Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2021

Supplementary information

Synthesis of novel n-extended D-A—D-type dipyrido[3,2-4:2°,3’-c]phenazine

derivatives and their photosensitized singlet oxygen generation

Yuichiro Hayashi,” Ami Morimoto,* Takeshi Maeda,* Toshiaki Enoki,?
Yousuke Ooyama,” Yasunori Matsui,* Hiroshi Ikeda and Shigeyuki Yagi®*

“Department of Applied Chemistry, Graduate School of Engineering, Osaka Prefecture University,
1-1 Gakuen-cho, Naka-ku, Sakai, Osaka 599-8531, Japan
bDepartment of Applied Chemistry, Graduate School of Engineering, Hiroshima University,
1-4-1 Kagamiyama, Higashi-Hiroshima 739-8527, Japan

Corresponding author: Prof. Dr. Shigeyuki Yagi
TEL: +81-72-254-9320 FAX: +81-72-254-9910
E-mail: yagi@chem.osakafu-u.ac.jp



Contents

Table S1. HOMO and LUMO composition analysis of Se-Flu.

Table S2. HOMO and LUMO composition analysis of Pt-S-Flu.

Table S3. HOMO and LUMO composition analysis of S-Flu-Br.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

S1. UV-Vis absorption spectra of S-Cz, Se-Flu2, Se-Flu-Br and S-Flu-Ph.

S2. Normalized PL spectra of dppz derivatives.

S3. Differential spectra of nanosecond transient absorption of S-Flu, Pt-S-Flu and Se-Flu.

S4. Nanosecond transient absorption decay curves of S-Flu-Br, Se-Flu2 and Se-Flu-Br.
S5. ESR spectra of 2,2,6,6-tetramethyl-4-piperidone (4-oxo-TEMP).

S6. Calculated HOMO and LUMO energy levels of the dppz derivatives.

S7. Calculated oscillator strength and electronic absorption spectra of the dppz derivatives.

S8. 'H and 13C NMR spectra of S-Flu.

S9. 'H and 13C NMR spectra of Pt-S-Flu.
$10. 'H and '3C NMR spectra of S-Flu-Br.
S11. 'H and 3C NMR spectra of S-Flu2.
S12. 'H and 3C NMR spectra of S-Flu-Cz.
S13. 'H and '3C NMR spectra of S-Flu-Ph.
S14. 'H and '3C NMR spectra of Se-Flu.
S15. 'H and '3C NMR spectra of Se-Flu2.
S16. 'H NMR spectrum of S-Cz.

S17. 'H NMR spectrum of Se-Flu-Br.

11

11

13

14

15

16

17
18

19

20

21

22

23

24

25

25



Table S1. HOMO and LUMO composition analysis of Se-Flu showing the percent
contribution of each atom.*

7
5\ .58 55 /56

~

383 47

407 W 32-30  23-22  18-19  26-27  43:45

\ 37 7, KY oW /7 W 0o\ ’ N 50

415 3735 29-24_  21-17 20-25_ 28-42 48-50, .54
39 62" \ / 61 KU

~497%
T8

N 52
33731 62 2=5 61 44- 46
VAN

A} //4

HOMO N LUMO
Atom 1(C): 0.39% Atom 1(C): 4.88%
Atom 2(C): 1.01% Atom 2(C): 1.36%
Atom 3(0): 0.39% Atom 3(0): 4.88%
Atom 4(N) : 0.69% Atom 4(N) : 13.30%
Atom 5(C): 1.01% Atom 5(C): 1.36%
Atom 6(N) : 0.69% Atom 6(N) : 13.30%
Atom 7(C): 0.14% Atom 7(C): 1.98%
Atom 8(C): 0.16% Atom 8(C): 2.14%
Atom 9(C): 0.16% Atom 9(C): 2.17%
Atom 10(C) : 0.08% Atom 10(C) : 1.41%
Atom 11(N): 0.01% Atom 11(N): 0.08%
Atom 12(C) : 0.14% Atom 12(C): 1.98%
Atom 13(C) : 0.16% Atom 13(C) : 2.14%
Atom 14(C) : 0.08% Atom 14(C): 1.41%
Atom 15(C) : 0.16% Atom 15(C) : 2.17%
Atom 16(N) : 0.01% Atom 16(N) : 0.08%




Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

17(C) :
18(C) :
19(C) :
20(C):
21(C):
22(C):
23(0):
24(C):
25(C):
26(C):
27(C):
28(C):
29(C):
30(C) :
31(C) :
32(C):
33(C):
34(C):
35(C):
36(C) :
37(C):
38(C):
39(C) :
40(C) :
41(C):
42(C):
43(C):
44(C):
45(C):
46(C) :
47(C):
48(C) :
49(C):
50(C):

4.48%
3.13%
3.13%
4.48%
6.91%
4.66%
3.97%
7.12%
6.91%
4.66%
3.97%
7.12%
2.19%
1.71%
2.42%
0.90%
0.61%
0.01%
3.50%
1.30%
0.74%
0.04%
1.06%
1.73%
0.25%
2.19%
1.71%
2.42%
0.90%
0.61%
0.01%
3.50%
1.30%
0.74%

Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

17(C) :
18(C) :
19(C) :
20(C):
21(C):
22(C):
23(0):
24(C):
25(C):
26(C):
27(C):
28(C):
29(C):
30(C) :
31(C) :
32(C):
33(C):
34(C):
35(C):
36(C) :
37(C):
38(C):
39(C) :
40(C) :
41(C):
42(C):
43(C):
44(C):
45(C):
46(C) :
47(C):
48(C) :
49(C):
50(C):

8.05%
5.54%
5.54%
8.05%
0.35%
2.39%
0.09%
2.15%
0.35%
2.39%
0.09%
2.15%
0.13%
0.48%
0.39%
0.01%
0.05%
0.00%
0.51%
0.10%
0.02%
0.02%
0.14%
0.15%
0.00%
0.13%
0.48%
0.39%
0.01%
0.05%
0.00%
0.51%
0.10%
0.02%




Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

51(C):
52(C):
53(C):
54(C) :
55(C):
56(C) :
57(C) :
58(C):
59(C) :
60(C) :
61(Se) :
62(Se) :
63(H) :
64(H) :

0.04%
1.06%
1.73%
0.25%
0.01%
0.00%
0.01%
0.00%
0.06%
0.06%
0.46%
0.46%
0.00%
0.00%

Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

51(C):
52(C):
53(C):
54(C) :
55(C):
56(C) :
57(C) :
58(C):
59(C) :
60(C) :
61(Se) :
62(Se) :
63(H) :
64(H) :

0.02%
0.14%
0.15%
0.00%
0.00%
0.00%
0.00%
0.00%
0.53%
0.53%
1.45%
1.45%
0.00%
0.00%

* The values for the hydrogen atoms are not shown except for atoms 63 and 64 due
to their low percent contributions.



Table S2. HOMO and LUMO composition analysis of Pt-S-Flu showing the percent

contribution of each atom.*

Pt-S-Flu

55_ 20

38, . .51,
407 a-zp 2322 18-19 26727 43:45 e
415,735 \129-24'\ ,‘21—17\' '20-25. _\28-421\ 1}8-50\52._54
33731 62 2=s5 O 44-46
6/ \4
NS
/3_1\
10—7 12-14
/7 \\} /7 W
64-60 9=15  '50—63
\8:11\ J6:13
N
66 67
HOMO O LUMO
Atom 1(C): 0.39% Atom 1(C) : 3.75%
Atom 2(C): 1.02% Atom 2(C): 2.58%
Atom 3(C): 0.39% Atom 3(C): 3.75%
Atom 4(N) : 0.39% Atom 4(N) : 14.80%
Atom 5(0): 1.02% Atom 5(0): 2.58%
Atom 6(N) : 0.39% Atom 6(N) : 14.80%
Atom 7(C) : 0.04% Atom 7(C) : 4.02%
Atom 8(0): 0.11% Atom 8(C): 1.79%
Atom 9(C): 0.10% Atom 9(C): 3.87%
Atom 10(C) : 0.07% Atom 10(C) : 0.62%
Atom 11(N): 0.00% Atom 11(N): 0.52%
Atom 12(C): 0.04% Atom 12(C): 4.02%
Atom 13(C) : 0.11% Atom 13(C) : 1.79%
Atom 14(C) : 0.07% Atom 14(C) : 0.62%




Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

15(C) :
16(N) :
17(C) :
18(C) :
19(C) :
20(C):
21(C):
22(C):
23(0):
24(C):
25(C):
26(C) :
27(C):
28(C):
29(C) :
30(C):
31(C):
32(C):
33(C):
34(C):
35(C):
36(C) :
37(C):
38(C):
39(C):
40(C) :
41(C):
42(C):
43(C):
44(C):
45(C):
46(C) :
47(C):
48(C) :

0.10%
0.00%
3.18%
2.37%
2.37%
3.18%
6.90%
3.67%
4.09%
6.42%
6.90%
3.67%
4.09%
6.42%
3.08%
1.65%
2.56%
1.33%
0.92%
0.02%
4.06%
1.75%
1.23%
0.07%
1.35%
2.42%
0.41%
3.08%
1.65%
2.56%
1.33%
0.92%
0.02%
4.06%

Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

15(C) :
16(N) :
17(C) :
18(C) :
19(C) :
20(C):
21(C):
22(C):
23(0):
24(C):
25(C):
26(C):
27(C):
28(C):
29(C):
30(C):
31(C):
32(C):
33(C):
34(C):
35(C):
36(C) :
37(C):
38(C):
39(C):
40(C) :
41(C):
42(C):
43(C):
44(C):
45(C):
46(C) :
47(C):
48(C):

3.87%
0.52%
6.22%
4.96%
4.96%
6.22%
0.09%
1.56%
0.04%
1.37%
0.09%
1.56%
0.04%
1.37%
0.02%
0.25%
0.23%
0.01%
0.01%
0.00%
0.27%
0.06%
0.00%
0.00%
0.07%
0.07%
0.00%
0.02%
0.25%
0.23%
0.01%
0.01%
0.00%
0.27%




Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

Atom

49(C) :
50(C):
51(C):
52(C):
53(C):
54(C):
55(C):
56(C):
57(C):
58(C):
59(C):
60(C) :
61(S) :
62(S) :
63(H) :
64(H) :
65(Pt) :
66(Cl) :
67(Cl) :

1.75%
1.23%
0.07%
1.35%
2.42%
0.41%
0.01%
0.01%
0.01%
0.01%
0.02%
0.02%
0.26%
0.26%
0.00%
0.00%
0.01%
0.01%
0.01%

U

Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

Atom

49(C) :
50(C):
51(C):
52(C):
53(C):
54(C):
55(C):
56(C):
57(C):
58(C):
59(C):
60(C) :
61(S) :
62(S) :
63(H) :
64(H) :
65(Pt) :
66(Cl) :
67(Cl):

0.06%
0.00%
0.00%
0.07%
0.07%
0.00%
0.00%
0.00%
0.00%
0.00%
1.98%
1.98%
0.66%
0.66%
0.00%
0.00%
0.08%
0.04%
0.04%

* The values for the hydrogen atoms are not shown except for atoms 63 and 64 due

to the quite low percentage contributions.



Table S3. HOMO and LUMO composition analysis of S-Flu-Br showing the
percent contribution of each atom.*

S-Flu-Br
5 58 55 2O
,38\36,34\ 147\49_51\
407 3P 32-30  23-22  18-19  26-27 43245 7 93
’, 1, \ 1, \

| 7.0 N o 72BN o / N 5o |
415, 37-35 29-24_  21-17 20-25_ 28-42 48-90, .54
39 N 62 N _ s 61° W / 52
33=31 2—5\ 44-46
/

6

HOMO U LUMO
Atom 1(C): 0.38% Atom 1(C): 4.65%
Atom 2(C): 1.03% Atom 2(C): 2.00%
Atom 3(C): 0.38% Atom 3(C): 4.65%
Atom 4(N) : 0.55% Atom 4(N) : 14.65%
Atom 5(0): 1.03% Atom 5(0): 2.00%
Atom 6(N) : 0.55% Atom 6(N) : 14.65%
Atom 7(C) : 0.09% Atom 7(C) : 2.70%
Atom 8(0): 0.14% Atom 8(0): 2.47%
Atom (OF 0.14% Atom (OF 2.38%
Atom 10(C) : 0.06% Atom 10(C) : 1.50%
Atom 11(N) : 0.01% Atom 11(N) : 0.07%
Atom 12(C): 0.09% Atom 12(C): 2.70%
Atom 13(C) : 0.14% Atom 13(C) : 2.47%
Atom 14(C) : 0.06% Atom 14(C) : 1.50%
Atom 15(C): 0.14% Atom 15(C): 2.38%
Atom 16(N) : 0.01% Atom 16(N) : 0.07%
Atom 17(C) : 3.94% Atom 17(C) : 7.23%
Atom 18(C) : 2.83% Atom 18(C) : 5.35%




Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

19(C) :
20(C):
21(C):
22(C):
23(0):
24(C):
25(C):
26(C):
27(C):
28(C):
29(C):
30(C):
31(C) :
32(C):
33(C):
34(C):
35(C):
36(C):
37(C):
38(C):
39(C):
40(C) :
41(C):
42(C):
43(C):
44(C):
45(C):
46(C) :
47(C):
48(C) :
49(C):
50(C):
51(C):
52(C):

2.83%
3.94%
7.10%
4.18%
3.96%
7.06%
7.10%
4.18%
3.96%
7.06%
2.52%
1.71%
2.50%
1.04%
0.71%
0.01%
3.74%
1.46%
0.89%
0.05%
1.17%
1.96%
0.30%
2.52%
1.71%
2.50%
1.04%
0.71%
0.01%
3.74%
1.46%
0.89%
0.05%
1.17%

Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

19(C) :
20(C):
21(C):
22(C):
23(0):
24(C):
25(C):
26(C):
27(C):
28(C):
29(C):
30(C):
31(C) :
32(C):
33(C):
34(C):
35(C):
36(C):
37(C):
38(C):
39(C):
40(C) :
41(C):
42(C):
43(C):
44(C):
45(C):
46(C) :
47(C):
48(C):
49(C):
50(C):
51(C):
52(C):

5.35%
7.23%
0.16%
1.91%
0.04%
1.69%
0.16%
1.91%
0.04%
1.69%
0.06%
0.34%
0.29%
0.01%
0.03%
0.00%
0.36%
0.07%
0.01%
0.01%
0.09%
0.10%
0.00%
0.06%
0.34%
0.29%
0.01%
0.03%
0.00%
0.36%
0.07%
0.01%
0.01%
0.09%




Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

53(C):
54(C):
55(C):
56(C):
57(C):
58(C):
59(C):
60(C) :
61(S):
62(S) :
63(Br) :
64(Br) :

1.96%
0.30%
0.01%
0.01%
0.01%
0.01%
0.04%
0.04%
0.28%
0.28%
0.02%
0.02%

O

Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

53(C):
54(C):
55(C):
56(C):
57(C):
58(C):
59(C):
60(C) :
61(S):
62(S) :
63(Br) :
64(Br) :

0.10%
0.00%
0.00%
0.00%
0.00%
0.00%
0.67%
0.67%
0.91%
0.91%
0.12%
0.12%

* The values for the hydrogen atoms are not shown except for atoms 63 and 64 due

to the quite low percentage contributions.
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1.2

—— S-Flu-Cz

—— S-Flu-Ph

—— Se-Flu-Br
Se-Flu2

1.0

Absorbance

0.0-

300 400 500 600 700
Wavelength / nm

Fig. S1. UV-Vis absorption spectra (10 uM) of S-Flu-Cz, S-Flu-Ph, Se-Flu-Br and Se-Flu2 in
dichloromethane at rt.

— S-Flu — S-Flu-Cz — S-Flu-Br - Se-Flu2 — Pt-S-Flu
- S-Flu2 --- S-Flu-Ph — Se-Flu S-Cz --- Se-Flu2

Normalized PL Intensity

700 800 900 1000
Wavelength / nm

Fig. S2. Normalized PL spectra of dppz derivatives (10 uM) in dichloromethane at rt.
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S-Flu Pt-S-Flu Se-Flu
0.08 -
— 0.1 ps —— 01 ps

T l T T T T
600 700 800 600 700 800 600 700 800
Wavelength / nm Wavelength / nm Wavelength / nm

Fig. S3. Differential spectra of nanosecond transient absorption of S-Flu (left), Pt-S-Flu (middle)

and Se-Flu (right).
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0.015+

S-Flu-Br
0.0101
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0.0001
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Time / pus
0.04- Se-Flu2
0.034
a 0.024
(@)
b3l
0.014
0.00 -yl
-0.01- ! . . .
0 10 20 30
Time / ps
0.04 -
Se-Flu-Br
0.03-
0.024
Q
(@)
<
0.014
0.004
-0'01- T T T T T
0 2 4 6 8
Time / us

Fig. S4. Nanosecond transient absorption decay curves for S-Flu-Br (upper), Se-Flu2
(middle) and S-Flu-Br (lower).
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—— Light
—— Dark

2800 3000 3200 3400 3600 3800 4000
Magnetic field / G

Fig. S5. ESR spectra of 2,2,6,6-tetramethyl-4-piperidone (4-oxo-TEMP). The triplet signal
between 3200 G and 3600 G is assigned to nitroxyl radical based on 4-0xo-TEMPO. Red line: a
dichloromethane solution of Se-Flu2 (0.01 mM) and 4-oxo-TEMP (50 mM) irradiated with light
(> 510 nm, 14 mW cm2) for 30 minutes. Blue line: an identical dichloromethane solution left in

the dark for 30 minutes.

14



1.04 1.01
S-Flu r1.4 S-Cz k1.4
0.81 1.2 % 0.81 1.2 %
8 t1.0 5 8 1.0 &
& 0.61 s 50.61 s
< 0.8 2 o 0.8 2
o S o kel
2 0.41 r0.6 © £0.41 0.6 ©
< 048 0.4 8
0.21 O 0.21 ie!
0.2 0.2
o041 .. : =100 004 I =7 . —l0.0
300 500 600 700 300 400 500 600 700
Wavelength /nm Wavelength / nm
1.01 1.01
Pt-S-Flu 1.4 S-Flu-Br 1.4
0.81 -12% 0.81 -1.2%)
8 105 8 1.0 §
Q 0.8 2 2 r0.8 2
o S o i)
§0.4- 0.6 © § r0.6 ©
) D
0.2 104 & 104 2
‘ | 0.2 0.2
oodll I, L0.0 : f . ! 0.0
300 400 500 600 700 300 400 500 600 700
Wavelength / nm Wavelength / nm
2.0 +2.0
1.24 S-Flu2 1.21 S-Flu-Cz
e
1.01 L1575 1155
0] = c
o ) )
G 0.81 = 5
el 11.0 = r1.0 5
5 0.61 105 5
2 ks =
4 ‘C [&]
04 0.5 2 105 &
0.24
0.0-.1"-"- 0.0 .04, L, - . : 0.0
300 400 500 600 700 300 400 500 600 700
Wavelength / nm Wavelength / nm
1.0 1.0 »
S-Flu-Ph 1.4 Se-Flu .
0.81 125 0.81 1.2 %’
(o))
8 el 1105 8 | H1.0 &
8" 08 % 8 108 2
S g 9o S
2 0.41 0.6 © 8 0.41 0.6 ©
< 043 < Lo.4 3
0.21 O  0.21 (o]
I | L0.2 | 0.2
0.042 | . . ; 0.0 0.0+l | . . : 0.0
300 400 500 600 700 300 400 500 600 700
Wavelength / nm Wavelength / nm
1.0 +1.2 F2.0
Se-Flu-Br 1.21 Se-Flu2
| 1.0 c
0.8 £ 5 1.01 155
8 108 5 2 &
& 0.6 T E£§ 0.8 £
[ }]
£ 106 5 5 r1.0 5
o S g 0.61 L
2 0.4 z3 5
< 1045 < 0.4 3
@ r0.5 3
0.21 L02° 02
ool L | 0.0.'.|....|..| N i g . ; 0.0
300 400 500 600 700 300 400 500 600 700
Wavelength / nm Wavelength / nm

Fig. S6. Calculated oscillator strength (red bars) and electronic absorption spectra (solid lines) of

the dppz derivatives obtained in dichloromethane (10 uM) at rt.
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20 LUMO

2s5] 280 22 256 248 258 260 2.55
' T 282 = _— A= Ly =
307 3.28
> commm—
3 287 2.34
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S 0] 249 235 _ e
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S-Flu S-Cz  Pt-S-Flu S-Flu-Br S-Flu2 S-Flu-Cz S-Flu-Ph Se-Flu Se-Flu-Br Se-Flu2

Fig. S7. Calculated HOMO and LUMO energy levels for the dppz derivatives
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Fig. S8. 'H (upper, 400 MHz) and '3C (lower, 100 MHz) NMR spectra of S-Flu (CDCl;, 25 °C).
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Fig. S9. 'H (upper, 400 MHz) and "3C (lower, 100 MHz) NMR spectra of Pt-S-Flu (CDCls, 25 °C).
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Fig. S10. 'H (upper, 400 MHz) and 3C (lower, 100 MHz) NMR spectra of S-Flu-Br (CDCl;, 25 °C).
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Fig. S11. 'H (upper, 400 MHz) and '3C (lower, 100 MHz) NMR spectra of S-Flu2 (CDCl;, 25 °C).



T Te oo
U \m_;
1€L°0
<L 8p10
- w/wﬁ.c
F=a\sLeo
ym%.o
120'1
9661
/{‘k Le < 1s6'1
) N
[ 8069
[ =169 -
~ Fea
96TL
& €IeL
2 pees e
i B 1€6°
= 66v'L . 896'€
=N0ISL 06'¢ SL6'€
: w\HL re£
—_0L9L - /_ < €10t
g /WS.«
_seeL 2 190
Lo=oveL =
o~ 1=}
=}
—rs = -
—L6T8 = [a
5
o
2
1998 &
X (=3
re
dduepunqe
8069
-
re=yz69
185 = ]
=
=015,
—0L9'L
SE6L
o= .
F2=oreL
—eLrs
—~L678
__ 1498 §
2
=3 D.uu
e g
L
) s
661 2696 &
~ 8696 &
= 2
00T \muAa_.o_ &
L6101
T T T T T T T T T T T T T i
€1 Tl T 0T 60 80 L0 90 S0 ¥0 €0 cT0O 10 0
Qouepunqe

..‘i

oy

<
FS——8€011
—LTTP1

0.
FS st
N Lgorez

TN 180T
o - £96'8T
FS =—6r867
T €T9IE

o 8056¢
FS=sicor

— I¥9'LY

e o6v'601

LS —

— L0911

155611
F2escell
= g
wwmm.wﬁn
= 1619t 'S
= o
o=\ g
Fa_—aviad

—I8PEEL z

__TSSLELE
S orson 3
ES—
T =601y
SI69v1 o
o 88981 W
Feozrist &

L=91916I %

_~

T
00t

T
0°0¢

T
0°0¢

(sypuesnorp)

Fig. S12. 'H (upper, 400 MHz) and '*C (lower, 100 MHz) NMR spectra of S-Flu-Cz (CDCl;, 25 °C).
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Fig. S15. 'H (upper, 400 MHz) and '*C (lower, 100 MHz) NMR spectra of Se-Flu2 (CDCl;, 25 °C).
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Fig. S17. 'H (400 MHz) NMR spectrum of Se-Flu-Br (CDCls, 25 °C).




