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60dwmdo 1 60dwmdo 2 60dmdo 3 60dmdo 4 60dmdo 5
PEU 2% 10% 25% 50% 75%
PE 98% 90% 75% 50% 25%
539G™bo 13 8 200¢» 270¢» 570¢» 800¢»

3b®owdo 6583969305 MO0 3Mmeodgmol 3Gm3gb@ewo 899339wmds batmggdo.
31939 Bob39b69000 99abLBgEOL - 539EH™bOL LMK MO GoMm©IbMdS MoMMgmwo
60330l ILYTBOIIWSE. o3 TgBHos 2odblbgerols MomEgbmds, doo IgEHoo
65390030l 95894s6m900LmM30L LyFoOM OM. 539B™bTJo goblboer PEU-Ls s PE-ob
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956H0gd0 (050350 IMH0 Mgod300L 3OHMIMmEHMMO0), Moms PE dg39Gow bdoemd-
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990 bodmdo ©sdBoss Lsfyolb 9g@3Bg 5-5 gowo Fgdymdo 35MOEWgEOO
33093900Lom30U.

33e930bm30L  Jgo®Bs BOMPIAMIEO0L Fglobfogers 2 IgomEo: JMO30-
99@H®05 (6030l Hmbols 3¢09ds) s LogMomm Bobdo®mdswol 89d339wmds Total Organic
Carbon, TOC.

39065 3 Lbgoalbgs 15330930 567 - Fyseblbsmo (pH=2), Lerozmb 3MA3MBEHO
6050530. 58 56099830 IMZ5053LG0 WHBMEIEHMM05T0 EsTD5EYOMEO 3ME0TYHEO
6083900 (©0sdg@®o 60 83, bLobdq - 4 33), GMmIwgdog bbgzssbbgs 3mbiEIbGHMIE00m
390393005 00MYRMO>POMYOI® 3I3MBI6AL (bMowo 1). 33¢0935 F0dObsOgMdLs 3
30U 256353000530 s F900939d0 FoMdmygboros gbHowdo - 2.

3600 2. 3meodgHeo 60313gdol d0MmEYRMIIE00L 33e930L 9Ia900
Ubgoslbgs bs3zzergg s6gdo

Lol Bs39M0 pH =2 (fysemblibstro)

60dmdo Boérgzo 1 Borg30 2 Bsg30 3 Botrggo 4 Bo6gz0 5
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PEU 2% 10% 25% 50% 75%

PE 98% 90% 75% 50% 25%
3sbob bsgatrgo 0.03% 0.10% 1.0% 2.0% 4.0%

IsLob B3MR0 Lmgml 3mA3mbEdo (pH = 6,8)

60dmdo Boérgzo 1 Bor9g30 2 Bs9g30 3 Botrggo 4 Botgz0 5
PEU 2% 10% 25% 50% 75%

PE 98% 90% 75% 50% 25%
Lol B30 0.015% 0.03% 0.18% 0.29% 0.50%

dsbols sbs3560 bossgdo (pH =7,5)

60dmdo Botgz0 1 Botgg0 2 Botgz0 3 Botgg0 4 Bo6g30 5
PEU 2% 10% 25% 50% 75%

PE 98% 90% 75% 50% 25%
3sbob bsgatrgo 0.0008% 0.0038% 0.08% 0.10% 0.30%

OMaMmO3 3bO0oEsb Psbl, bodmdo - 1 (2 % PEU ©s 98% PE) ©9a®o@ozosls
23960300l s 9J3l Lol 3069 B39O, M3 AME3039GMEO FJOMPO SO
bob0smYds 500 BLOBMLEO®. 599ob 93MmIObsMY Fglodergdgwos 656396900
ool 6535020 23630MXMBGOMEO  0ymb  Fogo0Md, SHmbzol Mo gdom.
6038980L doMYAMIPIEFO0L FgRsLgdol Jobbom, Igo@bs bodmdgdol 33¢9g30L 3093
9600 IgOMPO LIGOMM MOYIEMOo BIHTOMdSEOL Tgx35U9ds (TOC sbs¢P0D0). J399mm
9m39dME  ©ooaMsdgdby  bsB39bgd0s  3mErodgco  BoMYdOL  (mommgmerols
Lo AL =2 g,  ©OL3ML OsIgBHMo - 60 LD, Lobdg - 2 83) Lbgsslbgzs
3M6396GHMs300l 60ddgdol TOC 565¢00Bol 39093900 (©0saMsds 1 s 2).

HMAmO3 89093900056 BsbL, MHMI M3 T9BH0s d0MPIRMIQO0MIOSEO 3I3M-
6960l 899339emds b50g3do, dom dgBHos MmMPsbmo BobJoMmdsol F9dE39wmds
blbo®do mGmogzg pH-Byg. gl 893HY39wgdl, Gmd 30MmEYRMOsE0sL M306MH39wglis
396030l PEU. 5856056, oql@tmdgool bscolbbo 20-30-x96H dsmoqos 535 560930
(pH=4.01-%9), 53 890degds 50blbsls PEU-U oqli&MdEool bogs®srmom dgdsbobdom
95535 5M9d0. gl 39doboBdo A olbdMdL 3 0dgMHE0 X oFF0L F0gsdMErg3 e
3obgBsl 85993000  (3OMEGHM™Mbom)  35@OOBOMGOMEO  30IbGHMObOL 3030l
$o6Bmdabol botrxby.
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pH 4,01
1200

1000

800
600
400
200
i

2% 10% 25% 50% 75%

9/

oty bopo 6obFoD o @l 9903390

©053M535 1. Lbgoslbgs 3mbi396@MsEool 3cmodgeowo do@dogols TOC
3bsenobols (pH=4,01) 390980

g pH 6,86
&3 35
0
©
S 30
@ 25
2 ¥
§ & 20
3=}
2 15
w
% : I I
w
£ l

0

2% 10% 25% 50% 75%

053M535 2. Lbgsslbgs 3mbi3gb@MmaEool 3ceodgtoo ds@®ogol
TOC 565¢roBols (pH=6.86) 990920

900900 990093900l Box3wydz9w By, 990dwgds ©s35L3365m, MHMA 30dM0WO
953M03d 890500960 mdom 2% PEU s 98 % PE, 45603000 ©9a6Mo@oEost. dsmo
00MYM5300L MbsMYOOL Fgnsligdol 3oMowrguMo dgzobfagago dgdsbozmeo
9oboboomgdgdo s 3bsbgm, OHMI B0MOYYMIPOMYOsEO  3M3MbgbEHOL  Tgyz06s
5OxmdgLgdl = 15%-00 Fo@GHEmoEol 3949603 mE  AobslinsmgdEgdl.  IBIOS
»630560L gm®Iob“ bodwdgdo (6odmdol Lolidg - 4 33, Lsdwdom sGob Loysbg - 10 99,
Lodwgdom 5MoL Log®dg - 80 33, 60dxTol Loga™Mdg (LsToa™gdoL ,60BdYdOL“ Psmzerom) —
120 83) PE-ol @5 3036M0©ewo 3meodg@meo ds¢Moaol (2% PE s 98% PEU).
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2960L5BMzMs Jomo LOIEZ03) BoF0dz0LsL (bgalsfym Electronic universal testing
machine, model - XBD4104, serial: XBDC2019082102) (ob. bsb. 1 oo 2).

@agntiongs (KN)

Bsb. 1. PE-ob d5035-00983m®3s300L 360

o e
[t

@ahgnforgs (KN)
&

0,24

0,16

" % “ L Wm 185 13 L ﬂ

Bob. 2. dmogoEgoMgdmeo ds@E®ogol (PE 98 % s PEU 2 % )- ol dsd35-gnm®dsiool
a6Hmo

99496039960 Fobslinsmgdargdols s doMmEYMoo3o0L 583969006 4dma-
©0bs6MY, M3EH0ToH Fo@MmoEo dgocmBs 2% PEU-L s 98% PE-ol 999(33900mdol
300600 FoBHMO3S.
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DoMdmopqbowo  33eg30L  Fgmeg  Bofol, Mmam®dEg  Bgdmo  s©0obodbs,
DoM0mo9bL sbosgo LEHO®IGHMOOL Jmbg dmbmMmIgMHgdols s o LoxMd39w B
sboeo 3m@wodgmgdol (PEU-930L) Lobmgbo s 03090930l 33¢g3s.

AMBoEr-058060m-oglidghgdol dmbmdgmgdols lobmgbo

33e930L dgmeg Bofogrols 3oBsbo ogm 9d3bo Bs3356dm dMbMIgHmol - osdobm-
©09LG9M900L (DADE) Lobomgbo @ dsm LsggwydzguBg gLog™3mMm@Hgob- PEU-900U -
PP-PEU 800qds. 3mbmdgmgdo  s3s5L06m9bgm  530b6mTso3900Ls s omengdols
09mH31o 3mb9bLago0m MMy MMAHEMO 45dbLBgEOL sG9do.

LobMYHYdTo 259myqbgde 0dbs MM 580bMTz935 @S Bsdo (303CIMHO OMEO:
5306m3593900 - wgogobo (L), x3960owsbobo(F); 3ozwwrm®o ©omwgdo - 1,4-
303™M39dbobomeo(CHM), 1,4-303m39dbobodgmebmeo(CHDM) s 1,4:3,6-
©0563000MOM-D-bmMd0EHMEo(DAS).  ©0530bm-oglEgeols  dmbmdghmgdo (DADE)
90090 0465 ©0-3-GMEMmebr)erRmdsogsl ds®owqdol (TDADE) Loboo s80bm-
95539005 @5  OMEgdIOL  MgMIMo  3mbgblsgoom.  JodoMmo oMby
93999905 bdqgds 1-Bg. ImEgdweEe LsdmPsmdo fo®dMmEAgb0w0s Ks5dd0 9d3Lo, sbowrols
dmbmdgmol Lobmgbo. Lobmgbolsmzgol gsdmygbgdmw odbs bogergd@mdbozmedo
696990 25dbLbgero - 303e0m3qJLobo.

0 0 o
HN 2 TosOH H.0 TosOH H,N NH,HOTos
OH—D—OH * 2 OH 210N " 0—D—0
= 2

R R TDADE R

D= -(CHpe- D) —(—CHDL  —,C~_ )-CH,~ (COM) &o( (DAS)

R = CHCHCHy, © e ) @

1dgds 1. TDADE-8mbm3gMHol  obmg®o, omols s $806m3zgo358 Logmadzgm by
DADE 806396900l bobmgbol 93396mo@«6Ms 4obLboBmgmvenos 4s8mygbgdmwo
3oblbgeol Mool  3Hgd3sMgEBHOom,  MsdgoY) 8O  MEOYRIBMEDs

3odblbgends Mbs FoMo@oEml Mgodiool d9wgas© (51939 3-GMEMELvEgMTo35L
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9mbMm30M5@H0B) godmgmaowo figso, HMBsoi 3M™3w ds 0b-LEsM3IoL d90-
3699do0. DADE 9mbmdg6gdo 8000905 856H0wol - @o-3-Gmewmebryengmbs@ol (T)
Lbobom, dobo s06Mg305@EMmss TDADE. 33930l 356e0g0do domgdmeo 00mmgo)ero
dmbmIgHoLsm3z0l, LEHOWIEHMOOL IILBEHOIOOL FoBbom, FoI300gm 0bBE-
foogaro B3gdBHMgdo (IR), bmomo dosmgsbols 89dmbgggzsdo (L-CHD, L-CHDM, L-DAS, F-
CHD, F-CHDM) do0o6m3ww-0sg3b0@me-09bmbsblmwo (NMR) Ub3gddMgdo (*H
36OHMEGM™b%bY). bmomo TDADE 9mbmdgemo 3030090, o000 359mbsgermsbmdom. F-DAS-
ol 99dmbzg3sdo LobmgBoL 3MM3ILO  ILOWWS B0 A5TMLHZEP0BMBO.
6535¢0XIMOO  3993M0BEIGO0L  B0MbI35©, 3OMONIAHL 396  TMIMOE
9065693900 5 396 IMIBs©s NMR L3gd@®olomzolb BsFoMm Lssbserobm Lobyxo. IR
139dBHMBY dSoLsbs  3OMEMIEOL BobsGgzqdo. gl dmMbmIgmo bollosmgds, Lbgs
dmbmdgmHgdmsb  Fgomgdom, Mo  LEAHOYIGHO0?.  335MMEMIM,  OMJ
LGHIOOWNOHTs  BoJBHMEMTs  gobs3oMmds  Mgdzool  3OMOMIGHOL  OdIWO
3990b5305bMds. Bobsb 3-Bg dm3gdmos IR, beem bsbsH 4-Bg NMR EHodmeo
139dBHMgd0. MmM039 UL3gdBHMo 9390360l  1,4-303WM39dLsbodgmobmeols s
5306M35535 903060l Lsx’zmdz9w By JoMgdeE BMmbmagM.

BsgMmol IR b39gdEH®do 3oe0dol dHMIoETo BoJloMmEYds 98I0 dmsbmddol
bemengodo: 3084 13!, 2957 LA, 2927 1LI-1(-NHs*); 1745 13(—C=0 gbiBgemero); 1220 LI,
1183 13! (-CO); 1123 13, 1038 LA (S=O GHMBowo) 813 LI (S-O BHMBowo), 33900l
d05bmddols bmergdo.

NMR U139g@®do 89990 303990 BodboMgds: 'H NMR (400 MHz, DMSO) & 8.41
(s, 2H, NH>), 7.53 - 7.45 (m, 2H, NH>), 7.39 - 7.15 (m, 8H, 2CsH4), 7.15 - 7.08 (m, 6H, CHz),
4.34 (ddd, J = 9.3, 6.2, 3.3 Hz, 2H, NCH), 3.96 (d, ] = 7.2 Hz, 1H) o5 3.92 - 3.80 (m, 3H)
(2CHO), 3.16 (ddd, ] = 14.0, 6.0, 2.3 Hz, 2H, CH:0), 3.02 (ddd, J = 14.1, 8.1, 2.0 Hz, 2H,
CH-0), 2.30 (s, 6H, CHz3), 1.57 — 0.58 (m, 10H, 2CHCH:CH>).
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S
1183.952 0.679
— 1
208 g 1220971 0.638
1013.041 1.384
- 677.081 1.622
1.8 1745268 1.411 1123.257 1.047
| 1038.204 1.218
1.6~
/2957.701 0.121
/
148 /2021844 0063 813.129 0.910
g \ 562.951 0.445
3 /
8 /
2 —1519.7 (
HERE - 1519.741 /6|
2 084.089 0.0 _572.774 0.362
2 - 008872801 0.074 | 127720 0.330
1.0~
0.8 Y 1455/046 0.184
- 2763.724 0.046 1479476 0124 _~1058.428 0.1
06~ - 2665.691 0.027 955.992 | 0.08¢
992894 0-08%09 606 0.200
897.041-0:094
0.4~ 2360667 0.022 741.954 0[129
02~
T T S T S T S S 0 S S T T T S T S T S
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400 200 0

Bob. 3. doL-L-amg0306-1,4-3030m39dls600390560m-0-3- GrmemmElimemgmbs@ol-L-
CHDM-ob IR b3gg@®o (3seromdol dGmdowdo)

142711 8.fid gooaon .
o § 2600
i 4 _E%ééé )
b L Lty e R R P e SR P B PR e P PO RO D L R SR s F L T s
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ S S N R A AP A L L b Lk EUE L Lk o i R L L L S e i
=t — il A et g —— —— 2400
L2200
| f I/ Jus [ e
1800
¢ 1600
D=5=0 1400
o é
Y\!)\U NH, 1200
Hy [
0 L1000
o=$=0
800
600
400
\
1
* I L200
I .
AJ IL i
A -0
o My o pp v " R T ]
= p i34 = o 535 - $¥E28 i 200
v T T T T T T v T T T T T T
0.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 2.5 30 25 2.0 1.5 1.0 0.5
f1 {(ppm}

Bob. 4. dol-L-engo306-1,4-303ewm3gdlsbodgmsbmer-©o-3- GmummElimemambs@ol-L-
CHDM-ob NMR-'H 13gd@ o (DMSO-d6)

330930l BoMAgddo domgdero 943bogg ImbmIgMoLomzol Asb3LIBLZMgm
WwOMdoL 39a39MedmMgoo (Melting Point Tester RY-2) 3sdootrvmeo dgommoo.

39092900 3399905 3BGO 3-Jo.
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3bOowo 3. LobmgBoMmYdMEo dmbmBgMgdols 3sdmlisgErgdo s Wmmdol 3gd3dgMo@m@gdo

39005350, | 3oBBI5390S @@Mdol $H9d396M5GHMs,
TDADE
% 39053G0LEWId00 m.p.

L-CDM - 2TosOH 97% 09w0sb 219-220°C
L-CHD - 2TosOH 96% 090sb 228-230 °C
L-DAS - 2TosOH 86% GMNMEO+ 253-255 °C

39056mgro
F-CDM - 2TosOH 98% 09056 248-249 °C
F-CHD - 2TosOH 94% Pyosb 228-229 °C
F-DAS - 2TosOH 43% GO+ 263-265 °C

09mobmero

3009000 dmbmIgMHgdOL L35G 9EM BOMEMYOLIMHO 5dEH0OMDS Faz0Lfogwrgm
PASS (Prediction of Activity Spectra for Substances) 36myMsd0l 99939md0m. 0 OO
96m-90m0  dmbmdgmol  (L-CHDM) 33c0930L  GH0o3996M0  30maMsdmeo 89090

I 39S 3bGow 4-do.

gb®oo 4. TDADE 9mbmdgol (L-CHDM) 30mmemg0w®o 5JGomedemds PASS 3G:mg6Msdols

09939Md0m
Bogmoggds Pa Pi  |5d3om6mds
L-CHDM 0,913 /0,004 [Phobic disorders treatment
(o}
Ha Acylcarnitine hydrolase
NN \/O/\)H/\?/ 0856 0% inhibitor
Hsc/c”\ﬁ)\[(" w0 10,788 0,023 |Chymosin inhibitor
o 0,788 (0,023 |Acrocylindropepsin inhibitor

OMamO3  3bO0Eosb BBL, IMbMIgOL, dolo LEGHOMIBHO0IE godmdobsty,
3bsB0smMGIL 4963390 BOMEMYPOMEMO 5JBHOOMDS. FMmbMIGMHGdoL MIMS3EgLlmdsLs
95050 3OM(396G) )0 SEBSNMI0M, 8999305 256339790 3MM39L9d0L 0630d0M9ds.

9d0535¢0 0 09939905 53 F0TSMMYGOOMNI3 YIROM OIBHIWIOO 33¢93900L BoEoMgds.

3LY3EM3MHMEJobMEo 3neogldgmdstmgzsbgdols (PP-PEU) Lobomgbo TDADE
dmbmIgemgdol boggmdzge by
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13L9Y3OM 3OMEHJob 3mEoglEBIMHTsMEM3565900 (PP-PEU) sliobmgbgdmer odbs
TDADE-0mbmdg6mqdol 3mwo3mbogblsgoom @monmbiggbmsb. 3mwodgmgdol Lobomg-
Dolomzol godmygbgdme odbs dmbmdgmgdo, M™Igwwog dowgdmwos 3 (303wMMO
©OMEOLY 5 5806MTg035 goEoboly s BgbosWsBobol BBIBY. dmeogldge-
3560HM3965  LObMYHBOMGdM  0dbs  blgbgdeo  IMbMIgOHOL  FoBIMITMMOLO
3m03mbqblozoom GHMozmliggbmsb (bdgds 2).

0 (o] 0] H H
TosOH H,N NH,HOTos )k CH,Cl,/ Na,COs, H,0 N\‘)ko-o— o)&/N
0—D— +1/3n CLeO OCClh— g 1
n R R
_ o] PP-PEU
D= (CHD) —-H.c CH,— (CDM) DAS
) < )-ch, Lo ©AS)

R = CH,CH(CHy), 1), He< ) ()
Ugg9s 2. TDADE-0mbmdghgdols 3c¢ro3mbogbliogos Gmoxmliggbmsb - PP-PEU

06@9HBHBMOH0 30¢003mbgblszos bm®mEogm©gds Mmmsbol 39d3gMo@Moby
MmORsD0sb  LoLEBYISA0 - 30OMBMOMOO MORBMO  2sdblbgo/fgswo  sHHMG-
3960 3560 gdol (JoMH0MsIE boEMOMAol 3563MbsE0L) godmygbgdoo 3s6rodm-
b3 dgog0Ld o FoM0dog5L d0dmgds®. h396L F9dmbggzsdo, Latgsdiom
3M9© 259myggbgd e 0465 MORBSBosBo LobEYds gm0 gbdwm®moo/fiysero. dgmo-
9B m®ool  smMmMJwgdol 909y Jomgdme 0d69ds PP-PEU sgligol Lsboo.
LoFoOMs 2odbLbgerol Bgero sMOMJwgds 30TIOHO0EID, GOMs MRMOM, AwMg-
©90530600560 oMol domgds 4obgl dgbodegdgero. 3merodgMgdol dmeg3mEmMo
dsbgdo (Mw, Mn, Mw/Mn) d930Lfs3w90 ©0dgmowam®dsdool (DMF) blbs®do
(GPC Waters, Styragel column HR4). 3mo0dgmgdol dmg3meweo  dsligdo
dmyzsboos sbMoen 5-8o.
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13960 556060Ls S 0s630EOHM-D-LMGOdoGHM@WOL Loymdzgubg Jomgdmwo
x3LY3M3OMEJobwo PEU-L (PEU-F-DAS) 8meg39@maymo dsbol gsblsbwg®s 396
dmbgMbs oMM MEgdo  blbomdol 2sdm. s©0bodbmwo 3mErodgMHo 396
oblbgds  39JLOBEHMOMOBMIOM3IsbMmTo, GMIGoE Bs3domE  IZ0MPLOMIOMEO

253blbgeos.
3bHMoo 5. 3meodgMgdols dmerg3newy@o dsligdo (3ge-gMmds@ma®ogo (GPC Waters)
DMF-80)

3o0blbgewo | PEU-L- PEU-L- PEU-L- PEU-F- PEU-F- PEU-F-
CHD CDM DAS CHD CDM DAS

Mw 75800 92400 98700 65700 78500 -

Mn 41648 51620 51406 38197 42204 -

Mw/Mn 1,82 1,79 1,92 1,72 1,86 -

3m0dg6mqdoL blbosmds dmEgdmemos bMow 6-8o. gsbolisbniz®ms mommgmeo
900900 3m0dgmol d9dobozmemo sboliosmgdwgdo. bGog 7-o dm399090s
9600-960m0  3meodgeol PEU-L-CHDM-ob  250mbsgogwo 60d4dol bmdgdo o
LodBH30EoL  360d369EMdOL  omz5¢olfjobgdom  (LodB3oEg 9F0odz0Lsl)  odmm-

3005 060l dmwo.

3HHoo 6. 3m0dgMgdols blsbsmds megsbmer gsdblibgagddo

390blbgeo | PEU-L-CHD | PEU-L- PEU-L-DAS | PEU-F- PEU-F- PEU-F-DAS
CHDM CHD CHDM

539G mbo + + + + + +
15305)(‘:')0 + + + - _ _

DMF + + + + + +
Jomhe- + + + + + +
xm6do

3gdus6o XOOXZ©YOS + + XOOR3OYOS + +
393360 XOOKZOIOS | XOOKIWIOS | XOOKZOIDd | XOORZOIPS | ROORIIDS | XOORI©I0>
QOJEmH- + + + + + -
990360
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I+

896%mero XOOKZOIVS | XOOXI©IOd XOMX3OIVS | XOORI©IOS

I+

HFIP + + + + + +

+ 3903500 blbso;  + oMy blbso; - 3MsgGHozmmae Mblbso

3bMoo 7. 3meodgmols PEU-L-CDM dggsbogw®o dsbsliosmgdgeo

sbolosMYdGd0 PEU-L-CDM
Lsdmdsc bog®dg (50) 2.1

Logsbg (3) 0.505

Loldg (90) 0.049
0mbyoL dmryeo (GPa) 9.15+1.1

domgdremo PEU-L-CHDM, ®mdol ovbgol dmooero (9.15 GPA), 9600-
3693650 909953909, 50MY, 1,6-39JLobOMEOL Lsxdz9w By Jowgdero PEU-ol
9949603996 Bsboliosmgdgel s dmboermbgeos MM 53 3r0dgmdoi  33m3mUL
399mygbgds 51939 dzwol JoOHGYosdo. LsdgoEobm bxggdmdo gsdmygbgds ™A
39630bowmm bgdolidog®mo dsbisgnrol, 3603369wm35605 M3000Mb gl 3merodgMo s dolo
@530l 30193900 0gmb 5M5EHMIB03MMH0 S MLOROMbM MMHY60BIOLMZOU.

3309306 gsMwgddo  GUSAR-ol  3Gma®sdol  89d39gmdom  dgzobfiogargom
3m0d9mH0ol ool 30:MmEJ@gdol 313539 GMJLo3OHMds 30OMHy390d0. GUSAR-0l
36MHMyM535 PASS 3606580l dbigoglio, 0bsbogl dmboggdoms dsBol, HmIgwmsbsg
59690l 994395600 ymzqe sbon LGB s H9OL BHMJLOIMOMBOL Q5633909
35b39690¢0gdL.

36MHMyM535d0  MmMQo60Dddo Imbgzg®mol mmbo aBss obbormwo: 9993560l
06@®53900@MbgomEmo aBs, T993560L 06@®93969M0 4B, 39OHMGOsGO dJowgdol
35 5 d9yg3960L 35643905 2Bs. 3MIMYMTs 5339690l LD50-0l 360936900 mdsls, Gmdgeos
5oL ob LOl33OWM MBS, MMIgEoE 0f3938 LsgIwo 3MEbIo MMABODTJdOL
50%-00 ©5Y3350.
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do0gdoer 990093909  ©IYHEbMdom,  JgLodrgdgeos  0md3sL, ™I
3m0dgmqd0L 9RMII300L 3OMOYJBHJI0 5MGHMJLOZNM0S @S 96 ©9ddbols Bosbl
3™Ebow mEmYB0BAL.

©51336900

1. 800gdwos  IMOGBOEOMYGOMEO  §30-09MMME0  3wodgOHwwo  3m33mBo-
Gobomzgol  ds@GH®mois 099339 mdom - 2% PEU 98% PE. 039935390000
00MIYAM0MJOs©0 FoBHMO30L ITHsIIOL BHgdbmermyos, GMIgwog LHGsx0
9560030 s IMLobgMbgdg0s IM535¢0 GH030L 553900MdOL sTDBsYdOLMZ0L.

2. 99bHogeowos 30MmEYYMI0MGdsO 3MA3Mmbgb@ol - PEU-U gogwgbs 965w9y-
650009050 PE-0l gobmgsb ds@®oiEsby. PEU-U 3mb6396@®s300l ds@gds dmemo-
960 A5GHM035d0 0393l 653900mdOL doMEIYMIo3E00L FoB39690ol QoBEOL,
653 905608690L, GMI 306390 Ol 3OMEgLL 300M0WE  3MEP0TYH I
503580, asbogol PEU. d0m©ga®o@ogos dqbfogeoe odbs  Lbgoolibgs
36Mm396GMEo 9993390 mdoL  3meodgteo  60dM8gdobmgzol  fyowblbs®do,
bm3mb 3md3mBELS s bossRoL dmgedo.

3. 3md9H o 503F9d0lL dOMPYYMIWIF00L JS30XJO0M YYROM DML T909R900
90090 0dbs TOC sbseroBols 89939mdom. 53 MH™L dgz0Lfogwgom 3merodgMob
9305300l F9OIAO©  29FMMI30LBWGOMEO  MORABMo  BabToMmdoob
509bMds. 965¢r0DgTS O9ILEHVIMS M93009GOIO  SBsoBol Fgga9do.
OmamO3  B9300 50360069, ©IYMOI30L 3039w Moydo  asbogol PEU.
360H™m3gLoL 063HIBLOZMBOEIL (653900MdOL IYMOIE30S) s LOEIO 3Me0dg-
o 6093930l BmM0sbMmd0L 58mdobsdg (L ©sdbss 5 GHodol
6039930 300dgMgdol Lbgowalibgs 3mbigb@®mszoom) 2% PEU-U oo 30dMov)e
30dgerme  do@®035d0,  BOME0s  by3dsMobo  dogobbogm.  FowgdmEo
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93009200600 30w0dgOHo oGO3 2oogae LLO3 aMoymen ey 3odol
Lo 0BLEBHOEGHWMEOL, 3mE0dxMME0 3I3MBOGJOOL S FoWFHYIbMEMAO0MOO
dsLoegdol WHBMOSEGMMOSL  3m33MBOGHJIOL ILITBIPIOWH©O S IMBs35¢Tdo
339600l Eod0560 33¢093930LmMZ0L.

4. 50030L90  0gbs IMbMAgMGOOLs s 3Me0dgmgdol  Lobomgbols  dgommgdo,
HMIgmd odmygbgdomsa Bsdo, boliEo 303 IMHO OMEOLS s MO 5F0bMTgo350
L5339 DY I35L0bMGHBgm 6 sboeo dmbmIgMo. 58 JoBboom TgoMbs Fswowo
LOLYBMOZ0L OMEGdO s 580bMTz93900 (1,4-303erm3gdLsbomero (CHD), 1,4-
303™M39Jbobodgmsbmero  (CHDM) o 1,4:3,6-00563006Om-D-Lm®mdo@meo
(DAS), @gogobo ©s g9bowswsbobo. yzgws dsmyobo dmfimqdmeos Sigma-
Aldrich-q9b).

5. @3LObMIBOMGOMEO MOMMGMEo dMmbMmIgHoLsM30L Fgz0Lfogwgm LEMWYJEHMMS
©5 doM0mOO  Foboboomgdwgdo; (IR-3gdBHMYo0 2503009 35¢0wdols dGM-
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Abstract

Environmental pollution with polymer waste is one of the main problems of the 21st
century. During the pandemic, the demand for packaging materials increased significantly,
ultimately accumulating a record amount of polymer waste. As of today, during the day,
approximately 8 million pieces of plastic waste reach the ocean, where they are transformed
into ,microplastics“ (small particles). Organisms in the sea are eating microplastics. The
harmful effects of garbage ultimately affect humans. We looked for a way to alleviate the
problem in the 10th point of Green Chemistry which involves obtaining biodegradable
materials with environmentally justified production technology [1]. The latter contribute
significantly to the sustainable development of the economy, as they are characterized by a
wide range of uses and zero or minimal environmental impact. The market for these
environmentally friendly materials is expanding rapidly, by an average of 20-25% per year.

The presented doctoral thesis concerns the preparation of eco-friendly, biodegradable
polymers and the research of their properties.

Relatively new representatives of biodegradable polymers are polymers based on
natural o-amino acids, the so-called Biomimetic polymers, which are synthetic
biodegradable analogs of proteins [2-5]. A wide range of chemical structures of biomimetics,
and the variation of ester bond quantity in their backbones allow us to tune the

biodegradation rates and other biochemical characteristics of BPs. Another important
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characteristic of BP is mechanical strength, especially for polymers destined for applications
in both bone surgery and engineering (as eco-friendly materials). In light of this one of the
most promising representatives of biomimetics are pseudo proteins (PPs) of the poly (ester
urea) (PEU) class.

The PPs as a family of biomimetic polymers was developed by Prof. Katsarava and
coworkers [2-5]; PPs are constituted of physiological and non-toxic building blocks such as
fatty diols, dicarboxylic and carbonic acid thus providing degradation of PPs to
biocompatible products.

The first representatives of PP-PEUs were synthesized from a flexible building block
— 1,6-hexanediol (HD). Nevertheless, the PP-PEUs exhibited outstanding mechanical
characteristics (Young's modulus E=6.0+1.1 GPA) [6]; Further enhancing mechanical
characteristics could be achieved by increasing the rigidity of macromolecules by using
appropriate building blocks. This could be cyclic diols with limited intramolecular mobility
(containing a rigid molecular structure) - commercially available 1, 4 — cyclohexanediol, 1,
4-cyclohexane dimethanol, and 1, 4: 3, 6- dianhydro-D-sorbitol.

The study comprises the synthesis of new key DADE-monomers by direct thermal
condensation of said cyclic diols with a-amino acids in the presence of p-toluene sulfonic
acid, in a refluxed organic solvent, as reported previously according to the protocol
described by Prof. Katsarava and coworkers) [2-6]; The existence of ester bonds in DADEs
molecules provides the biodegradability of polymers that are made of them [2-6]. We used
two o-amino acids - L-leucine and L- phenylalanine for a comparative study of the new
PP-PEUs with reported one. One of the most important scientific value of this project is
synthesizing new polymers-PP-PEUs with a rigid molecular skeleton based on DADE
monomers, with methods that are not described in nowadays literature.

We can assume other classes of PPs obtained from new monomers — such as PEA and
PEUR will also be quite convenient to use in various fields such as medicine/veterinary,
agriculture, food industry, packaging, engineering materials, etc.

Let's briefly summarize the results obtained within the scope of the project: the
conducted research consists of 2 sections: (1) preparation of biodegradable compound
(composite) and (2) synthesis of new PP-PEU. A matrix for a modified eco-friendly polymer
composite has been obtained by mixing biodegradable PP-PEU and non-degradable three-
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dimensional polyester; the positive effect of the biodegradable component on the obtained
composite polymeric matrix has been studied. (mechanical characteristics improved by
15%); In order to synthesize a new PP-PEU, 6 new monomers have been synthesized based
on three rigid cyclic diols and two amino acids- leucine and L-phenylalanine; Their
structure and main features are studied; Based on the obtained monomers 6 new structure
polymers-PEU were synthesized; The molecular mass characteristics of the obtained
polymers were analyzed by the gel chromatography method in dimethylformamide; It has
been shown that all obtained polymers are characterized by film forming capability;
Mechanical characteristics (Young's modulus) are studied based on polymeric films; PEU
was obtained, whose Young's modulus (9.15 GPA) is significantly higher than the
characteristics of the polymer received based on 1,6-hexanediol; Acute toxicity of polymer
biodegradation products was studied in rats by the GUSAR program;

Considering all of these, it can be said that PEU-L-CDM stands out among the
polymers synthesized within the scope of the research in terms of characteristics, price, and
toxicity index due to leucine and CHDM, the possible area of application might be an
engineering and medical field (bone surgery).
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