Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

Electronic Supplementary Information for

Ring-opening reactions of 1,4-diazabicyclo[2.2.2]octane (DABCO) derived quaternary
ammonium salts with phenols and related nucleophiles

Nenad Maras, Slovenko Polanc and Marijan Kocevar*

Faculty of Chemistry and Chemical Technology, University of Ljubljana,
ASkerceva 5, SI-1000 Ljubljana, Slovenia

marijan.kocevar@fkkt.uni-lj.si

NMR Spectra

S1



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

_7.666
~\-7.639
N-7.292

_~7.319

P
0=5=0

1a
H NMR (D20)

4.698

&

Hj

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

DR L
— — S S ™ )
— T 1 T T T~ T T~ T T~ T T T T T T T T T T T T T T T T T T T T T T T T T T I T T T
11.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

~-500



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

O K N
~— O [s2] i MO MMmMM n
o N (o)) [ee] NMOW WO X o
(NE=) [ e} -e-a-o-or-co-Lh o
< < N R I Il =)
— — - N LWwLwLwLwnLwn s (o)
1 b — ="
113a
C NMR (D20)
I
|
I
0=S=0
CHy CHs
|
T T T T T T T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

S3



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1400
1300
1200
~1100
1000
900
~ 800
~ 700
~ 600
500
~400
300
200

100

~-100

SXEIRRR R RISa3RIIFIS &
G W LW W W ¥ I FTO OGN O ™ -
— N= I SN2 N
(N+
Br
}C
H NMR (D20)
|
|
N
THF THF
; |
A i LJL_,JKJ kwm L Jk
R 7 ﬁg”g
& 9 8o 8 8
o — o - [(e (e}
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1000 95 90 85 8.0 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

68.33
67.04
67.00
66.96
52.53
52.49
52.45
25.52

1600

—129.54
—124.18
—44.72

-1500
-1400
-1300
-1200
( -1100
N Br -1000

| -900
-800

-700
- 600

1c -‘500

“C NMR (D20) 400

[ ~300
200

, . -100

~-100

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

S5



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

7.41
7.39
7.38
7.36
7.31
7.29
7.29

/
i

Br

—4.70

1d

1

H NMR (D20)

1 =

2.00
12.83

~ 650

~ 600

=550

=500

~450

~400

~ 350

~ 300

=250

200

~150

~100

=50

~-50

11.5 10.5 95 90 85 80 75

f1 (ppm)

S6

70 65 6.0 55 50 45 40 35 3.0

2.5

0.5



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

O N < <

5] o TN QO T M o o
= D BN MAaNA VN O Y < <
< AN AN N < < < NN AN AN < o ™M
— — O O O 0N wn < < ™ o

Br

1d
C NMR (D20)

2300
2200
2100
2000
~1900
1800
1700
1600
- 1500
1400
1300
1200
1100
1000
900
800
~ 700
- 600
500
400
300
200
100
-0

-100
-200

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S7

--300



Electronic Supplementary Material (ESI) for Organic & Biomolecular
This journal is © The Royal Society of Chemistry 2011

Chemistry

Z+\_/

4.698

OO NWWO =0 MO Ne} AMOHA LN OO M
NI NON—=HON — DOV MO
QYT MMM N~ N ®QQON Y Y LM
TFTMOmOMnMmmOmmmMmonom o T o e o o
| = I\ Nte=————"

+
N -
Br_ w Br
11e
H NMR (D20)
I
|
|
T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4,5
f1 (ppm)

S8

3500

3000

2500

2000

1500

1000

500




Electronic Supplementary Material (ESI) for Organic &
This journal is © The Royal Society of Chemistry 2011

Biomolecular Chemistry

~60000

~55000

~50000

~45000

40000

~ 35000

~ 30000

~25000

~20000

~15000

10000

~5000

523 833 8 299
I3 B8 I NRARY
~ ~ | N/
[::NIJ [::NIJ
N N )
Br L\\///\\\//J Br
|
113e
C NMR (D20)
|
|
l .
- - J..JL | Il
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

S9

~-5000



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

cr cr

?a
H NMR (D20)

¥ 4.70
4.41
4.40

"\ 438
3.74
3.72
3.71
3.02

4
/

2.06 1

10.5 95 9.0 85 8.0

6.5

~ 3000
2800
2600
- 2400
2200
2000
~ 1800
1600
~ 1400
1200
1000
~ 800

~ 600

~400

~200

~-200



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

N ~ < (2]

o ™ [t} =] © oM o
5 g N 9 fTeaae o 3000

— — — — [Co RN ToRRTO RS 4 <

I I NS
- 2500

+
N
/~HN
; ; - 2000
Cl Cl
| - 1500
|
|
%a
C NMR (D20) ' ~1000
|

|

- 500
’WWWWWWWWWWWWWWWWW«WWMH o0

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S11



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

MO MOLWLANO O O MmN~ S — O < o
VS SN —00 MW S S S QN 2 rF1100
MNNNNNNN~N~ ST M o
— N\ N R 0 |
-1000
- 900
o~ - 800
HN—\ i
N—""NH
o cf [ 700
- 600
3o i
H NMR (C20) o500
- 400
- 300
|
||
- 200
|
-100
I8 il
e 0 L_O
7 ~
o m <
o - o
NN' |H' '-100

10.5 95 9.0 85 8.0

65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

S12



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

157.52
140.68
—61.73
56.83
56.18

L

_~49.42
™\ 48.89
—31.99
—25.38

~1300
;1200
;1100
;1000

;900
P NS R
— ~700

~600

3b

- 500
C NMR (D20) _

~400
~300
! ~200

~100

~-100

~-200

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S13



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

[oe] N O ot O < O
R YN ~Q
N~ o O < T < ™m M
I N [N e
O\/\HN+\/\ ]
N—""NH
~
(@)
cl cl
3c
H NMR (D20)
I
|
i T
(o] o N < (o]
A S — 9 ol
o ™ o —
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 10.5 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05

f1 (ppm)

S14

1100

~ 1000

900

~ 800

=700

600

~ 500

~400

~300

~200

100

—F-100



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

—154.19
—151.94

RAZR o 5 NHNO 1o
— - o~ © 1o Sond oA
Mmoo AN N — - N O © © o
L B I I | — © O 0w < <
N2 N/ NTN N
O i — N
NH
~
o)
cl

3c
C NMR (D20)

}2100
2000
1900
1800
~1700
1600
1500
1400
1300
- 1200
- 1100
1000
~900
800
700
600
500
400
300
200
100
0

~-100
~-200

180

170

160

150

140

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

S15

~-300



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

2.20

16.15 - _
R

< © S O W~ LD o ~ N
NS odooo™ ~ X o~
SN U N N (e I 7o M e} < < < O™
[ —~\¢&—" [ /NN
O\/\HN+\/\ .
NH
cl cl
?f
H NMR (D20)
| |
I Lo
UM )y
0 L ™ e
oo} o o © ™
D < e < o
iTo) (2] o o —
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0

f1 (ppm)

S16

2.5

2.0

1.5

~ 1600
~ 1500
- 1400
1300
1200
1100
~ 1000
900
800
~ 700
600
~ 500
~400
~300
~200

~100

~-100



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

& © o - © ©

< ddH oo N N o - n ™ o

) mmndANNN 0o~ o o ©

— L B B B B B | O O < < —
i RIS Y4

éiO\/\ HN+\/\ +
N—""NH
cr

Cl

3f
C NMR (D20)

4500

4000

3500

~3000

2500

2000

1500

~ 1000

~ 500

~-500

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S17



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

7.55
7.52
7.47
7.45

L1
\

+

H

NN
"N

cl cl

39
H NMR (D20)

—4.76
—4.50

)

)

2100

—0.00

j2000
j1900
j1800
1700
j1600
flSOO
f1400
1300
1200
jllOO
leOO
7900
800
f700
j600
f500
400
j300
j200
leO

0

~-100

10.5 95 9.0 8.5

T T T
55 5.0
f1 (ppm)

4.5

S18



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

27.80

}2000
1900
1800
jl?OO
1600
1500

S\\///\IiNf‘V//«\ :;//[::::] 1400
N—""NH 1300

crcr [ 1900
}1100
1000
%% NMR (D2O) _zgg
f700
600
500
f400
| 300
j200
leO
Ut AR L
j-lOO
-200
-—— [ F-300

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

132
131
131
131
130
129
128
127

—60.95

— 55.90

_~49.16

™-48.41

S19



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1700

81

78

70

67

48

47

43

41
7.36
7.33
7.31
—4.70
—4.42
3.61

~ 1600
1500
~ 1400
1300
1200

1100

S\IKS\/\HN& NH -1000
) N ;900

cl ¢l i
- 800
'H NMR (220) ~700
- 600

~ 500

~400

~300

~200

k\*_‘ -100
S
S

T

~-100

T T T T T T T T T T T T T T T T T T T T T T
05 100 95 90 85 8.0 75 70 65 60 55 50 45 40 35 30 25 20 1.5
f1 (ppm)



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

166.90

152.20

3h
C NMR (D20)

_~49.41
™-48.51

180

170

160

150

140

130

120

110

100
f1 (ppm)

90

S21

80

70

60

50

40

30

20

10

~ 350

~300

~ 250

200

150

100

=50




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

) O QN MO O~
~ < ~ NSO OO N~®©®©mID
NN 4 I A BB B0
(I I N\e—=——

3i
"H NMR (20)

~ 1400
1300
1200
1100
1000
900
~ 800
=700
600
~ 500
~400
~300
200

~100

T T T T T T T T T T T T T T T T T T T T T T T T
11.0 105 100 95 90 85 80 75 70 65 6.0 55
f1 (ppm)

~-100



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

170.33

135.51
131.71

131.49

131.10
129.90
127.72
124.13

%
x

3
“C NMR (D20)

N_/’HN

cl

_~55.13
49.29
48.38

J

~\-60.86

%NM

cl

32.62

200

190

180

170

160

150

140

T T T T T T T T T
130 120 110 100 90
f1 (ppm)

S23



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

7.59
—4.79
—4.54
72
44
42

AN 298 - 7500
7000
-6500
O/ HN@ "y 6000

cr ¢ 5500
- 5000
4500
4000

3i
1

~3000
~2500

~2000

i ~1500
~1000
- 500
I’y
<
™M
1.5

~-500

10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 2.0
f1 (ppm)

S24



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

N O M
[CR=IR ) I NN 0
- o~ o ® 0 ¥ ™
RS IRNEN] o Al 00 0 =]
— - - - e} n < < ()}
N2 | N

"*C NMR (D20)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S25

;15000
~ 14000
;13000
~12000
~ 11000
;10000
~9000
~8000
;7000
;6000
~5000
~4000
;3000
~2000

~1000

~-1000

~-2000



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

2000
'j1900
1800
f1700

HN& ' L ~1600
TN - 1500

7.56
—4.76
—4.52
84
82
81
72
55
54
52
41
—-0.00

f1400
f1300
j1200
~1100

Ak ~ 1000

"H NMR (D20)
-900

~800
~700
~600
~500
~400
NI ~300
j200
j100
-0

~-100

r\:*
C_
r

)
)

@
@Q
~ o

T

2.06

A
| 3.02 (’*

4 2.044

10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 0.5 0.0
fl (ppm)

S26



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

131.71
131.10
129.91
127.85

v
NS
\

—~65.53
60.93
_~58.86
—56.30
_~49.24
™-48.34

3K
C NMR (D20)

~ 1600
1500
~ 1400
1300
1200
1100
~ 1000
900
~ 800
~ 700
~ 600
~ 500
~400
~300
~200

~100

~-100

180 170 160 150 140

130

120

T T T T T T T T T T T T T
110 100 90 80 70 60 50
f1 (ppm)

S27

40

30

20

10

~-200



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

2993988 88N RLLL5E 3R
NNNNNNN O 0 W W LW LW SO NMM® OO
NN ~/ \& NN SN
-1100
-1000
- 900
- 800
L
O\/\HN\/\ . | 200
NH
clcr - 600
- 500
3l
H NMR (C20)
- 400
- 300
- 200
-100
-0
e |—|—0—©|—|
g8 8
i 55 --100
T T T T T T T

(63
N
o
w
(6)]
w
o
N
(6)]
N
o
'—\
a1

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4,
(



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1700

157.51
—130.39
™-128.55
—124.83
—122.58
— 115.09
—61.69
~59.31
— 56.18
-~49.50
™-48.23

~1600
~ 1500
1400
~ 1300
~1200
O N | ~1100
~1000
clcr ;goo
~800
700

3 I
C NMR (D20) - 600
~ 500
~ 400
~300

b -200

~100

e ——

~-100

~-200

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S29



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

-850
-800
- 750
- 700
- 650
c ol 600
- 550
-500
3m - 450
H NMR (D2O) oo
- 350
- 300
- 250
- 200
- 150

~100

=50

~-50

|6.84 ~[ L

N
o

T T T T T T T T T T T T T T T T T T T T T T
0O 65 60 55 50 45 40 35 3.0 2.5 2.0 1.5
f1 (ppm)

T T T T T T
o) o S o) o
@ S S (=] S
ol ol = N ai
T T T T T
05 10.0 95 9.0 8.5 8.0 7

S30



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

900

~ 800

=700

~ 600

~ 500

~400

~300

~200

~100

~-100

D 3 SA885 3 mmno o o ©
~ S SCoo~o 16 NS S > !
[To] <t oMM AN AN AN N — - O O o) 00 — n
— — LB B | — O W < < (32] N
Nl ¢ I [N Y4 I I
O\/\HN+\/\ N
NH
cl
%m
C NMR (D20O)
|
| |
1
T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

S31



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

o o o o o o o o o o o o o
Lo o Lo o Lo o Lo o Lo o Lo o o Ire)
(o] (=] To] T} < < ™ ™ N N i i Lo o 1
" 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 1
000— =
80
E.o%
00 E o
€S'T W 1€°0
95T ol
- = p
90°¢C I %8
'z
672 - Rozz
152 e
— W\ €27

15T

€92

99 ]
89'C I
e - Lt
08'€—

ory W 12°2|

169
v6°9

A
€L .
_/ €0'¢
._”N.N.W — ¥ V6T
vm.n\ 65°G
9¢’L L
6¢'L
T€L
ve'L

H NMR (DMSO-b)

+
N—""NH
3n
1

HN
cl

cl

reen— B — 99'T|

S32

f1 (ppm)

14 13 12 11 10

15




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

06 S < 0% %W < N N ¥® S N®© ®om- <
Lo < oMM N AN NN — o 0N <t 00 M~ o O - 0N <t < < o
— — I B B B — © [ToluTo) < < MmMmom N N NN — B
I [ S\ I NYARAY4 FN S 9000
- 8000
- 7000
o~ - 6000
HN—\
o NH
cl cl - 5000
3n - 4000
C NMR (DMSO-db)
- 3000
- 2000
! |
| |
! ! ' ' - 1000
by
I TR '
-0
~-1000

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

S33



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

3¢ 33 2985 KR88Y §R5999
[N © © < < < < R Re R ) A A A
NN N NGNS S~
2500
2000
O\/\HN+\/\ . +/\/Nﬁ\/
NN AN N HN T
Br o o c o ocr Br
1500
?0
H NMR (D2O)
1000
I ~500
| ' |
' |
i |
i
l
> - -0
T T s T an e
o™ [aN] [s2] o (o)) [aN] o
o S S s N S 9o
a0} <t <t (e} < < [a\]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 10.5 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05

f1 (ppm)

S34



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

~ 5500

156.79
132.93
—117.01
—114.09
— 62.06
56.93
56.10
2331
\-23.05

/

~ 5000

O N Y N - 4500
\/\

Br

Br ccf crcf - 4000

~ 3500
1330

C NMR (D2O) ~ 3000
~ 2500
~ 2000
~ 1500

| ~ 1000

| ~ 500

~-500

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S35



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

D r

HB 83 RODLFE &R S
NN~ N TETEFTE oo < 15000
N N ~5 \/ |1

~ 14000

~13000

\V//[:::i:f//CI -12000
+ -

T -11000
o_—/’HN I

-10000

cr ¢l -9000

~8000

~7000

el 2]
©

T

NMR (D20)
-6000

~5000
~4000
~3000

~2000

~1000

N 14004 >————-
113, % {;_
o

an i S
5 8% oY --1000
T T T T T T T T T v-l T T T T T T T T T T ‘\:N' Iw."_I T T T T T T T T
10.0 95 90 85 80 75 0O 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

f1 (ppm)

S36



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

—154.24
—151.95
™ 136.65
—133.21
—129.94
—~126.50

_~116.33
™-115.60

~8000
~7500
~7000
~6500
~6000
~5500
~5000
~4500
~4000
~3500
~3000
~2500
~2000
~1500
~1000
~500

~-500
~-1000

cr cr
—o0
3 |
1% NMR (020)
[
|
|
190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

S37



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

3q
H NMR (C20)

2.03 I
2.00 4

2.32
—0.00

< __

~5500

~5000

~4500

~4000

~3500

~3000

~2500

~2000

~1500

~1000

~500

|2.95 1
15.75 =

100 95 90 85 80 75 70 65 6.0

) 5.0
f1 (ppm)

4.5

S38

~-500

0.0



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

S QI a3laRoT @ momo Q9 TaWo T s
3 I8 EER o Tne | 8 amam S @ o
L i e B BB B B R B N NN (Vo) nwmuwnLwn NN N
NN \II/ I SN Y
|
CHs
Hs
R/N\/\
Cl
CHs;
3q (free amine base)
C NMR (CDCEB)
|
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S39

~ 7000
6500
6000
5500
5000
4500
4000
~ 3500
3000
2500
2000
1500
1000

500

~-500



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

NS O588 eeyy Fge 2 8
NNNNNN < < < < MM <) C.’_1100
N\ N~ N I
- 1000
- 900
o~ . - 800
HN—"\
N—""NH
F o cf [ 700
- 600
- 500
l3r
H NMR (D20)
- 400
300
I |
i - 200
|
| ~100
J - |
~Fo
raat (L i
o N [{e) N o
o S o S
— o~ = ™ ~-100
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 1.0 05 0.0

f1 (ppm)

S40



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

~7000
~6500
~6000
~5500
~5000
;4500
~4000
~3500
~3000
~2500
;2000
~ 1500
~1000

~500

TARZ Y N ®©®oo W
DO Mo © © © N A g
Er it 09339 S 883% 9
NNV ~ I AN T
O\/\HN+\/\ .
\/\NH\
cl cl
|
%{
C NMR (D20)
|
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

fl (ppm)

S41

~-500



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

5.04
4.51
94
68
66
63
61
1.70
1.67
1.64
1.62

J
AN
Ay
Ry

~1100

—0.00

~1000

~900

~800

~700

~600

~500

~400

~300

~200

~100

cl cr
?s
H NMR (D20)
| |
11
|
| |
[ |
L T F“jg“*ﬂ* PR
g 2 g S g Y
~ood o a o 1O
: : : :

--100

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
fl (ppm)



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1200

130.10
129.83
128.48
127.64
116.25
32.20

10.60

— 157.09
— 152.61
— 145.96
— 63.60
—57.65
_~54.39

_~51.02
~49.78
—43.79
—0.00

VA
X

- 1100
- 1000
N NN -900
-800
- 700
- 600
- 500
%s

C NMR (D2O) - 400
-300
! - 200

~100

~-100

~-200

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

S43



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

;3000
;2800
~2600
~2400
;2200
~2000
;1800
~1600
;1400
;1200
~1000
~800
~600
;400

~200

~-200

LIRSE [2889B35 CNE 2 XY FHBalI HYN PR EEEEEE
NNWOOOS [CRCRCRCRT R LN + S OO0 m 0o m o o —
~\/ 7~ N N D N e N AN N\ ~I
TN
NH\/\
= |o Cl Cl
3t
H NMR (D20)
|
|
|
|
|
I
|
|
|
e 7 I R L — —— -
™M O (o) i < O n o oM
Q @ ~N ~ < 2] — 0 !
o O o ~— o i < o oM
T T 71T T 1T T T T T T T T T T T 1T T 7 T
9.0 8.5 8.0 7.5 70 65 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

n < mn oM M —=m

~N O wn N~ T ot N o N
g < o0 R ) N
< < ™M ™M N o 0 ©
— — o O N N
N SN N

C NMR (D20)

_~49.27
~-48.77

39.40

—17.46

—10.40

~ 16000
;15000
~ 14000
;13000
;12000
;11000
;10000
~9000
~8000
;7000
;6000
;5000
;4000
~3000
;2000

~1000

~-1000

180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

S45

50

40

30

20

10

~-2000



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

855388 m® 8 LT oxRxmmm 3hR BBLRITWMESS
NKNNNGOGOOO <+ T R N PR N ) NAaNN A S0 S -2400
T I~ [ SN SN = N
~2200
O N .
\/\NH\/\/\ ~2000
o _ _ L
| Cl Cl ~ 1800
~ 1600
~ 1400
%’:u
H NMR (D20) - 1200
~1000
~800
|
~600
~400
|
~200
J o
P i
55 e 8 g
' ' ' ' ' _Soo ' ' ' B N ' - ENE ~-200
100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 0.5

f1 (ppm)

S46



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

~8500

57.49

— 148.61
— 144.59
—138.60
—121.44
_~114.33
~-113.28
~62.76
56.18
—~49.29
™-48.77
37.22
_~28.07
—23.36
2181
—13.44

/2457

~8000

A

- 7500
7000
' 6500
/\/@ P HN& NH' 6000

o _ ~ 5500

| -5000
- 4500
| 4000
3u 3500
"C NMR (D20) o [ 3000
| ! . - 2500
-2000
, - 1500
| 1000

~500

~-500

~-1000

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S47



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

4.49
4.47

1715
™-7.10
476
N 4.46
3.92
3.85
3.83
3.81
3.23
N3.20

/3
%

~.
0
(Y e L
N—""NH
clcr

1‘?.v
H NMR ([20)

1.07
™N1.05

2000

—0.00

1900
~ 1800
1700
~ 1600
~ 1500
~ 1400
1300
1200
1100
~ 1000
900
~ 800
=700
600
~ 500
~400
~300
~200
~100

12.16 4

11.09

0

~-100

T T T T T T T T
0O 65 60 55 50 45 40 35 3.0 25 20
f1 (ppm)

- _417—1 %——

10.5 95 90 85 80 75



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1300

1200

1100

~ 1000

900

~ 800

~ 700

~ 600

~ 500

~400

~300

200

100

~-100

iy 2R §5 NS O© o «
w0 © o < ™ noo o 0 - o ™~
< < N N — <t NN © o O o O
— — — © O O < < [QVIE o |
\ NN/ Nyl Y ||
AN
o)
O R
\—""NH
cl cI
|
%v
C NMR (D20)
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S49

. —-200



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

25
98
95

4.14

3w (free amine base)
H NMR (CDC#)

o UV\J
T
S
o
T

—-0.00
" oo
Ul
o
o

10.5

9.5

9.0 85

8.0

6.0 55 50 4.5
f1 (ppm)

6.5

S50



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

70000
~65000
~ 60000
;55000
~ 50000
;45000
~40000
~ 35000
;30000
~25000
;20000
~15000
~ 10000

~5000

~-5000

o § 38998 2 288 N 8289 FEIITEEE
G § R¥E8L 7 RRS 8 an@n NG GRERRNT
NSV N S NS 1
O\/\N\/\
N CHs
3w (free amine base)
C NMR (CDCB) i
| II
' | | Ly
. ISR P USSR VN0 Y VR P AR " —— Ay - N
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

S51



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

8RS KRG 593 828RY BAESRBIBEBAY
N~~~ o O < T < MmMmmoMmom ANAN A A A A A A A AA A |
NN/ NN vl S N 1400
1300
-1200
-1100
-1000
/ O\/\HN+\/\ . L
NH -900
cl  cl \Y;::jiﬁx _
800
-700
3x - 600
H NMR (D20) I
| I|
i . T T S T
S S S 3 9388 3 --100
'I'I'I'I'I'IH' T 'CVJI T T T T T T T IN' T 'F|I T T T T 'NINF'I Im' T T T L
10.5 95 9.0 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 0.5 0.0

fl (ppm)



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

£g - 2300
v -2200
-2100
-2000
-1900
- Cl\v//A\HN+-//”\ - 1800
~  N~"""NH -1700
ClL ¢l \\izj::iix - 1600
- 1500
1400
3 -1300
C NMR (D20) -1200
1100
-1000
-900
i -800
' ! -700
, ~600
~500
~400
-300
~200
- 100
-0

~-100

j-200

—-160.65
~-158.82

131.08
_~108.09
~\-107.61
—101.71
" 66.86
_~61.83

56.12

55.97

/

——49.68
—45.78

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110f (100) a0 80 70 60 50 40 30 20 10
1 (ppm

S53



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

7.32
~-7.29
—6.90
—4.92
—4.70
—4.23

:‘3800
~ 3600
:‘3400
~3200

//[:::::J//Cl\\///\|4Nﬁ\v//4\ ) ~3000
N -2800

© & T \T//\\\ 2600
-2400
2200
- 2000
}1800
ﬁXNMR(DO) o
- 1400

1200
| }1000
“ 800
-600
400

oA

~-200

100 95 90 85 80 75 7



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

o 8 &R¢% N N 0w N =~ o —
o o N S®08 OO Mmoo oY oo © o o ~9000
i g9 999N b R 83 B ¢¢ Q o
N/ [~ N/ R B [ [
8000
~7000
TN . -
N—""NH - 6000
(0] ) ; i
Cl Cl
5000
1?? 4000
C NMR (D20)
i 3000
|
~2000
|
I | | |
| | 1000
|

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S55



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

100 95 90 85 80 7

5 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

o N 3385235 S5 R898%RY, 8
NN < Ao e e s NA A e @
\/ N NN = I-900
-800
-700
ST - 600
\—""NH
-500
3z -400
"H NMR (D0)
-300
| _
-200
I|
-100
) -0
T 5 L '
Q ) ) — M



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

~ 12000

134.97
133.48
132.29
130.56
69.04

— 58.09
— 51.65
— 48.06
—0.00

_
\

~ 11000

~10000
S HNT N 9000
N I
o of % -8000

~ 7000
3z

C NMR (D20) 6000

~ 5000
4000
3000
' 2000

~ 1000

-1000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

S57



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

OH
Iilll" Cj//\\\//

7
"H NMR (CDCB)

5.41
79

2.09

1.00 =<
2.09 4

12.07 4

1.63

| ~100
0

~1800
~1700
~ 1600
~ 1500
~1400
~1300
;1200
~1100
~ 1000
~900
~800
~700
~600
~500
~400
~300
~200

~-100

100 95 9.0 85 8.0

6.0 5.5 5.0 4.5 4.0
fl (ppm)

w
U
w
o

S58



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

DRELITRESE & R 2L SRIRIT BN
NNNNNNKNKRX " ¢ T o o o o o
R E— | 4 [ \ = i
11000
~10000
~9000
~8000
N -
M HN+\/ \\ [ 7000
0 I
O crcf 6000
Q ~5000
4000
8
H NMR (D2O)
~ 3000
~2000
II
In | | | ~1000
i ' A M I Iy
) ' |
-0
T’—ﬁ T e W
o [e0] o ™~ T — N
= — = = ~S --1000
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.(]2 ( 5.)5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
1 (ppm

S59



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

~7000
~6500
~6000
;5500
~5000
~4500
~4000
~3500
;3000
~2500
~2000
;1500
~1000

~500

~-500

~-1000

N ¥ 2pES2 3 9 2835 89
5 S SR8RY 3 3 §288 99
Nle=— 7 NN Y
. >NH
I o\/HN\/ \\
O cr cf
|
8
| C NMR (D20)
|
| | |
' |
190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

S60



