Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2021

Manganese—Catalyzed Dehydrogenative Csp’—Csp® Coupling

of Imidazoll,2-alpyridines with Methyl Ketones

Hua Yao, Xiaoyang Zhong, Bingqing Wang, Sen Lin*, Lichi Liu, and Zhaohua Yan*

College of Chemistry, Nanchang University, Nanchang 330031, PR China

Email: senlin@ncu.edu.cn

Table of Contents

1. General INTOIMATION ......ooueruiiiiriiiieitete ettt st ettt et e bbb 2
2. General procedure for the synthesis of Products............ocverieriiriiieiiiericiee e 2
3. Characterization data fOr PrOQUCES ........ceeeeerieiieiieeie ettt e e e sebeeseesbeeneees 2
4. "TH NMR and 3C NMR fOr PTOAUCES ..........c.ovveieerieeieeeeeeieeeeeeeeeeseseseeseseeeese e es e eeons 6

5. GC-MS spectra of compounds 4 and 5 .........cccoeieiiieiieieie e 23



1. General information

'H and C NMR spectra were recorded on Bruker Ascend™ 400 (400 MHz) using tetramethylsilane as an
internal reference. NMR multiplicities are abbreviated as follows: s = singlet, d = doublet, m = multiplet, br =
broad signal. Chemical shifts (8) and coupling constants (J) were expressed in ppm and Hz, respectively. The
rest of chemicals were purchased from the Sinopharm Chemical Reagent Co., Adamas, Aladdin and TCI used
as received. Q-TOF were used for the HRMS and GC-MS measurement. HRMS (ESI) data were obtained
using electron spray ionization and GC-MS data were obtained using electron impact ionization.

2. General procedure for for the synthesis of products

Without other special notes, all products were synthesized according to the following procedure: 50 mL
Schlenk tube was added imidazopyridines 1 (0.2 mmol), ketones 2 (2 mL), Mn (0AC)2-4H20 (10 mol %) and
DCP (3 equiv). The tube was stirred at 120°C for 24 h. After the reaction mixture was cooled to room
temperature, the reaction mixture was extracted with ethyl acetate (3x10 mL). The combined organic layer
was washed with brine (10 mL), dried (MgSOs), and concentrated in vacuo. The residue was purified by flash
chromatography on silica gel with a mixture of petroleum ether and ethyl acetate as eluent to afford various
target compounds (PE/EA = 20/1--2/1).

3. Characterization data for products

1-(2-phenylimidazo[1,2-a]pyridin-3-yl)propan-2-one (3a) !

Purified by using a flash column chromatography; isolated yield = 78%. 36.9 mg; white solid; mp:70-71 °C.
"H NMR (400 MHz, Chloroform-d) 1H NMR (400 MHz, Chloroform-d) § 7.81 (d, J = 6.9 Hz, 1H), 7.66 —
7.59 (m, 3H), 7.43 (t, ] = 7.5 Hz, 2H), 7.34 (t,J = 7.3 Hz, 1H), 7.19 — 7.15 (m, 1H), 6.78 (t,J = 6.6 Hz, 1H),
4.10 (s, 2H), 2.14 (s, 3H). '*C NMR (101 MHz, Chloroform-d) '*C NMR (101 MHz, Chloroform-d) &
204.05, 145.05, 144.48, 134.11, 128.72, 128.38, 127.99, 124.61, 123.34, 117.67, 113.35, 112.63, 39.60,
29.23.

1-(2-(4-methoxyphenyl)imidazo[ 1,2-a]pyridin-3-yl)propan-2-one (3b)

Purified by using a flash column chromatography; isolated yield = 69%, 38.6 mg; white solid; mp:65-66 °C.
"H NMR (400 MHz, Chloroform-d) & 7.66 (dd, J=12.2, 7.6 Hz, 3H), 7.44 (t,J = 7.6 Hz, 2H), 7.35 (t,J
=7.3 Hz, 1H), 6.92 (d, /= 2.0 Hz, 1H), 6.54 (dd, /= 7.4, 2.5 Hz, 1H), 4.08 (s, 2H), 3.85 (s, 3H), 2.16
(s, 3H). *C NMR (101 MHz, Chloroform-d) & 204.41, 157.94, 146.51, 143.78, 134.24, 128.67, 128.15,
127.77, 123.89, 112.08, 107.62, 94.78, 55.53, 39.56, 29.14. HRMS (ESI-TOF) m/z: [M+H] * Calcd for
C17H6N>0, 281.1285; Found: 281.1282.

1-(2-(4-fluorophenyl)imidazo[ 1,2-a]pyridin-3-yl)propan-2-one (3¢)

Purified by using a flash column chromatography; isolated yield = 59%, 31.6 mg; yellow oil. 'H NMR (400
MHz, Chloroform-d) & 7.84 (s, 1H), 7.68 — 7.60 (m, 3H), 7.25 (s, 1H), 7.17 (s, 2H), 6.83 (d, /= 6.8 Hz,
1H), 4.11 (s, 2H), 2.19 (s, 3H). 3C NMR (101 MHz, Chloroform-d) & 203.82, 162.65 (d, /=247 Hz),
145.07, 143.71, 130.35, 130.06 (d, /=8 Hz), 127.80, 123.99(d, /=139 Hz), 117.67, 115.73 (d, /=22 Hz),
113.19, 112.68, 39.52, 29.27. HRMS (ESI-TOF) m/z: [M+H] * Calcd for CisH13FN,O 269.1085; Found:
269.1084.

1-(2-(2,4-dimethylphenyl)imidazo[1,2-a]pyridin-3-yl)propan-2-one (3d)

Purified by using a flash column chromatography; isolated yield = 56%, 31.1mg; yellow oil. "H NMR (400
MHz, Chloroform-d) & 7.87 (d, /= 6.8 Hz, 1H), 7.63 (d, J=9.1 Hz, 1H), 7.22 (d, /= 6.8 Hz, 1H), 7.14
(s, 1H), 7.12 (s, 1H), 7.06 (s, 1H), 6.84 (s, 1H), 3.90 (s, 2H), 2.37 (s, 3H), 2.24 (s, 3H), 2.07 (s, 3H). ’C



NMR (101 MHz, Chloroform-d) 6 204.12,145.18, 144.81, 138.03, 137.40, 131.22, 130.37, 130.29,
126.28, 124.17, 123.50, 117.63, 114.22, 112.31, 39.32, 29.02, 21.23, 19.93. HRMS (ESI-TOF) m/z:
[M+H] " Calcd for CisHsN,0279.1492; Found:279.1497.

1-(7-chloro-2-phenylimidazo[ 1,2-a]pyridin-3-yl)propan-2-one (3e¢)

Purified by using a flash column chromatography; isolated yield = 82%, 46.7 mg; white solid; mp: 86-87 °C.
"H NMR (400 MHz, Chloroform-d) & 7.79 (s, 1H), 7.67 (s, 3H), 7.50 (s, 2H), 7.41 (d, J = 6.1 Hz, 1H),
6.84 — 6.81 (m, 1H), 4.14 (s, 2H), 2.21 (s, 3H). *C NMR (101 MHz, Chloroform-d) & 203.57, 145.43,
144.88, 133.82, 131.09, 128.81, 128.38, 128.23, 123.83, 116.51, 114.13, 113.71, 39.44, 29.34.

HRMS (ESI-TOF) m/z: [M+H] * Calcd for Ci¢H;3CIN,0 285.0789; Found: 285.0784.
1-(7-methoxy-2-phenylimidazo[ 1,2-a]pyridin-3-yl)propan-2-one (3f)

Purified by using a flash column chromatography; isolated yield = 75%, 42.2 mg; white solid; mp: 52-53 °C.
'"H NMR (400 MHz, Chloroform-d) & 7.64 (s, 3H), 7.47 — 7.42 (m, 2H), 7.36 (s, 1H), 6.92 (d, J= 2.5
Hz, 1H), 6.54 (dd, J= 7.5, 2.5 Hz, 1H), 4.08 (s, 2H), 3.85 (s, 3H), 2.16 (s, 3H). 3*C NMR (101 MHz,
Chloroform-d) 8 204.41, 157.94, 146.51, 143.78, 134.24, 128.67, 128.15, 127.77, 123.89, 112.08,
107.62, 94.78, 55.53, 39.56, 29.14. HRMS (ESI-TOF) m/z: [M+H] * Calcd for C17H16N20,281.1285;
Found: 281.1285.

1-(7-methyl-2-phenylimidazo[ 1,2-a]pyridin-3-yl)propan-2-one (3g)

Purified by using a flash column chromatography; isolated yield = 76%, 40.1 mg; colorless oil. '"H NMR
(400 MHz, Chloroform-d) & 7.75 (d, J= 7.4 Hz, 1H), 7.69 (s, 2H), 7.44 (s, 2H), 7.41 (s, 1H), 7.37 (t, J
=7.4Hz, 1H), 6.67 (dd, J= 7.0, 1.7 Hz, 1H), 4.12 (s, 2H), 2.41 (s, 3H), 2.16 (s, 3H). *C NMR (101
MHz, Chloroform-d) & 204.28, 145.52, 144.16, 135.58, 134.32, 128.67, 128.32, 127.83, 122.56,
116.06, 115.23, 112.68, 39.65, 29.12, 21.30. HRMS (ESI-TOF) m/z: [M+H] * Calcd for Ci7HsN,O
265.1335; Found: 265.1345.

1-(8-methyl-2-phenylimidazo[ 1,2-a]pyridin-3-yl)propan-2-one (3h)

Purified by using a flash column chromatography; isolated yield = 42%, 22.2 mg; white solid; mp: 70-71 °C.
"H NMR (400 MHz, Chloroform-d) § 7.73 (d, J = 6.9 Hz, 1H), 7.69 (d, J= 7.1 Hz, 2H), 7.46 (t, J= 7.5
Hz, 2H), 7.39 (s, 1H), 7.01 (d, J = 6.9 Hz, 1H), 6.76 (t,J = 6.8 Hz, 1H), 4.11 (s, 2H), 2.66 (s, 3H), 2.15
(s, 3H). *C NMR (101 MHz, Chloroform-d) & 202.92, 152.26, 145.46, 130.93, 129.99, 129.71, 124.34,
123.82, 117.34, 116.13, 112.96, 104.22, 53.44, 48.15, 30.20. HRMS (ESI-TOF) m/z: [M+H] * Calcd for
Ci7H16N>0265.1335; Found:265.1328.

1-(6-nitro-2-phenylimidazo[ 1,2-a]pyridin-3-yl)propan-2-one (3i)

Purified by using a flash column chromatography; isolated yield = 45%, 23.9 mg; yellow oil. 'H NMR (400
MHz, Chloroform-d) & 7.98 (s, 1H), 7.64 (d, J = 8.0 Hz, 2H), 7.55 (d, /= 9.5 Hz, 1H), 7.47 (t, J=7.4
Hz, 2H), 7.39 (t, J = 7.3 Hz, 1H), 7.27 (dd, J = 9.5, 1.8 Hz, 1H), 4.14 (s, 2H), 2.25 (s, 3H). '*C NMR
(101 MHz, Chloroform-d) & 203.40, 155.64, 133.75, 128.97, 128.78, 128.64, 128.36, 128.22, 127.96,
123.51, 118.32, 107.29, 39.41, 29.43. HRMS (ESI-TOF) m/z: [M+H] * Calcd for C,sHi3N303 296.1030;
Found:296.1032.

1-(6-chloro-2-phenylimidazo[ 1,2-a]pyridin-3-yl)propan-2-one (3j)

Purified by using a flash column chromatography; isolated yield = 56%, 31.9 mg; white solid; mp: 55-56 °C.
"H NMR (400 MHz, Chloroform-d) & 7.90 (d, J= 1.0 Hz, 1H), 7.65 (d, J = 7.6 Hz, 2H), 7.61 (d, J =
9.5Hz, 1H), 7.48 (t,J= 7.7 Hz, 2H), 7.40 (t, /= 7.4 Hz, 1H), 7.19 (dd, /= 9.5, 1.8 Hz, 1H), 4.15 (s,
2H), 2.25 (s, 3H). *C NMR (101 MHz, Chloroform-d) & 203.43, 140.35, 130.90, 128.96, 128.81,
128.79, 128.64, 128.35, 128.22, 125.92, 121.32, 118.04, 39.43, 29.44. HRMS (ESI-TOF) m/z: [M+H] *
Calcd for Ci6H;3CIN2O 285.0789, Found: 285.0784.



1-(2-(tert-butyl)imidazo[ 1,2-a]pyridin-3-yl)propan-2-one (31)

Purified by using a flash column chromatography; isolated yield =37 %, 17.1 mg; yellow solid; mp: 76-77 °C.
"H NMR (400 MHz, Chloroform-d) & 7.57 (d, J= 8.9 Hz, 1H), 7.16 — 7.10 (m, 2H), 6.66 (d, J= 6.8 Hz,
1H), 3.95 (s, 2H), 2.20 (s, 3H), 1.39 (s, 9H). *C NMR (101 MHz, Chloroform-d) § 202.92, 130.93,
129.99,129.71,123.82,116.13, 112.96, 104.22, 53.39, 48.15, 30.20, 29.10. HRMS (ESI-TOF) m/z: [M+H]
* Calced for C4H sN,O 231.1492; Found: 231.1501.
1-(2-(thiophen-2-yl)imidazo[1,2-a]pyridin-3-yl)propan-2-one (3m)

Purified by using a flash column chromatography; isolated yield = 58 %, 29.7 mg; yellow oil. '"H NMR (400
MHz, Chloroform-d) & 7.90 (d, J = 6.8 Hz, 1H), 7.64 (d, J=9.0 Hz, 1H), 7.44 (d, J=3.6 Hz, 1H), 7.38
(d,J=5.1Hz, 1H), 7.24 - 7.19 (m, 1H), 7.16 — 7.13 (m, 1H), 6.84 (td, /= 6.9, 1.2 Hz, 1H), 4.21 (s,
2H), 2.21 (s, 3H). '*C NMR (101 MHz, Chloroform-d) & 203.68, 145.09, 138.75, 136.90, 128.81,
127.80, 125.79, 124.98, 124.92, 123.23, 117.52, 112.79, 39.73, 29.23. HRMS (ESI-TOF) m/z: [M+H] *
Calcd for C4H,N,0OS 257.0743; Found: 257.0739.

3-(7-chloro-2-phenylimidazo[ 1,2-a]pyridin-3-yl)butan-2-one (30)

Purified by using a flash column chromatography; isolated yield = 57 %, 34.2 mg; colorless oil; 'H NMR
(400 MHz, Chloroform-d) 6 7.84 (d, J=7.3 Hz, 1H), 7.69 — 7.64 (m, 3H), 7.50 (t, J= 7.3 Hz, 2H),
7.45 —7.40 (m, 1H), 6.79 (dd, J=7.4, 2.1 Hz, 1H), 4.48 (t,J= 7.2 Hz, 1H), 1.97 (s, 3H), 1.55 (d, /=
7.2 Hz, 3H). *C NMR (101 MHz, Chloroform-d) & 206.56, 158.84, 144.95, 133.78, 131.07, 128.82,
128.66, 128.49 128.36, 124.52, 116.81, 114.30, 43.92, 28.48, 12.70. HRMS (ESI-TOF) m/z: [M+H] *
Calcd for C17H;5CIN,O 299.0946; Found: 299.0947.

1-(7-chloro-2-phenylimidazo[ 1,2-a]pyridin-3-yl)butan-2-one (3p)

Purified by using a flash column chromatography; isolated yield = 7 %, 4.2 mg; colorless oil; 'H NMR (400
MHz, Chloroform-d) & 7.92 (s, 1H), 7.64 (d, J= 7.4 Hz, 2H), 7.60 (d, J=9.6 Hz, 1H), 7.47 (t, J=7.4
Hz, 2H), 7.39 (t,J= 7.2 Hz, 1H), 7.18 (dd, J=9.6, 1.7 Hz, 1H), 4.13 (s, 2H), 2.54 (q,J= 7.2 Hz, 2H),
1.08 (t,J = 7.3 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 206.45, 145.24, 144.79, 133.81, 131.02,
128.77,128.67, 128.36, 128.17, 123.93, 116.41, 114.06, 38.24, 35.36, 7.63. HRMS (ESI-TOF) m/z:
[M+H] * Calcd for C7H;sCIN,O 299.0946; Found: 299.0941.
3-(2-phenylimidazo[1,2-a]pyridin-3-yl)butan-2-one (3q)

Purified by using a flash column chromatography; isolated yield = 53 %, 27.9 mg; colorless oil; "H NMR
(400 MHz, Chloroform-d) & 7.89 (d, J= 6.9 Hz, 1H), 7.69 (dd, J=12.5, 8.2 Hz, 3H), 7.50 (t, /= 7.6 Hz,
2H),7.42 (t,J=17.3 Hz, 1H), 7.24 - 7.18 (m, 1H), 6.80 (t, /= 6.8 Hz, 1H), 4.49 (q,J= 7.2 Hz, 1H), 1.95
(s, 3H), 1.57 (d, J= 7.2 Hz, 3H). *C NMR (101 MHz, Chloroform-d) 5 206.88, 145.21, 144.51, 134.25,
128.74, 128.13, 124.49, 124.05, 118.13, 118.05, 112.76, 44.09, 28.36, 12.60. '3C NMR (101 MHz,
Chloroform-d) 6 206.88, 145.21, 144.51, 134.25,129.80, 128.74, 128.13, 124.49, 124.05, 118.13, 118.05,
112.76, 44.09, 28.36, 12.60. HRMS (ESI-TOF) m/z: [M+H] * Caled for Ci;7HiN,O 265.1335;
Found:265.1336.

2-(7-chloro-2-phenylimidazo[ 1,2-a]pyridin-3-yl)-1-phenylethan-1-one (3s)

Purified by using a flash column chromatography; isolated yield = 62 %, 42.9 mg; white solid; mp: 48-

49 °C. 'H NMR (400 MHz, Chloroform-d) 8 7.95 (d, J= 7.5 Hz, 2H), 7.85 (d, J = 7.2 Hz, 1H), 7.65 —
7.58 (m, 4H), 7.44 (t,J=7.9 Hz, 4H), 7.40 — 7.36 (m, 1H), 6.80 (dd, J=7.2, 1.9 Hz, 1H), 4.71 (s, 2H).
3C NMR (101 MHz, Chloroform-d) & 194.52, 145.63, 144.98, 135.45, 133.98, 130.92, 128.88, 128.77,
128.54, 128.52, 128.14, 124.21, 116.42, 113.98, 113.90, 109.99, 34.61. HRMS (ESI-TOF) m/z: [M+H] *
Calcd for C;H sCIN,O 347.0946; Found:347.0940.
2-(2-phenylimidazo[1,2-a]pyridin-3-yl)cyclohexan-1-one (3t)



Purified by using a flash column chromatography; isolated yield = 39 %, 22.6 mg; yellow oil; 'H NMR
(400 MHz, Chloroform-d) 6 7.73 (d, J= 6.9 Hz, 1H), 7.64 (d, J= 8.9 Hz, 1H), 7.57 (d, J= 7.1 Hz, 2H),
7.45 (t,J=17.3 Hz, 2H), 7.40 — 7.35 (m, 1H), 7.20 — 7.14 (m, 1H), 6.75 (t, /= 6.5 Hz, 1H), 4.35 - 4.29
(m, 1H), 2.67 — 2.49 (m, 2H), 2.27 — 2.19 (m, 2H), 2.10 — 1.97 (m, 2H), 1.89 — 1.80 (m, 2H). *C NMR
(101 MHz, Chloroform-d) 6 207.38, 145.30, 134.82, 130.90, 130.27, 128.90, 128.58, 127.77, 125.26,
124.00, 117.94, 111.61, 48.31, 42.25, 31.17, 27.03, 25.37. HRMS (ESI-TOF) m/z: [M+H] * Calcd for
CioH15N20291.1492; Found:291.1492.

REFERENCE
(1) S.-C. Wang, X.-H. Huang, Z.-M. Ge, X. Wang, R.-T. Li. RSC Adv., 2016, 6, 68, 63532-63535.



4.'"H NMR and *C NMR for products

3 8 38 8 8 8 8 8 9 e =2 g g = e = = g
: ¢ 8 § 8 8§ £ 8 § 8 B g 8 § B 8§ =8 7
(@)
N// 3
zZ
\ 7/
g ———————— =50°¢
oLy — —_— — =02
109
8.9 :
089 > —_— =660
WL —_ =160
ev'L L —— #l0'}
SvL— Aoz
09LF o —— 2662
€92 — =00’}
€92
59'2
992
082
8L

(ppm)

f1

L70

5
0
5
0
5
Lo
5
0
0
E 10

€262 —

09'6€ —

€19P2 69'9L \
€19Po L0°LL W
€1Po ZE'LL

£9ZiL
mm.m:%
19211

wm.mN_W
L9'vZL L

6621\

sy vyl
sosyl

S0'v¥0C —

_N
Y
3a

=
S

140 130 2 1o 100 90

50

190 180 170 160

200

(ppm)



g 8 8 8 8 8 8 8 8 ¢ o g g o o o o o g
§ & E 8 § 8 8 & &8 8 8 8 B8 8 g8 8 g 8 E
g £ 83 & § & & = 8 g 8 8 § & ¢ & § & o s 2 o = 5 2 5 = o = e 2
£ 8 %8 8% 88 2 8 8 2 8 3 3 e g 383 . 28
L9 NS S, S S U SR S AP S )
! =)
N\,
(e} - 2 ~o Lo
ey L2
o s
o] Fe
2
Z'X £ L2 a
- AN
P = y162 — N/ ° — L
z
\ 7 ) R
95°6€ — \ / — e
| <
gg— ———— - =16 €565 — — R
L
Fa
L&
N €10P0 69°0L
F2 €190 00°2L ——— [
€19P2 ZE'LL *
Ls
L2 ]
8L76 — — R
o T ey -
T - _ L +%
80 0Tt s z9'L0L — — L=
= 80°ZLL — = -
68'€zL =
R.EM ]
B el S —— o
L sLgzh L2
19821 ]
vever L2
8Ll ~ -
LgopL — 7 [ 2
o
[< ¥6L51 — - Lg
€59 2
¥5'9
559 R = oy [
959
26'9 . L2
oo =001 | ©
gL ls
mmsw L — =< =60, =
L g6l o .
il ——————— == ryg¢ ls
iy . 1p'p0Z — - R
oL Fe Fs
v9'L
992 Ls
197
692 L2

(ppm)

f1



L3500

I 3000
0

I 2000

L 1000

L 500

61—

LWy —

€89
8’9
189
€LL
SL'L
yAWA
L~
S¢L
€9°L
€9°L
Y9'L
S9'L
S9°L
99°L
8L
S8'L

_N
/

=
A

- 0

—_

—_—

=c0'C

=660
H\mm._\
=00’}
£86C
=00’}

(ppm)

1

Lo
L 100

k60

F-10

Leeec—

256 —

€19P2 89'9L
€19P2 00°LL 7
€PP2 LELL

89'zih
6Ll
2951
ve'GHL
921
om.mm—/
69721
ow.R—M
zo'0gL
0L'0gk W
SE'0Ek

LLgpL~
206%L 7

Ly L9l ~
88'€9L

28'€0C —

_N
s N7

3c

10

20

80

160 150 140 130 120

70

220 210 200 190 180

230

(ppm)

1



§ 8 8 8 §8 8 &8 3 8 38 8 8 8 8 8 8 g S 838 2 88 €8 8 28 ¢ 9 902328 228 8 o R
I A S S A S S S S T N SR S AP A S A
re
-
L3 3
O [ o 1
€661~ 3
- : —
ZT LS foral%4
\ 3 z06z— Z'N -
z \ = ®
\ / r- ze6E — —
-
02~ —— - #Y0'E [ 7
g~ —————— - =00'¢
80— — - =262 |
R EIOPO 992 3
Fa £19P2 66°0/ 7 —
€10P2 LE'LL
B B E 4
06°¢ ) TeeL | o o
g mw.v:/
- €9°/LL -
[ om.mﬁ/ 3
L1vTL
R 82'9z1 =
ke 62°0EL I
Soﬁw
. zT el —
) b ovs?\ ]
189 €0'8€E}
€8'9 o L8 vrL
v8'9 e 0zGrl
v0'L
902 .
zvL Fe
vLL kroe 3
oL — - koo.r o 3
8LL — . 60 =
LZL _— = iy
2z’ 0|
29, e
oz — == =60
98L7 i == 00| o zLvoz — -
88, s

-10

100 90

(ppm)

180 7 160 15 140 130 120 110
1

190




. 8E+07

7.80
7.79
7.67
7.66
7.65
7.64
7.64
7.50
7.48
7.46
689
6.83
6.82
6.81

— 414
2.21

;

. 6E+07

b-3.4E+07
k3. 26407
OE+07
Cl = /N k2. 8E+07

~._N / b 2. 6E+07

k2. aE+07

3e O b2. 26407

F2. 0E+07
L 1. 8E+07

b 1. 6E+07

L 4E+07

. 2E+07
L 1. 0E+07
L 8. 0E+06
L 6. 0E+06
L 4. 0E+06

L 2. 0E+06

L/\ £ 0. OE+00

—

L -2. 0E+06

0.97—=
2.01=

T T T T T T T
4.5 4.0 3.5 3.0
1 (ppm)

L 2400000

L 2300000

L 2200000

77.35 CDCI3
77.03 CDCI3
76.72 CDCI3

133.82
131.09
128.38
128.23
123.83
116.51
114.13
113.71

£ 2100000

— 20357
14543
X\ 144.88
/12881

§
\
/
\

_39.44
2934

/

L 2000000
L 1900000
L 1800000
L 1700000

L 1600000

N L 1500000
& N / L 1400000

E 1300000
k1200000
3e O L 1100000
E 1000000
£ 900000
£ 800000
k- 700000
£ 600000
I 500000
£ 400000
£ 300000

L 200000

‘ | L 100000

Lo

L ~100000

f- ~200000

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
1 (ppm)



F zouu
L za00
L 2300

L 2200

L2100

L 2000

L 1900

L 1800
L1700
01
L 1500
L 1400

L 1300

L 1200

1100

L 1000

k900

L 800

500

L 400
L 300
L 200
L 100
Lo

100
k-200

ol'z—

g8'c —
80V —

_N
s N7

3f

/O/

=L6C
=202

=20'L

~zo€

o
rs

(ppm)

f1

L 160
L 150
L 140

L 130

L 120

110
L 100
k90
L 8o

k60

ka0
k30
k20
k1o
10

vL'6z—

9G'6€ —

€9°65 —

€I19P2 69'9L \
€1op2 oo.nnw
€PPO ZELL

8L'v6 —

29'L0L —
80CLL —

68'€zL
Rsm_ﬂ
sLezL 7
L9'gzL

vever”
8LErL ~
Lol

¥6'LGL —

L¥'¥02 —

10

110

T T
200 190 180 170

210

(ppm)

f1



al'z—
lWwe—

Ly —

Se'L

6e’L
(32
YL
LT
h.v.h\
L9°L
89°L
69°L
YL
SL'L

2 o o o o o o o o o o o o o
3 S S 5] S 3 S S 3 S 3 S S S o 2 2 o
2 3 8 <3 @ @ I Q e @ 8 ¥ Q 3 8 2 8 ]
B B B B ] B B B ] 2 2 bt 3 2 2 2 E 5
L ! ! ! L L L L L L L L L L L L L

-

SETO R

c@aao
-0

0.0

3.0

)

0

L 190
L 180
L 170

(ppm)

f1

og'lz—

cl'ec—

§9'6€ —

€I1°P2 89'9L \
€1op2 oo.nnw
€PPO LELL

89°ziL
mm.m:M
90°9H —
99°ZZL .
£8'2zL\
ze'gzL

82¥0C —

L 160
k120

110
L 100
k90
k8o
70
k60
|50
k40
k1o

10

20

10

100

(ppm)

130 120 110
f1

140

150

210 200 190 180 170

220




0
0

k500
ka5

400
k300
25

k200
k150
k100

s s s s g g = =2 s = s s = s
g g 8 g & g 2 £ &2 §8 & & &2 = g o % .
[7
-
=
@)
Z' <
\ = © -
\ 0z'0€ —
- gLey —
glg— —————————— - reoe vres —
99z— — - —86'C
€19P2 69'9L \
Lo €IoP L0'LL
€1OPO €€°LL
J - 2z oL\
Wy — _— _ J 200z 7 96°ZLL
& Qw:/
o PELLL
[ Nm.mﬁ/
vevTL
° LLBZL N
[ 66'6ZL 7
8.02\
'Syl —
° 9z'Z8 —
vL'9 [<
9.9
129 | =
002 s
2oL —_— =00'L
9eL e
181 I =20} [
6eL .
. - J20°L
Lo I =0z |
o _— £20C
89°L (4 26202 —
orL [
zLL
vLL | =
%
-

10

3h

/ —
~_N
100 9 80 70 60

(ppm)

130 120 110
f1

140

150

210 200 190 180 170

220




0
0
0

10

10

o u o o)o.omo,ooo , , , N N i N )
& 8 8 & g B g B g T g% & g8 B § & S 8 o P 2 8 £ & 2 8 B 8 2 3% 8 8 g =
re
e} — =
)
ZN
W S
\ = o A —
Le \ > °
\_ 7/ - £v'6C — \
o
N2 = Ly'6e —
© 4
Lo O
szTT— —————— = =0t
- €12 89'92
& €10P2 00'2L
€OPO LELL
&
o
. b
viy— 2 62°L0L —
- zEBLL
$ - [R-Xor4)
omsm_/
o zz'8zL
9e'8z)
v9'8zl
8L82)
16821
TR
°
< Y9'6GL —
9L o
2L ©
8z'L
62L 2
8e'L
6€L
WL 2
ShL
L
6L 5 0¥'€0z —
vSL
95°L
€9L %
S9L
86'L o
3

140 130 120 110 100

150

210 200 190 180 170

220

(ppm)

f1



L 18000000

7.90
7.90
7.66
7.64
7.62
7.60
7.50
7.48
7.46
7.42
7.40
7.38
7.21
7.20
7.18
7.18

— 415
225

|
|

k- 17000000
k- 16000000
k- 15000000
N [ 14000000
N Y/ k- 13000000
k- 12000000
3i o) E 11000000
]
k- 10000000
L 9000000
- 8000000
L 7000000
L 6000000
L 5000000
- 4000000
k3000000
L 2000000

L 1000000

gg3222

L ~1000000

205« ——
:

2.99=

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 1.5 1.0 0.5 0.0 ~0.5
1 (ppm)

—203.43

— 140.85
130.90
128.96
128.81
128.79
128.64
128.35
128.22
125.92
121.32
118.04
77.32 cdcl3
77.00 cdcl3
76.68 cdcl3

i
L
\

—39.43
—29.44

L 200

L 150

L 100

k50

T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
1 (ppm)



L 400

S 8 8858888888888 ¢8sss3s3s3s33:s53 8¢8
S EfsggeEEB=E28288E8¢FCRERRE . TH
z N &

P4 —_
eeLl— ——————— U =206
0z — L
s6€— — 66k
999~ o
o o't
zLL
RN -—=5 T0Z
vLL
kL =5 =00k
oLL
95,
8s'L

(ppm)

f1

0L'6Z~
ozoe

Sl'sy —
6e°€S —

€I19P2 69'9L \
€IPP2 L0°LL W
€PPO €€ LL

zzvoL —
96ZhL
€19kl M
z8'eTt
LL6Zh
66621
£6°0EL —

26'20C —

0

L 25

L 350
L 300
L 200
L 150
L 100

10

100

(ppm)

130 120 110
f1

140

150

210 200 190 180 170

220




k140
L 130
k120

110
k100
k90
k60
L 50
k40
30
k20
Lo

° o o ° o o o s ° s g @
H 8 g g 2 g 2 g E o s g B
| | | 1 | h N | 1 w | | |

re
o
- =]
n o
o
=]
ZN 3
\ o
4 Fo
\ €262 —
L2
£L6€ —
o
e
lgg— ——————————— = =86
L €12 89'92
€IP2 00'2L
€O LELL
°
=
L2y — —_— ———— 6L} = .
W2 621 \
1 Fe_ zSLLL /
- A48
° Nm.vﬁ/
re 86'vZL
61521 /f
08221
[e 18'821
06'9€L
° SL8EL
[ 60'SYL \
€L | =
vLL E
SLL
: — =00}

oz'L ls

2T — /860 e

ves - oy

8e'L = me.o L=

6L —_— M/Om.o

ev'L . oot

vyl WOk LS

e9'L 89'€0Z —

s9'L

68'L

162

°
=)

10

100

(ppm)

130 120 110
f1

140

150

210 200 190 180 170

220




k900

L 800

L 600
L 500
L 400

L 300

L 200

L 100

o'y
8y

324

LL9
8L'9

08’9
8L
0g'L
LG L~
S9°L

99°L
89°L
89°L
€8°L
g8'L

=
N

Cl

=0’

=0l

+00'L
0T
6T
~00'L

(ppm)

f1

L 140
L 130

L 120
110

10

oLz —
8¥'82 —

ey —

€1PP2 L9'9L \
€I°P2 66'9L N
€PPo LELL

8851 —

96902 —

=
X

Cl

10

110

T T
200 190 180 170

210

(ppm)

f1



L 200
L 150
L 100

o o o o o o o 2 o o
& % g 8 3 K 3 5 E ° &
=]
;
o
=
€9°L—
A -
\ b d o S
90'k \_/ B
8Ly — =90¢| ~
oLt O 9€°6E ~
vz'8e —
o
15T i
L | = €10PO 120
E ERPO €021 7
€10PO €L
© o
Ls2
Ebr— — 3 —g0z| 2
- 90¥LL
[ 1oLl
£6'€ZL S
- twﬁ/
ke 9e'8zL
19'82L
12821
Z0'LEL 7
Lg'€ElL
o 6L¥pL
re vesyl”
vl
L1 L
6L,
6L°L | <
Lee S 2oL |
6L oL
WL - W\Mm.r ©
St'L —— M
Tvs rmo.r
6v'L _ M/ow.m Lo
65'L @
19°2
€9'L | e
S9'L @ S¥'90C —
26'L

_N

N

=
3p

Cl

190 180 170 160 150 140 130 120 110
1 (ppm)

200




5 5 5 5 g 2

& & & & & i

3 H g g 2

iy 7 in n 7 it

O
o
Z °
N =
\_/
SN ~ )
8517 =10'¢
g6L— —————————— =00'€
o'y
124 _ .
— =

[ol-R%4 —== F€0'l
(284
629
mwumw —_— =00}
??N —_— =0}
8y’ e =00’}
0s'Lr S Ae0'T
zs'L —— Rgo'e
192 _ =00°)
69'L
0L,
zLL
88'L

06'L

(ppm)

f1

L 2500000

L 2000000
L 1500000

k- 1000000

500000

Lo

09zL —
9€'8C —

60y —

€100 s2'9L \
€10ad 90°LL 7
€10a0 8e’LL

9L2LL
S0'8LL
cLglL /
S0veL
6v'vTL
ELBZL
vL'82L
08'6ZL 7
STYEL
LS PPl
1zsyL 7

88'90C —

_N
N7
3q

10

70

110

130

150

210

(ppm)

f1



2 8 2 g 2 g 2 g °
T T 7 it s i i N i
s}
LWLy — E— ) =66}
69
69
189 B =00’k
vvs/ .
—_— 0°}

oLt MwO.v
9L T Rz0p
z9L .

. — =€0'b
YL E— 20z
S9'L
veL
98,
ve'L
96,

(ppm)

f1

k9o
L 8o

F70

k60

k40

k20

Lo

10

L9ve —

N

EIPP 6692

€10PO 0E'LL
66601
06°€LL
86°cLL
ZroLL
Lzl
yL'8ZL
258zl
¥5'8ZL
L2821
88'8ZL
26°0EL ~
86'cEl -
sraeL
86 vl
€95yl 7

2SvelL —

=
N

Cl

3s

10

60

70

110

190 180 170

T
200

210

(ppm)

f1



550

ks

L 500

k450

F 400

50

L2

L 200

L 150

L 100

k50

[4:4%
g8l
18}
66°'L
Loe
¥0'C
90¢C
8L¢c
oce
Lee
vee
Leec
6v'C
Lg2
€8T
o4
€9¢C
99'¢
62¥
3584
3584
[4>24
vey
Sey

e e e

o

N

3t

0c
e
902

oz

(ppm)

f1

2
01
k280

L 260

k240

k220

k200

L 180

L 160

L 140

120

L 100

80

L 60

k40

F20

k-0

L€'G2~
€022
e

STy —
Le8y —

€I°P2 69'9L \
€1°P2 00°LL W
€PPI ZELL

L9'LLL
v6'LLL
oo'veh
9c'sch
LL L2
89'8CL
06’8l )
Leogk
06'oElL \
[4:229%
ogsyL —

8€°L0C —

_N
N

3

|

80

110

120

170

T
220 210

T
230

(ppm)

f1



5. GC-MS spectra of compounds 4 and 5

HO




