Synthesis and Cytotoxicity of N-Substituted Dibenzolg,jlxanthene-3,11-dicarboxamide
Derivatives

Yongbin Song, Yihui Yang, Lijun Wu, Naiwei Dong, Shang Gao, Hongrui Ji, Xia Du, Bo
Liu and Guoyou Chen

53 = 5232 233 > sS=g 2538 2 4500
R 2 2838 388 < =en 832 z
oG o6 © 06 o6 o6 o6 [ [ [ =S S <
\ NP NP PN
4000
/ j / / / -
F3000
2500
Holl
2000
1500
1000
500
ko
— — R — _— T
(=] [=2] o [=2] (=21 o (=3 — =1
o — — o5 o — N — —-
‘ T T T
8.8 87 86 85 84 83 82 81 80 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7
£1 (ppm)
1
H-NMR spectrum of 5a
[l arKer) NFANNMO- DO O — O — &N O = © [
O — <t = VNN == —_. O — N o0 DN SO ®©
[I=gTaR S SOoOooOoOoO O WO ~ SO SO o
00 06 o6 6 00 08 03 00 o6 o0 O SIS o~ [ S S O It
/ol = N [ S e L 7000
6500
6000
v S s
5000
S a2 3 SZ§ 3000
g 85 8 =8 [ 4500
= o= = ~ = =
17 1, S 2000 4000
3500
1000
/\”j\“\w 3000
3 T 0
L ! 2500
7.14 710 7.06 7.02 6.98
1 (ppm) 2000
1500
1000
F500
Fo
@« @K @ [ae] << < g
< (s3] (=] (=] (=] — < »,500
o — < — o~ — —
T T :

T T T T T T T T T T
8.6 8.5 8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7
£1 (ppm)

"H-NMR spectrum of 5b

T

.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8

=
S
o3

7



3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

=200

8208 °¢

V96"
8986
0600 *

881V

8629 "
6579 °
1899
9999
2089 "

0820 °
1050
61.0"
29L0 "
LLITS

1605

120§ "

VLTL "
86¥L "

o

W&o.m
%mﬁ.w

7T 76 7.5 7.4 7.3 7.2 7.1 170 6.9 6.8 6.7

7

8
£1 (ppm)

8.7 86 85 84 83 82 81 80 7.9 1.
"H-NMR spectrum of 5c¢

8.8

8000

7500
7000
6500

6000
5500

5000

4500

4000
3500
3000
2500
2000
1500
1000

500
=500

L9.8°
8970

il

0
s
8991 *

2050
2990
1690

0z€T
80ST

91€¢ "
L
L
evee”

ree
yIge

c6vv

[AEn
829G ”

1929 °
L8V9°

9218
€918

8179
€799

) —

4000

1000

L~

8>

‘g
g —

ST

8.6 85 84 83 82 81 80 79 7.8 7.7 76 75 74 73 7.2 7.1 7.0 69 6.8

8.7

£1 (ppm)

"H-NMR spectrum of 5d



1900

1800

1700

1600
1500
1400

1300

1200

1100

1000

vy
09€2 *

0167 *

1729 "
98€9 °
€979 °
0099 *

1760
6.0 "
¥950
1020°
VL0 "
OTTT”

G206 "
G906 *

SI1.L
8€€L

g
g

/

/

6.8

6.9

7.7 7.6 7.5 7.4 7.3 7.2 7.1 170

7.8
£1 (ppm)

8.7 86 85 84 83 82 81 80 7.9
"H-NMR spectrum of 5e

8.8

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

29€0 *

8097
[t
s

€108

2cL9
9769

0298 "
1988

LL90°
6€L0°
1060 *
2560
8LIT"

GrIG "
€616 "
g

€V98

GL6L
6618

L —

L~

L~
-

.
g —

I

16 °C

Fooz
Foo1

7.5 7.4 7.3 7.2 1.1 1.0

7.6

7.9 1.8

8.0

8.7 86 85 84 83 8.2

8.8

£1 (ppm)

"H-NMR spectrum of 5f



3200

3000
2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

=200

6700 °

068

9849
6089 °

G126 "
LEVE "

02¢0 "
€60 °
Lv90 "
0.80"
9811~

960¢
€e1g”

SOvL
629L

g
g

o
o

L1°C
16 "G

16T

=
o

7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0

9
£1 (ppm)

8.5 84 83 82 8.1 8.0 7.
"H-NMR spectrum of 5g

8.6

8.7

8.8

(=1 (=3 (=3 (=3 (=1 (=1 (=1 (=3
(=3 =3 (=3 =3 (=3 (=3 (=3 =3 =3 =3 (=3 (=3 (=3 (=3 =3 =3 =3
(=1 (=3 =3 =3 (=] (=] (=1 (=3 (=3 (=3 (=3 (=1 (=1 (=1 (=3 =3 (=}
€2 I 2 8 =2 3 35 88 88 % 8 & <2 o 7
PR (P i R ST S P S R
G750 2 — — —J teo0e
0105 G
mmozw
660G Z
(=3 (=1 (=1
=3 (=3 (=3
(=3 (=1 (=]
© <t N (=}
0°F o
VLYY W— e
€98V M — 8Ll
690G "L r =
| ‘Petg
ne
PII9Y, — L
SSJJ‘ ON%
[
. =3 (=1 =3 (=1 =3 .
07,9 — — £ & g€ g g 00T
Iz <t o o™ — (=]
16869 — Lo1g
1556 °9
(=1
VO
~— 801078 *® 0°g
T ceeds vE ¢
T Zlihs . 5702
N 86 [T}
55708 — [ S
. g
—_— 908~ g 86 °¢
— 99078 P 61
o &
0867 '8 Fo
910G 8\ — \ . F06°1
) €ICT §— te6 .
860L '8 — —_ 1861
336L°8 2
[

2.0

2.5

3.0

3.5

4.0

5.0

6.0

6.5

7.0

8.0

8.5

9.0

£1 (ppm)

"H-NMR spectrum of 5h



(=3 =3 =3 =3 (=3 (=3 =3 =3 (=3 (=3 (=3 =3
(=1 =3 (=3 =3 (=] (=1 =3 (=3 (=1 (=] (=1 =3 (=3 (=1 (=1 (=3
(=3 0 <© - N S ieel <© <t N S =3 =3 (=] (=] N
o N N N N {28} — — — — — o0 © < N (=] [}
ST L%
6287 Foe9
(=3
=3
(=3
N
699¢€ ¢ — —
7601
LVET
6651 °
520
91€9 "
e
a,
£
5
GELL'9—  gTToN Foo-1
. 1170 "
16€6 9 — 0°1
0296 °9 wm‘
8186 9 etz
“ ‘u zy
127
F00°2
€121 8~ 10T
2veL g~ 9509 ST

5.5 5.0 4.5 4.0 3.5 3.0

6.0
£1 (ppm)

"H-NMR spectrum of 6a

6.5

8.0 7.5 7.0

8.5

9.0

30000

25000

20000

15000

10000

5000

W0

1628 92 —

6998 "9¢ —

6096 "LTT ~
G806 811 -~

L88L"GVT —
G19¢ "6Vl —

1187991 —

20000

%

V88

1€LE
V.29
2256

96¢¥
1979
€110

Y0r9

15000

921 —

8G1 ~
821 —
821

06T ~
0er —
e

eel —

10000

5000

125

127

129

131

133

£1 (ppm)

160 150 140 130 120 110 100 90 80 70 60 50 40 30

170

£1 (ppm)

BC-NMR spectrum of 6a



— = o o~ Lo %0 3800
<+ D 0 o~ e
=B 2 B P
o < o ciei [ 3600
\’ | | % [ 3400
3200
3000
/ 2800
2600
2400
F2200
2000
1800
; 1600
8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0
£1 (ppm) F 1400
1200
1000
800
600
F400
L»zoo
Fo
? F-200
<
6.4 6.0 56 52 48 44 40 36 3.2 2.8
£1 (ppm)
1
H-NMR spectrum of 6b
(5] — (=1
w0 — <t (2] a\} O
— <+ O [Tel =3 joe}
@ o s 2 50000
€ 86 2 = 8 2 g & 53 = = 8
— (o2 < [5e [ © O w0
[ | © SR f “ @< = 40000 I
& 55 B = 2 88 g 45000
| T | | | 30000
20000 L 40000
10000
2 0 35000
132.5 132.0 1315 131.0 130.5 130.0 129.5 129.0 128.5
0 1 (ppm) F 30000
NHCH
F 25000
2 S 2 RS 60000
E s 2 zs8 i
o) o el © S e 50000 F 20000
3\ o™ — —— —
| | | NI
30000
20000 15000
\ | A 10000
0 10000
25 123 121 119 117 115
/'\> 1 (ppm) ““) F 5000
WW«J bWWwwmwmmzns LT T Ww.#". W0
T T T T T T T T T T T T T T T >75000
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
£1 (ppm)

BC-NMR spectrum of 6b



100 90 80 70 60 50 40 30
£1 (ppm)

110

BC-NMR spectrum of 6¢

120

130

140

150

160

(=3 (=1 (=1 =3 (=3 (=1 =3
(=3 =3 (=3 =3 (=3 =3 (=3 (=3 (=3 =3 (=3 (=3 (=3 (=3 (=3 (=3 =3 (=3 (=3 =3 =3 (=3 =3 =3
(=1 =3 (=1 (=3 (=1 =3 (=1 =3 (=] =3 (=1 (=3 (=1 (=3 (=1 (=3 (=1 =3 (=1 (=1 =3 (=1 (=1 (=3 =3 (=1 =3 (=3
28 F IR FT &§ I 2 g T 2B S S8 o 7 < B 2 8 < = =1 2
P G G T AT AT A A A A P A A ; ; i ; i ! ! ;
F 0928 "9% —
STy ol %
61687 o
[a\}
L .
6256 "¢ — i 3
. 1
[ o3
(=} o)
= : 3
m I o L < S o =
1 1 1 1 =
L= L
) 1166711 ~
0109 12~ © r NS €618 °G1T — =
1169y <" F e -
7059 ° 10} F < G L w O O—
8699 'L . o 3
V819 "L b r g 9218 "L11 — [ = O F
- =
) © m 8£26 81T — F
F o = o
[ Q o =
© Q P £
> Fe2 & %
b & n [ T
oz & N ;
o Kol [ —
8810 '8— Sm o [ < M 3
¥8Y0 '8 = [ oo 1
- Z 2 i
<= L3 T €210 721 — Fas
N - -
F o 9.8 "651 —
2808°9 — — Fo80F & S m
€V6°9 — o
€669 f ~— Mo foraf - 7%
6200 "L [ e »
sl o~ - m
[ L 8910 "ZHT — 1699 °851 —
SZ4 ] 0" © [
s Le €011 "06T o
—_— F o Rowv[ = G8VE "6V T — 6512 7061 \ Fe
s A
© - oveL Aoﬁw F
18198 4 ot €920 "TET
T ‘wW/ 10°¢ Bov[ e 6256 6T — [ 8
r 6915 29T — 6095 "ZET —
- L
— Too-af €98 99T —
i) S— Boer
S12L "8~ v
€16, 8 B Fooel =

170

180



(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
(=1 (=1 (=1 (=] (=1 (=1 (=1 (=1 (=] (=] (=1 (=1 (=1 (=1 (=1 (=1 (=1 (=1 (=1 (=1 (=] (=]
(=] D o0 ~ o 0w <t o N — S (=3 (=3 (=] (=3 (=3 (=] (=] (=] (=] — oN
™~ =1 —_ — — — — — — — — (=2} o0 o~ © [Ia) << o N — (=] I I
P R L A S R R R (A P PSSP SRR w
AL NN .w .
9928~ bz
0eve '€ — S S S S
[os} © < N =}
8
0010 “2}— X
0£€0 "L|— <Ho-
6150 "L q
1880 "4\ — =
GETT "L\— AR
6LET°L
(=]
N
o~
SE
5208 "L\— AL%‘ CE
€806 "L i —
Y=
(=]
s
~
€28 "L\ — e g
6906 'L o
87619 — v Too'1
P0LS - %m,
2009 "\ rrte
101
S~ 11k
— 172
1620 '8~ o
250 8~ B ey
8VS '8 — — 072
G68¢ '8 — —_— 80 ¥
68198/ F

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

£1 (ppm)

"H-NMR spectrum of 6d

(=1 (=1 (=3 (=1 (=1 (=3 (=1
(=3 (=3 =3 (=3 (=3 =3 (=3 (=3
(=1 (=1 =3 (=1 (=1 (=3 (=1 (=1
(=] 0 =3 0 S 0 S (=3
< o 5] N o™ — — [Ts} =}
! | ! ! ! ! ! I h
9718 9% — =
8181 "¢ —
[8ET "6
0912 "6¢ 1
1188 °6¢
8666 "6¢ .
$G9T1 "07 8
9112 "0 S
Y19 07 4 T N
5675 0V
2912 loi 0
6928 0% S
€289 '821 —
6508 '81 — -
o
2
€922 621 —
[fe]
o
2
(=]
=
=
PLLE 08T — 0
LEVG 08T — 8
1509 °0€T g
&
(=]
862L 911 ~— . 5
A 8e10 181 =
7020 611 ool Teq = «°
1619 621 — -
2105 G2T - 1.1/
=
(=]
5
V6L TV —
09€€ 261 — o
6959 67T — &
892L 261 —
(=]
e
88GL "991 —

90 80 70 60 50 40 30

100
£1 (ppm)

150 140 130 120 110
BC-NMR spectrum of 6d

160

170



o o (=1 o o (=1 (=1 o (=3
=] o (=3 (=] (=] (=3 (=3 o o (=3 o o o
- N (=] leel <© <t N =1 (=3 (=3 =1 (=] N
o~ [aN] [a§] — — — — — o0 O - N (=] [}
i i i ! ! ! ! ! i ; ; j :
2128°% L )
2968 2 VJ 19
G066
=
m (=3
(=} (=3
— [Te] (=]
(I}
[
18092 ©
082802 g
81697 €
€169 L | =
<
fee)
[ =
(2]
[ =
5200 '8 ~ Lo
. 8820 Ve g .
6L08°9 — 88TON & o1
o
9161 "L~ o~ .
622 L~ — o 1912
PT0€ '8 -
_ oG Leet
<A
Fos /
— U X For 7
F o
7258 g~ .
619G " © )
el o 000
— 192z
68698 .
82,8 T 188

5.4 5.0 4.6 4.2 3.8 3.4 3.0

5.8
£1 (ppm)

8.2 7.8 7.4 7.0 6.6 6.
"H-NMR spectrum of 6e

8.6

(=] o (=3 o (=] (=] (=] o o
=3 (=] (=3 (=3 =3 =3 =3 (=3 (=3 (=3 =3 =3 (=3
=] o o (=3 (=] (=] o o (=3 (=3 o o o
f § 8 8 8 § § 8 § § § & o §
861892 — @
60€7 "9€ —
gorz oo
8167 6¢
869L "6€ 4
6LY0 "0V 4
092€ "0V
6£09 .oi
6188 0% -
=3
(=]
jee)
Y S S N S E—
PR
0
V€29 =
(=]
6656 " o
[{e]
w
(=}
g
¥L21 =
wE
T99F S&
T
18V "LTT ~ 6578 o
€026 811 — =
1996 €21 — veet
9616 "CaT M/
80L5 =
(=]
o
o
1199 "PHT —
PR
I8¢ 67T — atpe- o
6698 99T —

30

40

50

60

70

80

90

100

110

120

130

140

160

170

£1 (ppm)

BC-NMR spectrum of 6e



=3 =3 (=3 (=3 =3 =3 (=3 =3 =3 (=3 =3

=3 (=3 (=1 (=] =3 =3 (=1 =3 (=3 (=1 (=1 (=3 (=3 (=1 (=3

o0 <o = N =3 o0 o ol N S (=] =3 =1 (=] N

N N [\ [aN] N —_ — —_ — — o0 < < N (=] [}

! ! ! ! ! ! ’ ! ’ ! ! h ) ! h h
9087~ v )
9ve8 7 Fees
€986 ¢ — J

(=1
(=3 =3 (=3 (=3 (=3
(=] =3 (=1 =3 (=]
— jee) o A N =}
1 1 1 1 1 1
©
~
6059 "L
9089 "L — 1277
~
o0
~
9LV "L — 0
ehL8 L — -
~
(=]
€220N8 — «
6650 86
2060 '8 — <2
&
e
9
o
5020 "L — — 3 00T
NENAN x
L1971 ~ o1
2887 "L - [‘M)
1967 '8 36 .
= Fize
*© 1601
- Fses
12°¢ <
o0

8.7

861
Fice

H1 2

8.4 8.0 7.6 7.2 6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8

8.8

£1 (ppm)

'H-NMR spectrum of 6f

[ 34000
32000
30000

28000
[ 26000
24000
22000
20000

18000

16000

[ 14000

12000

10000

8000

6000

4000

2000

—2000

€628 '9¢ —

Yore "9€ —

Vi - 0

8 8 8
258 0¥ S S S
> Q — =3
T T T
6066 91T — r
¥€66 81T — r
88¥C T2l ~ r
LVeG el —
28¢€8 "€Cl — L
cyL9 "6el — L
18LL 82T — L
8€6¥ "0€T [
9099 "0€T AS L
cIve '1er —
L9G9"AVT ~ L
870€ "8V1 Mmomw 7€ —
¥6€S "6V1 L
G98L Vel — L
968L 991 —

117

119

121

123

125

127

129

131

133

135

1 (ppm)

30

90 80 70 60 50 40

100
£1 (ppm)

160 150 140 130 120 110
BC-NMR spectrum of 6f

170



4000

3500
3000

2500

2000

1500

1000

500

76182~
828 ¢~

6LVE € —

9986 9 —

—

o

~—

/

—

J/

1000

9ve9 X —
799 "L\—

6106
S0€6

Lv80
6260\
1680 *

[assin

896G
1119°

yieL”
0T19L "

500

7.6

o

5.4 5.0 4.6 4.2 3.8 3.4 3.0

5.8
£1 (ppm)

8.6 8.2 7.8 7.4 7.0 6.6 6.2
"H-NMR spectrum of 6g

9.0

55000
50000
45000
40000
35000
30000
25000
20000
15000
10000
5000

—5000

V.28 °9¢ —

120L "9¢ /

40000
30000
20000
10000

1

¥8¢L 911 —

117

119

0866 81T — r

9668 "€21 — L
260€ Vol —

f1 (ppm)

GLL9 ST —

181L 821 —
8625 631 — :

CLTV "OV] —
VLT 6Vl —

1918 261 — 8TLY 08T —

6922 161 — E

T
131

86V "2e1 —
0L08 "991 — L e

133

170

90 80 70 60 50 40 30

100
£1 (ppm)

120 110
BC-NMR spectrum of 6g

130

140

160



o (=1 (=1 o
o (=3 (=3 o (=]
Yol (=] [Is) < =3
[aN] o™ — — [Is} (=]
1060 % — —_— L 700°€
L18V°T
91877
GE6Y T
L Tor-o
8828 7
98€€ '€ — S - J
(=] o
— n <
S S
0186°L g
29862\ -
500058 ~ L3
2010 '8 -7 L6 F o«
9610 °8
€0£0 "8
=1
9]
S
&
S S
& )
=}
(=3
£
mf
281L°9 — oz b - 7960
] N V..
V169 e =6 107
18669
. 2
LIV L~ £ .
9V6Y "L —_ 6T
L68S "L 1202
V619 "L anss k— (s
0066 “S\— 8 Lo
fee]
[— - 161
€969~ & 1172
AL\? = o
€62L 8 —]

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

£1 (ppm)

"H-NMR spectrum of 6h

6.0

6.5

7.0

7.5

8.5 8.0

9.0

90000

80000

70000

60000

50000

40000

30000

20000

10000

~-10000

€298 '0¢ —

0628 "9¢ —

€6LY 9¢ —

€160 '96T —

6568 2Vl —

€892 "6V —

€988 991 —

40000

1620
G268 *

€0ET *

82€€ "

1082 *
8696 *

[t
€421
1res
LL96 "

LLEY "

30000

81T —
81T —

Vel —

Gl —

STT~
821 —

601 —
0€T —

0e1 /
oe1/

ol —

20000

10000

o
I
—

131

133

!

T

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

£1 (ppm)

BC-NMR spectrum of 6h



2600
[ 2400
2200
2000

1800

1600

1400

1200

1000

800

600

400

6168
6016
6806
G816 "
0LES
874G
1€L6 "
€165
0609

S o 2800

—_— e N

N

annc -

9ee
0282
0992
89L8
962
801¢€

118L°9 —

mmwm.@
Nﬁwm @N
G666 "9

St
m:m.m /

9110 '8 —
31808/
GeVT 8
G855 '8
20188

652, '8 —
18,8/

=
T
]
T
5]
)
2
)
)
T

ol

HoOv

g
S S

86"
H6"
ISCH

——

—

1.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

8.0

8.5

£1 (ppm)

"H-NMR spectrum of 7a

=3 (=1 (=3 (=3 (=1 (=1 (=3 (=1 (=1 (=3 =3
=3 (=3 =3 =3 (=3 (=3 =3 (=3 (=3 =3 =3 (=3 (=3 =3 (=3 (=3 =3 =3 (=3 =3
=3 (=1 =} (=3 (=1 (=1 =3 (=] (=] (=3 =3 (=1 (=1 (=3 (=1 (=1 (=3 (=3 (=1 (=}
S ¥ 528 T 298 228 828282888 °S o 7
P R R S S A R S N S AR
81680 \L
€016 10— 819
18260
6L1G T
826G 1 /
685G 1 —_— 81y
0261
206G 1
78091
8L6V 'C
0205 NW =
€90S 2 - = = J
(=3 =3 (=3
=3 =3 =3
9G€7 '€ T N T T
63V "€ ET66 9 0
1667 ¢ {%ﬁ/ -
5095 °€ + <
1192 °¢ 02€0 "L V/ U
GyLZ e 08S0 "L
0¥82 '€ 96L0 "L 0°q ”
€762 ¢ SLLO .m
091¢ '€ G760 "L ~
VrOT °L Fo
o
M
hal
M
G
L2
6096 2L, g [TE
208G 'L // =507 o
1666 "L — = Fe”
1919 °L Lco 4
16892/ - S
M R
-
[&]
2
feel o sl
M <L
=
82689 — — | @ M\ow M
S~ ~
— 07
6520 '8 L<
9630 .wf 61 © 01
618648 | .
8090 .wM/ g — 02
€680 '8 i )
€657 8
2287 '8 .
€65 '8 R — i
619G '8

cI85 '8

2.5 2.0 1.5 1.0

3.0

6.0 5.5 5.0 4.5 4.0

6.5

7.0

8.0

8.5

£1 (ppm)

"H-NMR spectrum of 7b



m =3 =3 =3 (=3 (=3 (=3 =3 =3 =3
(=3 =3 (=3 (=3 (=1 (=1 (=1 =3 (=3 (=3
=1 =3 =3 =] (=3 (=3 (=] =3 =3 =1
— {2} 0 o~ O [Te] < o N — (=}
0968 0
9v16°0 W[, _ Te6c
0£€6 0
L1626 °T
Mﬁf/
665G T — Fsov
18161
€966 T
9v19 T
186V 2
GL6VC
0205 2
6906 2
6016 2
8667 "€
€197 "€ -8 8 8 8
9012 € S—S- S 8
€82 '€ T B T
€106 "¢ 9329 °L ©
e €8¢9 g% F e
6oL =
s1e9 L = o
0099 'L \ Lo
9619 L
ee]
[ =
o
[
6L10 8~ Lo
€220 '8 — ek
IR Ea—
62908/ L s
— - A
N (4]
Lo 2
8
o
86189 — — o 00T
9096 '9 — —_— M 1202
12869 -~
6700 'L Fos
9259 "L wwmw mv _—0F
€869 L A o L6t
6119 L o
6150 '8 9696 '8 —
. S8~
€220 '8 — greag —=Tgl© 1o6°¢
€070 '8 616687 o«
6290 '8
€057 87 e = F0°g
VoGY '8 120r-s~ [ 86T
9695 '8 LIVES—= —30F B0z
0785 '8 \ h

2.5 2.0 1.5 1.0

3.0

4.0

4.5

7.5 7.0 6.5 6.0

8.0

(=3 (=3 (=3 (=3 (=3 =3 =3 =3 (=3
(=1 (=1 (=1 (=1 (=1 =3 (=3 =3 (=3 (=1
=2 & 8 g R § &8 2 & o F
7068 0
0606 "0 Wf 2 1969
V1260
1916 °T
@mm.ﬁw
9255 1 _ F6e T
90L5 1
6885 1
1209 °T
026 G
296 ”Nk
1905 .N\ )
1605 2
8867 €
8287 "¢ S o o o o )
2 6017 '€ —_— S 2 2 S g == FltY
=~ L182°€ -
G 911e "€ L6101 =
© 2890 " / o
1680 g% 0 5,
g 9180 L ~ &
-
m 8171 "A\— 50 oy
)5 8OV L 2
3 9291 L o =
<
= &
~ (2]
= & [y =
-~ .
M eege s/\ 20 _
z .
= -
8065 "L~ 172
€096 "L 0t =
©
-
€7e9 b ~ .
6929 ) -
o~
718879 — — £00°T
o .
Ny 7. / B
— - 0T
— - £00°T
— Rerg
. L070 '8 o 0z
a9y 8 =—6110" % ;
169y '8 0890 B~ 90 02
1995 '8 2190 Amfw ok = .
v6Le78 ——£08Y s #5812
7665 4w ——8960 '8 21 °C
1969 8 — L
68198

2.0 1.5 1.0

2.5

3.0

3.5

4.0

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

£1 (ppm)

"H-NMR spectrum of 7d



5000

4500

4000
3500

3000

2500
2000

1500
1000
500

0968
916
0€e6

€628
VIve
G695
LLLG”
6565
V19

Soo

€26V
8967 *

850G 2
€016 2
€662 ¢
696¢ "€
§0Lg "€
9282 "¢
900€ "€
1z1€°¢

NN
—_—e— e N

6L18°9 —

6607 'L~
V1eg L7

L1

1500

1000}
500

cL10°8
L120 .wV
G6£0 °
€970 '8
2690 '8

—

€851 '8
[E——
1285 .wW

— €965 8

— lmf

L90L "8\~
—062L 8
_

—

7.6

7.7

0
o~
[z}
o~
<
o
EIE)
a,
&
N
oo
[l
o
Al
© 180"
.
© Ter-
6/
-
© 120"
0"
H0"

hd

R

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

8.5

£1 (ppm)

"H-NMR spectrum of 7e

(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 =3 (=3 =3
(= (=3 (=] (=3 (= (=3 (=] (=3 (=3 (=3 =3 (=3 =3 =3
[Ye) (=3 [Ye] (=3 L (=] [Ye] (=] (Yol (=3 0 (=1 =3 Te)
o o Lo Lo < < o o N N — — 0 < I
€068 '0 ;
6806 '0 Wj ST 9
€126 °0
616 T
096 T /
756 T —_— e
€216 T
606G T
0609 T
9267 2
0.6V HN/ ]
STUS 6
090¢ &\ )
7016 2 1
8Vez ¢
V282 Amw .
9c9z "¢ —_ 807
€817 ¢ g 8 s
2962 € 2 2 8 o i
1218 e g
2ESY "L~ z
€LV L 0°[ 5
16V 'L Mo o
-
o
[
2019 L~
e f\ ﬂoa -
0
2198 L [
8708 1\ 0 o
3188 "L S
€688 L
28€0°8 L=
92%0 '8 V o z
2098 L= 5
1790 N 8% E W m._
0080 '8 \ = @
9201 '8 N 3
[ o T
1280 "L — — o 100 T
-
— oron- Mo 100 T
T 68978 ﬁmm ~ 0%
1578 01
— oo 2h @ 17 °G
5165 87 F o
1509 '8 - -
—_—
N Fos ze
T 976L B~ £ j 44
1918 " [

9.0

f1 (ppm)

"H-NMR spectrum of 7f



=3 (=3 =3 (=3 (=3 =3 (=3
=3 (=1 =3 (=1 (=1 (=3 (=1 (=3
=1 0 =3 0 (=] 0 S =3
< o o N o™ — — I}
€068 0~
0606 0 p—————— 929
€136 °0
GLIG T
16851 W
L6891 — Eszv
61451
1066 'T
9809 'T
Va6V T
6961 ”N/
0905 &\
7016 G
188578
v158 gmw
ASISYA e
061 '€ o o o
1268 "€ S 2 S
€e1e ¢ > n n i
{2}
6V16°L It
3LE6°L —
2920 bt
2080 8\ I
810 8 —
7920 '8 A=
88608 — e 5
(2N
5
(3l
8B
[=1
=
!
1857 "8 .
6297 '8~ 0%
1866 °9 — — = —— 10071
V188
0685 '8 — 90 ¢ ©
G959°L~.  0£09 8 o .
8829°L 7 +6072
_ - 01 °C
— % Y1V
286 g~ ) / 122
1668 — 10
o 802
P— % 190G
——

L0

o

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

5.0

8.0 7.5 7.0 6.5 6.0 5.5

8.5

£1 (ppm)

"H-NMR spectrum of 7g

(=3 (=1 (=3 (=3
=3 (=3 =3 =3 (=3 (=3 =3 =3 (=3 =3 =3 (=3 =3
(=3 (=] (=3 =3 (=1 (=1 =3 =3 (=1 (=3 (=3 (=1 =}
S 3 2 8 g 8 8 8 § 8 8 83 0
€680
22160 Wj ECT9
0€6 0
1128 T
Nmmf/
€165 1 —_ ey
mmhfw
16661
0280 2 — _— £60°¢
126V T
167 %
1082
0905 2
Y016 G
1987 "€
28T e s g g s 07
190 ¢ TS 2 £ S o E
9167 € =
2618 € 1807l ~ 5w 2,
0967 WJ\ (LN 5
mz
2094 ~ | z
1629 "L 0°F
~
[
o0
[
[=2]
[
60008
£50! .wk LS
V610N — 11 C = =
£120 Y/ B z
91708 |~ & P
6 g,
- 5
[\
F o uwa
062L°9 — — 00T
o
€626°9 — Lo :
76769/ e ® B0
-t
. [ o
— ek 0k 02
— 0 o 1802
F o
0666 * /
— €8S W/W 0} © A%
118G '8 F o
— oLk | = €00
) MJ\ N F907¢
_ 1%

1.0

3.0 2.5 2.0

3.5

4.0

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

£1 (ppm)

"H-NMR spectrum of 7h



(=3 (=3 =3 =3 =3 (=3 (=3
(=1 (=1 =3 =3 =3 (=1 (=1 =3 =3 (=3 (=1 (=1 (=3 =3 (=3 (=1
(=3 (=] =3 =3 =1 (=3 (=3 =3 =3 =3 (=3 (=3 =3 =3 =3 S
[Ie) << 7] N — (=} o o o =3 (=1 (=1 =3 o o —
— — — — — — (=] 0 0~ © [I=) <t o N — (=] I
0706 0~ \_ S 1y
1026 °0 =~ forar
=3 (=3 =3 (=3 =3
(=3 (=1 (=3 (=1 =3
=3 (=] =3 S =1
I < el N — (=]
1 1 1 1 1 1
1978 1 ~
6298 °T L
L6181 €081 "L~ TSz
L9681 9671 "L €012
9616 °T 9891 °L ~
[
Y208 7 —
o
8LL0°¢ [~
e60 '€
€011 '€ .
9621 '8 — Fo Fo6e
6071 '€ ~
56T '€ By
2oLl e | = &
881 '€ o~ =
£91€ '€ 5
89192 | g
6129 L\ o~ =
9€€9 "L v6le
29 L -
[
0~
re &
&
>
[
0810 '8 Lo m
5120°'8 . i
61808 L6[E &
620 '8 |~ 5
o Iy
8681 9 — - 00T
e’ - &
€100 "L ™ €07
[l
[ o
—_ 6°¢
<
[ oo .
gy T 167¢
£9ey '8 vofe
= - 182
062L '8 9296 '8 .
glol g €L68L ™ 202 F 20T
5166 '8 e

1.0

2.5 2.0

3.0

3.5

4.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)
"H-NMR spectrum of 8a

9.0

(=1 =3 =3 (=1 (=1
(=3 =3 =3 (=3 =3 (=3 =3 (=3 =3 (=3 (=3 =3 (=3 (=3
(=1 (=3 (=} (=1 =3 (=1 =3 (=1 (=3 (=1 (=1 =3 (=1 (=]
zZ o2 Z =2 8 8 B 8 8 g2 82 & =2 o 7
| | | | : ! | | | ) | | | N h
G106 °0 x‘k .
281670 92 21
19281
2181
0898 '
6V.8°1 .
8168 T ~ Flee
8806 '
126V °C
1.6V ¢ 8 g g
9106 2 R S S
901¢ "¢ hmoo&% o
1801 °¢ €10 g/| 660
v0gT mk L0 s
. L2€0°L S0[z™
Prie ¢ — 68C0 "L o~
€vL0 L
1810°L b
2560 "L
GG01 "L -
M
Al
M
[Ie]
0656 "Ly =
oﬁmg/w 10flo
6L6G L, b
1819 °L 00[2
0179 "2 o~
L L E
~ G
&
O —
e~ G =
=
(%]
2
o
1+]
=
)
<
z
8768 9 — v 00°1
F 60
¢z
10°1
002
1y
L¥SS .mV. o1 'v
£699 .m\ 20°2
L€8G '8

1.0

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

6.0

7.5 7.0

8.0

8.5

£1 (ppm)

"H-NMR spectrum of 8b



11000

10000

9000
8000
7000
6000
5000

4000
3000
2000
1000

-1000

voomd
1€26 "0 >

¥8v8 *
€698
6188
2668
2916
£E6V
LL6V
2208

4896
5160
1Z11
281
9gv1
665T
1221
oz61
s

e SN

B mmmrdddmNaaN A=A

€918 9 —
V196 9 —=
9€86 '9
2800 "L

827L 8~
€cyL 8~

686V (8~ 0"
8297 '8

fh:mrm
“Rosslg\ 20"
9009 "H—

8.0

7 8.3 8.2

8.5

8.6

1 (ppm)
{H3C JaHCHoCHN

Foo a1

E L

10"
E 0"

10°

E €0
E 70

C

~

~

ISR

o~
T

7.0

6. 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

6.5

7.5

8.0

8.5

£1 (ppm)

"H-NMR spectrum of 8c

o (=3 (=] (=3 (=] (=3 (=] (=3 (=] (=3 (=] S
— o (=] (=3 (=] (=3 (=] (=3 (=3 (=3 (=] _—
—_— — [« o0 ©~ O wvy < o (] — o '
82060 J Torar
$616°0 M
9p8'1
¥198°1 .
€8L8'1 MJMH 07T
7568°1
S116°T
LL6Y'T —
0208 J
erire
%NZW \llu& Fory
[1ak3 s === =<
(=] wy o (=)
(S — —_— vy o
RS S ISR I E—— —
YLYO'L
£690°L - .
LIS0L— o 3
=
$PTI'L— i
WNEABM o'l
1091°L o
g
o o o (=3
(=] (=] (=3 (=3 o
g & & 2 o ~
SIECL~ ol E
SLYOS vISEL— &
91508 = 2=
LTLO'8 M =
6760'
)
« L61S'L~ ol =
» 68€5°L —
N
. “ 9L = .
80L8°9 — o 261 - 001
£ 819°L= 4/
g ~
~ o~
wa
11Ly'8
rLy'S 0
=]
80LS'S
75868 V
. )
$665'8 — w
619’8 —
61098~ ~
oo

4.0 35 3.0 2.5 2.0 1.5 1.0

45

fl (ppm)

"H-NMR spectrum of 8d

6.0 55 5.0

6.5

7.0

75

85 8.0

9.0



=3 (=3 (=3 =3 =3 (=3 =3 =3 (=3 (=3 =3
(=3 (=1 (=1 (=3 =3 (=1 (=3 (=3 (=1 (=1 =3
=3 0 (=3 n =1 0 =3 o (=] 0 =1
© [Te) [Ia) <X < o [5r] [aN] o™ — — (=]
; i i ; ; y ; ) ; ! ! h
69060~ .
97260 Froer
6978 T
6£98 T
6088 'T ~ E 2T
116871
6V16°T
816V 2
£O61 QV
6009 4@
160 "€
6011 °€ .
9921 "€ — ETov
et e =
1861 "¢ 8 s o
VSLT € = = £
6061 '€ — g
60T€ '€ 7 )
= =
2
8529 " < Z
9669
1979 "
1659 e~
-
o0
~
[=2]
o~
9120''8 o =
0920 &\ S g
6570 7 & z
9610 - 2
5005/ g =
£
o z
GLI8 "9 — - < =00
€012 "L~ = .
816517 - < F 0
N - E20
6CT
Loy mrv e 00"
1896 "
—1e86" © 202
. —7L6S '8 o <z
€90L "8~ = A

882L '8~

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

£1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0
"H-NMR spectrum of 8e

8.5

(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
(=1 (=1 (=1 (=1 (=1 (=1 (=1 (=1 (=1 (=1 (=1 (=1 (=1
8 3 8 2 2 S B 2 ] 5 s 2 2 )
; : X ! : ; ; : : ; ! ! ! h
006 °0 L .
a0 87 21
6528 T
28 1
2668 °T
19281 102
6268 ;N — F
ZL6V ”N/
£905 N\
8016 2
6520°€ -
1060 .mm — 80
€301 ¢
1621 °¢ g 8 8 = )
6T '€ & =5 = 5
8eCT '€ © 5
PILLE =~ )
€981 °¢ 5
PITE 619 A~ z
V69 °L
=]
1298 °L =
2998 20\
1788 "L
2988 °L
9670 '8 e
)
0810 w% o
€590 8~ I
1020 M< 2 2
9680 8V g 5
£901 '8 ~ I
o Q
B £
€ee0 "L — < 00
o
A B
€61y L N 00T
Va6 L — - E90°%
- o A/ 01
— TV 12°G
5LV '8
— 708¢ " = 1072
o0z6L 8 TTggsg ww © ELie
— o : Fore

4.0 3.5 3.0 2.5 2.0

4.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 X
1 (ppm)
'H-NMR spectrum of 8f

9.0



3800
3600

3400

3200

3000
2800
2600
2400
2200
2000
1800

1600

1400

1200

1000

©
o
3
SS
N

0
—
I
o

IO o —

o)
60
==
0

o o

£S

= =
= =

+
&

€866 '9 —

9189 'L~
6619 L~

1€EL '8~
G5GL 8"

1000 /

8Y9V "8~
897 mf\

65L5 "8~
<066 "8\—
Q109 '8
—~

G916 "L\—
88E6 "L
8920 'R —
1670 "8\—
1080 '8,—
8201 '8

(H3C)zHCH,CHN

E 16
L6

61"

00"
FL0°
E LT

E 86"

SNl aied A

8.5 8.0 7.5 7.0 6.5 6.0

9.0

£1 (ppm)

"H-NMR spectrum of 8g

=3 (=3 =3 (=3 =3 (=3 =3 (=3 =3
=3 (=1 =3 (=1 =3 (=1 =3 (=1 =3
=3 (=] =] (=3 =3 (=] =3 (=] =1
D 0 ~ © T2 < 5] o™ — (=]
€606 °0 )
00260 " B2
05K8 1
61981
88181
19681 - Loz
9250 7 — —_— E10€
226V 2
196V 2
21062
8606 ' S 8
7810 € S = IS
8680 °¢ ! \ i
9201 °€ .
8621 € oy Frwow
) 99272 .
€6€1 "€ it 161
€991 "¢ o
€2L1 €
LISTE .
Gele e €809 °L F e
90€9 "L 0072
-
[ =
[oe}
[ =
[z}
[ =
6500 "8
6600 ° Vr | o2
0€20 "8t Mo B =
oo 66 & £
02€0 '8 = 2
€610 '8 Lo o
]
2
. ] =
68209 — < b Mws.o
66269 —~ E 8671
0056 "9 -
[ oo
— E 67T
~ L 4.4/ 00°%
. 0
e Aw(wﬂ 6h
L8 - 66 °¢
[ o8
768¢ '8 L6
900L ‘8 e 10z F1072
N r o .
ool 8> 89 o ES0

1.0

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

8.5

£1 (ppm)

"H-NMR spectrum of 8h



