 (-2.24) 2.43 -1.95/-1.59 0.31/0.77 2.60 -5.28/-2.68
4Meg 0.60 (0.69) -2.33 (-2.45) 2.47 -1.87/-1.51 0.14/0.50 2.93 -5.4/-2.47
4Mep 0.60 (0.70) -2.32 (-2.49) 2.47 -1.87/-1.51 0.15/0.51 2.92 -5.4/-2.48
4Hexpy 0.60 (0.69) -2.33 (-2.46) 2.45 -1.85/-1.49 0.12/0.48 2.93 -5.4/-2.47
5b 0.62 (0.72) -2.16 (-2.31) 2.24 -1.62/-1.26 0.08/0.44 2.78 -5.42/-2.64
6"b 0.81 (0.92) -2.09 (-2.21) 2.50 -1.69/-1.33 0.41/0.79 2.90 -5.61/-2.71
6Fb 0.87 (0.99) -1.88 (-2.0) 250 -1.63/-1.27 0.67/1.03 2.75 -5.67/-2.92
7b 0.53 (0.63) -2.03 (-2.13) 2.25 -1.72/-1.36 0.22/0.58 2.56 -5.33/-2.77
8b 0.46 (0.57) -1.90 (-2.0) 2.15 -1.69/-1.33 0.25/0.61 2.62 -5.37/-2.64
9b 0.52 (0.62) -2.02 (-2.16) 2.10 -1.58/-1.32 0.08/0.44 2.54 -5.565/-2.78

2 Supporting electrolyte: 0.1 M "BusNPFs in MeCN and E(Cp;Fe*?) are recorded at the range from 0.05 — 0.06 (V) vs AgNOs/Ag (0.1 M) in
MeCN; ° Values refer to onset of the anodic peak potential (E®onsr) and oxidation peak potential (E,,) in parenthesis at 25 °C for irreversible
couples at a scan rate of 100 mV s; ¢ Values refer to onset of the cathodic peak potential (E™ns) and reduction peak potential (Ey) in parenthesis
for the irreversible reduction waves; ¢ approximate zero-zero excitation energy Eoo = 1240/ (onset of emission band at 25 °C), ¢ Calculations of
approximate redox potentials of excited iridium(l111) complexes: E(Ir'™V'"™) = E(Ir'V") - Eq o, E(IF"™) = E(IM) + Ego (V)2 T Eg = E%onset-E™%onsets
HOMO (eV) = -e(E%onset + 4.8), and LUMO (eV) = -e(E"nset + 4.8).°



Experimental Section

Photophysical measurements

UV-vis absorption spectra were recorded on a Hewlett-Packard 8453 diode array spectrophotometer. Photo-excitation and steady-
state emission spectra were obtained on a SPEX Fluorolog-3 Model FL3-21 spectrofluorometer. Solution samples for measurements
were degassed on a high-vacuum line in a two-compartment cell that consisted of a pyrex bulb (10 mL) and a quartz cuvette (path
length: 1 cm) and was sealed from the atmosphere by a Bibby Rotaflo HP6 Teflon Stopper. The solutions were rigorously degassed
by at least five successive freeze/pump/thaw cycles. Excited state lifetime measurements of solution samples were performed with
a Quanta Ray DCR-3 pulsed Nd:Y AG laser system (pulse output 355 nm, 8 ns). The emission signals were detected by a Hamamatsu
R928 photomultiplier tube and recorded on a Tektronix TDS 350 oscilloscope, and analysed by using a program for the exponential
fits. @pL values were measured relative to that of a degassed acetonitrile solution of Ru(bpy)s(PFs)2 (bpy = 2,2'-bipyridine) (@ref =
0.062) as a standard reference and calculated by: @s = @(B+/Bs)(ns/nr)?(Ds/Dr), where the subscripts s and r refer to sample and
reference standard solutions, respectively, n is the refractive index of the solvents, D is the integrated intensity, and @ is the
luminescence quantum yield. The excitation intensity B was calculated by: B = 1 — 10A%, where A is the absorbance at the excitation
wavelength and L is the optical path length (L = 1 cm in all cases). Errors for A values (= 1 nm), z (+ 10 %), @ (£ 10 %) were
estimated. Nanosecond time-resolved absorption and emission measurements were performed using a LP920-KS Laser Flash
Photolysis Spectrometer (Edinburgh Instruments Ltd, Livingston, UK). The excitation source was 355 nm output from a Nd:YAG
laser.

Cyclic voltammetry

Cyclic voltammetry measurements were performed on a Princeton Applied Research Model 273A potentiostat. The glassy-carbon
electrode was polished with 0.05 um alumina on a microcloth, sonicated for 5 min in deionized water, and rinsed with acetonitrile
before use. A Ag/AgNOs (0.1 M in MeCN) electrode was used as reference electrode and a platinum wire as counter electrode. All
solutions of samples were prepared in MeCN containing 0.1 mol dm- tetra(n-butyl)ammonium hexafluorophosphate ("BusNPFg) as
supporting electrolyte. The solutions were purged and maintained under Argon atmosphere. Scan rates were 100 mV s and the
potentials were reported with respect to the potential of Ag/AgNOs. Ferrocene was used as internal reference and recorded with the
potential at the range of 0.05 — 0.07 V for ferrocenium/ferrocene (CpzFe*’©) vs Ag/AgNO:s.

Computational details

Density functional theory (DFT) and time-dependent density functional theory (TDDFT) calculations have been performed to
understand the geometries and the electronic structures of Iridium complexes (1a, 1d) using Gaussian 09 package.* PBEQ%/6-
31G*(lanl2dz)® was used for the geometry optimization and PBE0/6-31+G*(lanl2dz) was used for TDDFT calculations. The Solvent
effects have been studied using self-consistent reaction field (SCRF) method based on PCM models.” The choice of solvents
(dichloromethne, a dielectric constant e = 8.93) was based on the solvent media for experiments.

X-ray crystal-structure determination

Crystals of 4Mep (with PFs™ counter anion), 6"b, cis-6"b and 7b suitable for X-ray crystallography were obtained by slow diffusion
of diethyl ether into DCM (6"b), MeCN (4Meb and 7b) and chloroform (cis-6"b) solution of these complexes, respectively. The X-
ray diffraction data were collected on a Bruker X8 Proteum diffractometer except for 7b (Bruker D8 Venture diffractometer). The
crystal was kept at 100 K during data collection. The diffraction images were interpreted and the diffraction intensities were
integrated by using the program SAINT. Multi-scan SADABS was applied for absorption correction. By using Olex2,° the structure
was solved with the ShelXS® structure solution program using direct Methods and refined with the XL refinement package using
Least Squares minimization. The positions of the H atoms were calculated on the basis of the riding mode with thermal parameters
equal to 1.2 times that of the associated C atoms and these positions participated in the calculation of the final R indices. In the final
stage of least-squares refinement, all non-hydrogen atoms were refined anisotropically. Crystallographic parameters are summarized
in Table S1. CCDC 1428476—1428479 contain the supplementary crystallographic data for this paper. The data can be obtained free
of charge from The Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif.

Materials for syntheses of complexes:

2-phenyl-6-(trifluoromethyl)-benzo[d]thiazole (L6F), 2-phenylbenzo[d]thiazole (L6")7 were synthesized according to literature
procedure. 1,1'-methylenebis(3-methyl-1H-imidazol-3-ium) diiodide, 1,1'-methylenebis(3-butyl-1H-imidazol-3-ium) diiodide were
prepared according to a modification of the literature method.® Iridium trichloride (IrCls) hydrate, lithium trifilate (LiOTf) and
silver(l) oxide (Ag20) were purchased from commercial sources and were used as received without further purification. Deionized
(DI) water was used in the experiment procedure.

Materials for synthesis of ligands: (HL3, HL4H®/Me H| 5 and HL9) :


http://www.ccdc.cam.ac.uk/data_request/cif

Sodium carbonate, potassium carbonate, potassium fluoride (KF), ammonium chloride (NH4CI), potassium t-butoxide (KO'Bu), zinc
chloride (ZnCl2), magnesium, sodium hydride (60%), sodium acetate, iodine (l2), bromine (Br2), 1-bromohexane, 9-H-fluorene,
glucose, acetic anhydride, 1H-imidazole, 2-bromopyridine, 2-bromoethanol, dibromomethane, 2-bromo-9-H-fluorene, 2-
bromothiophene, isoquinolin-1-ol, boron trifluoride diethyl etherate (BF3-Et20), 4-methoxybenzaldehyde (4-MeOPhCHO), sulfuric
acid (H2S04), silver(l) oxide (Ag20), 1,2-bis(diphenylphosphino)ethane nickel(11) chloride (Ni(dppe)Clz), n-butyllithium in Hexane
solution (2.4M, J&K), tetrakis(triphenylphosphine)palladium(0) [Pd(PPh3)a], [1,1¢-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) [Pd(dppf)Clz], magnesium sulfate (MgSOa), 1-bromopyrrolidine-2,5-dione
(NBS), dimethylformamide (DMF), dichloromethane (DCM), ethylacetate (EA), 2-methoxyethanol, chloroform (CHCIzs), carbon
tetrachloride (CCla), diethylether (Et20), acetonitrile (MeCN), methanol (MeOH), ethanol (EtOH), toluene, tetrahydrofuran (THF)
and hexane (Hex) were purchased from commercial sources and were used as received without further purification. Deionized (DI)
water was used in the experiment procedure.

General procedure for preparation of iridium(l11) complexes 1-9:

Characterization for synthesis: 'H NMR spectra were recorded using deuterated solvent on a Bruker Avance DPX-300, AV-400, or
DRX-500 Fourier-Transform NMR spectrometer; chemical shifts are reported relative to tetramethylsilane. (Solvents: CDCls,
CD3CN and CD30D; chemical shifts: 8, ppm; J, Hz). Positive-ion electrospray lonization (ESI) mass spectra were obtained on a
Finnigan LCQ quadrupole ion trap mass spectrometer. Elementary analysis of the new complexes was performed on a Flash EA
1112 elemental analyzer at the Institute of Chemistry, the Chinese Academy of Sciences.

These complexes were synthesized from refluxing of HC”N ligand with IrCls in aqueous solution of 2-methoxyethanol (75% in
volume) for overnight (12—18 hours), the resulting precipitate was filtrated, washed by water, ethanol and diethyl ether and dried by
air. The dichloro-bridged iridium complexes [(C"N)2IrCl]z were used without further purification. A typical procedure is described
as follows (example of 1): In a 50 mL two-neck round-bottomed flask was [(ppy)zIrCl]2 (150 mg, 0.14 mmol, 1 eq), 1,1'-
methylenebis(3-butyl-1H-imidazol-3-ium), 21- (159 mg, 0.308 mmol, 2.2 eq), and silver(l) oxide (136 mg, 0.588 mmol, 4.2 eq) in
2-methoxyethanol (volume: 10 mL) to give a black suspension. The reaction was refluxing at 120 °C for overnight, 2-
methoxyethanol (volume: 10 mL) was removed under vacuum pump. 40 mL of DCM was added and filtrated through celite, the
resulting filtrate was washed by Lithium triflate aqueous solution (0.1 g/mL) 2 times. Organic layer was dried by MgSOa4. After
organic solvent was removed, the residue was prepared to purify by chromatographic column, and eluted by DCM/MeCN (V/V =
20/3). After removed organic solvent, the yellowish green solid was in good yield of 82% complex of 1b: 210 mg, 0.231 mmol). 61
(400 MHz, CDCl3) =8.14 (2H,d,J5.4 Hz),7.93(2H,d,J8.1Hz),7.82-7.75(4H, m, J9.1 Hz), 7.61 (2H,d, J 7.6 Hz,), 7.01 (2
H,t,J6.4Hz),6.88(2H,t, J7.3Hz),6.81-6.72(4H, m),6.31 (2 H,s),6.27 (2H,d,J 7.4 Hz),3.46 -3.37 (2H, m,), 3.19 - 3.10
(2H,m), 091 (2 H, qd, J 12.2,6.7 Hz), 0.71 (4 H, dt, J = 14.1, 7.2 Hz), 0.59 (6 H, t, J = 6.9 HZz), 0.32 ppm (2 H, qd, J = 13.1, 7.2
Hz). 6F (376 MHz, CDCls) = -78.23 ppm (s). ESI-MS: m/z 761.6 [M-OTf]*; Calcd. for C3s7H40lrNs, 761.3. Elemental Analysis (%):
calcd. for CasHaoF3lrNeO3S-H20: C, 49.18; H, 4.56; N, 9.06; found: C, 48.90, H, 4.52; N, 8.56. Complex 1b-Cl: 1b with anion of
CI: 1b with anion of OTf was refluxing in MeOH, and the anion was exchanged by adding Amberlite IRA-401 (CI) ion exchange
resin. Elemental Analysis (%): calcd. for C37H4oClIrNs-(H20)3: C, 52.25; H, 5.45; N, 9.88; found: C, 52.42, H, 5.40; N, 9.85.

Complex la:

The synthesis procedure of bis-NHC carbene Ir(ll1) complexes with counter anions of PFe is similar to that of trifilate Ir(11l)
complexes. 1a (not purified by chromatographic column) was dissolved into MeOH and excess of NH4PFs was added into above
solution, resulting precipitate was filtrated, washed by water, MeOH and Et20, and dried by air. The solid was prepared to purify by
chromatographic column, and eluted by DCM/MeCN (V/V = 10/1 to 5/1). 8n (400 MHz, CD3CN) =8.25 (2 H, d, J 5.7 Hz), 8.05 (2
H,d,J8.2Hz),7.88 (2H,t, J 7.6 Hz), 7.72 (2 H, d, J 7.8 Hz), 7.08 (2 H, t, J 6.3 HZz), 6.91 (4 H, m), 6.76 (2 H, t, J 7.3 Hz), 6.34 (2
H,d,J7.4Hz),5.97 (2 H, s), 2.80 ppm (6 H, s). 6F (376 MHz, CD3CN) = -72.91 ppm (d, J 706.3 Hz). ESI-MS: m/z 677.1 [M-PFe]*;
Calcd. for Cs1H2slrNe, 677.2. Elemental Analysis (%): calcd. for Ca1H28PFslrNe-H20: C, 44.34; H, 3.60; N, 10.01; found: C, 44.50,
H, 3.58; N, 9.60.

Complex 1c:

Typical procedure for synthesis of Ir(lll) complexes bearing D-glucose on terminal of bis-NHC carbene ligand
([(C™N)2lr(dig)]OTTF), refers to the procedure of 6Xc. Yield: 13%. 61 (400 MHz, CD3OD) = 8.27 (2 H,d, J4.8 Hz), 8.13 (2 H, d, J
8.2Hz),7.91(2H,t,J7.6 Hz), 7.74 2 H,d, J 7.7 Hz), 7.38 (4 H, 1, J 14.6 Hz), 7.13 (2 H, t, J 6.3 Hz), 6.88 (2 H, t, J 7.4 Hz), 6.74
(2H,t, J=6.7Hz), 6.27 — 6.22 (2 H, m), 6.12 (2 H, s), 4.46 — 4.06 (3 H, m), 3.97 (1 H, d, J 7.8 Hz), 3.90 — 3.76 (4 H, m), 3.75 —
3.39 (6 H, m), 3.28 —2.97 (9 H, m), 2.87 (1 H, d, J 11.4 Hz), 2.48 (1 H, t, J 8.6 Hz), 2.15 (3 H, ), 2.13 — 1.95 (2 H, m) ppm. & (376
MHz, CD30D) & = -80.09 ppm. ESI-MS: m/z 1061.4 [M-OTf]*; Calcd. for CasHs2IrNeO12, 1061.1.

Complex 2a:



Yield: 60%. &+ (400 MHz, CD3CN) =8.10 (2 H, d, J5.8 Hz), 7.75 (2 H, t, J 7.6 Hz), 7.59 (2 H, d, J 8.0 Hz), 7.35 — 7.23 (4 H, m),
6.96 (2 H,s),6.86 (2H,t,J6.6 Hz),6.19 (2H, d, J4.7 Hz,), 5.97 (2 H, s), 2.90 ppm (6 H, s). 6r (376 MHz, CD3CN) =-72.90 (d, J
706.2 Hz). ép (162 MHz, CD3CN) = -144.53 (sept, J 706.4 Hz). ESI-MS: m/z 689.3 [M-PF¢]*; Calcd. for C27H24IrNeS2, 689.1.
Elemental Analysis (%): calcd. for C27H24FslrNsPS2-H20: C, 38.07; H, 3.08; N, 9.87; found: C, 38.18, H, 2.88; N, 7.45.

Complex 3a:

Yield: 19%, this complex is difficult to purify. After twice chromatograph purification procedures, the desired crude product was
purified from growing crystals by diffusion diethylether into a solution of DCM. &4 (400 MHz, CD3sCN) = 8.10 (2 H, d, J 5.5 Hz),
7.78(2H,t, J7.7Hz),7.56 (2H,d,J8.0Hz),7.31(2H,s),7.27(2H,d, J5.0Hz), 7.14 (2 H, s), 6.99 (4 H, s), 6.88 (2 H, t, J 6.4),
6.32 (2 H, s,), 5.98 (2 H, s), 3.02 ppm (6 H, s). 8 (376 MHz, CD3CN) = -72.90 ppm (d, J 706.4 Hz). ép (162 MHz, CD3CN) = -
144.53 ppm (sept, J 706.2 Hz). ESI-MS: m/z 853.1 [M-PFs]*; Calcd. for CasH2slrNeSa, 853.1. Elemental Analysis (%): calcd. for
CssHa2sFslrNsPSa(CH2Cl2)os: C, 40.98; H, 2.81; N, 8.08; found: C, 40.38, H, 2.86; N, 8.05.

Complex 4Hexp:

Yield: 66%. 3+ (400 MHz, CDCls) = 8.20 (2 H, d, J 5.9 Hz), 8.05 (2 H, d, J 8.0 Hz), 7.85 (4 H, dd, J 15.1, 5.1 Hz), 7.57 (2 H, s),
7.20-7.10 (8 H, m), 7.03 (2 H, t, J 6.0 HZ), 6.78 (2 H, d, J 1.8 Hz), 6.60 (2 H, 5), 6.37 (2 H, 5), 3.45 — 3.24 (4 H, m), 1.89 — 1.81 (4
H, m), 1.81 — 1.67 (4 H, m), 1.09 (6H, dt, J 13.5, 6.7 Hz), 1.05 — 0.94 (10 H, m), 0.88 (2 H, t, J 7.0 HZ), 0.85 - 0.79 (4 H, m, J 6.6
Hz), 0.75 (8 H, t, J 7.2 Hz), 0.72 — 0.64 (10 H, m), 0.56 (8 H, t, J 7.2 Hz), 0.51 (6 H, t, J 7.2 Hz), 0.44 — 0.36 (2 H, m), 0.33 — 0.22
(2H, m) ppm. &r (376 MHz, CDCl3) =-78.21 ppm. ESI-MS: m/z 1274.0 [M-OTf]*; Calcd. for C7sHgslrNe, 1273.7. Elemental Analysis
(%): calcd. for C76HosF3lrNsO3S-(H20): C, 63.35; H, 6.86; N, 5.83; found: C, 62.77, H, 6.97; N, 5.88.

Complex 4Mea, with anion of OTf:

Yield of 47%. &1 (400 MHz, CDsCN) = 8.35 (2 H, d, J 5.6 Hz), 8.20 (2 H, d, J 8.2 Hz), 7.97 (2 H, s), 7.93 (2 H, s), 7.41 (2 H, d, J
7.2Hz),7.30-7.25 (4 H, m), 7.22 (4 H, t, J 7.8 HZ), 7.14 (2 H, s), 6.90 (2 H, 5), 6.77 (2 H, 5), 6.00 (2 H, 5), 2.82 (6H, 5), 1.43 (6 H,
s), 1.35 ppm (6 H, s). 8r (376 MHz, CD3CN) = -79.32 ppm. ESI-MS: m/z 909.4 [M-OTf]*; Calcd. for CagHaalrNs, 909.1. Elemental
Analysis (%): calcd. for CsoHa4F3ClIrNsO3S-(CH2Cl2)os: C, 55.11; H, 4.12; N, 7.64; found: C, 54.49, H, 3.98; N, 8.06.

Complex 4Mep: Overall yield: 58%.

4Mep with anion of PFs:

Yield: 17 %. 81 (400 MHz, DMSO) = 8.39 (2 H, d, J 8.1 Hz), 8.28 (2 H, d, J 5.3 Hz), 8.09 — 8.01 (4 H, m,), 7.55 (2 H, s), 7.44 —
7.38(2H, m),7.31—-7.23 (4 H, m), 7.22 — 7.14 (4 H, m), 7.11 (2 H, d, J 4.8 Hz), 6.57 (2 H, d, J 6.4 Hz), 6.09 (2 H, 5), 3.22 (4 H, d,
J11.4 Hz),1.37 (6 H, s), 1.33 (6 H, s), 1.07 (2 H, t, J 7.0 Hz), 0.98 — 0.86 (2 H, m), 0.56 — 0.44 (4 H, m), 0.31 — 0.22 (8 H, m). &
(376 MHz, CD3CN) = -70.10 (d, J 711.2 Hz) ppm. &p (162 MHz, CD3CN) = -144.09 (sept, J 711.2 Hz) ppm.; Elemental Analysis
(%): calcd. for CssHssFslrNesP-(H20)2: C, 56.25; H, 5.15; N, 7.16; found: C, 56.06, H, 5.00; N, 7.16.

4Mep with anion of OTf:

Yield: 41 %. 81 (400 MHz, CD3CN) = 8.30 (2 H, d, J 5.7 Hz), 8.22 (2 H, d, J 8.1 Hz,), 7.97 (2 H, t, J 7.8 Hz), 7.93 (2H, s), 7.40 (2
H,d,J7.4Hz),733(2H,d,J19Hz),7.23 (6 H,ddd, J13.9,8.2, 7.1 Hz), 7.15 (2 H, t, J 6.6 Hz,), 7.01 (2 H, d, J 1.9 Hz), 6.72 (2
H,s), 5.97 (2 H, s), 3.48 (2 H, td, J 12.5, 5.3 Hz), 3.24 (2 H, td, J 12.5, 5.3 Hz), 1.43 (6 H, s), 1.33 (6 H, s), 1.02 — 0.90 (2 H, m),
0.54 (4 H, dt, J 13.4, 6.4 Hz), 0.47 — 0.36 (2H, m), 0.32 ppm (6 H, t, J 7.2 Hz). 5 (376 MHz, CD3sCN) = -79.29 ppm. ESI-MS: m/z
993.5 [M-OTf]*; Calcd. for CssHselrNs, 993.4. Elemental Analysis (%): calcd. for CssHssF3lrNeSO3z: C, 58.88; H, 4.94; N, 7.36;
found: C, 58.38, H, 4.83; N, 7.33.

Complex 4Mec:

Yield: & n (400 MHz, CD3sOD) 8.41 — 8.26 (4 H, m), 8.02 (2 H, s), 7.94 (2 H, s), 7.41 (2 H, s), 7.35 (4 H, s), 7.23 — 7.14 (8 H, m),
6.65(2H,d, J1.8),6.16 (2H,d,J3.1),5.19 (2 H,s), 3.97 - 3.89 (2 H, m), 3.81 — 3.68 (4 H, m), 3.66 — 3.56 (4 H, m), 3.54 (2 H, s),
3.25-3.11 (6 H, m), 3.06 (1 H, ddd, J 6.5, 4.3, 2.7), 3.02 — 2.86 (4 H, m), 2.11 — 2.01 (1 H, m), 1.60 — 1.51 (2 H, m), 1.46 (6 H, s),
1.39 (6 H, s), 1.28 (2 H, s). 8r (376 MHz, CD3CN) =-79.29 ppm. ESI-MS: m/z 1293.9 [M-OTf]*; Calcd. for Cs3sHsslrNsO12, 1293.5.

Complex 5b:

Yield: 80%. 81 (400 MHz, CDsOD) = 8.33 (2 H, d, J 5.3 Hz), 8.16 (2 H, d, J 8.0 Hz), 7.98 (2 H, t, J 7.7 Hz), 7.86 (2 H, 5), 7.79 —
7.73(4H, m), 7.69 —7.62 (6 H, m), 7.59 (2 H, d, J 1.6 Hz), 7.49 (2 H, dd, J 8.1, 1.7 Hz), 7.22 (2 H, s), 7.16 (2 H, t, J 6.1 Hz), 6.90
(2H,d, J1.8Hz),6.84 (2 H,s),6.26 (2H,s),3.64—351(2H, m),3.33-3.21 (2 H, m), 2.09 — 1.96 (8 H, m), 1.56 (9 H, s), 1.53
(6H,s),1.49 (6 H,s),1.14—-0.91 (27 H, m), 0.81 —0.72 (12 H, m), 0.70 — 0.44 (16 H, m), 0.36 ppm (6 H, t, J 7.2 Hz). 8¢ (376 MHz,
CD30OD) = -78.91 ppm. ESI-MS: m/z 1896.5 [M-OTf]*; Calcd. for C111H126Br2IrNs, 1896.8. Elemental Analysis (%): calcd. for
Ci112H126Br2FslrNeO3S: C, 65.77; H, 6.21; N, 4.11; found: C, 65.45, H, 6.13; N, 4.12.

Complex 6b:



Yield: 95%. 1 (400 MHz, CDsCN) = 8.11 (2 H, d, J 8.0 Hz), 7.81 (2H, d, J 7.6 Hz), 7.49 (2 H, t, J 7.5 Hz), 7.37 (2 H, s), 7.27 (2
H,t,J7.7Hz),7.05(2H,s),6.95(2H,t J7.4Hz),6.77 (2H,t, J 7.4 Hz), 6.50 (2 H, d, J 7.5 Hz), 6.21 (2 H, d, J 8.3 HZz), 5.65 (2
H,s), 3.18 (2 H, td, J 12.4, 5.3 Hz), 2.95 (2 H, td, J 12.3, 4.2 Hz), 1.01 - 0.85 (2 H, m), 0.71 — 0.55 (4 H, m), 0.49 (6 H, t, J 7.0 Hz),
0.39 - 0.22 ppm (2 H, m). & (376 MHz, CD3sCN) = -79.30 ppm. dc (101 MHz, CDsCN) = 181.63, 164.36, 159.47, 150.38, 141.22,
132.85, 131.29, 130.32, 127.64, 126.03, 123.76, 122.04, 122.01, 121.67, 118.31, 63.09, 49.16, 32.31, 19.21, 12.59 ppm. ESI-MS:
m/z 873.5 [M-OTf]*; Calcd. for Ca1H40lrNeSz, 873.2. Elemental Analysis (%): calcd. for C42H40F3IrNsO3S3-H20: C, 48.49; H, 4.07;
N, 8.08; found: C, 48.79, H, 4.08; N, 7.97.

Complex cis-6"b:

Yield: 94%. To a 4 mL acetonitrile solution in a test tube was added 100mg of 6"b, the resulting mixture was degassed by nitrogen
gas for 10mins. The solution was irradiated by blue LEDs (12 w) for 12 hr. After removing solvents, the mixture was purified by
chromatographic column, and eluted by DCM/MeCN (V/V = 20/3). After removed organic solvent, the yellowish solid was in good
yield (94%) for complex of cis-6"b: & 1 (400 MHz, CD3CN) 8.19 (1 H, d, J 7.8 Hz), 7.95 (1 H, d, J 7.7 Hz), 7.88 (1 H, d, J 8.0 Hz),
7.66 (1H,d,J7.4Hz),757 (1H,t J7.7Hz),7421H,tJI78Hz),7.391H,d J19Hz),7.25-7.18(3H,m),7.13(1H,d,J
2.0Hz), 705(1H,t J6.9Hz),699(1H,d,J2.1Hz),6.90 (1 H,t J7.4Hz),685((2H,t J7.5Hz),6.79 (2H,dd,J7.4,28Hz),
6.63(1H,d,J83Hz),6.36 (1H,d, J84Hz),599 (1H,d,J13.5Hz),572(1H,d,J13.5Hz), 3.47 -3.33 (2 H, m), 3.27 - 3.18
(1H, m),3.17-3.00 (2H, m),1.13(1 H,t, J7.0Hz),1.02-0.84 (2 H, m), 0.77 -0.62 (2 H, m), 0.55 (3H,t, J 7.2 Hz), 0.51- 0.40
(1 H, m), 0.36 — 0.07 (6 H, m). & c (101 MHz, CDsCN) 178.74, 175.67, 162.70, 160.36, 152.06, 150.18, 149.64, 142.70, 140.41,
140.25, 137.17, 134.54, 132.30, 131.46, 131.42, 130.91, 128.09, 127.02, 126.98, 126.24, 125.90, 125.35, 123.85, 123.60, 123.07,
122.15, 122.04, 121.92, 121.87,121.41, 119.18, 118.47, 62.48, 49.92, 48.64, 33.25, 32.47, 19.28, 18.92, 12.67, 12.51. &r (376 MHz,
CDsCN) = -79.31 ppm. ESI-MS: m/z 873.5 [M-OTf]*; Calcd. for CaiHolrNeS2, 873.2. Elemental Analysis (%): calcd. for
Ca2H40F3IrN6O3S3 (H20)05: C, 48.92; H, 4.01; N, 8.15; found: C, 49.15, H, 4.00; N, 8.04.

Complex 6Ha, with anion of OTf:

Yield of 58%. & 1 (400 MHz, CD3CN) 8.10 (2 H, d, J 8.1Hz), 7.82 (2 H, d, J 7.7 Hz), 7.49 (2 H, t, J 7.7 Hz), 7.32 (2 H, d, J 1.5 Hz),
7.28(2H,t, J7.8 Hz), 6.99 — 6.91 (4 H, m), 6.76 (2 H, t, J 7.4 Hz), 6.54 (2 H, d, J 7.6 Hz), 6.30 (2 H, d, J 8.4 Hz), 5.68 (2 H, s),
2.62 (6 H, s) ppm. 3 r (376 MHz, CD3CN) -79.32 ppm. ESI-MS: m/z 789.2 [M-OTf]*; Calcd. for CasH2slrNeS2, 789.0. Elemental
Analysis (%): calcd. for CssH2sF3IrNsO3S3-H20: C, 45.23; H, 3.16; N, 8.79; found: C, 45.61, H, 3.19; N, 8.65.

Complex 6Hc:

Typical procedure for synthesis of Ir(lll) complexes bearing D-glucose on terminal of bis-NHC carbene ligand
([(C~N)21r(dig)]OTf). To a two-neck flask were added 1,1'-methylenebis(3-(2-((3,4,5-triacetoxy-6-(acetoxymethyl)tetrahydro-2H-
pyran-2-yl)oxy)ethyl)-1H-imidazol-3-ium), 2Br- (392 mg, 0.37 mmol, 2.2 eq), [(hbta)2IrCl]2 (218 mg, 0.168 mmol, 1 eq.), and
silver(l) oxide (171 mg, 0.74 mmol, 4.4 eq) in 2-methoxyethanol (volume: 10 mL) to give a black suspension. The reaction was
refluxing at 120 °C for overnight, 2-methoxyethanol (10 mL) was removed under vacuum pump. 40 mL of MeOH was added and
filtrated through celite to remove unreacted silver oxide, the resulting filtrate was concentrated, and 5 mL of MeOH was added, 30
mL of Et.O was added to result precipitate. The crude product was prepared to purify by chromatography, by using the eluent system
of MeCN(mL)/MeOH(mL)/LiOTf(mg)(100/60/320). After organic solvent is removed, the yellowish green solid was in good yield
of 83% complex of 6c: 367 mg, 0.278 mmol). 51 (400 MHz, CDsOD) =8.13 (2 H, d, J 7.7 Hz), 7.82 (2 H, d, J 7.4 Hz), 7.55 — 7.41
(6 H, m), 7.32 (2 H, dd, J15.0, 7.4 Hz), 6.96 (2 H, t, J 7.2 Hz), 6.78 (2 H, t, J 7.2 Hz), 6.44 (2 H, d, J 7.4 Hz), 6.23 (2 H, t, J 7.7 Hz),
5.82 (2 H, s), 4.34 — 4.13 (1H, m), 3.91 (1H, d, J 7.8 Hz), 3.80 — 3.45 (9 H, m), 3.42 — 3.35 (2 H, m), 3.27 — 3.08 (7 H, m), 3.06 —
2.95(3H, m), 2.94 - 2.81 (1 H, m), 2.56 — 2.46 (1 H, t), 2.04 — 1.87 (3 H, m) ppm. & (376 MHz, CDzOD) = -80.03 ppm. ESI-MS:
m/z 11735 [M-OTf]*; Calcd. for  CagHs2lrNsO12S2, 1173.3. Elemental  Analysis  (%): calcd. for
CsoHs2F3IrNsO15S3-(LiSO3CF3)1.2-(H20)s: C, 37.19; H, 4.14; N, 5.08; found: C, 36.88, H, 4.17; N, 5.09.

Complex 6Fb:

Yield: 78%. 51 (400 MHz, CD3CN) & = 8.49 (2 H, s), 7.89 (2 H, d, J 7.6 Hz), 7.56 (2 H, d, J 8.8 Hz), 7.39 (2 H, s), 7.07 (2 H, 5),
6.99 (2H,t,J7.4Hz),6.81(2H,t J7.3Hz),6.51 (2H,d,J7.5Hz),6.30 (2H,d,J8.7Hz),563(2H,s),3.16 (2H, td, J12.4,5.5
Hz), 2.93 (2 H, td, J 12.4, 4.6 Hz), 1.04 — 0.81 (2 H, m), 0.74 — 0.53 (4 H, m), 0.50 (6 H, t, J = 6.9 Hz), 0.40 — 0.21 (2H, m) ppm. 5F
(376 MHz, CD3CN) = -62.16, -79.33 ppm. ESI-MS: m/z 1009.5 [M-OTf]*; Calcd. for C4zHasFslrNeS2, 1009.2. Elemental Analysis
(%): calcd. for CasHaoFolrNeO3S3-H20: C, 44.93; H, 3.43; N, 7.14; found: C, 45.17, H, 3.32; N, 7.01.

Complex 7b:

Yield: 24%. H NMR (500 MHz, CD3CN, 238 K) & = 8.02 (1 H, d, J 8.3 Hz), 7.96 (L H, d, J 8.0 Hz), 7.88 (L H, s), 7.76 (1 H, d, J
8.7 Hz), 7.53 (L H, t, J 7.5 Hz), 7.46 (1 H, s), 7.37 — 7.29 (4 H, m), 7.22 (L H, d, J 1.7 Hz), 7.17 (L H, d, J 1.7 Hz), 7.01 (L H, d, J =
1.7 Hz), 6.89 — 6.82 (2 H, m), 6.22 (2H, dd, J 12.9, 4.7 Hz), 5.70 (L H, d, J 8.9 Hz), 5.57 (1 H, d, J 13.6 Hz), 4.62 (L H, d, J 13.4
Hz), 3.16 — 3.02 (2 H, m), 2.88 (3 H, s), 2.75 (3 H, s), 2.21 (1 H, t,  10.9 Hz), 1.10 — 1.01 (1 H, m), 0.88 —0.79 (1 H, m), 0.71 (1 H,
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t,J7.2Hz),0.66 — 0.41 (8 H, m), 0.36 (3H,t,J 7.1 Hz), 0.26 — 0.14 (1 H, m), -0.26 (1 H, s). 8F (376 MHz, CD3CN, 300 K) = -78.27
ppm. ESI-MS: m/z 901.4 [M-OTf]*; Calcd. for CasHaalrNeSz, 901.3. Elemental Analysis (%): calcd. for CasHaaF3slrNeO3S3-H20: C,
49.47; H, 4.34; N, 7.87; found: C, 49.34, H, 4.12; N, 7.90.

Complex 7c:

Yield: 58%. & 1 (500 MHz, MeOH, 228 K) 8.12 (1 H, d, J 7.1 Hz), 8.07 (L H, t, J 7.9 Hz), 7.97 (L H, s), 7.84 (1 H, t, J 9.8 Hz), 7.62
—~7.57 (L H, m,J 7.4 Hz), 7.56 — 7.27 (10 H, m), 6.99 — 6.89 (1 H, m), 6.32 — 6.22 (1 H, m), 6.15 — 6.06 (1 H, m), 5.99 (1 H, d, J
12.0 Hz), 5.80 (1 H, d, J 8.5 Hz), 4.74 (1 H, s), 4.08 —3.90 (L H, m), 3.79 (1L H, d, J 7.8 Hz), 3.74 — 3.46 (6 H, m), 3.24 — 3.12 (5 H,
m), 3.09 — 3.03 (2 H, m), 2.96 (3 H, s), 2.82 (3 H, s), 2.74 — 2.57 (2 H, m), 2.53 — 2.29 (1 H, m), 2.06 — 1.74 (1 H, m). ESI-MS: m/z
1201.5 [M-OTf]*; Calcd. for CsiHsslrNsO12S2, 1201.4. Elemental Analysis (%): calcd. for Cs2HssF3lrNsO15S3[(LiSO3CF3)o.6(H20)s]:
C, 40.70; H, 4.42; N, 5.41; found: C, 41.19, H, 4.38; N, 5.30.

Complex 8b:

Yield: 62%. 81 (400 MHz, CDsCN) = 9.20 (2 H, d, J 4.8 Hz), 8.85 (2 H, s), 8.15 (4 H, t, J 8.0 Hz), 7.94 (4 H, d, J 7.7 Hz), 7.79 (2
H,d,J7.6 Hz), 7.56 (2 H, d, J 6.4 Hz), 7.30 (s, 2H), 7.18 (4 H, dd, J 14.5, 7.1 Hz), 7.11 (2 H, d, J 7.6 Hz), 7.01 (4 H, d, J 5.4 HZ),
5.80(2H,s),3.46 -3.37 (2H, m), 3.14 (2 H, td, J 12.6, 4.8 Hz), 1.01 - 0.82 (2 H, m), 0.40 — 0.26 (2 H, m), 0.25 - 0.10 (4 H, m), -
0.03 ppm (6 H, t, J 7.0 Hz). 8¢ (376 MHz, CD3CN) = -79.34 ppm. ESI-MS: m/z 961.7 [M-OTf]*; Calcd. for CssHaslrNe, 961.4.
Elemental Analysis (%): calcd. for CsaHagF3lrNsOsS-H20: C, 57.48; H, 4.47; N, 7.45; found: C, 56.91, H, 4.31; N, 7.26.

Complex 9b:

Yield: 53%. 8+ (400 MHz, CD3:CN) =8.83 (2 H, d, J 5.7 Hz), 8.00 (4 H, d, J 6.2 Hz), 7.82 (4 H, dd, J 6.0, 3.1 Hz), 7.44 (2 H, d, J
4.7 HzZ),7.35(2H,s), 7.29 (2 H, d, J 6.6 Hz), 7.06 (2 H, s), 6.28 (2 H, d, J 4.8 Hz), 5.93 (2 H, s), 3.31 (4 H, pd, J = 13.0, 5.3 Hz),
1.11-0.99 (2 H, m), 0.82 - 0.68 (2 H, m), 0.61 (2 H, ddd, J 17.4, 11.5, 6.1 Hz), 0.39 (6 H, t, J 7.3 Hz), 0.26 — 0.09 (2 H, m) ppm.
SF (376 MHz, CD3CN) =-79.32 ppm. ESI-MS: m/z 873.6 [M-OTf]*; Calcd. for C41H40lrNeS2, 873.2. Elemental Analysis (%): calcd.
for Ca2H40F3IrNeO3S3 (H20)05: C, 48.92; H, 4.01; N, 8.15; found: C, 48.80, H, 4.01; N, 8.12.

Complex 9c:

Yield of 54%, 5n (400 MHz, CD3OD) & = 8.86 (2 H, d, J 4.3 Hz), 8.07 — 7.93 (4 H, m), 7.86 — 7.77 (4 H, m), 7.51 — 7.37 (6 H, m),
7.38 (2H, d, J4.0 Hz), 6.27 - 6.17 (2H, m), 6.12 (2 H, d, J 2.7 HZ), 3.96 — 3.80 (3 H, m), 3.72 (7 H, t, J 6.5 Hz), 3.64 (3 H, s), 3.62
—-3.45(4H, m),334(1H,s),327-311(6H,m),3.08-2.98(3H,m),2.96-2.89(1H,m),2.80-2.70 (1 H, m),2.30 -2.21 (1
H, m) ppm. & (376 MHz, CD30D) & = -80.09 ppm. ESI-MS: m/z 1173.5 [M-OTf]*; Calcd. for CasHs21rNsO12S2, 1173.3. Elemental
Analysis (%): calcd. for CsoHs2F3lrNeO15S3'(LiSO3CF3)o.s(H20)4: C, 41.19; H, 4.11; N, 5.71; found: C, 41.99, H, 4.10; N, 5.55.
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Synthesis of CAN ligands:

Ligand of HL3:

Br.
S/ Br, S (\_S_/TB(OH)z
. —_—
N a N b
NS | N I

Hpth

Scheme 1, a) i, DCM (0°C to r.t.) b) K,COs, [Pd(dppf)]Cl,, Toluene/EtOH/H,0 (V/V/V = 5/5/2), reflux.

Synthesis of 2-(5-bromothiophen-2-yl)pyridine:

To a 100 mL round-bottomed flask was added 2-(thiophen-2-yl)pyridine (700 mg, 4.34mmol) in DCM to give a yellow solution.
Bromine (694 mg, 4.34mmol) in 5 mL of DCM was added at ice bath. After addition for 5mins, red precipitate was formed, and it
was left stirring for overnight. 75% was converted after HNMR identification. Another 150 mg of bromine was added again. The
crude material was loaded on a 2.0mm plate. The plate was eluted by DCM/Hexane (V/V = 1/2), Collect the fraction of R = 0.3.
The product was collected with the yield of 100% (1.04g, 4.33 mmol). 'H NMR (300 MHz, CDCls) § = 8.54 (d, J = 4.9 Hz, 1H),
7.69 (td, J = 7.5, 1.4 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.31 (d, J = 3.9 Hz, 1H), 7.16 (dd, J = 7.3, 5.0 Hz, 1H), 7.07 ppm (d, J = 3.9
Hz, 1H).

Synthesis of 2-[(2,2’-bithiophen)-5-yl]pyridine (Hptt: L3):

2-(5-bromothiophen-2-yl)pyridine was used without further purification. To a two-neck flask were added potassium carbonate
(1.796g, 12.99 mmol, 3 eq.), 2-(5-bromothiophen-2-yl)pyridine (1.04 g, 4.33 mmol, 1 eq.), thiophen-2-ylboronic acid (665 mg, 5.2
mmol, 1.2 eq.) and [Pd(dppf)]Cl2 (317 mg, 0.433 mmol, 0.1 eq.) into an aqueous solution of toluene/ethanol/water (V/V/V = 25
mL/25 mL/10 mL) to give a solution. The mixture was degassed by nitrogen for 20mins, and then left to reflux at 100 °C for
overnight. The reaction was monitored by TLC, and the mixture was extracted by DCM (30 mL X 2). And the organic layer was
washed by water (30 mL X 2), dried by MgSOa. After remove organic solvent, the crude product was prepared to purify by
chromatography, by using the eluent system of DCM/Hexane (V/V from 0/1 to 1/3). 480mg of L3 (yield of 45.5%) was collected.
H NMR (300 MHz, CDCls) 6 = 8.59 — 8.53 (m, 1H), 7.73 — 7.62 (m, 2H), 7.48 (d, J = 3.9 Hz, 1H), 7.24 (d, J = 1.1 Hz, 1H), 7.19
(d, J=3.9 Hz, 1H), 7.18 — 7.12 (m, 1H), 7.05 (dd, J = 5.1, 3.6 Hz, 1H).

Ligand of HL4Hex:

Scheme 2, a) i, KOtBu, DMF; ii, 1-Br"CgH13 for L4Hex, Mel for L4Me; b) i, Mg, I,, THF, reflux (to prepare Grignard reagent); ii) above Grignard reagent, Ni(dppe)Cl,, 2-
bromopyridine, THF, reflux.

Synthesis of 2-9,9-dihexyl-9H-fluoren-2-yl)pyridine (L4):

In a 100 mL two-neck round-bottomed flask was 2-bromo-9,9-dihexyl-9H-fluorene (0.98 g, 2.37 mmol) and magnesium (58 mg,
2.37 mmol) in dried THF (20 mL) to give a colorless suspension. lodine 10 mg was added to initialize the reaction and refluxing for
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30 mins. In a 250 mL two-neck round-bottomed flask was 2-bromopyridine (1.63 g, 10.00 mmol) and Ni(dppe)Clz (13 mg, 0.024
mmol) in dried THF (30.0 mL) to give a orange solution. The Grignard reagent of first solution was transferred by cannula at
refluxing temperature, the resulting dark brown solution in the 250 mL flask was left stirring for 20 mins and refluxing for overnight.
Monitoring of reaction shows product left without starting materials. H20 was added to end the reaction. The aqueous layer was
back extracted with Et.O (50 mL X 3). Combined the organic layers and washed with water (50 mL X 2). The organic layer was dried
by MgSOy, filtrated and concentrated. The crude product was added to a silica gel column and was eluted with DCM/Hexane (V/V
=1/1). Collect fractions with R = 0.1 in DCM/Hex (V/V =1/4) with strong blue emission under UV lamp (285 nm). Purified L4Hex:
0.68g, Yield: 70%. 'H NMR (400 MHz, CDCls) § = 8.73 (d, J = 4.5, 1H), 8.03 — 7.93 (m, 2H), 7.83 — 7.69 (m, 4H), 7.35 (t, J=6.0,
3H), 7.25 — 7.17 (m, 2H), 2.11 — 1.94 (m, 5H), 1.14 — 0.97 (m, 14H), 0.74 (t, J = 6.9, 7TH), 0.67 — 0.56 (m, 4H). Purified L4Me: 4.5
g, 16.6 mmol from 2-bromo-9,9-dimethyl-9H-fluorene (5.1g, 18.7 mmol), yield: 89%. *H NMR (400 MHz, CDCls) 6§ = 8.76 —
8.69 (m, 1H), 8.14 (s, 1H), 7.96 (dd, J = 7.9, 1.7 Hz, 1H), 7.84 — 7.74 (m, 4H), 7.49 — 7.43 (m, 1H), 7.38 — 7.31 (m, 2H), 7.28 — 7.23
(m, 1H), 1.56 (s, 6H).

Ligand of HL5:

—a’ Hox
g

<
Hex O
—>Hex ’Q —
&

Scheme 3: a) i, SiO,, Br,, room temperature (r.t.), CCly; ii, KO'Bu, 1-bromohexane, DMF, 0°C to 90°C. b) n-Buli, dried THF, -78°C to r.t.. c) K,CO3, Toluene/Water (V/V =
4/1), Pd(PPhs),, 100°C. d) i, MeMgBr, THF, -78°C to r.t.; ii, NH4Cl (aq). E) i, BF3'Et,0, DCM, r.t.; ii, NBS, acetone (56°C). f) Pd(PPhs),, THF (66°C).

Synthesis of 2,7-dibromo-9H-fluorene:®

In a 100 mL two-neck round-bottomed flask was 9H-fluorene (20 g, 120 mmol) and Silica gel in CCl4 (150 mL) to give a colourless
solution. Bromine (38.5 g, 241 mmol) was added to above solution and to keep the temperature below 25°C. After stirring at room
temperature for overnight, CCls was distilled for recycling use. The residue was suspended in CHCI3 (50mL), then the catalyst (SiO2)
was removed by filtration and washed well with chloroform. The filtrate was treated with aqueous thiosulfate solution (10mL). The
organic phase was separated and dried over MgSOg, and concentrated under reduced pressure to give crude product (2,7-dibromo-
9H-fluorene (36.5 g, 113 mmol, 94 % yield)). *H NMR (400 MHz, CDCls) J = 7.66 (s, 2H), 7.59 (d, J = 8.1 Hz, 2H), 7.50 (dd, J =
8.1, 1.3 Hz, 2H), 3.86 ppm (s, 2H).
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Synthesis of 2,7-dibromo-9,9-dihexyl-9H-fluorene:

To a two-neck round-bottomed flask was added 2,7-dibromo-9H-fluorene (20g, 61.7 mmol, 1eq.) into DMF (150 mL) to give clear
solution. Potassium t-butoxide (15.24g, 136 mmol, 2.2 eq.) was added into above solution. After stirring for 20mins, 1-bromohexane
was divided into 3 lots and added into reaction under ice bath (caution: exothermic reaction). The mixture was heated to reflux for
overnight until the reaction bottle was cooled down. DMF was evaporated after the reaction finished. DCM (200mL) was added into
residue, resulting organic solution was washed by water (50 mL X 2) and brine (20mL X 2), dried over MgSOa. The crude compound
was purified by chromatograph, eluted by Hexane to get desired compound (25g, 50.8 mmol, yield: 82%). 'H NMR (400 MHz,
CDCl3) 6 = 7.54 —7.49 (m, 2H), 7.47 — 7.41 (m, 4H), 1.95 - 1.87 (m, 4H), 1.17 — 1.08 (m, 4H), 1.07 — 0.99 (m, 8H), 0.77 (dd, J=8.9,
5.3 Hz, 6H), 0.56 ppm (dd, J=15.8, 7.2 Hz, 4H).

Synthesis of 2,2'-(9,9-dihexyl-9H-fluorene-2,7-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane):

In a 250 mL two-neck round-bottomed flask was added 2,7-dibromo-9,9-dihexyl-9H-fluorene (5 g, 10.16 mmol) in THF (100 mL)
to give a colorless solution. n-Butyllithium (10.16 mL, 24.37 mmol, 2.4M) was added by syringe into the flask which was placed in
acetone/Liquid nitrogen bath. And the resulting white solid was left to warm up till the suspension could be stirring and the bottle
was placed into acetone bath again, 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4.53 g, 24.37 mmol) was added into the
flask. The white solid was disappearing and the reaction was left to warm up to room temperature for overnight. Saturated NaH COs
solution was added to quench the reaction. THF was removed and resulting mixture was extracted with Et2O (3 X 50 mL). Combined
the organic layers and wash with water (2 X 20 mL). The organic was dried over MgSOy, filtrated and concentrated. The mixture
was prepared for chromatograph by silica gel and eluted by DCM/Hex (V/V from 1/25 Rt : 0.05 to 1/1 Rt : 0.2) then by EA/Hex
(1/10 Rt = 0.4). 2,2'-(9,9-dihexyl-9H-fluorene-2,7-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1.82 g, 3.10 mmol, 30.6 %
yield) was synthesized. *H NMR (400 MHz, CDClz) § = 7.80 (d, J = 7.6 Hz, 2H), 7.75 — 7.69 (m, 4H), 2.04 — 1.95 (m, 4H), 1.38 (s,
24H), 1.10 — 0.96 (m, 12H), 0.74 (t, J = 7.1 Hz, 6H), 0.54 ppm (d, J = 6.7 Hz, 4H).

Synthesis of diethyl 2,2'-(9,9-dihexyl-9H-fluorene-2,7-diyl)dibenzoate!?:

To a 100 mL two-neck round-bottomed flask were added ethyl 2-bromobenzoate (1.547 g, 6.75 mmol), 2,2'-(9,9-dihexyl-9H-
fluorene-2,7-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1.8 g, and K2COz (2.121 g, 15.35 mmol) 3.07 mmol), in Toluene
(40 mL) to give a colorless solution. Water (10 mL) and Pd(PPhs)4 (0.177 g, 0.153 mmol) were added and the mixture was degassed
by nitrogen gas for 15 mins. The reaction was left to reflux for overnight. After monitored by thin layer chromatograph plate, the
reaction was quenched by adding water. The mixture was extracted by Et20 (3X50 mL). And the combined organic layers was
washed by water (2 <30 mL), dried over MgSOy, filtrated and concentrated. The residue was prepared to purify by chromatograph
and pre-eluted by DCM/Hex (V/V from 1/25 to 1/1) to remove the first byproduct, and then eluted by using Hex/ DCM/EA (V/IVIV
= 2/1/0.3) to get the product (1.69g, 2.68 mmol, yield: 87%). 'H NMR (400 MHz, CDCl3) § =7.82 (d, J=7.7 Hz, 2H), 7.72 (d, J =
7.6 Hz, 2H), 7.55 (t, J = 4.4 Hz, 2H), 7.46 — 7.40 (m, 4H), 7.32 — 7.27 (m, 4H), 4.07 (g, J = 7.1 Hz, 4H), 2.02 — 1.92 (m, 4H), 1.17
—0.95 (m, 18H), 0.80 — 0.67 (m, 10H).

Synthesis of 2,2'-((9,9-dihexyl-9H-fluorene-2,7-diyl)bis(2,1-phenylene))bis(propan-2-ol):

To a 100 mL two-neck round-bottomed flask was added diethyl 2,2'-(9,9-dihexyl-9H-fluorene-2,7-diyl)dibenzoate (1.69 g, 2.68
mmol) in dried THF (40 mL) to give a colorless solution. Methylmagnesium bromide (14 mL, 19.60 mmol) was added to the bottle
at -78°C and the mixture was warmed to room temperature for overnight. The reaction was quenched by saturated NH4Cl aqueous
solution, and extracted with Et2O (3X 30 mL). The combined organic layer was washed by water (3 X 30 mL), dried over MgSOQa,
filtrated and concentrated. The crude product was added to a silica gel column and was eluted with EA/Hex (V/V from 1/10 to 1/5).
Collected the fractions which was the second blue spot with strong emission under UV 385nm and the Ry value of 0.5 in EA/Hex
(V/IV = 1/5). 2,2'-((9,9-dihexyl-9H-fluorene-2,7-diyl)bis(2,1-phenylene))bis(propan-2-ol) (550 mg, 0.912 mmol, 34.1 % yield) was
purified for characterization. H NMR (400 MHz, CDCl3) 6 = 7.74 (dd, J = 8.4, 1.6 Hz, 4H), 7.39 (td, J = 7.3, 1.4 Hz, 2H), 7.32 —
7.27 (m, 6H), 7.16 (dd, J = 7.5, 1.2 Hz, 2H), 1.99 — 1.92 (m, 4H), 1.84 (s, 2H), 1.47 (s, 12H), 1.16 — 1.08 (m, 4H), 1.07 — 0.99 (m,
8H), 0.77 (t, J = 7.1 Hz, 6H), 0.73 — 0.61 ppm (m, 4H).

Synthesis of 6,6-dihexyl-12,12,15,15-tetramethyl-12,15-dihydro-6H-cyclopenta[1,2-b:5,4-b']difluorene:

To the above diol compound (550 mg, 0.912 mmol, 1 eq.) in DCM (20 mL) was added 4 mL of BF3Et20 (4.6 g, 32.4 mmol, 35.5
eq.) dropwise under nitrogen protection and the resulting solution was stirred for 10 mins. 10mL of water was added to quenching
the reaction. The mixture was extracted by Et20, washed by water, dried over MgSOy, filtrated and concentrated. The product was
used without further purification (491 mg, 0.866 mmol, yield: 95%). *H NMR (400 MHz, CDCls) 6 = 7.82 — 7.75 (m, 4H), 7.65 (s,
2H), 7.46 (d, J=7.3, 2H), 7.37 (td, = 7.3, 1.1 Hz, 2H), 7.31 (td, J = 7.3, 1.0 Hz, 2H), 2.11 — 2.01 (m, 4H), 1.58 (s, 12H), 1.15 — 0.97
(m, 12H), 0.77 — 0.66 ppm (m, 10H).

Synthesis of 2,10-dibromo-6,6-dihexyl-12,12,15,15-tetramethyl-12,15-dihydro-6H-cyclopenta[1,2-b:5,4-b']difluorene:
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To a 50 mL round-bottomed flask was 6,6-dihexyl-12,12,15,15-tetramethyl-12,15-dihydro-6H-cyclopenta[1,2-b:5,4-b"]difluorene
(491 mg, 0.866 mmol) and 1-bromopyrrolidine-2,5-dione (NBS, 1.542 g, 8.66 mmol) in acetone (20 mL) to give a yellow suspension.
The reaction was refluxing in acetone for 3h, the starting materials remained about 80%. After another 2.0 g of NBS was added, the
mixture was refluxing for overnight. 578 mg of desired product was obtained (yield: 92%). 'H NMR (400 MHz, CDCl3) 6 = 7.76 (s,
2H), 7.64 (d, J = 8.1 Hz, 2H), 7.61 (s, 2H), 7.57 (d, J = 1.6 Hz, 2H), 7.48 (dd, J = 8.1, 1.7 Hz, 2H), 2.07 — 2.01 (m, 4H), 1.56 (s,
12H), 1.12 - 0.99 (m, 12H), 0.75 — 0.66 ppm (m, 10H).

Synthesis of 2-(10-bromo-6,6-dihexyl-12,12,15,15-tetramethyl-12,15-dihydro-6H-cyclopenta[1,2-b:5,4-b"]difluoren-2-
yhpyridine (L5):

In a 100 mL two-neck round-bottomed flask was 2,10-dibromo-6,6-dihexyl-12,12,15,15-tetramethyl-12,15-dihydro-6H-
cyclopenta[1,2-b:5,4-b"ldifluorene (537 mg, 0.741 mmol), 2-(tributylstannyl)pyridine (286 mg, 0.778 mmol), and Pd(PPhs)4 (42.8
mg, 0.037 mmol) in THF (20 mL) to give a brownish orange suspension. The mixture was refluxing for overnight. Upon the reaction
finished, aqueous solution of KF was added to quench the reaction. The mixture was extracted by with diethyl ether (3 X25 mL).
Combined the organic layers and wash with water (3X20 mL). The organic was dried over MgSOy, filtrated and concentrated. The
crude product was added to a silica gel column and was eluted with DCM/Hex (V/V from 1/30 to 1/3). Collect the two strongly
emissive fractions. One product is 2-(10-bromo-6,6-dihexyl-12,12,15,15-tetramethyl-12,15-dihydro-6H-cyclopenta[1,2-b:5,4-
b'ldifluoren-2-yl)pyridine (251 mg, 0.347 mmol, 46.9 % yield). 'H NMR (400 MHz, CDClz) § = 8.74 (d, J =4.8 Hz, 1H), 8.14 (s,
1H), 8.00 (dd, J = 8.0, 1.4 Hz, 1H), 7.87 (d, J = 7.9 Hz, 1H), 7.85 — 7.75 (m, 4H), 7.69 (s, 1H), 7.66 — 7.60 (m, 2H), 7.57 (d,J = 1.6
Hz, 1H), 7.48 (dd, J = 8.0, 1.7 Hz, 1H), 7.25 — 7.21 (m, 1H), 2.10 — 2.05 (m, 4H), 1.64 (s, 6H), 1.57 (s, 6H), 1.14 — 1.00 (m, 12H),
0.78 — 0.68 ppm (m, 10H). The byproduct is 2,2'-(6,6-dihexyl-12,12,15,15-tetramethyl-12,15-dihydro-6H-cyclopenta[1,2-b:5,4-
b'ldifluorene-2,10-diyl)dipyridine (112mg, 0.155 mmol, yield: 21%).*H NMR (400 MHz, CDCl3) 6 = 8.74 (d, J = 4.7 Hz, 2H),
8.15 (s, 2H), 8.00 (dd, J =7.9 Hz, 1.4, 2H), 7.88 (d, J = 8.0 Hz, 2H), 7.85 —7.81 (m, 4H), 7.78 (td, J = 7.7, 1.6 Hz, 2H), 7.70 (s, 2H),
7.26 —7.21 (m, 2H), 2.12 — 2.06 (m, 4H), 1.65 (s, 12H), 1.15 - 1.02 (m, 12H), 0.80 — 0.69 (m, 10H).

Ligand of HLO:

OH cl .S S
N N P0C|3 N N UBr
— - SN
Z a = b =
Htiq

Scheme 3, a) i, POCl; (0°C to room temperature (r.t.)); ii, ice water. b) i, Mg, |, 2-bromothiophene, THF, reflux (to prepare Grignard reagent); ii) above Grignard reagent,
Ni(dppe)Cly, THF, reflux.

Synthesis of 1-chloroisoquinoline:

To a flask was added isoquinolin-1-ol (3g, 20.67 mmol) and phosphoryl trichloride (10 mL), and heated for 4hrs at 80°C. 100 mL
of ice water was added into the cooled mixture to quench the reaction. The aqueous layer was back-extracted with DCM (30 mL X
3). Combined the organic layers and washed with water (20 mL X 3). The organic layer was dried by MgSOQyg, filtrated and
concentrated. The product was used without further purification (3.12g, 92%).'H NMR (400 MHz, CDCls) § = 8.35 (d, J = 8.3 Hz,
1H), 8.28 (d, J = 5.6 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.76 (t, J = 7.5 Hz, 1H), 7.70 (t, J = 7.6 Hz, 1H), 7.61 ppm (d, J = 5.6 Hz,
1H).

Synthesis of 1-(thiophene-2-yl)isoquinoline (Htiq):

In a 100 mL two-neck round-bottomed flask was 2-bromothiophene (1.95 g, 12 mmol) and magnesium (0.291 g, 12.00 mmol) in
dried THF (20 mL) to give a colorless suspension. lodine 10 mg was added to initialize the reaction and refluxing for 30 mins. In a
250 mL two-neck round-bottomed flask was 1-chloroisoquinoline (1.63 g, 10.00 mmol) and Ni(dppe)Clz (53 mg, 0.100 mmol) in
dried THF (30 mL) to give a orange solution. The Grignard reagent of first solution was transferred by cannula at refluxing
temperature, the resulting dark brown solution in the 250 mL flask was left stirring for 20 mins and refluxing for overnight.
Monitoring of reaction shows product left without starting materials. H20 was added to end the reaction. The aqueous layer was
back extracted with Et20 (50 mL X 3). Combined the organic layers and washed with water (50 mL X 2). The organic layer was dried
by MgSOu, filtrated and concentrated. The crude product was added to a silica gel column and was eluted with DCM/Hex (V/V from
1/1 to 3/1). Collect fractions with R = 0.25 in DCM/Hex (V/V =1/1). Purified Htiq: 1.94g, Yield: 94%.'H NMR (400 MHz, CDCls)
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5 =854 (dd, J = 14.0, 7.1 Hz, 2H), 7.87 (d, J = 8.1 Hz, 1H), 7.71 (t, J = 7.3 Hz, 1H), 7.61 (dd, J = 12.8, 6.9 Hz, 3H), 7.54 (d, J =
4.7 Hz, 1H), 7.22 ppm (d, J = 4.1 Hz, 1H). [(tig)21rCl]2: yield: 92%.

Synthesis of bis-NHC carbene ligands:

Synthesis of diGluBr:

— Ac —
N .
HO r“ N\‘:R Ac O oAc T+
HO o NI\/) . N) - (o) Y
HO™ Y “OH ' o™y
° —da| A "
0 N
Ac Ac Ac, ¥
Ac, Ac. Ac.
O ~o o_Ag Br (o) (o)
Ac Ac © A . O, 2Br
‘0 (o) o o — —
O o

"Ac ‘Ac

Scheme 4, a) NaH, CH,Br,, DMF; b), NaOAc, Ac,0, reflux; c) ZnCl,, BrCH,CH,0H, DCM, BF3'Et,0, room temperature (r.t.); d) MeCN, reflux.

Synthesis of di(1H-imidazol-1-yl)methane:

In a 250 mL two-neck round-bottomed flask was 1H-imidazole (6.8 g, 100 mmol) in THF (200 mL) to give a colorless solution.
Sodium hydride (4.39 g, 110 mmol) was added by three lots and resulting grey suspension was added dibromomethane (9.03 g, 51.9
mmol) by three lots under ice bath. The resulting grey suspension was heated at 50°C for overnight, and grey solid was converted to
yellow. The reaction was monitored by 'H NMR. Upon reaction was completed, the solvent was removed, and the residue was
dissolved by 100 mL of methanol and passed through celite and washed by 50 mL of methanol. The filtrate was reduced and prepared
to a silica gel column and was eluted with DCM/MeOH (V/V = 4/1 to 1/1). Collected yellow fractions with Rt = 0.25 (DCM/MeOH:
VIV = 4/1) which could be stained in I champer. 'H NMR (400 MHz, CDCls) § = 7.91 (s, 2H), 7.37 (s, 2H), 6.89 (s, 2H), 6.20 ppm
(s, 2H).

Synthesis of GIUOAc [6-(acetoxymethyl)tetrahydro-2H-pyran-2,3,4,5-tetrayl tetraacetate]:

The procedure is similar to reported literature.!* To a solution of acetic anhydride (60mL) was added sodium acetate (16.2g,
197mmol, 3eq.). The mixture was refluxed at 90°C for 10mins to which glucose (12g, 66.6mmol, leq.) was added and stirred for 4
hrs. The organic solvent was removed under vacuum pump, dissolved into methanol and recrystallized with cold water. White
precipitate was formed and filtrated and dried by air (22.72g, 58.2mmol, 87%). The product was used without further purification.
H NMR (400 MHz, CDClz) § = 5.69 (d, J = 8.3 Hz, 1H), 5.23 (t, J = 9.4 Hz, 1H), 5.14 — 5.07 (m, 2H), 4.26 (dd, J = 12.5, 4.5 Hz,
1H), 4.10 — 4.04 (m, 1H), 3.82 (ddd, J = 10.0, 4.4, 2.2 Hz, 1H), 2.20 (s, 3H), 2.09 (s, 3H), 2.06 (s, 3H), 2.01 (s, 6H), 1.99 ppm (s,
3H).

Synthesis of GIUOCH2CH:2Br [2-(acetoxymethyl)-6-(2-bromoethoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate]:

To a dried two-neck flask was added ZnCl2 (0.2 g, 1.47 mmol, 0.29 eq.), and the bottle was connected to a vacuum line and was
heated by a hot gun to remove moisture which could be introduced in the procedure of weighting. To this flask, above GIuOAc (2
g, 5.12 mmol, 1 eq.) and dichloromethane (HPLC, 30 mL), 2-bromoethanol (0.95 g, 7.6 mmol, 1.5 eq.) were added under nitrogen
gas protection, followed by the addition of boron trifluoride diethyl etherate (BF3-Et20) (2.5g, 8.46 mmol, 1.65 eq.) dropwise at
room temperature. The mixture was stirred under N2 atmosphere for 6h at room temperature. Upon completion, the mixture was
quenched by water, extracted by DCM (2 <40 mL), concentrated. The crude product was added into a silica gel column and was
eluted by EA/Hex (V/V = 1/3). The fractions of Rt = 0.25 was collected, and the spot on thin layer silica plate was shown by using
the following procedure: the whole plate was wetted by a solution of EtOH/AcOH/H2S04/4-MeOPhCHO (V/V/V/V = 135/1.5/5/4.7)

16



and heated by hot gun. After remove all solvent, a white solid was formed (1.32 g, 2.9 mmol, yield of 56.6%). 'H NMR (400 MHz,
CDCls) 6 =5.22 (t, J = 9.5 Hz, 1H), 5.08 (t, J = 9.7 Hz, 1H), 5.01 (dd, J = 9.6, 8.0 Hz, 1H), 4.57 (d, J = 8.0 Hz, 1H), 4.26 (dd, J =
12.3, 4.7 Hz, 1H), 4.19 — 4.12 (m, 2H), 3.85 — 3.78 (m, 1H), 3.71 (ddd, J = 9.9, 4.7, 2.4 Hz, 1H), 3.48 — 3.43 (m, 2H), 2.09 (s, 3H),
2.07 (s, 3H), 2.02 (s, 3H), 2.01 ppm (s, 2H).

Synthesis of diGluBr2 [1,1'-methylenebis(3-(2-((3,4,5-triacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethyl)-1H-
imidazol-3-ium) dibromide]:

Above GIUOCH2CH2Br was used without further purification. To a flask was added GIUOCH2CH2Br (1.32 g, 2.9 mmol, 2.1 eq.)
and di(1H-imidazol-1-yl)methane (0.205g, 1.381 mmol, leq.) into MeCN. The mixture was refluxing for 2 days, the organic solvent
is removed under reduce pressure. Resulting crude product was dissolved into DCM (5 mL), add Et.O (20 mL) to precipitate the
desired product. This procedure was repeated for 2 to 3 times to remove unreacted GIUOCHCH2Br. 1.2g of product was collected
with the yield of 82%. *H NMR (400 MHz, CDCl3) 6 = 9.41 (s, 2H), 8.03 (s, 2H), 7.74 (s, 2H), 6.73 (s, 2H), 5.24 (t, J = 9.6 Hz, 2H),
4.89 (t, J = 9.7 Hz, 2H), 4.83 (t, J = 8.7 Hz, 2H), 4.79 — 4.73 (m, 2H), 4.55 — 4.37 (m, 4H), 4.13 (dd, J = 12.3, 5.2 Hz, 2H), 4.06 —
3.97 (m, 6H), 3.95 — 3.88 (m, 2H), 2.01 (s, 6H), 1.97 (s, 6H), 1.92 (s, 6H), 1.90 ppm (s, 6H).

Visible-light-driven radical cyclization

Synthesis of substrates:

Substrate A:
NH R R
2 NH NaH N
L sawen Gy 5 sament GG
Solvent v X Br solvent e
X =Br; R=Ac Laq A1
X =Br; R=Ts La2 A2
X= I; R=Ac LA3 A3
Substrate B:
H
Ts-Cl + HZN/\/)\H R B Ts
Ts. '"Br N R
Me e N’\?L ——  or, BI"/\’ \/\\r
- /\% solvent H R NaH
Ts=NHz + Br Me solvent
R=H LB1 B1
R=Me LBZ B2

General procedure for visible light-induced photocatalytic reductive cyclization of organohalides (Table 3 — 7):

Use substrate A1, photo-catalyst 4M¢b and N,N-diisopropylethylamine (DIPEA) as example: To a test tube (Pyrex, 15X 125 mm)
charged with an organohalide substrate (50 umol) and 2mol% of 4Méh complexes (1 umol) were added MeCN (4 mL), 5eq of DIPEA
(87 puL) and 2.5eq of HCOOH (10 puL). The mixture in test tube was degassed by nitrogen (bubbling for 10 min through septa by
cannula). The test tube was placed in the irradiation apparatus equipped with blue LEDs (centred at 460 nm, 12 w).'2. The resulting
mixture was stirred at ambient temperature for specified time. The organic solvent was evaporated under reduced pressure. Then
added 30 mL of Et20 and followed with 10 mL of saturated NaHCOs3 (aq) solution. The mixture was extracted by Et2O (15 mL X 2)
and combined organic solvent was washed by water (15 mL X 2), dried over MgSOa. After organic solvent is removed, the yield of
product can be calculated by adding internal standard 5,5’-dimethyl-2,2’-bipyridine (with known weight) to the resulting crude
residue.
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Table S4. The characterization of substrates and products in photocatalysis.

Substrates and solvent

; Synthesis procedures and characterization of NMR data
system for synthesis

Lai: (TEA as base, DCM)*®

H

N\ Synthesis procedure is following the reported procedure.** *H NMR (300 MHz, CDCl3) 6 = 8.34 (d, J = 8.4 Hz,
C[ Ac 1H), 7.54 (d, J =7.8 Hz, 1H), 7.32 (t, J = 7.8 Hz, 1H), 6.98 (t, J = 7.5 Hz, 1H), 2.24 ppm (s, 3H).

Br
Laz: (Water; r.t.)

H Synthesis procedure is following the reported procedure.'*** *H NMR (300 MHz, CDCl3) 6 =7.66 (t, J=7.3

‘Ts Hz, 3H), 7.41 (d, J = 7.8 Hz, 1H), 7.30 - 7.25 (m, 1H), 7.22 (d, J = 8.3 Hz, 2H), 6.97 (t, J = 7.0 Hz, 2H), 2.38
ppm (s, 3H).
Br
Las: (TEA as base, DCM)

H

N_ Synthesis procedure is following the reported procedure.®® *H NMR (400 MHz, CDCl3) 6 = 8.21 (d, J = 7.8 Hz,
(:E Ac 1H), 7.78 (d, J = 7.4 Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H), 6.85 (t, J = 7.4 Hz, 1H), 2.25 ppm (s, 3H).

|

Al: (dried THF)

A
f:l Synthesis procedure is following the reported procedure.! *H NMR (400 MHz, CDCl;) 6 = 7.69 (dd, J = 8.0,

c
\/\ 1.3 Hz, 1H), 7.36 (td, J = 7.6, 1.4 Hz, 1H), 7.22 (td, J = 9.0, 1.5 Hz, 2H), 5.94 — 5.82 (m, 1 H), 5.06 (ddt, J =
15.6, 10.1, 1.3 Hz, 2H), 4.78 (ddt, J = 14.7, 5.7, 1.2 Hz, 1H), 3.72 (dd, J = 14.7, 7.6Hz, 1H), 1.81 ppm(s, 3H).
Br

A2: (dried THF)
Synthesis procedure is following the reported procedure with slightly change of solvent system (THF).%¢ 1H
NMR (400 MHz, CDCls) 6 = 7.66 (d, J = 8.3 Hz, 2H), 7.60 (dd, J = 7.9, 1.5 Hz, 1H), 7.28 (d, J = 8.0 Hz, 2H),

Ts
N\/\ 7.27—7.21 (m, 1H), 7.17 (td, J = 7.7, 1.7 Hz, 1H), 7.08 (dd, J = 7.8, 1.6 Hz, 1H), 5.83 (ddt, J = 16.9, 10.1, 6.7
Hz, 1H), 5.07 — 4.95 (m, 2H), 4.23 — 4.13 (m, 2H), 2.43 (s, 3H).

Br
A3: (dried THF)

Ac Synthesis procedure is following the reported procedure.* *H NMR (300 MHz, CDCl;) 6 = 7.95 (dd, J = 7.9,

1.4 Hz, 1H), 7.39 (td, J = 7.6, 1.4 Hz, 1H), 7.18 (dd, J = 7.8, 1.6 Hz, 1H), 7.08 (td, J = 7.7, 1.6 Hz, 1H), 5.90

@E ~ (dddd, J = 17.7, 10.1, 7.8, 5.5 Hz, 1 H), 5.16 — 4.99 (m, 2H), 4.85 (ddt, J = 14.7, 5.5, 1.2 Hz, 1H), 3.59 (dd, J =
|

14.7, 7.8 Hz, 1H), 1.80 ppm (s, 3 H).

PA1 = PA3: (MGCN)

Ac
H NMR spectrum matches to reported literature.*” *H NMR (400 MHz, CDCl;) § = 8.19 (d, J = 8.1 Hz, 1H), 7.20
N p p ) (
(t, 3=7.7 Hz, 1H), 7.15 (d, J = 7.4 Hz, 1H), 7.03 (t, J = 7.4 Hz, 1H), 4.20 (t, J = 9.5 Hz, 1H), 3.57 (dd, J = 9.8,
6.8 Hz, 1H), 3.49 (dd, J = 15.4, 7.0 Hz, 1H), 2.21 (s, 3H), 1.35 ppm (d, J = 6.8 Hz, 3H).

Pao: (MGCN)

NMR spectra match to reported literature.r” *H NMR (400 MHz, CDCl3) 6 = 7.68 (d, J = 8.3 Hz, 2H), 7.63 (d,
J=8.1Hz, 1H), 7.25 - 7.18(m, 3H), 7.05 (d, J = 7.3 Hz, 1H), 6.99 (t, J = 7.3 Hz, 1H), 4.08 (dd, J =10.4,9.1

Ts
N Hz, 1H), 3.41 (dd, J = 10.4, 7.2 Hz, 1H), 3.19 (dd, J = 15.4, 7.3 Hz, 1H), 2.36 (s, 3H), 1.11 ppm (d, J = 6.9 Hz,
3H). 13C NMR (101 MHz, CDCl3) 6 = 144.0, 141.6, 136.8, 134.2, 129.6, 127.9, 127.4, 123.9, 123.8, 114.9,

57.6, 34.7, 21.5, 19.5 ppm.

Lgi: (TEA as base, CH.Cl,)

T Synthesis procedure is following the reported procedure.'”* *H NMR (300 MHz, CDCl;) 6 = 7.76 (d, J = 8.3
5~N/\/ Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 5.73 (ddt, J = 17.1, 11.2, 5.8 Hz, 1H), 5.25 — 5.06 (m, 2H), 3.59 (it, J = 6.0,
H 1.5 Hz, 2H), 2.44 ppm (s, 3H,).
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Lg,: (K,COs as base,
Acetone)

Synthesis procedure is following the reported procedure.’® *H NMR (400 MHz, CDCl3) 6 = 7.75 (d, J = 8.1 Hz,
T /\)\ 2H), 7.30 (d, J = 7.9 Hz, 2H), 5.05 (t, J = 7.0 Hz, 1H), 3.53 (t, J = 6.3 Hz, 2H), 2.43 (s, 3H), 1.63 (s, 3H), 1.53
s~N = ppm (s, 3H).
H
B1: (DMF)
Ts Synthesis procedure is following the reported procedure.” *H NMR (300 MHz, CDCl3) 6 =7.71 (d, J = 8.2,
i 2H), 7.33 (d, J = 8.4, 2H), 5.76 — 5.60 (m, 1H), 5.25 — 5.15 (m, 1H), 3.82 (d, J = 6.5 Hz, 2H), 3.53 — 3.35 (m,
/\/N\/\Br 4H), 2.44 ppm (s, 3H).
B2: (DMF)
TS Synthesis procedure is following the reported procedure.’” *H NMR (400 MHz, CDCl3) 6 = 7.70 (d, J = 7.9 Hz,

2H), 7.32 (d, J = 7.8 Hz, 2H), 5.02 (t, J = 7.2 Hz, 1H), 3.80 (d, J = 7.0 Hz, 2H), 3.50 — 3.34 (m, 4H), 2.44 (s, 3

Br/\/N\/\( H), 1.69 (s, 3H), 1.63 ppm (s, 3H).

Pg1: (MeCN) NMR spectra match to reported literature.r” *H NMR (400 MHz, CDCl3) 6 = 7.70 (d, J = 8.2 Hz, 2H), 7.31 (d,
J=8.0 Hz, 2H), 3.41 (dd, J = 9.6 Hz, 7.2, 1H), 3.33 (ddd, J = 9.8, 8.3, 4.2 Hz, 1H), 3.21 (ddd, J =9.8,8.2, 7.4

Ts—N::( Hz, 1H), 2.74 (dd, J = 9.6, 7.8 Hz, 1H), 2.11 (dd, J = 14.7, 7.6 Hz, 1H), 1.94 — 1.84 (m, 1H), 1.34 (ddd, J =

16.7, 12.4, 8.3 Hz, 1H), 0.91 ppm (d, J = 6.7 Hz, 3H). 3C NMR (101 MHz, CDCl3) § = 143.2, 134.1, 129.5,

127.4,54.7,47.5, 33.2, 29.6, 21.4, 17.6 ppm.
Pgo: (MeCN)

IH NMR spectrum matches to reported literature.*” *H NMR (400 MHz, CDCl3) & = 7.70 (d, J=8.2, 2H), 7.31
(d, 3 = 8.0 Hz, 2H), 3.44 (dd, J = 9.6, 7.7 Hz, 1H), 3.40 — 3.33 (m, 1H), 3.15 (td, J = 9.9, 6.8 Hz, 1H), 2.78 (t, J

=9.6 Hz, 1H), 2.43 (s, 3H), 1.97 — 1.83 (m, 2H), 1.65 (m, 1H), 1.30 — 1.47 (m, 1H), 0.83 ppm (d, J = 6.6 Hz,
Ts—-N 6H).

Visible-light-driven CO; Reduction

Photo-catalytic procedure of CO2 reduction

In a 4 mL CHsCN/TEA (4:1, vlv; TEA = triethylamine) solution, [Co(TPA)CI]CI and [Ir] (4Meb,OTf anion) (with specified
concentration) was added into a Pyrex tube (Volume: 22 mL (16 (OD.) X 150; 1.2 thickness (mm)) and purged with CO:z through a
septum (purity > 99.8%) for 10 min, followed by 250 uyL CHas was injected to the tube prior to the irradiation using blue LEDs
(centred at 460 nm, 12 w).2 All reactions and LEDs were cooled by aluminium blocks by using cooling fans. Gas sample (200 uL)
was drawn from the headspace of the tube and injected to GC-TCD for measurement.

Measurement of gases products

Gas chromatographic analysis was conducted using Agilent 7890A gas chromatography equipped with a thermal conductivity
detector (TCD) and a HP-Plot 5A column with Ar as the carrier gas. The oven temperature was held at 40 °C. Inlet and detector
temperature were set at 80 °C and 150 °C respectively. Calibration curves were established separately based on the averaged results
from three point of injections for CO (R? = 0.9997), H> (R? = 1.0000) and CH4 (R? = 0.9996).

Table S5, Control experiments

Starting Product
4Mep [Co(TPA)CIICI TEA H> Cco
- + + - -
+ - + + -
+ + - + -
+ (in dark) + + - -
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Measurements of quenching constants for [Co(TPA)CI]CI to 4Mep:

Absorbance (AU)

[Conc] of [Co(TPA)CI]ICI n[Cn]/[lr]
151y
—0 0 eq.
——2X10°M 1 eq.
——5X10°M  2.5eq.
10 —1X10°M 5 eq.
2X10°M 10 eq.
——4X10°M 20 eq.
——6X10°M 30 eq.
0.54 ~ 460 nm absorption of d-d state of [Co]
0.0 , , E a -
300 400 500 600 700 800

Wavelength (nm)

Conc. of [Co(TPA)CI]CI

0.008 - o 0 eq
——2X10°M 1 eq.
0.007 4 ——5X10°M  2.5eq.
——1X10*M 5 eq.
0.006 - 2X10*°M 10 eq. 15
——4X10"M 20 eq.
g 0.005 ——6X10°M 30 eq. 10
% 0.004 X
c s
=] i
3 0.003
o 0
0.002 - . .
0.0 0
0.001 - conc.
0.000 4 .
2.0x10* 4.0x10* 6.0x10°*
Time (ns)

Moy

Intensity (a.u.)

3x107

2x10" -

1x107

[Ir] = 2X10° M

Conc. of [Co(TPA)CI]CI
—0
——2X10°M
—— 5X10°M
—1x10*M
2X10™M
—— 4X10™M
—— 6X10™M

o N & o o

121 "W 11 of peak at 524 nm
101 |— linear fit

Moy
0 eq.
1 eq.
2.5eq.
5 eq.
10 eq.
20 eq.
30 eq.

0.0

01 02 03 04 05 06
Conc. of [Co(TPA)CIICI (mM)

T
700

600
Wavelength (nm)

500

B <t/ of peak at 524 nm
— linear fit

k=1.0X10° M"s”

1 02 03 04 05 0.6

of [Co(TPA)CIICI (mM)

8.0x10*

800

Fig. $12 Stern—Volmer behaviours of 4Meb (concentration of 2 X 105 M for all solutions) in the presence of [Co(TPA)CIICI in degassed acetonitrile solution: upper) UV
spectra; middle) emission spectra with identical conditions of excitation (insert, linear plots (R2 = 0.9946) for ly/I (intensities of Ay, = 524 nm for each solution)); bottom)
lifetime decay plots (insert, linear plots (R? = 0.9969) for to/t of peaks of Ae = 524 nm for each solution) and quenching constant (K) is calculated as 1.0 X 10°M-1s1,
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Biological studies:

Anticancer properties:

The cell lines were maintained in cell culture media (minimum essential medium for HelLa) supplemented with 10% fetal bovine
serum, 100 U/mL penicillin, and 100 pg/mL streptomycin at 37°C humidified atomsphere with 5% CO2. Cell growth inhibitory
effects of the iridium(l11) complexes and cisplatin were determined by MTT cytotoxicity assay. Drug treated cells were incubated
with MTT for 12h at 37°C in a humidified atmosphere of 5% CO2 and were subsequently lysed in solubilizing solution. Cells were
then maintained in a dark, humidified chamber overnight. The formation of formazan was measured by using a microtitre plate
reader at 580 nm. Growth inhibition by a drug was evaluated by 1Cso (concentration of a drug causing 50% inhibition of cell growth).
Each growth inhibition experiment was repeated at least three times and the results were expressed as means * standard deviation
(SD).

Table S6. IC50 (uM) values® of test compounds towards HelLa cell line.

Complex 1la 2a 1b 6Hb 6Fb 7b 8b 1c 6Hc 7c 9c cisplatin
HelLa 144 + 83 £ 16 £+ 17 = 18 £ 17 £ 05 = 152 + 561 + 534 = 369 + 2076
3.5 1.2 0.3 0.4 0.7 0.5 0.3 5.8 24.7 10.1 15.8

2 1Cs values are drug concentrations necessary for 50% inhibition of cell viability. Cells are treated with the complexes for 72 h.

Fluorescence microscopic examination

HeLa cells (2 < 10° cells) were seeded in a one chamber slide (Nalgene; Nunc) with culture medium (2 mL per well) and incubated
at 37°C in a humidified atmosphere of 5% CO2/95% air for 24 h. A stock solution of iridium complex was prepared in DMSO and
then diluted to 5uM into the cells glass coverlips (Mattek 35mm glass bottom dish) for imaging experiments. After treating with Ir
complexes only or the mixture of Ir complexes with ER-TrackerTM (1uM) or Lysotracker® (100 nM) or Mitotracker® (50 nM) for
15 mins, cells were directly exposed for fluorescent imaging without removing the old medium. The images were taken on Carl
Zeiss LSM 710 microscope.
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Hela cancer cells Merged Tracker Complex
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H1975 cancer cells Merged

1b + ER-Tracker™

1b + Lyso-Tracker®

1b + Mito-Tracker® .

H1975 cancer cells Merged Tracker Complex

4Mep + ER-Tracker™

4Meh + Lyso-Tracker®

P
4qVep 4 MitoTracker®.
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H1975 cancer cells Merged Tracker Complex

6"b + ER-Tracker™

6"b + Lyso-Tracker®

6"b + Mito-Tracker®

Fig. S13. Intracellular localization of 1b, 1bCl, 4Meb and 6"b into HeLa, NCM460 and H1975 cancer cells. Complexes were excited at 340 nm using an emission filter of
510 nm. ER-trackerf™ was excited at 546 nm using an emission filter of >580 nm.
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6"b + ER-Tracker™ Merged Tracker Complex

Hela cancer cells

NCM460 cancer cells

H1975 cancer cells

1bCl + Mito-Tracker® Merged Tracker Complex
e . . .
e . . .
B . .

Fig. S14. Intracellular localization of 1b, 4Meb and 6"b with addition of ER-tracker™, as well as 1bCl with Mito-tracker® into HeLa, NCM460 and H1975 cancer cells.
Complexes were excited at 340 nm using an emission filter of 510 nm. ER-trackert™ was excited at 546 nm using an emission filter of >580 nm.
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8.33| | 7.98|| 7.65 7.22| | 6.90 6.26 3.58 2.02 1.49 1.06| 0.75 0.36
=== == HH ==} = — — — HAEL —
E (m)
7.76
L | |
W UL it ‘ iy il y ‘”‘
S R R P S s R [ T T T T
o o < QN SN~ AN N ~ A © N N~ [se]
S O T MO O OO S S S N
N N NS © v~ NN N — -~ N ~ ~
4 T T T T T T T T T T T T T T T T T T T T T T T
8.2 7.8 7.4 7.0 6.6 6.2 3.6 3.2 2.8 2.4 2.0
1 (ppm)
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1
Hex, Hex H NMR (400 MHz, CDCF) § = 7.74 (dd, J=8.4, 1.6, 4H), 7.39 (td, J=7.3, 1.4, 2H), 7.32

@ @.@ @ ~17.27 (m, 6H), 7.16 (dd, J=7.5, 1.2, 2H), 1.99 — 1.92 (m, 4H), 1.84 (s, 2H), 1.47 (s,
12H), 1.16 — 1.08 (m, 4H), 1.07 — 0.99 (m, 8H), 0.77 (t, J=7.1, 6H), 0.73 — 0.61 (m, 4H).

Me-1-OH HO
e mie
B (td) F (s) H (m)|| K (m)
7.39 1.84 1.111| 0.68
A (dd)|| C (m) E(m)| |G (s)|I(m)
7.74 | 7.30 1.95 147/ 1.05
H HE _H HH == =
D (dd) J(t)
1'7.16
|
H |
T [ A
© oo 0 =
() N O O - o
® N < -
T T T T T T T T T T T T T
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 (ppm)
COOULANOSYTNMNTTTOONTT—O® cOwwoN~ N oW WHNOOo
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Hex Hex

@.@'@.@ "H NMR (400 MHz, CDCF) 8 = 7.82 — 7.75 (m, 4H), 7.65 (s, 2H), 7.46
" (d,J=7.3, 2H), 7.37 (td, J=7.3, 1.1, 2H), 7.31 (td, /=73, 1.0, 2H), 2.1 —

2.01 (m, 4H), 1.58 (s, 12H), 1.15 — 0.97 (m, 12H), 0.77 — 0.66 (m, 10H).

~
w
Na

A (m)|| E (td)

90 85 80 75 70 65 60 55 50 45 40 35 30 25
1 (ppm)
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8.1,2H), 7.61

8.1,1.7,2H),2.07 - 2.01 (m,

4H), 1.56 (s, 12H), 1.12 — 0.99 (m, 12H), 0.75 — 0.66 (m, 10H).

=7.76 (s, 2H), 7.64 (d, .J

(s, 2H), 7.57 (d, J=1.6, 2H), 7.48 (dd, -

H NMR (400 MHz, CDCF) &
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Hex_ Hex

N @.@'@.@ Ny 'HNMR(400 MHz CDCF) § = 8.74 (d, J=4.7, 2H), 8.15 (s, 2H), 8.00 (dd,
= Mo J=19, 1.4, 2H), 7.88 (d, J=8.0, 2H), 7.85 — 7.81 (m, 4H), 7.78 (td, J=7.7, 1.6,

Me” Me
€ 2H), 7.70 (s, 2H), 7.26 — 7.21 (m, 2H), 2.12 — 2.06 (m, 4H), 1.65 (s, 12H), 1.15
—1.02 (m, 12H), 0.80 — 0.69 (m, 10H).

F (td)
7.78
C (dd)| | G (s)
8.00 | | 7.70
A(d) B(s)|| D(d) H (m)
8.74 8.15|| 7.88 7.24
=
Il
M
oy L m
o O O NOMNOD [50]
S © S =w+=0O ]
N N N NS NN N
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
9.2 8.8 8.4 8.0 7.6 7.2 2.4 2.0 16 1.2 08 0.4 0.0
1 (ppm)
— o [follToXe) M ~ < O [te] NOONDTUOUNNDTO T ONWOODWDM <t — NS~
N~ I~ < o N © v~ N~ N~ OO NONODULITOLUOITP NONMOO© LWL ON®M
— o O OWw n o «—Oo <t TOONULMONLOITANT OUOUMAN T~ D0 ANNMNDNOMO
—Q @ MANQ N~ X N © NTEm QAR E QAN NROR OUIFTONN
O © ~ N~~~ © © ©O© ['o) OOOOMOOOANNNNNN OOOOOCOO [oleNoloNeNe)
~ e N N R R - e e e e
+ S
«
(<}
BuN/\H T lgFNMR
S_N N |
d
Ir. )
\—N
N/ T T T T
2 Bu 7 OTf -50 -100 150  -200
f1 (ppm)

'"H NMR (400 MHz CD*CN) & = 8.11 (d, J=8.0, 2H), 7.81 (d, J/=7.6, 2H), 7.49 (t, J=7.5, 2H),
7.37 (s, 2H), 7.27 (t, J=7.7, 2H), 7.05 (s, 2H), 6.95 (t, J=7.4, 2H), 6.77 (t, J=7.4, 2H), 6.50 (d,
J=7.5,2H), 6.21 (d, /=8.3, 2H), 5.65 (s, 2H), 3.18 (td, J=12.4, 5.3, 2H), 2.95 (td, /=12.3,4.2,
2H), 1.01 — 0.85 (m, 2H), 0.71 — 0.55 (m, 4H), 0.49 (t, /=7.0, 6H), 0.39 — 0.22 (m, 2H).

B (d)| D (s)| G (t) J(d) M (td) 0 (m)

7.81| 7.37| 6.95 6.21 2.95 0.63
A@)| C) Fs) |1@) K (s) L (td) N (m)| P (t)
8.11| |7.49/|7.05 |6.50 5.65 3.18 0.94 | 0.49

| | |
o Loy
e i J EeOdh h /JUL EeO ! ‘H‘ By
& sl &L & L & 30 '3 LS
® SRS LS & S S S 2 N8
< ca+v-a ~NA - o« N NN a SO
T T T T T T T T T T T T T T T T T T T T
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
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© o < [s2} [V} ONMOONOOWOWMm (2] © o - O
i ¥ O v a-oNCoddx= o S - @ N D
@ L 2 I 2oouNNNNNT 8 ? S 2 d
| [ | | | Pr———" | (.
B +
Bu
N,\\ 13
SN N C NMR(101 MHz CD'CN) § = 181.63, 164.36, 159.47, 150.38, 141.22,
’ Ir. Y 132.85,131.29, 130.32, 12[7.64, 126.03, 123.76, 122.04, 122.01, 121.67,
\—N 118.31,63.09,49.16,32.31,19.21, 12.59.
N -
L 2Bu’*) oTf
|
ERIN
lH |
[ | | |
| - \
T T T T T T T T T T T T T T T T T T T T T T T T T
230 210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)
OO OWOoOLw w0 W0~ I~ O DT Ot OO T I~N (O M~N<TOOMOONONSO0
OO N = L MO D (a2} N—ONOOWLOT D OWOm MO OO O©OMN~LWw
— OO N W ©O© 0 dD — DOV OWOM— O DM~ T N OONDVD—DWNHOOMmAN
NOO®LO @ o0 ~ O ¥ s O00000R8 OO NNN e
MNOOO© © W0 WwWw M OOONO0OONONO0N0N 00000000000
L [ — e [ e | 2

& 1 (400 MHz, CDsCN) 8.19 (1 H. d, J7.8), 7.95 (1 H, d, J7.7), 7.88 (1 H. d, J 8.0)| 7.66 (1 H, d, J 7.4), 7.57 (1
HtJ7.7), 742 (1 1. . J7.8),7.39 (1 1. d,J1.9), 7.25- 7.18 (3 I m). 7.13 (1 I, {1, J2.0). 7.05 (1 I, £, J 6.9).
6.99 (1H,d,J2.1),6.90 (LH,t,J7.4), 6.85 (2 H. t,J7.5),6.79 (2 H, dd, J 7.4, 2.8), 6.63 (1 H, d, J8.3), 6.36 (1
M. d,J84),5.99 (11 d,J13.5),5.72 (1 1, d,J13.5), 3.47 — 3.33 (2 1. m). 3.27 —|3.18 (1 1L, m), 3.17 — 3.00 (2
H.m). 1.13 (15, t. J7.0). 1.02— 0.84 (2 H. m), 0.77 — 0.62 (2 H. m), 0.55 (3 H. t. ] 7.2), 0.51— 0.40 (1 H, m),
0.36 —0.07 (6 FL m).

1.02{;
1.07%{;
——-79.3150

1.054

ARV Lk O

i

QO —— NG T I=0MNLD
Q b oL@ eds—O Q
— v O ST

11.07=
11.06

T T T

85 80 75 70 65 60 55 50
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~— O ™ © W ™ OO PNOOM T IOD
O < [(olTp) o Q T O D T ONT — < [s0] [(oluTp] QO DN — ©
o) I~ [>Ty < O T OONTWDHDWN~— M~ [+a] [TolTp] Q) — ON O ®
M~ © o m O M~ LTOONMW — O = M~ — ™M < I~ W OO
0 W0 oo o o T —OM~NOWONT— — 0 ~ 9 © N NO ©W
M~ M~ © ©O < < OOMOONNNANNNNN — N Q) @ o G NN
~— — ~— T T T YT T T T T T [(s] < < M m — T T
N/ ~ [N N e ———tt—— - | N ~l e R
: H
cis-6"b
8 ¢ (101 MHz, CD;CN) 178.74, 175.67, 162.70. 160.36, 152.06, 150.18, 149.64, 142.70, 140.41,
140.25, 137.17, 134.54, 132.30, 131.46, 131.42, 130.91, 128.09, 127.02, 126.98, 126.24, 125.90,
125.35, 123.85, 123.60, 123.07, 122.15, 122.04, 121.92, 121.87, 121.41, 119.18, 118.47, 62.48,
49.92, 48.64, 33.25, 32.47) 19.28, 18.92, 12.67, 12.51.
i
1
|
|
190 170 150 130 110 90 80 70 60 50 40 30 20 10 0
1 (ppm)
2§ 85 83 RE I S & €88
— O -~ N © Nt N O [* N fei [To IR s i sp)
“S ® ®od oNbad  © © q aoaa
00 0O N~ N~ N~ OO O ©©O n N N ~ v v
~I N A I B = | f=—""
+
N
< > \N,% 54
el 19
S NJ N o F NMR
“ TlIr ) '
he
N £ . T T T T
2 7 OTf 50  -100 -150  -200
1 (ppm)
3H (400 MHz, CD3CN) 8.10 (2 H, d, J8.1),7.82 2 H,d,J7.7),7.49 2 H, t, J
7.7),732(2H,d,J1.5),728 2H,t,J7.8),6.99-6.91 (4 H,m),6.76 (2 H,
t,J7.4),6.54 (2H,d,J7.6),630(2H,d,J84),5.68(2H,s),2.62 (6 H,s).
B(d) |D(d) |G(t)
7.82|| 7.32| |6.76
Ad) [C(@) |[F(m) |Id)| |J(s) (s)
8.10| |7.49 |694 630 |568 262
H H H_B H H_H E H
E () H (d)
7.28 6.54
DCM Et20, y J | Et20
S Isgde L& & & &
S ora- == 9 9o - N
N N N—N < AN NN N ©
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)
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FsC N © N
[ 19
Bu ‘ F NMR
N,
S_N AN ‘
Ir\_)
N\/) -
2Bu on T T T T
-50 -100 -150 -200
1 (ppm)

'"H NMR (400 MHz DMSO) & = 8.49 (s, 2H), 7.89 (d, J=7.6, 2H), 7.56 (d, /=8.8, 2H),
7.39 (s, 2H), 7.07 (s, 2H), 6.99 (t, J=7.4, 2H), 6.81 (t, J=7.3, 2H), 6.51 (d, J=7.5, 2H),
6.30 (d, J=8.7, 2H), 5.63 (s, 2H), 3.16 (td, J=12.4, 5.5, 2H), 2.93 (td, J=12.4, 4.6, 2H),
1.04 —0.81 (m, 2H), 0.74 — 0.53 (m, 4H), 0.50 (t, /=6.9, 6H), 0.40 — 0.21 (m, 2H).

C(d) |E(s) 1(d) L (td) N (m)
7.56| | 7.07 6.30 2.93 0.62
A@s) | B(d) |D(s) Ft)|H() J(s) K (td) M (m)|| O (t)
849 | 7.89| | 7.39|6.99| | 6.51 5.63 3.16 0.94 || 0.50
— Gl —H = — — F—— F— =
| | X Ee .
2
! A b b DCM Ee Ow JUL M Py Y
b b &L KL &S & AN FANENRIN
@ & S5 oo S © S = = @ mH =
~ ~ NN N N N N N N N N <O N
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)
tTOMNOWU ANNIOOMNOVDOSDWN — ANT OO © © N M < <[© N~ ~ O Ww N LD@OOOOQOg
NOSONO OOMNMNUDLOOE — AN O N IO M — < n o< o |0 © nuwm N ONTISN~ ©
ONLULNON NOTOWOOM®N«—™O — O 0 1 ™ O — O © 0 |© — MO AND B NOND O N
SHAONN OANCORENN NOVL  ©Q 90 VYN NP~ O NowsaN J
CONMNNMNNMNNMNMN MMNMMNMNO O O © nwww © < < [sp Nl ep) AN N[N N - - - OO0OO0OO0OO0OO0o T
T NN e N N -l 3 = | N = |
R
19 —
| F NMR amibient temp Bu +
| N’\,
T T T T
-50 -100 -150 -200 )—N
' 1 (ppm) Ir. )
H NMR (500 MHz, CD3CN) 5 = 8.02 (d, J=8.3, 1H), 7.96 (d, J=8.0, 1H), 7.88 (s, 1H), 7.76 (d, J=8.7, N
1H), 7.53 (t, J=7.5, 1H), 7.46 (s, 1H), 7.37 — 7.29 (m, 4H), 7.22 (d, J=1.7, 1H), 7.17 (d, J=1.7, 1H), 7.01
(d,J=1.7, 1H), 6.89 — 6.82 (m, 2H), 6.22 (dd, J=12.9, 4.7, 2H), 5.70 (d, J=8.9, 1H), 5.57 (d, J=13.6, 1H), N \/
4.62 (d, J=13.4, 1H), 3.16 — 3.02 (m, 2H), 2.88 (s, 3H), 2.75 (s, 3H), 2.21 (t, /=10.9, 1H), 1.10 — 1.01 (m, Bu
1H), 0.88 — 0.79 (m, 1H), 0.71 (t, /=7.2, 1H), 0.66 — 0.41 (m, 8H), 0.36 (t, /=7.1, 3H), 0.26 — 0.14 (m, OTF
1H), -0.26 (s, 1H). . -
O (d) H (d) H NMR Temperature 238 K
8.02 7.22
M (s)|| J (s)] | F (d) C(d) Q (s) W (t)] | U (m)
7.88| 7.46| | 7.01 5.70 2.88 071/ | 0.21
L(d)||I1(m)|E@m)| |D(dd) |B(d) A(d) P(m S (t) X (m) | T (t) V (s)
7.76|| 7.32|| 6.86 6.22 5.57 4.62 3.09 2.21 0.84||0.36/ |-0.26
BHHH H  HH FHH H H =] HH =] — = Sa=] — —
N (d) G (d) H ( Y (m) | Z (m)
7.96 717 (3 1.05| | 0.53
. ! !
|

5

9233 5932533 3 8% Tay @ S 8453 3
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
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i FNMR
-
OTf -100 -200
- f1 (ppm)

'"H NMR (400 MHz, CD*CN) § = 9.20 (d, /=4.8, 2H), 8.85 (s, 2H), 8.15 (t, /=8.0, 4H), 7.94 (d
J=7.7,4H), 7.79 (d, J=7.6, 2H), 7.56 (d, J=6.4, 2H), 7.30 (s, 2H), 7.18 (dd, J=14.5, 7.1, 4H),
7.11 (d, J=7.6, 2H), 7.01 (d, J=5.4, 4H), 5.80 (s, 2H), 3.46 — 3.37 (m, 2H), 3.14 (td, J=12.6,

4.8,2H), 1.01 — 0.82 (m, 2H), 0.40 — 0.26 (m, 2H), 0.25 — 0.10 (m, 4H), -0.03 (t, J=7.0, 6H).

J(d)
7.01
B(s) D(d)| |G (s) Q (m) O (m)
8.85 7.94| | 7.30 3.42 0.18
A(d) cl | F@| 1) K (s) L (td) M (m)| | N (m)
9.20 8.15| | 7.56( 7.11 5.80 3.14 0.93 || 0.32
E (d)| | H (dd) P (t)
7.79| | 7.18 -9.03
! Iy I ‘ [
1 ﬂ [ [ b J M J bL }LJM .
& & b Ll & FETm b a4 & q FANRPN
= 9 S NS S Omo o ] ¥ 9 = SN
N N < TN N N AN™ N N N N N < ©
5.5 é.o 5.5 é.o 7‘.5 f.o 6.5 é.o 5.5 5.0 4‘.5 4‘.0 5.5 :;.0 2.5 2‘.0 1‘.5 1‘.0 6.5 d.o -6.5
f1 (ppm)
S 38 g = BEB33552Ld SHIROo HO9R285
S a8 3 S GBI ANIR 2583338 Lhay"e
N~ OO w o DOOOOOHOOMHOOHOMOMHM | o [eNeoNeoNoNeNe)
[ N ~ Te——— e N A
|
* 19
! F NMR
| oTf -50 -150
. 1 (ppm)
H NMR (400 MHz, CD’CN) § = 8.83 (d, J=5.7, 2H), 8.00 (d, J=6.2, 4H), 7.82 (dd, J=6.0, 3.1,
4H), 7.44 (d,J=4.7, 2H), 7.35 (s, 2H), 7.29 (d, J=6.6, 2H), 7.06 (s, 2H), 6.28 (d, J/=4.8, 2H)
5.93 (s, 2H), 3.31 (pd, J=13.0, 5.3, 4H), 1.11 — 0.99 (m, 2H), 0.82 — 0.68 (m, 2H), 0.61 (ddd,
J=17.4,11.5,6.1,2H), 0.39 (t,J=7.3, 6H), 0.26 — 0.09 (m, 2H).
G (s)
7.06
C (dd)| E (s) I(s) L(m)| | O (m)
7.82 || 7.35 5.93 0.75| | 0.18
A(d) B(d) |D(d) H (d) J (pd) K (m) N (t)
8.83 8.00| | 7.44 6.28 3.31 1.05 0.39
F (d) M (ddd))
‘ 729 ! 0.61
H I ' ! | EfO ‘
EtZOM U HM“ il ‘m‘
" Il 6dd & & T ¥ & $& FF
® S-®®0 S ® o S N G o«
-~ < < N -~ N < -~ NN © N

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)



£ 6.5607
X 6.5430

'"H NMR (400 MHz CDCF) 5 = 10.07 (s, 1H), 8142 (d, /=7.9, 1H),
7.68 (t, J=7.3, 1H), 7.56 (d, /=7.9, 1H), 7.51 (t, J=7.5, 1H), 7.13 (5,
1H), 6.55 (d, J/=7.1, 1H).

o |1.047

'"H NMR(400 MHz CDCF) § = 8.35 (d, /=8.3, 1H), 8.28 (d, J=5.6,
1H), 7.85 (d, J/=8.0, 1H), 7.76 (1, =7.5, 1H), 7.70 (t, J=7.6, 1 H),
7.61 (d, J=5.6, 1H).

| . |

T T T T T T T T T T
0 45
1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0

2 €88g 538 {& "H NMR (400 MHz CDCF) 8 = 8.54 (dd, J=14.0, 7.1, 2H), 7.87 (d, J=8.1,
il 1H), 7.71 (t,J=7.3, 1H), 7.61 (dd, J=12.8, 6.9, 3H), 7.54 (d, J=4.7, 1H),
Q 7.22 (d, J=4.1, 1H).
N
7 “

100 95 9.0
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Ac
A (o]
c.
(0] 0 J,Br
Aco o
0. §H (400 MHz CDCF) 5.22 (1 H, 1,J9.5), 5.08 (1 H, 1,./9.7), 5.01 (1 H,
AC  44.79.6,80),4.57 (1 H,d,J8.0),4.26 (1 H,dd,J12.3,4.7), 4.19 — |
4.12 (2 H,m),3.85-3.78 (1 H,m), 3.71 (1 H, ddd J9.9,4.7,2.4),3.48 |
~3.43 (2 H,m),2.09 (3 H,s),2.07 (3 H,),2.02 3 H,s),2.01 (3 H,5).
(s)
h.01
|
5.0 5.5 E;.O ;.5 7.0 f;.5 f;.O
3 © 3 5 2 9 I8 N2ILT 8 N gece
3 e R N T d 8% 333588 3 ¥ 38838
[} [ee] N~ © [Te] o] <t TN 32l AN N~ v~ «—
| [ | | [~ | = [~
[ Ac
Ac 0 0oA¢
)
o0
Ac O~y '"H NMR (400 MHz CDCF) § = 9.41 (s, 1H), 8.03 (s, 1H), 7.74 (s, 1H),
Ac N, 6.73 (s, 1H), 5.24 (1, J=9.6, 1H), 4.89 (t, J=9.7, 1H), 4.83 (t, /=8.7, 1 H),
0 N 479~ 4.73 (m, 1H), 4.55 — 4.37 (m, 3H), 4.13 (dd| J/=12.3, 5.2, 1H), 4.06
Ac d2 ~3.97 (m, 4H), 3.95 — 3.88 (m, 1H), 2.01 (s, 4H), 1.97 (s, 4H), 1.92 (s,
o r 3H), 1.90 (s, 3H).
Ac.o o
B Opc | 28r
B (5)
8.03
Als) cE) D@
9.41 7.74 6.73
J |
i e T
& S 5 S
~ N N N
105 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 1.0 0.5 0.0
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HO |
Lo |
(o )Ne)
‘\| '"H NMR (400 MHz D20) 5 = 8.13 (d, /~7.7, 2H), 7.82 (d, J~7.4,
SYQ N 2H), 7.55 — 7.41 (m, 6H), 7.32 (dd, J=15.0, 7.4, 2H), 6.96 (t, J=7.2,
@'N\I,/"'ﬂ 2H), 6.78 (t, /=7.2, 2H), 6.44((d, J=7.4, 2H), 6.23 (t, /=7.7, 2H),
Q;N\ﬁ} 5.82 (s, 2H), 4.34 — 4.13 (m, | H), 3.91 (d, /=7.8, [l H), 3.80 — 3.45
¥ N (m, 9H), 3.42 — 3.35 (m, 2H),[3.27 — 3.08 (m, 7H)), 3.06 — 2.95 (m, 50 -150
3@ H 3H),2.94 —2.81 (m, 1H), 2.56 — 2.46 (m, 1H), 2.04 — 1.87 (m, 3H). 1 (ppm)
o._0
HO
HO OH
OH

T
9.5 9.0 8.5

00 00 ) O <o} © m ©O MO, N MW ™MD O T AN AN MM NN AN~ N~ N~
B2g8® 2 232328 IBERE SEE2% EraRogR®r BBziil
ANT® K © 5 eN Q- MEOMNy® OBINNTOX®SY ~O00S00
00 00 CO o>~ ~ N~ N~ O O O ©O © IS SRS IS S g 1) OMOMOOMOOMONONN ANANNNN~—
N R R N L VPSS N PR, Wh
s
— HO . g,
Hoﬁ‘i“ € FNMR
o0 ~OH |
H H NMR (400 MHz CDPOD) §|= 8.27 (d, J=4.8, 2H), 8.13 (d,
_ N, J=8.2,2H),7.91 (t, J=7.6, 2H)|| 7.74 (d, /=7.7, 2H), 738 (t,
N J=14.6,4H),7.13 (t, J=6.3, 2H), 6.88 (t, /=7.4, 2H),[6.74 (t, o 100 50 200
Ir— N J=6.7,2H), 6.27 — 6.22 (m, 2H), 6.12 (s, 2H), 4.46 | 4.06 (m, 1 (ppm)
N N2 3H), 3.97 (d, /=7.8, 1H), 3.90 1| 3.76 (m, 4H), 3.75 1 3.39 (m,
SN 6H), 3.28 — 2.97 (m, 9H), 2.87|(d, J=11.4, 1H), 2.48(t, /=8.6,
Hoj,\o(\[o 1H), 2.15 (s, 3H), 2.13 — 1.95 (m, 2H).
HO™ O | om
B (d) E() |G() J(s) R (s)
8.13 738 | 6.88 6.12 2.15
A@)| [D() I (m) IS (m)
8.27 7.74 7.13| 6.74| | 6.25
t
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§1 (500 MHz MeOH) 8.12 (1 H, d, J7.1), 8.07
(1H,t,J7.9),7.97 (1 H,s),7.84 (1 H, t,J9.8),

6.9373
X 6.9208

NoOoOSTTUO®
ONTWN®IAN
OO YT OO A®
NANN =0~
© © © G166 16O
— | ="

7.62—-7.57 (1 H,m,J7.4),7.56 727 (10 H,
m, J20.6, 16.8, 10.8), 6.99 — 6.89 (1 H, m),
6.32-6.22 (1 H, m), 6.15 - 6.06 (1 H, m),
5.99 (1 H, d,J12.0), 5.80 (1 H, d, J8.5), 4.74
(1H,s),4.08—3.90 (1 H,m),3.79 (1 H,d,J
7.8),3.74 - 3.46 (6 H,m),3.24 - 3.12 5 H,
m), 3.09 - 3.03 (2 H, m), 2.96 3 H, s), 2.82 (3
H,s),2.74 - 2.57 (2 H,m),2.53 - 2.29 (1 H,

m), 2.06 — 1.74 (1 H, m).
D (t)

7.84
B (t) Q (m) H (d)
8.07 7.43 5.99

A(d)| |E(m) F (m) G (m)| | 1(d)
8.12| | 7.59 6.93 6.26 | | 5.8(
FEH H H— — =E=T=E]

© OAN < OO N NO < N~NO AN N~
g LBodISNY BIDBS BB
~ SaANOMYY] COROm  O®
< TO MMM MANNNN -
| BN IPe— 11
[ HO
oF (376NMHZ, MeOD) -80.08. HOﬁH
[e0)
S 00
& 19 ; ‘\l
! \
| F NMR SN N
| s
-50 -100 -150 -200
1 (ppm)
s (m)
3.04 —

R (m) M (s)][ U (m)

3.98 2.82|| 2.38
J(s) K@)| (e [N m) v (m)
4.7 3.79 3.19 2.70 1.89

oTf"

Lonh.
1.5 1.0 0.5
o N DOMOOOO— X NN © ©ON» © PUOTONDOD OUONNT —N™ 0©O©—I
~ © O~ O MNMNMNWOO DWW MO WM — POMOVOOTOIOINANTOO T ©O 0~ O
2L S85IBIIR®L  JA{2CT N BOIINNTCSSH5REN INRI] o
0 00 CONMNNMMNMNNMNSN~NNNN © © © O © [sp] POOOMOONOOMOOMONNNNN NNNNN 8
N N N /" T ——— s e =
¢
|
'H NMR (400 MHz CD*OD) 8 = 8.86 (d, /=4.3, 2H), 8.07 — 7.93 (m, 4H), L NMR
7.86 —7.77 (m, 4H), 7.51 — 7.37 (m,|6H), 7.38 (d, /=4.0, 2H), 6.27 — 6.17
(m, 2H), 6.12 (d, J=2.7, 2H), 3.96 — 3.80 (m, 3H), 3.72 (t, J/=6.5, TH), 3.64
(s,3H), 3.62 — 3.45 (m, 4H), 3.34 (s, 1H), 3.27 — 3.11 (m, 6H), 3.08 — 2.98
(m, 3H), 2.96 — 2.89 (m, 1H), 2.80 —2.70 (m, 1H), 2.30 — 2.21 (m, 1H).
H -50 -100 -150 -200
/j,\o(\,L 1 (ppm)
HOTTL O | o
L - L(m) |P(m)
3.54 2.93
C (m)|| E(d) G (d) JO) [N (m)
7.82|| 7.38 6.12 372 320
A(d) B(m)| |D(m) F (m) I(m)| | Mi(s)| | Q(m) |R(m)
8.86 8.01 7.43 6.21 3.89| | 3[s4 2.75|| 2.26
o K@ | [om
A i “ y M U ik ‘.64\ i %32 Il Jly
& T G I3 SHLDbD bbb
S S0 @99 o S-9owo 9a- S o
N < < N N — @ (32 o © MO «— o
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)
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