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Experimental Section

General Considerations. Unless otherwise noted, all operations were performed without
taking precautions to exclude air and moisture, and all solvents and chemicals were used as
received. All iron-catalyzed reactions were carried out under an argon atmosphere with dry
solvents under anhydrous conditions, unless otherwise noted. THF was dried over alumina
under N, using a Grubbs-type solvent purification system. *H and *C{*H} NMR spectra
were recorded at 298 K on a Bruker ACF 300, DRX-400 and AMX 500 spectrometer, and the
chemical shifts (o) were internally referenced to the residual solvent signals relative to
tetramethylsilane. ESI mass spectra were measured using a Finnigan MAT LCQ spectrometer.
Elemental analyses were performed on an ElementarVario Micro Cube elemental analyzer at

the Department of Chemistry, National University of Singapore.

X-ray Diffraction Studies.

All single crystals were grown by slow evaporation of a saturated solution in
dichloromethane and diethyl ether. CCDC 1584466—1584468 contain the supplementary
crystallographic data for this paper. X-ray data were collected with a Bruker AXS SMART
APEX diffractometer, using Mo- or Cu-K, radiation with the SMART suite of Programs.
Data were processed and corrected for Lorentz and polarization effects with SAINT,? and for
absorption effect with SADABS.® Structural solution and refinement were carried out with
the SHELXTL suite of programs.* The structure was solved by direct methods to locate the
heavy atoms, followed by difference maps for the light, non-hydrogen atoms. All

non-hydrogen atoms were generally given anisotropic displacement parameters in the final



model. All H-atoms were put at calculated positions. A summary of the most important

crystallographic data is given in Table S1.

The formamidines were synthesized following literature.

NVH N-phenyl-N’-(2,4,6-trimethylphenyl)formamidine. Acetic acid
©/ (43 pL, 0.05 mmol) was added to a round bottom flask charged
with the aniline (15 mmol, 1.40 g) and triethyl orthoformate (3.75 mL, 22.5 mmol). The flask
was fitted with a distillation head and was heated with stirring to 140 °C until ethanol (3.5 ml,
60 mmol) was collected by distillation. The resulting solution was cooled down to room
temperature and subjected to vacuum distillation. The ethyl N-phenylformimidate (1.17g,
7.81 mmol) was collected after the excess triethyl orthoformate and acetic acid was distilled
out. Mesidine (1.10 g, 7.81 mmol) was then added to the reaction mixture and heated at
160 °C for 1 h and 170 °C 1h. Upon cooling to room temperature, the solution solidified. The
mixture was triturated with cold hexanes and the product collected as a white solid. Yield:
1.72 g, 4.94 mmol, 33% (based on aniline). *H NMR (500 MHz, CDCls): 6 7.85 (br-s, 1 H,
NCHNH), 7.28 (t, 3J(H,H) = 8 Hz, 2 H, Ar-H), 7.05 (t, *J(H,H) = 8 Hz, 1 H, Ar—H), 6.98
(br-s, 2 H, Ar-H), 6.91 (s, 2 H, Ar—H), 5.30 (br-s, 1 H, NH), 2.29 (s, 3 H, CH3), 2.22 (s, 6 H,
CHa). *C{*H} NMR (126 MHz, CDCl5): 6 151.8 (br, CH), 143.7, 143.3, 133.9, 131.5, 130.0,
129.5, 123.1, 117.7 (Ar—C), 21.4 (CHj3), 19.1 (CH3). Anal. Calcd. for C16H1gN,: C, 80.63; H,

7.61; N, 11.75. Found: C, 80.19; H, 7.49; N, 11.93. MS (ESI): m/z 239 [M + H]".

General Procedure for the synthesis of the azolium bromide/iodide salts:® A mixture of



formamidine (5.00 mmol), K,COj3 (2.50 mmol), and 1.1 molar equiv. of the dibromoalkane in
30 mL of CH3CN was heated under reflux and monitored by TLC. Nal (10.00 mmol) was
added to reactions with low conversion and for the five membered ring salt, excess amount of
dibromoethane (10 equiv.) was added to obtain better yield for the SIPrMes-HI. The solvent
was removed by vacuum and CH,CI, (50 mL) was added. The resulting suspension was
filtered through Celite and solvent was removed. Ethyl acetate (5 mL) was added to dissolve
the residue, which upon stirring affords a suspension. The precipitate product was collected
by filtration as white to yellowish solid. The tetrafluoroborate salts were synthesized by

reacting the halide salts with 10 eugiv. NaBF, in water.

SIPrMes-HI. Yield: 13%. *H NMR (400 MHz, CDCls): § 8.14 (s,

N _N
oY 1 H, NCHN), 7.50 (t, 3J(H,H) = 8 Hz, 1 H, Ar-H), 7.30 (d, *J(H,H)
© =8 Hz, 2 H, Ar—H), 7.03 (s, 2 H, Ar—H), 4.64 (br-s, 4 H, NCH,),

3.01 (m, 3J(H,H) = 7 Hz, 2 H, CH(CHs)), 2.41 (s, 6 H, CHs), 2.33 (s, 3 H, CHs), 1.41 (d,
%J(H,H) = 7 Hz, 6 H, CH(CH3),), 1.29 (d, 3J(H,H) = 7 Hz, 6 H, CH(CHs),). “C{*H} NMR
(101 MHz, CDCl3): 6 159.2 (NCHN), 146.9, 142.0, 135.5, 132.5, 131.1, 130.2, 129.7, 125.9
(Ar—C), 55.3, 53.2 (NCH>), 29.9 (CH(CHs),), 26.0, 24.6 (CH(CHs),), 21.9 (CHs), 18.8 (CHs).
No satisfactory elemental analysis result was obtained from multiple trials. MS (ESI): m/z

349 [M - IT".

Y 6Pr-HI. Yield: 65%. *H NMR (400 MHz, CDCls): § 7.57 (s, 1 H,

ng

NCHN), 7.44 (t, *J(H,H) = 8 Hz, 2 H, Ar—H), 7.26 (d, 3J(H,H) = 8 Hz,



4 H, Ar—H), 4.20 (t, ®J(H,H) = 4 Hz, 4 H, NCH,), 3.02 (m, *J(H,H) = 7 Hz, 4 H, CH(CH3)y),
2.75 (br-s, 2 H, CHy), 1.38 (d, *J(H,H) = 7 Hz, 12 H, CH(CHa),), 1.24 (d, *J(H,H) = 7 Hz, 12
H, CH(CHs),). *C{*H} NMR (101 MHz, CDCls): § 153.5 (NCHN), 146.1, 136.1, 131.8,
125.7 (Ar-C), 49.2 (NCHy), 29.3 (CH(CHa)), 25.4, 25.2 (CH(CHz3)z), 19.8 (CHy). Anal.
Calcd. for CagHaIN,: C, 63.15; H, 7.76; N, 5.26. Found: C, 63.14; H, 8.16; N, 5.69. MS

(ESI): m/z 405 [M — 1]".

K\ 6PrMes-Hl. Yield: 75%. *H NMR (300 MHz, CDCls): 6 7.59 (s, 1

NN
®

/\©\ H, NCHN), 7.46 (t, J(H,H) = 8 Hz, 1 H, Ar-H), 7.29 (d, *J(H,H) =

\© 8 Hz, 2 H, Ar—-H), 6.98 (s, 2 H, Ar-H), 4.24 (t, *J(H,H) =5 Hz, 2 H,

NCH,), 4.18 (t, 2J(H,H) = 5 Hz, 2 H, NCH,), 3.03 (m, *J(H,H) = 7 Hz, 2 H, CH(CHs),), 2.70

(m, 2 H, CH,), 2.36 (s, 6 H, CH3), 2.80 (s, 3 H, CHs), 1.38 (d, ®J(H,H) = 7 Hz, 6 H,

CH(CHa),), 1.23 (d, *J(H,H) = 7 Hz, 6 H, CH(CHs),). “C{*H} NMR (75 MHz, CDCls): ¢

153.9 (NCHN), 146.2, 141.3, 136.8, 136.3, 134.9, 131.9, 130.8, 125.7 (Ar—C), 49.1, 47.6

(NCH,), 29.4 (CH(CHs)y), 25.5, 24.8 (CH(CHs),), 21.6 (CHs), 20.2 (CH,), 18.5 (CHs). Anal.

Calcd. for CysHssIN2: C, 61.22; H, 7.19; N, 5.71. Found: C, 61.61; H, 7.06; N, 5.89. MS

(ESI): m/z 363 [M — 17",

A 6MesPh-HI. Yield: 80%. 'H NMR (400 MHz, CDCl3): 6 7.93 (s, 1
Na N
@ 3 3
©/ ;@\ H, NCHN), 7.56 (d, °J(H,H) =8 Hz, 2 H, Ar-H), 7.47 (t, °J(H,H) =
I@ 8 Hz, 2 H, Ar-H), 7.39 (t, 3J(H,H) =8 Hz, 1 H, Ar-H), 6.96 (s, 2 H,

Ar—H), 4.48 (t, J(H,H) = 6 Hz, 2 H, NCH,), 4.02 (t, 3J(H,H) = 6 Hz, 2 H, NCH,), 2.61 (m,



%J(H,H) = 6 Hz, 2 H, CH,), 2.38 (s, 6 H, CHs), 2.28 (s, 3 H, CH3). *C{*H} NMR (101 MHz,
CDCl3): 6 153.0 (NCHN), 141.7, 141.2, 137.2, 135.2, 131.0, 130.9, 130.1, 124.0 (Ar-C),
48.1, 47.5 (NCH,), 21.6 (CHs), 20.3 (CH,), 19.2 (CHs). Anal. Calcd. for C1gH23IN,: C, 56.17;

H, 6.71; N, 6.89. Found: C, 56.30; H, 5.42; N, 7.08. MS (ESI): m/z 279 [M — I]".

6Ph-HI. Yield: 51%. 'H NMR (500 MHz, CDCl5): § 8.06 (s, 1 H,
©/N\ N\© NCHN), 7.46 (t, *J(H,H) = 8 Hz, 1 H, Ar—H), 7.65 (d, *J(H,H) = 8 Hz,

4 H, Ar-H), 7.42-7.35 (m, 6 H, Ar-H), 4.21 (t, *J(H,H) = 6 Hz, 4 H,
NCHy), 2.60 (m, J(H,H) = 6 Hz, 2 H, CH,). *C{*H} NMR (126 MHz, CDCls): 6 152.2
(NCHN), 142.0, 130.7, 129.8, 124.3 (Ar-C), 47.8 (NCH,), 20.0 (CH,). Anal. Calcd. for
CisH17IN2: C, 52.76; H, 4.70; N, 7.69. Found: C, 52.86; H,4.50; N, 7.56. MS (ESI): m/z 237
[M-17".

ng

Y 6PrMes-HBF,. Yield: 68%. *H NMR (400 MHz, CDCls): J 7.53 (s,
/\©\ 1 H, NCHN), 7.46 (t, *J(H,H) = 8 Hz, 1 H, Ar—H), 7.28 (d, 3J(H,H)
BES = 8 Hz, 2 H, Ar-H), 6.98 (s, 2 H, Ar-H), 4.00-3.96 (m, 4 H,

NCHy), 3.00 (m, 3J(H,H) = 7 Hz, 2 H, CH(CHs),), 2.64 (m, *J(H,H) = 6 Hz, 2 H, CH,), 2.33
(s, 6 H, CHs), 2.30 (s, 3 H, CH3), 1.38 (d, 3J(H,H) = 7 Hz, 6 H, CH(CH3),), 1.23 (d, 2J(H,H)
= 7 Hz, 6 H, CH(CHs)). *C{*"H} NMR (101 MHz, CDCls): 6 154.3 (NCHN), 146.3, 141.4,
137.0, 136.5, 135.1, 131.9, 130.8, 125.8 (Ar—C), 49.0, 47.1 (NCH,), 29.4 (CH(CHs)y), 25.5,
24.6 (CH(CHa),), 21.6 (CHs), 19.9 (CH,), 17.8 (CHs). Anal. Calcd. for CasHssBFsN,: C,

66.67; H, 7.83; N, 6.22. Found: C, 66.57; H, 7.85; N, 6.17. MS (ESI): m/z 363 [M — BF4]".



6Ph-HBF,. Yield: 79%. *H NMR (300 MHz, CDCls): § 7.95 (s, 1 H,
N\ N
©/ \© NCHN), 7.49-7.37 (m, 10 H, Ar—H), 4.02 (t, *J(H,H) = 6 Hz, 4 H,
BF
4 NCH,), 2.48 (m, ®J(H,H) = 6 Hz, 2 H, CH.). *C{*H} NMR (75 MHz,
CDCls): 6 152.2 (NCHN), 142.3, 130.9, 129.9, 124.1 (Ar—C), 47.3 (NCH,), 20.0 (CH,). Anal.
Calcd. for C16H17BF4N2: C, 59.29; H, 5.29; N, 8.64. Found: C, 59.42; H, 5.14; N, 8.57. MS

(ESI): m/z 237 [M — BF,]".

m 7PrMes-HI. Yield: 93%. *H NMR (500 MHz, CDCly): 6 7.41 (t,
~N
3J(H,H) = 8 Hz, 1 H, Ar—H), 7.26-7.24 (m, 3 H, NCHN and Ar—H),
© 6.95 (s, 2 H, Ar—H), 4.58-4.51 (m, 4 H, NCH}), 3.18 (m, 3J(H,H) =
7 Hz, 2 H, CH(CHa)y), 2.61 (br-s, 4 H, CHy), 2.41 (s, 6 H, CHs), 2.27 (s, 3 H, CH3), 1.39 (d,
%J(H,H) = 7 Hz, 6 H, CH(CH3),), 1.23 (d, 3J(H,H) = 7 Hz, 6 H, CH(CHs),). “C{*H} NMR
(126 MHz, CDCl5): 6 156.2 (NCHN), 145.5, 141.1, 140.0, 139.5, 134.3, 131.7, 131.0, 126.0
(Ar—C), 57.2, 55.9 (NCH,), 29.5 (CH(CHs)y), 26.3, 25.6, 25.5, 24.9 (CH(CHs), and CHy),
21.6 (CHj3), 18.8 (CHj3). Anal. Calcd. for Co6H37IN,: C, 61.90; H, 7.39; N, 5.55. Found: C,

61.78; H, 7.13; N, 5.69. MS (ESI): m/z 377 [M — 1]".

7MesPh-HI. Yield: 95%. *H NMR (300 MHz, CDCls): § 7.57 (d,

)

4

®z

©/ 3J(H,H) = 7 Hz, 2 H, Ar—H), 7.48 (s, 1 H, NCHN), 7.47-7.39 (m, 3

© H, Ar—H), 6.93 (s, 2 H, Ar—H), 4.77 (¢, *J(H,H) = 5 Hz, 2 H, NCH,),

4.44 (t, *J(H,H) = 5 Hz, 2 H, NCH,), 2.47-2.44 (m, 10 H, CH, and CHs), 2.25 (s, 3 H, CHa).



B3C{'H} NMR (101 MHz, CDCls): 6 157.7 (NCHN), 143.9, 140.8, 140.2, 134.5, 131.0, 130.9,
130.3, 125.4 (Ar-C), 56.5, 55.6 (NCH,), 26.0, 25.9 (CH,), 21.5 (CHs), 19.5 (CHs). Anal.
Calcd. for CaoHasINg: C, 57.15; H, 6.00; N, 6.66. Found: C, 57.25; H, 5.72; N, 7.04. MS

(ESI): m/z 293 [M - 17",

m 7Ph-HI. Yield: 66%. 'H NMR (400 MHz, CDCl): 6 7.73-7.72 (m, 5
N -N
@@ \© H, NCHN and Ar-H), 7.42-7.38 (m, 6 H, Ar-H), 4.58 (br-s, 4 H,
S
|
NCH,), 2.44 (br-s, 4 H, CH,). *C{*H} NMR (101 MHz, CDCls): §
157.2 (NCHN), 144.5, 130.8, 130.1, 125.6 (Ar—C), 56.4 (NCH,), 25.8 (CH,). Anal. Calcd. for

Ci7H19IN2: C, 53.98; H, 5.06; N, 7.41. Found: C, 53.94; H, 5.19; N, 7.38. MS (ESI): m/z 251

[M-1]".
m 7PrMes-HBF,. Yield: 89%. ‘*H NMR (500 MHz, CDCly): § 7.44 (t,
o
3J(H,H) = 8 Hz, 1 H, Ar-H), 7.29-7.26 (m, 3 H, NCHN and Ar—H),
g 6.98 (5, 2 H, Ar—H), 4.32 (br-s, 4 H, NCHy), 3.17 (m, 3J(H,H) = 7

Hz, 2 H, CH(CH3)2), 2.56 (br-s, 4 H, CHy), 2.39 (s, 6 H, CH3), 2.29
(s, 3 H, CH3), 1.41 (d, 3J(H,H) = 7 Hz, 6 H, CH(CHs)y), 1.25 (d, 3J(H,H) = 7 Hz, 6 H,
CH(CHs)2). ®*C{*H} NMR (126 MHz, CDCl3): 6 158.5 (NCHN), 145.5, 141.2, 140.0, 139.6,
134.3, 131.7, 131.0, 126.0 (Ar-C), 56.9, 55.5 (NCH,), 29.5 (CH(CHa)y), 26.1, 25.6, 25.4,
24.8 (CH(CHs), and CH,), 21.6 (CH3), 18.2 (CH3). Anal. Calcd. for CosHa7BFsNo: C, 67.25;

H, 8.03; N, 6.03. Found: C, 67.43; H, 8.76: N, 6.06. MS (ESI): m/z 377 [M — BF4]".



8Pr-HI. Yield: 56%. *H NMR (500 MHz, CDCls): 6 7.49 (s, 1 H,

®Nx N
© NCHN), 7.37 (t, *J(H,H) = 8 Hz, 2 H, Ar-H), 7.21 (d, *J(H,H) = 8
Hz, 4 H, Ar-H), 4.77 (br-s, 4 H, NCH,), 3.22 (m, *J(H,H) = 7 Hz, 4
H, CH(CHa),), 2.26 (m, 2J(H,H) = 6 Hz, 4 H, CH,), 2.12 (br-s, 2 H, CH,), 1.34 (d, %J(H,H) =
7 Hz, 12 H, CH(CHs),), 1.21 (d, *J(H,H) = 7 Hz, 12 H, CH(CHs),). *C{*H} NMR (126 MHz,
CDCl3): § 157.5 (NCHN), 145.2, 141.4, 131.3, 126.1 (Ar—C), 55.8 (NCH,), 29.3 (CH(CHs),),

28.2 (CH,), 25.7, 25.4 (CHj3), 22.0 (CH,). No satisfactory elemental analysis result was

obtained from multiple trials. MS (ESI): m/z 433 [M - I]".

8PrMes-HI. Yield: 11%. *H NMR (500 MHz, CDCls): 6 7.42 (s, 1
®Nx=_N

/é\ H, NCHN), 7.37 (t, ®J(H,H) = 8 Hz, 1 H, Ar—H), 7.21 (d, *J(H,H) =

8 Hz, 2 H, Ar-H), 6.91 (s, 2 H, Ar—H), 4.73 (br-s, 4 H, NCH,), 3.24

(m, 3J(H,H) = 7 Hz, 2 H, CH(CHs3)y), 2.37 (s, 6 H, CH3), 2.26 (br-s, 4 H, CHy), 2.23 (s, 3 H,
CHa), 2.14 (br-s, 2 H, CH,), 1.34 (d, *J(H,H) = 7 Hz, 6 H, CH(CHa),), 1.18 (d, 3J(H,H) = 7
Hz, 6 H, CH(CHs)2). *C{*H} NMR (126 MHz, CDCl5): 6 158.0 (NCHN), 145.1, 142.2,
141.6, 140.8, 134.1, 131.3, 131.0, 126.1 (Ar—C), 55.4, 54.8 (NCH,), 29.2 (CH(CHa)y), 28.7,
28.2 (CH,), 25.5, 24.7 (CHs), 21.7 (CH,), 21.4 (CHs), 19.1 (CHs).. Anal. Calcd. for
Co7HaoIN2: C, 62.54; H, 7.58; N, 5.40. Found: C, 62.86; H, 7.13; N, 5.64. MS (ESI): m/z 391

M — 17",



Br:

Br(CH,)sBr v N
NS
NQ/N -— NQ/N <7K2003 ~
® @ 100 °C AT
©

| ! This
salt was synthesized via a modified protocol. N-phenyl-N -
(2,4,6-trimethylphenyl)formamidine (500 mg, 2.10 mmol), K,COj3 (290 mg, 2.10 mmol) and
1,5-dibromopentane (376 uL, 2.76 mmol) were suspended in CH3CN and stirred at 60 °C for
two days before the solvent was removed in vacuum. CH,Cl, (20 mL) was added to the
residue and the suspension was filtered through Celite. The collected solution was
concentrated to 2 mL and subjected to column chromatography (SiO,, hexane/ethyl acetate,
50:1, Rf: 0.42, hexane/ethyl acetate, 4:1) to afford the product I as a colorless oil (246 mg,
0.64 mmol, 30%). *H NMR (500 MHz, CDCl3): 6 7.54 (s, 1 H, NCHN), 7.29 (t, J(H,H) = 8
Hz, 2 H, Ar—H), 7.05-7.04 (m, 3 H, Ar-H), 6.98 (s, 2 H, Ar-H), 3.77 (t, *J(H,H) = 8 Hz, 2 H,
NCH,), 3.43 (t, 3J(H,H) = 7 Hz, 2 H, BrCH,), 2.35 (s, 3 H, CHs), 2,29 (s, 6 H, CHa),
1.96-1.90 (m, 2 H, CH,), 1.75-1.68 (m, 2 H, CH,), 1.55-1.48 (m, 2 H, CH,). *C{*H} NMR
(126 MHz, CDCl3): ¢ 153.3 (NCHN), 152.3, 139.7, 138.0, 137.2, 130.1, 129.6, 123.3, 121.9
(Ar—C), 48.7 (NCH,), 34.2 (BrCHy), 33.1, 27.1, 26.5, 21.5, 19.1 (CH, and CHj). MS (ESI):
m/z 389 [M + H]".
8MesPh-HI. Compound I (200 mg, 0.52 mmol) was dissolved in CH3CN (8 mL) in a sealed
tube before Nal (233 mg, 1.55 mmol) was added. The mixture was heated at 100 °C
overnight before the solvent was removed in vacuum. CH,Cl, (20 mL) was added to the

residue and the suspension was filtered through Celite. The collected solution was

concentrated to 2 mL and dropwise added to diethyl ether (50 mL). Upon stirring, the product
10



precipitates as a red sticky solid (68 mg, 0.16 mmol, 30%). *H NMR (300 MHz, CDCls): ¢
7.75 (s, 1 H, NCHN), 7.57—7.45 (m, 5 H, Ar—H), 7.00 (s, 2 H, Ar—H), 4.75 (t, 3J(H,H) = 6 Hz,
2 H, NCHj), 4.45 (br-s, 2 H, NCH,), 2.46 (s, 6 H, CH3), 2.30—2.22 (m, 7 H, CH, and CHj),
2.13-2.09 (m, 2 H, CH,). *C{*H} NMR (75 MHz, CDCls): ¢ 157.6 (NCHN), 144.4, 142.1,
141.0, 134.0, 131.5, 131.3, 130.8, 125.8 (Ar—C), 54.8, 54.6 (NCH,), 29.3, 28.4 (CH,), 21.6,
21.4 (CHz and CHy), 19.9 (CHs). No satisfactory elemental analysis result was obtained from

multiple trials. MS (ESI): m/z 307 [M - 1]".

8Ph-HI. Yield: 13%. *H NMR (500 MHz, CDCls): § 7.91 (s, 1 H,

ONx

N
@ © @ NCHN), 7.59 (d, *J(H,H) = 8 Hz, 4 H, Ar—H), 7.47-7.41 (m, 6 H,

Ar—H), 4.73 (br-s, 4 H, NCH,), 2.19 (br-s, 4 H, CH), 2.01 (br-s, 2 H,
CH,). BC{*H} NMR (126 MHz, CDCls): § 156.7 (NCHN), 146.0, 131.1, 130.3, 125.6
(Ar—C), 56.6 (NCH,), 28.8 (CH,), 21.2 (CH,). Anal. Calcd. for C1gH»1IN>: C, 55.11; H, 5.40;

N, 7.14. Found: C, 55.53; H, 5.51; N, 7.06. MS (ESI): m/z 265 [M — I]*.

11



NN )
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‘ A p VN

) 7Pr-HBr t ‘VTPrMes-HI
§¢ %

NN ¢ A N
7Mes-HBF, 7Ph-HI

Figure S1. Molecular structures of 7Pr-HBr,” 7PrMes-HI, 7Mes-HBF, and 7Ph-HI. Anions,
hydrogen atoms and solvent molecules have been omitted for clarity. NCHN/Aryl dihedral
angle, 7Pr-HBF,: 87°, 81°; 7PrMes-HI: 87° (Dipp), 72° (Mes); 7Mes-HBF,: 83°, 75°;
7Ph-HI: 60°, 58°.
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Table S1. Selected X-ray crystallographic data for the NHC-HX salts.

7PrMes-HI 7Mes-HBF, 7Ph-HI1-0.5H,0
formula CosH37IN, Co3H31BF4N» C17H29IN,Og 5
fw 504.47 422.31 387.25
color, habit colourless, prism frag colourless, block colourless, block
cryst size [mm] 0.23x0.41x0.46 0.34x0.21x0.19 0.33x0.26x0.19
temp [K] 100(2) 100(2) 100(2)
crystsyst monoclinic monoclinic monoclinic
space group P12(1)/nl1 P21/c C2
a[A] 9.4821(7) 15.5061(6) 17.5096(8)
b [A] 14.8496(8) 15.3089(8) 10.5339(5)
c [A] 17.7290(12) 9.2595(4) 11.1338(6)
a [deg] 90.00 90.00 90.00
S [deq] 100.901(2) 90.915(2) 126.3150(10)
v [deg] 90.00 90.00 90.00
V[AY] 2451.3(3) 2197.75(17) 1654.71(14)
Z 4 4 4
D [gcm™] 1.367 1.276 1.554
radiation used Mo Ko Mo Ka Mo Ka
u[mm™] 1.320 0.097 1.932
@ range [deg] 2.34-29.57 2.57-28.28 2.66-28.28
no. of unique data 37662 26959 47242
max., min. transmn  0.7550, 0.5800 0.7459, 0.6669 0.7466, 0.6848
final R indices R; =0.0222, R; =0.0556, R1=0.0111,
[1>20(1)] WR; =0.0611 WR; = 0.1259 wR2 =0.0274
R indices (all data)  R; =0.0239, R; =0.0829, R1=0.0113,

wWR; = 0.0621 WR; = 0.1375 wR2 =0.0274
goodness-of-fit 1.060 1.064 1.119
peak/hole [e A% 1.366/-0.839 0.351/-0.281 0.293/-0.375
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General Procedure for Iron-catalyzed Biaryl Cross-coupling Reaction of Aryl
Chlorides:

In a glovebox, Fe(OTf), (5.3 mg, 0.015 mmol, 3 mol%), 7MesBr (18.7 mg, 0.045 mmol, 9
mol% ) and NaOtBu (4.3 mg, 0.045 mmol, 9 mol%) in THF (0.5 mL) were charged to a dried
reaction tube. The mixture was allowed to stir at rt for 1 h before a solution of aryl chloride
(0.5 mmol, 1.0 eq) and Grignard reagent (0.6 mmol, 1.2 eq) was added. The tube was sealed,
taken out of the glovebox and stirred at 60 °C for 16h. The reaction progress was monitored
by GC using dodecane as the internal standard. Once completed, the reaction mixture was
quenched with saturated NH4CIl and extracted with CH,CI, several times. The combined
organic layers were dried over anhydrous MgSQ,, concentrated in vacuo and the resulting
crude mixture was purified by silica gel column chromatography.

4-Methyl-1,1-biphenyl (3a)®

!Me

3a was prepared from chlorobenzene (56 mg, 0.5 mmol) and p-tolylmagnesium bromide
(0.86 mL, 0.6 mmol, 0.70 M in THF). The crude mixture was purified by flash column
chromatography (petroleum ether) to afford the desired product as white solid (79 mg, 94%).
'H NMR (400 MHz, CDCls) & 7.62 — 7.55 (m, 2H), 7.54 — 7.48 (m, 2H), 7.46 — 7.40 (m, 2H),
7.35—7.29 (m, 1H), 7.28 — 7.23 (m, 2H), 2.40 (s, 3H). *C{*H} NMR (101 MHz, CDCl3) &
141.3, 138.5, 137.1, 129.6, 128.8, 127.1, 127.1, 126.9, 21.2.

4-Methoxy-4'-methyl-1,1"-biphenyl (3b) 3

: T
MeO

3b was prepared from 1-chloro-4-methoxybenzene (71 mg, 0.5 mmol) and p-tolylmagnesium
(0. 86 mL, 0.6 mmol, 0.70 M in THF). The crude mixture was purified by flash column
chromatography (5% Et,O/petroleum ether) to afford the desired product as a white solid (98
mg, 99%).

'H NMR (400 MHz, CDCl3) § 7.55 —7.48 (m, 2H), 7.45 (d, J = 8.1 Hz, 2H), 7.22 (d, J = 7.7 Hz,
2H), 6.96 (d, J = 8.7 Hz, 2H), 3.85 (s, 3H), 2.38 (s, 3H). *C{*H} NMR (101 MHz, CDCl;) &
159.1, 138.1, 136.4, 133.9, 129.5, 128.0, 126.7, 114.3, 55.4, 21.1.

4-Fluoro-4'-methyl-1,1-biphenyl (3c)®

14



Me
Fl

3c was prepared from 1-chloro-4-fluorobenzene (65 mg, 0.5 mmol) and p-tolylmagnesium
bromide (0. 86 mL, 0.6 mmol, 0.70 M in THF). The crude mixture was purified by flash
column chromatography (petroleum ether) to afford the desired product as white solid (77 mg,
83%).

'H NMR (400 MHz, CDCl3) & 7.57 — 7.49 (m, 2H), 7.46 — 7.41 (m, 2H), 7.24 (d, J = 7.8 Hz,
2H), 7.10 (t, J = 8.7 Hz, 2H), 2.39 (s, 3H). *C{*H} NMR (101 MHz, CDCl;) & 162.4 (d, J =
246.4 Hz), 137.5, 137.4 (d, J = 3.0 Hz), 137.1, 129.6, 128.5 (d, /= 8.1 Hz), 126.9, 115.6 (d, J
=21.2 Hz), 21.1.

4-Methyl-4'-(trifluoromethyl)-1,1'-biphenyl (3d)°

l Me
F5C O

3d was prepared from 1-chloro-4-(trifluoromethyl)benzene (90 mg, 0.5 mmol) and
p-tolylmagnesium (0. 87 mL, 0.6 mmol, 0.69 M in THF). The crude mixture was purified by
flash column chromatography (petroleum ether) to afford the desired product as a white solid
(73 mg, 62%).

'H NMR (400 MHz, CD,Cl,) & 7.78 — 7.66 (m, 4H), 7.61 — 7.46 (m, 2H), 7.37 — 7.26 (m, 2H),
2.42 (s,3H). ®C{*H} NMR (101 MHz, CD,Cl,) 5 145.0, 138.8, 137.0, 130.1, 129.1(q, J=32.3
Hz), 127.5,127.4,126.0(q, J=4.0 Hz),124.9 (d, J=272.7 Hz), 21.3.

4'-Fluoro-3-methyl-1,1'-biphenyl (3¢)*
F
=5 (

3e was prepared from 3-chlorotoluene (63 mg, 0.5 mmol) and (4-fluorophenyl)magnesium
bromide (0.79 mL, 0.6 mmol, 0.76 M in THF). The crude mixture was purified by flash

15



column chromatography (petroleum ether) to afford the desired product as a white solid (90
mg, 96%).

'H NMR (400 MHz, CDCls) 6 7.61 — 7.48 (m, 2H), 7.34 (td, J = 7.0, 6.1, 2.9 Hz, 3H), 7.21 —
7.04 (m, 3H), 2.42 (s, 3H). *C {*H} NMR (101 MHz, CDCl3) & 162.5 (d, J = 247.5 Hz),
140.3, 138.5, 137.6 (d, J = 3.0 Hz), 128.8, 128.7 (d, J = 8.1 Hz), 128.1, 127.9, 124.2, 115.6 (d,
J=22.2 Hz), 21.6.

tert-Butyldimethyl((4'-methyl-[1,1'-biphenyl]-3-yl)oxy)silane (3f) 2
Me
s 9

3f was prepared from tert-butyl(3-chlorophenoxy)dimethylsilane (121 mg, 0.5 mmol),
p-tolylmagnesium bromide (0. 86 mL, 0.6 mmol, 0.70 M in THF). The crude mixture was
purified by flash column chromatography (petroleum ether) to afford the desired product as
colourless oil (119 mg, 80%).

'H NMR (400 MHz, CDCl3) § 7.50 — 7.44 (m, 2H), 7.27 — 7.21 (m, 3H), 7.16 (ddd, J = 7.7, 1.8,
1.1 Hz, 1H), 7.05 (t, J = 2.1 Hz, 1H), 6.83 — 6.78 (m, 1H), 2.39 (s, 3H), 1.01 (s, 9H), 0.23 (s,
6H). *C{"H} NMR (101 MHz, CDCl5) & 156.1, 142.7, 138.3, 137.2, 129.7, 129.5, 127.0,
120.1, 118.8, 118.7, 25.8, 21.2, 18.3, -4.2.

4-Methoxy-1,1'-biphenyl (3g) ®
O OMe

3g was prepared from chlorobenzene (56 mg, 0.5 mmol) and (4-methoxyphenyl)magnesium
bromide (1.45 mL, 0.6 mmol, 0.41 M in THF). The crude mixture was purified by flash column
chromatography (20% CH,Cl,/petroleum ether) to afford the desired product as white solid (83
mg, 90%).

'H NMR (400 MHz, CDCl3) & 7.54 (td, J = 8.8, 8.1, 1.8 Hz, 4H), 7.41 (t, = 7.7 Hz, 2H), 7.34

—7.28 (m, 1H), 7.02 — 6.93 (m, 2H), 3.86 (s, 3H). **C {*H} NMR (101 MHz, CDCls) § 159.3,
141.0, 133.9, 128.8, 128.2, 126.8, 126.7, 114.3, 55.4.

2,4'-Dimethyl-1,1"-biphenyl (3h)?

16



Me
)

3h was prepared from 1-chloro-2-methylbenzene (63 mg, 0.5 mmol) and p-tolylmagnesium
bromide (0. 86 mL, 0.6 mmol, 0.70 M in THF). The crude mixture was purified by flash
column chromatography (petroleum ether) to afford the desired product as colourless oil (88
mg, 97%).

'H NMR (400 MHz, CDCls) & 7.25 (d, J = 6.5 Hz, 8H), 2.43 (s, 3H), 2.30 (s, 3H). *c{'H}
NMR (101 MHz, CDCl3) 6 142.0, 139.2, 136.4, 135.5, 130.4, 129.9, 129.2, 128.9, 127.1, 125.8,
21.2, 20.6.

2-Methoxy-4"-methyl-1,1"-biphenyl (3i)®

Me
OMe O

3i was prepared from 2-chloroanisole (71 mg, 0.5 mmol) and p-tolylmagnesium bromide (0. 86
mL, 0.6 mmol, 0.70 M in THF). The crude mixture was purified by flash column
chromatography (10% CH,Cl,/petroleum ether) to afford the desired product as white solid (88
mg, 88%).

'H NMR (400 MHz, CDCl3) § 7.46 — 7.39 (m, 2H), 7.31 (t, J = 7.2 Hz, 2H), 7.26 — 7.20 (m, 2H),
7.06 — 6.96 (M, 2H), 3.81 (s, 3H), 2.40 (s, 3H). *C NMR (101 MHz, CDCl3) 5 156.6, 136.6,
135.7, 130.9, 130.8, 129.5, 128.8, 128.4, 120.9, 111.3, 55.6, 21.3.

1-Methyl-3-(p-tolyl)-1H-indole (3j) *
Me

o
(L

Me
3j was prepared from 3-chloro-1-methyl-1H-indole (83 mg, 0.5 mmol) and p-tolylmagnesium
bromide (0. 86 mL, 0.6 mmol, 0.70 M in THF), Fe(OTf), (9 mg, 0.025 mmol, 5 mol%),
7MesBr (31 mg, 0.075 mmol, 15 mol%), NaOtBu (7 mg, 0.075 mmol, 15 mol%) and 0.5 ml
THF. The crude mixture was purified by flash column chromatography (5%
dichloromethane/petroleum ether) to afford the desired product as colourless oil (91 mg,
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82%).

'H NMR (400 MHz, CDCl3) 6 7.92 (dd, J = 8.0, 1.0 Hz, 1H), 7.55 (d, J = 7.9 Hz, 2H), 7.36 (dd,
J=8.3,1.0 Hz, 1H), 7.31 - 7.23 (m, 3H), 7.22 — 7.13 (m, 2H), 3.84 (d, J = 0.7 Hz, 3H), 2.40 (s,
3H). B*C{*H} NMR (101 MHz, CDCls) & 137.5, 135.3, 132.8, 129.5, 127.3, 126.3, 122.0,
120.0, 119.8, 116.8, 109.5, 32.8, 21.2.

1-Methyl-2-(p-tolyl)-1H-benzo[d]imidazole **(3k)

3k was prepared from 2-chloro-1-methyl-1H-benzo[d]imidazole (83.3 mg, 0.5 mmol) and
p-tolylmagnesium bromide (0. 86 mL, 0.6 mmol, 0.70 M in THF). The crude mixture was
purified by flash column chromatography (16% ethyl acetate/petroleum ether) to afford the
desired product as white solid (79 mg, 71%).

'H NMR (400 MHz, (CD3),CO) & 7.80 — 7.73 (m, 2H), 7.70 — 7.63 (m, 1H), 7.56 — 7.49 (m,
1H), 7.38 (d, J = 7.8 Hz, 2H), 7.33 — 7.20 (m, 2H), 3.92 (t, J = 0.8 Hz, 3H), 2.43 (s, 3H). *C
NMR (101 MHz, (CD3),CO) & 154.4, 144.1, 140.4, 137.9, 130.2, 130.0, 128.8, 123.1, 122.7,
120.1, 110.9, 32.1, 21.4.

Table S2. Influence of NHCs’ substituents and ring size on the formation of 3j (Table 2).

Entry NHC.HX 3i (%)
1 7Mes.HBr 5
2 7MesPh.HI 2
3 7Ph.HI 1
4 6PrMes.HI 4
5 6Mes.HBr 29
6 6Ph.HI 0

18



E 2 g3
3 g8 3
~ ~
| |

6.9791
~ 6.9084

IH NMR (CDCly, 500 MHz)
N-phenyl-N’-(2,4,6-trimethylphenyl)formamidine

— 5.2048

o

N

2.2872
2.2152

T
10

e -—____,‘_,U
LS‘ &l |&gr 2 HY r
s FAEEE = aa
— o O — —— T
8 7 [ 5 a 2 [ppm]
13C RSO0 'E
2] P oD e e - o - &
£ g8 g822 § ¢ b 55
® 53 3338 § - Z g2 1
T TR T b
X
H -
She ‘
13C NMR (CDCls, 126 MHz) |
N-phenyl-N’-(2,4,6-trimethylphenyl)formamidine |
e

19



[1aa] 5l 0L 0
1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1
BLIZ'L 4
088Z'L = ::_m_w|
LOO¥' L =4 EEELE]
oLks ! 2
0EEE'T ~ 00t
BTIE - —— 2
PSBEZ |
PILOE LT [
v6Z0'E
)
BLPIP— — = w|rLy
—
P~
T
8
= T
= !
)
—=' ®
= [
> o as
7 o =
zQ =a
= w
=
I
FEE0L— - _— WLV
LBST'L _ -
LPBZ L :
[T UILE
byl - £L80° L]
6E05°L | i
gezeL
95rL 8 — 0000 i
&
.x #

[ppm]

Seiprmes i

as0gal

SESELT
[
#6L09T

MZTEET

EBLVES
LEBZ'ES

PLLELL

reLraL-

£168'ST ~
FHE9'6Z) |
259105k =
ZOELLEL
LIPS TEL -
£ITeeeL

SFEOTE—

06889l —

LZ8LesE—

3C NMR (CDCl;, 101 MHz)

SIPrMes-HI

[ppm]

20

&0

80

20



[1a]

5l

e

eaipr i

L1922} 4

SEVET

Shic

L1y

0020'T —

88VLT o
S09L'Z
9982
PEOO'E 4
¥OZ0E

PL0'E |
TrS0E

GLEL'Y -
BZOZ'Y ¢
Grizr

OV L
B65T'L |,
8L92 L~
GrIr L
gty L
989 L T
SEde L

IH NMR (CDCl,, 400 MHz)

6Pr-HI

..._J|____J U |

L

| S

[T
BEIVTL

Y602 |

Y14

EE66 §

FaLTE

N_.vo.w

0000 I

[ppm]

fmipr i

9LEEL—

BETTST o

a3 4T
ZOELBT—

086V —

L9LTLL
LEBY LL F
sLioeL’

08L9STL—

L0 LEL—

CELLIEL—

LEr0akL —

FoSVESL —

B3C NMR (CDCl;, 101 MHz)

6Pr-HI

[ppm]

21



22

51 oL 5 0 ] 0g 0z
1 L L L L 1 1 L L L 1 1 1 L L 1 L L L . ! ! ! 1 ! 1 L L 1 L L 1 I
Kh m
- a
2
LELT'E o, o 1
Loves = — T PP
TELEL — aveza | 0E6L0Z -
LSBT} — MO9S LT
| 0EBLYE ~
19E5'5T
- PeTEI—
)i .
<
ZSBTT ~ —_— ||I|.L S0z
LAST — ey |
ST -, 11% =1 SEFY Ly -~
82007 - 1oz | 1PYLEE -
TSOOE - lnu ;
LIZOE - rog0z [~
00§0°E ¢ .4 -1
LISLY | WLTLLY
VSLL ; * 9UBTLL -
LZELT —_— —1 ghzreL’
osLz¥ —_ ey
LTy | | -
agezy |
| | T
| =
| | S
w o -+
- | - w0
P~
| - = [V
T | o as
= __ . / - S %
=] | =® o
(= | - s Ve }
m I | =
- W 1 o
3 28 | 2
o
» o g m _ A
=0 - W i I 09bLSTL—
(o a
= | SEOL0EL
| L L089'LEL -
= | ZEEBFEL
T L BOFEDEL -
= 9028°9E 4 -
69.6'9 — - BOLLT |-~ 98LE Ll —
89574 u
GLAZ'L 4 =T STLLOFL—
Ly e
2 BEOE'L - 3 grace |
i 206%°L = 09501 | 2
BSGH'L = — .
m. wTarL —_— 0000 i} .m L29BESL—
4 9EaeL ! | m
it .|
LI | i ]

[ppm]

20

40

60

&80

100

120




E¥ET'T—
i

9Z65°Z -
6909°F ¢
6029°27

LYY
9910°F +
8ze0y |

Loy -
BRITY T
LEBEY

)

400 MHz

6MesPh-HI

HNMR (CDCl,,

=

WITBL
BSEEDT —
SLEFLZ /

FSEF LY -
EFbLBE

BLLELL A
i

ceLogs )

S0Z0¥ZL—

FISOOEL 5
GOSBOEL +
FPEGEOEL
ZHBLSEL—
FELZLEE—

BPILIPL -
oragLvl

0ZO0ESE—

23

[ppm]

20

80

100

6MesPh-HI

120




[1a] 4 0z S 13 g 1] g lla] 52 0z gl L3
T TN T T [N Y TN S SO AN TN T TN T NN TN S Y SO NN TR TN SN TN AN N RO N I T T B | — L 1 L L L L | 1 1 1 1 | L 1 1 1 1 1 1 1 1
[ E
a
L &
£995°Z 4 | |
SLEST T —— SLSOT | CBGE 6L —
1809°T
— ™
J L
I bPE L —
=
Z96L°Y _
SLOT'Y F |A_ EPELY |
bEbZY
e Z6EV LL
PYEBOLL +
I ZivE L
~
~ I T
= ! S
= o
O 3 | :
=) —
oo e 3 T
= & XL 2 o B8
@ U F _ O
— = F o
7 O & @ [T
= @ [T L = —
= ANHHHVV s
= r =
= | =
= 8]
T -~ 3
=
L LEZEVZL—
PEST L —
LEFE L ] =1 \
ST - sELLS | SPPEBZL
B SYZLOEL /
TLKI'L _J T
9798°L © = LESTE
| 6RZ0TYL—
£h90°8— - 0000 1
= 2 ZOLLTSL—
i L |d
: Y
] q

24

[ppm]

20

40

&0

100

120




(L] 0 ETS ok g 0 (L] 0z LTS 0k 0
1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 —_ 1 | 1 1 1 1 | 1 1 1 1 1 1 1 | —_
E L E
r g g
= BLETLL— =
- 9GEE6) ~ -3
. 1 GLbS LT -
STET Ly = slera SETIHT ~ F
9BEZ' L £ —_— ZLTEST
ZHE'} 5 = £h80g ]
LageL 06LE6Z — 4 L
u N 5
9£0€°Z = F
LBZE'T L2132 EZEV LY —3
05568Y - — L
LITY'T - |
BLPO'Z 5 ELLLE
v5e9'z | L L
9BLET B
9966'Z ¢ BT [ 3 &
reroe 1
L 3 |
L 1
: S
s i miel) m i
st - mw . .
LEOD'F - L
— i — -
(Y] L =] 1
T I 3
= = ] r
o e — E
S w e ISE™ -8
=t % —
w F . T
= 0. =5 =z D, =0 r
) MR L ) o9 og i
‘o ® 8= / 5 58 I
= =g F =@ 2=
x o - e 3 E
=z e =z f %
T F o |
— PYELSTL— a
L BYEBOLL ~ r
BYLELEL -
L LVLDSEL -, L
L99'9E L ~
SrEE'G— = 81969E} L g
SELE' ML — 2
9592'L ¢ 2l
Lyez L 1S0T ) F
, 98V L, p— i ZEZE9WL —
3 088t L ,
= gL L — LSk E: r
[ zogs's ! i .
B L B BBSZ¥SL — L
4§ 4§

25



26

o_u [0 0k g [ lw) 5z [i"4 [0 ok
! ! ! 1 | ! 1 ! ! | ! ! ! ! | ! ! 1 ! 1 ! ! | | | |
e S T S T R
(-8
&
9BGVE 4 e FLOL'BE —
CLFE —_— £L20Z
L96rE L
™
TLOE LY —
L8B6E |
o\ — s
SLLOY _— e cor [
o

EEL L q

9LLT'LL
F 0569°LL +
TN T
—
L —_—
= - T
T - =
2 o
3 [ S
ST L &
- =l
=
Z g+ O Lo or o %
Al ) & Of
) % gz - 2 ® %
=@ =~ o o
= I s
s =
Z g
x F BEBOPTL —
i LLLGE'BZL ~
l_ §699°0EL
£652L — —_— i
bl = w.|||th vS0L6 |
P — 2
LEBYL i LZST T —
g T
m_ PESE'L — = 00001 [ e i m £Z6LZSE —
iy I m :

20 [ppm]

40

&0

140 120 100

160




[1a] [ 1 [1aa] &
! | ! ! ! ! | ! ! ! — ! 1 ! ! —_

| € | E

& a
-2 &
055L8L— | =
98LT'L P 196512 -, N
£EET L4 80 L EVEETT o
9LHE| ~, BOOTL | 1805'ST L
LLBE) - WOTGT T
L B/LEYT |
czegez
PLOEL— L~
g
8992'2— RTPSE| |
- 0998
15097~ LTV [ L
r BLZEGS - I
vl L -

[~ ™ | =
689L°C - @
STEL'E TE6ET |
196b°E 4 3

L LW LL Y 3

L« 0erELL ! g
TLIE'Y L
T0ZE —| L
SZEST L mmmmw.u- -
995y 4 T L
BLIS'T

—_ - = o
™~ [V -
T e ~N = h
= L — I L
o = I:J._ w
S = L V o 2 L
w L / a2
= A0 L zZ3 o = |
/ a8 S - e ™ ]
O = = &
= O w
M~ = F
[a 08r0'9ZL — s
= =
FOLO'LEL -, |
= LISTIEL
T THEPEL — |
=
EHOSBEL - -
PS96'EEL ~ -2
PEE 9 — BT~ SZELLPL
£9E2°Ly YBLYSY L — I
025T°L
ovsz L EE= |
vesz L’ —_|
826°L f 8560}
£a0v L | . L
m IvIv L m PEELES L — 2
e
= u 2
] ]

27



28

1] H 0L § o L] 0z 18 o
1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 —_ | | | | | | | | N i i ! | 1 1 1 !
w g
e
> s
APEN'Z - — T
prys =_ ; 0098 52 +
799z J 06k oagas t
=
| L
| r LLLESS ~
| PLOS 95
*. — =
{ L
mww.ﬂﬁ 1 ....Il\_ T VLT LL
orort erLe 9989 LL
L ozLeL’
8Lt -, -
989L'Y - ! vaLo0t -
_ _ Lo =
=, T
T L =
= 1 o~
2 r [ Y
O 25 E
m o= F = o £
= o & £ L oUa
o o L / a o
- U &5 1]
Y o o z® Cs
=@ gs Lo -
—_— o= M=
e ™ | =
= ) =
= i LESESTL— 5
OVLZOED - ]
- | 991605 + -
| zzeo'beL
YIS YEL
o _ — LEBLOW
S8ZE'9 I# gsoge | LrE0vL <
LEEBEWE —
BBST'L ~ |k_ i
2 £988°L 4, m\L
4 S08¥'L T a
Z085°L —_— e L m
g TESS'L | — L BIEYLG L —
m t.:h.t_q BOES | .
k| 9L85°L L H
b i
] B u

[ppm]

20

40

&0

B0

100

120

160




[ra] 0t 0z ok 0
1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 | —_
{ | E
Lh 5
o9srz— —_ ||||I|J L85 |
A [~ ™
1 -
{
.AA »
\ L
|
| L
L ,
SLESY— ..||||||I-4 oa0or |
[~ w
\_“._-. -
T
M L
o
S L
d- —
= =i o
y O Tk
4= 8L
z® SRS I
=
- L
= L
=
T L
a
4 = r~
| L
FOLE L ~ —_— I|H pt
i —_— €0L86 |
EVLLL - —_— -
06zLL " — |J BLLY |
A
- ' [— e
B 1

Tmiph i

£508 5T —

LEIFE5—

OBE LL

7969 LL 5
gsLoeL’

&

~N
©
BC NMR (CDCl;, 101 MHz)

2

&

SIBE'STL—

7Ph-HI

SETLOEE ~

OFES0EL

BYOSFrL—

LBILLSE—

T
[ppm]

40

B0

T
120

29



()] [ § 0 ba] 2 o ] 9 v
| 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 —_ 1 1 1 1 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 —_
- E
a a
- & g
. wITeL— -
wmmw_ﬁ ) - JLITEN g 9TIE LT &
. ] - BSEL T
£00¥') - = 69029 | VBT ST +
[iE48 e -
504952 4
F oLez
ey ez !
— ™
| S
WEZT — BLLEY
CLal: |M e
o0 —  mm
“ I ZLBY 55 ~
. 7906 95 -
L9GLE - 2
9691°C 1SE0Z |
ZaLe
|
| 3 08¢ 1Ly
i = ssiogL’ Le
L0ZEY - IQ . F
zszey _— 5007 | =
* I L
—_— | Vs - L
| I ~ W
L — Le
= e = O_._w. o H. -
(=T w0 L
S w i p) s 2 ®
n = | z@ o2
=z Qe &=+ = = N
L — n =W
o O I e
Y/ S5 o s ~ L
zZ@ = L =
= ml. &
s gy . - w s_“._L
= N 2eP0'9T)L — - r
=
L EEEO'LEL ~ F
- §189'LEL
L §S2EVEL - L
| | £ISEBEL 4
i VEEOOV) - -3
8LLE'9 — 8288 b Liscdidll
S08F'SPL— r
£292°L L
g98z'L e ————— N_._.m.w L
PELYL - 1
3 0sevL f l ool " |
, .u a0st'L ¢ | L m
| | £EOV'BSL—
ik - B -2
LR #

30



[ia] 13 [ 0 [ia] 0z g 0k 0
! | ! ! ! ! 1 ! ! ! ! ! ! L L 1 1 | 1 1 | 1 1 | 1 1 1 1 1 1 1 1 1 —_
LT -8
= 999647 — =
65T < L
092467 <
L 994182 -
FIOZ') 4 g . s e
1612 = LreTl
75654 — 995 Ck I
vare) ) L
-9
e
ZOHLT - > = L
58117 - sosz e &)
§292° - — 805 | o
696.L'95 — r
e
PLLZE — e — BESS N I
L 0L LL 5 r
£569°1L
L6¥6"LL g
~ r
. N
[¥s]
L (o] L
—
= L] | 2
BHOLY — = TR = X g
Il ) L
— [ L
[} r = [
T @ =
S = I
8 = :
L — m =
it ST $ g
) - 2 &
= O o - w . o
) o0 £LTVIZL —
@ =
DMn 90PE LEL — i
= L
L =
- LEVW L — -
i S6ET YL — F
086)°L -+, — e
seLzL 7 = Luidl L
Z69E"L — S
b8y~ — 0000 k=L
g, m B Zovg 8L —
gk L -2
R Fe |24

31



1H AME0
Esipoes i

899L') -,
zzaLL
9EEE
Lave

LIEVT
zavlz
HIEZT
12027 4
0zLET /

LIPZE —

ELELY —

CELED —

FEELL
gLLTL
LT
L99E°L
BOZYL

@N=_N
8PriMes-HI

'HNMR (CDCl,, 500 MHz)

WIFL [

OFELS

il

wils |

SEPEY |

EFFT T

&eor

[ppm]

1

BT

ESTpmes i

13

LSE16) 4
LEIPRE o
8659'1Z
298L°F2 ~
ZUH'ST
599187
85982
9162

rd: Th o
65 Hr'es

LEWLL
7869°LL
928" LL J

SLL9ZL —

LOEOLEL
0SPELEL £
EVSOFEL -

00ZE 0L
5505 Ll ~
seLLzpl
ZEELGL -

TLE0asE —

32

20 [ppm]

40

@N s N
120

1BC NMR (CDCl;, 126 MHz)
8PrMes-HI

140

180




Il oz oL a 9 1] Z-

1 1 | T | T T | [ 1 | 1 1 1 1 1 1 J_ | I
cLEY )~ — —
96¥G°) - =y wOreE |
8289} ~ I.nul\. 05T
LSWL') - — .1
9968} ~ - e
§556'| ~ I.Il-.luJ EE59°Z

—— iIM EES
rLVE'Z - I[Q ores
0EF'E— e —— [T
BOLL'E q -
998L'¢ == EPTE

—
[ |
I
[e]
o
s}
A
Z =]
) B
= =
§ @ Wu
=
I
o
e —  m
¥ - AT
6L50°L ! J
§8LT'L A _
8E6Z°L + —= Wity
960¢°L u
m LTHG'L— J 0000

[ppm]

985081 —
ZB6¥ T —

ZBLFIT -
ZPLO LT

S090°EE ~
ZZPTE -

BIELBY —

SkPYLL
BSBOLL ¢
0056 4L

3
O

8898°LE ) ~

3C NMR (CDCl,, 126 MHz)

e

BLLEET) -

EBEEBI

ZELLOEL

ELOLLEL
LETAE o
FELBEL T

BEITTS -~
GrSTESE

[ppm]

T
180

33



Il 5 ol g 0 [1a] "4 LT oL
L | L L | 1 1 1 1 | 1 1 1 1 -_ 1 —_ L L L L 1 1 | L L L 1 | 1 1 —_
E FE
L79BE0M -, g & &
IBZVE~ JnrJ 151 | |
LT~ - L
r..un.nwﬂ e U 1511L %mwﬂ. 2 g
BEET'T | e T
2092 = - o0y £685 1T/ |
/y B ZEPYRT -
BLLEET - F
— o B
L=
L =t
SBES TS+
L B0ZH S~ r
Lo
w0
[— =
¥ \II -
LEb T — — L6}
L £89T LL i
95TLY B BLBYLL -
09bLY —a LLEGL | srLLgL’ -2
958L'F
= - =
T L T F
= = L
= i L
o= —
@ @ T . O ~T -8
v ok —_ =
3 T g . 3 Sa i
— 0 — w
,_v Q0 O ‘w @ O o L
z® Z2s e z® Wn\ s
e @ L < o .
= = -
[— ™
= 3 5 =]
T o
a F ZEILGTL— — r
LSLLOEL 4 |
r BLOELEL +
._ ZZLELEL Y
S¥E5'9— — SSEEL |~ SOPOFEL 4 F
. H _ ZHOLEL -3
169T°L— = 189rL YIBOTFL <
L L LIETFFL - L
0ESrL— -
g LOB0'S
15 ovisL— |.||.n|||u|".|..u\u L . L
m_ 08bLL— R — voovi| | r
= m LI LEL—
H m e m_ Im
" 15}
L] - A L

34



] [ [ § 0 §-
! 1 1 | 1 | 1 1 1 1 I\__ 1 | —_
rLOO'T — —_— Evit &
D) -
EVEL'T — — |||||J BLEr [
[~ ™
— =
M L
eeeLy— _——— Be6g Y
IJ By
— @
™ L
T
M L
o
= L
5 —
=z L i
@ [ Lo
) 2 a
=z Y L
@ - |
=
= L
T
— -
— =
9857 E— _— i
JITT D] 1
s - [T
=
SZTRY' L~ S— [fTig =8
sLes L Iw d
1506°L — — 0000 ;
4 Lo

vELTLE—

28882 —

WLTPS—

rErFLL y

00

13

sLggas )

EIBS'STE—

EBSTOEL ~
ZEBO'LEL 7

FAL ey

98LLIS ) —

()

BN = N
XS

13C NMR (CDCl,, 126 MHz)

8Ph-HI

35



owe—

vzt
9zt
9z¢
zee
bee
bee
b
e
o'

bELN

(135
054
95
£5¢]
5
£s¢
65¢
652
65¢

1H CDCI3, 400 MHz

[A¥s
b W

b i
wv.m\ﬁ

N

Fooe

U\ma.u

&80
891
65T
LT

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

Lo

'H Spectra of 3a

13CNMR, CDCI3, 101 MHz

aie—

8L
o
WL 8

68921
.uo.mw—w
Ll
B8 Ff
95621
BOLET~
£p'8ET-
8TTPT—

L

210 200 190 180 170 160 150 140 130 120 1%(1)( 15)0 90 80 70 60 50 40 30 20 10
ppm

0

13C Spectra of 3a

36



BET—

S8'E
S8'E

569
mm.aw
869
12in,
ETLT
aw.m\‘
aTe
b
e
05¢
s

1H NMR, CDCI3, 400 MHz
l OMe

Me

lJL

FELfe

Fooe

w1
Fgey

o1
L

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
f1 (ppm)

8.5

9.0

9.5

'H Spectra of 3b

13C{1H} NMR, (DCI3, 101 MHz

Me

(408 f

Eb' 59—

8£9L
S.hnv
WL

LTPIT—

49921~
E0871—
156217
8 EEI—
b 9Er —
80°8ET~"

S0°6ST—

OMe

Ll

200 190 180 170 160 150 140 130 120 11f(1)( 1)00 90 80 70 60 50 40 30 20 10
ppm

210

3¢ Spectra of 3b

37



BET—

1H NMR, CDCI3, 400 MHz

)

I

Feoe

H/E.N
g5

o'z
HH“..nm._

3.0 25 2.0 15 1.0 0.5

35

9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 40
f1 (ppm)

9.5

'H Spectra of 3¢

I

8L
oréd W
WL

0§'STT
:.m:v
269zt

(3: 148
£9'801 W
09621

BOEET
9ELET
BELET
BYLET

81T —
C9ENT—

13C{1H} NMR, (DCI3, 101 MHz

Me

210 200 190 180 170 160 150 140 130 120 1 %(1) ( 1)00 90 80 70 60 50 40 30 20 10
ppm

0

13C Spectra of 3¢

38



e

ZES—

0ge
0E¢
[4r4
(474
374
S5¢
B69°¢
0&e
1£¢
(444
ELE
bLL

M‘e‘w,%%—‘“

\/v

400MHz, CD202, 1H
,J
e

F

A

%on

H/.v@.-
i
¥

9.0 8.5 8.0 75 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
f1 (ppm)

9.5

'H Spectra of 3d

2CI2, 101 MHz, 13C{1H}

S&1E—

P ES—

2oeer
seser

EDSPT—

Me

/

N

3C

[

210 200 190 180 170 160 150 140 130 120 1%{)( 1)00 20 80 70 60 50 40 30 20 10
ppm.

20

3¢ Spectra of 3d

39



1H NMR, CDCI3, 400 MHz

o

Fooe

Fare
Feoe
Feoe

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.0

'H Spectra of 3e

95 1E—

894
S.hnv
WL

ab'STT
D£STT

over
om.nw_/
B0°8ZT

o£8en
8£8¢1
[ 7414
bSLET
£SLET
8Er \
PEOPT

bz TaT—
PEEN

13C{1H} NMR, (DCI3, 101 MHz

a1k

A

210 200 190 180 170 160 150 140 130 120 llf? ( 1)00 90 80 70 60 50 40 30 20 10
ppm

0

13C Spectra of 3e

40
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1H NMR, CDCI3, 400 MHz
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1H NMR, CDCI3, 400 MHz
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1H NMR, CDCI3, 400 MHz
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1H NMR, CDCI3, 400 MHz
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1H NMR, (CD3)2CO, 400 MHz
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