Porphyrazines 21k QOrETSOOLIY TS Communication
MopdurpasnHbl CooGLeHue

http://macroheterocycles.isuct.ru

DOI: 10.6060/mhc180484t

A Sterically Driven Approach to the Efficient Synthesis
of Low—Symmetry 1,4—Diazepinoporphyrazines

Pavel A. Tarakanov,®@ Anton O. Simakov,” Ekaterina N. Tarakanova,®
Alexander V. Chernyak,“? Vladislav Klykov,® Pavel A. Stuzhin,®
and Victor E. Pushkarev®

nstitute of Physiologically Active Compounds, Russian Academy of Sciences, 142432 Chernogolovka, Russian Federation
*Hylleraas Centre for Quantum Molecular Sciences, Department of Chemistry, University of Oslo, N-0315 Oslo, Norway
¢Institute of Problems of Chemical Physics, Russian Academy of Sciences, 142432 Chernogolovka, Russian Federation
dScience Center in Chernogolovka RAS, 142432 Chernogolovka, Russian Federation

‘Research Institute of Macroheterocycles, Ivanovo State University of Chemistry and Technology, 153000 Ivanovo, Russia
@Corresponding author E-mail: tarakanov_pa@ipac.ac.ru

We have investigated the general applicability of the synthetic procedure in which a carbonyl compound (in our case,
2,4-pentandione and 3-n-propyl-2,4-pentanedione) is added to a preformed TiCl ~diaminomaleonitrile complex for
the preparation of 1,4-diazepine-2,3-dicarbonitriles. It has been shown that triethylamine commonly used as an
auxiliary reagent (base) inhibits the formation of the TiCl ~diaminomaleonitrile complex and less basic pyridine was
proved to be more suitable. The introduction of the n-propyl group into the C6 position of 5,7-bis(2'-arylethenyl)-
6H-1,4-diazepine-2,3-dicarbonitrile has led to an unprecedented increase in the yield of the low-symmetry A B-type
tribenzodiazepinoporphyrazine from 5 to 40 % under Linstead cross-macrocyclization conditions. The quantum-
chemical calculations at the PW6B95-D3/def2-TZVP//BP86-D3/def2-TZVP level of theory demonstrated that steric
effects of substituents in 6-alkyl substituted 5,7-bis(2'-arylethenyl)-6H-1,4-diazepine-2,3-dicarbonitriles can play a key
role in formation of dimeric intermediates during Linstead macrocyclization, providing high selectivity towards low
symmetry porphyrazines with annulated 1,4-diazepine heterocycle(s).
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Hccnedosan Hosbiil n00xo0 k nonyuenuto 1,4-ouazenun-2,3-0ukapooHumpuios, oCHO8aHHbIL Ha peakyuu 1,3-0uxemo-
HO8 (6 OanHoMm cryuae, 2,4-neHmanouoHa unu 3-H-nponui-2,4-neHmanouona) ¢ OUaAMUHOMALEOHUMPUILOM 8 COCMABe
komnnexca c¢ TiCl, Hcnonvsoeanue mpusmuiamuna 6 Kauecmee 6CNOMO2AMENbHO20 OCHOBAHUS NPUBOOUM K UH2U-
bupoeanuio obpasosanus peakyuonHocnocobro2o komniexca ouamunomareonumpuia ¢ TiCl, umo obycraenusaem
HeooXoo0uMocms npumenenus bonee ciabo2o 0CHO8aHUsE — nupuouHda. Beedenue n-nponunvhotl epynnul 6 5,7-0uc(2 -
apunsmenun)-6H-1,4-0uazenun-2, 3-OukapOoonumpui npuseno K y8eiudeHuIo 6bixo0a HU3KOCUMMEMPUIHO20 MPUOEH30-
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Ouasenunonopgupasuna A ,B-muna 6 npoyecce memniammnot Kpocc-yuxiomempamepusayuu ¢ 5 0o 40 %. Keanmoeo-
xumuueckue pacuemot Ha PW6B95-D3/def2-TZVP//BP86-D3/def2-TZVP yposue meopuu noxkasaiu, ymo Haiuvue 3a-
mecmumensi 6 6 nonodcenuu 5,7-ouc(2-apunsmenun)-6H-1,4-ouazenun-2, 3-0ukapooHumpuios mModicem uepams K-
uegylo poib 8 CO30AHUU CMEPUHECKUX 3PPeKmos npu Gopmuposanuy OUMePHbIX UHMEPMeOUamos 6 Xo00e Makpoyu-
KAu3ayuy, obecneyusas 8blCOKYI0 CeNeKMUBHOCHb 00PA308aHUsSL HUZKOCUMMEMPULHBIX NOPPUPAZUHOS, COOEPIHCAUUX

1,4-0uazenunosvie ppacmenmol.

Kuarouesbie ciioBa: Cuntes, 1,4-nmuasenun, nopdupasun, DFT pacuersi, crepuyeckuii 3hGeKxT 3aMecTuTers.

In recent ten years, there has been a considerable prog-
ress in the research of porphyrazines with annulated diaze-
pine ring(s). A set of diazepinoporphyrazines known to date
includes both metalated and free-base symmetrical (A,) and
unsymmetrical (A,B) macrocycles with various substitution
patterns.'2?1 Up to now, only standard approaches have
been used to synthesize both 1,4-diazepine-2,3-dicarboni-
triles">2-26 and the macrocycles based on them.B-13:15-17.19.20.22]
Development of convenient selective approaches to synthe-
sis of diazepinoporphyrazines and their precursors is critical
for expanding the scope of their possible applications. In this
work, we report new optimized technique for the synthesis
of 1,4-diazepine-2,3-dicarbonitriles and novel approach
to unsymmetrical A,B-type diazepinoporphyrazines, most
promising candidates for potential applications.

Recently, it has been demonstrated that the physico-
chemical properties of diazepinoporphyrazine macrocycles
can be casily controlled by the specific choice of peripheral
diazepine substituents with a special accent on their steric
effect.>*?"1 However, classical procedure of the condensa-
tion between diaminomaleonitrile (DAMN) and steri-
cally hindered 2-substituted-1,3-diketone®®! (in our case,
3-n-propyl-2,4-pentanedione 1b) proved to be ineffective,
resulting in low yield of 1,4-diazepine-2,3-dicarbonitrile
2b. Therefore, we have attempted to increase the yield
of 2bl! by applying the method® =% commonly used for

synthesis of imines from sterically hindered ketones. This
method is based on the reaction of ketone with titanium
tetrachloride-amine complex TiCl,~(NH,R) in the presence
of triethylamine (Et,N) as an auxiliary base. In our case,
however, the use of Et,N led to inhibition of the reaction
because DAMN appears to have lower complexation activ-
ity towards TiCl, than Et,N. In order to trigger the reaction,
we modified the method by replacing Et,N with less basic
pyridine (Py). As compared to the classical condensation
procedure,?” this led to a significant shortening of the
reaction time from 9 to 3 h, but did not increase the yield
of the diazepine-2,3-dicarbonitrile (Scheme 1). Evidently,
the basicity of the auxiliary base affects the equilibrium
concentration of the reactive TiCl,-DAMN complex and,
thus, the reaction kinetics, while the formation of 1,4-diaz-
epine heterocycle can also be determined by the structural
features of the TiCl,-DAMN complex.

Preparation of 6-substituted 5,7-bis(2’-arylethenyl)-
6H-1,4-diazepine-2,3-dicarbonitriles is of special interest
since the use of 6-propyl substituted dinitrile 3b[" in the
synthesis of unsymmetrical A ,B-type tribenzodiazepino-
porphyrazine 4b has led to the unprecedented increase in the
yield (up to 40 %) as compared with 6-unsubstituted deriva-
tive 3a (5 % yield of A B product 4a) (Scheme 1), Initially,
we assumed that the introduction of alkyl group into the C6
position of the 1,4-diazepine ring would prevent dimeriza-
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N\
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NﬂAﬁcgnﬁguration

R'= H(a), n-Pr(b); i: TiCl4, MeCN, Py, 50-80 °C, 0.5-3 h; ii: MePh, piperidine, reflux
with molecular sieves (4 angstroms), 3-7 h; iii: Mg(CsHq; OH),, CsH41OH, reflux, 12 h

Scheme 1. Synthesis of 1,4-diazepine-2,3-dicarbonitriles 2, 3 and A,B-type diazepinoporphyrazines 4.
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Figure 1. Theoretical analysis of the formation of dimeric intermediates around Mg?* template for the different rotational isomers.

tion of the corresponding diazepinoporphyrazine?*3 since
the formation of the intermolecular hydrogen bonds with
participation of axial protons at the C6 position will be steri-
cally blocked. It turned out that 6-propyl substituted dinitrile
3b exists as a 1:1 mixture of two isomers with equatorial
and axial positions of the propyl group.?”! Moreover, owing
to the steric effect of the propyl group, the equatorial isomer
exists exclusively as a conformer (rotational isomer) with
the B type configuration of the arylalkenyl substituents.
We suppose that such predominant configuration of the
arylethenyl group is responsible for the highly selective
formation of A ,B-type product during cross-condensation
of the dinitrile 3b with phthalodinitrile under Linstead
macrocyclization conditions.

In accordance with the generally accepted theory for
macrocyclization mechanism®' =4 and our reaction monitor-
ing data obtained by using UV-Vis and TLC, the key step
responsible for the reaction selectivity should be the forma-
tion of dimeric intermediates. Quantum-chemical calcula-
tions at the PW6B95-D3/def2-TZVP//BP86-D3/def2-TZVP
level of theory for the step of formation of dimeric interme-
diates 3 from monomeric forms 3’ around Mg*" template
ion showed that there is a significant difference (19 kJ-mol™)
between the activation barriers of this process for different
rotational isomers of 5,7-bis(2’-arylethenyl)-6H-1,4-diaze-
pine-2,3-dicarbonitrile (Figure 1).

Initially, the mean planes of the 1,4-diazepine frag-
ments in 3’ are approximately perpendicular to each other,
and, during the further condensation, they strive to form
acommon plane, which results in steric hindrance in the case
of conformer with the type B configuration of the arylalke-
nyl fragments (Figure 1, transition-state geometry). Thus,
the isomers of 6-substituted 5,7-bis(2’-arylethenyl)-6H-1,4-
diazepine-2,3-dicarbonitriles with the type B configura-
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tion of the arylalkenyl substituents are poorly able to form
dimeric intermediates 3”°, while they are highly capable
of forming dimeric intermediates of mixed composition.
We believe that this effect can also provide high selectivity
towards the formation of unsymmetrical ABAB-type diaz-
epinoporphyrazines. This work is in progress now.
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References and Notes

T General procedure for the preparation of 5,7-dimethyl-6H-1,4-
diazepine-2,3-dicarbonitriles (2a,b). Complex TiCl,-DAMN
was prepared by adding a suspension of TiCl, (12 mmol) in dry
MeCN (20 mL) to a suspension of DAMN (12 mmol) in dry MeCN
(20 mL) under inert atmosphere at 5 °C. Then, dry pyridine (48
mmol) was added to the resulting red-orange solution of the com-
plex. After 5 min, ice-bath was removed and 1a or 1b (12 mmol)
was introduced in one portion. Next, the reaction mixture was
refluxed under stirring for 0.5 h (1a) or 3 h (1b). The course of the
reaction was monitored by TLC. The reaction mixture was cooled
and filtered, and the solvent was removed under reduced pres-
sure. The residue was dissolved in CHCIL,, filtered, and purified
by column chromatography (SiO,, CHCL,/MeOH). This yielded 2a
(2.0 g, 96 %) and 2b (1.3 g, 50 %) in the form of white crystals.
2a: Mp 199-201 °C,*! 2b: Mp 123-124 °C.*"! 57-Bis[2'-(4-
methoxyphenyl)ethenyl]-6H-1,4-diazepine-2,3-dicarbonitrile
(3a) and 5,7-bis[2'-(4-methoxyphenyl)ethenyl]-6-propyl-6H-1,4-
diazepine-2,3-dicarbonitrile (3b) were prepared according to the
published procedures in the form of red-orange solids.”” 3a: Mp
267 °C, 3b: Mp 174-175 °C.

"General procedure for the preparation of 2°,4’-bis[(E)-2-(4-
methoxyphenyl)Jtribenzo[g,l,q]-6H-1,4-diazepino[2,3-b]
porphyrazinato magnesium(Il) (4a) and 3°-n-propyl-2°,4’-bis[(E)-
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2-(4-methoxyphenyl)]tribenzo[g,l,q]-6H-1,4-diazepino/2,3-b]
porphyrazinato magnesium(Ill) (4b). Mg metal (1.2 mmol) was
boiled in isoamyl alcohol (30 mL) in the presence of a catalytic
amount of I, until complete dissolution was observed (ca. 3 h). The
solution of the resulting Mg alkoxide was cooled to room tem-
perature, 1,4-diazepine-2,3-dicarbonitrile 3a or 3b (0.22 mmol)
was added, and the mixture was stirred for 0.5 h. Then, the first
portion of phthalonitrile (1.1 mmol) was added and the reaction
mixture was heated for 2 h to reach the boiling temperature. After
1 h of boiling, the second portion of phthalonitrile (1.1 mmol) was
added and the reflux was continued for further 9 h. Then, the reac-
tion mixture was cooled to room temperature and the solvent was
evaporated under reduced pressure. The resulting dry residue was
successively washed with 50 % aqueous acetic acid (4x50 mL),
5 % aqueous solution of sodium bicarbonate (2x50 mL), distilled
water (4x50 mL) and finally with MeOH (50 mL) and dried
in vacuo at 50 °C. The resulting solid was subjected to gel perme-
ation chromatography (Bio-Beads S-X1, pyridine). This yielded
4a and 4b in the form of dark-blue solids. 4a: yield 9 mg (5 %).
m/z (MALDI-TOF) (%) 817.34 (100) [M']. UV-Vis (pyridine) A__
(Ige) nm: 369 (4.86), 468 (4.03), 602 (4.22), 664 (4.84), 706 (5.03).
'H NMR ([D6]DMSO, 298 K) 8, ppm: 9.46 (4H, m, a-Bz), 9.38
(2H, m, o’-Bz) 8.24-8.30 (8 H, m, B-Bz; =CH-Ar), 7.96 (4H, d 3J
= 8.7 Hz, 0-ArH), 7.66 (2H, d °*J = 16.5 Hz, Dz-CH=), 7.12 (4H, d
’J = 8.8 Hz, m-ArH), 3.87 (6H, s, -OCH,). "C NMR ([D6]DMSO,
298 K) 8. ppm: 160.75, 154.96, 154.76, 153.03, 151.45, 148.35,
140.48, 139.43, 138.80, 138.56, 138.31, 130.08, 129.93, 129.63,
128.65, 125.80, 122.90, 122.77, 122.74, 114.67, 55.37, 41.33. 4b:
yield 77 mg (40 %). m/z (MALDI-TOF) (%) 859.40 (100) [M™].
UV-Vis (pyridine) A (Ige) nm: 372 (5.05), 474 (4.25), 603 (4.45),
649 (4.91), 666 (5.00), 712 (5.16). 'HNMR ([D6]DMSO, 298 K) 5,,
ppm: 9.41-9.47 (6H, m, a-Bz), 8.24-8.28 (8 H, m, f-Bz; =CH-Ar),
7.98 (4H, d °J=8.6 Hz, 0-ArH), 7.69 (2H, d *J=16.5 Hz, Dz-CH=),
7.12 (4H, d °J = 8.6 Hz, m-ArH), 5.96 (1H, t *J = 7.5 Hz, 6H), 3.87
(6H, s, -OCH,), 1.43 (2H, sext *J = 7.5 Hz, °CH,), 1.20 (2H,q *J
= 7.9 Hz, °CH,), 0.60 (3H, t °*J = 7.3 Hz, CH,). "C NMR ([D6]
DMSO, 298 K) &. ppm: 160.70, 155.13, 154.90, 153.04, 150.96,
150.88, 139.09, 138.79, 138.56, 138.31, 138.09, 130.09, 129.92,
129.75, 129.63, 128.73, 127.58, 122.89, 122.77, 114.64, 55.37,
45.42,24.15,20.70, 13.75.
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