Supplementary Material
for
Synthesis of (1,2,3-triazol-4-yl)methyl phosphinates and
(1,2,3-triazol-4-yl)methyl phosphates by copper-catalyzed azide-alkyne

cycloaddition

Anna Tripolszky !, Krisztina Németh 2, P4l Tamas Szab6 2 and Erika Balint '*

Address:

! Department of Organic Chemistry and Technology, Budapest University of Technology and
Economics, 1521 Budapest, Hungary

2MS Metabolomics Laboratory, Instrumentation Center, Research Centre for Natural Sciences,
Hungarian Academy of Sciences, Magyar tudésok krt. 2., H-1117 Budapest, Hungary

E-mail:
Erika Balint" - ebalint@mail.bme.hu

* Corresponding author

Table of contents

3P NMR, 'H NMR and '*C NMR spectra S2-S31

S1



3Ip NMR, "THNMR and 3C NMR spectra of compounds

23000
Q F22000

NeN O\\P F21000

N Ao \© 20000

13a F19000

3P NMR (CDCly)

33.50

18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

r-1000

~-2000

r T T T T T T T T T T T T T T T T T T T T T

45 40
f1 (ppm)

SRRRER
NRRRR

7.51
7.50
7.49
7.49
7.48
8

3

- 7.42
7.41
7.41
~7.41
\-7.40
-7.39
7.36
7.36
7.35
7.35
7.34
7.34
7.27
7.24
7.23
7.23
7.22
7.22
—5.46
517

_~5.19

1600
"H NMR (CDCl3)

Q k1500
N A0 ( ( F1300

13a 1 J
F1200

1100

[-1000
900
800
700
600
500
400

300

200
100
SNS—. W Lo
W,
bl
o

r-100

3.98-]
g
-3
1963

2.00-

2.99-
4.06-

50 45 40 35 30 25 20 1.5 1.0 05 00
f1 (ppm)

S2



2200
r2100
2000
1900
1800
1700
1600
r1500
1400
1300
1200
r1100
1000
900
800
700
600
500
400
300
200
100

r-100
=200

15000

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

o

r-1000

~-2000

SR PLNRRERTARGED S S
IERNAENARARNENAY RRE RBS 3
e —— | N v |
13C NMR (CDCl3)
N=N O\\Pj :
N A \©
13a
|
1
1
r T T T . : . T . . T T T T . T T T \
30 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm}
31 I
P NMR (CDCl3) g
HsC _ 0, C
N=N-
N Ao @
13b
i,
: T : T : : T . : T : T T T T T : T T
0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 =5
f1 (ppm)

S3



F750

700

650
600
550

500

r450

400

350

300

250

200

150
r100

=50

000—

- A

ors—
Wﬂ.m\\

s—

weq
b1
512
Bl
@i
8Ee
6€ L L
BE L
L
Nv.Tw
£v'e
B¢ _m
0524
5L
oLt
8t

el

JJ

"H NMR (CDCls)

H;C.

=

N

11750
0

Mlmm.m

Feat

chc.u

H\_m.m

Wmm.u
Wmm.m

9.0 85 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.5

1.0

3200
3000

2800

2600

2400

F2200

2000

1800

1600

r1400

1200

1000

800

600

400
200

r-200

F-400

we—

STHS—
#1'85
qw,me.

89
DN,RW
WL

mm.mwﬁ
06T v

13C NMR (CDCls)

[0

13b

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

30

S4



3P NMR (CDCl3)

3348

17000

16000

15000

14000

13000

12000

11000

10000

9000

(8000

7000

6000

5000

4000

3000

2000

1000

r-1000

50
f1 (ppm)

_-520
~517

—-0.00

400

350

300

250

200

r150

r100

9.5 9.0

1 200

S5



e SN aNENENgNeRARRnR S
S8 SaTsEREToRNBARRARRI SRR L ]
n oo JognnnEAdo ool et S L, Eo e =
28 2458332328333 38489498443 RRR ®
1 VT e Nk b4

13C NMR (CDCl3) Q

N=N (Zﬁg
N A o \©
F 13¢

58.03

47.79
47.74

9

T T T
30 170 160 150

T T T T T T
140 130 120 110 100 90 80 70 60

50 20
f1 (ppm)

31p NMR (CDClg) Q 2

N=N 0\\P
; N Ao \©

13d

J e

.00 95 90 85 80 75 70 65 60 55 45 40 35 30 25 20 15 10

50
f1 (ppm)

2400
2300
2200
r2100
2000
1900
1800
1700
1600
1500
1400
r1300
1200
F1100
1000
900
800
700
600
500
400
300
r200
r100

-100

r-200

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000




750
700
650

F600
1550
500
k450
F400
1350
300
250
F200
F150
100
50

50

21800

15—
s

169
£69

5
~

"H NMR (CDCl3)

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

9.0

9.5

1.0

r1ouy
1500

1400
1300
1200
F1100
1000
900
800
700
600
500
400
300
200
r100
ro

r-100

19'€S
w9 mmv

[4%:
mﬂmwv.

8L'9L
DN,_RW
WL

S0'STT~
SE'STI~Y,
WSIT-7
or'otT
£LETT
LLETT
86’27
9'82T
Nm.mﬁw
T2 0ET
58°0¢T /)
96'05T
69'TET
£8'IET
P0'TET
8r'zeT
8°TET
6'9€T
68'9ET
BT'HET
At

SH'T9T—
P PIT—

g

\\D./
d o

N”
1 /M
®

. _

13C NMR (CDCl3)

20 10

30

170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

80

S7



32000

3P NMR (CDCl3)
! 4
N_A_o \© 28000

13e

—3348

26000
24000
22000
20000
18000
16000
14000
12000
10000
8000

6000

4000

|

o

-2000

i T T T T T r T T T T T T T T T T T T T
n 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
f1 (ppm)

7.82
7.80
7.78
7.76
7.55
7.53
7.51
7.48
7.45
7.43
7.42
7.41
7.40
7.38
7.25
7.23
7.22
7.20
7.07
7.04
7.01
—5.43
5.20
5.17

L3

500

"H NMR (CDCly) PQ Laso
7@/
e

350
300
F250
200
r150

100

ro
b
g 8
g8

=-50

6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0

5.0
f1 (ppm)

S8



2200

116,37
116.33
116.08

2100

—164.62

—161.33
77.62
77.20
76.78
58.21
58.14

—53.52

<
&
N
g &

2000

3C NMR (CDCl3)

1900
F N=N O\\PQ F1800
\©VN/\/VO’ \© F1700

1600
1500
F1400
1300
1200
k1100
F1000
900
800
+700
+600
500
=400
300
200
F100

W) ‘-‘JNJ M . Fo

r-100

F-200

~-300

T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

35000

—33.64

3P NMR (CDCly)
FsC N=N o\\P C
N Ao \1:::1

13f 30000

25000
20000
15000
10000

5000

_J

T T T T T T T T T T T T T T T T T T T T T

1
95 90 8 8 75 70 65 60 55 45 40 35 30 25 20 15 10 5 0 5 -10
f1 (ppm)

S9



~1900

1800

1700

r1600

1500

1400

1300

r1200

ri100
1000

900

800

700

600

500
400
300
200
r100

gl

3|

=
I

"H NMR (CDCls)

FsC

Te61

Feee

o
Mwmm.m
10
50T

560
mrmh.m

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)

9.0

9.5

20000
19000

18000

F17000
16000
15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

ro

r-1000

-2000

TobbT
O'ppT

13C NMR (CDCl3)

F;C

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

30

S10



Bnn

3P NMR (CDCl3)

i,
&

SN

N
s

N=N
\/\/\/\/N\)\/O
139

v T T T T T T T T T T T T T T T
50 45 40 35 30 25 20 15 10
f1 (ppm)

_~523
~~5.20
—0.00

J e

"H NMR (CDCl3)
0

N=N X
\/\/\/\/N\/\/O/
13¢g

259

S o

9.0 8.5 8.0 7.5

S11

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

~-1000

600

550

500

r450

400

350

300

250

200

150

100




plrdndoded
13C NMR (CDCl3) Q
N=N

3000

143
143
132
132
132
131
131

130
128
128

—123
77.62
77.20
76.78
5831
58.24

—50.49

3179

3032
29.11
2902
2655

2269
14.16

Vi
N
<

2500

2000

1500

1000

500

ro
A N 1) . (S— T S |14 1 o Smp—

T T T T T T T T T T T T T T T \
30 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

raouuy

33.28

15000

3P NMR (CDClg)
;:;\ 14000
N=N o\\P
N\/\/O/ \© 13000

13h
12000

11000
10000
9000
8000
7000
6000
5000
4000
3000
2000

1000

r-1000

T T T T T T T T T T T T T T T T T T T T T

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
f1 (ppm)

S12



5000
4500
4000
3500
3000
2500
2000
1500
1000
500

-500

ro

2 o g S g =
(=3 (=3 Q (=3 =] [=J (=3 i=] (=]
R 8 2 8 ] g 2 g 2 g o 2 ] 3 8 2
T T ad i i T ihd 5 T T ki3 id b e N P * i
000— = ==
Lw
= osoT—
O W —
AN —_— Feos e
9T~
1% //l{"l!} 4 9B T~
E;ﬁ Fws - o
ww.“ 1 i 65'87—
erd T 8E0E—
Wi = %60
vt ~ L3
981
2eob—
| w
~
Le s —
P
rss
b
L
o
Le
<
61~ e — 67 wor
v f W I RW
in 2
[ <
of
FS&
075~ s Hv T =
€5~ [ 69
n
[
LS
-]
L=
o
e
1€y S.m:/
e o st
e re ££°0ET
[ mm.@/
k'L - 2LTET
wit / in 61'ZET
il | = — 65 [ 0 eezer
1 n% 0T LE°2€T
Bty f pirem— Tﬁ
i B = op'esT
Xy [ mv.Mﬂﬁv.
18 o/
0 P
e o O "
[ e
z =
1)8 %
- ) =<
~ "z Fa
= w 2
o4 o
O | [
S " s
DM“ =4
Z & &
T ras -

10

20

30

40

50

60

70

S13

100 90 80
f1 (ppm)

110

120

130

160 150 140

170




22000

21000

20000

19000

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

-1000

-2000

oree

3P NMR (CDCl3)

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

)0

350
r300

250

200

150
100
0

it/

S

. J@W +

/

"H NMR (CDCl3)

%qu
Hv €T
Fost
Fest

ﬁaa._
*vm.—

8.5 8.0 75 70 65 60 55 50 45 40 35 3.0 25 20 L5 1.0 05 00
f1 (ppm)

9.0

9.5

S14



g n%R838 3 ~No® T o ©m
5% 8888 & ER® SRS 8 a4
v S\ N (% v
3C NMR (CDCl)
o O
/P©
|
|
f ML A A ot A by il
T T T T T r T T T r :
170 160 150 140 130 120 110 100 90 80 70 60 50 20
f1 (ppm}
3P NMR (CDCl3) Q
NN Ry
N Ao j@
[j 13j
)0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

S15

r2100
2000
1900
1800
r1700
1600
1500
1400
1300
r1200
r1100
1000
900
800
700
600
500
400
300
200

100

=300

20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
[2000

1000

r-1000

-2000




(=3 Q (=3 Q =3 (=] (=3 Q (=3 f=] =3 =3 i=J (=]
8 ] 8 5] 8 2 8 2 2 2 8 2 8 = a
T N hid P al T Y T i i i i T kil il !
00'0— —
85~ FIJ —_— Whﬂ
165"
mv.m.:
s £
8v'¢ IS
05i—% f(l’l/lf/ — W
7 608
&L
9] R - — Wﬂum
) St
4 o It
wer = -
s
884
m_u.m;_

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

9.5

6000
5500

5000
4500

4000

3500

3000

2500

2000

1500

r1000

500

500

bI8s
1T mmv

829
(174 RW
9L

bL021
oeezt
19821
S8'8ZT
£0'621
98°6¢T
PEOET

9L TET
69°TET
ST'ZET
6bTET
£5°2ET \-
86'95T —

LEWPT >

Sb'obT @/
4
O

z
z

13C NMR (CDCl3)

o

N

o

o

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

80

S16



3P NMR (CDCly)

o/
N=N O
N Ao

14a K

P\o

—-1.03

"H NMR (CDCl3)

N=N O\\P:
N\)\/o’ o]

14a K

60

55

: T T
50 45
f1 (ppm)

—55
5.17
5.15

<e

| 55

05
02
1.28

1.27

&

1.25

0.94-T
299-x
2254

T
g

599-x

T T

N4 204

5.0
f1 (ppm)

4.5

# | 385

S17

0.5

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

-2000

2100
=i

2000
1900
1800
1700
1600
r1500
1400
r1300
1200
r1100
1000
900
800
700
600
500
400
300

200

100

ro

r-100

0.0



2 Shnsa A Rk 2288 8 N
o ayNgy o RR¥ $388 & gg
v N/ | ~ NV v
13C NMR (CDCl3)
o. o~/
N=N \\P/
N A_o o
14a
|
btk b ol " .l, .J& A " MJ il t | - Lk |
Bl b ok o ) Vo w Al T " (o d i ) Lddai Y ! ia il
T T T T T T T T T T T T : . T T
170 160 150 140 130 120 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
3P NMR (CDCl3) 8
HaC N=N O\\p/O\/
N/\)\/O/ o
14b K
: T T T : ! T . . T : T T T T T : T T T :
» 9 9 8 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 0 -5
f1 (ppm)

S18

3000

2800

2600

r2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

r200

23000
22000
21000
20000
19000
18000
17000
16000
15000
14000
13000
12000
r11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
ro
~-1000

r-2000



"H NMR (CDCl3)

HsC Nen O
N\/\/o

14b

7.52
7.22
7.10

Y o/
.

P\o

N

1 o8

—5.40
_~5.08
~~-5.05

[ J

204
| 1.91{

4.02
3.99
3.97
3.95
3.92
227
121
1.19
117

e
N

312+
1 6241

9.5 9.0 85

3C NMR (CDCl3)

H;C. N=N
T

14b

o a0

8.0

bl
n

_~131.45
—129.87

~~128.26

oG

143.74
143.65
—138.87

-/
P
o o

N

o, ©

0

—123.34

6.5 6.0 5.5

T
50 45
f1 (ppm)

77.62
77.20
76.78

o
N

Lo
=] 3.77{

64.05
63.97

—2.22

£

60.64
-<50‘57
—54.13

<L

1.5 1

0

16.14
16.05

0.5

T T

160 150

T
30 170

T

T
140 130

120

T T T T
110 100 90
f1 (ppm)

S19

10

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

r100

ro

-100

0.0

3600

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

r1200

1000

800

600

400

200

ro

r-200

F-400



3P NMR (CDCl3)

-1.02

34000

32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

r-2000

95 90

"H NMR (CDCl3)
N=N

T T T T T T T T T T T T T T T
8 8 75 70 65 60 55 50 45 40 35 30 25 20 15
f1 (ppm)

0] —

B!
2.05-]

1.07
113

~1.30
1.28
1.26

Z
A

=

L

Sr1500
|

1400
11300
F1200
F1100
1000
Fo00
1800
F700
1600
500
k400
300
F200

r100

r-100

9.5 9.0

191
a | a2]

8.5 8.0 7.5 7.0 6.5 6.0

o
n

50 45
f1 (ppm)

S20



8 §E SRR
o o e 388 2383 55 ag
= pA ao2adan a3 RRR T3IBS "?'S =8
I VOSSN N\ Y N NV v v
13C NMR (CDCl3)
F
'
I
H— |
" | " " " o " ; ot
A A e b AR o i el e WABA
30 170 160 150 140 130 110 100 90 80 60 50 40 30 20 10 ]
f1 (ppm)
31p NMR (CDClg) 2
-/
N=N O\\P/O
F NAO 0
14d K
95 90 85 80 75 70 65 60 55 50 35 30 25 20 15 10 5 0 -5 -10

45 40
f1 (ppm)

S21

-1900

1800

r1700

1600

-1500

1400

1300

r1200

1100

1000

900

800

r700

600

500

400

300

200

r100

ro

r-100

40000

35000

30000

25000

20000

15000

10000

5000




o o o © o o o
Q (=] [=3 (=3 =3 (=3 (=3 (=3 (=3 (=3 (=1 (=1 (=3 i=4 =3 &
a ¥ & & = =1 =1 =1 s 1= =4 =1 S o S =
e e W, B, R8T b PR (P P W T s {

00— —

92T )

81— —_— £1'9

wi ™ = HI

W0

S.JM

90t e — ”

o | [j TE v

"H NMR (CDCl3)

f/f/

WB.N
Feoe

660
96°T

Feot
Feso

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

1.0

2000
r1%00

1800
1700
1600

1500

1400

1300

r1200

1100

1000

900

800

700

600

500

400

300
200
100

ro

r-100

~-200

P19
€791 P

U'ES
St mmv
09°08
£9'08
01439
81 va.

20'SIT
ZE'STT
165117
61911/
£9'€21
e W.
9L°€TT
€601
sorer

68'9€T
66'9ET >

TUH6T
0Z'HbT >

8191 —
18497 —

13C NMR (CDCl3)

14d

Ly

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170

S22



3P NMR (CDClg)

O\/
F N=N o\\P/
! N
N\)\/o o

14e K

-1.0L

32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

r-2000

BRERK
RERKKN

0 -~/

|

\-7.06
L7.03

[
I
\7.
F7.09

"H NMR (CDCl3)

F (o}

N

o o
N

(
N

=N
14e

60

55

T T T T — T T T T T T
50 45 40 35 30 25 20 15 10 5 0 -5
f1 (ppm)

b4

Rt
Jra.09
4406
ﬁme
4,04
L4.01
1.30
s
126

—5.50
5.19
518
5.14

raat

1400
F1300
F1200
r’ [ 1100
J 1000
1900
800
700
600
F500
400
300

r200

L 100
Lo

r-100

197

| -
2 i 3.&9{ %

g4 200

4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5

5.0
f1 (ppm)

S23



%9 23 eYNT § 9% — MERE & —
e 5 8888 8 32 KRg saEd o ]
I v N \/ A NV v
3C NMR (CDCls)
O\\ /O
P
o i
|
|
A YA e e e s U H PR LR T
170 160 150 140 130 120 110 100 90 80 60 50 40 10 0
f1 (ppm)
31p NMR (CDCls) b
FiC NeN O\\P/O\/
N O O
14f K
T ‘ : T . : T T . . T : . : . . . . . . .
95 90 85 80 75 70 65 60 55 50 35 30 25 20 15 10 a 5 -10

45 40
f1 (ppm)

S24

1600

1500

1400

1300

r1200

1100

1000

900

800

F700

600

500

400

[300

200

r100

r-100

34000

32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

(--2000




1700

1600

1500

1400
1300
1200

1100

1000

900

800

700

600

500
400
300
200
100

ro

r-100

81900
| 1800

jras
HAW
9T

TS~
s1s"

56—

"H NMR (CDCl3)

O
@
w

I

Fere

bz
86T
1670

3.0 25 2.0 15 1.0 0.5 0.0

35

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

f1 (ppm)

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000
1500
1000
500
0

500

00'9T~
60'9T >

95'e5—
£'09
cmcwv

T0'+9
ma,vmV.

8'9L
oz RV\.
[ V7ag

6E8TTY
0o'ezt
(23743
19°52T
90'92T
1'%t
919zt
12921
SE'8TT
Te6et ﬂr
PROET~
£80ETF
0s1eT
be'IETY
GSBET—

£0'¥HT ~
VT >

13C NMR (CDCl3)

FiC

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

80

S25



[-28000

-1.29

3P NMR (CDCl3)
o, 0~ 26000

N=N" ™%

\/\/\/\/N;fv ° OK 24000
22000
20000
18000
16000
14000
12000
10000
8000
6000

4000

2000

r-2000

T T T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 =5 -10
f1 (ppm)

-4.10
4,07
14,05
(195

1400

B o
"H NMR (CDCl3) o / [ 1300

—7.68
—7.28
—-0.00

520
™~517

r1200

F1100
_r P VL // / _/ / F1000
1900
800
k700
1600
500
F400
F300

200

| 100

0.98 -

.
2 F-100
M

S26



r1300

143.44
143.35
123.41
76.78
2273
16.26

- 77.62
77.20
64.15
64.07
60.77
60.70
50.61

1617

“14.18

<
o
N
£
ed
A
N
<

1200

3C NMR (CDCl3)

1100

1000

900

800

700

600

500

400

300

200

100

ro

r-100

T T T T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

34000

—-121

3P NMR (CDCl3)
32000
N=N /OJ
i /P 30000
\/\j\/N\)\/O ~o
14h K 28000

26000
24000
22000
(20000
18000
16000
14000
12000
10000
8000

6000

4000

2000

r-2000

95 90 8 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 5 -10
f1 (ppm)

S27



r1100

1000

900

[800

r700

600

500

400

300

200
100
0

r-100

000—

680~
?ﬁ.m\v

82T
621
0€'1
€T
ve'r!
(SN

BT-F
=9
16T/

614

0%
206
o~k
a7
STy \\v
9eb
seb/

815~
125"

Ri—

Wi—

"H NMR (CDCl3)

O /O\/

’P\O
N

o}

N

1/

F ae
Fsewr

F ezt

H\ fas

102

HI 00z

T o

9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

9.5

2000
1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500
400
300
200
100

r-100

~-200

6501~
60T~

bI'9T

£2'9T >
962~
6T

09'8¢—
6b'0E—

8L'eE—
6909
E,EV
[a% ]
wh,uh./

0zit=x
9 hMt\.

£6'ETT—

0 -/

mm.mvﬁ
ZEET v.

3C NMR (CDCl3)

o

N

z
1
z

o/

/
o]
3
=z

14h

40 30 20 10

50

170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

80

S28



f3bUUU
(34000

32000
30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

r-2000

06 T-—

3P NMR (CDCl3)

oy

O /()“//

/P\O
N

o]

=
14i

..

-10

90 8 8 75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

95

1200

1100

1000
900

800

700

[ 600

500

400

300
200
100

F-100

Lrasy

L=

L

"H NMR (CDClg)

i il

ae
[4:23

T we
Faz

F oz

T eov
F oot

W [4as

W 050

3.0 215 2.0 1.5 1.0 0.5 0.0

35

85 80 75 70 65 60 55 50 45
f1 (ppm)

9.0

S29



142.96
142.87
121.33
77.20
76.78
64.10
-64.02
60.77
60.34
33.66
25.26
25.21
16.23
16.14

<
b
N
L
s
e &
{

77.63

r1200

3C NMR (CDCl3) Liion

O\\ /

N=N"

N A o "o +000
O/ 14i N Looo
H800
F700
600
F500
F400
F300

200

100

ro

=100

T T T T T T T T T T T T T T T T T
80 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

F24uuu

-0.97

3P NMR (CDCl3) 23000

F22000
[NV o~

! P
N Ao OK F20000
14 119000

18000

21000

17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

r-1000

r-2000

T T T T T T T T T T T T T T T T T T T T

0 9 9% 85 80 75 70 65 60 S5 50 45
f1 (ppm)

S30



= o o o o =
g 2 2 S 8 g 8 15 8 8 8 g 8 8 =1
B s e SR . W P W, F e e, e
000— Ag
1T~ .
12 — Fere
6T J
60t ¥
e
et // = WE.«
aref
b’

|

|
925~ f = WRA
625" .

4
ey
£y
SkL o
wv.n# PR y
Hm.mN —— 6T
[ S,

"H NMR (CDCl3)

Fear
Tmmd

0.0

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

9.5

o o © © o © °© e o o °o o o o o
g £ 2 8 2 § &8 8 2 8 § 8 &8 g2 8 8 8 38 8
N & & @ ¥ & & & © & 8 8 8 © o 2 2
A A PRl ol D W M o s e A A i e A
€191
el
15°09
£5'09
xe)
it
8.'9L
ERW =
9L
3
29021~
£8'1Z1-" - r
90'6¢T ~ m
06'6ZT "
96'9ET— E—
80'wbT
o

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170

S31



