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Abstract

At the first stage of electrochemical reduction in DMF, fluorinated/chlorinated 2,1,3-benzothia/selenadiazoles
formed long-lived radical anions characterized by EPR and DFT. Gas-phase electron affinities (EA;1) from DFT
correlated well with the first-peak potentials separately for S and Se derivatives, and the latter were found to
be better electron acceptors than the former in contrast to the atomic EA; and Allen electronegativity. At the
second stage, chalcogen- and halogen-dependent dehalogenation proceeded: non-hydrodefluorination of
selenadiazoles through their n-electron activation (n > 2), and hydrodechlorination of thia/selenadiazoles
through H* addition to their dianions. These differ from dehalogenation of related (aza) aromatics (e.g.
benzenes, naphthalenes, quinoxalines).
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Introduction

2,1,3-Benzothia/selenadiazoles are redox-active 10m-electron heteroaromatics — chalcogen-nitrogen analogs of
naphthalene and chalcogen analogs of quinoxaline.'? Their chemistry is well-studied (for selected works, see
refs. 3-10 and references therein). Similar to many other chalcogen-nitrogen m-heterocycles, they possess
positive electron affinity (EA) making them effective electron acceptors® — precursors of stable radical anions
(RAs) isolated in the form of salts and characterized by X-ray diffraction.'*? Also, they are luminophores. For
these reasons, 2,1,3-benzothia/selenadiazoles found numerous applications as electron-acceptor or/and
luminescent building blocks of real or potential molecular functional materials for electronics, optoelectronics
and photovoltaics.*#>'3-2> Despite fluorinated (hetero) aromatics are promising for electronic and optoelectronic
applications,?®?’ fluorinated 2,1,3-benzothia/selenadiazoles are less studied in this context.

Hydrogen replacement by fluorine affects many properties of (hetero) aromatics including (hetero)
aromaticity itself.?® Particularly, it enlarges EA; of 2,1,3-benzothia/selenadiazoles,?? i.e. their electron-acceptor
ability, which can be used in the design of functional materials. Recently, our group suggested unified synthetic
approach to fluorinated 2,1,3-benzothia/selenadiazoles.?®3° Since redox properties of compounds are of general
significance for organic chemistry and its applications,3! in this work we report on electrochemical reduction
(ECR) of new fluorinated 2,1,3-benzothia/selenadiazoles bearing also chlorine and some other substituents (1-
20, Figure 1), studied by cyclic voltammetry (CV), as well as on their persistent RAs characterized by EPR
spectroscopy and DFT calculations. Compounds 3 and 12 together with their RAs have been characterized
earlier? as well as related fluorinated 1,4-benzodiazines (quinoxalines) and their RAs.?? For some derivatives,

chalcogen- and halogen-dependent dehalogenation was observed being of special chemical interest.
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Figure 1. Compounds and atom numbering.
Results and Discussion
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Electrochemical reduction and dehalogenation. Most of the studied compounds are known ones.?®30

Derivatives 1, 2 and 4-9 were prepared by nucleophilic substitution of fluorine in 4,5,6,7-tetrafluoro-2,1,3-
benzothiadizole 3, and 10, 11 and 13-19in 4,5,6,7-tetrafluoro-2,1,3-benzoselenadiazole 12. ECR peak potentials,
CVs and some transformations of 1-20 under ECR in DMF in the potential range 0 > E > -2.2 V (vs. saturated
calomel electrode, SCE) are represented in Table 1, Figures 2 and 3 (ESI: Figures S1 and S2, Table S1), and

Schemes 1 and 2; for ECR of 3 in MeCN, see ref. 2. In E J designation of peak potentials, i is a number of peak

and j = Cor A indicates a cathode or an anode branches of CVs; designation of peak currents is the same.

Table 1. ECR peak potentials E;C (V) in DMF? and gas-phase EA;1 (eV)P of compounds 1-20

Compound 1 2 3 4 5 6 7
Egc i=1 -1.00 -1.02 -1.11¢ -1.12 -1.20 -1.30 -1.34
i=2 -1.94 -2.01 -2.27 ~-2.4
i=3 -2.19
EA1 1.67 1.63 1.57 1.57 1.36 1.16 1.07
Compound 8 9 10 11 12 13 14
Egc i=1 -1.26 -1.39 -0.91 -0.94 -0.98 -1.08 -1.18
i=2 -1.71 -1.78 -1.97 -2.17 -2.20
i=3 -2.007 -2.03 -2.05
EA1 1.28 1.01 1.81 1.78 1.72 1.55 1.30
Compound 15 16 17 18 19 20
Elc i=1  -138 -113  -128 -1.10° -120 -1.08
i=2 -2.30 -2.14 -2.06 -1.80 -1.09
i=3 -2.07 -2.00
EA1 1.12 1.54 1.17 1.61 1.36 1.78

2 Measured with v = 0.1 V.s7%.  The first adiabatic EA calculated at the (U)B3LYP/6-31+G(d) level of theory.

¢ Recalculated from the data of ref. 2: E;” (DMF) = E, (MeCN) + 0.1 (V). ¢ An additional peak was observed at
=-2.08 V (ESI, Figure S2). € ESI, Figure S2.

The first stage of the ECR of thiadiazoles 1-9 is one-electron transfer forming long-lived RAs characterized

by EPR (see below). It features reversible and diffusion-controlled peaks in the CVs ( I&C

S1 and S2, Table S1). The ECR of 2 (Figure 2) is characterized by two peaks 1C and 2C at the first cycle of the CV,
0>E>-2.2V, the first of which is one-electron and reversible; no additional peaks were observed in the range
0 > E > -1.5V covering the first step of the ECR only. The irreversible one-electron peak 2C corresponds to the
formation of unstable dianion (DA) which can undergo an addition of two H* to N atoms (cf. ref. 33) or one H*
to the carbocycle with subsequent hydrodechlorination. For 2, the latter process seems to be slow because the

Eg’c = -1.12, ESA = -1.07 V) corresponding to the formation of the RA of

~v~Y2 = const; ESI: Figures

reversible peaks 3C and 3A (

hydrodechlorinated product 4 (detected by EPR) were observed at the second and subsequent potential sweep
cycles only with v>0.3 V-stin the range 0> E >-2.2 V (Figure 2). The ECR of 1 is similar except that an additional
peak 3C was observed (Table 1; ESI: Figure S2). Overall, in interesting contrast to related quinoxalines whose
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hydrodechlorination proceeds via RAs,3? that of studied thiadiazoles involves DAs and their protonation (Scheme
1).

1/ uA 1/ pA

-65

— 0.1Vl/s
1.3 VIs — 0.3Vl/s
1.1 VIs 0.5 V/s
0.9 V/s — 0.7VIs
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0.5V/s — 1.1VIs
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— 0.1Vl/s

-2.0 -2.5

Figure 2. CV of 2 in DMF in the potential ranges 0 > E >-2.2 V (left) and 0 > E > -1.5 V (right) at different sweep
rates indicated by color.
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Scheme 1. Two-electron ECR hydrodechlorination of 2 followed by one-electron ECR of its product 4.

Similarly, peak 1C of selenadiazoles 10-20 (Table 1) is one-electron, diffusion-controlled and reversible, i.e.
corresponding to the formation of long-lived RAs (for 11 and 12, see Figure 3; for the other, ESI: Figures S1 and
S2, Table S1). Peaks 2C and 3C, however, are essentially irreversible for all 10-20, and peak 2C is more than one-

electron (IPZC/ I&C > 1, Figure 3; ESI, Figure S2).

For 12 in the range 0 > E > -2.2 V, reversible one-electron peaks 4C and 4A (E;1C =-1.45, E;A =-1.39V)
were observed at the second cycle of potential sweep, whereas no additional peaks were detected in the range
0>E >- 1.7 V (Figure 3). The peaks were attributed to one-electron ECR of the product resulted from
defluorination of 12. Importantly, no additional peaks in the second sweep cycle in the range Epzc <E< E%C
were detected for 14-17 with non-halogen substituents in the positions 5 and 6, whereas weak ones were
observed in anode branches of the CVs of 13, 18 and 19 with F atoms in the position 6 (ESI: Figure S2). Altogether,
these suggest that defluorination of 12 occurs regioselectively at equivalent positions 5 / 6 not involving the
positions 4 / 7 (note that in fluorinated selenadiazoles the positions 5 and 6 are much more active in nucleophilic

substitution than the positions 4 and 7).2° This is, however, only minor process because peaks 4C and 4A are
characterized by substantially lower currents as compared with the first peaks in CVs (Figure 3).
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Figure 3. Left: CVs of 11 in the potential ranges 0 > E > -1.5 V (solid lines) and 0 > E > -2.2 V (dotted lines) at
different sweep rates indicated by color. Right: CV of 12 in the potential ranges 0 > E > -1.7 V at different sweep
rates, and 0 > E > -2.2 V at 100 mV-s™* (black solid and dotted lines correspond to the first and second cycles,
respectively).
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Under conditions of stationary electrolysis of 12 at the potential, a RA was detected whose EPR

hyperfine splitting (hfs) featured two nuclei with spin 1 and three with spin % thus indicating the absence of
either H or F atom in the position 5/6. As compared with EPR spectra of RAs of 1-20 in DMF at T = 295 K (below),
the spectrum of this RA revealed broadened high-field lines in nitrogen hfs suggesting modulation of N
anisotropic hyperfine interaction caused by its slower rotational diffusion. The latter can be associated with the
presence of a multi-atom substituent R in the position 5/6 of the RA. The nature of R is unclear, it is not HO or
Me;N Special experiments shown that with HO™ (e.g. originated from protonation of DA of 12 by H,0; cf. ref.
33) nucleophilic substitution in 12 does not proceed even under much drastic conditions; with Me;NH (from
decomposition of DMF under basic conditions), RA of 16 should be seen with EPR. Therefore, only structure 21
can be assigned to the discussed RA in tentative explanation of the chemistry observed (Scheme 2) requiring
further investigation. In any way, one can conclude that ECR defluorination of 12 differs from that of its S
congener 3 proceeded as hydrodefluorination.?
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12 "
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— ¢ | :/Se = /(F;[ ,/SG
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Scheme 2. Tentative explanation of defluorination of 12 with the formation of 21 followed by its one-electron
reduction; R # H, F, HO, Me:N.
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First electrochemical potentials and gas-phase electron affinities. The Eéc values of selenadiazoles are ca. 0.1

+ 0.03 V less negative, and EA1 ca. 0.17 eV more positive, than those of thiadiazoles with the same substitution
patterns (Table 1, pairs 1/10, 2/11, 3/12, 5/13, 6/14, 8/16 and 9/17). They form two independent linear
regressions EA1 = a El[lJC +b (Figure 4) with a, b and r? equal to 1.79 eV-V™%, 3.50 eV and 0.972, respectively, for

thiadiazoles 1-9; and to 1.61 eV-V1, 3.30 eV and 0.948 for selenadiazoles 10-19; r is correlation coefficient. The
values of a and b for both regressions are comparable with those for related compounds whose Eéc were

measured in MeCN.?2

EA,/ev

1 " "
-1.0 -1.2 -1.4

Figure 4. Correlation between EA; and Elfl)C for thiadiazoles 1-9 (left) and selenadiazoles 10-19 (right); 20 (red

point) is not included due to another scaffold topology.

Altogether, these findings indicate that, in spite of lesser atomic EA; and Allen electronegativity of Se (2.02
and 2.42) vs. S (2.08 and 2.59), selenadiazoles are better electron acceptors than their S congeners. Earlier, this
property was pointed with B3LYP calculations, and with MP2 ones it was shown that the result is not an artifact
of the DFT approach.® Now this non-trivial trend (covering also Te congeners of compounds under discussion)?
received experimental electrochemical confirmation. Tentatively, it might be explained by better charge/spin
delocalization in the RAs of Se derivatives caused by more diffuse 4p-AO of Se as compared with 3p-AO of S.

For compounds with electron-donating substituents MeO and Me;N, Erl)C and EA;: values reveal additivity

under their accumulation. Thus, for MeO-substituted thiadiazoles 5 and 6, the negative shifts of the Ell)C relative

to that of the parent 3 are -0.09 (one MeO) and -0.19 V (two MeO), respectively; for Me;N-substituted
thiadiazoles 8 and 9 the corresponding shifts are —-0.15 and -0.28 V (Table 1). For selenadiazoles, the additivity
of such shifts is more exact to be -0.10, —-0.20, -0.40 V for MeO-substituted 13, 14 and 15 in relation to E;C of

the parent 12; and -0.15 and -0.30 V for Me,N-substituted 16 and 17 (Table 1). Previously, the additivity of E;C

was observed for benzenes and naphthalenes on accumulation of electron-withdrawing substituents CF3.3* The
present work, therefore, generalizes the trend.

EPR of radical anions. The EPR and DFT data of ECR generated (DMF, 295 K) RAs 1-21 are represented in Table
2 and Figs. 5 and 6; the EPR spectrum of product of ECR of 3 in MeCN was reported earlier.? Experimental and
DFT-calculated isotropic hyperfine coupling (hfc) constants are in reasonable agreement.

Table 2. Experimental in DMF and gas-phase DFT-calculated isotropic hfc constants (G) of RAs 1-212
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RA Experiment (U)B3LYP/6-31+G(d)
1 4.30 (N), 5.56 (N3), 6.92 (F*), 3.62 (F®), ~0.09 4.60 (N%), 6.06 (N3), 8.02 (F*), 2.61 (F9)
(CP), ~0.18 (CI)
2 4.80 (N1), 5.65 (N3), 5.41 (F%), 2.86 (F®), 4.19 (F), 5.20 (N), 6.16 (N3), 6.48 (F*), 1.26 (F®), 4.70 (F7)
~0.19 (CP°)
3b 5.46 (N*3), 4.82 (F*7), 4.78 (F>®) 5.75 (N*3), 5.04 (F*7), 2.49 (F>®)
4 4.81 (NY), 5.97 (N3), 4.25 (F%), 1.54 (H®), 2.67 (F®),  5.10 (N1), 6.45 (N3), 5.85 (F*), -1.71 (H*), 1.69 (F®),
3.20 (F7) 4.02 (F")

5 5.28 (N%), 5.52 (N3), 4.06 (F*), 3.86 (F®), 4.06 (F") 5.49 (N%), 6.03 (N3), 5.25 (F%), 2.14 (F®), 4.47 (F")

6 5.47 (N*3), 3.37 (F*7), 2.05 (13C3272), 2.03 (*3C*7) 5.74 (N*?), 4.69 (F*7), -5.14 (*3C3*7), 5.07 (*3C*7)

7 5.29 (N%), 5.65 (N3), 3.37 (F%), 2.99 (F7), ~0.10 5.40 (N%), 6.20 (N3), 5.73 (F%), 3.95 (F7), -0.20

(NNMSZ) (NNMeZ)

8 5.12 (N%), 5.73 (N3), 4.06 (F%), 3.39 (F®), 3.52 (F7), 5.12 (N%), 6.31 (N3), 5.72 (F%), 1.43 (F%), 4.16 (F7),
0.11 (NNMe2) -0.31 (NNMe2)

9 5.49 (N*3), 3.04 (F*7), 0.18 (NNMe2) 5.80 (N*3), 4.95 (F*7), -0.19 (NNMe2)

109 4.92 (NY), 6.26 (N3), 5.94 (F%), 3.73 (F®) 4.73 (NY), 6.21 (N3), 6.99 (F*), 2.89 (F°)

11 5.44 (N3), 6.30 (NY), 4.56 (F*), 2.94 (F®), 3.27 (F"), 5.30 (N%), 6.24 (N3), 5.58 (F4), 1.52 (F®), 3.82 (F’)

~0.06 (Cl)

12 5.96 (N*3), 4.37 (F*7), 3.70 (F>®) 5.84 (N*3), 3.36 (F*7), 2.61 (F>°)

13 5.90 (NY), 6.13 (N3), 4.04 (F*), 2.98 (F®), 3.25 (F7) 5.58 (N%), 6.12 (N3), 4.40 (F%), 2.34 (F®), 3.61 (F’)

14 6.05 (N*3), 2.06 (F*7) 5.83 (N'3), 3.84 (F*7)

15 5.964 (N*?) 5.69 (N3)

16 5.73 (N%), 6.31 (N3), 3.66 (F%), 2.54 (F®), 3.27 (F7), 5.22 (N%), 6.40 (N3), 4.88 (F%), 1.80 (F®), 3.28 (F7),
0.17 (NNVe?) -0.28 (NNMe2)

17 6.04 (N*3), 2.33 (F*7), 0.20 (2NNMe2) 5.84 (N*3), 4.01 (F*7), -0.22 (2N"Me2)

18 5.68 (NY), 6.33 (N3), 3.57 (F%), 2.64 (F®), 3.45 (F7), 5.21 (N%), 6.45 (N3), 5.48 (F%), 1.77 (F®), 3.22 (F7),
0.13 (NNC4H80) -0.23 (NNC4H80)

19 5.79 (N%), 6.23 (N3), 3.88 (F*), 2.61 (F®), 3.07 (F") 5.17 (N%), 6.40 (N3), 5.02 (F*), 1.74 (F®), 3.27 (F7),

-0.33 (NNC4H8)
20 5.77 (NY), 5.34 (N3), 3.24 (F*), 0.67 (F°), 0.33 (F®),  5.34(N%), 5.25 (N3), 4.39 (F*), 1.63 (F°), -0.69 (F®),
2.41 (F7), 2.84 (F®%), 2.82 (F°) 1.87 (F7), 3.23 (F®), -2.03 (F°)
21¢ 6.09 (N), 6.06 (N), 4.35 (F), 1.67 (F), 1.56 (F)

@ Numbers of RAs correspond to those of their neutral precursors; numbers of atoms H and F are the same as
for C atoms they are bound with (Figure 1). ® The EPR spectrum of RA 3 for MeCN was reported earlier.? ¢ Hfc
constants with 3>37Cl nuclei are small and result only inhomogeneous line broadening. ¢ EPR spectrum was
simulated as a superposition of spectra of RA 10 (90%) and RA of its 5-H congener from hydrodechlorination
(10%); hfs: 3N x 3N x 2F x 2F x 2H x 4Cl; hfc constants (G): an(1,3) = 6.42, 4.53; ara4) = 4.92; ar) = 2.06; ans) = 1.16;
aci7) = 0.2. ¢ RA 21 was obtained from ECR defluorination of 12 (Scheme 2).
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Figure 5. (a) The EPR spectrum of RA 2 in DMF and (b) its transformation when the stationary electrolysis
potential is decreased to Epzc.
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Figure 6. EPR spectra of RAs 1, 2 and 4-21 in DMF, experiment (black) and simulation (blue). For RA 6, green
arrows indicate hfs from 13C nuclei (the positions 3a, 4, 7 and 7a) at their natural abundance. EPR spectrum of
RA 21 was obtained under ECR of 12 at the potential of peak 2C (Figure 3); that of RA 3 in MeCN was reported.?
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Except for 2 and 12, EPR spectra were measured under conventional conditions and attributed to primary
RAs of the compounds. EPR spectrum of RA 2 (Figure 5, Table 2) was obtained with stationary electrolysis in the
potential range Eéc >E>-1.8V (Figure 2); at the electrolysis potential decreased to ESC or more, the spectrum

was assigned as superposition of spectra of RAs 2 (90%) and 4 (10%). This proves the suggested two-electron
mechanism of the hydrodechlorination of 2 in DMF with the participation of corresponding DA (Scheme 1). RAs
of the other chlorine containing compounds 1, 10 and 11 (Table 2), possessing more positive EA; than 2 (Table
1), were much stable; in any way, their possible transformations associated with the dechlorination were not

detected. Stationary electrolysis of 12 at the potential Egc (Figure 3) resulted in its RA whose identity was
confirmed by EPR and DFT (Figure 6, Table 2). The decrease of the potential to ESC afforded RA 21 (Scheme 2;

Figure 6, Table 2).

In some cases, the (U)B3LYP calculations overestimated Fermi-contact spin densities at °F nuclei but
practically quantitatively reproduced hfc constants with **N nuclei (Table 2). According to the calculations, all
RAs are planar as expected for the nt-species (Figure 7, examples for RAs 2 and 11). Due to this, the hfc constants
with 3>37Cl nuclei are determined by spin-polarization mechanism of hyperfine interaction and, therefore, small
in magnitude (Table 2, RAs 1, 2, 10 and 11).

RA?2 RA 11
F
F
Cl
F

Figure 7. Spin density distributions in RAs 2 and 11 from the (U)B3LYP/6-31+G(d) calculations, color code: blue
positive, red negative.

For RA 6, the most long-lived among the studied RAs, the hfs from 3C nuclei was observed at their natural
abundance (Figure 6). The resolved hfc constants with 13C nuclei in the positions 3a, 4, 7 and 7a are practically
equal, whereas those with nuclei in the positions 5 and 6 are small and not resolved. DFT suggests negative hfc
constants with 13C nuclei for the positions 3a and 7a and positive ones for the positions 4 and 7 for all studied
RAs (for typical examples, see Figure 7). It should be noted that the hybrid functional B3LYP ca. 2.5 times
overestimates Fermi-contact spin densities at *3C nuclei, and that the calculated hfc constants with 3C nuclei
are almost equal which agrees with the experimental data (Table 2).

Conclusions

In DMF, the first stage of ECR of fluorinated/chlorinated 2,1,3-benzothia/selenadiazoles 1-20 (bearing also
substituents MeO or R;N) is one-electron reversible process giving long-lived RAs whose authenticity is
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confirmed by EPR spectroscopy and DFT calculations at the (U)B3LYP/6-31+G(d) level of theory. The ECR first-
peak potentials correlate well with gas-phase calculated EAs forming independent linear regressions for S and
Se compounds. The potentials of selenadiazoles are less negative, and EAs more positive, than those of
thiadiazoles; in contrast to the atomic EAs and Allen electronegativities, this suggests better electron-acceptor
ability of Se derivatives which may be used in the design and synthesis of molecular functional materials.

At the second stage of ECR, hydrodechlorination of thia/selenadiazoles proceeds via corresponding DAs and
their protonation. Non-hydrodefluorination of selenadiazoles at the same stage, involves reductive activation
by two or more transferred electrons. These dehalogenations differ from those of related aromatics (benzenes,
naphthalenes)3>3® and aza-aromatics (quinoxalines)3? controlled by instability of their RAs, and therefore are of
interest to organic chemistry.

Experimental Section

General. 'H (300.13 MHz) and *°F (282.36 MHz) NMR spectra were measured with Bruker AV-300 spectrometer
for solutions in CDCls; standards were TMS and CeFe (61°F = -162.9 with respect to CFCls). High-resolution MS
spectra (El, 70 eV) were obtained with DFS Thermo Electron instrument. UV-Vis spectra were collected with
Varian Cary 5000, and fluorescence (FL) spectra with Varian Cary Eclipse, spectrophotometers, respectively, for
solutions in heptane. Elemental analyses for C, H and N were performed with Carlo Erba Model 1106 instrument,
and those for F by standard spectrophotometric method with Ln complex of alizarin complexone. Studied
compounds 1-17 and 20 were synthesized by known methods (Scheme 3)?°3%37 and compounds 18 and 19 in a

similar way (below).
(F:EN\E Nu™ or NuH Nu—'(FiEN\E
/) N | /)
N -F or HF Z~N

E =S, Se; Nu = MeO, RyN

Scheme 3. Synthesis of non-chlorinated studied compounds by nucleophilic substitution of fluorine in the
archetypal 3 (E = S) and 12 (E = Se). Chlorinated derivatives were prepared by cyclizing corresponding 1,2-
diaminobenzenes with SOCI; or Se0,.2%3037

Cyclic voltammetry. The CV measurements on compounds 1-20 in DMF (1-2.6 mM solutions) were performed
at 295 K in an argon atmosphere. The supporting electrolyte was 0.1 M EtsNClO4. A PG 310 USB potentiostat
(HEKA Elektronik GmbH, Germany) was used for the measurements. A standard electrochemical cell with
solution volume of 5 ml connected to the potentiostat with a three-electrode scheme was employed. A
stationary Pt electrode (S = 0.064 cm?) was used as a working electrode, and Pt helix as an auxiliary electrode.
Peak potentials were quoted with reference to a saturated calomel electrode (SCE). The potential sweep rates
were 0.05-1.3 V-s™,

EPR spectroscopy. The EPR spectra of RAs were recorded with an ELEXSYS E-540 spectrometer (X-band, MW
frequency ~9.87 GHz, MW power 1 mW, modulation frequency 100 kHz, and modulation amplitude 0.006 mT)
equipped with a high-Q cylindrical resonator ER4119HS. For the EPR measurements, stationary ECR of
compounds 1-20 at corresponding potentials of the first reduction peaks was carried out at 295 K under
anaerobic conditions. Electrochemical cell for EPR measurements equipped with Pt working electrode was
placed into the EPR cavity. Electrolysis was performed in a dry DMF with 0.1 M EtsNClO4 as a supporting
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electrolyte. Simulations of the experimental EPR spectra were accomplished with the Winsim 2002 program.3®
The Simplex algorithm was used for optimization of hfc constants and line widths.

DFT calculations. The DFT calculations on compounds 1-20 and their RAs were performed with full geometry
optimization at the (U)B3LYP/6-31+G(d) level of theory using the GAMESS program.3 For all studied RAs the
value $? did not exceed 0.76.

5-(Morpholin-4-yl)-4,6,7-trifluoro-2,1,3-benzoselenadiazole (18). Stirred solution of 100 mg (0.39 mmol) of 12
and 86 mg (0.39 mmol) of morpholine in 6 ml of toluene was kept at 70 °C for 12 h, cooled to ambient
temperature and passed through silica column, eluent toluene. The eluate was evaporated under reduced
pressure, and the residue recrystallized from 2:1 hexane / toluene. Compound 18 was obtained in the form of
yellow crystals, yield 82 mg (65%), mp 234-235 °C. Elemental analysis for Ci1oHgFsN30Se (%): found: 37.74 (C);
2.18 (H); 12.89 (N); 17.24 (F); calculated: 37.28 (C); 2.50 (H); 13.04 (N); 17.69 (F). MS, m/z: 322.9776
[C10HsF3N308Se]* (calculated 322.9779). NMR (ESI, Figure S3), &: *H: 3.22 (m, 4H), 3.84 (m, 4H); '°F: 22.1 (d, F-
4,J19 Hz),19.8 (d, F-6,J 13.8 Hz), 11.1 (dd, F-7,J 19, J 13.8 Hz). UV-Vis, Amax, Nnm, (log €): 326 (4.12). FL, Amax (Aex),
nm: 454 (372).

5-(Pyrrolidin-1-yl)-4,6,7-trifluoro-2,1,3-benzoselenadiazole (19). Stirred solution of 100 mg (0.39 mmol) of 12
and 28 mg (0.39 mmol) of pyrrolidine in 5 ml of toluene was kept at 65 °C for 15 h, cooled to ambient
temperature and passed through silica column, eluent toluene. The eluate was evaporated under reduced
pressure, and the residue recrystallized from 5 ml of toluene. Compound 19 was obtained in the form of yellow
crystals, yield 89 mg (74%), mp 178-179 °C. Elemental analysis for CigHsF3N3Se (%): found: 38.99 (C); 2.59 (H);
13.48 (N); 18.87 (F); calculated: 39.23 (C); 2.63 (H); 13.73 (N); 18.62 (F). MS, m/z: 306.9831 [C10HsF3N38°Se]*
(calculated 306.9830). NMR (ESI, Figure S4), 6: *H: 1.96 (m, 4H), 3.71 (m, 4H); *°F: 21.6 (m, F-4), 14.2 (m, F-6),
10.2 (dd, F-7;J16.8,J 12.1 Hz). UV-Vis, Amax (log €): 258 (4.11), 340 (3.86), 444 (3.70). FL, Amax (Aex), nm: 510 (445).
Interaction of 12 with KOH in DMF. At ambient temperature, a stirred solution of 100 mg (0.39 mmol) of 12
and 22.4 mg (0.39 mmol) of KOH in 5 ml of DMF was kept for 72 h. Despite dark color of the reaction mixture,
NMR revealed only starting 12 (6'°F: 13.0, 5.6). After 8 h at 80 °C, compound 162 (i.e. product of substitution of
F with Me;NH from decomposition of DMF) was detected (6%°F: 21.7, 19,7, 10.2) together compound 12; product
of the substitution with HO™ was not observed.
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See Figure S1. Linear dependences Igc vs. v/2 proving diffusion-controlled nature of the first peaks of ECR of

1, 2 and 4-20. Table S1. Parameters of linear regressions Igc= A-vY2 + B for 1, 2 and 4-20°. Figure S2. CVs of

1, 4-10 and 13-20 at different potential sweep rates. Figure S3. NMR spectra of the compound 18. Figure S4. NMR
spectra of the compound 19.
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