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I. General experimental information

All reactions were carried out under an air atmosphere in a flame-dried tube (= SmL volume)
equipped with a dehumidifier and a magnetic stirring element. The solvents were purified and
dried according to standard methods prior to use. Other reagents were obtained from the
commercial suppliers and used without further purification. The ‘BuOLi (99% purity) and silica
gel were purchased from Energy Chemical and Qing Dao Hai Yang Chemical Industry Co.,
respectively. All of the heteroaromatic N-oxides were prepared according to literature procedures.!
The NMR spectra were recorded on a Bruker DPX-400 spectrometer. Chemical shifts were
reported in 0 ppm referenced to an internal SiMe, standard for 'H NMR (400 MHz), chloroform-d
(6 77.00) for C NMR (100 MHz). High resolution mass spectra (HRMS) were recorded on a
Agilent 6450 spectrometer. Melting points were recorded on a XT4A melting point apparatus and

were uncorrected.

II. General synthesis procedure

A flame-dried tube equipped with a magnetic stir bar was charged with ‘BuOLi (60 mg, 0.75
mmol), heteroaromatic N-oxide (0.5 mmol) and toluene (2.5 ml). Stirring was continued for 3 h at
120 °C. The mixture was purified by column chromatography on silica gel (2a, 2e-2f, 2h-20) or

recrystallization from chloroform (2b-2d, 2g) afforded the desired products.

III. Experimental data for the described substances

[2,2'-biquinoline] 1-oxide (2a)? Slight yellow solid (63mg, 93%): mp
170-171 °C. 'TH NMR (400 MHz, CDCl3) 6 = 7.59 (t,J = 7.4 Hz, 1 H),

7.65 (t,J=7.4 Hz, 1 H), 7.72-7.83 (m, 3 H), 7.87 (d, J = 8.1 Hz, 2 H),

8.18 (d, J= 8.5 Hz, 1 H), 8.26-8.31 (t, J = 8.0 Hz, 2 H), 8.88 (d, J =
8.5Hz, 1 H), 8.94 (d, /= 8.6 Hz, 1 H) ppm. 3C NMR (100 MHz, CDCl;): 6 = 120.2, 122.9, 123.7,
125.4, 127.4, 127.6, 128.1, 128.2, 129.0, 129.6, 129.8, 130.3, 130.5, 135.7, 142.3, 143.8, 148.1,

151.6 ppm. HRMS (EI*): calculated for C1gH,N,O [M+H"]: 273.1022, found: 273.1026.
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4,4'-dibromo-[2,2'-biquinoline] 1-oxide (2b) Slight yellow solid
(91mg, 84%): mp 242-243 °C. '"H NMR (400 MHz, CDCl;): 6 =7.71

(t,J=73Hz, 1 H), 7.77-7.89 (m, 3H), 8.19-8.28 (m, 3 H), 8.71 (s, 1

H), 8.92 (d, J= 8.6 Hz, 1 H), 9.5 (s, 1 H) ppm. 3C NMR (100 MHz,
CDCly): 6 = 108.1, 119.5, 120.9, 126.6, 126.9, 127.9, 128.1, 128.9, 129.4, 130.2, 130.5, 130.6,
131.3, 134.0, 142.7, 143.4, 148.4, 150.0 ppm. HRMS (EI"): calculated for C,sH;oBroN,O [M+H*]:

428.9233, found: 428.9235.

4,4'-dichloro-[2,2'-biquinoline] 1-oxide (2¢) Slight yellow solid
(74mg, 87%): mp 225-226 °C. "TH NMR (400 MHz, CDCl;): 6 =
7.70 (t, J = 7.9 Hz, 1 H), 7.76-7.89 (m, 3 H), 8.21-8.30 (m, 3 H),

8.53 (s, 1 H), 8.92 (d, J= 8.6 Hz, 1 H), 9.28 (s, | H) ppm. *C NMR

(100 MHz, CDCl3): 6 =121.0, 122.9, 123.3, 124.2, 125.3, 126.7,
128.1, 128.6, 129.5, 130.0, 130.4, 130.6, 131.3, 142.7, 143.4, 148.7, 150.1 ppm. HRMS (EI*):

calculated for C;gH;oBr,N,O [M+H"]: 341.0243, found: 341.0244.

6,6'-dibromo-[2,2'-biquinoline] 1-oxide (2d) Yellow solid
(93mg, 86%): mp 244-246 °C. '"H NMR (400 MHz, CDCl;):
0=17.69 (d, J=28.8,1H), 7.79-7.86 (m, 2 H), 8.02-8.05 (m,

3 H), 8.19(d,J=8.4 Hz, 1 H), 8.35(d, /J=8.9 Hz, 1H), 8.74

(d, /=9.0 Hz, 1H), 9.01 (d, J= 8.6 Hz, 1 H) ppm. 13C NMR
(100 MHz, CDCl;): 6 = 120.4, 121.8, 122.4, 123.6, 123.7, 125.0, 129.3, 129.7, 130.2, 131.7, 133.3,
133.8, 134.8, 141.5, 143.7, 146.8, 151.6 ppm. HRMS (EI*): calculated for C,sH;(Br,N,O [M+H*]:
428.9233, found: 428.9231.
3,3'-dibromo-[2,2'-biquinoline] 1-oxide (2e) Pale slight yellow
solid (81mg, 75%): mp 91-92 °C. '"H NMR (400 MHz, CDCly): ¢ =

7.64-7.74 (m, 2 H), 7.76-7.82 (m, 2 H), 7.86 (d, J = 8.1 Hz, 2 H),

8.12-8.17 (t, J=8.7 Hz, 2 H), 8.57 (s, 1 H), 8.71 (d, /= 8.7 Hz, 1 H)
ppm. BC NMR (100 MHz, CDCl;): é = 115.6, 117.1, 120.2, 126.8, 127.2, 128.0, 128.4, 129.1,
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129.8, 129.9, 130.1, 130.5, 139.2, 140.9, 143.9, 146.7, 152.0 ppm. HRMS (EI"): calculated for

ClngoBerzo [M+H+]: 4289233, found: 428.9235.

6,6'-dimethyl-[2,2'-biquinoline] 1-oxide (2f)> Slight yellow
solid (49 mg, 65%): mp 172-173 °C. 'H NMR (400 MHz,

CDCly): 6 =2.57 (s, 6 H), 7.56-7.65 (m, 4 H), 7.74 (d, J = 8.8 Hz,

1 H), 8.06 (d, J=8.6 Hz, 1 H), 8.19 (d, /= 8.7 Hz, 1 H), 8.24 (d,
J=28.9Hz, 1 H), 8.76 (d, J= 8.6 Hz, 1 H), 8.91 (d, J = 8.6 Hz, 1 H) ppm. *C NMR (100 MHz,
CDCly): §=21.5,21.8, 120.0, 123.0, 123.7, 125.0, 126.4, 127.1, 128.2, 129.5, 130.4, 131.9, 132.6,
134.9, 137.4, 139.2, 140.8, 143.3, 146.8, 150.8 ppm. HRMS (EI*): calculated for CaoH;sN,O

[M+H*]: 301.1335, found: 301.1341.

OMe  ¢,6'-dimethoxy-[2,2"-biquinoline] 1-oxide (2g) Slight
yellow solid (36 mg, 53%): m.p. 223-224 °C. 'H

NMR(400 MHz, CDCl): 6 = 3.96 (s, 6 H), 7.13 (t, J =

2.8 Hz, 2 H), 7.37-7.42 (m, 2 H), 7.71 (d, J = 8.9Hz, 1
H), 8.06 (d, J= 9.2 Hz, 1 H), 8.17 (d, J = 8.7 Hz, 1 H), 8.27 (d, J = 8.8 Hz, | H) ppm. *C NMR
(100 MHz, CDCL3): = 55.6, 55.7, 104.8, 106.0, 121.9, 122.4, 122.5, 123.2, 124.2, 124.4, 129.2,
131.2, 131.6, 134.3, 137.8, 142.2, 1442, 149.0, 158.4, 159.6 ppm. HRMS (EI*): calculated for

Cy0H6N,O3 [M+H*]: 333.1234, found: 333.1236.

4,4'-dimethyl-[2,2'-biquinoline] 1-oxide (2h) Slight yellow solid (37
mg, 49%): mp 201-202 °C. '"H NMR (400 MHz, CDCl3): 6 =2.74 (s, 3
H), 2.81 (s, 3 H), 7.62 (td, J = 1.0, 6.9 Hz, 1 H), 7.69-7.77 (m, 2 H),

7.82 (td, J = 1.3, 6.9 Hz, 2 H), 8.00-8.08 (m, 3 H), 8.19 (d, J = 8.7 Hz,

1 H), 8.77 (s, 1 H), 8.95 (d, J= 8.8 Hz, 1 H) ppm. 3C NMR (100 MHz,
CDCly): = 18.5, 19.0, 120.7, 123.5, 123.8, 123.9, 124.8, 127.2, 128.3, 128.7, 129.3, 129.9, 130.2,
130.4, 133.9, 141.8, 143.3, 144.0, 147.9, 151.4 ppm. HRMS (EI*): calculated for CaoH;sN>O

[M+H*]: 301.1335, found: 301.1341.
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4,4'-dimethoxy-[2,2'-biquinoline] 1-oxide (2i) Slight yellow solid

(23 mg, 28%): m.p. 202-203 °C. 'H NMR (400 MHz, CDCl;): § =

OMe 4.19 (s, 6 H), 7.57 (t, J = 8.0 Hz, 1 H), 7.67-7.78 (m, 3 H), 7.83-
7.88 (m, 1 H), 8.13 (d, J = 8.3 Hz, 1 H), 8.27 (t, J = 6.8 Hz, 2 H),
OMe 8.72 (s, 1 H), 8.91 (d, J= 8.7 Hz, 1 H) ppm. 3C NMR (100 MHz,
CDCly): §=55.1, 55.3, 100.9, 101.6, 119.3, 120.4, 120.9, 121.5, 121.9, 125.4, 127.2, 128.2, 128.8,
130.0, 141.2, 143.4, 147.6, 151.7, 125.5, 161.1 ppm. HRMS (EI"): calculated for CaoH;gN,O;

[M+H*]: 333.1234, found: 333.1236.

3,3'-dimethyl-[2,2'-biquinoline] 1-oxide (2j)* Slight yellow solid (26
mg, 34%): mp 232-234 °C. 'TH NMR (400 MHz, CDCL3) 6 = 2.19 (s, 3

H),2.36 (s, 3 H), 7.57 (t, J= 7.4 Hz, 1 H), 7.62-7.73 (m, 4 H), 7.84 (d,

J=6.6Hz, 2 H), 8.10 (d, J= 6.7 Hz, 2 H), 8.73 (d, J = 8.6 Hz, 1 H)
ppm. 13C NMR (100 MHz, CDCly): d = 17.6, 19.1, 119.9, 125.7, 127.0, 127.1, 127.3, 128.3, 128.6,
128.7, 129.3, 129.4, 129.7, 130.6, 131.2, 136.3, 140.2, 145.4, 146.8, 153.6 ppm. HRMS [ESI*]

calculated for C;0H¢N,O [M+H*]: 301.1335, found: 301.1343.

[2,2'-biquinoxaline] 1-oxide (2k)> Slight yellow solid (49 mg, 72%):

G N mp 246-247 °C. "H NMR (400 MHz, CDCl3) § = 7.82-7.93 (m, 4 H),
|
N
@wj)w 8.21-8.26 (m, 3 H), 8.74 (dd, J =1.1, 8.6 Hz, 1 H), 9.68 (s, 1 H), 10.28
~
N (s, 1 H) ppm. 3C NMR (100 MHz, CDCls): § = 119.3, 129.4, 129.9,

130.3, 130.6, 130.7, 131.3, 132.2, 135.9, 137.2, 142.29, 142.34, 144.6, 145.3, 146.1, 148.2 ppm.

HRMS [ESI*] calculated for C;cH1oN4O [M+H"]: 275.0927, found: 275.0929.

[2,2'-bipyridine] 1-oxide (21)° White solid (31 mg, 72%): mp 58-59 °C. 'H

NMR (400 MHz, CDCly) 6 = 7.27 (td, J = 3.2, 7.5 Hz, 1 H), 7.30-7.39 (m, 2

H), 7.82 (td, J=1.8, 7.9 Hz, 1 H), 8.16 (dd, J=2.0, 6.0 Hz, 1 H), 8.31 (d, J =
6.3 Hz, 1 H), 8.72 (d, J = 4.1 Hz, 1 H), 8.88 (d, J = 8.0 Hz, 1 H) ppm. 3C NMR (100 MHz,
CDClLy): 0 = 124.2, 125.2, 125.3, 125.7, 127.7, 136.1, 140.5, 147.2, 149.3, 149.5 ppm. HRMS
[ESI*] calculated for C;(HgN,O [M+H*]: 173.0709, found: 173.0708.
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4,4'-dimethyl-[2,2'-bipyridine] 1-oxide (2m)’ Slight yellow solid (31 mg,
64%): mp 78-80 °C. TH NMR (400 MHz, CDCIl;) 6 = 2.34 (s, 3 H), 2.28 (s,

3 H), 7.02 (dd, J = 2.5, 6.6 Hz, 1 H), 7.11 (d, /=42 Hz, 1 H), 7.87 (d, J

=2.1 Hz, 1 H), 8.15 (d, J=6.6 Hz, 1 H), 8.51 (d, J=5.0 Hz, 1 H), 8.65 (s, 1
H) ppm. 3C NMR (100 MHz, CDCly): § = 20.2, 21.2, 125.1, 125.9, 126.3, 128.1, 137.3, 139.8,
146.4, 147.4, 148.9, 149.4 ppm. HRMS [ESI'] calculated for C,H,N,O [M+H']: 201.1022,

found: 201.1025.

6,6'-diphenyl-[2,2'-bipyridine] 1-oxide (2n) Slight yellow solid (28
mg, 35%): mp 133-135 °C. 'TH NMR (400 MHz, CDCl;) 6 = 7.53-7.42
(m, 8 H), 7.82-7.78 (m, 3 H), 7.87 (t, J =7.8 Hz, 1 H), 8.10 (d, J =7.2

Hz, 2 H), 8.31 (dd, J=3.4, 6.9 Hz, 1 H), 8.84 (d, J= 7.8 Hz, 1 H) ppm.

13C NMR (100 MHz, CDCl,): 6 = 120.7, 124.1, 125.2, 126.8, 127.1,
128.2, 128.7, 129.0, 129.3, 129.4, 133.3, 136.8, 139.0, 148.1, 149.8, 150.1, 156.7 ppm. HRMS

[ESI*] calculated for C,,H;¢N,O [M+H"]: 325.1335, found: 325.1338.

2-(quinolin-2-yl)benzo[d]oxazole (20)% Slight yellow solid (51 mg,

N ,\;/@ 41%): mp 172-173 °C. '"H NMR (400 MHz, CDCl;) § = 7.35-7.43 (m,

_— 2 H),7.57 (t,J=17.7Hz, 1 H), 7.69 (d, J=7.2 Hz, 1 H), 7.76 (t, J =

7.2 Hz, 1 H), 7.83 (t,J=8.9 Hz, 2 H), 8.27 (d, /= 8.6 Hz, 1 H), 8.32 (d, /= 8.5 Hz, 1 H), 8.41 (d,
J=8.5Hz, 1 H) ppm. 3C NMR (100 MHz, CDCl;): 6 = 111.4, 120.1, 120.7, 124.9, 126.2, 127.6,
128.0, 128.6, 130.2, 130.3, 137.1, 141.7, 145.8, 147.9, 151.2 ppm. HRMS [ESI*] calculated for

Ci6H10N,O [M+H"]: 247.0866, found: 247.0869.
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V. Copies of 'H and *C NMR spectra

Loz
€LST
4950

8€9°
LS9"
sLe9”
FaL-
L’
0oL’
€91
TLL™
ceL”
c08-
Lzg:
898"
888"
LT
€6T°
[AkA
€8¢C"
€0e”
7L8"
968"

e R e e el Sl ol e e e e L o o o S S

0 ppm

S9

T
5
'H NMR spectrum of compound 2a

)

Tee=Ne—




zZ08°9L
ONH.FFW
8EV T LL
6LT 02T
S68°221
0EL°€TT
GEE°GZT
AR AN RAN
LS EL
0¥T°8ZT
69T° 82T
8LE 8ZT—F
029°62T
L¥876CT
T0E°0ET
L0G"0ET
mmw.mmak\\
£0E°ZHT
mmm.mwax\.
mmﬁ.mqﬂk\x
9L TGT

130

140

ppm

110 100 90 80 70 60 50 40 30 20 10

120

150

160

13C NMR spectrum of compound 2a

S10



09z°L
g69°L
TEL™L
TEL L
| AN
06L°L
608°L
0€E8"L
P8 L—p
S98°L
F88°L
00Z°8
6TZ°8
6€C°8
I6Z°8
gLz 8
ZIL™8
806°8
626°8
ISV "6

IS

0 ppm

—TELTT
0FF "€

S

N —

88C°¢

—_— =

—000°T

—.cs0°1

e

8T0°T

2

'"H NMR spectrum of compound 2b

S11



coc i
£0T°80T
0%S 61T
968°0ZT
219°921
£58°92T
6967 LTT
mmo.mmauyr
706° 87T
Hﬁw.mNHV
PTIC 0ET
PTS OET
ZTS 0% T
TIE TET
vmo.vmak\\
ZEL ZHT
@mw.mwﬁk\x
mﬁw.wwak\a
896°6FT

™

4\

ol

pem

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

3C NMR spectrum of compound 2b

S12



0 ppm

6vC”
989°
poL”
ggL”®
89L"
88L"
L0g"
0gg”
Lv8"
L98"
988"
Loc-

— ZLO"T

—.L62°¢E

SLT €
v
= 000"T

Ak
vLZ"
coe”
828~
806"
0€6”
LtC®

—_— e T
| o —<0%0°T

000°T

—_— =

OV 00 000 GO CO 0000 GO~ [~ [=1~[~[~[~[~T[MTfMHTfmMH

S e D

i

'H NMR spectrum of compound 2¢
S13



0s6°
Lv6"
682"
gee’
4035
ooL-
CET™
GE9”
70G6°
286"
€ER”
119"
98¢°
67L"
A4
gLa”
LEYL’

0ct

COOMOWCWWL) TrmMA
MO NNNNNNNNN
A A A A A A A A

e 17—

TET
vl

o ™M
< <
—

0SsT

o

T
110

120

I

130

ppm

90 80 70 60 50 40 30 20 10 0

100

150 140

160

13C NMR spectrum of compound 2¢

S14



0 ppm

—Ss0z°1
— Lz ¢

000°¢
—.6%0"T
—2S0°1T

6€0°T
920°T

——e

"H NMR spectrum of compound 2d

S15



0¥%°
SoL”
88€E"
9%9°
90L"

th.wm.ﬁ/

PEE

269"
6CT"
659"
8LZ"
S08°
osL-
24"
ovL-"
€eL”
LS8S”

0cT
XA

€CT
€CT

(=

62T

62T
0ET -

IET

/

EET
PET
71
EVT
9% 1
ST

S

il L

T
120

130

140

ppm

100 90 80 70 60 50 40 30 20 10 0

110

150

160

13C NMR spectrum of compound 2d

S16



T9Z°L
FI9°L
TE9TL
Is9°L
8L9°L
L69 "L
PPLL

m@h.huvv
mwn.hk\.
928" L
Lp8 L
L60'8
TET"8
Za1°8
0csc-8
6898
0TL"8

TSN

.

0 ppm

8

SGET T
—E¥1"C
HVFMﬁ.N
= 000"°T

\090"T

—020°'T

—k£z20°1

'H NMR spectrum of compound 2e

S17



999°9¢L
wmm.@hmww
Z0E" LL
985°STT
6L0°LTT
5217021
ZLL 97T
8¢ LZT
8207821
z9c- 821
950621
819 67T —x
6SL°6CT
7987621
560 0ET
Nwm.QMH“\.
€6T 6T
Pmm.OWHg\a
£98°€7T
omm.mqﬁk\x
GG TET

150

Fpm

130 120 110 100 90 80 70 60 50 40 30 20 10

140

160

13C NMR spectrum of compound 2e

S18



0LS " 2—

z9z L
L9G "L
88G°L
809°L
T€9°L
879 L
EELTL
mmﬁév
8508~
6L0°8—"_
L8T"8
6028
vEz'8

96Z°8
FSL™8
9LL"8

6688
0c6°8

L9G*
886"
809~
T€9”
8%9°
3
qGL”

860"
6L0"
L8T"
60¢”
FET”
96¢”

PSL”
9LL"
668"
0¢6 "

PPm

.2 8.0 7.8

8

8.6 8.4

.8

0 ppm

—00z"9

—Ltet'w
=0e€0°1

© _/810°1
=7ce0°1
\000"T
—~cnn°- T
HVE

o <500°T

"H NMR spectrum of compound 2f

S19



S8F " TZ~_
69L T

L @nJ/r

090°LL
_pﬁm.ﬁn\

F66°6TT
FS6°2CCT
ECLEET
GS6°¥ZT

wa.wmﬂ/
00T"LZT
ow.ﬁ.wma/

68F 62T~
€E8E°0ET—_

wom..ﬁm.h.\.
909°CET

vmm.wma\
9ePLET
P8I 6ET
Hwﬁ.ovﬁ\

ETETEFRT
0SL"9FT
S9L"0ST

1
110

120

130

ppm

90 g0 70 60 50 40 30 20 10

100

150 140

160

13C NMR spectrum of compound 2f

S20



0 ppm

M

€96°€— L it 68079
=
9zT"L
€ET"L . - & i
% 9gT L 0,
i e 5
yLE L Toz-i .
Lo -
96€° L T = LT F " —70z
oy 88€°L I e
AL AN} 96€°L 8 [ _ 0bgo'e
. BOT "L I A
WMW.M AN A | © [ EET'T
R 5 & o 507
: I [ 0001
cro e o | - =3n
6ST"8 ol ;
" 6S1°8 |5. [
inlc 181" 8 o — 6201
MMM.M 95z "8 i Lo __700°T
€LL"8 mwm.m\ i i
L6L"8 hmn.w\ [ o t
e ses:e/ |
956°8 2

'"H NMR spectrum of compound 2g
S21



009°SS
hmm.mmv.

9€8 V0T —
LOO"90T—"

688° 1T
SLE"ZET
AR ARAA
OTZ ECT
vwﬁ.vmﬁmww
0EFP°"PCT
£02762T—
SzZZ TET
pmm.ﬂmﬁu“n
GGz HET
ELLTLET
qu.NWﬁumn
T0Z 90T
100" 68T~

9% ¥ 86T —
LS 68T —

-t

ppm

90 80 70 60 50 40 30 20

T
100

T
120

T
140

T
150

T
160

13C NMR spectrum of compound 2g

S22



TPL T~
s08°z—

9z L
909" L4
809°L
£29°L
929" L
P9 Lo

C69° L

ZELTL

WL

ppm

9.0 8.8 8.6 8.4 8.2 8.0 7.8

0 ppm

— 080" ¢
—E0OTE

'"H NMR spectrum of compound 2h

S23



LST 8T~
SZ0'6T—"

€69

0TS~
1%8°
188"
boL”
4] B
cLe’
789°
41
€987
90¢"
) oy
SL8”
86L”"
SLe”
€70°
1¢6°
33

‘0ct

g2l
£zl
€21
XA
LZT
821
82T ~X
6217
621
0€T
0€T
€€T
151
€V
Py
LTT
1681

|

=

Fpm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

160

13C NMR spectrum of compound 2h

S24



681"

Goc-
pSS*
AR
268"
0L9~
889°
goL”
80L"
A
peL-
LL”
£ER”
Zs8”
oLg-
€L8”
9zT*”
9% 1"
1se-
89¢C"°
98¢"
8TL"
006"

7 —

——\l=

00 00 00 G0 G0 00 OO [~ [~ [~ [~ [= [~ [~ [~ [~ [~ [~ [~ [~ [~ [~

2i

OMe

L

25
cLS”
¢6S°
0L9~
889"
90L”
80L"
TeL-
veL-
cLL”
€eg”
410
oLg-
9¢1°
SFT°
182
89¢"
98¢
8TL”
006°
440

oo e olie ol oo oo lile e e o B meu Bl p T o B e T e e Y i e B o Y B Y

NS

o0

ppm

Lk

8

8.6

0 ppm

0009

Tty T

—6E0°T
I€E0°E

—ET0™T
—S00°T

—SLe'1

120°1

T10°T

— S

"H NMR spectrum of compound 2i

S25



GED"EE
e

659°GL
im.mmw
F6C 9L

898°00T ~_
1SS T0T—"

6SC°6TT
L6E"0CT
vnm.oma/
PESTICI~X
8L8°T2T—

c0F S9CT——

hma.ﬁmﬂu\w
mmm.wmﬂ“xm
mom.mNH
LS6°62T
102 THT—
LER " ERT—
$Z9"LYT—

C89 TST ~0
8Ly ZTST—"

ZeT*19T—

ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

13C NMR spectrum of compound 2i

S26



S6T”
6S¢€”

g€ge”
TeG”
0LS~
886"
029
6€9°
999°
cL9”
689°
LoL”
geL-”
628°
678"
S60°
ZIT®
TeL”
EPL”

N,
Z—

L
L
L
L
L
L
L
L

€0 0~~~

8

[

0 ppm

= 890°¢

—960°¢

—7G680°T
SLT ¥
—Fs0'¢

0€0°¢

— =

000°T

e

'"H NMR spectrum of compound 2j

S27



T8G9 LT —
SET"6T—

wmw.m_\../.

9¥6°9L—=
SN.E.\

658°
TvL”
956°
9s0-
gLe”
oLz-
TE9”
zoL”
88¢C"°
AV
GS89°
T19°
EST”
Ly e
A
yseE”
9g8”
LS8S"

6TT

RS

MWOWNOWHOOGGOWOWOWIMMS~ WL
WO NNNNNNNNNAN
R B B e B I IO e B B R B e B B B B B |

ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

13C NMR spectrum of compound 2j

S28



0 ppm

10

S \e———

gl

Foe’ ¥

€01 ¢

—_LtotL c

080°T

r
—Ic0'1

= 000"T

'"H NMR spectrum of compound 2k
S29



ceer L
8FE 6TT
wmm.mmﬁ;/r
€¥6°6CT
982 0¢T
G8C 0ET
LZL"0ET
0ZE TET—
BET ZET"
TI6°SET—7
ZST LET
z67°2v1
wmm.mwﬁx\w
66C T
69Z°G%T
890°9%T
£0Z°8%T

ppm

10

60 50 40 30

70

90

T \ T T T
150 140 130 120 110

T
160

13C NMR spectrum of compound 2k

S30



6vC L
pGc-L
L9T L
TLZTL
€82 L
68C° L
Lee L
62e" L
gee L
ve L
cve L
8ve L
8GE" L
g9e"L
LLE"L
6LEL
€087 L
L08" L
gee L
LZ8" L
creTL
9¥8° L
FST"8
6ST°8
PLT"8
6LT"8
goe"8
128
LTL"8
82L"8
6ZL"8
ZEL'8
£€88°8

0 ppm

=~

—2L0"T
—JIFc"'2C
R
601
—Z L00"'T
—G0T"°T

LST T

| o —<000°T

10

"H NMR spectrum of compound 21

S31



SST vz
m:.mNHW
mqnéﬁ\

0TT 9T —
L6 0T —
TST L¥T~

6SZ2°6%T
LL7 67T

Pty

ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

13C NMR spectrum of compound 21

S32



LEE" T~
zgez—

2m

|

0 ppm

/810°€
\F20°€¢

=960"T
ESO0"T

— e & 4
—000"1T
— 5cn T
= FPEO0"T
=2 560"T

=FI0°T

"H NMR spectrum of compound 2m

S33



PEZ 02~
891 12—

LLO"GZT
606°9CT ~

9LZ°9ZT
omH.mS\

182 LET—
LTG e T—

FEE OB
mmm.hvﬂj//
606" 8P T—7F
607 60T

;..nh

OuN\ N\

2m

ol

LLnad

W

ppm

10

40 30

50

80 70

90

T T T
150 140 130

\
160

3C NMR spectrum of compound 2m

S34



6SC°L

82" LA
6E7 LA
9%% " L
09% "L+

€97 "L

997" L4
€Ly L

9LV L
8% L
c6b° L
T0S"L
LIS L
gesL
8¢S L
P8L L
98L" L
96L"L
008°L
pog-L
918" L
6T8" L
9¥8° L
998°L
G88°L
880°8
LOT"8
0TT"8

0 ppm

"H NMR spectrum of compound 2n

€E€T’8
— GS0° €
tho.ﬂ

—_£s0°¢2
720" 1

—l =

000°T

e

S35



689"
CET"
89T~
7e8”
00T"
981"
€0L”

86¢C"
SER”
LSZ"
S8L”
GED™
oet-
Pve-
Z60°”
GS89°

0CT
PcT

-

o

1*4. .

oty

ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

13C NMR spectrum of compound 2n

S36



N

6SC'L
8G€"L
ELE"L
9LE L
€8e "L
68€°L
S6e"L
c0v° L
920% "L
v L
966" L

SLS L
tes L
L89" L
moh.hJ/r
60L"L
6ELTL
ovL L
6SL"L B
LLL™L

ZI8 L

€E8 L

GG8°L

L9z"8

88Z°8

S1E"8

I

2€E"8

0 ppm

—/960°¢
00" T
=970°T

\09%0°T
vooo.m
6€0°T
—000"1T

\LOO'T

"H NMR spectrum of compound 20

S37



GGse”
6ET”
€697
906"
181"
085~
786"
864"
PLTC
P0E”"
iA2%
EPL"
9G6L"
1%6°
PoT”

91G"

Ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

13C NMR spectrum of compound 20

S38



