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Ya. Mykhalionok, S. Pridma, G. Zhalnina, L. Momot, A. Burban

NEW AMINO ACIDS WITH THE SULFONE FRAGMENT AS THE BUILDING
BLOCKS FOR THE SOLID PHASE PEPTIDE SYNTHESIS

The successes of proteomics stimulate the interest to the new synthetic amino acid. Using such amino
acid in the solid phase peptide synthesis will allow controlling the activity of biologically important peptides.
The need for the new peptide structures to design the new drugs has currently been growing. In this regard,
it is very important to expand the spectrum of the new amino acids which contain the sulfone fragment with
the purpose of their use as the building blocks.

The synthesis of the new amino acid with the cyclic sulfone fragment — 2-amino-2-(1, 1-dioxo-11%-tiolan-
3-il)acetic acid from tetragidrotiofen-3-on was developed and optimized. It included ten stages, in particular
the use of Bucherer method and the alkylating of Schiff basis, the output of special purpose compounds was
53 %. The developed method was successfully applied for getting 2-amino-3-metansulfonilpropanoic acid
from a cysteine in four stages with 43 % output of special purpose compounds of the theoretical estimate.
The structures of new synthesized sulfoaminoacids were installed by 'H NMR spectroscopy and the cleanness
of the special purpose products (99—100 %) was confirmed by the data of chromato-mass-spectrometry. The
practical outputs of obtained amino acids allow conducting the additional research in the solid phase
peptide synthesis. The derived amino acids with the cyclic sulfone fragment are perspective for their use as
the building blocks in the solid phase peptide synthesis, which opens the way to expansion of chemical and
pharmacological properties of the new compound.

Keywords: amino acid, sulpholanes, 1A%-tiolan-1,1-dioxide, 2-amino-2-(1,1-dioxo-1A%-tiolan-3-il)
acetic acid, 2-amino-3-metansulfonilpropanoic acid.
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MEXAHOXIMIYHA AKTUBAIIISA
TA ®POTOKATAJIITHYHA AKTUBHICTH
OKCHJIHOI HMHK-MOJIBAEHOBOI KOMIIO3UIIII

Hocniooceno eniue mexanoximiunoi 0o6pooku (npomseom 2, 4 i 8 2ooun 6 ammocgepi nogimps) Ha
61ACMUBOCI  OKCUOHOI  YUHK-MORIO0eHo080i  komnozuyii  Zn/Mo =25 : 75. Ilokazano ymeopeHms
HAHOPOZMIPHUX YACMUHOK BUXIOHUX peaceHmie ma 3miHy ixuboi cmpykmypu 6 npoyeci MXO, wo nonecutye
VMBOpeHHs HOB0I cnoiyku — ¢azu moniooamy yunxy. Kpucmanizayis yiei ¢asu npu nooanvutiii
mepmooopobyi eede 00 YMEOPeHHsL CKIAOHOI KOMNO3UYIL HAHOOUCNEPCHUX OKCUOI8 YUHKY i MOTIOOEHY ma
Moniboamy YUHKY, sIKA BUABJIAE GUCOKY AKMUBHICMb (8Ulgy, HIdIC Yy Mpaouyitinozo gomokamanizamopa
TiO,) y pomoxamanimuurnomy poskradi bapenuxa cagppaniny Ty 600i.

Kurouosi ciioBa: MexaHoximMiuHa 00poOKa, OKCHJTHA IIMHK-MOJTIOICHOBA KOMITO3HITis, POTOKATAII3.
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Beryn

HaiiGinbur npuitHATO 1 KOHKYPEHTOCITPOMOXK-
HOIO TEXHOJIOTIEI OYHICHHS BOIY BiJ 3a0pyIHIO-
BayiB MPUPOTHOTO i TEXHOTEHHOTO MOXOKEHHS IS
ne3ingeKIii i TeTOKCUKaIlil BOU, BUIAJICHHS Tra30-
MOIiIOHUX MIKIJJTMBUX PEYOBHUH € iX (DOTOKATATITHY-
Ha Jerpajaamis mig giero YO-onpoMiHEHHS 3 BHKO-
PHUCTaHHSM reTepOTeHHUX KaTalli3aTopiB-HaIiBIIPO-
BigaukiB. Ilel Meronm 3HAYHO EKOHOMHIIIMH, HIX
030HYBaHHA [1], po3kiaa 3 BUKOPUCTAHHIM TiApo-
T'eH TIEPOKCHY, BUKOPUCTAHHS KaJlii IepMaHraHa-
Ty, XJIOPYBaHHSI, €JEKTPOXiMiuHEe OKHUCHEHHS [2].

AJIBTEpPHATHBOIO JOOpE BIJOMOMY Ta JIOCIiKe-
HOMY (hoTOKaTasizaTopy Ha OCHOBI OKCUIY TUTaHY
P-25 MoxyTh OyTH CKJIaHI OKCH/IHI CHCTEMH Ha OC-
HOB1 ZnO. OHi€l0 3 NEPCHEKTUBHUX CHCTEM MOXKeE
OyTH OKCHJHA IWHK-MONIOJIEHOBA KOMIIO3HILiS,
OCKUIBKH B Hill MOETHYIOTHCS BIACTHUBOCTI OKCUAY
IWHKY SK (OTOKATaIi3aTopa Ta OKCUAY MOJIOIEHY
SIK IPOMOTYIOUO1 JIOMIIIIKH JI0 HhOTO. BeTaHOBIEHO,
o0 TPaIWIiiHI METOIU TPUTOTYBaHHS 3MilIaHUX
KOMITO3UIIIM, sIKi MicTATh ZnO, HEe JO3BOJIAIOTH MPH-
roTyBaTd eQeKTHBHI (DOTOKATATITHYHI CHUCTEMH.
AJNBTEpPHATUBHHUM IMiXOMAOM JI0 CHHTE3Y CKIaJHUX
KOMITO3MIII MOke OyTH MexaHoxiMiuHa oOpoOka
(MXO), sixa [03BOJISIE OJEpXKATH HAHOCHUCTEMHU
3 HAHOPO3MIPDHHMH YaCTHHKAMH Ta IIiJIBHIICHOIO
MUTOMOIO TTOBEPXHEIO.

Mertoto 1i€i poOOTH OYII0 JOCTiKEHHS BIUIUBY
MEXaHOXIMIYHOT OOpOOKM 3MilIaHOT OKCHIHOI
[IUHK-MOJIIOEHOBOT KOMIIO3UIlI 3 aTOMHHUM CIIiB-
BiHOMIEHHIM Zn : Mo =25 : 75 Ha 11 gorokaraii-
THYHY aKTHBHICTh Ta BU3HAYCHHS MapaMeTpiB, sKi
3yMOBITIOIOTH 3MiHY IIHX BIaCTHBOCTEH.

Marepianu i meToau

[uHK-MONMIOAEHOBA KOMIIO3UIISI 3 aTOMHHM
CHiBBiHOIIEHHsAM Zn : Mo =25 : 75 Oyna mpuro-
TOBaHAa IIJISXOM 3MIIIyBaHHS OKCHIIB IIUHKY 1 MO-
nioneny (VI). Yci peareHTd Mapku «4». MexaHOXi-
MiyHy 00poOKy mpoBoaWiIH B arMocdepi MOBITpA
mpu 550 06/xB mpoTaroM 2, 4 i 8 TOAMH 3 BHKO-
PUCTaHHSAM IUIAHETAPHOTO  KyJIbOBOTO  MJIMHA
Pulverisette-6 ¢ipmu «Fritsch» (cmiBBigHOIICHHS
MacH KyJib 10 Macu 3paska — 10 : 1).

Jocnioocenus @hizuxo-ximiunux enracmugocmetri
CUHME308AHUX 3PA3KIE

Pentrenodaszosuii ananiz (P@A) koMIo3uii
nposeneHo Ha audpaxkromerpi PW 1830 (Philips)
3 BukopuctanHsiMm CuKo-BunpomintoBanas. Ce-
peaHiit po3mip kpuctadiTiB (L) nns HalOinbm iH-
TEHCHUBHHX peQUICKCIB pPO3paxoBaHWUU 3a pPiBHSIH-
M lleppepa:

LKA
pcos®

ne K — crama, moB’si3aHa 3 ()OPMOIO KpPHCTAIIB
(K'=0,9); 1 — noBxuHa XBUJIi PEHTTEHIBCHKOTO BH-
npominroBanHs (s CuKa A = 0,154 am); f — mm-
pHUHA MiKa HA MOJOBHHI BUCOTH (B padiaHax), ® —
KyT qudpakiii (OperiBCbKHiA KyT).

IY-cnextpu 3 Dyp’e-nepeTBOPEHHSIM Ha MO-
mmHaHHs B obmacti 400-4500 cm™' 3anmcano Ha
cnekTpometpi Spectrum-One ¢ipmu «Perkin-Elmer
Instruments» (MacoBe CIiBBiIHOMIEHHS 3pa30K/
KBr=1:20).

Mopdoomoriro moBepxHi Zn-Mo 3paskiB Jo-
CJIIJI)KYBAJIM METOJIOM CKaHYBalbHOI €JIEKTPOHHOI
Mmikpockomii (CEM) 3 BHUKOPHUCTaHHSIM €JICKT-
poHHoro Mikpockona JSM-6490 ¢ipmu «JEOL»
(36imprenHs — 750 pasiB, NMpHCKOpIOBajIbHA Ha-
npyra — 30 kB).

ATA-TT kpuBi 3amucaHo B iHTEepBaJli TeMIIepa-
Typ 20-810 °C Ha npunaai Derivatograph-Q cucre-
mu F. Paulik, J. Paulik, L. Erdey (MOM, Yropmim-
Ha) B JUHAMIYHOMY peXHMi B arMocdepi MOBITps
3 BUKOPHUCTAHHSAM KePaMiqHOTO THTJIA.

st OiHKK ()OTOKATATITUYHUX BJIACTUBOCTENH
BUXIIHUX Ta MEXaHOXIMIYHO  MOIU(IKOBAHHX
[IUHK-MOJIIOIEHOBUX CHUCTEM Imim aicro YP-cBimia
OyJ10 TIPOBEJICHO JIerpajaltiro 6apBHuKa cappaniny T.

H:N . Ha

cr

Cadpanin T

KoHreHTpamist BOZHOTO po34MHY OapBHHKa —
1,3x10° Momnb/71, criBBigHOIIEHHS (hoTOKaTasizarop/
GapBHuk = 1 Mr/2ma (maca Qortokaraizatopa —
50 mr). docmimkeHHs (oToKaTaiTHYHOI Jerpaanii
cadpaniny T Oyrno 3ailicHEHO y KBapLIOBOMY PEaKTo-
pl 3 BHKOPHCTaHHSIM PTYTHOI JIAMITH TTOTY)KHICTIO
30 Br 3 A =254 um. ExcriepumenTansHo Oyio Bu-
3HAUCHO, 1110 a/ICOPOITiiiHa PiIBHOBara BCTAHOBIIOETh-
cst 3a 60 xB. Ilicns peakiii karanizaTopu BiIOKpeM-
JIFOBAJIM BiJl PO3YMHY 3a JIOTIOMOTOI0 LEHTpHDYTY-
BaHHA, a OJepKaHi pO3YMHM aHai3yBalM Ha
cnekrpomerpi UV-2450 Shimadzumpu A, = 520 um.

Pe3ysibTaTn Ta iX 00roBOpeHHs

Kpucmaniuna cmpykmypa xomnosuyii. Jani
PDA mnoxasyrors, mo npu MXO nporsirom 2 rof
BiJIOyBa€ThCS 3HWKCHHS BIJIHOCHOI 1HTEHCHBHOCTI
peduekcy (040), mpu npomy 6a30BUM cTae pediexc
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Bix turomuHu (021) Ti€ei % opTopoMOiuHOT MoaH]i-
kanii a-MoO,, a nicns 4 i 8 rox MXO ¢ikcyrorses
peduiekcH, sKi XapaKTepH3YIOTh YTBOPEHHSI HOBOI
¢asu  B-ZnMoO, wmoHokmiHHOI — Momupikamii
(puc. 1). Tepmoobpo6ka (TO) mpu 400 i 665 °C mo-
JU(IKOBaHOI MPOTSIroM 2 rojl CUCTEMH Beae 0
30iIbIIeHHS iHTeHCHUBHOCTI pediekcy (021) dasm
a-MoO, Ta mosiBu peduieKciB, sAKi BiANOBINAIOTH
¢asi f-ZnMoO,, e npu 400 °C, xo4a npu 3BU4aki-
HOMY TBepA0(ha3HOMY CHHTE31 yTBOPEHHS L€l (ha3u
criocTepiraeThbes 3a Temmeparyp, Buimx 3a 600 °C.
OnHi€0 3 MOKITUBUX NPUYHMH 3HWKEHHS TeMIlepa-
TypH peakiiii Moxke OyTH Te, 1o B pe3yasrari MXO
YTBOPIOIOThCS. HAHOYACTUHKU BUXIJHUX PEarcHTIB
3 OUTBIIMM CHIiBBiJHOIICHHSIM T€OMETpPHYHA II0-
BEpXHs/00’ €M Ta HOBA MOBEPXHS, 10 MOJIETIUIYE pe-
aKLiI0 MK HUMU.

Amnani3 po3mipy kpuctainitiB (L) 3 naHux POA
3a piBHsAHHAM llleppepa miaTBepIKye 11e 1 TOKa3ye
X pi3ke 3MEHIIEHHS B Pe3yJabTaTi MEXaHOXIMIYHOT
00poOku (tabm. 1). [IporpiB 3paskiB micass MXO
BeZle 10 JIESKOTO 301NBIICHHST PO3MIpYy YaCTHHOK,
aJie BiH yce OJTHO 3aJIUINAEThCS MEHIINAM, HIXK Y BH-
X1IHUX peareHTiB.

Tabnuys 1. lesiki Bnacrusocti ZnO-MoO, = 25 : 75
CHCTEMH Mic/Is MeXaHOXiMidYHOro MoauQiKyBaHHS

Yac Iapametp
00poOKH Daszu L, um | Iowuna
a-MoO,
Buxionuii 86 (040)
ZnO
a-MoO,
2 200 13 (021)
ZnO
a-MoO,
4 200 15 (021)
B-ZnMoO,
a-MoO,
8 200 13 (021)
B-ZnMoO,
MXO 2 200 + a-MoO, ” 0ol
TO 400 °C ©21)
B-ZnMoO,
MXO 2 200 + o-MoO, 040
TO 665 °C 33 (049)
-ZnMoO,

JonarkoBy iH(GOpMAIit0 MPo CTPYKTYpy Zn-Mo
KOMIIO3UIIi1 Oys10 ofepkaHo 3a jornomororo [Y-crex-
Tpockomii. OtpuMani [Y-criekTpu MoKasyroTh, IO
B nporieci MXO BinOyBaeTbcsi 3017bLICHHS 1HTEH-
CHUBHOCTI Ta 3MIiIIEHHS CMYT NorTHHaHHS. Tak, cMy-
ra NOIIMHAHHS MoaBiHOTO Mo=0 3B’s3KY 3Milly-
etbest Big 991 mo 888 cm!, mio Moxke OyTH 1moB’si3a-
HO 31 CKOpPOYCHHSM (3MIIHEHHSM) IOJBIHHOTO
3B’S13Ky; CMYTa, BiJIHECEHA 10 KOJIUBAaHb MiCTKOBOTO
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.
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Puc. 1. Pentrenorpamu cuctemu ZnO-MoO, =25 : 75:
a — BuXigHuii; 6 — 2 rog MXO;
6 — 4 ron MXO; 2 — 8 roqg MXO.
® — a-MoO,; 0 - ZnO; ¢ - -ZnMoO,

Mo—0O—-Mo 3B’5I3Ky, 3MIIIYETHCS B MIPOTHUIICIKHOMY
HanpsIMKy 1 mepedyBae B Mexax 864—840 cm!, mio
CBITYUTH TIPO 30UIBIIECHHS BiJICTaHI TePMiHAIBHO-
0 3B’sI3KY, @ CMyTa, [0 BiTHECEHA HAMU JIO KOJIH-
BaHb Zn—O 3B’sA3Ky, pO3TallloBaHA B iHTEepBai
495-465 cm'. CBO€IO 4eproro, CIIij BiIMITUTH, IO
iCJIs 0OPOOKH TPOTATOM 2 TOJ Y CIIEKTPi (PiKCYETh-
CsI TIOsIBa CMYT MOTVIMHAHHS B 0071acTi 636604 cm,

6 2

Puc. 2. Mikpoortorpadii moBepxHi: ¢ — BUXiTHOI CHCTEMU;
6 — miciis MXO npotsirom 2 rox; 6 — 4 rox; ¢ — 8 o
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Puc. 3. Kpusi TT" i ITA: a — BuxigHOi cymili;
6 — miciit MXO npoTsirom 2 rox

SIKi BKa3yIOTh Ha YTBOPEHHs MicTKoBOro Mo—O—Zn
3B’a3Ky. TakuM 4uHOM, (OpMYBaHHS B Mpoleci
MXO pentrenoamophHoi ¢asu MomIiOmaTy IHHKY

MOe OyTH IIe OJHI€I0 3 MPUYNH HOr0 KpHCTali3a-
1ii 32 HU3BKUX TEMIIepaTyp.

Jliis BuxigHOTO 3paska Ha kpusiii TI' He crocre-
piraeTbcst OyAb-sIKMX 3MIiH BIpAaTH MacH, a KpHBa
JTA nemMoHCTpye HasBHICTH JBOX TEIUIOBHX S(eK-
TiB: MEpIIUii, eHR0edeKT, criocTepiraeThesl B iHTEP-
Bami Temrieparyp 142-204 °C, skomy BianoBigae
Mpoliec BUAAJICHHS MIllHO 3B’S13aHOT BO/H, 1 IPYTHIA,
exzoedekt, npu 505 °C, moB’s3aHUN 3 TPOIIECOM
KpucTaiizaii BlopruutHoi ¢asu ZnO (puc. 3, a).

XapakTep TepMOaHATITHYHUX KPUBHX ITOKA3ye,
10 BXKe MIicig 2 ToJl MEXaHOXIMi4HOT 0OpoOKH Ha
kpuBiii TI" cmoctepiraersest Brpara Macu (4 %), sika
MOYMHAETHCS TIPU Temneparypax 75—85 °C ta mpo-
TIKa€ 3 MEHIIOK MBUJAKICTIO TMPU MaJOMYy €HJIO-
edexkri (104-170 °C). Ennoedekt y TemneparypHo-
My iHTepBaii 685-774 °C 3 MakCUMyMOM TIpH
715 °C (6e3 BTpaTH MacH) MOB’A3aHUN 3 TUIABJICH-
HSIM HaHOJUCIIEPCHUX YaCTUHOK 0-MoO,.

[Hani 3 poTokaTadiTHYHOI aKTUBHOCTI KOMITO3H-
i TIOKa3yroTh, 10 MEXaHOXIMIYHA 00poOKa Bene
JI0 301NIBIIICHHS peaKIiifiHOl 3MaTHOCTI IIUX CHUCTEM,
MIPH [IbOMY HAHOUIBIINY aKTUBHICTH MPOSBISE 3pa-
30k micis 2 roq MXO Ta nogansimoi TepMooOpoOKH
(2 ron) mpu 400 °C. Crig BigMITHTH, IO KOHCTaHTA
MIBUIKOCTI peakmii s [bOro 3paska Maibke
y 2 pa3u OujibIa, HiX JJIs BIJOMOTO IPOMHCIIOBOTO
¢orokaranizaropa TiO, P-25.

BucHoBkn

MonuikyBaHHS ITUHK-MOJiIOIEHOBOT OKCHIHOT
cucremu ZnO-MoO, =25 : 75 metonom MEXaHOXi-
Mi4HOi 0OpPOOKH B CEpeOBUILI MOBITPSI MPOTIATOM
2, 4 1 8 roguH Beze 10 3MiHU NapaMeTpiB KpUCTa-
TYHOI CTPYKTYPH BUXITHUX PEUOBUH Ta YTBOPCHHS
HOBMX croiyk. Lli 3MiHM Ta yTBOpEHHS HOBOI aK-
TUBHOI MOBEPXHI MiABUIIYIOTH IXHIO (OTOKaTamli-

Tabnuys 2. Koncranta mBuAKoCTi hoTokaTaaiTHIHOTO po3kiaay 6apsuuka cappaniny Ty Boxi (K, x 10 ¢”)

y npucytnocti ZnO/MoO, = 25 : 75 3paskis

Tio Iicna MXO npomsicom MXO MXO MXO MXO

P-2§ Buxionui 2200 4200 8 200 2200 + 2200 + 2200 + 2200 +
TO 300 °C TO 400 °C TO 500 °C TO 665 °C

50,6 3,0 3,1 4,5 1,6 33 113 6,6 4,9

Hocaimxenas Mopgoiorii moBepxHi 3pa3KiB
Metonom CEM moka3yroTs, o B mporeci Monudi-
KyBaHHA ITi€] KOMIIO3HIIii 3MEHIIYIOTECS PO3MIpH
KPHUCTAJITIB, 110 MiATBepKye nani PDA, ta 3mi-
HIOETBCSI IXHA (opMa — BiJ MIACTHHYACTOI 10
MPU3MATHYHOI.

TUYHY aKTMBHICTh MHpu Jerpafanii cadpaniny T
y Boaii pu Y®-onpoMiHeHHI. MakCHMaJIbHY aKTHB-
HICTb, BHINY, HDK TpaJuliiHUH (oToKaramizarop
TiO, (P-25), nemonctpye 3pa3ok micas MXO mpo-
TATOM 2 TOJ] Ta JIOAATKOBOI TEpMOOOPOOKH, KA BeZe
JI0 KpucTalizaiii (a3 MomibaaTy IHHKY.
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O. Sachuk, V. Zazhigalov, O. Kobulei

MECHANOCHEMICAL ACTIVATION AND PHOTOCATALYTIC ACTIVITY
OF OXIDE ZINC-MOLYBDENUM COMPOSITION

The study focused on the mechanochemical treatment (MChT) influence (during 2, 4 and 8 hours in air)
on the properties of oxide zinc-molybdenum composition Zn/Mo = 25 : 75. It established the formation of
nanodispersed particles of raw oxides and their structure changes, which facilitate the formation of a new
compound. zinc molybdate. This crystallization phase at the next thermal treatment leads to complex
composition formation which contains nanoparticles of zinc and molybdenum oxides, and zinc molybdate,
and demonstrates a very high activity (more than traditional photocatalyst TiO,) in the liquid phase of
T safranin degradation in the UV irradiation.

Modification of zinc-molybdenum oxide system ZnO-MoO,= 25 : 75 by mechanochemical treatment in
air during 2, 4 and 8 hours leads primarily to a change in the crystal structure of the initial composition, its
substantial milling, and formation of new compounds. Interaction of nanopowder particles, which stimulates
the MChT, leads to the formation of a new phase: a product of interaction between two oxide—zinc molybdate,
which has a nanoscale particle of 12—16 nm size and synthesized at significantly lower energy compared to
traditional solvation or the thermal method. The newly formed phase, which is formed by mechanochemical
activated reactions, leads to the formation of zinc molybdate structure that is not really in the traditional
methods of obtaining this compound. These changes and the formation of a new active surface increases
their photocatalytic activity in the degradation safranine T water with UV irradiation. The sample after
MChT during 2 hours and further heat treatment, leading to crystallization of zinc molybdate phase, shows
the maximum activity higher than traditional TiO, (P-25) photocatalyst.

Keywords: mechanochemical treatment, zinc-molybdenum oxide composition, photocatalytic reaction.
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ENTRAPMENT MODIFICATION OF THE POLYACRYLAMIDE GEL
WITH CHITOSAN POLYMERS FOR THE PURPOSES OF SURFACE
ACTIVATION FOR TISSUE ENGINEERING

In recent years hydrogels have become attractive targets for development of the controlled release rate
substances that are characterized by suitable chemical and physical properties.

Recent advances in the tissue engineering and cell therapy technologies have introduced additional
value to the biologically compatible hydrogels that could be chemically modified with specific factors, such
as cell microenvironment proteins, allowing for shaping and controlled growth of the cells in the 3D
formations, suitable for further tissue engineering and cell therapy. This paper reports a mechanism of the
entrapment modification of the polyacrylamide based gels with chitosan polymer. Such modification allows
for the further covalent crosslinking of the protein-based growth factors and other extracellular matrix
proteins that fully support proliferation and maintenance of the adhesion dependent and adhesion
independent cells, including hematopoietic and mesenchymal stem cells.

Keywords: hydrogel, chitosan, flowdown, tissue engineering.
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