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Figure S1. Chemical structures of all possible isomers of dCyd341. The formation of the 
oxadiazabicyclo(3.3.0)octaimine adducts (dCyd341) is initiated by the reaction of the exocyclic amino group of 
the cytosine base with the reactive aldehyde (upper panel). dCyd341 exists as four potential isomers, two cis 
and two trans (lower panel).



S3

8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

In
te

ns
ity

8.147.58 6.004.00 3.47 2.812.441.661.20 1.130.690.65 0.580.570.53 0.46

7.
64

7.
63 7.

58
7.

40
7.

28

6.
87

6.
86

6.
84

6.
33

6.
26 6.
17

5.
60

5.
54 4.

75
4.

53 4.
22 3.
94 3.
82

3.
81

3.
44 3.

33
3.

12

2.
79 2.

64

2.
31

2.
21

1.
43

0.
86

0.
06

0.
04 0.

00

Figure S2. 600 MHz 1H NMR spectrum of compound 6.



S4

200 180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)

0

0.05

0.10

0.15

0.20

0.25

0.30

In
te

ns
ity

20
6.

93
20

6.
59

17
2.

38

15
8.

68
15

6.
98

14
7.

69 14
4.

35
13

7.
49

13
5.

49
13

5.
32

13
0.

11
12

7.
97

12
7.

09

11
3.

26

10
4.

95
10

3.
21

96
.7

4
86

.8
4

86
.2

9
84

.6
7

84
.3

8
77

.2
8

77
.0

7
76

.8
6

71
.7

6
71

.4
1

67
.2

1 59
.8

3
55

.2
8

45
.7

9
41

.5
5

37
.9

7

29
.8

5
25

.7
1

17
.9

6

-4
.6

0 -4
.8

7

Figure S3. 150 MHz 13C NMR spectrum of compound 6.
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Figure S4. 1H-1H COSY NMR correlation spectroscopy 2D NMR spectrum of compound 6.
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Figure S5. 1H-13C HSQC NMR correlation spectroscopy 2D NMR spectrum of compound 6.
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Figure S6. 1H-13C HMBC NMR correlation spectroscopy 2D NMR spectrum of compound 6.
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Figure S8. HPLC/MS-MS analysis of alkaline treatment of 6. The upper part shows the TIC (total ion 
chromatogram) while the lower part shows the extracted ion chromatogram of m/z = 342. The three 
characteristic peaks of the four isomers of dCyd341 are observed (the two fastest isomers co-eluted together in 
a single peak).
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Figure S9. MS/MS spectra of compounds 7, 8 and 12 obtained by collision-induced fragmentation of their parent 
ions  m/z = 898, 838, 880 for 7, 8 and 12, respectively.
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Figure S10. Chemical structure of compound 13.
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Figure S11. MALDI-TOF mass spectra of linear (14, 15, 17 and 18) and branched (16) oligonucleotides. Additional 

peak at m/z = 1794 observed for the analysis of 16 was not attributed. 
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Figure S12. HPLC/MS-MS analysis of the complete enzymatic digestion of oligonucleotides 15 (linear, left 
panel) and 16 (branched, right panel).The upper chromatogram show the UV detection of all 4 
nucleosides plus the modified nucleoside dCyd341 (RT 13 min). The middle show the ion extracted 
chromatogram of m/z 342 (dCyd341) while the lower show the extraction ion chromatogram of m/z 324 
(dehydration product of dCyd341). The only detected modified nucleoside in the UV chromatogram is 
the dCyd341 indicating that formation of the dehydration product is negligible. 
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Figure S13. MALDI-TOF/MS analysis of 3´-5´exonuclease digestion of: A. Non-branched oligonucleotide 15 ; B. 
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Figure S14. MALDI-TOF/MS analysis of 5´-3´exonuclease digestion of: A. Non-branched oligonucleotide 15 ; B. 
Branched oligonucleotide 16. Spectrum A was obtained after 15 min digestion, and spectrum B was obtained 
after 5 min digestion.
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Figure S15.200 MHz 1H NMR spectrum of compound 4.
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Figure S16. 200 MHz 1H NMR spectrum of compound 4/5.
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Figure S17.1H NMR spectrum of compound 6. 
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Figure S18. 200 MHz 1H NMR spectrum of compound 7/8.
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Figure S19. 200 MHz 1H NMR spectrum of compound 8.
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Figure S20. 200 MHz 1H NMR spectrum of compound 12.
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Figure S21. 200 MHz 1H NMR spectrum of compound 9/10.
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Figure S22. 200 MHz 1H NMR spectrum of compound 11.



S24

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

24
.2

2.
9

6.
4

2.
1

7.
1

8.
1

2.
8

1.
3

1.
0

1.
2

1.
0

1.
0

1.
0

4.
2

10
.2

1.
1

1.
0

1.
20

1.
22

1.
23

1.
25

1.
28

2.
25

2.
67

2.
69

2.
73

2.
82

2.
85

3.
50

3.
62

3.
66

3.
83

3.
84

3.
91

3.
92

3.
96

4.
67

4.
75

4.
81

4.
87

4.
97

5.
03

6.
25

6.
26

6.
29

6.
30

6.
53

6.
61

6.
85

6.
91

7.
13

7.
30

7.
48

7.
58

7.
62

7.
65

7.
69

7.
98

O

O

DMTO
N

N

O

N
OLev

O

P
O

N
NC

P
N

O
CN

13

Figure S23. 200 MHz 1H NMR spectrum of compound 13.


