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General Information:
All reagents purchased from commercial sources were used as received. The silica gel for column

chromatography was supplied as 300400 meshes. The 'H and '3C NMR spectra were recorded on a

Bruker AVANCE I spectrometer and are referenced to the residual solvent signals (7.26 ppm for 'H

and 77.0 ppm for 13C in CDCl;). The HRMS spectra were recorded on a Bruker micrOTOF Q

Il spectrometer.

General Procedure for N-Acylation of Azoles (3, 5):

T X KI (20 mmol%) (”’ IXY
' W: Y TBHP (3 equiv) SN
SN T ACHO T 00 00 N

H ’ o)\Ar

0.3 mmol  0.45 mmol

To a 15 mL pressure tube with a stir bar was added 0.3 mmol of azole 1, 4, 0.45 mmol of aldehyde
2 or benzil (1.5 equiv), followed by 0.06 mmol of KI (0.2 equiv). Then 3 mL of DCE was added,
followed by 0.9 mmol of TBHP (70% aqueous). The reaction mixture was stirred at 100 °C for 12 h,
cooled to room temperature, poured into brine and extracted with EtOAc. The combined extracts were
dried over MgSO,, filtered, and evaporated. The residue was purified by column chromatography

(petroleum ether/EtOAc) to afford the desired product 3, 5.

DCE, 100 °C P

00 N

I fipam I
N AICHO ——————~

20 mmol 30 mmol ©
To a 100 mL round-bottom flask with a stir bar was added 20 mmol of benzoimidazole, 30 mmol of
benzaldehyde (1.5 equiv), followed by 4 mmol of KI (0.2 equiv). Then 25 mL of DCE was added,
followed by 60 mmol of TBHP (70% aqueous). The flask with a condenser was open in air. The
reaction mixture was stirred at 100 °C for 12 h, cooled to room temperature, poured into brine and
extracted with EtOAc. The combined extracts were dried over MgSO,, filtered, and evaporated. The

residue was purified by column chromatography (petroleum ether/EtOAc) to afford the desired

product 5a (3.78 g, 85% yield).



General Procedure for Radical Trapping Experiments:

KI (20 mmol%) o
TBHP (3 equiv) MeO N
FNH . Meo:©AO TEMPO (3 equiv) e :@Ao/
X . >
Ph o
N oo DCE, 100 °C MeO
0.3 mmol 1.5 equiv 6, 99%

To a 15 mL pressure tube with a stir bar was added 0.3 mmol of 5-phenyl-1H-pyrazole 1a, 0.45
mmol of 3,4-dimethoxybenzaldehyde 2a (1.5 equiv), followed by 0.06 mmol of KI (0.2 equiv). Then 3
mL of DCE was added, followed by 0.9 mmol of TBHP (70% aqueous) and 0.9 mmol of TEMPO
(2,2,6,6-Tetramethylpiperidinooxy). The reaction mixture was stirred at 100 °C for 12 h, cooled to
room temperature, poured into brine and extracted with EtOAc. The combined extracts were dried over
MgSQO,, filtered, and evaporated. The residue was purified by column chromatography (petroleum

ether/EtOAc) to afford 6 in 99% yield.

OMe
KI (20 mmol%)
_ MeO. . TBHP (3 equiv) . _ OMe
/(\ o  1,1-diphenylethylene (3 equiv) /(\N
S DGE, 100 °C PR N
MeO ! [¢)
0.3 mmol 1.5 equiv 3a, trace

To a 15 mL pressure tube with a stir bar was added 0.3 mmol of 5-phenyl-1H-pyrazole 1a, 0.45
mmol of 3,4-dimethoxybenzaldehyde 2a (1.5 equiv), followed by 0.06 mmol of KI (0.2 equiv). Then 3
mL of DCE was added, followed by 0.9 mmol of TBHP (70% aqueous) and 0.9 mmol of 1,1-
Diphenylethylene. The reaction mixture was stirred at 100 °C for 12 h, cooled to room temperature.
Only trace 3a was detected by GC-MS.

KI (20 mmol%)

(@) TBHP (3 equiv) _ oh
= TEMPO (3 equiv )
/C,\NH + Ph)HfPh —(EMPOBeau) . S
Ph™ °N o DCE, 100 °C o)
0.3 mmol 1.5 equiv N.D.

To a 15 mL pressure tube with a stir bar was added 0.3 mmol of 5-phenyl-1H-pyrazole 1a, 0.45
mmol of benzil (1.5 equiv), followed by 0.06 mmol of KI (0.2 equiv). Then 3 mL of DCE was added,
followed by 0.9 mmol of TBHP (70% aqueous) and 0.9 mmol of TEMPO. The reaction mixture was
stirred at 100 °C for 12 h, cooled to room temperature. The desired product was not detected by GC-

MS.
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General Procedure for Control Experiments:

KI (20 mmol%)
/(\NH +RCHO Tetp 3eqL:|v fNT(
DCE, 100 °C equation 1
0 3 mmol 0.45 mmol

R = Ph(CHjy),, Cy, Bu,

To a 15 mL pressure tube with a stir bar was added 0.3 mmol of pyrazole 1a, 0.45 mmol of aliphatic
aldehyde (1.5 equiv), followed by 0.06 mmol of KI (0.2 equiv). Then 3 mL of DCE was added,
followed by 0.9 mmol of TBHP (70% aqueous). The reaction mixture was stirred at 100 °C for 12 h,
cooled to room temperature. The desired product was not detected by GC-MS. The pyrazole 1a and
corresponding aliphatic aldehyde were recovered, unusual product was not detected by GC-MS.

KI (20 mmol%) o
RCHO + N __TBHP Bequiv) AO’N equation 2

o DCE, 100 °C R
0.3 mmol 3 e(.quiv N.D.
R = Ph(CHy),, Cy, Bu,
To a 15 mL pressure tube with a stir bar was added 0.3 mmol of 3-phenylpropanal, 0.9 mmol of
TEMPO, followed by 0.06 mmol of KI (0.2 equiv). Then 3 mL of DCE was added, followed by 0.9
mmol of TBHP (70% aqueous). The reaction mixture was stirred at 100 °C for 12 h, cooled to room

temperature. The corresponding aliphatic aldehyde was recovered, and the coupling product of 3-

phenylpropanal and TEMPO was not detected by GC-MS.

KI (5 mmol%) o)

N TBHP (2.2 equiv)
(0] q
©/\ + NN, NN equation 3
H,0, 80 °C, 15 h H

0.3 mmol 1.2 equiv
Eur. J. Org. Chem. 2008, 3619.

To a 15 mL pressure tube with a stir bar was added 0.3 mmol of benzaldehyde, 0.36 mmol of butan-
I-amine (1.2 equiv), followed by 0.015 mmol of KI (0.05 equiv). Then 3 mL of H,O was added,
followed by 0.66 mmol of TBHP (70% aqueous). The reaction mixture was stirred at 80 °C for 15 h,
cooled to room temperature. The amide was detected as the major product by GC-MS.

Kl (56 mmol%)
TBHP (2.2 equiv)

Xo N TEMPO (2.2 equiv) NN )
2 N equation 4
H,0, 80°C, 15 h

0.3 mmol 1.2 equiv major product




To a 15 mL pressure tube with a stir bar was added 0.3 mmol of benzaldehyde, 0.36 mmol of butan-
1-amine (1.2 equiv), followed by 0.015 mmol of KI (0.05 equiv) and 0.66 mmol of TEMPO (2.2 equiv).
Then 3 mL of H,O was added, followed by 0.66 mmol of TBHP (70% aqueous). The reaction mixture
was stirred at 80 °C for 15 h, cooled to room temperature. The amide and the coupling product of acyl
radical and TEMPO were not detected by GC-MS. Instead, the imine product was observed as the
major product by GC-MS.

(0]

TBHP (1.2 equw
Joee U o (T
CH3CN, 80°C,5h equation 5
S 0

0.3 mmol 1.2 equw
Org. Lett. 2007, 9, 3429.

To a 15 mL pressure tube with a stir bar was added 0.3 mmol of 4-chlorobenzaldehyde, 0.36 mmol
of morpholine (1.2 equiv). Then 3 mL of CH3CN was added, followed by 0.36 mmol of TBHP (70%
aqueous). The reaction mixture was stirred at 80 °C for 5 h, cooled to room temperature. The amide

was detected as the major product by GC-MS.

H TBHP (1.2 equiv)

@A TEMPO _TEMPO (1.2 equiv)
[ j CH4CN, 80°C,5h )KQ\ equation 6
CI

0.3 mmol 1.2 equiv trace

To a 15 mL pressure tube with a stir bar was added 0.3 mmol of 4-chlorobenzaldehyde, 0.36 mmol
of morpholine (1.2 equiv), followed by 0.66 mmol of TEMPO (2.2 equiv). Then 3 mL of CH;CN was
added, followed by 0.36 mmol of TBHP (70% aqueous). The reaction mixture was stirred at 80 °C for 5
h, cooled to room temperature. Only trace amide was detected by GC-MS. And the coupling product of

acyl radical and TEMPO were not detected by GC-MS.

Kl (5 mmol%)
/E\,NH . :@\/ _ TBHP(22equiv)
pr” N H,0,80°C, 15 h /E\ equation 7

1.2 equiv 0.3 mmol
Eur. J. Org. Chem. 2008, 3619.

trace

To a 15 mL pressure tube with a stir bar was added 0.3 mmol of 3,4-dimethoxybenzaldehyde 2a,
0.36 mmol of 3-phenyl-1H-pyrazole 1a (1.2 equiv), followed by 0.015 mmol of KI (0.05 equiv). Then
3 mL of H,O was added, followed by 0.66 mmol of TBHP (70% aqueous). The reaction mixture was

stirred at 80 °C for 15 h, cooled to room temperature. Only trace 3a was detected by GC-MS.



MeO
/f\,NH . e ]@V TBHP (1.2 equiv)
P N MeO 29 CHyCN, 80°C, 5 h /[\ equation 8

1.2 equiv 0.3 mmol
Org. Lett. 2007, 9, 3429.

trace
To a 15 mL pressure tube with a stir bar was added 0.3 mmol of 3,4-dimethoxybenzaldehyde 2a,
0.36 mmol of 3-phenyl-1H-pyrazole 1a (1.2 equiv). Then 3 mL of CH;3;CN was added, followed by

0.36 mmol of TBHP (70% aqueous). The reaction mixture was stirred at 80 °C for 5 h, cooled to room

temperature. Only trace 3a was detected by GC-MS.

— Kl (20 mmol%)
7[ ]v TBHP (3
Ph/E;,\NH + N &, Ph/<\\ %;j equation 9

0 DCE, 100 °C

0.3 mmol 3 equiv

To a 15 mL pressure tube with a stir bar was added 0.3 mmol of 5-phenyl-1H-pyrazole 1a, 0.9 mmol
of TEMPO, followed by 0.06 mmol of KI (0.2 equiv). Then 3 mL of DCE was added, followed by 0.9
mmol of TBHP (70% aqueous). The reaction mixture was stirred at 100 °C for 12 h, cooled to room

temperature. The coupling product of 1a and TEMPO was not detected by GC-MS.

KI (20%) —
/[;\NH TBHP (3 equiv) Phﬂ '
Ph™ SN’ DCE, 100 °C N7 equation 10
0.3 mmol N.D.

To a 15 mL pressure tube with a stir bar was added 0.3 mmol of 5-phenyl-1H-pyrazole 1a, followed
by 0.06 mmol of KI (0.2 equiv). Then 3 mL of DCE was added, followed by 0.9 mmol of TBHP (70%
aqueous). The reaction mixture was stirred at 100 °C for 12 h, cooled to room temperature. The 1-iodo-
3-phenyl-1H-pyrazole was not detected by GC-MS.

/L’,\NH + lporNIS
Ph N

0.3 mmol 1 equiv

R ——— .
DCE, rt N7 equation 11

To a 15 mL pressure tube with a stir bar was added 0.3 mmol of 5-phenyl-1H-pyrazole 1a, followed
by 0.3 mmol of I, or NIS (1 equiv). Then 3 mL of DCE was added. The reaction mixture was stirred at

room temperature for 12 h. The 1-iodo-3-phenyl-1H-pyrazole was not detected by GC-MS.



Characterization Data of Compounds 3a-3p:

OMe

(3,4-dimethoxyphenyl)(5-phenyl-1H-pyrazol-1-yl)methanone (3a) [New
compound]. 'HNMR (400 MHz, CDCl;) & 8.48 (d, /= 2.9 Hz, 1 H), 8.14 (dd, /= 8.5, 2.1 Hz, 1 H),
7.96 (d, J=2.0 Hz, 1 H), 7.93-7.87 (m, 2 H), 7.50-7.36 (m, 3 H), 6.99 (t, /= 8.2 Hz, 1 H), 6.85 (d, J =
2.9 Hz, 1 H), 4.00 (s, 3 H), 3.98 (s, 3 H); '3*C NMR (100 MHz, CDCls) 4 164.9, 155.6, 153.4, 143.3,
132.0, 132.0, 129.1, 128.8, 127.2, 126.3, 123.5, 114.7, 110.1, 106.7, 56.1, 56.0;, HRMS (ESI) Calcd for

C18H16N2N303 [M+Na] 3311066, Found 331.1053.

phenyl(5-phenyl-1H-pyrazol-1-yl)methanone (3b) [New compound]. 'H NMR (400
MHz, CDCl;) & 8.48 (d, J=2.9 Hz, 1 H), 8.31-8.25 (m, 2 H), 7.93-7.87 (m, 2 H), 7.68-7.62 (m, 1 H),
7.58-7.51 (m, 2 H), 7.47-7.37 (m, 3 H), 6.87 (d, J = 2.9 Hz, 1 H); 3C NMR (100 MHz, CDCl;) &
166.1, 155.9, 133.0, 131.9, 131.8, 131.7, 131.5, 129.2, 128.7, 128.0, 126.4, 107.2; HRMS (ESI) Calcd

for C16H;,N,NaO [M+Na] 271.0844, Found 271.0842.

(4-methoxyphenyl)(5-phenyl-1H-pyrazol-1-yl)methanone (3c) [New compound].
'H NMR (400 MHz, CDCl3) & 8.47 (t, J = 3.6 Hz, 1 H), 8.42-8.35 (m, 2 H), 7.92-7.89 (m, 2 H), 7.50—
7.37 (m, 3 H), 7.05-6.99 (m, 2 H), 6.84 (d, J=2.9 Hz, 1 H), 3.91 (s, 3 H); *C NMR (100 MHz, CDCl;)
§165.1,163.6, 155.5, 134.5, 132.0, 131.8, 129.0, 128.7, 126.3, 123.5, 113.4, 106.7, 55.5; HRMS (ESI)

Calcd for C7H4N;NaO, [M+Na] 301.0962, Found 301.0947.



(4-(tert-butyl)phenyl)(5-phenyl-1H-pyrazol-1-yl)methanone (3d) [New
compound]. 'H NMR (400 MHz, CDCl;)  8.48 (d, J = 2.9 Hz, 1 H), 8.31 — 8.22 (m, 2 H), 7.96
7.88 (m, 2 H), 7.61 — 7.54 (m, 2 H), 7.50 — 7.37 (m, 3 H), 6.86 (d, /= 2.9 Hz, 1 H), 1.40 (s, 9 H); 3C
NMR (100 MHz, CDCl;) 6 165.8, 156.8, 155.7, 132.0, 131.9, 131.7, 129.1, 128.7, 128.5, 126.4, 125.1,

106.9, 35.1, 31.1; HRMS (ESI) Calcd for C,0H»N,NaO [M+Na] 327.1460, Found 327.1468.

(4-bromophenyl)(5-phenyl-1H-pyrazol-1-yl)methanone (3e) [New compound].
'H NMR (400 MHz, CDCl3) & 8.18 (s, 1 H), 8.18-8.13 (m, 1 H), 7.85-7.83 (m, 1 H), 7.78-7.72 (m, 2
H), 7.68 (dd, J = 8.6, 1.9 Hz, 2 H), 7.51-7.39 (m, 2 H); 13C NMR (100 MHz, CDCl;) & 166.1, 144.1,
142.6, 132.4, 132.0, 131.6, 131.0, 128.4, 125.9, 125.4, 120.7, 115.4; HRMS (ESI) Calcd for

C14HoBrN,NaO [M+Na] 322.9782, Found 322.9790.

(4-chlorophenyl)(5-phenyl-1H-pyrazol-1-yl)methanone  (3f) [New compound].
'H NMR (400 MHz, CDCLy) 6 8.48 (d, J = 2.9 Hz, 1 H), 8.31-8.23 (m, 2 H), 7.93-7.84 (m, 2 H), 7.54—
7.50 (m, 2 H), 7.48-7.38 (m, 3 H), 6.88 (d, J = 2.9 Hz, 1 H); *C NMR (100 MHz, CDCl;) 5 165.0,
156.1, 139.6, 133.4, 131.7, 131.6, 129.8, 129.3, 128.8, 128.4, 126.4, 107.4; HRMS (ESI) Calcd for

Ci6H1;CIN,NaO [M+Na] 305.0448, Found 305.0452.



4-(5-phenyl-1H-pyrazole-1-carbonyl)benzonitrile (3g) [New compound]. 'H
NMR (400 MHz, CDCly) & 8.48 (d, J = 2.9 Hz, 1 H), 8.34 (d, J = 8.2 Hz, 2 H), 7.90-7.79 (m, 4 H),
7.48-7.40 (m, 3 H), 6.91 (d, J = 2.9 Hz, 1 H); 3C NMR (100 MHz, CDCl;) & 164.5, 156.6, 135.4,
132.1, 131.7, 131.6, 131.2, 129.5, 128.8, 126.4, 117.9, 116.1, 108.0; HRMS (ESI) Calcd for

C;7H1N3;NaO [M+Na] 296.0794, Found 296.0794.

(2-methoxyphenyl)(5-phenyl-1H-pyrazol-1-yl)methanone (3h) [New compound].
'H NMR (400 MHz, CDCl;) 6 8.29 (d, J = 2.9 Hz, 1 H), 7.86-7.78 (m, 2 H), 7.59-7.50 (m, 2 H), 7.42—
7.35 (m, 3 H), 7.09-7.03 (m, 2 H), 6.81 (d, J=2.9 Hz, 1 H), 3.82 (s, 3 H); 3C NMR (100 MHz, CDCl;)
6 196.5, 157.9, 155.7, 132.7, 131.9, 131.1, 130.5, 129.1, 128.6, 126.4, 122.7, 120.2, 111.6, 107.3, 55.9;

HRMS (ESI) Calcd for C7H4N,NaO, [M+Na] 301.0954, Found 301.0947.

3i

(3-fluorophenyl)(5-phenyl-1H-pyrazol-1-yl)methanone (3i) [New compound]. 'H
NMR (400 MHz, CDCls) & 8.48 (d, J = 2.9 Hz, 1 H), 8.11-8.07 (m, 1 H), 8.07-8.02 (m, 1 H), 7.92—
7.86 (m, 2 H), 7.51 (td, J = 8.0, 5.6 Hz, 1 H), 7.48-7.38 (m, 3 H), 7.35 (tdd, J = 8.3, 2.6, 0.9 Hz, 1 H),
6.89 (d,J = 2.9 Hz, 1 H); 3C NMR (100 MHz, CDCl3) & 164.7, 162.1 ('Jcr = 246.8 Hz), 156.3, 133.4

CJor=7.8 Hz), 131.8, 131.6, 129.7 (Jer = 7.8 Hz ), 129.4, 128.8, 127.7 (Jor = 3.2 Hz ), 126.4, 120.1



(Jer = 21.3 Hz), 119.0 (\Jor = 24.1 Hz), 107.6; HRMS (ESI) Caled for CiH; FN,NaO [M+Na]

289.0740, Found 289.0748.

(3,5-dimethoxyphenyl)(5-phenyl-1H-pyrazol-1-yl)methanone (K)))
[Newcompound]."H NMR (400 MHz, CDCLy) & 8.46 (d, J = 2.9 Hz, 1 H), 7.93-7.85 (m, 2 H),
7.46-7.39 (m, 5 H), 6.87 (d, J= 2.9 Hz, 1 H), 6.73 (t, J = 2.3 Hz, 1 H), 3.87 (s, 6 H); *C NMR (100
MHz, CDCl5) 6 165.7, 160.2, 155.9, 133.0, 132.0, 131.8, 129.2, 128.8, 126.3, 109.6, 107.2, 105.9, 55.6;

HRMS (ESI) Calcd for CysH,¢N,NaO; [M+Na] 331.1054, Found 331.1053.

3k

naphthalen-2-yl(5-phenyl-1H-pyrazol-1-yl)methanone  (3k) [New compound].
'H NMR (400 MHz, CDCl5) § 8.93 (s, 1 H), 8.54 (d, J=2.9 Hz, 1 H), 8.31-8.24 (m, 1 H), 8.03 (d, /=
8.1 Hz, 1 H), 7.97 (d, J = 8.7 Hz, 1 H), 7.94-7.91 (m, 3 H), 7.67-7.63 (m, 1 H), 7.61-7.57 (m, 1 H),
7.50-7.37 (m, 3 H), 6.90 (d, J = 2.9 Hz, 1 H); 3C NMR (100 MHz, CDCl;) & 166.1, 155.9, 135.4,
134.1, 132.2, 131.8, 129.7, 129.2, 128.8, 128.6, 127.7, 127.6, 127.1, 126.7, 126.4, 107.1; HRMS (ESI)

Calcd for C,0H4N,;NaO [M+Na] 321.1000, Found 321.0998.

3l
(5-phenyl-1H-pyrazol-1-yl)(thiophen-2-yl)methanone (31) [New compound]. 'H
NMR (400 MHz, CDCl;) & 8.48 (dd, J = 3.9, 1.3 Hz, 1 H), 8.46 (d, J=2.9 Hz, 1 H), 7.98 (dd, J = 5.3,
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3.3 Hz, 2 H), 7.84 (dd, J = 5.0, 1.3 Hz, 1 H), 7.53-7.46 (m, 2 H), 7.43 (ddd, J= 7.4, 3.7, 1.3 Hz, 1 H),
7.22 (dd, J=4.9, 4.0 Hz, 1 H), 6.86 (d, J= 2.9 Hz, 1 H); *C NMR (100 MHz, CDCl;) & 158.6, 155.5,
138.5, 137.7, 132.2, 131.7, 130.8, 129.2, 128.8, 127.2, 126.4, 107.3; HRMS (ESI) Calcd for

C14H,0NoNaOS [M+Na] 277.0398, Found 277.0406.

e «:
|
=
Br
3m

(4-bromophenyl)(3-methyl-1H-pyrazol-1-yl)methanone (3m) [New compound].
'H NMR (400 MHz, CDCls) & 8.31 (d, J = 2.7 Hz, 1 H), 8.08-7.99 (m, 2 H), 7.67-7.61 (m, 2 H), 6.34
(d, J=2.8 Hz, 1 H), 2.35 (s, 3 H); 3C NMR (100 MHz, CDCl;) & 165.1, 154.7, 133.1, 131.4, 131.1,

130.5, 128.1, 110.5, 14.0; HRMS (ESI) Calcd for C;;HyBrN,NaO [M+Na] 286.9786, Found 286.9790.

o)

e

Br
3n

(4-bromophenyl)(1H-pyrazol-1-yl)methanone (3n) [New compound]. 'H NMR (400
MHz, CDCl;) § 8.43 (dd, J=2.9, 0.5 Hz, 1 H), 8.08-7.99 (m, 2 H), 7.80 (d, J= 0.7 Hz, 1 H), 7.71-7.62
(m, 2 H), 6.53 (dd, J = 2.8, 1.5 Hz, 1 H); '*C NMR (100 MHz, CDCly) & 165.4, 144.7, 133.1, 131.4,

130.4, 130.2, 128.3, 109.7, HRMS (ESI) Calcd for C;,H;BrN,NaO [M+Na] 272.9639, Found 272.9634.

5a

(1H-benzo|d]imidazol-1-yl)(phenyl)methanone (5a)'. 'H NMR (400 MHz, CDCl;) & 8.22
(s, 1 H), 8.22-8.19 (m, 1 H), 7.87-7.83 (m, 1 H), 7.81 (dd, J = 5.2, 3.3 Hz, 2 H), 7.74-7.67 (m, 1 H),
7.62-7.58 (m, 2 H), 7.49-7.41 (m, 2 H); 3*C NMR (100 MHz, CDCl;) & 167.1, 144.1, 143.1, 133.2,
132.9, 132.1, 129.5, 129.1, 125.8, 125.3, 120.6, 115.5; HRMS (ESI) Calcd for C;4H;;N,O [M+H]

223.0866, Found 223.0866.

11



o) Br

5b
(1H-benzo|d]imidazol-1-yl)(4-bromophenyl)methanone (5b) [New compound]. 'H
NMR (400 MHz, CDCl;) 5 8.18 (s, 1 H), 8.18-8.13 (m, 1 H), 7.85-7.83 (m, 1 H), 7.78-7.72 (m, 2 H),
7.68 (dd, J = 8.6, 1.9 Hz, 2 H), 7.51-7.39 (m, 2 H); 3C NMR (100 MHz, CDCl3) & 166.1, 144.1, 142.6,
132.4, 132.0, 131.6, 131.0, 128.4, 125.9, 125.4, 120.7, 115.4; HRMS (ESI) Calcd for C;HyBrN,NaO

[M+Na] 322.9782, Found 322.9790.

O, CN

5¢c

4-(1H-benzo|d]imidazole-1-carbonyl)benzonitrile (5¢) [New compound]. 'H NMR
(400 MHz, CDCl3) & 8.21-8.14 (m, 1 H), 8.12 (s, 1 H), 7.97-7.88 (m, 4 H), 7.87-7.82 (m, 1 H), 7.51—
7.43 (m, 2 H); 3C NMR (100 MHz, CDCl;) 6 165.3, 144.1, 142.3, 136.7, 132.9, 131.8, 129.9, 126.3,
125.9, 120.9, 117.4, 116.8, 115.5; HRMS (ESI) Calcd for C;sHyN;NaO [M+Na] 270.0630, Found

270.0638.

5d
(1H-benzo|d]imidazol-1-yl)(2-methoxyphenyl)methanone (5d) [New compound].
'H NMR (400 MHz, CDCl5) 6 8.30-8.21 (m, 1 H), 7.97 (s, 1 H), 7.86-7.73 (m, 1 H), 7.59 (m, 1 H),
7.54 (dd, J=17.6, 1.6 Hz, 1 H), 7.48-7.37 (m, 2 H), 7.14 (td, J = 7.5, 0.8 Hz, 1 H), 7.06 (d, J = 8.4 Hz,
1 H), 3.78 (s, 3 H); 13C NMR (100 MHz, CDCl;) 6 165.8, 156.5, 144.1, 143.6, 133.5, 131.6, 129.9,
125.7, 125.1, 122.9, 121.2, 120.3, 115.5, 111.6, 55.7; HRMS (ESI) Calcd for C;sH;,N,NaO, [M+Na]

275.0794, Found 275.0791.
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5e

(1H-benzo|d]imidazol-1-yl)(2-bromophenyl)methanone (5¢) [New compound]. 'H
NMR (400 MHz, CDCly) § 8.20 (d, J = 5.4 Hz, 1 H), 7.90 (s, 1 H), 7.87-7.81 (m, 1 H), 7.76-7.74 (m, 1
H), 7.60-7.39 (m, 5 H); *C NMR (100 MHz, CDCls) & 165.2, 144.2, 142.7, 135.3, 133.5, 132.6, 131.3,
129.2, 127.9, 126.029, 125.5, 120.6, 119.7, 115.4; HRMS (ESI) Caled for C,4HoBrN,NaO [M+Na]

322.9793, Found 322.9790.

(1H-benzo|d]imidazol-1-yl)(3,4-dimethoxyphenyl)methanone (59) [New
compound]. 'H NMR (400 MHz, CDCls) & 8.31 (s, 1 H), 8.17-8.09 (m, 1 H), 7.89-7.80 (m, 1 H),
7.48-7.38 (m, 4 H), 7.06-6.95 (m, 1 H), 4.00 (s, 3 H), 3.96 (s, 3 H); *C NMR (100 MHz, CDCl;) &
166.4, 153.5, 149.4, 144.0, 143.1, 132.3, 125.5, 125.0, 124.8, 124.1, 120.4, 115.2, 112.3, 110.4, 56.2,

56.1; HRMS (ESI) Calcd for C¢H4N,;NaO; [M+Na] 305.0902, Found 305.0897.

NO,

59
(1H-benzo|d]imidazol-1-yl)(3-nitrophenyl)methanone (5g) [New compound]|. 'H
NMR (400 MHz, CDCl) 6 8.69 (t, J= 1.9 Hz, 1 H), 8.56 (ddd, J = 8.3, 2.2, 1.0 Hz, 1 H), 8.23-8.17 (m,
1 H), 8.16 (s, 1 H), 8.16-8.12 (m, 1 H), 7.91-7.81 (m, 2 H), 7.54-7.44 (m, 2 H); 3C NMR (100 MHz,
CDCly) 6 164.6, 148.4, 144.1, 142.1, 134.8, 134.5, 131.8, 130.5, 127.6, 126.3, 125.9, 124.5, 120.9,

115.5; HRMS (ESI) Caled for C,4H;N;0; [M+H] 268.0712, Found 268.0717.

o
e

5h
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(1H-benzo|d]imidazol-1-yl)(naphthalen-2-yl)methanone (Sh) [New compound]. 'H
NMR (400 MHz, CDCl3) & 8.31 (s, 2 H), 8.26-8.19 (m, 1 H), 8.04 (d, /= 8.5 Hz, 1 H), 7.96 (d, J = 8.7
Hz, 2 H), 7.90-7.83 (m, 2 H), 7.72-7.66 (m, 1 H), 7.65-7.60 (m, 1 H), 7.50-7.42 (m, 2 H); '*C NMR
(100 MHz, CDCl;) 6 167.1, 144.1, 143.2, 135.3, 132.2, 131.1, 129.9, 129.2, 129.0, 128.0, 127.5, 125.7,

125.2, 125.0, 120.6, 115.4; HRMS (ESI) Calcd for C3H;,N,NaO [M+Na] 295.0849, Found 295.0842.

(1H-benzo|d]imidazol-1-yl)(thiophen-2-yl)methanone (5i) [New compound]. 'H
NMR (400 MHz, CDCl5) & 8.54 (s, 1 H), 8.23-8.14 (m, 1 H), 7.88-7.80 (m, 2 H), 7.81-7.76 (m, 1 H),
7.50-7.39 (m, 2 H), 7.28-7.26 (m, 1 H); 3C NMR (100 MHz, CDCly) & 159.9, 143.9, 142.2, 135.7,
134.5, 134.3, 132.2, 128.2, 125.7, 125.2, 120.5, 115.3; HRMS (ESI) Calcd for C;;HyN,OS [M+H]

229.0431, Found 229.0430.

(@)

N\
Ly

N

5
(1H-benzo|d][1,2,3]triazol-1-yl)(phenyl)methanone (5j)%. 'H NMR (400 MHz, CDCl;) &
8.40 (d, J= 8.3 Hz, 1 H), 8.25-8.19 (m, 2 H), 8.17 (d, J = 8.3 Hz, 1 H), 7.74-7.67 (m, 2 H), 7.62-7.52
(m, 3 H); 3C NMR (100 MHz, CDCls) 6 166.7, 145.7, 133.7, 132.3, 131.7, 131.5, 130.4, 128.4, 126.3,

120.2, 114.8; HRMS (ESI) Calcd for C;3HoN;NaO [M+Na] 246.0630, Found 246.0638.

N\
N Br
N

5m

1H-benzo|d][1,2,3]triazol-1-yl)(2-bromophenyl)methanone (5m) [New
compound]. 'HNMR (400 MHz, CDCly) § 8.41 (dd, J=8.3, 0.7 Hz, 1 H), 8.16 (dd, J = 8.3, 0.7 Hz,

1 H), 7.77-7.70 (m, 2 H), 7.64-7.60 (m, 1 H), 7.60-7.54 (m, 1 H), 7.53-7.44 (m, 2 H); 3C NMR (100

14



MHz, CDCl;) 6 166.4, 146.2, 135.0, 133.2, 132.5, 131.3, 130.7, 130.1, 127.2, 126.7, 120.6, 120.4,

114.4; HRMS (ESI) Calcd for C,3HgBrN;NaO [M+Na] 323.9736, Found 323.9743.

(1H-benzo|d][1,2,3]triazol-1-yl)(2-methoxyphenyl)methanone (5n) [New
compound]. 'HNMR (400 MHz, CDCly) & 8.39 (d,J= 8.3 Hz, 1 H), 8.13 (d, /= 8.3 Hz, 1 H), 7.69
(ddd, J=8.2, 7.2, 1.0 Hz, 1 H), 7.63-7.50 (m, 3 H), 7.12 (td, /= 7.5, 0.8 Hz, 1 H), 7.06 (d, J = 8.4 Hz,
1 H), 3.77 (s, 3 H); 3C NMR (100 MHz, CDCl;) 8 166.9, 157.8, 146.0, 133.5, 131.4, 130.3, 130.2,
126.1, 122.7, 120.5, 120.1, 114.4, 111.7, 55.8; HRMS (ESI) Calcd for C,4H;;N;NaO, [M+Na]

276.0738, Found 276.0743.

N
o
Br
50
(4-bromophenyl)(1H-indazol-1-yl)methanone (50) [New compound]. 'H NMR (400
MHz, CDCl;) § 8.56 (dd, J = 8.4, 0.7 Hz, 1 H), 8.21 (d, J= 0.6 Hz, 1 H), 8.01-7.93 (m, 2 H), 7.83-7.76
(m, 1 H), 7.68-7.65 (m, 2 H), 7.64-7.61 (m, 1 H), 7.48-7.39 (m, 1 H); '*C NMR (100 MHz, CDCl;) &
167.3, 140.6, 140.1, 132.6, 132.1, 131.3, 129.7, 127.3, 126.1, 125.0, 121.0, 115.9; HRMS (ESI) Calcd

for C14HoBrN,;NaO [M+Na] 322.9789, Found 322.9790.

o
o oN
o

6

2,2,6,6-tetramethylpiperidin-1-yl 3,4-dimethoxybenzoate (6). 'H NMR (400 MHz,
CDCls) & 7.67 (dd, J = 8.4, 1.5 Hz, 1 H), 7.54 (d, J= 1.5 Hz, 1 H), 6.86 (d, J= 8.4 Hz, 1 H), 3.89 (s, 6
H), 1.76-1.39 (m, 6 H), 1.22 (s, 6 H), 1.07 (s, 6 H); 3C NMR (100 MHz, CDCl;) & 166.0, 152.7, 148.6,
123.0, 121.9, 112.1, 110.1, 60.1, 55.8, 55.77, 38.8, 31.8, 20.6, 16.8; HRMS (ESI) Calcd for
CisH,7NNaO4 [M+Na] 344.1825, Found 344.1832.

15



16



References:
(1) H.R.J. Yajnanarayana and W. G. Harry, J. Org. Chem. 1991, 56, 865.
(2) (@ R. K. Alam and P. Alfredo, J. Org. Chem. 1990, 65, 3679; (b) N. G. Gaylord and J. M.

Naughton, J. Org. Chem. 1957, 22, 1022.

17



Copies of 'H and 13C NMR Spectra

BEE
oo‘vv

589
e
669
1041
L
oL
W h#
Wiy
iy
o L

€L '” —_—
§F L

uo.n.w
ey e
%4
)
6L I
06 L
16 L
V6L
98 L
161

s
e
si'e
av'e
srel

PR & _J

r0'E
3
“10°E

2E£0°)

lso's
0bE

80T
20474
£0°)
o0k

0.0

2.0

3.0

6.0

(ppa)

fl

'"H NMR of product 3a

ro'es
uo,umv.

69901
P00k
-

T6'F9h—

OMe

OMe

3a

60

100

130

140

160

180

190

T
200

(ppm)

fl

13C NMR of product 3a

18



S.ov.
W
¥ L)
s n)ﬁ.
681
06" L)

T8
ire
(re
or'e
8T8
T8
T8
e
sval

3b

= ot

(ppm}

fl

'"H NMR of product 3b

LV Lor—

PEPTH
_n,nﬂ—u__
48T
Lh 6Tk~
BF LEL

TLLER

BLVER
S8 bEE-)
96 TEL-

EE5I—

6099 —

3b

&l

120

130

(ppm}

fl

13C NMR of product 3b

19



ey
§8'9
i
L
B0 L
0L
oL
9T L.
oL
or 11
:..h._
Wiy
TF Ly
o L
St L
P LT
9 L W
AV L=

i il
061
[PAN

i€8
€8
4E° 8
6€ 8
or'e
ire
aved

OMe

3c

W

=LV'E

I |

5.0

ey
I

0
ppm)

(

fl

'H NMR of product 3¢

L¥P0L—

FFEE—

FETH
V9T
.huﬂ_/.r
06T
wie-T
v
eover]

I555b—

85 EPI-_
90'591-"

OMe

3c

13C NMR of product 3¢

20



3

0]
3d

ba:Ro

L
w n..__
L

~

o
[
i f
II

IM 006

= =760

—_— e T 7T

SV L (|
9w L]
£ L
85 L,

-
J

06 £ —_ —

L4 —
et
T6' L
6L
9Te
T8
e
svel

I
96"}

VBT

) 68"}

- =160

n
w

(ppm)

fl

'"H NMR of product 3d

89°9L
00 ._El..m
Te L

6904 —

LSSk
195"

59—

3d

(ppm)

fl

13C NMR of product 3d

21



9T L+
WLy
1442
L
{42
£ L]
v L
§v'L4
v
Ly L]
no‘ng
19°L
69°L]
69° L
98°L-
98" L
18°L+
88°L-
88°L-
68°L-
118
L1784
8178

-+

_——

618

Ly°8]
sr'gl

Br

3e

P

(ppm}

fl

'H NMR of product 3e

SPLON—
9E°9T1-
0€°8T1
aa.anr__
ve 6T _/W
8T 0C ) -f
8E 1E}
THIAE
0L LE}

mq.mm_‘_

01°951—

817591 —

Br

e

90

120

130

(ppm}

fl

13C NMR of product 3e

22



Cl

3f

L8°9
88’9
9T LA
€vL
€L

S ..J_ —t

= =50°}

SVLy
05°L- -

—_— e Fro’e

€5 L —

I3: )y

88" L —

Iy €T

98°L o _ 3
ﬂ — S Rort

_wno‘u
J 00}

68°L]
sT'8-
LT°8
iv'e

evg!

(ppa)

fl

'H NMR of product 3f

Cl

3f

v Lol—
hm.on—._
ov'eTi
;ﬁr_ﬁ
£E°6T1-L
L8 6T —L_,wm
T9°hE}-
ELEDA
sceeh

65°6€1-
60°95 1 —

T0°591—

120

130

(ppa)

fl

13C NMR of product 3f

23



emmn zocwoss
T MM @ @ @ T de O
tlD_mDII h:-:-::-éé
I L2

B d) Ed "Tiw | s nh | 16 | 750 | s
f1 (ppm)
8.34 6.91 CN
Ad) |Dm)
8.48 7.44
HH ] =} H =N,
C(m) <M Y
7.84
7
[ | —
|
3g
U ..l. 1 S R
MEL
o v O - w
O O MMM (=]
i I -
r T T T T T T T T T T T T T T T T T T T
0.0 9.5 9.0 B.5 8.0 7.5 7.0 6.5 6.0 5.5 5:U 4.5 4.0 3.5 3.0 2.5 2.0 5 Lo 0.5 0.0
1 (ppam}
'"H NMR of product 3g
n w emmo e AN BO S A
a @A STeRARamE= 3
- 0 L B - I T -1 @
3 2 Bfmmaa88:t? 8
| | Pty e N |
CN
/N\
""-..._‘_- N
\ @]
| 1
3g
|
]
! 1 1
| ‘ I‘
i
r T T T T T T T T T T T T T T T T T T T
200 90 B0 70 60 50 40 130 20 110 00 90 a0 0 60 50 40 30 20 10

13C NMR of product 3g

24



g

OMe

3h

¥
§0° L
§0°L
10 L
80 L
60 L
60" L

BE' L

~
n
~
o

< =00"¢€

Lppm}

fl

'"H NMR of product 3h

&S5 —

OMe

-
—

3h

5964 —

130

T
200

{ppm}

fl

13C NMR of product 3h

25



1
1 -
L8 _ . uw B
= & rap— T | :
= M= W L SEEL— ——
= F = =
> . =
p— w0 B94Zh ST - ||\w |
.\__ L T L= 2w M lg  608H— — |W.
—— =1 = [ [
= F= ~ i T N Py
=_ - M | 2 | o LE6Thn $ri F
.U o _ v ~ EF6TL~ T ~ = | ki
— F= —— L LUBTL - =] =
_= a = g ]
= —_ [ - .
IIIU = B _— [ = =
— [S= —— - =
— =z = T BGHEL— - 3 1B6L— — L2
||..U [ = |z L ogiel- - L= .W ]
e o e v H BLOZL— ——
= - | L=
™ [. = | L2 SEEEL~, =
T e ) EVEEL~ F -
__ o \ = = r&a
L L -
= —
en
L= =
* Q
i L B
w [+ o
=
| = o
| Fo B G
0 .uﬂ__ ] ] O
- & 05101 —
_ M SEEHA
BOEH
| L= N 65618
" am 8 el
| — aok_.% -
| L= L -
| = 788z L)
’ . -1e
ooy o IT\.co Mo EORI
T is VO [ LLBEL
ey J/... 89 IEL L
. F —_— E1'E 08'1EL
WL — — M o ke eveetd
192 LV
9L 60°T §2'061—
om.nwh. - SR 28091~ o
06 ¢4 e |“I.~ w,.q_o 0= LTEIh~
Lio‘s 0Lv9L—
e | -
u!nvr T 1 90°) [

26

I3C NMR of product 3i




== =89

L
an

OMe

MeQ
0
3

— -1 rL670
— —— 7460

—_ - = ET0'S

- - hoo.n

—

5960

3.0

(ppa)

fl

'H NMR of product 3j

19°s5— -

06501

bTLOV— -

_w
09°601-
vE9TI -

66°TE}

T6°651—
77091
99°591—

(ppm)

fl

I3C NMR of product 3j

27



06'9
_m,ov
L
o L)
::4#

& Ly
18 n%.
E&' L
qn,hk__

v5'8
;mJ.(,r

&e—

: l‘"m_ )

M}

W J

M JIUIH

'l U

M
llu”dU

L

3k

4.0

4.5

5.0
(ppa)

fl

6.0

'"H NMR of product 3k

2
69°9T4
80° £33
9 LT
&9 LTH
98T
£L°8T)
LV 6Th
89" 64|
€8 FE
90'PEL
Le°5E8-

sEE5L—

o0LeeL—

i

S

|

(- A

n

w
=
&

128.5

3k

T
i
(ppa)

fl

120

130

13C NMR of product 3k

28



)

90
|L4 #0"}
T “80'}

mhr.m
gH.WO.—.

.ﬂrm—.n
960

|,~ %004

w

'"H NMR of product 31

TEL0h—

8E'9Th
0T LTh-|
t,nn_#
T 6TH-E
om.am—\_\ﬂ
99 1ELS
_:‘nm_._%
s9 e

waes)

05 §5h-—
reasE—

Hﬂ

T
28

T
128 1
)

130

T
131

{pp

f1

31

(ppm}

13C NMR of product 31

29



SET—

£E'D
dm.uv

3m

= €0t

2.0

3.0

4.0

6.0

n
S

(ppa)

fl

"H NMR of product 3m

rOPE—

0ok —

90'8T4,
an.am—./__r
T hEb-L
9EHELT
oreesd

TLFSE—

059 —

Br

3m

(ppa)

fl

I3C NMR of product 3m

30



£5°9,

59

»n.ou_w.
759
nm;j
9L
LI
08 iy
108,

€08 _
._o,nk. o

e
mn,nw.
e

L

Br

3n

g

S

C

6.53

E (dd)

7|64
2 -

S E91T

E
Len
Mﬂmov-

7.8

C

8.03

A (dd)||D (m)

B (m)

8.43

=E0°) .

LT
=00°}

3.0

4.0

4.5

(ppm}

5.0

fl

6.0

'"H NMR of product 3n

8.0

9.5

[LN)

59 601—

L1 wﬂ—.__
‘:‘."__,,_V.fr
6E° 0T

_-,_n_\h1
soees!

E9 PP —

BEE9E—

31

k)

Br
60 50

3n

90 &l

100
(ppm}

fl

13C NMR of product 3n




e

91T

. 4

e ——
_ - M_.S;

——= =

— 2£0'T
| leor

BRI
oot

{ppm}

fl

'"H NMR of product 5a

obLPE—

(ppa)

fl

13C NMR of product 5a

32



‘m._

Br

N

5b

(ppa)

fl

'"H NMR of product 5b

BE8T1|
&,on_J.__r

TIFE-_
L0'FFE-"

s —

Br

AT

2
5b

120

130

(ppa)

fl

13C NMR of product 5b

33



Vs 132.42

T-131.54

a
By
/N/
Sc
S L
b 6.0 6.5 6.0 4.5 4.0
f1 (ppm}

'H NMR of product 5¢

\-119,04

117,685

-116.84
84.59

e = @0
LBl
I
7N
o
/]
] ]
]
|
—JL
T
o ~
o o
NN
T
B.0
~
"~
,..
2
I
T
160

13C NMR of product 5¢



T
7.0

vl

(
al

|

.J h_ﬂ‘ 'UL__L__ J

N

|

—
T

N |

MeO
P
5d

6.0

{ppm}

fl

'"H NMR of product 5d

0L§5—

S5 EPL-,
[N

P ec—

V59—

120

130

160

(ppa)

fl

13C NMR of product 5d

35



T¥ L
v i
LT
vy L
vy L
s
¥ L
9 L
Ly i
oy L
oy i
67 L
6L
0514
Iys
ye
75 L
5L
€5 LA
P L]
vE L
s§° L
€404
:._T__.
s
e
o i
£8 L
[1FE
v L
06 L
LI
or'ed

<
— I\.
“nMMluu Mo 2
= =
[
— /
1 .
\r/,\
@ \
0\/ N‘_\/ =
|
J
- 3
— -
- Il||||1ﬂ

.

r€0°T
(403
L&)
60" 1
SO}
LLO' )

00"k [ =

'H NMR of product 5e

WShhy
EL'61
§9°0T)
'S
60°9T4
bETLT
0’62}
bEbEL
Dh.ﬁm—/r
09°EEl 7
eeserd
Vg
LRV

TS5 —

T
100

T T T
140 130 120 110
£l (ppm)

T T
170 150

T
190

T
200

13C NMR of product 5e

36



1% 11

- t.an./\
[ =i e
§6'T w
m\ L= +
“00°€E| * m
@ o)
Fo o
=
. &
Fo& G~
- (@)

. a4 LLLUEY

[ M EETHI-

0TSk~

- N £ 0T4-,

[ H ._.vﬂ..,r

= e

n LEFTE

= ISt ...x..
8T TEL
] e
To') B0ENE-
. [
F86°t Fo L€ ¥
00’k FESH—
T960 .
m_.oo.r =
4 96 99h—

37

(ppa)

10

120

13C NMR of product 5f

130

150

160

180

1590

200



L -

e 00T

00°T

T6°

- f70°
g /560

— =980

(ppa)

'"H NMR of product 5g

mﬁ‘m——n_
880THy
mt,tn—n___

L
98°STh-

LE'9TL-
S5 LThA
0§°0E k-

T8 hEb-S
W rEl-p
mh...m—n.___
TR
B0 FFL-"
ek —

el —

NO>

T
200

13C NMR of product 5g

38



L
"L
(1 2
oL
v
ive
L
L
(LS
13- 2
£€9'L
2
9L
99 L
9L
8911
891
o i
0L Lo
1: W8
58 L
98¢
98 L
18 L)
19 L)
68 ¢
56 1
a6 L4
£0' 84
so a4
ized
1o
184

T

nﬂ,n._
el
el

{
i
_J =
— —— i
== | |
U1 |
_— [ |
|.||”|nu L
_——
— ”U
E—
u -
= |”
&
__J
—_— “.Iw
— = —
- T 3
T

{ppm}

fl

'"H NMR of product Sh

WSk,
§5°0T4
0'5TH
vTSTH
ELSTE
¥SLTH
96' LT
9681
91 671
08 6T
80 bEL—=
e,
s
EVERL-_
60 FFE-"

EVLRE—

(ppa)

fl

13C NMR of product Sh

39



S —

S

= =91°}
- |J ggt
_ —r £ 00'}

w lg6's
JH_.mu.o
— 00}

(ppa)

fl

899
00" LL—F
LT

'H NMR of product 5i
S
N

B 65—

120

130

(ppm}

fl

13C NMR of product 5i

40



166.73
145.74

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5

1 (ppm}

'"H NMR of product 5j

1
0
N\
—’,N

N

5

1
|
T T T T T T T
140 130 120 110 100 %0 80
1 (ppm}

I3C NMR of product 5j



S¥ LA
LS|
i
ivi4
& i
&r i
o051
3 WS
b
£si]
£ e
9514
951
o5 i
091
091
(e
11
€91
LLE
T
i
mh.h._
€01
viiq
viid
SLL
SL L

e
Lo
91e-,
8ha—"
e-—
eved

"H NMR of product 5m

a9 om._,

et

.

T
100

110

T
120

T
130

T
18

T
190

(ppa}

il

I3C NMR of product 5m

42



LLE—

= =80°€

T
m_rmo. [4

=50}
86°0
00"}

_ m‘uo.m .

L0585 —

nm.mm—.____

E09FI—

EB LS —

0699 —

13C NMR of product 5n

43



N

1 (ppm}

'"H NMR of product 50

B9°9L
Y

e

08'5hhy
10424
w5t
QR
£ LT
69" 613
0 bEL-
90°TE -
iszerd
8007},
15°ovh"

e

TE L9 —

1 (ppm}

13C NMR of product 50

44



1049
we
67}
or' L
s
-u‘—.__

._n,_.(m
85'1-%
o'
59')
094
oLl
[
e

1N
om.nv

mm.o/
e
LA S
P LA
9L
.:W
29 ¢
29 ]

—— TLE°9

2 1670
= 5500%

4.5

5.0
1 (ppm}

5.5

9.5

[LN)

'"H NMR of product 6

aer—
FROT—
LLTVE—

ERRE—

LL'§S
nn.nnv.

w09~

TVOkb-
L0ThL-"

16T
LETU "

15 ark—
LTS —

0P —

20

T T
100 90

1 (ppm}

110

T
180

T
1590

T
200

13C NMR of product 6

45



