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CUHTE3 Y CBOMICTBA MAKPOTETEPOIIMKJINYECKOI'O COEJJUHEHMS ABBB-THIIA C
®OPATMEHTOM 5-AMUHO-2-JOAELNUJI-3-UMHWHO-1,2,4-TUAJUA3ZOJIUHA

Jlannasa paboma noceauwiena ORUCAHUIO CUHME3A, MEMO008 OYUCMKU U QUIUKO-
XUMUYECKUX XAPAKMEPUCMUK MAKPOZeMePOYUKIuYecKkozo coeounenus ABBB-muna, komopoe
cooeporcum ppazmenm S-amuno-2-0odeuu-3-umuno-1,2 A-muaouazonuna. 3mo coedunenue
ob1adoaem mempaazadaKmepuoXiopuUHo-noO0OHON CMPYKMYPOIl U Mo cem Oblmb UCHOIb30BAHO
KaK nOMeHuuanbHolil CeHCUOUNU3AMOp 6 homoounamuueckoil mepanunu OHKO02U4ECKUX 3a00-
neeanuii. Kpome mozo, 3,5-ouamuno-1,2, 4-muaouazon — smo smanoHHbll AHMUSUNOKCAHM, U
ueneeoili nPpoOYyKm moicem npuodpecmu e2o duonozuueckue ceoiicmea. cxoonoe coeounenue,
5-amuno-2-0ooeyun-3-umuno-1,2 A-muaouazonun, cuHmezuposaiu NPAMbIM AIKUIUPOBAHUECM
3,5-0uamuno-1,2,A-muaouazona 1-6pomoodexanom. Makpozemepoyukiuueckoe coeouneHue
ABBB-muna noayuanu xonoeuncayuei 1,3-ouumunouzoundonuna (ppacmenm B) u 5-amuno-2-
oooeyun-3-umuno-1,2,4-muaduazonuna (ppacmenm A) ¢ ¢penone. Ouucmky noayueHnozo co-
eOUHEHUS OCYUeCMEIATU MENOOOM KONOHOUHOU XPoMamozpaghuu Ha cunukazene, UCnOIb3YA 6
kauecmee Inwoupyrowieir cmecu CH2CI2:MeOH:C6H14. Oba coeounenus oxapaxmepuszoseannl
OaHHBIMU Macc-chekmpanbvhozo ananusa, 1H AMP, HK u snekmponnoit cnekmpockonuu. Ilo-
Kazano, 4mo 6 INeKMpPoHHbIX CREKMPAX MAKPOZEMEPOUUKTUYECKO20 COCOUHEHUSA 6 KUCOHL cpe-
e naonrooaemces 6amoxpomMuslii coeuz makcumyma noznouienus om 480 0o 555 um u noaensn-
tomca Hoevle ungnaexcuu npu 692 u 721 um, umo noomeeprcoaem nPoMOHUPOBAHUE NOJIYUEH-
HO020 coedunenus. Kucnomno-ocnoensie ceoiicmea smozo coeounenus 6yoym onucamnsl 6 ciedy-
1ouweil pabome.

KuaroueBrble cJIoBa: MaKpOreTEPOIMKINIECKOE COSIMHEHSI, CTPOCHUE TETPaa3a0aKkTepUOXIOPHHA, al-
KHJIUPOBaHUE, S-aMUHO-2-10e1I-3-UMHHO-1,2,4-THaina3omn
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SYNTHESIS AND PROPERTIES OF MACROHETEROCYCLIC COMPOUND OF ABBB-TYPE

WITH FRAGMENT OF 5-AMINO-2-DODECYL-3-IMINO-1,2,4-THIADIAZOLINE

This work describes synthesis, methods of purification and physical-chemical
characteristics of ABBB-type macroheterocyclic compound, which contains fragment of 5-amino-
2-dodecyl-3-imino-1,2,4-thiadiazoline. This compound has similar to tetraazabacteriochlorin
structure and it can be used as potentially sensitizer for photodynamic therapy of cancer.
Moreover, 3,5-diamino-1,2,4-thiadiazole is standard antihypoxant and its biological properties
can occur in desired macroheterocyclic product. Parent compound, namely 5-amino-2-dodecyl-3-
imino-1,2,4-thiadiazoline, was synthesized by alkylation of 3,5-diamino-1,2,4-thiadiazole by 1-
bromododecane. Macroheterocyclic compound of ABBB-type has been prepared by condensation
1,3-diiminoizoindoline  (fragment B) and 5-amino-2-dodecyl-3-imino-1,2,4-thiadiazoline
(fragment A) in phenol. Purification of obtained compound was carry out by method of column
chromatography on silica gel using eluting mixture CH,Cl,:MeOH:C¢H,,. Both compounds were
characterized by mass-spectrometry, 'H NMR, UV-vis, IR spectroscopy. It was shown, that
bathochromic shift of absorbtion maximum from 480 to 555 nm and emergence of new inflection
at 692 and 721 nm are observed in UV-vis spectra of macroheterocyclic compound in acid
medium, that confirms protonation of obtained compound. Acid-based behavior of this compound

will be described in the next work.

Key words: macroheterocyclic compound, tetraazabacteriochlorin structure, alkylation, 5-amino-2-

dodecyl-3-imino-1,2,4-thiadiazoline

INTRODUCTION

Thiadiazoles and their derivatives reveal a
wide range of biological activities [1-3]. For instance,
3,5-diamino-1,2,4-thiadiazole (1) is well known me-
dicinal product Amtizol [4]. Some of its derivatives
were used as antimicrobial, antifungal and anti-
inflammatory agents, dyes, lubricants and analytical
reagents [5]. Diaminoderivatives of thiadiazoles, par-
ticularly, 2,5-diamino-1,3,4-thiadiazole and 3,5-
diamino-1,2,4-thiadiazole, were successfully used as
starting materials to synthesize macroheterocyclic
compounds of ABABAB [6-11], ABAB [7, 12] and
ABBB types [7, 13], correspondingly.

In recent times, scientists’ attention is dedi-
cated to development of synthetic hydrated porphyrin
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derivatives such as chlorins and bacterioclorins,
which absorb light in long wavelength range of spec-
trum [14] and are used as therapeutic agents for pho-
todynamic therapy of cancer [15, 16].
Macroheterocyclic ~ structures similar to
tetraazachlorin- and tetraazabacteriochlorin can be
obtained only using 2N-substituted 3,5-diamino-
1,2,4-thiadiazoles. Moreover, it is expected, that max-
imum of absorption of these compounds will shift in
high IR region of spectrum that significantly will in-
crease therapeutic effect of sensitizer. These com-
pounds weren’t described in the literature earlier.
5-Amino-2-imino-3-pentyl-1,3,4-thiadiazo-
line obtained by direct alkylation of 2,5-diamino-
1,3,4-thiadiazole [17, 18] was used for synthesis of
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three-units product [19, 20] and macroheterocyclic
compound [7].

It seems to be very attractive to use alkylated
3,5-diamino-1,2,4-thiadiazoles for this purpose. But
to our knowledge, synthesis of these products was not
founded in literature. Hence the first step of this work
was to find a method to synthesize 5-amino-2-
dodecyl-3-imino-1,2,4-thiadiazoline.

X-Ray study of protonated forms of 1 showed
that the nitrogen atom located into the position 2 of
1,2,4-thiadiazole ring is to be the most pronounced
nucleophilic center of 3,5-diamino-1,2,4-thiadiazole
[21]. Therefore, it is the most probable that direct al-
kylation of the last can be directed toward this atom.

EXPERIMENTAL PART

UV-vis spectra were measured with HITACHI
U-2001 spectrophotometer. IR spectra were recorded
with an AVATAR 360 FT-IR spectrometer. ESI-MS
mass-spectra were measured with a Bruker Reflex 111
instrument, MALDI-TOF mass-spectra were regis-
trated out with a AXIMA Confidence (SHIMADZU).
'H NMR spectra were measured with a Bruker spec-
trometer in CDClI; at 500 MHz. Column chromatog-
raphy was performed on silica gel Merck-60 (230-400
mesh, 60 A). TLC was performed on aluminum
sheets precoated with silica gel 60 F,s4 (E. Merck).

3,5-Diamino-1,2,4-thiadiazole (1) and 1,3-
diiminoisoindoline (2). The synthesis of compound 1
and 2 was carried out as described in studies [22, 23].

5-Amino-2-dodecyl-3-imino-1,2,4-
thiadiazoline (3). Solution of 1-bromododecane (14.5
mL, 60.4 mmol) in CH,CI,, 1 (2 g, 17.2 mmol) and
MeOH (80 mL) was stirred with refluxing for 20 h.
After triethylamine (4.2 mL, 30.2 mmol) was added
to the reaction, the mixture was refluxed during 4 h.
The solvent was evaporated and the resultant product
was washed with water. The desired product was ex-
tracted by CHCIs. The solvent was evaporated and a
yellow oily was produced, which is soluble in low-
polar organic solvents, and not soluble in water and
hexane. Yield: 2.4 g (49%). Calc. EM 284.20. ESI-
MS, m/z: 285 [M+H]". IR: v (red glass)/cm™: 3309,
3142 (N-H, v), 2920, 2851 (C-H, alk), 1613 (N-H, d),
1541 (C=N, v), 1463, 1377, 1165, 720, 648, 565. UV-
vis: Ama/nm (CH,Cl,, C = 2.74:10* mol-L™) (lge):
252 (2.97). 'H NMR: 3y (CDCl;, 500 MHz), ppm:
7.36 (s, 1H, -NH), 5.43 (s, 2H, -NH,); 3.41 (tr, 2H, N-
CH,-); 1.85 (m, 2H, N-CH,-CH,-); 1.57-1.28 (m,
18H, -CH,); 0.88 (tr, 3H, -CHj).

2-Dodecyl-3,12,19,24-tetraimino-5,10,17,26-
tetranitrylo-1-thio-28H,30H-tribenzol[f,k,p](1,6,10,
15)-tetraazacyclooctadecene (4). The solution of 2
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(130 mg, 0.9 mmol) and 3 (85 mg, 0.3 mmol) in
phenol was stirred for 60 h at temperature 100-110 °C.
The reaction mixture was washed from phenol by hot
water. The desired product was purified by column
chromatography (silica gel, CH,CIl,:MeOH:C¢Hy4 =
10:1:3). A maroon zone was collected and the solvent
was evaporated. Formed after washing in acetonitrile
and removing solvent a powder was dried under vac-
uum. Yield: 7 mg (3.7 %). Calc. EM 653.30. MALDI-
TOF (DHB), m/z: 690.6 [M+K-2H]". v (KBr)/cm™
3237, 2964, 2925, 2853 (C-Hak), 1739, 1647, 1556
(C=N v), 1461 (C-C v), 1378, 1264, 1091, 875, 713.
UV-vis: Ana/nm (CH,Cl,, ¢ = 1.49-10™ mol-L™) (Ige):
263 (4.41), 480 (3.60); Amax/nm (acetone, ¢ = 1.49-10°
mol-L™) (Ige): 457 (2.85); Ama/nM (2,2,2-CF;COOH,
c = 1.49-10* mol'L™) (Ige): 555 (3.82), 692 (3.39),
721 (3.37). 'H NMR: &, (CDCls, 500 MHz): 11,18 (s,
2H, N-Hge), 8.10-7.69 (m, 12Hgom), 1.86-0.88
(25Halky|)-

RESULTS AND DISCUSSION
Compound 3 was prepared by alkylation of 1
by 1-bromdodecane in boiling MeOH (Scheme 1).

C12H2s
/
S—NH S—N

i i
+ C4,Hy5Br
/4\ )% e /4\ )%
HoN N NH H,N N NH
1

i; MeOH, NEtg, Thoil; 3

ii: HZO, troom
Scheme 1. The synthesis of 5-amino-2-dodecyl-3-imino-1,2,4-
thiadiazoline
Cxema 1. Cunres 5-amuHO-2-g0aenuia-3-uMuHo-1,2,4- tna-
nuaszona

The mass spectrum of compound 3 is charac-
terized by the present of a peak corresponding to the
molecular ion with m/z = 285 in form [M+H]". In the
IR spectrum of 3, a series of bands at 3309, 3142 and
1613 cm™ can be assigned to asymmetrical, symmet-
rical stretching, and deformation vibrations of the
amino groups. A series of bands at 2920, 2851 cm™
can be characterized as stretching valence C-H vibra-
tions of the alkyl group. 'H NMR spectrum of com-
pound 3 reveals the signals at 0.88, 1.28-1.57, 1.85
and 3.41 ppm, which can be assigned to the protons
of dodecyl group. Two singlets at 5.43 and 7.36 ppm
characterize the resonance of the protons of amino
and imino groups. Integral intensities of the signals
confirm these assignments. These results are con-
sistent with published for 3-alkyl-5-amino-2-imino-
1,3, 4-thiadiazolines [17, 18] and pentylsubstituted
1,2,4-thiadiazoline [24].
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Compound 4 was synthesized following the
scheme 2.

The signal at 690.6 m/z in the mass-spectrum
of 4 corresponds to [M+K-2H]* molecular ion. *H
NMR spectrum in CDCl; shows the pyrrolic NH pro-
tons at 11.18 ppm. Strong absorbance at 263 nm dom-
inates in UV-vis spectrum that demonstrates presence
of thidiazole cycle while the band of lower intensity is
located at 480 nm. It is similar to that of macrohetero-
cyclic compound of ABBB-type with N-
alkilsubstituted 1,3,4-thiadiazole moieties referred in
[13]. Bathochromic shift from 480 to 555 nm was
observed in UV-vis spectrum in acid medium and

NH
S_N/C12H25
/4 )\ t 3 NH
H,N \N “SNH
NH

3 2

absorbance at 692 and 721 nm was appeared indicat-
ing protonation of compound 4 (Fig. 1) [25]. Beer-
Lambert-Bouguer law is observed at concentration
from 5.77-10" to 14.9-10* mol/L that confirms linear
dependence of intensive of absorption on the concen-
tration of solution 4 (Fig. 2). In the IR spectrum of 4,
the bands at 2964, 2925 and 2853 cm™ correspond to
C-H stretching vibrations of alkyl groups. The band at
3237 cm™ can be assigned to stretching vibrations of
isoindole N-H bond. The *H NMR spectrum of 4 reveals
a signal at 11.18 ppm, which can be assigned to absorp-
tion of proton of the isoindole N-atom [10, 26, 27].

C H
/ 124125
S—N

N/Q\NAN
/ =
NH HN

—
\ \ Y
N o =

i: PhOH, 1= 60 h, t = 100-110 °C

Scheme 2. The synthesis of ABBB-type macroheterocyclic compound
Cxema 2. CHHTE3 MaKpOTeTepoIHKIdeckoro coeqnaeHns ABBB Tuma

1,2 1
A
1,0 1

0,84

0,6 1
692 721

L

0,4 -

0,24

0,0 T T T
300 400 500 600

T 1
700 A, nm 800

Fig. 1. UV-spectra of 4: 1 — CH,Cl, (¢ = 1.49-10™ mol-L™);
2 — CF3COOH (c = 1.49-10* mol-L™)
Pruc. 1. Y® crexrpsi 4: 1 — CH,Cl, (¢ = 1.49-10™* monpb-r);
2 — CF3COOH (c = 1.49:10™* monb-r™)
CONCLUSIONS

The first representative of macroheterocyclic com-
pound containing three isoindoline and one 2- alkyl-
1,2 4-thiadiazoline fragments was synthesized.
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Fig. 2. Dependence of absorption intensity on the concentration of
4 (acetone, Apay = 457 M)
Puc. 2. 3aBUCUMOCTh HHTCHCHBHOCTH TOTJIONICHUA OT KOHIICH-
Tparuu 4 (aueToH, Ama = 457 HM)
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