Supplementary Information (Sl) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2025

Supporting Information-11|
(NMR Spectral Data)

Direct Organocatalytic Chemoselective Synthesis of
Pharmaceutically Active Benzothiazole/Benzoxazole-Triazoles

Badaraita Gorachand, Pandhiti R. Lakshmi, and Dhevalapally B. Ramachary*

Catalysis Laboratory, School of Chemistry, University of Hyderabad, Central University (P.O.),
Prof. CR Rao Road, Gachibowli, Hyderabad-500 046, Telangana, India
E-mail: ramsc@uohyd.ac.in and ramchary.db@gmail.com



mailto:ramsc@uohyd.ac.in
mailto:ramchary.db@gmail.com

S No

© 00 N oo o B~ w N

I R e N T T T S = S S T
© © W N O OO b~ W N L O

CONTENTS

'H NMR and *3C NMR Spectrums of Compound 4aa
'H NMR and 3C NMR Spectrums of Compound 4ab
'H NMR and 3C NMR Spectrums of Compound 4ac
'H NMR and 3C NMR Spectrums of Compound 4ad

'H NMR ,*3C NMR and **F NMR Spectrums of Compound 4ae
'H NMR ,*3C NMR and **F NMR Spectrums of Compound 4af

'H NMR and 3C NMR Spectrums of Compound 4ag
'H NMR and C NMR Spectrums of Compound 4ah
'H NMR and *C NMR Spectrums of Compound 4ai
'H NMR and *C NMR Spectrums of Compound 4aj
'H NMR and *3C NMR Spectrums of Compound 4ak
'H NMR and 3C NMR Spectrums of Compound 4all
'H NMR and 3C NMR Spectrums of Compound 4am
'H NMR and *3C NMR Spectrums of Compound 4an
'H NMR and *3C NMR Spectrums of Compound 4ao
'H NMR and 3C NMR Spectrums of Compound 4ap
'H NMR and *3C NMR Spectrums of Compound 4aq
'H NMR and *C NMR Spectrums of Compound 4ar
'H NMR and 3C NMR Spectrums of Compound 4as
'H NMR and *C NMR Spectrums of Compound 4at

Page No
S6-7
S8-9

S10-11

S12-13

S14-16

S17-19

S20-21

S22-23

S24-25

S26-27

S28-29

S30-31

S32-33

S34-35

S36-37

S38-39

S40-41

S42-43

S44-45

S46-47



21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

'H NMR and *3C NMR Spectrums of Compound 4ba

'H NMR, 3C NMR and **F NMR Spectrums of Compound 4ca
'H NMR and 3C NMR Spectrums of Compound 4da

'H NMR and 3C NMR Spectrums of Compound 4ea

'H NMR and 3C NMR Spectrums of Compound 4fa

'H NMR, 3C NMR and **F NMR Spectrums of Compound 4ga
'H NMR and 3C NMR Spectrums of Compound 4hb

'H NMR and ¥C NMR Spectrums of Compound 4ib

'H NMR and C NMR Spectrums of Compound 4ia

'H NMR and 3C NMR Spectrums of Compound 4ja

'H NMR and 3C NMR Spectrums of Compound 4jq

'H NMR and *3C NMR Spectrums of Compound 4ka

'H NMR and 3C NMR Spectrums of Compound 4la

'H NMR and *3C NMR Spectrums of Compound 4ma

H NMR, 3C NMR and **F NMR Spectrums of Compound 4na
'H NMR and 3C NMR Spectrums of Compound 4oa

'H NMR and *3C NMR Spectrums of Compound 4pa

'H NMR and *3C NMR Spectrums of Compound 4pd

'H NMR, ¥C NMR and °F NMR Spectrums of Compound 4pe
'H NMR and *3C NMR Spectrums of Compound 4pn

'H NMR, 3C NMR and **F NMR Spectrums of Compound 4ga

S48-49
S50-52
S53-54
S55-56
S57-58
S59-61
S62-63
S64-65
S66-67
S68-69
S70-71
S72-73
S74-75
S76-77
S78-80
S81-82
S83-84
S85-86
S87-89
S90-91
S92-94



42
43
44
45
46
47
48
49
50
o1
52
53
54
55
56
57
58
59
60
61

'H NMR and 3C NMR Spectrums of Compound 4ra

'H NMR and **C NMR Spectrums of Compound 4sa

'H NMR and 3C NMR Spectrums of Compound 4ta

'H NMR and 3C NMR Spectrums of Compound 4us

'H NMR, 3C NMR and **F NMR Spectrums of Compound 4uu

'H NMR and **C NMR Spectrums of Compound 4vs

'H NMR, 3C NMR and **F NMR Spectrums of Compound 4vu

'H NMR and 3C NMR Spectrums of Compound 1b+1b’

'H NMR, 3C NMR and **F NMR Spectrums of Compound 1¢+1¢’
'H NMR and 3C NMR Spectrums of Compound le+1e’

'H NMR, BC NMR and **F NMR Spectrums of Compound 1g+1g’
'H NMR and *3C NMR Spectrums of Compound 1i+1i’

'H NMR and 3C NMR Spectrums of Compound 1k+1Kk’

'H NMR and *3C NMR Spectrums of Compound 11+11°

'H NMR and 3C NMR Spectrums of Compound 1p+1p’

'H NMR, BC NMR and **F NMR Spectrums of Compound 1g+1q’
'H NMR and C NMR Spectrums of Compound 1r+1r’

'H NMR and C NMR Spectrums of Compound 1u+1u’

'H NMR and *C NMR Spectrums of Compound 1v+1v’

'H NMR and C NMR Spectrums of Compounds 7, 6 and intermediates Il and 1V

S95-96
S97-98
S99-100
S101-102
S103-105
S106-107
S108-110
S111-112
S113-115
S116-117
S118-120
S121-122
S123-124
S125-126
S127-128
S129-131
S132-133
S134-135
S136-137
S138-159






€10ao

000" 0——

9¢¢”
gee”
BEE"
6¥E"
€sg”
09€”
SLE”
LLE"
oge”
£ge’
68E"
86¢t’
Zo¥-
0T¥”
TV
Fev-
6c¥”
ch A
8%V
0S¥’
6S¥°
£97%°
ELY”
LL8”
£€68°
S¥6 -
196°

ol ol ol Sl i ol ol ol ol ol ol ol ol ol ol o ol o ol

[1H NMR 500 MHz CDC|3]

4aa

Product—-4aa

Ppm

10

11

12



FL 9L
€0a2 o0 .FPW.
SZ°LL

Le”
Ly
ET”
0e-
69°
4
c¥’
1A
1€”
68°
69°
98"
66°
00°
69°
L9”

(13C{'H} NMR 125 MHz CDClj |

4aa

Product—-4aa

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90



€00 192°

000 0——

LSE”
eLE”
88¢e "’
IXA A
8e¥ -
£S¥ -
FLY
6LF"
S8¥%°
96V "
02s”
LZS”
LES”
1SS~
¥SS-
vrLe-
068-
FE6”
156°
Fee”
AT

= mm——

€0 00 [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~

[1HNMR500MHzCDmJ

NO,

4ab

Product-4ab

JLUMI

11




VL 9L
£10ao mm.whW.
SZ'LL

A%
09

9T
13

8¥
T

L6

29

"TE2T
TECT
gL
T4

T4

T4

‘92T —=
T6 "
9g9”
79
06"’
"GET
oL’
qL”’
96"
TEST
L8"

veT

82T ——
O0ET
OET
VET

o¥T
o¥T
LYT

RIS

LST

[130{1H} NMR 125 MHz CDCI3]

Nz
A\
<
Ph
4ab

Product—-4ab

.WMMWWMWMWMMWWWW

| | | | T T T | | | | |
80

210 200 190 180 170 160 150 140 130 120 110 100 90

70



000" 0——

LO6"
€0ao €9z
gzZE"
oge"
gee”
6c€”
9FE "
£GE"
09¢€"
z9g"
G9€g"
Log"
G6E"
607"
ZIV”
81¥%"
A4
9Z¥ "
vEY
9G¥ "
LY
687"
678"
858"
v98"
zZLg"
8L8"
926"
1€6"
Al
0%0"
9%0 "
150"
LSO"
£€90°
890"

o 0 I T I O ol ol ol ol ol ol ol ol ol S S S S ol i el el el el el el AL

10

ppm

!

;

A

N[
=l
0| =

U

—

s

—

|
o

CO2Me
10

11

Product-4ac

[1H NMR 500 MHz CDCI3]

12




£10ao

9€'25—

LE'TCT
1S €gCT
L ¥CT
6Z2°SCT
SN AT
86 "GCT
29821
mH.OMH)/f
T9"0ET

ww.omawmx
mh.oma
hm.ﬂma
b6 GET
vy 6CT
mm.owak\n
L9 €T
8Z'8GT
69°59T-"

(13C{'H} NMR 125 MHz CDClj

COzl\/le

4ac

Product—-4ac

I 11—

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

11



000" 0———

£0a0 €92°
8G€E"
ZLE"
L8E"
N4 S
8EV -
99% "
ELV"
6% "
ZIS"
125"
625"
9L9"
£69°
€L8"
688"
vE6 "
066"

[~ [~ [~ [~ [~ [~ [ 0 0 0 0 0 D D~ D~~~

12

ﬂﬁ
2|2
-

S
(<]

g

g

N

[=]

L

CN

10

4ad
11

Product—-4ad

12

[1H NMR 500 MHz CDCI3]




0T~
8¥-
A
89"
FT-
0g-
LY¥-
eT”
98"
6v°
€9°
SZ-’
98"
L8"
1€”
69°
€9°
6~

I I
50 40 30 20 10 0  ppm
13

A
60

y

70

80

1

Nl

ul

CN

4ad

WA

Product—-4ad

210 200 190 180 170 160 150 140 130 120 110 100 90

(3C{"H} NMR 125 MHz CDCl




000 0———

€
10A0  ggz-

29€”’
8LE"
439
8ev”
XA
444
€97
9LY”
68¥% "
905"
STS°
02s-
184
629"
ZES”
Fes”
0LYS”
989"
988’
A
6¥%6°
996 °

[~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ 0~~~ [~~~

ppm
14

CF3
10

4ae
11

Product-4ae

[1H NMR 500 MHz CDCI3]

12




L 9L
00 o00°LL
GZ LL
9T 02T
S 12T
TE"2TTT
09 "€2T
LY V2T
8T°SZT
GE"GZT
¥ "GZT
80°92T
0S5°9ZT
£6°9ZT
95°92T
65°92T
¥9 92T
6L°8ZT
GE'0ET
69 0ET
GT'TIET
TP IET
Z6 " VET
L6 GET
£8°8€T
8% 'OFT
TL €EST
ZZ°8ST

(13C{"H} NMR 125 MHz CDCl, |

CFj3

Product—4ae

WJM&«NMMWWMWWMWWW

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

15



('9F NMR (470 MHz, CDCl,) |

CLo—
S

Ph

4ae CF,

Product—4ae

—-62.74

0 -20 -40

-60

-80

|
-100

|
-120

|
-140

|
-160

|
-180

|
-200

[
ppm
16



Bfelafe)

[ "H NMR 400 MHz CDCl;4 ]

Product-4af l\t
nt LJ [ ]

ppm

1 10

12

u#cﬂ
i
N

|

L
L0

\.’:
™|

=3
<
-

17



89 "9L
£10ao oo.hh)/.

Nm.hh\\.
L9°CT1
26 'CT1
SE'9TT
99911
SL°02T
8L°0CT
¥ 12T
GG eZT
(AMRT AN
mm.mNHUMF
TO0 92T —=
79 82T —¢
T2 0€T
99 0ET
¥9"0ET
88 FET
66 "GET
FPT°LET
FC LET
£C'0FT
89 "gqT
9€£ "84T
02 19T
L9 °€E9T

[130 {'"H} NMR 100 MHz CDCI3]

4af

Product—-4af

B | I

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

18



(9F NMR (470 MHz, CDCls)

Cro—C

IS

o (j
4af

Product-4af

-109.85

0 -20 -40 -60 -80

-100

|
-120

|
-140

|
-160

|
-180

|
-200

|
PPmM
19



€0ao

¥S2 LA
692" L
SLZ LA
mhm.hg
me.bg
mmm.r;
867 L1

ovE L
ZvE L
¥SE'L
65€" L
£9€° L
OLE L

ZLE L4

9LE L
Z8E" L
LO¥ L
0I¥ "L
FI? L
81V L
gy L
vev L
9C¥ L
8Z¥ L
TIEV L
EETV L
8e¥ L
0F¥ L
S¥v°L
9v¥v°L
0S¥ L
€SV L
09¥%° L
¥ov- L
L9¥ L
0LY L
SLY°L

6L7 L
z8v L

¥87 " L]
167 L
V6T L
867 L
898" L
6981
%88 L
588" L
166" LA
Z€6 " LA

hﬂm.h;

[1HNMR500MHzCDmJ

Cl

Product-4ag

ppm

13 12 11 10

14

15

L0
S0

[
o
©

Fu
e
™|

20



VL 9L
€0ao mm.mhme
SZ LL

187
£9
013
SP
00

€S

F1-
89"
£S”
88"
"QET
"GET
0Z’
TEST
A

9¢
4]

69

12T
"ECT
TN
T4
"9¢T
9¢’
£9°
68T —x

921
82T

/e

osT—7

OET
VET
VET

OFT

AN

89T

o 0 1 Py A AL A e

[”CﬂH}NMR125MHzCDCb]

Cl

4ag

Product-4ag

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

21



000" 0——

€GT"
691"
£paoLse”
682"
50€”
TZE"
6vE"
¥9g”
6LE"
06€"
90%°
9TV "
ZEY "
9by
ZSh°
65"
zZov "
L9V "
8%
86V "
TIS®
GL8"
168"
zZve "
656"

I
ppm

[l e e ol it ol o T o o o o o o Y o

[1H NMR 500 MHz CDCI3]

Cl

4ah

Product—-4ah
JUNILL .

10

12

22



89 °9L
£002 oo :../

Hm.hhk\\
EFTCT
ET EZT
99°€£2T
SE'GCT
£0°92T
hw.mNH)/(
SST6CT -~
ZT'0ET—7
S99 °0ET
wm.wmau\\
SO0°GET
66 "SET
26" 9€T
0Z°'0F%T
mw.mmeWM
ve " 89T

[130 {'"H} NMR 100 MHz CDC|3]

Cl

4ah

Product—-4ah

| T | | T | | T | T T |
80

210 200 190 180 170 160 150 140 130 120 110 100 90

Ppm

70

23



000°0—

€10aon ¥sZ-

gege”
LyE”
£9¢”’
6LE"
Zg8e’
s8¢’
88e”’
TeE”
86€E"
e0¥’
80%°
AN A
FIi¥°
LTI¥”
gev -’
0EY”
FEY”
9e¥”
A
6%V’
AN
6S¥ -
Ak
99%°
SLY”
8LY”
S88”’
T06°
Zve -’
866 °

(ol ol o O ol st el sl sl ol ol ol ol ol o o ol ol ol ol o ol ol ol o ol ol o

[1H NMR 500 MHz CDCI3]

Product-4ai

- o

60°LL

—/00°L
\0O' L

24



GL 9L
£10ao oo.hpme
GZ LL
€V 12T
0S°€2T
91°S2T
LZ SZT
66 °SZT
¥9°LZT
wm.mmau/(
S 62T
wm.mmﬁ)/(
mm.omﬁme
£G 0ET
€9 "TET
€6 " TET
€8 EET
06 "¥ET
LL"LET
6Z°6ET
ZL EST
69°8ST

AN D oo I BT A AR

[”CﬂH}NMR125MHzCDCb]

Product—-4ai

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

25



000" 0——

902" L
€TIZ L
8TZ L
0EZ" L
SET L
ZVZ L

€00 8sZ- L
EVE" L
ovE " L
T9E " L 4
€9€ " L
08E" L
€8E"L
OTF L
IV L
6TV L
ey L
TEF 'L
VEV L
8EV "L
oFv "L
GG L
9GSk " L
B9V "L
€LV L
8LV L
8% ‘L
L8V L
T6V " L
G6F "L
0S5 L
TIS L
8IS L
€25 L
geq L4
o0¥S L
L¥S L]
zZL8 LA
VL8 L
Z68° L
£68° L
GE6 "L
¥G6 L

ppm
26

1

b=l ]
Sle
|

-

[=3b:A
S|
o

[=2[;]
bl
-

[=d[)
EEE
==

Br
10
(2]

Product—4aj

11

[ "H NMR 400 MHz CDClj4 ]

12




89°9L
€0an oo.hpuvu

1€ 2L

€% TZT

€% €2T

SG €21

£€°62T

6% 'GZT

£€0°92T

67 92T

hm.mmﬁuuw

LT O0ET

mm.omﬁumm

ARE A

68 FET

¥0°GET

68°GET

wm.owﬁk\w

op.mmﬁk\w

Z¥ 8ST

[”CﬂH}NMR100MHzCDCQ

Product-4aj

210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10 O ppm

80

27



Blelafe)

ooo.o;
T8T L~
F8T L
98T LA
68T LA
TO0Z" LA
Foeg  L-
90¢C" LA
602" LA
LEZEZ" LA
L¥E LA

092" LA
L9Z L
ISE L
PSE" L
69€° L
ZLE" L
88E" L
Z6E€° L
BIV L
zev L
62v° L
ZEV "L
9EV " L
6EV L
Zvy L]
9FF L

0SF " L+
PSv LA

LSF L
L9F "L
69F L
08F L
98¥ L
Téev L
Fel L
005" L
¥F0S L
805 L
LTS L
ECSL
EVS°L
9¥S L
L¥S L
TSS L
€98 L
999°L
L9S L
0LS L
09" L
Feo L
629°L

088" L
z8g - L

006" L
106" L
9%6 "L

[1HNMR4OOMHZCDCb]

Br

4ak

Product-4ak

ppm

1 10

12

(2]
-

n

™0
s
™

™ Sl

™|

28



89°9L
€0ao oo.ph)/.

ze L
£ TZI
VL' 22T
LS €2T
TRt
¥0° 92T
0Z'8ZI
hm.mmﬁuy(
¥Z'OET
mw.omﬁmww
mm.omﬁk\\
9v " ZET
06" ¥ET
66°GET
£0°LET
om.owﬁk\w
mm.mmﬁk\\
GE 85T

[BCCH}NMR100MHzCDCq

Br

4ak
Product—-4ak

ST SO N

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

29



000" 0——

£0a0 ggz-
vEE "
LEE"
I¥E"
I5€"
19€"°
L9E"
GLE"
z8€g"
€8¢g"
T16€E"
LOV "
9TV "
ZEY "
L¥Y "
8¥¥ "
ELY"
SLY"
687"
759"
699"
688"
506"
V6 "
096 "

—

(ol ol o o8 Sl Sl il ol ol ol ol ol ol ol ol ol ol ol ol ol o

[1H NMR 500 MHz CDCI3]

product-4al

ppm

M~
NS
< |<f

d

N
’)q
-

8
QFQ
]
=

10

11

12

30



FL 9L
€000 oo.RW.
SZ°LL

74
o8
15
LT

66

96

8L
TL

LY

9¢
SL

"TZT
"TZT
"ECT
'e2T
Lz’
"GCT
XA
69°6C1T

.mNHHVv
AN
"TET
TEET
£6°
"QET
65"
"6ET
TEST
SL”

SZT

82T

z

0ET

PET

LET

IS

86T

(3C{"H} NMR 125 MHz CDClj

Product—-4al

e

40 30 20 10 0  ppm

50

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

31



000" 0——

018"

ILS"
LLS"
G68"
106"
LEZ"
£eve”
LvZ®
LSZ"®
192"

£0ao 89z
9gg”
geg”
zse”
99¢"
89¢ "
68¢"
Z6€E"
LOV"
A4S
8EW°
144
IS¥%°
L9V
oLS"
988"
9¢6 "
ZS6 "

== ——— |

(ol S il ol S ol ol ol o o ol o ol ol o o ol o S C I IR R

ppm
32

|

o
:

-
2
(4]

o (N

D=
™

0

-

JHJLUL

OMe

4am
Product—4am
10

11

[1H NMR 500 MHz CDCI3]

12




09°'99 —

VL 9L
oo.phme
ST LL

IS A8 AN
OF"TZT
05 €CT
8T1°G62T

16 °S2T
€6 52T
LS 9ZT-X

cv 82T —=
LO'62T

Hm.mNHuXW
9L 0€T
¥e "¥ET

90°9€T
88 6ET
mp.mmaumm
68°8ST
mH.omHL\\

I I I I I
30 20 10 O  ppm
33

40

50

60

70

| | |
80

210 200 190 180 170 160 150 140 130 120 110 100 90

OMe
[

N=<

>—§\r
Ph

4am

S
Product—4am

[”CGH}NMR125MHzCDCb]




000" 0——

86e°C—

9T
I8T"
zoz"
612Z"
fpaoosz”
LZE"
Zve”
LSE"
£8g"
L6E"
zZiv”
ZEY "
Lv¥ -
0S¥ -
oV -
868"
vL8”
A
8¥6 "

ol e e i

34

Ju“‘m l

Product-4an

11

[1H NMR 500 MHz CDCI3]

12




IT°'T¢—

VL 9L
€0ao oo.hhqu

sz il
LETET
8% €21
96 ¥2T
LT SET
16 °SZT
6 82T~
18 62T —
EL 0ST—"
mm.mmﬁk\w
16 ¥ET
86 " SET
16" 6€ET
76 65T
GL EST
z8 85T

(13C{'H} NMR 125 MHz CDClj

4an

Product—-4an

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

35



000" 0—-—

EEE" T —

LTO"
SEO”
vel”
fANA
oge”
vver
vee-
vve”
29¢g”
vLE"®
8LE"
96¢"
STV’
23
18%°
SGF”
9% "
89¥% "
LV
698"
6L.8°
£E€6 "’
£66°

£0ao

[l Sl 2l il et ol ol o ol o o o o o ol

-1 ppm
36

0

?

7
)
o
-

|

-
[

E

b

3

o
M~

-

:

Me

Product—4ao
10

11

[ "H NMR 400 MHz CDCl; ]

12




6T T¢—

89 9L
m_ooomm.w...V.

Hm.......\

9€ " 1CT
ST°¢¢1
8% "ECT
LT'S2T
8L"G2T
T8 SCT
T6 "SCT
8£° 82T
68 82T —

wmeH
P0.0MH
or.omak\ﬁ
68 FET

96 "GET
66 "SET

PGS 6ET
96 "6ET
L EST

9L 8ST

Ppm
37

70

80

T PO SUWPPRTORRP NHGHCRSARVIANPNr | TP FONFSPAT SRR SRVER WIS U HSRCTE NP A

Me

210 200 190 180 170 160 150 140 130 120 110 100 90

4ao
Product-4ac
 aanas

[130 {'"H} NMR 100 MHz CDC@]




000°0——

002"
912"
0€T"

f10ao0se”
9LZ"
062"
90€"
19€"
9LE"
16€"
00¥%"
T4
i 2
GGV °
oLY”
v0s”
€1S”
LZS"
€€g”
€%S”
6¥%S"
€95°
8LS"
€29°
LES"
159"
868"
LO6 "
z226”
LS6"
€L6"

[l o o S et ol all et el ol ol o ol ol o ol ol o ol ol ol o ol ol ol ol ol o

ppm
38

o

7

e

£

8|o(m
NN =F

[=]
(3]

8
[T}

™[0

14 13 12 11 10

Product—-4ap
15

[1H NMR 500 MHz CDCI3]




¥L 9L
€000 mm.wpme
GZ LL
9% 12T
GE"2ZI
€6 €21
8L ¥2T
8z°GeT
6€°STT
99°GZI
10°92T
G0 LZI
pm.pmﬁ)/r
mH.mNHva
1Z°82T
€L 62T
I8°62T
€T 0€T
GL O0ET
¥Z ZET
86 "€€T
96 "BET
¥Z 8€ET
Z¥ 6ET
8L°EST
€6 °8ST

[”CﬂH}NMR125MHzCDCh]

Product-4ap

! H’ |

]

.

210 200 190 180 170 160 150 140 130 120 110 100 90

Ppm

70 60 50 40 30 20 10

80

39



€0ao

000" 0———

86G°
€eLg”
OTT"
ZIT"
SZT°
LT~
/A%
8T1¢"
gee’
TeC”
9vc”
0s¢-
LSZ"
£92°
8LZ"
T62°
sog”’
oze”
See’
gee’
8ve’
2se”’
Fog”
T0%°
9TV
Tev”
EET”
8vv’
198"
LL8"
826 °
144°0

(ol ol S N ol Sl sl i Sl sl st ol ol ool ol ol ol ol o ot ol ol o o ol TS T

[1H NMR 500 MHz CDCI3]

N

Product-4aq

ppm

10

1

12

40



VL 9L
€0ao oo.hhme
SZ LL

TE
6€
18

29
98
96

99

Sy
6L

¥8
69

L

"S1T
"TZT
TECT
€T’
"6eT
TN
T4
£ET°82T

.mNH)/(
6T
"6CT
LT~
89°
16"
"9ET
"6ET
1A
TEST
99"

SZT

OET
VET
PET

AN

IESSSSSS)

86T

[”CGH}NMR125MHzCDCh]

Product—4ag

SN 11|

40 30 20 10 O  ppm

50

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

41



000°0——

6€9 "
ST0°
9ve"
f-t A
£0ao0692-
€82"
962"
0TE"
9€g”
¥SE"
oLE"
90%"
44
44
LS¥"
A
G8¥%"
ToL”
6TL"
8EL"
vSL®
69L°
zZL8"
888"
9€6 "
ZS6°

[l ol ol o e N i S et 2t el ol ol ol ol o ol ol o S T

ppm
42

?

L

d

|-
N
N

n
-
[l=]

i

3

o)

ek

10

11

[1H NMR 500 MHz CDCI3]
Product—-4ar

12



6L°9L
ﬁooomo.nnww
0E"LL
¥8°STT
9% ' TZT
G8°2ZT
8G°€ZT
TE'SZT
89 "SZT
GL'SZT
S0°9ZT
SL°'9ZT
LO"LZT
09°LZT
TZ°'82T
m¢.mmﬁme
z9 ' 82T
88°6ZT
ST O0ET
00°2ET
88 2ZET
GG EET
66 VET
60°LET
89 "6€T
A ARA AN
T8 EST
LL"8ST

il

[”CﬂH}NMR125MHzCDCb]

Product—4ar

40 30 20 10 O  ppm

50

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

43



ppm

000°0—— - o

)

V6V
050"
850"
G90°
690"
852"
YA

£0ao 99z
zZLZ"
LLTZ"
G8Z"
Lze"
zee”
geg”
Tbe"
eve”
6¥E"
6LE"
A1
96¢"
86€ "
OT% "
ZIv"
G9F -
08%°
G6¥*
825"
0ES”
zZES”
T¥S”
S¥G”
6¥G"
LSS"
096"
Z9s "
LZ8"
AN
£68"
606"

661
B L~ fere
EAY!

WW L'
20°L

£0°L

Product—-4as
10

11

[1H NMR 500 MHz CDCI3]

o S o e e el e et sl Sl 2t sl ool ot ol ol ol ol o o ol o o o T

12

44



XA

69
€000 1O
ze

LE"
9%
ST”
L8"
¥6 -
8v°
SE”
8L"
£e’
e’
oL~
08"
LS”
ST”
29’
99°

29—

‘9L
“LL

.hhk\w

N o ————

[“CﬂH}NMR100MHzCDCQ

Product-4as

ppm
45

70 60 50 40 30 20 10 O

80

210 200 190 180 170 160 150 140 130 120 110 100 90



€000

68¢"°
69¢°
9g¢”
TLE®
S8E”
L8E"
otv”
AN
LZV®
EFV”
340
€68
955"
99¢6°
188"
¥es-
865"
LO9"
019"
€19
659"
Z99°
SL9”
LLY "
L8g"
106°
916"

~r~~~c~r~Ccc~~~c~M~SSMEEPOYOO0OO0ONONWO W DWW ST PSP ST S SP SIS SH S PSP P TTTNNNN

[1H NMR 500 MHz CDCI3]

AcO

AcO

o
&)
<

Product- (+) 4at

m

p

10

11

12

o
2
-

@
e
-

|

—

M~
2
-

|

-
(=]
-

=
e
-

|

Fn
o
-

.ﬁc
=
=

-

|

@
lrm
o

oijed

46



£0ao0

Ly’
¥o-

66"

¥o

60"

6T

08"’
FL”
00"
Sz
vo-

S -
89°
89"
A
¥o-
4
L9’
cL”
68°
2
¥o-
oL”
AN

E£E’
A
69°
gE”

0z

'35\

‘69

(3C{"H} NMR 125 MHz CDCl, |

Product— (+) —4at

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

47



000 19z

000" 0——

0TE "
eTE”
LZE"
62t
T8E"
c8E”
96¢"°
Ti¥#°
EI¥V -
6EV”
£Q¥F -
89%°
98¥% "
T0S°
9¢9-
£v9-
289 -
669"
988"
£06°
0Zé6 "
SE€6°

[l S S il ol ol ol ol o ol ol o ol ol ol o

[1H NMR 500 MHz CDCI3]

NC
Product-4ba

ppm

10

12

48



VL 9L
€0ao oo.hh)/r

Sz°LL
29 '€TIT
0T 8TT
LS TZT
8 "€ZT
LZ SZT
85°SZT
0Z°92T
¥9 621
v6° 62T —\
%9 0T/
Hm.ﬁmﬁux\
76" TET
6L SET
S6°VET
65°GET
ow.owﬁk\x
mm.mmﬁk\\
£v°8ST

[”CﬂH}NMR125MHzCDC@]

Product—4ba

40 30 20 10 0  ppm

50

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

49



£0ao

000" 0——

[1H NMR 500 MHz CDCI3]

CF;

4ca

Product-4ca

ppm

-1

0

10

13 12 11

14

50



VL 9L
1000 oo.bpme

S LL
AR AN
LR AAN
¢S ECT
I8°¥%¥CT
T2 S¢2T1
IR TA
R AT A
62 62T
Ly S§2Z1
0T"92T
mm.mNHHVW
99°6¢CT
Hm.mmﬂwwﬂ
9L"6CT
CE'TIET
65 TET
S8°TET
CEFET
L6 FET
LL SET
EE0FT
SLTEST
85°89T

[”CﬂH}NMR125MHzCDCb]

Product-4ca

WMUWWMWWWMMWWW

0

| | | 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

ppm

51



—-62.86

('°F NMR (376 MHz, CDCl3) |

4ca

CF;

Product—-4ca

0 -20 -40 -60

-80

|
-100

|
-120

I
-140

|
-160

|
-180

-200

ppm

52



000" 0——

£0a0 §sZ°
gze”
ogg”
TvE”
vve "
LGE"
65¢"
oLE"
vLE"
g8¢g”
L8g"
TTV"
6TV "
oA
8zZ¥ "
9cy
144
347
0S¥ °
Zsv
24
868"
668"
A
626"
S¥6 "

ol A e st ol ol ool ol ol o o ol o o ol

[1H NMR 500 MHz CDCI3]

Cl

Product—-4da

ppm

0
143

7

N
(3]
w0

[32]
o
-

-

S0

10

11

12

13

14

15

53



VL 9L
€000 oo.hhme
GZ'LL

8
6%
9¢
FL

9¥
69

98
ET

L

12T
TE2T
61"
Sz’
"6ZT1
S0°9¢2T

.mNHHMM
6T

‘6T
A%
vL-
16"
"QET
"9ET
90"
TEST
"89T

vZ1
SZT

ZET
VET
VET

OFT

SIS

[”CﬁH}NMR125MHzCDCb]

Product—-4da

S| S A

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

54



000" 0—-—

£0a0 €S2
€92"
LY A
892"
6LZ"
182"
€8Z"
G6Z"
I1E"
9zZg"
zve"
9¥E "
vGe-
8G¢g "
T9€"
89¢g "
vLE"
06€ "
Al
LTV
XA
9Z¥°
ZEY "
ob¥*
EVY -
LbY "
vGh
9G¥ *
vZ9 "
LZ9"
0£9 "
006 °
9T6 "
8€6 °
¥G6 "

(o S 3t sl ol ol o o o o o o o o o ol o o o ol o ol ol o o

[1H NMR 500 MHz CDCI3]

4ea

Product—-4ea

ppm

N[O |O|= |
Sl @Y=«
=[O0 N =

11 10

12

55



FL 9L
€10an oo.nhme

SZ LL

L¥ 12T

LS ETT

0Z "SZT

6E°GZT

LO"9ZT

8% LZT

¥8°'82T

mm.mmeWw

ww.mma\\.

mo.omﬁk\\

66" 0F€T

1€ PET

6 FET

16 'FET

LL GET

ma.owﬁk\\

Np.mmﬁk\w

15°8ST

(3C{"H) NMR 125 MHz CDCl,

Product—4ea

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

56



T100°0——

€
10d0 092"

Sege”
ove”
I8€°
g€9¢e”
08e”
S
VEY”
ov¥ -
6¥¥-’
LS¥-°
¥ov-
LY
6ES”
S9S°
916"
ZEG’
14
096"

(ol ol o 8 el ll ol ot ol ol ol o o o

57

11 10

Product-4fa
12

[1H NMR 500 MHz CDCI3]




LL 9L
fl0oao No.ppme
8z LL

§S°
LS”

gL’
IE”
£Ev
IT°
FS-
LS~
SL-°
ov-
I8°
86"
06 -
IT°
08"
FL”

[”CﬂH}NMR125MHzCDCb]

<
o
/
z-z
I
Z
—
y @
z7w

Product-4fa

10

ppm

0

70 60 50 40 30 20

80

210 200 190 180 170 160 150 140 130 120 110 100 90

58



000" 0——

880"
90T"
AN
1€2"
9ve”

£0ao%ggz-
192"
ovE"
9G€"
09€"
€9€"
99¢€ "
ZLE"
LLE"
08€E"
LBE"
Z6E"
66€"
SIV”
e
8zZh "
62%"
ZLY "
8L "
Z8% "
98%"
L6F"
LOS"
T1IG"
188"
888"
068"
L68"
06"

(ol ol ol S ol il ol ol B ol ol Bl ol ol Bl ol ol ol ol ol ol ol B S o ol o

[1H NMR 500 MHz CDCI3]

Product-4ga

AJL.\J UU&%

ppm

~ S
=e
I

|

-
-ﬂ“.
M~

11 10

12

59



3 SL 9L
Tolalo) oo.ppwww
92" LL
Ly ¥IT
85 ¥IT
L6°STT
¥T 91T
9% 12T
05 €21
L2 vZT
0E " ¥ZI
15 vel
82521
hm.mmﬁuum
82621
Nm.mNHmWw
¥ 0ET
8€ " ZET
S¥ 2ET
96 ZET
LS ZET
6L°VET
£0°9€ET
¥Z TP
8L €ST
€2 8GT
96 8GT
96 09T

[mCﬂH}NMR125MHzCDCb]

4ga

Product-4ga

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

60



('9F NMR (470 MHz, CDCl3)

4ga

Product—4ga

-110.31

0 -20 -40 -60 -80

-100

|
-120

|
-140

|
-160

|
-180

-200

Ppm
61



aotao
€0aon

000°0——

LLYS"
LLZ"
96¢°
80¢e”’
AR
oze”
Lee-
gee’
Z§e”’
g99¢”
Z8e’
00¥%"
0ey¥”’
134
vy
esy’
SS¥°
69%°
gLy’
68%°
90S”
2es-
6£9°
99g”
FLS®
£€65°
019"
929"
AN A
S¥9°
£99°
899°
¥8”’
868"’
vLg”
€68°
126 °
6£6°
€96 °
FLe~®
886 °
¥o0-
¥eo-
692"
9LT”
682"
9o0¢”
11€”

oo Je vite o e o Jiw s v o T o Bl S S Sl S T Sl B e Y B S S S S S S S et e e S S S e B S T S Sl S S el B el A0

[1H NMR 400 MHz CDCl;+CD30D ]

NO,

4hb

Product—-4hb

0 ppm

1

10

12 11

13

14

62



aotaon

£10ao

6T"

oF
19
£8
¥o
SZ
LY

89"
00"
A%

8v
‘8v
‘8v
‘8%
6V
6V
6V

~

(3C {'H} NMR 100 MHzz CDCI3+CD0D |

N
\

\
S

Cr

D!
NO,

Product—-4hb

ol

4hb

PPmM

70 60 50 40 30 20 10

80

210 200 190 180 170 160 150 140 130 120 110 100 90

63



£0an

T00°0——

890"

£€9¢-
862"
00E"’
ETE”
LZE"
Zrve”
69E "
99¢g”
Z28gt”
9T¥%
817
EEV -
A4
Sty
LYV
oe¥’
¥os-
81G°
09§~
8LG"
6£8°
A1
8¥%6 "
¥96-
12e”
vee:
Lze:
9ge’
8EC’
ive”

00 00 00 0 0 O [~ P~ P~ [~ [~ [ [ [~ P~ P~ [~ [~ [ [~ P~~~ P~ P~ [~ P~~~

[1H NMR 500 MHz CDCI3]

NO,

4ib

Product—-4ib

ppm
64

7
=]
™

I<r

oj
=
-

F

o)
-

8
O[O
Q‘ﬂi
N[O

10

11

12



¥0o 0——

9L'6T—

VL 9L
€0ago 00°LL
GZ'LL

eV
2L

£E
67
8T
FL

¥o
80

09

69

99

N

12T
"ECT
ET”
£8°
T4
'e2T
"9cT
98T X
9L”
"TET
"TET
LL”
"QET
LT"
L8’
"TPT
8¥%°
TEST
e’

vZ1
vZ1

“

0ET

VET

8ET
OFT

LFT

Y

LST

[130{1H} NMR 125 MHz CDCI3]

4ib

N | G S O S

Product—-4ib

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

65



€0aon

000°0-

(A

6G6¢C"
oLe”
LLe”
S8¢”
goe’
LTIE"
qge”
Lee”
ve”
evE”
8¥e"
6ve”
q9g€e”
8GE"’
99¢g”
oLE"
SLE”
LLE"
A0
Fov-
90%"
81I¥”°
0cy”’
1A
TA A
FEY”
LEY”
vy’
0S¥’
9¢8-
i¥8-
856 °
VL6~

ol o O e il ol ol ol ol ol ol Sl ol ol ol ol ol o ol o ol ol o o

[1H NMR 500 MHz CDCI3]

4ia

Product—-4ia

ppm

11 10

12

66



£0°0———
LL 6T —
VL 9L
€000 oo.hhme
GZ°LL
LE TZT
Z9°'€2T
Z1'¥2T
TZ SZT
Z6°SZT
Z0°'9ZT
8Z°'92T
0Z°' 62T
9Z°'6Z1
¥ O0ET
L9 0ET
L6 0FET
9L "VET
L SET
6T°9€T
TE'8ET
G6 ' OFT
OL"EST
60°8ST

[“CﬂH}NMR125MHzCDC@]

Product—-4ia

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

67



ove’

€16 "
616"
0€6 "
9€6 "
§10ao%6sz
LGE"
v9g"”
L9E"
18€"
LO¥ "
ZIv "
GZ¥ "
0E¥”
6EY”
S
zZL8"
88"
668"
ZL6 "
886 °

SN

P~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ 0 0O W

[1H NMR 500 MHz CDCI3]

MeO

4ja

L

Product—-4ja

il

PPpm
68

- o

g arr—
=v0'e
—/60°E
-~2k9
. 00}
@ =00'L

-~

11




LZ 99—

VL 9L
€0ao oo.hhme
ST LL

66"
0s°
oF -
6% "
81"
A
4
oe-
0z’
06"’
T10°
4 A
4
9L”
L6
SL”

[”CﬂH}NMR125MHzCDCb]

Product—-4ja

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

69



€0ao

000" 0——

geL”’
28G°
¥859°
veg-
S68°
SZ8”
cve’
SZT°
821"
I¥T°
A A%
oee”
9ee”
6ee’
8¥e¢-
99¢”
€9¢°
9LZ”
See’
LEE”
IS€”
99%¢”
L9E”
Z8e’
88¢e "’
T6€”
SO¥°
0T¥%"
Fev -’
6e¥’
IS4
o8-
088-
LS6 "
€ELe”

[l ol o N Sl Sl el sl sl Sl sl ot ot ot ol ol ol ol ol ol ol ol ol V- R T T T T N oy

[1H NMR 500 MHz CDCI3]

4jq MeO

Product-4jg

|l

il

ppm

10

11

12

70



8¢’

18
£002 to

Ze”’

LL
LE
T8~
S¥
¥s
vers
98
T0°
99"
2s’
89
LL”
96 °
06
ov
LS”
6L
66"
SL”

"12T
"ECT

T4

"TET

"9ET

"6ET

TEQT

99 —

‘9L
“LL
LL

%

"ETT
"STT

LTT

SZT

e

o
N
i

88T —

[+)}
N
—

ST

PET

FET

A AN

89T
09T

Fan

[mCﬂH}NMR125MHzCDCb]

Product-4]qg

Ppm

70 60 50 40 30 20 10

80

210 200 190 180 170 160 150 140 130 120 110 100 90

71



£0ao

000" 0——

vE”

9§e”
A4
S¥e”’
0SgE"
(At
FSe”
8G5g”
19€”
89¢g "’
ELE"
SLE”
v8e”
£6€E”
L6E "
£o¥”
80% "
ETF”°
AN
LTF”
A4
IRA
EEF”
SEF”
L¥¥”
0S¥’
8LE8"
6L8"
veg”
S68°
VL6~
9L6"
066"
066"

ol e i i i i l a i aat l l a  o o

.

[1H NMR 500 MHz CDCI3]

Bu

4ka

Product-4ka

ppm
72

11 10

12



£10ao

9T

ve-

FL”

00
SZ

6&
5
29
8T
ver
0}
T6
A
8¢’
LE"
96 °
ST
Fe-
26
A
SL
96"

"GZT
QT —

"9ET

"6ET

TEST

TTE —
e —

9L
.hhwv
“LL

"12T

(AAN

"ECT
"&ZT

Q2T

=

62T
62T
OET
VET

9¢cT

£GT

AN

86T

[”CCH}NMR125MHZCDC@]

4ka

Product—-4ka

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

73



000" 0———

995"
695"
€LS"
9.L5"

f0ao g5z
L8E"
06€"
T6E"
96€"
86€ "
zZiv "
9Z¥ "
62V "
0S¥ -
9G¥ -
65V "
99% "
oLV "
8LY "
8% "
G6¥ "
L6V "
£0G "
905"
z1s”
LIS”
ves”
Z9L"
voL-
69L"
oLL"
%6 "
LG6"
080"
960"

R e e e i a a a a al a a al al a el e R R R

[1H NMR 500 MHz CDCI3]

4la

Nuuw‘ .

Product-41la

ppm

7

G6°
80"

-0

74,
2|
<

[=d0-30=¢
gt
===

10

1

12

74



89°9L

£10a0 mm.whHVu
Hm.hhk\\
SL'TTT
LV 9TT
95" 12T
Tv €2T
GZ°'SZT
mw.mmﬁuﬂr
s
oa.mmﬁu\w
L9°6ZT
mm.¢mHL\\
SO0'LET
GZ 6ET
95°6€T
9% "¥FT
08 €ST
mm.mmﬁk\w

[”CﬂH}NMR100MHzCDCQ

le J«WWWWWMMWWMMWWWW

Product-41la

pPpm

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100 90

200 190 180

75



£10aon

000" 0——

£E9¢C"
TSe”
£EG9E"
Foc”
9%¢g”
89¢g”
c8t”’
o6t
g6t ’
gec’
eE0% "
TTF-
STV
LTIV
6EV”
EST
SSv°
TZ8”
Fes”
9¢€8”
6EB”
cs8”
998"
0Te "
AT
ST6°
LT6"
9¢6 -
8Z6”
TE6 "
£EE6
F09°
A

Ll e il ol ol ol ol Tl ol ol ol ol ol ol Tl ol ol ol o

[1H NMR 500 MHz CDCI3]

J

M

4ma\/

!

l

Product—4ma

ppm

11 10

12

=]
(=]
-]

rq
e
o

-
<
—

76



VL 9L
ﬁQQOmm.mhme

ST LL
Sy 12T

oV "€ZT

9T ¥2T

10 °S2T
6Z° ST

56 SZT
mﬁ.pmﬁuuw
90°6ZT
€2° 62T
08"

€6

9"

v’
5
ST”
69"’
89"
19"

(13C{"H} NMR 125 MHz CDCl, |

Product—4ma

RN 111 S A

Ppm

70 60 50 40 30 20 10

80

120 110 100 90

160 150 140 130

190 180 170

200

77



£0aon

000" 0———

192"
69F°
LY
¥e¥-’
S8¥%”
66¥F°
¢0§8”’
0¥Ss”
A4
94qq”
LS
965"
865"
009°
¥o09-°
T19°
¢19”’
829°
cEY9”’
S€9”
6E9”
¥¥o-
€99°
LS9~
099°
¥66-°
010"
AN
8LT"

0 00 00 [~ [~ [~ [~ [~ P~ P~ P~ P~ P~ P

(13C{"H} NMR 125 MHz CDClj |

Product-4na

Ppm

11 10

12

78



89 9L
Rfelafe) oo.t./

ge’LL
L6 LTT
99021

89 12T

ST '¥veT
Hm.mNH)//
0L"S2T

ET°9CT—7
.mNH““M

s’

mNHk\\
"TET
"GET
.mmak\\

98 2T/
"€ST
T6'ss1

8¥
¥o
6&
89

88

v

WWMMMMMM FAAA A b o A

[130 {"H} NMR 100 MHz CDCI;,J

Preoduct-4na

210 200 190 180 170 160 150 140 130 120 110 100 90

ppm

70 60 50 40 30 20

80

79



('9F NMR (376 MHz, CDCls)

Product—4na

-55.38

0 -20 -40

-60

-80

T
-100

T
-120

|
-140

T
-160

T
-180

-200

Ppm

80



Bfelafe)

000" 0——

S18°

692"
6LE"
S6€°
o1V’
897"
€8y’
867"
£2S”
9€S”
6E£S”
959"
0LS”
8LS"
£659°
L09"
T¥e’
LS6 "’
FEO”
050"

LI N ol o o ol ol ol ol ol ol o ol o

[1H NMR 500 MHz CDCI3]

Product—-4oa

10

81



62 0T—

VL 9L
€000 oo.hhmwv
ST LL

¥9-
26’
80°
€T
£0°
19°
98°
1E”
6L’
99"
£6°
96"

0E"’

A oA Ao A A At

(13C{"H} NMR 125 MHz CDCl, |

Product—4o0a

70 60 50 40 30 20 10 O ppm

80

210 200 180 180 170 160 150 140 130 120 110 100 90

82



000" 0——

SPT L
fipaoezsz-L
£8Z° L
98z L
00E" L
TOE "L
L8E "L
68" L
ZOv " L
g0V "L
LIV L
0Z% "L
85F " L
09%° L
€97 L
99% " L
LLY " L
08% " L
68% "L
Z6% 'L
80G° L
TIS° L
€15 L
125 L4
GZS L
1€5° L
BES "L
ovs - L
656 L
096 "L
SL6°L
866 "L
ST0°8B

|

[1H NMR 500 MHz CDCI3]

Product-4pa

JJJM

ppm

10

11

12

=
@
o

DN
3|5|e|5
NN

(== b=y
ReE
="

T~
[=]
-

83



S0'62—

89°9L
ﬁooooo.ph//

ZELL
89 ‘TZT
LT €ZT
1Z°SZT
06 "SZT
80°9Z1
6L°9Z1T
N¢.mmﬁ)/f
25" 82T >
mw.mmﬁuww
mH.omHg\w
£9°vET
69°S€ET
S0°9€T
%9 °9€T
mH.owﬁk\\
Z0 ¥ST
mm.mmﬁk\\

WWWMMWW A A

[“CUH}NMR100MHzCDC@

Product—-4pa

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 S0

84



£0ao

000" ' 0———

FoL”
LLe"
186 °
686"
966 °
ILT”
9LT"
281’
F8T°
¥Se-
86¢°
00F%"
FI¥F-
8Z¥% "
0E¥F”
IS¥%°
Fov¥-
89¥%°
LLY¥”
T6¥°
€6¥’
8¥L”
S9L”
196°
LLE"
286"
866"

_——e————

(ol ol o o8 ol all ol ol ol ol ol ol ol ol ol oSN ol ol A T R Vo Vo Vo R

[1H NMR 500 MHz CDCI3]

CN

Ph

S
4pd

Product—-4pd

ppm

1

Tp]
[=]
(3]

f

7

5?1
22
™ |N

=)
-
-

%ﬁé
]
AN

11 10 8

12

85



cT' 68—

ze LL
G6 €TT
€% LTT

oL TZT

9z €2T
S¥ ' SeT
Nm.mmﬁ)//
wﬁ.pmﬁ)//
61 82T
Nm.mmﬁumm
LEEET
mm.wmﬁk\\
LL'GET
¥0'9€T
60" 6ET
mm.owﬁk\\
06 "€GT
mm.mmﬁk\\

f3CUH}NMR100MHchc@

CN

Product—4pd

S| 1 S —

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

86



£0ao

000" 0——

L
266’
966 °
too-
T10°
191"
891"
ELT"
8LT"
181"
(AT
L6E"’
66E"°
ETV”
LTV’
OE¥ "’
tAA
8G6¥%F
Fov-
8LY"
o8¥ -
43
S6¥
SEL”
ISL”
v96-
086"
686"
S00°

Lo o3 o S o S ol o o o o o o o ol o o i AR

[1H NMR 500 MHz CDCI3]

CF3

S
4pe

Product-4pe

ppm

4

m\ﬁ\l
=S
<l

(=3[ ]
- N

s

00

10

11

12

87



v1'62—
SL 9L
€000 TO0°LL
9z LL
ET° 02T
0L 12T
0£°2ZT
LZ €ZT
LY vZI-
8¢ SZT -\
2T 92T
8T1°9ZT
Z29°'921
59°'9ZT
89 "9ZT
TL 9ZT
S0 LET
62 8CT
L '8ZT
9L TET
£E0°2ET
62 21
96 ZET
£9 pET
16 "GET
6Z 9€T
9G"8ET
ZL'OFT
66 "€GT
ZG 65T

[mCﬂH}NMR125MHzCDCb]

CF3

Product—4pe

BN S O

40 30 20 10 0  ppm

50

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

88



('9F NMR (470 MHz, CDCls)

N N

Y N
S N
4pe PN CFy

Product-4pe

-62.77

0 -20 -40

-60

-80

T
-100

|
-120

|
-140

|
-160

|
-180

-200

Ppm
89



000°0——

1544

SL9"
AN
900"
€10°
020"
9€T"
AAN
6V1"
LGT"
091"
LLT®

fipaovse
YA
082"
y8€g"
98¢"
66E"
00%"
PIV -
91V "
GS¥-
8G¥ "
LY "
LY
98%"
88% "
LG6 "
LG "
G66°
110"

LNl ol o Sl ol al ol ol ol ol ol ol ol ol ol ol ol ol i o ol Sl S

[1H NMR 500 MHz CDCIs]

CHs

S

o

Procduct-4pn

ppm

8

A

[{e]
[=]
(3]

7
ailg

N[ =
||

11 10
EE

12

90



£10ao

LT 1T —
%0 62—
89°9L
00 hhqu
1€

99" TZI

¥I°€ZT

GT°SZT

89 “GZT

¥0°92T

SL'9ZI

m«.mmﬁ)//

87 8Z1

96 621"

wﬁ.mmﬁk\\

Z9 " ¥ET

£0°9€T

8L°9€T

0T OFI

mm.owﬁk\\

20 ¥ST

ho.omﬁk\\

[“CﬂH}NMR100MHzCDC@

CHj

Product—4pn

..J——vm#dm oo AR

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

91



£0ao0

000" 0——

LIT
121"
FET"
6ET”
AN
9ST"
69¢”
€ee”
LEE"
0S€E”
gse’
88¢e"’
90¥% "
6TF"
Te¥R”
£S¥ -’
LS¥-
L9¥"”
ELY”
S8¥ -
88¥%-
¥09-
809°
€29°
LZ9”
FeL-”
Foe-
Z1e’
zze’

[l ol ol o N o e Sl sl sl sl ol ol ol ol ol ol ol ol o ol o ol ol ol

[1H NMR 500 MHz CDCI3]

Product-4qa

ppm

7
M1
=<
N[

Nq’%o
i
™|r=|00

11 10

12

92



¥L 9L
000 g6 .wbv
SZ°LL
S¥°"60T
¥9°60T
¥8°ETIT
¥FO'FIT
c0° 22T
0T 22T
8T °SZT
€9°GZT
09 82T
Hm.mNH)/(
m¢.mNHHVr
€0 0€ET
CcE0ET
€e"0€ET
TL 0ET
c0 " 9¢€T
6T 9€ET
C8°6CET
59 °¥ST
SL ¥ST
8L 09T
62 1I9T
TL Z9T

(3C{"H} NMR 125 MHz CDCl,

Product-4qa

S 1 1

| | | X T | | | ¥ T | SRR A | T T ¥ X T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

ppm

93



('°F NMR (376 MHz, CDCl3) |

F
\_N
S>—$/ *Ph

4qa Ph
Product-4qga

-116.23

-20 -40 -60 -80 -100

-120

I
-140

|
-160

|
-180

-200

PPmM

94



000" 0——

£0a0 ggz-

£ge’
LZE "
oge "’
See”’
ove”
Fre”
ovE”
L8E”
SO0%°
81¥%"°
0E¥R”
IS¥%°
9S¥% -
So9F°
eLY”
Fev-’
L8V
S8L”
zoe-
Fi6-
LT6"

J

Ll ol o N il il nl al nl nl nile

[1HNMR500MHzCDuJ

Cl

Product—-4ra

NVAS

ppm

b‘
2
o

D=
;Fi
[0

€0°L

:

10

11

12

95



VL 9L
€0ao mo.ppuur
se LL

YARAA:

82 €21

£z°52T

29°52I

SL°SeT

%S 82T
mm.mmﬁ)/(

15 62T
HH.omHuwﬁ
mh.omﬁg\w

90°2ET

2z €E1

£0°9€T

1€ 9€T
mb.mmﬁk\w

89 ¥ST
Hm.omﬁk\\

PR S AT A S

P3CCH}NMR100MHzCDCQ

Cl

Product—-4ra

210 200 190 180 170 160 150 140 130 120 110 100 90

Ppm

70 60 50 40 30 20 10

80

96



000" ' 0——

€pao 0sz-
8LE"
L8E"
v6E "
86€"
S0F"
LIV
9Z¥% "
TIE -
6VV"
ZSh -
99% "
8% "
€6¥"
LOG"
61S"
€€G”
L¥G"
6%S"
0LG"
€LS"
685"
Z6G"
909"
69L"
98L"
868"
€06 "
€16 "
126"
AN
L8Y "

€0 €0 [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [ [~ [ 0~~~

e

[1H NMR 500 MHz CDCI3]

Product-4sa

kLJJUb &g_

ppm

1 10

12

Q= (r[©|v
|r=|r=|r=

97



¥L 9L
€000 o¢o0- hhv.

Q¢ LL
Te "8TT
8L ECT
0Z2°S2T
00°92T
28°9¢2T
S6°LCT
0Z2°82T
89°82T
ce6cT
¢m.mNHWWW
98°6¢CT
00" TIET
€E9°TET
06 "TIET
09 °GSET
8T°"9€ET
SE°0FT
90°0ST
S6 " LST

(3C{"H} NMR 125 MHz CDCl,

Product—-4sa

0

| | 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

ppm

98



€0ao

000" ' 0———

€92’
AR
Lee”
oee”
9gg”
Sve”
6¥eE”
A
TIT¥%°
¥
SEV”
Is¥%°
9S¥ -
89¥%°
VLY
e8¥’
L8F% "
T8G°
946S§”
¥9s”
89G°
STL”
6TL"
9ZL”
geEL”

ol ol ol o N i i e e i e i el el Sl Sl Sl

[1H NMR 500 MHz CDCI3]

product-4ta

ppm

10

11

12

99



9L 9L
AN
€ LO " LL—=
10ad mm.bhk\\
F8°O0TT
6F 02T
I8 °¥CT
TE"SCT
I¥ 92T
CE AR
T9°82T
mm.mNHWWW
LS 6CT
ma.omﬁu\ﬁ
#M.oﬁak\\
99 FET
96 "GET
TZ 8T
mw.Hﬂﬁg\\
hm.omﬁk\ﬁ
FO0°99T

WWMWMWMMWMWWWWWWMWW

[130 {'"H} NMR 100 MHz CDCI3]

Product-4ta

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

100



€0aon

000" 0———

ggg”’
T1S°
166 °
600"
8L0°
180°
680"
960°
1%¢°
ELe’
8LZ"
¥8e”
Lge”
oee”
Fee
Zoe’
go0¢e”
LTIE"
1545
€05°
S0S°
0TS~
LIS~
ges’
999°
L9
SLY9°
089°
€89°

/ /

ol ol S el el ol ol ol ol ol ol ol ol ol ol ol ol ol o o o S VT I

[1H NMR 500 MHz CDCI3]

Product—-4us

ppm

e

T«
1=
(o]

bl f=d1=]
cmé
™[

11 10

12

101



€10a0

IT°
qe”

89°
00°
1"’

69°
£’
1"’
oe”
¥’
€T
SE”’
¥e”
g8’
Is°
9¥ -
98"
65"’
99"
LT
Lz
86"

[13C {"H} NMR 100 MHz CDCI;,]

product—-4us

WJJJUMWW o ——————————

| | T T | | | | | | T T T T T | |
80 70 60 50 40 30 20

210 200 190 180 170 160 150 140 130 120 110 100 90

PPmM

0

10

102



000" 0———

6€0"
f0aon Loz
98¢"
zZoE"
0IE"
61€E"
9gE"
a4
8IG"
125"
ZES”
SES”
089"
789"
£69°
L69"

[1H NMR 500 MHz CDCI3]

Product—4uu

ppm

10

11

12

103



€000

Le”
0¥
9¢g”
FL-
00~
S¢-°

L
13
8L”
18"
86"
T0°
09°
L9”
vL-
6L"
98-
£6°
FeE”
7S
09°
L9"
gL’
8%
¥e-
oe”
8%
10
4
0e-’
gL’
gL’
S0°
99°
89°
oL’
gL’
¥9-
99°
9T

[130{1H} NMR 125 MHz CDC|3]

Product—-4uu

L

d

T T | | T | | T | | T
210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10 O ppm

80

104



('°F NMR (470 MHz, CDCl,) |

F
N N~
L=
o N
4uu F
O,
Me
Product—-4uu
I ! I I I I I I I I I I I
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

105



000°0———

9¢%°

gge-

€0S"”
086"
L66"
9L0"
£80°
060"
ZTT”
8se"
RlelafoR Y
sLe"
182"
682"
09€"
LLE"
vov-

[l ol ol S L al ll al ol ol V- YTy

[1H NMR 500 MHz CDCI3]

MeO

®
=

12

]
=
o

106



€0aon

Se-’

80°
ze’

FL”
00°
S¢°

66°
6T’
6E"’
9T”
£’
£E’
o’
8L’
0S”
12°
6G9°
68°
£V’
SL”’
£V
ge’
S6°

12—

25—
99—

[”CﬂH}NMR125MHzCDCb]

MeO

MMMLWWMWW Y

®
=

Product-4vs

T T | | T | | T | | T | | | | | |
80 70 60 50 40 30 20

210 200 190 180 170 160 150 140 130 120 110 100 90

Ppm

0

10

107



000" 0———

TEY”

888"
LEG®
S¥L-
0GL"
9GL"
19L°
TLL®
8LL"
096 "
0LG"
LG "
6L6"
L86 "
966 "
600"
LZO"
OTT"
LZT"

£0ao 992
€IE"
1€€"
€LE"
06€E"
9L "

—= |

s~ ccrYYYOYYOOYYYO YOI M

|

4

[1H NMR 500 MHz CDCI3]

N

MeO

o
=

product-4vu

JJUL I

10

11

!

L3
-
N

|

Q[N
Slala|=|=|8|a
(N[N N ™=

-

108



Le”

Ve "
8€E "
gg”
89"

£0@000”°
1€"

¥o-
6E"
EL”
LL”
66°
co-
S9°”
19°
€9°
oL~
6L°
Sg8”
Leg-
T16°
ge’
S9°
£9°
gL
6L
Le”
oe”
A
g9’
99~
oL’
S¥-
Sv-
Ly
ItT°
88-
06"
9"
8%
68"
06"
A

Te—

[130 {"H} NMR 100 MHz CDCI3]

MeO

)
=

NcN

4vu

product-4vu

| | | T T | | | T T T T | | | T T
80 70 60 50 40 30 20

210 200 190 180 170 160 150 140 130 120 110 100 90

ppm

0

10

109



('9F NMR (376 MHz, CDCl3)

MeO

product-4vu

0 -20 -40 -60 -80

=100

|
-120

|
-140

|
-160

|
-180

-200

ppm
110



€0ao

000°0——

ST8°
iS4
8G¢’
IeE”
ovE”
19¢”
S9%°
08¥y’
S6¥ -’
FoL-
TeL-
€08°
618"
440
898"
440
096"
98¢’
€0¥ -

€0 00 [~ [~ I~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ O <

608°€ET—

)

[1H NMR 500 MHz CDCI3]

CN

CN

1b'

Product-1b+1lb"

LY

PPmM

14 13 12 1 10

ﬁ

15

969

111



€0 0—-—
L 9L

ﬁooooo.hpwv
ST LL
€9°26 —
9€"ETT
Hm.mﬁﬁ)/r
pw.omﬁ)/r
¢m.HNHHMw
TL 72T~
€€°9ZT—F
08°92T
Nm.HmHux»
8Z°2Z€T
mo.mmﬁ\\.
20 0ST—
GO E9T—
0% L9T —

MJJJJMWMMJ

[13C{'H) NMR 125 MHz CDCls)

CN

N

1b

S

HO

CN

N

1b’

Product-1b+1b'

i oS ooy ot

T
0

10

20

210 200 190 180 170 160 150 140 130 120 110 100 90

ppm

70 60 50 40 30

80

112



€0ao

000°0

8ze-
60F"
£9C°
I1€E”
eETE”
Lee”
A4
F¥e”
SLE”
LLE”
T6¢€"
SO¥%°
LO¥”
8¥¥ -
IS¥%°
S9¥%°
L9¥”
6LY"
8% "
T6¥ "
€E6¥”
8L9"
S69°
0SL”
LoL”
T6L”
908"
628"
S¥e”
L98g”
898”’
Fse”’
656 °
SLe”
¢00°
810"
281~
66T
056 "€

Pl 2T ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol S S S S Y e A

[1H NMR 500 MHz CDCI3]

CF3

(0]
\
1c
+
HO
\__ 7/
1c’

Product-lc+lc'

IJU'IMM_“L.

PPpm

13 12 11 10

f

14

W

8¢'S

15

113



£0°0——

8T " ¥¥v —

VL 9L
foao 00°LL
Sz LL
Z0° 26
6T°02T
TL 02T
0S5 TITI
85 TTT
98° 22T
10 €TT
€S FTT
20 GTI
T1€°G2T
A A TA
LY SZI
0S°GZT
€5°5¢T
06 "GTI
8T 9TT
0L 9TT
02 LTI
0T 6TT
vhOIET
6% TET
69 T€T
66" TET
LE AR A
9z 8€ET
LT 0GT
8G 29T
28 €91
L9 LIT

9T €6T—

PPmM
114

60 50 40 30 20 10 O

70

80

210 200 190 180 170 160 150 140 130 120 110 100 90

CF;3

1c
1c'

HO
Y

@)
\

S
N

Product-lc+lc’

(13C{"H} NMR 125 MHz CDCl




_——62.75
T~ _63.23

('9F NMR (376 MHz, CDCls)

o]
A\
S 1c
+
HO
N CF
Seiaas
S 1c’

Product-1C+1C"

| ' | ' | ' | ' | ' | ' | ' | ' | ' | ' | '
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm
115



o
o
o
o
|

978"
vze"
flpao Lve’
vLZ"
CYRA
062"
962"
voe-
90¢g"
vve"
09¢g"
vLE"
8LE"
06¢€"
s6€”
gov"
ozv"
128"
9ew”
0S¥ °
A
857"
VLY
68%"
9%5"
8vS"
195"
v95"
STL”
8TL"
TZL”
TEL”
geL”
LEL"
GsL”
¥6L"
018"
LLE"
£66°
180°
¥eL"

s~~~ O S

[1H NMR 500 MHz CDCI3]

Cl

N

1e

S

Cl

HO

N

S

1e'

Product-letle’

ppm

(=]
-

14 13 12 11

15

116



¥O0O ' 0——

EQTEY —

vL9L
000 o00°LL
SZ'LL

T0"Té

mm.mHH)/r
eV 12T
S0°¥2T
0E " FCT
FP1°92T
997921

TL 62T
FP1°0eT
02 0T
08°0ET
wm.HMHHVV
96 "EET
BL'EET
9 FET
V2 'GQET
09 "SET
TO"LET
Q2 LET
0E"6FT

NN.NmHk\\
ww.moa
hw.mwﬁ
LS LT

68°69T

68°C6T—

60 50 40 30 20 10 O ppm
117

70

80

L

Cl
N
S 1e
Cl
HO
1e'
210 200 190 180 170 160 150 140 130 120 110 100 90

N

S
Product-le+le’

[“CCH}NMR125MHzCDCb]




000°0—
TE8 " ¥
9e8 ¥
8LS 9

SOT" L+

gl L
6CT L
S¥1°L
98T L
OLT L
L8T L
AN
LEZ LA

Sve L
zZSZ L
€0Q0 69 L

S98¢° L
T0E°L
STE L
LSE L
eLE L
08E"L
Z8E°L
98€° L
88E°L
Fee L
96E" L
S¢v L
ovv L
8s¥v L
ELY L
LES L
2997 L
FS9° L
8997 L
¥e8s L
6LS° L
ELLTL

68L L
808" L4
XA
898" L

788" L
976 L
676" L
696" L4
896 L -
186 LA
786" L
166" L
000" 8+

STO 8-

[1HNMR500MHzCDmJ

19 F
+
HO
/
19’

N
S
N

product-1g+lg'

ppm

10

11

12

3

14 1

15

m()
™~
o)

L}

118



£10ao

68"

86

9L”
80°
6€°
TL-
98"

ge’
9y
LL”
00°
ET”
2s’
06"
00°
6¢&"°
18°
IT°
4/
6S°
9¢
ET”
8€"°
LY
S9°
A
19°
9¢-
9L
44
18~
vL-
ST
6T
ge’

‘6cCT

"6ST

LY
.Zv

9L
LL
LL
S6

91T
91T
91T
LTT
02T
12T
z2T
€21
¥ZT
¥ZT
GZT
92T 7.

9¢Z1

=

TET
TET
TET
TET
SET
SET
0ST
2sT

09T
19T
€9T
89T
ee1T—

‘\\X\&\\

[130 {"H} NMR 100 MHz CDC|3]

19 F
+

Product-1g+1g"

210 200 190 180 170 160 150 140 130 120 110 100 90

PPmM

70 60 50 40 30 20 10 O

80

119



('°F NMR (376 MHz, CDC,) |

0

Cry- 3
\
S 19 F

+

HO
Ty 0
S g F

product-1lg+lg'

—=108.50
—--111.05

0 -20 -40 -60

-80

-100

|
-120

I
-140

|
-160

|
-180

|
-200

ppm

120



€0ao

000" ' 0———

8€G°2
296°¢2
6SL° ¥
£66°S
STZ LA
T€ET L
9¥C L
€92°L
6LT L
G6Z LA
60E " L+
gTE " LA
GZE L
€S€ "L+
veEL
69€ L
€8€- L
G8g"L
v6E" L
L6E L
0T¥ "L
ZI¥ "L
vev L
9zZ¥% "L
0F¥ "L
vy L
GG¥ L
LGV L
ELV L
LV L
L6¥ L
667 L
€IS L
¥as L
096 L
996 L
€LS LY
99L" L
zeL L
Z08 " LA
618 L
GG8-°L
968" L
z98°L
L8 L
9L8 L
666 L
GI0°8
VoL €T

[1H NMR 500 MHz CDCI3]

N

S

Me

Product-1i+l1i"

ppm

10

12 11

13

14

66"
gL’

| =r

g

L]
q
-

m%ﬂh—Qto r
A Ge ]
B P T I

~
-

N[S [P0
Q|=ee~
|-

121



(13C{'H} NMR 125 MHz CDClj |

N

1i mé
HQ

S

N

Y

1i* Me

S

Product-1i+1i"

il

50 40 30 20 10 O  ppm

60

70

80

210 200 190 180 170 160 150 140 130 120 110 100 90

122



000" 0-
eee’
347
zog’
6ee”
8¥e¢-
662"
192"
SLZ”
682"
162"
8¥c”
0S€E”
¥oc”
8LE”
08e”
90¥% "
60F°
€Cy”
6EF”
IS4
0S¥
SS¥
LS¥”
€9¥%°
L9¥”
LY
88¥%°
43
S6¥°
S0S°
605"
ESL”
69L"°
I8L”
108"
S08”
818"
£58”
898"
€00°
010"
STO”
810°
820"
AN
9¢0”
96L°¢

Bu

1k
1k’

HO

o)
N Bu
\

S

N
S

H®WOWO®WOOOMMMMMNSccccccccEcS SO

Product-1k+1lk'

[1H NMR 500 MHz CDCI3]

ppm

ro'6

2

10

1

12

13

-

14
2
[=]

ﬁ

15

123



€10ao

g0

66°
LT~
re-
61"
LL-

FL-

00

se’
LE”

¥e-
SE”’
18°
1%: 0
00°
€0°
L¥-
gL’
18"
¥6
1%
89-
A
€6
ve-

4
9%~
6L"
9L
og-
oL
oe-

69°

9L
.phwv
LL

06 ~
6TT

12T
12T
ceT
FeT
SeT
SeT
SZT
SZT

“§eT

XA
8¢T
IET

"TET

EET

0ST
gaeT
£EST
LST
£9T
99T
89T

S AN ey

E6T —

[”CCH}NMR125MHZCDC@]

By

N

1k

S

HO

Bu

/

N

1k’

S

Product-l1lk+1k"

| | | 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

124
ppm

10



€10ao

000°0——

0LS”
134
80§~
T1S°
FIS°
LIS~
29S-
S9G°
69G°
€LS”
296 -
696"
0se-
SSE”
89¢t”
SLE”
£8g"
S8¢°
88e’
90% "
TZ¥%°
A4
88¥%°
ELY
96¥ "
00S~
FeES”
S€9”
LES”
L&S”
ETL”
62L"
€S8’
698"
866"
F10°

Sl ol ol il ol ol ol ol ol ol ol ol ol Sl Sl o i AR R RN RN R LR

[1H NMR 500 MHz CDCI3]

1

N
\
S
N
S

Product-11+11"

HMM |

Ppm

8 7 6
O[] F[O|M|N| ]|
Qﬁqﬁ‘?q:qle
bl =10 - RR =10 =] ]=]

™[0
2™~
==

12 11 10

13

125



€10ao

8¥%"’

FL”
00°
S¢°
9F "

29°
90°
FL”
0g-
£6°
I¥°
6¥"
8g”’
96’
60°
86°
9s”

98-
F1°
6¢°
S8
ET”
£9°
89°
F1°
LL”
¥er
8G6°

€y —

(13C{'H) NMR 125 MHz CDCls)

1

Product-11+11"

| T | | T | | T | | T | | | | | |
80 70 60 50 40 30 20

210 200 190 180 170 160 150 140 130 120 110 100 90

Ppm

0

10

126



€0aon

[1H NMR 500 MHz CDCI3]

o

J )

Product-1p+lp"

Ppm

-
m
-

4
ol
=11=]
ol

<
@
c

10

11

12

13

14

15

127



€10ao

69°
79

L8

9L-

80

6g "’

oL’
‘6TT

S€
S¥’
09°
¥e -
00°
ce’
9T
S¥’
68"
8V’
¥e-
96"
ov
c9
IL”
81"

89°
09
18"
18"
69°
oe”

oT”

‘6CTl
‘6CTl

"QET

RYAS

eV —
9 —
6V —

9L
..Elv
LL

Z6

12T
12T
A
¥et
SZT
921
9Z1
9zl
LZT —=
821
821

0ET
£ET

9€T

csT
29T
L9T
ZLT

IS

20—

[13(: {"H} NMR 100 MHz CDCI3]

1p'

Product-1p+lp’

210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10 O ppm

80

128



000" 0——

1€8"
6vE"
6€0"
€V0"
950"
090"
vLO"
8LO"
9€T"
I%T"
¥GT”
8GT"
A
9LT"
fipaowse”
LED”
248
6VV"
TLY®
06¥"
S0S"
0Z§"
985"
009"
S19°
0€9"
6L9"
889"
L69"
zoL®
SoL"
08L"
06L"
86L"
808"
958"
£98"
oL8"
GL8"
0LO"
G80"
0TT"
A
T0%°€

P R ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol o o o o S A N N A N e A

[1H NMR 500 MHz CDCI3]

i) .

Product-1g+1q’

S

ppm

4

[(=R1o) L=T =0 [y]
$MTQQLQQ
i r|r

L
L8
SO°L
oL'e
85"

2

10

11

12

r

M~
[{=]
o

g

15

129



€000

EL”

FL-
00~
Se-’
90~
"90T
"90T

19
I8
¥6-
€1
1 A
€9°
8L’
L6
€6°
T0°
LT®
SZ°
%96
GG°
G9°
88"’
6v°
0s”
Lz
96
o%-
FL®
8-
¥6°
0%-
0§”
SL”
ST”
69°
0T"
9z”
8T
6%"
98

60T

"ETT

A

"EEl

"99T

"E6T

eV —

9L
LL
LL
16

80T

(AN
(AN
ETT

TZT
geT
geT
AN

82T
82T
82T
6CT
0ET
TET

FET
SET
TST
TST
ST
ST
08T
TST
29T
€91
991

OLT

B e —

A

[BCCH}NMR125MHzCDCb]

Product-1qg+lqg’

T
210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10 0 ppm

80

130



_~-115.41
T™~-116.00

Product-1g+lqg'

0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

131



000"

928"
6G5€"
95z
652"

f10ao89e”
ZLZ"
82"
682"
£GE "
Lse"
oLE"
vLE"
CY A
ES¥ -
LST"
66¥"
vIS”
0ES”
019"
7z9-
6E9 "
989"
zoL”
o8L”
LeL’
GZ8"
8z8"
z98"
698"
9L8"
088"
166"
766"
0LO"
L80"

899°¢

H oM SO

[1H NMR 500 MHz CDCIg]

I

HO
-0
1r

Product—-lr+lr'

ppm

13 12 11 10

14

15

©
v
-

132



9L-

GL"
€0ao 00
gz”

¥o-
LT
4
qg’
LL”
qg°-
€9°
66°
85°
99°
16°
€0°
9g”
80°
8G6°
00°
1e”°
I€”
vL”
96"
A
1
158~
69T

147

98-

evV—

9L
"LL
LL

16
02T
aAN
A
ZZT
Fet1
SZT
SZT
82T
82T
821
0ET—7-
0€ET
ZeT
ZET
FET
FET
FET
SET
IS8T
£9T
S9T
S9T1

V""" N

TRENTSTSS

NN I P S WA oMM A

[“CﬂH}NMR125MHzCDC@]

HO
50
1r

Product-lr+lr'

210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10 O ppm

80

133



000" 0-—
658°€
998° ¢
085" ¥
ZoT"9
0¥6°9
S¥6°9
67694
6569
£€96°9
6969
6¥Z L
162" L
952 L

§0a0 9z 14
992" L
882 L
062° L
962° L
T0E" L
¥0E" L
0TE" L
9TE" L
zZZE“ L
LSV L
€LY L
T6¥% L
L6% L
€0S°L
0TS L
9LS°L
8LS L
Z6S° L
€6S°L
969° L
ZoL L
goL" L
VIL L
vI8° L
0z8" L4
iZA:
€eg- L4
8E8" L
Ev8° L
GT0°8
1Z0°8
GZ0°8
GED'8
6£0°8
S%0°8

80% 2T

ppm
134

10

OMe
OMe
12 11

I

(=]

LW

N
1u
HO
1u’
14 13

0]

N
product-lut+lu’

15

[1HNMR500MHZCDQJ




¥e

Le”
16~

89°
00°
A
80°

60°
I9°
68"
€0°
09~
06 -
og-
62"
IS8~
£6°
§S°
6V
gL
AV
06 -
¥e-
£9°
ge-’
6L"
19°
g1’
T0°
(AN

98-

6t —

PPM
135

20 10 O

30

40

50

60

70

| T
80

OMe
OMe

1u
1u'

HO

N
O

N

(0]
Product-lu+lu’

MJMJMJAMMMW S

210 200 190 180 170 160 150 140 130 120 110 100 90

[130 {"H} NMR 100 MHz CDC|3J




000" 0———

FS¥-
oLg”
866"
¥80°
8E6°
440
6¥6 "
866 °
296"
L96 "
6¥0°
180°
990"
890°
I1T°
ETT"
Let”
0ET”
09e”’
g9ce’
eve”
6GE"
gLE”
¥8¥-
608"
S18°
618"
6c8”
€eg”
6EB”
€T0°
610"
€20°
€€0°
LEO”
cvo-

OMe
OMe

1v
+
1v'

/

WOWOWOWOWOMNMNMMMNMNMNMcMAMARAERRERRRRRRSO OO0 0NN
HO

\

0]

N
A\
o)

N
product-1lv+lv!'

[1H NMR 500 MHz CDCI3]

ey
ey

ppm

oo'e
1L

10

11

12

13

136



Efelate)

A

Ly

14

LE”
A

89°
00°
1€”
8T~

S¥’
96°
L8’
10°
99-
6L
8L”"
00°
S9-
S¥-
SL”
€0°
IT°
8e~’
Le”
ey
¥8-
9y
8’
¥S-
80°
oT”
ST*

¥6 -

1z
.va

6E—

[130 {'"H} NMR 100 MHz CDCI3]

ey
oy

OMe

1v
+

N
\
0]

HO

OMe

Y,
1v'

N
N
0]

product-lv+lv'

210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10 0O ppm

80

137



£10ao

000°0——

989 ' T—

L98”

[}

EVT”
L6
886°
Fee”
ove”
18¢"
Fre”
LSE”
86¢€"
SO0%°
AN A
98%°
66¥%°
I9L”
8LL”
818"
£E8”

B S

[ ST Sl S ST S Sl ST S Sl Al B S Sl S XN e

[1H NMR 500 MHz CDCI3]

e

A

Tas

Product-Tas

I

138



I8°
ee’

FL”
£0a2 po -
S’

Leg-
98-
1
80"
SS9°
ST°
oe-
60°
6¢”
oL”
oz-
otT"
oT"
00°
66°
oE”
9e”

(3C{"H} NMR 125 MHz CDCl

Tas

Product-Tas

B! 11 I

210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10 O ppm

80

139



£10aon

000°0——

089~

z8s’
€8T"
SE8”
ors-
9¥8-
168"
LS8"
z98-
898-
216"
6T6°
0€E6”
9€6”
¥ve-
186°
896
L66 "
¥1o0°
2eo’
T€0°
0¥0°
£9¢°
43
00F"
90% "
A A
81¥%"
9Cv -
L0S”
AN
6TS°
9¢s”
FeES”
T8L”
68L"
96lL”
zo8-
808"
ST8"
4% 0

L e e el Sl Sl Sl Sl Sl Sl S Sl e ol ol ol V- Y- RV RV T BV T - BV R - BV V- RV R V- SV RV R V- R

[1H NMR 500 MHz CDCI3]

MeO

7au

Product-7au

-2 ppm

1

o =2

7
==
I\

e
oL
0

N[

L

00'c

10

11

12

140



W

[130{1H} NMR 125 MHz CDCI3]

7au

Product-T7au

ppm

860 70 60 50 40 30 20 10 O

|
210 200 190 180 170 160 150 140 130 120 110 100 90

141



('°F NMR (470 MHz, CDCl,) |

MeO

7au

Product-7au

0 -20 -40 -60 -80

-100

T
-120

|
-140

|
-160

T
-180

-200

ppm

142



Rfelafe)

000" 0——

005"

698"

0gT"
8696 °
SL6°
ZeT"’
602’
gee”
ove’
gEve’
18¢”
qg¢’
86¢’
98¢’
zee’
9veE”
£€9¢€”’
L0Y9”
SqL”
ELL”

ol ol S Sl R

[1H NMR 500 MHz CDCI3]

Me

MeO

7bs

Product-T7bs

3e

ppm

6
A
o

[3¢]
-

7
=1k
.ﬁ!ﬂ -
=N

i
N[

10
= (o[®

11

12

143



€0ao

8%

SL”
ge’

oL~

10
9Z

Fe’
I8°
Fe-
LT
4
6€"
IT°
8¢’
69°
LT”
ET”
9¢-
ce’
8-
Le-
9c-

12—

€9 —_

99—

9L
.phwv
“LL

[”CﬂH}NMR125MHzCDCb]

Me

Product-Tbs

WJW NN R NV

70 60 50 40 30 20 10 O ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

144



£0ao

T00°0———

06¥°

SL8”
SZ8”
ces’
SE8”
£v8°
6¥8°
IAT:
098°
S06°
£€ET6°
126"
0e6”
Sve6 -’
956 °
L86 "
¥00°
810"
Leo-
LEO”
€0’
61¢"
192"
AR
88g”’
6LS"
808"
S¢8”

e~ MNYOYOVYOYYYOOUYOYYOODOYM

[1H NMR 500 MHz CDCI3]

Me

MeO
7bu

Product-Thu

BN

ppm
145

B

4(:1

L

Nj
-
3]

| =]|=
a|n|g
N|r=|r

7

N[
e
-

-
N[

[Iy]
[=]
-

8
™|~
Q

11 10

12



£10aon

00°0—

8%’

8e"’
I¥%°
Se”
LL”
2o-
8¢-

8¢
98"
6L”
ce’
66°
¢o-
0¥
9
€£9°
6S°
09°
99°
EL”
6L”
e¥-’
S¥-
S¢’
80°
F1°
ce’
8¢°
9g9-
S¢-
9¢-
81"
S¢g-
SL-
¥e-
ve-
9¢-
81"
0eg-°
69°
oL~
€9°
¥9-
8€”

¢ —

(13C{"H} NMR 125 MHz CDCl

Me

L

MeO
7bu

Product-7bu

LHI' “ ’

| X T | X T | | | | T
210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10 O ppm

80

146



('°F NMR (470 MHz, CDCl,) |

MeO
7bu

Product-7bu

0 -20 -40 -60 -80

-100

|
-120

|
-140

|
-160

T
-180

-200

ppm

147



aotan

S0E”
90¢g”
goe"
60t°
I1E"
A
LTE"
geL”
€6lL’

MMM mMaonm

6T6°

<t

Zo9F 9 —
8L8 9
S68°9

0TL L
wNP.hHVY

[1H NMR 500 MHz CD3;0D ]

OH

OH

MeO

lla'

Product-IIa’'

NI

ppm

148



CD50D

N N a9 o) = N (N
r~ o 0 o - w &y rHE T ~O0O MO R
. v, . O TNH O
(o] o o [a V) <t~ . v e .
[%e] [Xe] - MmN — - 0NN OO
- - ! - - =] [TO IS L = S S S S |
[130{1H} NMR 125 MHz CD3OD]
(0]
N OH
OH
MeO
lla'
Product-IIa’
} J J

210 200 190 180 170 160 150 140 130 120 110 100 90

80

70

60 50 40

30

20

10

0

PPm

149



28"
o¥8"-
£58°
898"
€10°
120"
I%0°
8¥%0"
LOE"
60€E"

aotdo zig-
A
91€"
61E"
12¢"
ISL”
6LZ"
L8z
zee-
10€"
v96 "

6T8"
9eg”
S9T"
g81”

150

AN

IO OOOOOOONNONONONNNN

IS a7

_j

]
2]

)

™

NI
JULJUUDUM_AA |

Product-IIa
11

[1H NMR 500 MHz CD3;0D ]

MeO
12




49,10 CD;0D

i (o] — <t (12]
[y} (o2} o @ r~ (o)} A~ MO
. . . ()] [~ O <N () i To I o
[~ ()] - O = . voor e oo e
-~ Ty} o m — N NHOHN 0w o
- Voo | SR
[13C{1H} NMR 125 MHz CD3OD]
o}
WOH
H
MeO ©
lla
Product-IIa
""""" | I S A BN A LA AR NS AR AR BAAREARARS RN BN BAAEAAARS MRS RN EAAARAARE REARARAAEY MUY RALEARAREN NEAAREARE] RARRRRARRY RN
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

151



ppm

£00°0—

Z8T"
86T"
01IZ"
922"
01E"
61"
8EE”
LVE"
89L"
ovT"
0ST"
9GT"
S9T"
908"
£28°
921"
EVT"
€000 192"
zze "
6cc”
9vE"
zge -
sge”
8gg "
0LE"
625"
SEG”
£¥S"
L¥S"
LLO"
189"
889"
769

89'801

c0'E0L

I rurpry
St OLE

.|5|\.|
SR T!

N Jpa—
“ 2L'e0e
F ™ 88'50C
. 62012

1101

00001

ML_LJULM |

~r~r~~~M~MMNEEEEEFFOOY NN MN0ONM
OMe

s VY NNV

Product-IVa

[1H NMR 500 MHz CDC|3]
IVa

12

152



Rfelafe)

00~

0eZ-

90~
89°
00~
Ie”

8L~
¥o-
80°
7S~
€e’
Le”
0§~

A

gL

¥9-

SL-

r—

99 —

.L_..‘JL_ A mmminanr

[130 {'"H} NMR 100 MHz CDCI3J

OMe

IVa

Product-IVa

JJ

210 200 190 180 170 160 150 140 130 120 110 100 90

|

ppm

70 60 50 40 30 20 10 O

80

153



€000

000°

¥y
99T~
¢8T”’
FeT”
oTC”
£e8c”’
£6c’
ITE"
IZe”
S6S°
9sL”
SOT"
STT*
0¢T”
0ET”

88L"
S08°
I1T”
8et1”
9%T"
Lse-
SLE”
43
81IF"

S\ PR

ol ol ol ol N R )

[1H NMR 500 MHz CDCI3]

OH
OMe

IVb

Me

Product-IVb

1

PPm

o
2
-

10

1

12

154



A

00°

ge’

Lo

0g-

£0a0 go
1€

F1°
2o’
Le”
Zge’
1e°
£S9°
A
£9°

Le-
19°

AN

Te—

Ty —
99—

69—

9L
.pnwv
“LL

(13C{'H} NMR 125 MHz CDClj )

OH

Me

OMe

IVb

L

Product-IVb

| | | T | T T | T | T
210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10 O ppm

80

155



Bfelafe)

000°0——

T8L”
L¥8”
9F¥ -
£69°
oL8”
Lgg-
9¢t6 "
£96°
6S¢°
AR
62t "’
L¥E”
qqg”
£9¢g”
A4
6S¥°
SLY”
01s”
9¢s”
T%¥S°
FE9”
069"
ooL”
80L"
AV
LIL”
vis-
1E8”
016"
9¢6”
Leg-

o~~~ O OO OO M

[1H NMR 500 MHz CDC|3]

OMe
OMe

(@]
/
OH
6a’

N
\
)
N
\
0]

Product—-6a+6a’

W,

L0
(1X4

o
n
=

('}
[4°3

Ty}
-
=[O|N

8¢
c0'L

= (”
N d
o ™

ri'o
c0" L

[=]
o

l
10
rm

11

12

156



L6 vF —
SZ° 65—

] 9L 9L
10ao No.ppwwv

L2 LL

Zv 60T

99°0TT

96 TTT

90 FIT

¥Z ¥TT

ZL 6TT
hm.mmﬂ)/(

59 %ZT
¢m.¢wﬂ)/r

15°S21T

SL SeT
mw.pwﬁuwm

LS 82T
mm.omﬂ“\ﬁ

LT TET

8€°9€T

79 0% T

10 T¥I

86 0GT
hm.ﬁmﬂk\w

€T°LST

L6 85T

LT 6ST

ZZ 191
05 L8T —

[”CﬂH}NMR125MHzCDCb]

OMe

N

O

)

6a

OMe

4

N

OH

@)

6a’

Product—-6a+t+6a’

210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10 O ppm

80

157



000°0——

Al
86V~

eLL”
6€8°

Sev -
198"
198"
8L8”
8¢Z6°
9¥6 -
EVT”
091"
Lse’
T0€"
81¢e”
62t "’
gge’
FoF-
A
Fov-
oL¥”
06¥-
L0S”
8LY"
ST8°
£E8”
oes-

J

o]

Y,

\/

- =

.

8
D[N
‘QQFJif
Qlr=[r0

OMe

Nl ol ol Sl T ol ol ol o Y- =R N RN B T o B
OMe

NTTT===mem—— |

Product—-6b+6b"

ppm

-2

o
I~
Q

o
gl
[y}

| N
73
(=11 ]

g

810
90°'c

oo |9
‘ﬁqcﬂ@
cldildle

11

12

158



£0ao

97"

68°

oe”

vL®
00°
s¢-

60T
60T

ST
Sé
8¢
66°
LT"
€9
L8"
gL’
§S°
18"
66
16"
80°
oL~
6L”
AN
€8°
g1’
1 X4
€S
S¢-’
06"
90
9¢-

8F-

61T

‘6cCT

6T
6T

66T

12—

r—

99 —

9L
LL

hh\\]

TI1T
ETIT
FPIT

TZT
veT
9¢1
LZT

0tT
TET
VET
SET
9€T
OFT
IvT

LST
89T

IESSSSS s Y -

19T

LB8T —

[”CﬂH}NMR125MHzCDCb]

OMe

OMe

/
OH

Product—-6b+6b’

i

0

| T | | T | | T | | T | | T | T T |
80 70 60 50 40 30 20 10

ppm

210 200 190 180 170 160 150 140 130 120 110 100 90

159



