Heteroligand «-diimine-Zn(II) complexes with O,N,O’-
and O,N,S- donor redox-active Schiff bases: synthesis,
structure and electrochemical properties

Ivan V. Smolyaninov’*, Andrey I. Poddel’sky? Daria A. Burmistrova'*, Yulia K. Voronina3, N. P.
Pomortseval, V.A. Fokin?, Tselukovskaya E.D.?>4, Ananyev 1.V.3, Nadezhda T. Berberova!, Igor L.
Eremenko?

Department of Chemistry, Astrakhan State Technical University, 16 Tatisheva Str., 414056 Astrakhan, Russia
G.A. Razuvaev Institute of Organometallic Chemistry, Russian Academy of Sciences, 49 Tropinina Str., 603137 Nizhny Novgorod,
Russia

Kurnakov Institute of General and Inorganic Chemistry, Russian Academy of Sciences, Leninskii prospekt 31, 119071 Moscow, Russia
National Research University Higher School of Economics, 20 Myasnitskaya Str., 101000 Moscow, Russia

* Correspondence: burmistrova.da@gmail.com (D.A.B.); ivsmolyaninov@gmail.com (L.V.S.)

Supplementary materials

Content:

Figure S1. The *H NMR spectrum of 1 (400 MHz, CDCls) 3
Figure S2. The *C{*H} NMR spectrum of 1 (100 MHz, CDCls) 3
Figure S3. The *H NMR spectrum of 2 (400 MHz, CDCls) 4
Figure S4. The ¥C{*H} NMR spectrum of 2 (100 MHz, CDCls) 4
Figure S5. The *H NMR spectrum of 3 (400 MHz, CDCls) 5
Figure S6. The *C{*H} NMR spectrum of 3 (100 MHz, CDCls) 5
Figure S7. The *H NMR spectrum of 4 (400 MHz, CDCls) 6
Figure S8. The *C{*H} NMR spectrum of 4 (100 MHz, CDCls) 6
Figure S9. The *H NMR spectrum of 5 (400 MHz, CDCls) 7
Figure S10. The *C{*H} NMR spectrum of 5 (100 MHz, CDCls) 7
Figure S11. The *H NMR spectrum of 6 (400 MHz, CDCls) 8
Figure S12. The B C{*H} NMR spectrum of 6 (100 MHz, CDCls) 8
Figure S13. The *H NMR spectrum of 7 (400 MHz, CDCls) 9
Figure S14. The 3C{*H} NMR spectrum of 7 (100 MHz, CDCls) 9
Figure S15. The *H NMR spectrum of 8 (400 MHz, CDCls). 10
Figure S16. The crystal packing of 4-H,O-CH3CN. 10

Figure S17. The crystal packing of 6. 11


mailto:burmistrova.da@gmail.com

Figure S18. The crystal packing of 8-CH3CN.

Figure S19. Cyclic voltammograms of 1 (LY)Zn(Bipy) the potential switch
from -0.50 to 1.0 V (curve 1); the potential switch from -0.50 to 1.55 V (curve 2)

Figure S20. Cyclic voltammogram of 1 (L')Zn(Bipy) the potential switch
from0.0t0o-1.9V

Figure S21. Cyclic voltammograms of 2 (LY)Zn(Phen) the potential switch
from 1.1 to -1.9 V (curve 1); the potential switch from -0.5 to 1.3 V (curve 2)

Figure S22. Cyclic voltammograms of 4 (L?)Zn(Bipy) the potential switch
from -0.45 to 0.80 V (curve 1); the potential switch from -0.45 to 0.95 V (curve 2)

Figure S23. Cyclic voltammogram of 4 (L?)Zn(Bipy) the potential switch
from 0.50to -1.75 V

Figure S24. Cyclic voltammograms of 5 (L)Zn(Phen) the potential switch
from -0.45 to 0.63 V (curve 1); the potential switch from -0.45 to 0.95 V (curve 2)

Figure S25. Cyclic voltammograms of 6 (L°)Zn(Bipy) the potential switch
from -0.50 to 0.85 V (curve 1); the potential switch from -0.50 to 1.20 V (curve 2)

Figure S26. Cyclic voltammogram of 6 (L°)Zn(Bipy) the potential switch
from 0.50 to -1.80 V

Figure S27. Cyclic voltammogram of 8 (L*)Zn(Bipy) the potential switch
from -0.50t0 0.85 V

Figure S28. General view of the optimized molecular structure of 4-H20.
Figure S29. The isosurfaces of HOMO orbitals in the selected complexes.
Figure S30. The isosurfaces of LUMO orbitals in the selected complexes.

Table S1. H-bonds in crystals of investigated compounds.

Table S2. The details of X-ray experiment and structure refinement.

11

12

12

13

13

14

14

15

15

16

16

17

17

18
19



|
5
860— ————— —Zrrrg |-
87T —=* =606
= 88°8Z-
. ——b7gp b L2 TE~ _ -
£8'e6— -
| Py f0°5e
{ =
_ re O
_ @)
_ @)
_ = Za
| T
_ =
| [ o
| S
N
_ Lo —
]
00¢ )
Al wr S
oy N IH0ET = L6511
pdrp — anWmm.o 5 6ELTT
) ] T 97’817
wis . ’ E @
967~ — TTSEPTT g w V1T
arg’ - 1454 - SHIZ1
o9 — . o BOETT
rog! Moot | . = 87921
_ Z 6592141
_ 79621+
T ver
| = E6'LETA
- - (=] { (<] u il
00°L— —=Few1}R | = STOPL
h_ m — DE0bT-{
Ly - ; LTTHTT
oz _ ~ | L = —
- ey | n 15 THTS
N RN -ﬂu\_Tm,N FE ® 90°'6b1—
) N 21660 o | L e S
z 55 > N
/N s | o~ | 2
— _ \ - ..J% | o F | LL 897191—
N \O © \ § "8 | Lo
N c 86L— HMUJHIE 2w |
\ - —"N /N )
_ Mu \ are— -.H/_Tﬂ rd| S |«
<+ |
- N
= 858~ - ﬁ%,w Le | o=
L98— N —=F |
> | |
a m
I L w

90 80

100
d (ppm)

170 160 150 140 130 120 110
Figure S2. The 3C{*H} NMR spectrum of 1 (100 MHz, CDCls).
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Figure S3. The *H NMR spectrum of 2 (400 MHz, CDCls).
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Figure S4. The 3C{*H} NMR spectrum of 2 (100 MHz, CDCl3).
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Figure S5. The *H NMR spectrum of 3-0.5Neo (400 MHz, CDCls). The signals at 3.18, 7.77, 7.91,

and 8.47 ppm belong to free ligand Neo (0.5 mol per 1.0 mol of 3).

20'52+,
BE 8L~
98 TE~
£8°65~
£oied

CE'STT
LT
10811
T6ZTTA
055274
LTACTAS
SESTT
971
007£ZT
60°LZTA
69°8TT
L56TT

:

T9HET
.__..m.._u.mT__

mm.mmr“___

W

t

hm.mm_ﬂ%

ST°0FT

b 0bTf

__u_n.o_vT__
8T°TFT-
££°85T4
86°8S5T

89°091-T

ag1ars

CETLI—

130 170 160 150 140 130 120 110 100 90 80 70 60 50
d (ppm)
Figure S6. The 3C{*H} NMR spectrum of 3 (100 MHz, CDCl3).

190



960— ——— = ”%Em.w L~
8F 1976
o J 10°81T—
H B S6'82-
— N - ET6 6€ TE -
| 8466~
. Py ey
o
w a
m Lo
m (@]
_ N
_ I
| F o
_ =
10'¢q | m
0L _ L
174 ! © N
2L , <
9z'¢+ . Y—
e L - —— 00T |~ o
0v't - Bip— €
evL L0E £ D
'L — 9T | G S
N < —Torz (T2 Q
— e g )
06'¢ €02 o mmwﬂ/
. e — " wn A
26'¢- ] 00T g}
) I PEBTTA
5Te m re o L1714
818 “ S |
858 . | S 98'SZI4t
" e w2 | b 1=
we | —=Zppr || 2
. t — |
698 1274, J Lot m S E.wﬂ._m,
: \ ——— . | eIy
o | g =y
| J— ol | - 3
ovef N = Tom N _ = 08'6€1-4
e \ N~ 0401
) 1 W
© | g | s w £0'64T
— I i |
A Q © | | »€ e e L0641
/ I FAN J A | S
OB N e TS = | >
~Z 0 Ol | 1 L 2@ | - T T19°65T— _
/ _ | . r=
N N STe N === torz| ~
\ N\‘—/AA/N 78 _ ||J F s 9E'89T— -
= o _ L F 3
85 | = |
> < 098 | ca— Tzl @ .
o . N E— I ea |
T — TE  la
{
=) {
om

920

100
d (ppm)

Figure S8. The 3C{*H} NMR spectrum of 4 (100 MHz, CDCl3).

110

1700 180 150 140 130 120

180

190

10



180~ —— — -
67Tn, /556
acT— = =7250'6
_
£L°9
6079 .
207 _
Ve |
il . LeoT
. - mwz.ﬁ
i) = =TT
ST Lo
ored _ gy
. — —R0T
7 - v
95°¢ 4| h1ee
goz] . s
mm.h“% [‘erz
cegdf - ||”meoo“.r
b [e6T
va' . m
69 L == Feo't
oo 563 .
1) S'A\SEEN - FHWIFS
e=s b == FI
07 ER—
5T “
95¢+ & — ool R
os/ < Lol =
mo.h.\. \ _ ﬂu.u E
& legi— — 2w 8
= 4 L Md
LEB~, 1 .
6egs —= o1z i
l e
@
- boey O — Foot
m mm.wUV. ! =, Fe6't1 L W

12 11 10

13

d (ppm)

Figure S9. The *H NMR spectrum of 5 (400 MHz, CDCls).
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180

10



POT~ -

801 -

6691
66'91

mméo.m

tBu

tBu

| HETT
== e
J_ rE0°7

d (ppm)

=106

12 11

13

d (ppm)

Figure S11. The *H NMR spectrum of 6 (400 MHz, CDCls).
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Figure S13. The *H NMR spectrum of 7 (400 MHz, CDCls).

b6z

mm.mmw
THTE~
LrEE-
el

81971+
0z'8T14
LETTTA
656214
S9STIA
06'SZT
80LTI~)
FERIT-7
(88214
mm,mﬂ..__ﬁ
R,mmd_,
FIBET
mm.oz.%
F0THT-
mh,mxh__
09kt
T#65T
§9°€9T-
LSBT~

190

10

20

170 160 150 140 130 120 110 100 an 80 70 60 50
d (ppm)
Figure S14. The 3C{*H} NMR spectrum of 7 (100 MHz, CDCls).

180

10



0T
fi

1€°1-7
hm.H\‘

80°L
60°L
0T'L
e
6T°L
6T'L
6E'L
mm.nv.
m¢.n$
6b'L
66'L
108
£0'8
[A%:}
1’8
98
598
SL'8

i

~718'8

|

=2 |

00°T

=l PT'T

96°T

6T

T H8TE
erm.c

L‘.hm.m

00°T

10T |

T
9

10

11

12

13

15

d (ppm)

Figure S15. The *H NMR spectrum of 8 (400 MHz, CDCls).

Figure S16. The crystal packing of 4-H20-CH3CN.
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Figure S18. The crystal packing of 8:CH3CN.
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Figure S19. Cyclic voltammograms of 1 (LY)Zn(Bipy) the potential switch from -0.50 to 1.0 V (curve
1); the potential switch from -0.50 to 1.55 V (curve 2) (CH2Cl2, C =2 mmol, 0.1 M TBAP, scan rate
200 mV-s?).
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Figure S20. Cyclic voltammogram of 1 (L')Zn(Bipy) the potential switch from 0.0 to -1.9 V
(CHCl,, C =2 mmol, 0.1 M TBAP, scan rate 200 mV-s™?).
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Figure S21. Cyclic voltammograms of 2 (LY)Zn(Phen) the potential switch from 1.1 to -1.9 V (curve
1); the potential switch from -0.5 to 1.3 V (curve 2); (CH2Clz, C = 2 mmol, 0.1 M TBAP, scan rate
200 mV-s?).
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Figure S22. Cyclic voltammograms of 4 (L?)Zn(Bipy) the potential switch from -0.45 to 0.80 V
(curve 1); the potential switch from -0.45 to 0.95 V (curve 2); (CH2Cl2, C =2 mmol, 0.1 M TBAP,
scan rate 200 mV-s?).
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Figure S23. Cyclic voltammogram of 4 (L?)Zn(Bipy) the potential switch from 0.50 to -1.75 V
(CH2Clz, C =2 mmol, 0.1 M TBAP, scan rate 200 mV-s™).
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Figure S24. Cyclic voltammograms of 5 (L®)Zn(Phen) the potential switch from -0.45 to 0.63 V
(curve 1); the potential switch from -0.45 to 0.95 V (curve 2); (CH2Cl2, C =2 mmol, 0.1 M TBAP,
scan rate 200 mV-s?).
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Figure S25. Cyclic voltammograms of 6 (L°)Zn(Bipy) the potential switch from -0.50 to 0.85 V
(curve 1); the potential switch from -0.50 to 1.20 V (curve 2); (CH2Cl2, C =2 mmol, 0.1 M TBAP,
scan rate 200 mV-s™).
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Figure S26. Cyclic voltammogram of 6 (L°)Zn(Bipy) the potential switch from 0.50 to -1.80 V
(CH.Clz, C =2 mmol, 0.1 M TBAP, scan rate 200 mV-s™).
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Figure S27. Cyclic voltammogram of 8 (L*)Zn(Bipy) the potential switch from -0.50 to 0.85 V
(CH.Cl2, C =2 mmol, 0.1 M TBAP, scan rate 200 mV-s™).

Figure S28. General view of the optimized molecular structure of 4-HO.
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Figure S30. The isosurfaces of LUMO orbitals in the selected complexes.
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Table S1. H-bonds in crystals of investigated compounds.

H-bond Symmetry generation | D-H, A | H..A A | D..A A | D-H..A,
4

03-H3A...01 2-x,1y,12 0.87 | 194 |2681(3) 141
03-H3B...Cl61 2-x,1-y,1-z 0.87 2.69 3.302(2) | 128
C51-H51C...Cl41 | x,y,z 0.98 2.56 3.086(4) | 114
C92-H92A...02 X,Y,Z 0.98 2.27 2.936(4) | 124
C93-H93C..02 | xy.z 098 |239 |3.040(4) ] 123
6

C3A-H3A...S1B 1+x,y,z 0.95 2.87 3.810(4) | 173
C17B-H17B..SIA | x-1+y.z 095 |281 |3.491(4) 129
C92B-H92F...02B | x,y,z 0.98 2.36 3.009(5) | 123
C93A-H93C...02A | x,y,z 0.98 2.27 2.943(5) | 125
C93B-H93D...02B | x,y,z 0.98 2.28 2.943(5) | 124
C94A-HY4A...O2A | x,y,2 0.98 2.38 3.034(4) | 123
8

C21-H21...02 1/2-x,1/2+y,z 0.95 2.35 3.293(3) | 169
C63-H63A...01 X,Y,Z 0.98 2.34 3.007(4) | 125
C64-H64C...01 X,Y,Z 0.98 2.34 3.023(4) | 126
C93-H93A...02 X,Y,Z 0.98 2.35 2.989(4) | 122
C94-H94C...02 X,Y,Z 0.98 2.38 3.033(4) | 124
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Table S2. The details of X-ray experiment and structure refinement

Complex 4.-H,0-CH;CN 6 8-CH:CN
Empirical formula Ca4H3sCIoN4O5Zn Cs1H33Ns0SZn C41Hs:N402Zn
Formula weight 686.95 561.03 698.23

T/K 150(2) 150(2) 100(2)

Crystal system monoclinic triclinic orthorhombic
Space group P21/c P-1 Pbca

alA 17.0046(8) 11.2220(8) 17.7089(6)
b/A 9.3695(6) 12.1251(9) 16.1000(6)
c/A 20.9772(10) 21.4863(16) 27.2185(8)
al/® 90 93.243(3) 90

B/° 90.147(2) 93.314(3) 90

y/° 90 91.458(3) 90

VA 3342.2(3) 2912.8(4) 7760.4(5)

z 4 4 8

p/gem?® 1.365 1.279 1.195
p/mm? 0.934 0.942 0.671

F(000) 1432 1176 2976
Qrange/° 1.942 - 26.000 1.818 - 25.999 1.866 - 25.999
Reffl. Collected 6570 11421 7619

Reffl. unique 4621 9062 6459

Rint 0.1093 0.0321 0.0606

GOOF (F?) 0.956 1.065 1.096

R1/WR; (1 >20(1) 0.0468 / 0.0956 0.0516 /0.1246 0.0504 /0.1228
R1/WR; (all data) 0.0747/0.1058 0.0695 /0.1339 0.0603/0.1279

Largest diff. peak and hole / e-A3

0.459 and -0.536

1.254 and -0.455

0.896 and -0.471
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