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1,2,5-Telluradiazoloporphyrazines. 2.° Direct Exchange of Te by Se
and Conversion of 1,2,5-Telluradiazole Ring to Pyrazine Fragment
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Treatment of Mg" complex of tert-butyl substituted 1,2,5-telluradiazolo[3,4-b]tribenzo[g,l,q]porphyrazine with
SeO, in dichloromethane leads to direct substitution of Te by Se, while the reaction with diaminomaleonitrile
in ethanol affords (5,6-dicyanopyrazino)[2,3-b]tribenzo[g,l,q]porphyrazines. The obtained results demonstrate
that 1,2,5-telluradiazoloporphyrazines can be used as synthetic analogues of vicinal diamino-, diimino- and

dioxoporphyrazines.
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Ilpu e3aumooeticmeuu Mg xomnnexca mpem-oymun-3amewénnozo 1,2,5-mennypaouazono/3,4-bjmpubenszolg,l,q]-
nopgupasuna c SeO, 6 oOuxiopmemane HAOIIOOAEMCs 3aMeujenue amoma Mmeuiypa Ha celeH, a4 DeaKyus c
OUAMUHOMATIEOUHUMPUTIOM 8 dMmanole npusooum K (5,6-ouyuanonupaszuno)[2,3-bJmpubensolg,l,qnoppupasunam.
Ionyuennvie pezyromamol noxaszviéaiom, umo 1,2,5-mennypaouazononoppupasunvl Mocym UCHOTb308AMbCS 6
Kauecmee CUHMEMUUECKUX aHan0208 SUYUHATbHBIX OUAMUHO-, OUUMUHO- U OUOKCONOPDUPASUHOS.

KaroueBbie cioBa: [erepouumkinueckue aHanoru (QranonuanuHa, mnopdupasussl, 1,2,5-temmypanuason, 1,2,5-

ceJieHaIna3oJl, MUPa3yH, JIeTeITypUpOBaHHE.

Porphyrazines with annulated 1,2,5-thiadiazole and
1,2,5-selenadiazole rings have been actively studied over
last two decades!"! and recently we have also reported first
porphyrazines with fused 1,2,5-telluradiazole ring(s).*?
1,2,5-Chalcogenodiazoles are known as strong electron-

® Part 1 — see Ref. [2].
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acceptor mt-heterocycles™ and their fusion to porphyrazine
core leads to highly electron-deficient macroheterocy-
clic compounds?? which can be considered as perspec-
tive functional materials for design of organic electronic
devices. Indeed, tetra(1,2,5-thiadiazolo)porphyrazine and
its metal complexes were used as n-type organic semicon-
ductors in the prototypes of field-effect transistors and pho-
tovoltaic cells.>! The presence of 1,2,5-chalcogenodiazole
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ring opens interesting synthetic possibilities for peripheral
modification of porphyrazine macrocycle. Thus, it was
demonstrated that 1,2,5-selenadiazoloporphyrazines can be
considered as convenient precursors for unstable porphyra-
zines with vicinal amino groups in pyrrole ring(s)."® They
can be prepared in situ by reductive ring-opening of fused
1,2,5-selenadiazole fragment with H.,S in pyridine and used
directly for further functionalization, e.g. for preparation of
porphyrazines with attached formamide groups,” Schiff-
base moieties,!'” fused pyrazine ring(s)."'! Oxidative scis-
sion of pyrrole ring in porphyrazinediamine occurring in
the presence of oxygen allows the deeper transformation of
the whole macrocyclic framework affording pyrazinipor-
phyrazine, porphyrazinoid containing pyrazine ring instead
of one of four pyrrole rings.' The Se atom in fused 1,2,5-
selenadiazoles can be also directly exchanged by S when
treated in the presence of pyridine with H,S in CHCL™* or
with S CL, in CH,CN.["I Direct exchange of O or S atoms by
Se upon treatment of fused 1,2,5-oxa(thia)diazoles by SeO,
in DMF or CH,CN is also possible.!"” One can expect that
fused 1,2,5-telluradiazole ring should be more reactive, but
its detelluration reactions are still poorly studied.

We have studied reactions of Mg" complex of tert-
butyl substituted 1,2,5-telluradiazolo[3,4-b]tribenzo|g,/,q]-
porphyrazine (1) with selenium(IV) dioxide and with diami-
nomaleonitrile (Scheme 1) and found that 1,2,5-tellura-
diazoloporphyrazines can be used as synthetic analogues of
vicinal diamino-, diimino- and dioxoporphyrazines.

The Mg" complex of tert-butyl substituted 1,2,5-
telluradiazolo[3,4-b]tribenzo[g,/, q]porphyrazine (1) (5 mg,
0.006 mmol) and SeO, (1 mg, 0.01 mmol) were dissolved
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Figure 1. UV-VIS spectra of Mg" complex 1 (4) in CH,Cl, and
its change after heating with SeO, leading to formation of the Se-
analogue 2 (B).

in CH,CL, (5 ml) in the presence of few drops of pyridine
and refluxed for 30 min. The reaction process was monitored
spectrophotometrically by disappearance of the double Q-
band of the Te-containing Mg" complex 1 (A = 677 and
722 nm) and appearance of the new maxima at 672 and 709
nm (Figure 1).

After isolation the product of the reaction was charac-
terized also by mass-spectrometry and by IR spectroscopy,
which indicate that treatment of Mg" porphyrazine 1 with
SeO, leads to direct substitution of Te by Se and formation
of the Se-containing Mg" porphyrazine 2.8 The MALDI-TOF

[SeBzsPAMg]
2

[(NC),PyzBzzPAM]

(i)M=Mg - 3a
(iiM=2H-3b
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Figure 2. MALDI-TOF mass-spectrum of the reaction product
obtained upon heating of Mg" complex 1 with SeO, in CH,CIL,.

mass-spectrum of the obtained product (Figure 2) contains
the intense peak of the molecular ion with m/z = 760 and iso-
topic distribution pattern characteristic for the Se-analogue 2
(calc. for C, H, MgN, Se m/z = 760.2).

The UV-VIS and IR spectra of the reaction product cor-
respond to the spectra of the Mg" complex 2 obtained alter-
natively by co-cyclotetramerization of 1,2,5-selenadiazolo-
3,4-dicarbonitrile and 4-tert-butylphthalodinitrile.' The
maximum of the long-wave component of the Q-band for
the Se-containing porphyrazine 2 (709 nm) has an interme-
diate position between the S-analogue (682 nm!'”) and Te-
analogue 1 (722 nm). This is indicative that the stabiliza-
tion effect of the 1,2,5-chalcogenodiazole fragment on the
highest occupied molecular orbital (HOMO) is strengthened
along with the increase of electronegativity in the series
Te<Se<S. Vibration bands appearing in the IR spectrum of
2 at 1235, 696 cm™! can be assigned to the stretching (CN/
CC and SeN) and at 432 cm™ to the torsion vibrations of the
1,2,5-selenadiazole ring.!™® Since 1,2,5-selenadiazoles are
usually obtained by treatment of vic-diamines with SeO,,™!
the observed formation of the Se-containing porphyzine 2 by
reaction between SeO, and the Te-analogue 1, allows to con-
sider the latter as protected (hidden) form of porphyrazine
with vicinal diamine moiety.

On the other hand, the easy detelluration of 1,2,5-tellu-
radiazole ring indicates its structural similarity to diimines.
Indeed, according to DFT calculations of Mg complexes
of tetra(1,2,5-chalcogenodiazolo)porphyrazines the double
bond character of the CN bonds adjacent to chalcogen atom
is increased in the order S(1.507) < Se(1.610) < Te(1.678),
while the NX bond order is decreased S(1.211) > Se(1.107)
> Te(1.008).I"1 Reaction between diimines (or o-diketones)
and the vicinal diamines can be directly used for the syn-
thesis of pyrazine ring, e.g. reaction with diaminomaleo-
dinitrile provides pyrazine-2,3-dicarbonitrile — precursors
for pyrazinoporphyrazines.?” We have conducted the reac-
tion between Te-containing Mg" porphyrazine 1 (8 mg, 0.01
mmol) and diaminomaleodinitrile (4 mg, 0.04 mmol) in
anhydrous ethanol (5 ml) upon reflux (4 h) and observed that
it leads to detelluration and formation of the Mg" complex of
2,3-dicyanopyrazino[2,3-b]tribenzo[g,/, q]porphyrazine 3a.
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Figure 3. MALDI-TOF mass-spectrum of pyrazine fused
porphyrazines 2a (top) and 2b (bottom) obtained upon interaction
of Mg" complex 1 with diaminomaleodinitrile.

When the reaction was accomplished in the mixture of etha-
nol and acetic acid (3:1) the corresponding metal free species
3b* was obtained.

In the negative region MALDI-TOF mass-spectra of
3a the molecular ion peak is observed at m/z=756 (100%,
[M]) which is followed by peaks at 775 Da (28%) and
791 Da (25%) corresponding to the stable anions [M+F]- and
[M~+CI] formed by axial coordination to central Mg atom of
fluoride and chloride, respectively. In the case of metal free
porphyrazine 3b the molecular ion peak [M] is observed at
m/z=734 Da.

UV-VIS spectra of the pyrazine fused porphyrazines
3a,b (Figure 4) are typical for low-symmetry tribenzo-
porphyrazines with one annulated heterocycle!'®!” and con-
tain a split O-band with maxima at 665 and 705 nm for 3a
and 688 and 725 nm for 3b. The bathochromic shift of the
long-wave component of the Q-band in 3b as compared to
tribenzoporphyrazines with fused 1,2,5-thiadiazole and
1,2,5-selenadiazole ringst'®'”! indicates the stronger polar-
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Figure 4. UV-VIS spectra of Mg complex 3a (4) and
corresponding metal free porphyrazine 3b (B) in CH,CI,
containing 1 % of MeOH.
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ization of the porphyrazine n-chromophore by dicyano sub-
stituted pyrazine fragment.

So far the low-symmetry porphyrazines bearing
one fused dicyanopyrazine fragment were only prepared
starting from Cu" and Ni" complexes of 2,3-dihydroxy-
7,8,12,13,17,18-hexapropylporphyrazine by trapping their
unstable oxidation products — vicinal dioxoporphyrazines
with diaminomaleonitrile.*'" Our approach to dicyanopyrazi-
noporphyrazines by one stage modification of 1,2,5-telluradi-
azoloporphyrazines has an advantage over their preparation
from vicinal dihydroxyporphyrazines, which can be obtained
only in multistage procedure.?!

In conclusion, we have demonstrated that 1,2,5-
telluradiazoloporphyrazines can be considered as protected
form of porphyrazines with vicinal amino, imino or oxo
groups. Porphyrazines 3a,b containing fused dicyanopyrazine
fragment might be quite interesting synthetic precursors for
binuclear bisporphyrazines joined by the pyrazine bridge.

Acknowledgements. This work was supported by Russian
Foundation of Basic Research (grant 13-03-0902a).

Notes and References

§ Mg" porphyrazine 2. Method A. From 1 and SeO,. Yield 80 %.
Method B.From 1,2,5-selenadiazolo-3,4-dicarbonitrile and 4-ert-
butylphthalodinitrile." Yield 3 %. R =0.65 (CH,Cl,+5%MeOH).
MALDI-TOF MS m/z=760 [M]" (caled for C, H, MgN Se -
760.21). UV-VIS (CH,CL) & nm (Ige): 353 (4.85), 520(3.58),
612 (4.03), 651 (4.33), 671 (4.65), 707 (4.66). IR (KBr)
v em'': 2957s, 2802m, 2866m, 1613m, 1487s, 1393m, 1326m,
1256m, 1235w, 1158m, 1084s, 1046m, 832w, 752m, 696m,
432w. Anal. Found: C, 61.24; H, 4.98; N, 18.30%. Calcd. for
C,,H,,MgN Se-H,O (778.22) C, 61.68; H, 4.92; N, 17.99%.
Mg" porphyrazine 3a. The reaction mixture was filtrated and the
residue after evaporation of the solvent was chromatographed on
silica (eluent— CH,Cl, + 5% MeOH). Yield 40 %. R =0.5 (CH,Cl,
+5%MeOH). MALDI-TOF MS (negative) m/z=756 [M] (100%,
caled for C,,H, MgN  —756.30), 775 [M+F] (28%), 791 [M+CI]
(25%).

Porphyrazine 3b. The residue after evaporation of the solvent

was dissolved in acetone, passed through alumina and then

chromatographed on silica (eluent — CH,Cl + 2% MeOH). Yield

30 %. R =0.75 (CH,CI,+1%MeOH). MALDI-TOF MS (negative)

m/z =734 [M] (100%, calcd for C, ,H, N  —734.33).
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