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PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS

Temas aktualitate

Jaunu antioksidantu, tostarp ar1 dabas antioksidantu, meklejumi p&dgjos 5 gados kluvusi
pasi aktuali. Tas ir saistits, pirmkart, ar partika, kosmétika un medicina, ka ar1 tehnika
aizvien vairak izmantojamo polinepiesatinato augu (rapsu, 1pasi kanepju) ellu zemo
oksidativo stabilitati. Tradicionali oksidativas stabilitates problémas risina ellai pievienojot
dazadus sintétiskos antioksidantus, tomér miisdienas So savienojumu (pieméram, BHT un
BHA) izmanto3ana partika tiek arvien vairak ierobeZota vai pat aizliegta. So iemeslu dg]
visa pasaulé aktuali ir jaunu dabigo antioksidantu avotu mekl&jumi.

Bez tam, dabigie antioksidanti (ka arT augu materialu ekstrakti) un to sintétiskie analogi
varétu izradities noderigi dazadu oksidativa stresa izsauktu saslimSanu (piem&ram,
Parkinsona vai Alcheimera slimibas) aizkavé$ana. Dabas antioksidanti plasi pétiti arT ka
potenciali pretveza lidzekli."* Nesen Nobela prémijas laureats J. Vatsons (J. Watson)
izteicis viedokli, ka v€za Stnu nogalinaSanai varétu izmantot anti-antioksidantus (t.i.,

prooksidantus).’

Pétijumu meérkis un uzdevumi

Promocijas darba mérkis ir noskaidrot augu materialu pielietojamibu augu ellu un to
metilesteru oksidativas stabilitates uzlaboSanai, ka ari izvertet struktiiras modifikaciju
tetekmi uz dabas antioksidantu avenantramidu — antranilskabes kan&lskabes amidu —
antiradikalu un antioksidantu aktivitati.

Promocijas darba mérka sasniegsanai izvirziti sekojosi uzdevumi: 1) pagatavot Latvijas
augu materialu (auzu un miezu graudu, griku un krimcidoniju s€klu, upenu séeklu,
pumpuru un spiedpalieku, ka arT apinu rogu) ekstraktus un noskaidrot to ietekmi uz augu
ellu (un to metilesteru) oksidativo stabilitati; 2) sintez€t jaunus avenantramidu analogus,
kas ietver sevi gan nelielas struktiiras izmainas (aizvietotaju maina kan&lskabes un anilina
atlikuma aromatiskajos gredzenos, stirilfragmenta dubultsaites aizstaSana ar vienkarSo saiti
utml.), gan heterociklu (benzo[d][1,3]oksazin-4-onu, hinazolin-4-onu, hinolin-2(1H)-onu,
kumarinu un 1,3-dioksan-4,6-dionu) konstrukciju modific§jot kanélskabes anilida skeletu;
3) izpétit sintez€to savienojumu antiradikalu 1pasibas, izmantojot DPPH un GO testus; 4)
izpetit katras savienojumu klases aktivako parstavju pielietojamibu augu ellu un to

metilesteru  oksidativas  stabilitates = uzlaboSanai; 5) izvertet  struktiiras-



antiradikalu/antioksidantu aktivitates kopsakaribas un noteikt sintez&to antioksidantu

darbibas mehanismus.

Zinatniska nozimiba un galvenie rezultati

Promocijas darba ietvaros krimcidoniju séklu ekstraktos konstatéti seéklas lidz Sim
neidentificéti savienojumi (hlorogénskabe, sinapinskabe un ellagskabe), ka ar1 noskaidrots,
ka kramcidoniju séklu ella ir vértigs a-tokoferola avots. Pirmo reizi izvértéta dazadu
struktiiras modifikaciju ietekme uz kan€lskabes anilidu antiradikalu un antioksidantu
aktivitati. Avenantramidu analogu sint€zei izstradata rinda jaunu un optimizetas zinamas
metodes. Izmantojot 1,1-difenil-2-pikrilhidrazila un galvinoksila testus, izvértéta visu
sintez€to savienojumu antiradikalu aktivitate. Atrasts, ka vislabakos rezultatus uzrada tie
savienojumi, kas satur vanilina vai siringaldehida fragmentu; antiradikalu aktivitates
nodrosinasanai butisks izradijas ari 2-arilmetil-1,3-dikarbonilfragments. Noteikti sintezéto
avenantramidu analogu reakcijas mehanismi ar brivo radikali DPPH; parbaudita aktivako
analogu parstavju antioksidantu aktivitate augu ellu un to metilesteru oksidativas
stabilitates nodrosSinasana. Izmantojot HF-3-21g metodi, veikts sintez€to savienojumu
reagétspejigako OH un CH saiSu protonu tiecksmes un saites disociacijas entalpijas
salidzinajums ar eksperimentali noteikto antiradikalu/antioksidantu aktivitati. Atklata jauna
un efektiva antioksidantu klase — arilmetilmeldrumskabes. Promocijas darba rezultata
sintezeti jauni un iedarbigi antioksidanti, ko var izmantot gan tehnika, gan partika un
kosmeétika polinepiesatinatas taukskabes saturoSo produktu oksidativas stabilitates

uzlaboSanai un kas varétu rast pielietojumu arT medicina.

Darba struktiira un apjoms

Promocijas darbs ir uzrakstits latvieSu valoda un satur literatiras apskatu, rezultatu
izveért§juma un eksperimentalo dalu, ka ari pielikumus. Literatiras apskata apkopota
informacija par vienu no jaunakajiem un p&dg€jos gados plasak pétitajiem antiradikalu
darbibas mehanismiem - SPLET (seciga protona atdoSana un elektrona parnese); Tsuma
raksturoti ar1 citi zinamie mehanismi. Rezultatu izveért€juma dala apkopota informacija par
augu materialu ekstraktu pielietojamibu augu ellu un to metilesteru oksidativas stabilitates
uzlaboSanai, izklastita mérksavienojumu sinté€ze, ka ari raksturota ieglito savienojumu
antiradikalu un antioksidantu aktivitate un tas saisttba ar savienojumu struktiru.

Eksperimentalaja dala doti izstradato sintézes metozu un lidz Sim literatlira neaprakstito



vielu iegtSanas apraksti, ka arT jauno savienojumu spektroskopiskais raksturojums un

antiradikalu/antioksidantu testu metodika.

Darba aprobacija un publikacijas
Promocijas darba rezultati apkopoti 12 pilna teksta publikacijas (Zurnalu rakstos, ka ar1
pilna teksta konferencu t€zes), 1 patenta pieteikuma un 33 starptautisku konferencu tézes;

par promocijas darba t€mu iesniegSanai sagatavoti v€l 4 publikaciju manuskripti (skat.

28. Ipp.).

PROMOCIJAS DARBA GALVENIE REZULTATI

1. Augu materialu ekstraktu antioksidantu ipasibas
Promocijas darba ietvaros esam izpétijusi dazadu Latvijas augu materialu (auzu

1011 .1 12 S o 1317
griku™ un kriimcidoniju seklu,

graudu®’ un Kkliju,®® miezu graudu, upenu seklu,
pumpuru un spiedpalieku,'®*?° ka arT apinu rogu®) ekstraktu izmanto$anas iespgjas augu
ellu (un to metilesteru) oksidativas stabilitates uzlabosanai. Caurméra to izdevas palielinat
lidz 1.3-1.5 reiz€m; tom&r ekstrakta antioksidativa darbiba ir loti atkariga no pievienota
piedevas daudzuma (novérojams antioksidantu-prooksidantu efekts). Vislabakos rezultatus
ieguvam ka antioksidantu avotu izmantojot auzu graudus — kanepju un rapSu ellas
ekstraktiem (pagatavoti ekstrahgjot, attiecigi, 5 Wt% un 50 wt% auzu graudu ar ellu)
piemita vismaz 3 reizes augstaka oksidativa stabilitate neka ellai bez piedevas.®’ Ari auzu
Klijas (kas ir partikas riipniecibas atkritumprodukts) ir vértigs antioksidantu avots, tacu
ieveérojami mazak efektivs ka auzu graudi — 5 wt% auzu kliju piedeva uzlaboja kanepju
ellas oksidativo stabilitati 1.3-1.5 reizes (atkariba no ekstrakcijas laika).g’9 Augu ellu
oksidativas stabilitates uzlaboSanai apinu rogas izradijas nederTgas.21 No praktiskas
pielietojamibas viedokla seviski pievilciga ir ekstrakcija ar augu ellu, jo procesa netiek
izmantoti organiskie $kidinataji un iegiitie ekstrakti ir ,,gatavi lietoSanai”; §adi ekstrakti ir
jo 1pasi vertigi partikas un kosmétikas produktu stabilizeéSanai.

Ta ka krimcidoniju s€klas, kas ari ir partikas ripniecibas atkritumprodukts, ir maz
pétits augu materials, pievérsamies arl to ekstraktu kompozicijas noskaidroSanai: 80%
etanola ekstrakta un sarma hidrolizata pirmo reizi konstatéjam hlorogénskabi, bet acetona
un 80% etanola ekstrakta, ka arT skabes un sarma hidrolizata - sinapinskabi un ellagskabi.'*
Krimcidoniju seklu ellas antioksidantu TpaéTbasl3 nodrosina ar tokoferola klatbiitne — 100

g ellas satur 86 mg a-tokoferola, kas ir vairak ka miezu e]la, bet séklas satur pat Iidz 10

reizém vairak a-tokoferola (gandriz 110 mg/kg séklu) neka miezu graudi.™



2. Avenantramidu analogu sintéze
Lai noteiktu konkrétu antioksidantu darbibas mehanismus reakcijas ar brivajiem
radikaliem un noskaidrotu savienojumu struktiiras un antiradikalu/antioksidantu aktivitates
kopsakaribas, pievérsamies maz pétito auzu antioksidantu avenantramidu analogu sintézei.
Avenantramidi 1 (1.shéma) un to dehidratétie cikliskie analogi avenulamini 2 ir unikali,
auzam (Avenus sativa L.) raksturigi alkaloidi,”® kas uzrada plasa spektra biologisko

aktivitati, tai skaita antioksidantu un antiradikalu TpaéTbas.23

R2 0
1 3 R!
) " o H,O 0
_— R T2 M R4
N > -~ R N >
H +H20 R3
0~ “OH RS R®
1 R® 2 RS

1.shéma. Avenantramidu 1 un avenulaminu 2 savstarp&ja konversija.

No medicina izmantojamajiem avenantramidu analogiem plasak pazistams ir Tranilast
jeb Rizaben (1, R™-R* = H; R® = R® = OMe; n = 1),* ko lieto ka pretalergisku lidzekli
bronhialas astmas, rinita un atopiska dermatita arst€sSanai.

Par avenantramidu struktiiras modifikaciju ietekmi uz to antiradikalu/antioksidantu
aktivitati literatira ir maz informacijas. Promocijas darbam nepiecieSamos avenantramidu

analogus ieguvam optimizgjot jau zindmas vai izstradajot jaunas sint€zes metodes.

2.1. Kanélskabju anilidi

Izvertejot literatura piedavatas metodes, kan€lskabju anilidu sinté€zei izvelgjamies
malonskabes monoanilidu un aromatisko aldehidu Knévenagela kondensaciju.
Malonskabes monoanilidu 3 sintézei izmantojam reti lietotu metodi — meldrumskabes (4)
SkelSanu ar aromatiskajiem aminiem 5. Veicot reakciju péc zinamas® metodes, proti,
toluola ta virSanas temperatiira, pretstata literatira rakstitajam, reakcijas produktu
maisTjuma biezi konstat€jam malonskabes monoanilidu 3 dekarboksiléSanas produktus 6 —
elektrondonoras grupas saturoSu aromatisko aminu gadijuma tie bija galvenie produkti
(2.shéma).

Parbaudijam virkni dazadu apstaklu: mainijam S$kidinatajus (toluols, acetonitrils,
etilacetats, 1,4-dioksans, etanols, idens u.c.) un reakcijas temperatiiru. Noskaidroj:?mm,%'28
ka vislabak parvertibu realizét nepolaros $kidinatajos relativi zemas temperatiiras (ap 70°C,
lai gan tad reakcijas laiks ievérojami pieaug (Iidz pat 9.5 h)), vai arT Gdent ta virSanas

temperatira. Pédéja gadijuma aromatisko aminu 5 konversija par savienojumiem 3 notika



ar loti labiem iznakumiem. Malonskabes monoanilidu 3 attiriSanai izmantojama seciga

sarma un skabes apstrade, jo parkristaliz€jot notiek to dekarboksilésanas.

1 2 3 3
OWO R R H,O R R (@]
A
e) o + HoN R —— 2 M —’ )J\
1-1.5h R N
H co, H
R'l
4 5a-t 3a-t 6a-t

(16-93%)
Aizvietotaji savienojumos 3, 5, 6:

aR'=COOH,R?=R3=H; bR"=R3=H, R?=COOH; cR'"=R?=H, R®= COOH; dR' =
COOMe, R?=R3=H; e R"=R?=H, R®*=COOMe; fR"=R®*=H,R?=NO,; gR"=R?=H,R%=
NO,; hR'=R?=H,R3=Ac;iR'=R?=H, R®=Br; jR' =R? = R®=H; k R'=OMe, R? = R® = H;
IR"=R?=H,R3=0Me; mR"=NH,R?=R®*=H;nR"=R3®=H,R2=NH,; 0 R"=R?=H,R3 =
NH,; pR'"=0H,R?=R3®=H;qR"=R3®=H,R?2=0OH; rR'"=R?=H, R®*=OH; s R' =R? =H, R% =
CgHs-NH,(4); t R' = COOH; R? = H, R® = OH.

2.shéma. Meldrumskabes (4) cikla SkelSana ar aromatiskajiem aminiem 5.

Izmantojot kang|skabju anilidu 7-9 sintézei literatira® aprakstitos Knévenagela
reakcijas apstaklus, t.i., varot izejvielas 3 un 10 piridina f-alantna klatbiitng€ (3.sh&ma,

metode 1), savienojumus 7-9 izdalijam ar zemiem iznakumiem.

RS R?
. 6 3a-c
R R i)
_ R
Osl . (metode I;
R 13-64%)
RS
7a-j-9a-j R’
10a-j
‘ iii)
(38- 94%)
3a,c R?
_ ii) - oft
10a-f,h (metode II; R? "
21-61%)
. ) _ 7 a-c,e,f,h
i) p-alanins, Py, A, 9'a-d,j

ii) Pi, toluols, A;

iii) 10% HCI 8kidums, RT
Aizvietotaji R'-R3 savienojumos 7-9:
7R'=COOH,R?=R3=H;8R'"=R®=H, R2=COOH; 9R'=R?=H, R® = COOH

Aizvietotaji R'-R® savienojumos 7°,9": 77 R' = COO", R?=R3®=H; 9 R' = R? = H, R® = COO"
Aizvietotaji R*-R® savienojumos 7-10, 7" un 9°:

aR*=R’"=R®=H,R® =OMe,R® =OH;bR*=R”=R%=H, R® =0OH, R® =OMe; c R*=R®
=R’=R®=H,R®=0H; dR*=R®=H,R®=R’"=0Me,R®=0OH; e R*=R%=R’=R8=H,R® =
OAm; fR*=R=R"=R®=H,R°=0OH; gR*=R®=0Me,R® =R"=R®=H; hR*=R®=R’ =
R8=H,R®=NMe,;iR*=R’"=R®=H,R®*=R6=0OMe; jR*=R5=R"=R8=H, R® = OMe

3.shéma. N-Cinnamoilaminobenzoskabju 7-9 sintgze.
Kontrolgjot vanilina 10a un malonskabes monoanilida 3b reakcijas norisi ar *H KMR

spektru palidzibu, konstat€jam, ka notiek izejvielas 3b dekarboksilésanas — jau péc

9



~15 min ta bija parvertusies par savienojumu 6 un reakcijas maisijuma kané&]skabes anilids
8a bija tikai ap 20%. Ekvimolara daudzuma piperidina lietosana (metode II) vajadzigo
produktu iznakumu neuzlaboja: ar zemu vai vidéju iznakumu izdalijam piperidinija salus
7°un 9', no kuriem, apstradajot ar salsskabi, ieguvam kanglskabju anilidus 7 un 9.2

Vel griitak noritgja aromatiskaja gredzena elektrondonoras grupas saturoso malonskabes
monoanilidu 3 kondensacija ar aromatiskajiem aldehidiem 10. Optimiz€jot procesu
konstat€jam, ka vislabak reakciju veikt etikskabg, sildot 75°C (4.shéma). Parasti Sajos
apstaklos izdalijam (E)-2-arilidénmalonskabes monoanilidus 11-19 (dubultsaites
geometrija pieradita ar NOESY spektru un rentgenstruktiiranalizes palidzibu), kurus
dekarboksilgjam varot piridina (Iidz Sim lidzigi savienojumi ir dekarboksil&ti tikai karsgjot
tos kuganas temperatira>"); attiecigie kanélskabju anilidi 20-28 veidojas stereoselektivi —
ieguvam tikai E-izomerus.**%’

OH

° AcOH, 75°C R4
AcOH, 75°C |3h,i-|,p-r + 10a-d,f,g,i-m | (Ctﬂ’ __
metode 5
R
lAcOH, 75°C rt ANTRG R
RG
7
11a+20a, 12a+21a, [12d, 13d, 14d, =2 R
13a+22a, 15d,g, m 19d] 11-153
151+241, 19d+27d R3 (26-82%)

(14a, 15a-c fi-k,
16a,d, 17d, 18a)

20-28 (15- 93% R’
Aizvietotaji R*-R® aldehida 10 atlikuma: k R*=R® =R’ =R8=H, R°=Br;IR*=R*=R’=R%=
H,R®=NO,; mR*=R®=R%=0OMe, R°=R’=H
Aizvietotaji R'-R3 savienojumos 11-28: 11,20 R' = R?=H, R = Ac; 12,21 R' = R? = H, R® = Br;
13 22R'"=R?=R3 =H; 14,23 R' = OMe, R2=R%®=H; 15, 24 R' = R? = H, R® = OMe; 16, 25
=OH,R?=R3=H;17,26 R'=R3=H, R2=0H; 18,27 R' = R2=H, R®= OH;

0 R®
19,28 R'=R2=H, R3 = »z,“\/\BQRs
R

4.shéma. 2-Arilidénmalonskabes monoanilidu 11-19 un kané&lskabes anilidu 20-28 sinteze.

2.2. Dihidrokanelskabju anilidi
Struktiiras-aktivitates kopsakaribu petijumiem nepiecieSamos dihidrokané]skabju anilidus
29-32 ieguvam péc So savienojumu rinda neizmantotas sint€zes metodes, Skelot

arilmetilmeldrumskabes 33 ar aromatiskajiem aminiem 5; sint€zi veicam varot reagentus
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toluola. DazZos gadijjumos izdalijjam ar1 2-arilmetilmalonskabju monoanilidus 34-36
(5.shema).2%3138

RS R®

RS R6
4
RS R7 5b,c,| R
O R* 5a-c,|
D\ R5 33a,d,h-j R* 33c,fh R7
~ o A 8 Treiioia %
R2 ” toluols, A % toluols, A RE
: 0] COOH

R8 R®

29-32 Y o O NH
(25-90%) o#
Aizvietotaji R'-R3 savienojumos 29-32 un 34-36: 33 Q\R1
R3 34-36

29 R' = COOH, R2=R3=H: 30, 34 R' = R® = H, R2 = COOH; R

)
31, 35R'=R2 = H, R® = COOH: 32, 36 R' = R2 = H, R® = OMe (71-99%)
Aizvietotaji R*-R® atbilst aizvietotajiem aldehidos 10.

5.shéma. Dihidrokanglskabju anilidu 29-32 un 2-arilmetilmalonskabju monoanilidu 34-36
sintéze.

2.3. Kaneélskabju anilidu heterocikliskie analogi

Uz kanglskabju anilidu bazes sintez&jam virkni dazadu heterociklu — avenulaminus, to
aza-analogus 2-stirilhinazolin-4(3H)-onus, ka ari 4-aril-3,4-dihidrohinolin-2(1H)-onus, 3-
arilmetil-4-hidroksihinolin-2(1H)-onus un kumarina atvasinajumus.

Benzo[1,3][d]oksazin-4-onus 37 ieguvam kan&lskabju anilidu 7 ciklizacija (6.shéma,
metode I) vai no 2-metilbenzo[1,3][d]oksazinona (38) un aromatiska aldehida 10j varot
toluola PTSA klatbutné (metode II). 2-Metilhinazolin-4-onus 39 un 40 sintez&am no
benzoksazinona 38 un aminiem 41 vai 5. Ja benzoksazin-4-0ons 2.-pozicija saturja
stirilgrupu, reakcija ar aromatiskajiem un alifatiskiem aminiem (attiecigi, 5 un 41) ieguvam
hinazolin-4-onu (42 vai 43) un diamidu (44 vai 45) maisijumu, vienigi ar hidrazina hidratu
selektivi veidojas hinazolinons 43e.%

Izstradajam divstadiju metodes hinazolin-4-onu 43 un 42 sint€zei no 2-
stirilbenzo[d][1,3]oksazin-4-oniem 38 (R = (1E)-2-fenileténil-), kas ietver diamidu 45 un
44 iegtsanu un sekojosu to ciklizaciju. Ar alifatiskajiem aminiem 41 savienojuma 38 (R =
(1E)-2-fenileténil-) reakcijas norit viegli varot piridina etanola klatbtitné (1 ekv.), ka ari
glicerina 77°C (abos gadijumos savienojuma 45 iznakums ~90%), bet ar aromatiskajiem
aminiem 5 reakcijas notiek griitak un dod diamidu 44 un hinazolinonu 42 maisijumu, it
1paSi EDG saturo$o arilaminu gadijjuma — visaugstako savienojuma 44 iznakumu (Iidz

0

67%) ieguve'tm4 varot reagentus 0-ksilola vai toluola.

Optimalie apstakli N-benzil- un N-fenil-2-(cinnamoilamino)benzamidu 45 un 44
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metilata kataliz€ta reakcija, bet otraja — joda (ka Luisa skabes) katalizéta sililéSana ar

.y e iy 40
sekojosu deoksisililésanu.

0]
o) R*
7 > A= R
N
RS R®
37 R
R3
5a-c,q,u N R?
)\ )\ AcOH, A AR
R (56-69%) N™ R
39 (R = Me) 31-48% 38 40 (R = Me)
43 (R = (1E)-2-arileténil) 42 (R = (1E)-2-arileténil)

43e (R = (1E)-2-(4-hidroksi-
3-metoksifenil)
etenil), 11%
@ﬁ*w Q
H
. Cﬁ

R™ ~0O

45 O 44
(R = (1E)-2-arileténil) ( = (1E)-2-arileténil)

Aizvietotaji R'-R3 savienojumos 5u un 40u:
R'=H, R?= COOH, R®= OH
Aizvietotajs R* savienojumos 39, 41, 45:

a CH,CH,COOH:; b CH,COOH; ¢ mcooa;
d CONH,; e NHy; fBn; gBu  HO '

6.shéma. Benzoksazin-4-onu un hinazolin-4-onu sintéze.

Kanglskabju anilidu iek$molekularas ciklizacijas produktu 4-aril-3,4-dihidrohinolin-
2(1H)-onu 46-50 ieguvei izstradajam jaunu one pot sintézes metodi — varot malonskabes
monoanilidus 3 ar aromatiskajiem aldehidiem 10 trifluoretikskabé (7.shéma) secigi
realiz§jam Knévenagela kondensaciju, dekarboksilésanos un Fridela-Kraftsa tipa
iekSmolekularo ciklizaciju. Noskaidrojam aizvietotaju ietekmi uz reakcijas norisi; EAG
saturoSo aromatisko aldehidu 10 gadijuma ieguvam tikai Knévenagela kondensacijas

produktus 15.*4
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[3i-|,r + 10a,b,d,h-l,s,v]

Oy_-OH
H
N N
” 10 T co,

R® R’ 24h s
15k,1,v l R
R5 R7 RS R7 Aizvietotgji R un R
savienojumos 46-50:
46 R' = H, R® = Br;
47R'=R3=H;
3 COOH RS
R 48 R' = OMe, R® = H;
N0 o, N R"=H, R® = OMe;
rt H rt H 50 R = H, R®= OH
L _ 5 R7
51 46ad,47ab,d, 48ad, "2Vl RPR
49a-c.dh-js, 50a,d 2denida 10v: .
(17-73%) R®=R’=H,R®=Cl

7.shéma. 4-Aril-3,4-dihidrohinolin-2(1H)-onu 46-50 sint&ze.

Salidzinot ar zinamajam 4-aril-3,4-dihidrohinolin-2(1H)-onu sintézes metodém, miisu
piedavatais cel§ ir ekonomiskaks un lauj izvairities no aizsarggrupu lietoSanas gadijumos,
kad jaiegiist viena vai abos aromatiskajos ciklos hidroksilgrupas saturoSus savienojumus.

Ta ka méginajumi iegilt no 4-hidroksihinolin-2(1H)-oniem 52 arilidénatvasinajumus 53
beidzas nesekmigi (to vieta izdalfjam bis-hinolin-2(1H)-onus 54-57), 3-arilmetil-4-
hidroksihinolin-2(1H)-onu 58-61 sintézei izstradajam jaunu metodi — tandému 4-
hidroksihinolin-2(1H)-onu 52 un aromatisko aldehidu 10 Knévenagela kondensaciju un
hidrogeng&sanu trietilamonija formiata (8.shéma). Nodemonstrgjam reakcijas pielietojamibu
3-alkil-, 3-(3-hetarilalil)- un 3-(3-arilalil)-4-hidroksihinolin-2(1H)-onu, ka ari citu ciklisko
2-arilmetil-1,3-dikarbonilsavienojumu sintéze. Atklajam, ka ar bis-hinolin-2(1H)-onu 54-
57 apstrade ar trietilamonija formiatu dod hinolinonus 58-61.

Antiradikalu testos izmantotos kumarina atvasinajumus (1.att.) sintez&am analogiski
zinamam metodém. Kumarin-3-karbonskabju anilidus 62 ieguvam no kumarin-3-
karbonskabe&m un aromatiskajiem aminiem, ka arT no malonskabes di- vai monoanilidiem

un 2-hidroksibenzaldehidiem. 4-Hidroksikumarinu kondensacija ar aromatiskajiem
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aldehidiem piridina deva bis-kumarinus (piem&ram, 63), bet triectilamonija formiata — 3-

arilmetil-4-hidroksikumarinus 64.

OH o R*
Ttona reagents 3 R3 R5
R
3id 60°C N 10a-dfgijv O = O
- i — —_— I
N (@] N O R6
1 H R1 H R7
52i-I - 53 -
10a-d f,g,i,j,v .
TEAF, 140°C H 7
(56-84%) -
o
OH R4
3 5
R O X O R TEAF
N~ 0 RS ;
R1 H R7 52
58a,d, 59a,d, 60a,d,
61a-d,f,g,ij,v 54a, 55a,_5_6a,
57a,c.f,i,j,1
Aizvietotaji R un R® savienojumos 54-61: (39-77%)

54,58 R' = H; R® = Br; 55, 59 R' = R3 = H;
56, 60 R' = OMe; R® = H; 57, 61 R' = H, R® = OMe
8.shéma. 3-Arilmetil-4-hidroksihinolin-2(1H)-onu 54-57 sintéze.

OH R4

2 5

T

R’ 0~ SOR8 RS
R® 7
64 R

1.att. Kumarina rindas avenantramidu analogi.

3. Sintezéto savienojumu antiradikalu aktivitate
Visu sintezéto savienojumu antiradikalu aktivitati (AA) parbaudijam izmantojot 1,1-
difenil-2-pikrilhidrazila (DPPH) un galvinoksila (GO) testus.”> AA noteicam bridi, kad
reakcija bija saniegusi lidzsvara stavokli. DPPH gadijuma reakcijas notika loti strauji,
tapéc visos gadijumos testa ilgums bija vienads — 30 min, bet GO reakcijas atrums ar
dazadam savienojumu grupam atskiras. Visu savienojumu AA raksturojam ar sp&ju inhibét
brivo radikali (parbaudama savienojuma un radikala molu attieciba bija 1:1) un 1Csp —

koncentraciju, kas inhib& 50% no briva radikala (radikala koncentracija skiduma 100 uM).
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Analizgjot N-cinnamoilaminobenzoskabju 7-9 antiradikalu 1pasibas, noskaidrojam, ka
labu vai izcilu antiradikalu aktivitati uzrada tikai ferulskabes vai sinapinskabes anilidi.
Ferulskabes anilidu 7a-9a DPPH inhibicija bija 70-73%, bet GO inhibicija — 13-42%; ICs
vertibas, attiecigi, bija 44-80 uM un 128-739 uM. Sinapinskabes anilidu 7d-9d DPPH
inhibicija bija 96-99%, GO inhibicija — 64-79%; ICsq vertibas — 21-38 uM un 48-74 uM,
attiecigi. Citas N-cinnamoilaminobenzoskabes uzradija loti zemu sp&ju inhib&ét brivos
radikalus.627 3133344047 Ay N-cinnamoilaminobenzoskabju piperidinija salu 7° un 9°
aktivitates visparigas tendences bija Iidzigas,*® bet Sie savienojumi ar DPPH reaggja vél
atrak neka attiecigas N-cinnamoilaminobenzoskabes (piperidinija sals 7°a reakcija ar
DPPH Iidzsvaru sasniedza dazu sekunzu laika, bet N-cinnamoilaminobenzoskabes 7a —
dazas minutés). Visticamak, tas saistits ar faktu, ka N-cinnamoilaminobenzoskabju 7-9
gadijuma reakcijas maisijuma atrodas mazak fenolatjonu, kuru klatbiitne ir butiska, lai
savienojumi varétu reagét péc SPLET mehanisma. Ari kan€lskabju anilidu 20-28 (kas
anilina atlikuma nesaturgja karboksilgrupu) gadijuma labas vai loti labas antiradikalu
ipasibas uzradija tikai ferulskabes vai sinapinskabes anilidi. Noskaidrojam, ka lai gan

anilina gredzena aizvietotajiem nav izskirosa loma savienojumu AA nodrosinasana, EDG

tomer nedaudz pastiprina kang]skabju anilidu antiradikalu pasibas (2.att.).**
100
90 pro
X p-OH o~
~ 80 -COOH
= 2 e ™ o o-COOH ' g
27 I %o °
2 0] -Ac
<= 60 p-Br 4
= b e m-COOH
g i e
= 40 'y
= TE—— & s
=30
s &
g 20 A A
10 =
O T T T T 1
-0,5 -0,3 -0,1 0,1 0,3 0,5

Hammeta konstante

2.att. Sakaribas starp ferulskabes anilidu 7a-9a un 20a-27a sp&ju inhib&t brivos radikalus
DPPH un GO un anilina gredzena aizvietotaju Hammeta konstantém. o — DPPH inhibicija;
A - GO inhibicija. Dati ir atteloti ka videja vertiba + standartnovirze.

Aizvietotaja ievadiSana pie kan€lskabju anilidu akrilskabes fragmenta a-oglekla biitiski
neietekm&ja to antiradikalu ipaSibas: 2-arilidénmalonskabes monoanilidi 11-19, kas

kang]skabes atlikuma satur&ja gvajakola vai siringola fragmen‘[u,35’37 uzradija AA, lai gan

15



ta bija par ~20% zemaka neka atbilstoSajiem kan€lskabju anilidiem; 2-arilidénmalonskabes
monoanilidu 11d-19d, kas saturja siringola fragmentu, ICsy v&rtibas bija nedaudz
mazakas neka atbilstoSajiem sinapinoilaniliniem 20d-28d. Ari 2-arilidénmalonskabes
dianilidi uzrada Iidzigas visparigas AA tendences ka atbilstoSie kan€lskabju anilidi — no
visiem sintezétajiem savienojumiem vidéa AA (attieciba uz DPPH) piemita tikai
savienojumam, kas kan€lskabes atlikuma saturgja gvajakola fragmentu. 2-
Arilidénmalonskabes monoanilids 15a bija mazak aktivs neka dianilids ar analogiskiem
aizvietotajiem anilina un kanélskabes atlikuma.

Konstatgjam, ka stirilfragmenta dubultsaitei nav izskiroSa nozime kanélskabju anilidu
AA nodro$inasana — dihidroferulskabes un dihidrosinapinskabes anilidi 29a-32a un 29d-
32d, attiecigi, uzrada Iidzigu vai pat augstaku AA neka atbilstoSie nepiesatinatie analogi.zg‘
31,38 Kanglskabju anilidu aktivitati nodroSina izveidota anjona vai radikala konjugacija
visas molekulas garuma, kamér dihidrokan&lskabju gadijjuma nozimiga loma ir
benzilpozicijas klatbiitnei.

Ta ka daudzi 2-aizvietotie cikliskie 1,3-dikarbonilsavienojumi pazistami ka
antioksidanti, parbaudijam ar1 arilmetilmeldrumskabju 33 antiradikalu aktivitati. 82
Atskirtba no iepriek§ aprakstitajiem savienojumiem, neatkarigi no aizvietotdjiem
arilmetilmeldrumskabes 33 uzradija loti labu, vai pat izcilu reagétspgju ar DPPH (DPPH
inhibicija 64-82%, GO inhibicija — 0-82%). Visticamak, ka savienojumu 33 aktivitati
nodro§ina 2 (vai pat 3) reagétspgjigu struktiiras fragmentu — 1,3-dikarbonilfragmenta,
benzilpozicijas un fenola grupas — sinergija. Visaugstako aktivitati uzradija
arilmetilmeldrumskabes 33a,d,h,s, kas satur gvajakola vai siringola fragmentu, vai ari p-
dialkilaminofenilgrupu. Izvertgjot dazadi aizvietotu meldrumskabju AA, noskaidrojam, ka
meldrumskabes atvasinajumi polaros S$kidinatajos darbojas péc SPLET mehanisma:
pateicoties meldrumskabes cikla aciditatei veidojas anjons 33-1 (9.shéma); to apstiprinaja
fakts, ka diaizvietotas meldrumskabes nereagé ar DPPH, bet fenil-, alkil-,
alilmeldrumskabes un arf pati meldrumskabe reagg.

SPLET mehanismu un anjona 33-1 veidoSanos apstiprindja ar1  (4-
dialkilaminofenil)metilmeldrumskabju 33h,s paaugstinata AA, salidzinot ar citam
meldrumskabém (iznemot tas, kas satur€ja gvajakola wvai siringola fragmentu):
rentgenstruktiiranalize apliecindja, ka savienojums 33s eksisteé ka cviterjons (3.att.).
Radikala 33-11 veidoSanos apstiprindja izdalitais DPPH un arilmetilmeldrumskabes

reakcijas produkts 66 (4.att.).
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x DPPH-

33|
33-1l 33l
8 T o
RS (0] , R (@) RG R8
R’ R
OH H o
6 4 R5 \OH
R6 R4 R R % H
o)
RS R® .
65 10 -HO Oxo

O
3.att. Savienojuma 33s ORTEP diagramma. 4.att. DPPH un arilmetilmeldrumskabes
330 reakcijas produkts 66.

Arilmetilmeldrumskabes 33 izradijas oksidativi nestabilas — gaisa klatbutng tas

oksidgjas veidojot aromatiskos aldehidus 10 un benzoskabes 65; iesp&jamais reakcijas
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mehanisms ietver skabekla pievienoSanos pie benzilradikala 33-111 un homolitisku C-C
saites Skel$anu, veidojot meldrumskabes radikali 4-1 (9.shéma).

Salidzinot ar arilmetilmeldrumskabém, 3-arilmetil-4-hidroksihinolin-2(1H)-onu 58-61
antiradikalu aktivitati benzola gredzena aizvietotaji ietekméja ieverojami stiprak. Izcilu AA
(DPPH inhibicija ~90%) uzradija vanilina un siringaldehida atvasinajumi, bet citos
gadijumos ta bija zema vai vidgja (parasti ap 30%).*® Tadu pasu sakaribu novérojam ari 3-
arilmetil-4-hidroksikumarinu 64 rinda;*® bis-kumarins 63 uzradija lidzigu antiradikalu
aktivitati (DPPH inhibicija - 85%) ka 4-hidroksikumarini, kas saturgja gvajakola fragmentu
3.-pozicija.

Kumarin-3-karbonskabju anilidu 62 AA stipri atkariga no aizvietotdjiem kumarina
aromatiskaja gredzena — augstu aktivitati uzradija tikai 7,8-dihidroksikumarin-3-
karbonskabes atvasinéjumi.3l

Lidzigi ka kan€lskabju anilidu gadijuma, ari benzo[d][1,3]oksazin-4-onu 37 antiradikalu
Ipasibas nodroS$ina stirilgrupas benzola gredzena aizvietotaji: savienojumi, kas nesaturgja
brivas hidroksilgrupas kanélskabes atlikuma, nebija aktivi. Stirilgrupas klatbtitne 2.pozicija
nepiecieSama ari hinazolin-4-onu aktivitatei — 2-metilhinazolin-4-oni 39 un 40 neuzradija
AA, bet 3-amino-2-[(1E)-2-(4-hidroksi-3-metoksifenil)eténil|hinazolin-4-ons (43e) loti
labi inhibgja DPPH.* A1 2-neaizvietotie hinazolin-4-oni 67 un 68 (5.att.) izradijas
mazaktivi; zindma loma savienojumu 67 AA nodroSinasana ir hidrazida fragmentam — ta

aizstasana ar oksadiazola ciklu (savienojumi 68) samazinaja aktivitati.”

Q 9y @) N”\{
/
Q&E“AM”“TR deo% "
N 67 ° N/) 68

5.att. 3-Aizvietotie hinazolinoni 67 un 68.
Dalgji hidrogenétie hinazolin-4-oni 69-71 (6.att.) neizradija nekadu aktivitati; neliela

AA piemita vienigi savienojumiem 71, kas heterocikla 2.-pozicija saturgja vanilina

atlikumu.™
Q H
N. _O Aizvietotajs R' savienojumos 69-71: OMe
NI
2 - AN

N)\R1R 69 \\_©;70 PN g OH
H

69-71

6.att. 3-Acilamino-2,3-dihidrohinazolin-4(1H)-oni 69-71.
IekSmolekulara kan€lskabju anilidu ciklizacija pazemina to AA: 4-aril-3,4-

dihidrohinolin-2(1H)-oniem 46-50 piemita vismaz par 20% zemaka sp&ja inhib&t brivos
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radikalus neka atbilstosajiem to acikliskajiem analogiem; augstu AA wuzradija tikai
siringaldehida atvasinajumi 46d-50d.*4244

Izvertejot veikto struktiras modifikaciju ietekmi uz kan€lskabju anilidu AA,
noskaidrojam, ka aktivitatei nepiecieSamie elementi ir hidroksilgrupa benzola gredzena 4.-
pozicija kanglskabes atlikuma, bet 0-stavokli pret to ir jablit vismaz vienai metoksigrupai.
Stirilfragmenta dubultsaiti var aizstat ar vienkarSo saiti un pie akrilskabes fragmenta a-
oglekla esoso tidenradi var aizstat gan ar karboksilgrupu, gan ar arilaminokarbonilgrupu,
tatu kanélskabju anilidu iekSmolekulara ciklizacija nav vélama. Aizvietotaji anilina
atlikuma avenantramidu analogu aktivitati biitiski neietekmé@, tomér elektrondonoru grupu
klatbutne nedaudz paaugstina savienojumu aktivitati. Arilmetilmeldrumskabes pieder pie
1,3-dikarbonilsavienojumu tipa antioksidantiem. Saja gadijuma aizvietotaji benzola
gredzena nav izskiroSie, bet, lai palielinatu aktivitati, vélams: 1) viena molekula apvienot
1,3-dikarbonilsavienojuma un fenola tipa antioksidanta fragmentus; 2) benzola gredzena
4.-pozicija ievadit dialkilaminogrupu. 1,3-Dioksan-4,6-diona ciklu var aizstat ar citu
ciklisku 1,3-dikarbonilsavienojumu pie nosacijuma, ka arilmetilaizvietotajs pie C2 starp

abam karbonilgrupam ir vanilina vai siringaldehida fragments (7.att.).

e
H vai OMe 1 ji‘ ©f71
H

H vai OMe 5‘&

R=0OH vlgi NHAr
7.att. Antiradikalu aktivitates nodroSinaSanai bitiskie struktiiras fragmenti: ar zalu atziméti
elementi, kas paaugstina savienojumu AA, ar zilu - elementi, kuru izmaini$ana to ietekmé
nedaudz, ar sarkanu - izmainas, kas pazemina savienojumu AA.

4. Sintezéto savienojumu antioksidantu aktivitate
Parbaudijam visu sintez€to savienojumu grupu labako (spriezot péc AA vertibam)
parstavju antioksidantu aktivitati (AOA), t.i., to sp&u inhibét augu ellu un to metilesteru
(biodizela) oksidéSanas procesus (paraugus uzglabajam paatrinatas oksidéSanas apstaklos
un oksidéSanas procesus raksturojam ar peroksidskaitla izmainam). Monoaizvietoto
meldrumskabju 33 un 72, 73 piedevas ievérojami uzlaboja rapSu ellas metilesteru (RME)

oksidativo stabilitati, nelielu AOA wuzradija acetilmeldrumskabe (74);*°%  vairums

9,6,47

kang]skabju anilidu 7- to hidrogenéto analogu 29-32%" (kas izradijas tikpat vai
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nedaudz aktivaki ki kang|skabju anilidi) un 4-aril-3,4-dihidrohinolin-2(1H)-onu 49*! bija
neaktivi (8.att.).

BHT
72
73

33e
33d
33eb
33a
33e
33m
33e¢
74
49d
49a
32d
32a
31d
30d
30a
29d
29a
9d —
9a |
8d
8a
7d 7
7a

MOMQ

1 -
R Ky/AOH

29a,d432a,d H vai OMe

0 2 4 6 8 10
Antioksidantu aktivitate

8.att. Kanglskabju anilidu 7-9, dihidrokang]skabju anilidu 29-32, 4-aril-3,4-dihidrohinolin-
2(1H)-onu 49 un meldrumskabju atvasinajumu 33 un 72-74 piedevas ietekme uz RME
oksidativo stabilitati (peroksidu metode). Ja nav savadak noradits, pievienotais piedevas

daudzums bija 90 pmol/100 g RME; %225 umol/100 g; 180 umol/100 g; 45 umol/100 g.

Dazu sintezéto ciklisko 1,3-dikarbonilsavienojumu (33a,d,e, 57a, 64a un 75
(savienojuma 75 struktiira dota 10.att.)) sp&u inhibét RME oksidéSanas procesus
parbaudijam ari ar Rancimata metodi. Gandriz visi paraugi, kas saturgja
dikarbonilsavienojumu piedevas (iznemot kumarina atvasinajumu 64 (RIP < 5.5)), uzradija
lielaku RIP neka biodizelis bez piedevas; vanilina atvasinagjuma 33a piedeva
(90 umol/100 g) nodrosinaja biodizelim standarta LVS EN 14214 noteikto oksidativo
stabilitati. Dazas arilmetilmeldrumskabes 33e,d, 72 un 73 pievienojam ari
polinepiesatinatam augu ellam — rapSu ellas oksidativa stabilitate uzlabojas 1.2-1.4 reizes,
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bet citu ellu (krimcidoniju s€klu, vinogu kaulinu, linu) oksidativa stabilitate péc piedevas
pievienoSanas pazemindjas, kas var€tu biit saistits ar neveiksmigi izvél€tu pievienota

antioksidanta daudzumu (antioksidantu-prooksidantu efektu).

5. Antiradikalu un antioksidantu aktivitates kvantu kimijas aprekini

Savienojumu struktiiras-aktivitates sakaribu noteikSanai, tai skaita ar1 antioksidantu
mekl&jumos, miisdienas plasi izmanto kvantu kimijas aprékinus, tomér literatira iztrukst
teoretiski aprekinato datu salidzinajuma ar eksperimentali noteikto
antiradikalu/antioksidantu aktivitati. Izmantojot GausView 5.0.8 programmatiiras HT-3-
21g metodi, visu sintez&to savienojumu grupu parstavjiem aprékinajam reagétsp&jigako
saiSu (1,3-dikarbonilfragmenta C(2)H saites vai benzilpozicijas CH, fenola tipa OH vai
enola tipa 4-OH (4-hidroksihinolin-2(1H)-onos un 4-hidroksikumarinos), ka art COOH un
NH) protonu tieksmes (PA) un saites disociacijas entalpijas (BDE) veértibas gazes faze.
Diemzel, salidzinot eksperimentali ieglitos rezultatus ar teor€tiski aprékinatajiem
parametriem, korelaciju starp tiem nenovérojam; konstatéjam tikai tendenci, ka protonu
tiecksmei samazinoties, pieauga AA. Korelacijas nebija arT starp protonu tiecksmi un AOA —
piem&ram, savienojumu 32d, 33e un 72, kuru PA vértibas ir Iidzigas (1410-1420 kJ/mol),
AOA bija radikali at$kiriga: 1, 4 un 8.8, attiecigi (9.att.).
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Antioksidantu aktivitate (peroksidu metode)

9.att. Sintez&to savienojumu protonu ticksmes (savienojumiem 7-9, 29-32 un 49 fenola
OH saites PA, bet savienojumiem 33, 72 un 73 C(2)H saites PA) un RME oksidativas
stabilitates testos iegiito AOA vertibu salidzinajums.
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Labaku korelaciju starp antioksidantu aktivitati un protonu tieksmi noverojam

arilmetilmeldrumskabju 33 un tam lidzigu ciklisko 2-arilmetil-1,3-dikarbonilsavienojumu

rinda (10.att.).
OH
O 64a Q
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R = (,8842 e
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>
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57a 3 HO
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wklp 6 °
} 75
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10.att. Savienojumu 33 (C(2)H saites PA) un savienojumu 57a, 64a un 75 (enola tipa 4-
OH saites PA) protonu tiecksmes un RME oksidativas stabilitates testos iegiito ARIP vértibu
salidzinajums.

Korelaciju neredz€jam ari starp saites disociacijas entalpiju un antioksidantu aktivitati —
savienojumi ar vienadu BDE uzradija atskirigu AOA. Pieméram, 4-hidroksihinolin-2(1H)-
ona 6la piedeva uzlaboja biodizela oksidativo stabilitati, kamér 4-arilhinolin-2(1H)-ona
49a piedeva to neietekméja, tacu abiem savienojumiem benzilpozicijas BDE ir 183-
188 kJ/mol. Ta ka savienojumu antioksidantu ipasibas parbaudijam izmantojot tikai vienu
piedevas koncentraciju (kas nebija optimiz€ta), iesp&jams, ka korelaciju nenoverojam
antioksidantu-prooksidantu efekta dg].

legiitie rezultati liecina, ka kvantu kimijas aprékinu metodes ir pielietojamas, lai
iz8kirtos par ticamako antioksidanta un briva radikala reakcijas mehanismu (pieméram,
SPLET vai HAT (adenraza atoma parnese)), taCu reagétspéjigako saiSu PA un BDE
vertibu aprékins nelauj objektivi izvertét antioksidanta sp&ju inhibét brivo radikali, jo 1pasi
tad, ja savienojuma iedarbiba saistita ar vairaku reagétspgjigu grupu (pieméram, 1,3-
dikarbonilfragmenta, benzilpozicijas un fenola) klatbiitni molekula un ir iespg&jama to
sinergija. Ka redzams, kvantu kimijas aprékini, izmantojot HT-3-21g metodi, nevar aizstat

realu savienojumu sintézi un to antiradikalu un antioksidantu aktivitates parbaudi in vitro.
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SECINAJUMI

Polinepiesatinato augu e]lu un to metilesteru oksidativo stabilitati var uzlabot
(caurméra Iidz 1.3-1.5 reiz€m) ar miezu graudu, auzu graudu un kliju, griku un
kriimcidoniju s€klu, ka arT upenu spiedpalieku, s€klu vai pumpuru ekstraktiem, tomér
ekstraktu iedarbiba ir Joti atkariga no to koncentracijas, jo biezi noveérojams piedevas
antioksidantu/prooksidantu efekts; ekstraktu antioksidativas ipasibas labak izpaudas
rapsu ellas un tas esteru gadijuma. Maigakos apstak]os un 1saka laika augstaku kopg&jo
polifenolu saturu ekstraktos var sasniegt ekstrah&jot ar ultraskanu. Vislabakos
rezultatus dod auzu graudu ekstrakcija ar augu ellam — rapSu un kanepju ellas
Sis skaitlis bija divas reizes mazaks.

Noskaidrots, ka kriimcidoniju s€klas, kas ir partikas razoSanas atkritumprodukts,
izmantojamas, lai iegtitu ellu ar augstu a-tokoferola saturu (86 mg/100 g ellas) — tas ir
ap 10 reizém lielaks (110 mg/kg s€klu) neka miezu graudos. Pirmo reizi kriimcidoniju
s€klas identificetas hlorogénskabe, sinapinskabe un ellagskabe.

Optimizétas metodes kanélskabju anilidu sintézei no malonskabes monoanilidiem un
aromatiskajiem aldehidiem, ka arTt meldrumskabes $kel$anai ar arilaminiem.

Izstradata rinda jaunu sint€zes metozu: 2-arilidénmalonskabes monoanilidu
dekarboksilésanai, dihidrokanglskabju anilidu sint€zei no arilmetilmeldrumskabém un
aromatiskajiem aminiem, 4-aril-3,4-dihidrohinolin-2(1H)-onu sintézei no malonskabes
monoanilidiem un aromatiskajiem aldehidiem, 3-arilmetil-4-hidroksi-hinolin-2(1H)-
onu sinté€zei no 4-hidroksihinolin-2(1H)-oniem un aromatiskajiem aldehidiem un 3-
aril-2-stiril-hinazolin-4(3H)-onu sintézei no atbilsto$ajiem N-cinnamoilantranilskabes
anilidiem.

Pirmo reizi noskaidrots, ka elektrondonoru grupu ievadiSana kan€lskabju anilidu
anilina atlikuma nedaudz paaugstina sinapin- un ferulskabes anilidu antiradikalu
aktivitati. Stirilffragmenta aizstaSana ar 2-ariletilgrupu biitiski neietekmé savienojumu
antiradikalu 1pasibas, tomér hidrogenétie analogi ir nedaudz aktivaki; kan€lskabju
anilidu iekSmolekulara ciklizacija, veidojot 4-aril-3,4-dihidrohinolin-2(1H)-onus,
samazina savienojumu antiradikalu aktivitati.

Atklata jauna antioksidantu klase: meldrumskabe un tas monoaizvietotie atvasinajumi
uzrada izcilas antiradikalu Tpasibas. Visvairak izteiktas tas ir 1,3-dioksan-4,6-dioniem,

kuri 5.pozicija satur benzil-, hetarilmetil-, hetarilalil vai arilalilgrupas. Aromatiska
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10.

to nodrosina 1,3-dikarbonilfragmenta C(2)H aciditate, bet nozimiga ir ar1 benzilgrupas
CH Kklatbutne.

Atrasts, ka dazas arilmetilmeldrumskabes gaisa skabekla klatbutné ir oksidativi
nestabilas. Arilmetilmeldrumskabes augu ellas un biodizeli uzrada antioksidantu
aktivitati.

Noskaidrots, ka DPPH reakcija ar kan€]skabju anilidiem un arilmetilmeldrumskab&ém
etanola norit pé¢c SPLET mehanisma, bet 4-aril-3,4-dihidrohinolin-2(1H)-oni reagg ar
DPPH péc HAT mehanisma.

Konstatéts, ka savienojumu reagétspéjigako OH un CH saisu PA un BDE vértibas
(aprékinatas ar HF-3-21g metodi) ir tikai dalji izmantojamas to antiradikalu un
antioksidantu aktivitates prognozéSana. PA un BDE lauj paredzeét, kura no
funkcionalajam grupam pirma reagés péc SPLET vai HAT mehanisma, tomer, ja
savienojuma struktiira satur vairakas reagétsp&jigas grupas un antioksidantu darbibas
mehanisms balstas uz to reakciju sinergiju, korelacijas starp atsevisku funkcionalo
grupu PA vai BDE vértibam un savienojumu antiradikalu/antioksidantu aktivitati nav.

Sinapin- un ferulskabes anilidi un attiecigie dihidrokan&lskabju anilidi, ka ar1 2-
arilmetil-1,3-dikarbonilsavienojumi, kas aromatiskaja gredzena satur siringaldehida
val vanilina aizvietotajus, vai ari dialkilaminogrupu, uzrada salidzinamu vai pat
ievérojami augstaku sp&ju inhib&t brivos radikalus DPPH un GO neka komerciali plasi

izmantotais antioksidants BHT.
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PATEICIBAS

Si darba tap$ana nenovértéjami ir Organiskas kimijas tehnologijas instititam un
Biologiski aktivo savienojumu kimijas tehnologijas katedrai piederigie, kas man |ava miisu
laboratorijas justies ka majas. Ipasi vélos pateikties vadoSajam pétnieceém Dr. chem. Dainai
Zicanei un Dr. chem. Zentai Teterei un pétniecei Irisai Ravinai par sadarbibu hinazolin-4-
onu antiradikalu 1pasibu pétijumos un pamudinajumu pieversties (ka velak izradijas, loti
nozimigai mana promocijas darba dalai) antioksidantu mekl&jumiem meldrumskabju rinda.
Paldies profesoram Dr. chem. Marim Turkam par palidzibu savienojumu struktiiras
pieradiSanas sarezgitako problému risinasana, izmantojot 2D KMR metodes, Latvijas
Organiskas sintézes institita (LOSI) vadoSajam pé&tnickam Dr. phys. Anatolijam
MiSnovam par savienojumu rentgenstruktiiranalizi, ka arT RTU Lietiskas kimijas institiita
petniecei Riitai Kamparei par Rancimata analiz€m. Paldies arT p&tnickam Viktoram
Kumpinam par palidzibu ar HPLC un LC-MS eksperimentiem. Bez tam gribu pateikties
LOSI zinatniskajam asistentam Artim Kinénam par manis iepazistinaSanu ar kvantu
Kimijas aprékinu metodém, ka ari laboratorijas koleégém studentém Agnesei Stikutei, Alinai
Bondarevskai, Jalijai Moskalukai, Laurai Zumburei, Laurai Vizbulei, Elgai Ivdrei, Ilzei
Neiboltei, Vinetai Drinkai, MaZenai Zaharovai, Ilzei Verpakovskai, Darjai Kostjupinai un
Sindijai Z&bergai par kopigajam publikacijam un kopa pavadito laiku. Liels paldies
pétniecém Maijai Strélei un miiziba aizgajusajai Rasmai Serzanei, kas pirms 10 gadiem
mani iepazistindja ar saistoSo augu ellu pasauli. Visipasakie paldies mana darba
zinatniskajai vaditajai profesorei Dr. chem. Marai Jurei par manis ka 3.kursa bakalaura
studenta piesaistiSanu savai petnieku grupai, kas man |ava iemilét kimiju un saprast, ka ta
ir mana vieta. Paldies par vértigajam zinatniskajam diskusijam, bezgaligo pacietibu,

atbalstu un ticibu maniem spekiem.
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GENERAL OVERVIEW OF THE THESIS

Introduction

During the last 5 years the importance of the studies of new, including natural,
antioxidants has grown up. First of all this is due to the oxidative instability of
polyunsaturated vegetable (rapeseed and, especially, hempseed) oils that are widely used in
food, cosmetics, medicine and technique. In order to increase the oxidative stability usually
various synthetic antioxidants are added to the vegetable oils, however, nowadays usage of
several of these compounds (e. g., BHA or BHT) is strictly limited or even forbidden. Due
to this, studies of new sources of natural antioxidants are important all over the world.

Besides that, natural antioxidants (and extracts of plant materials) and their synthetic
analogues could be applicable for treatment or prevention of diseases caused by oxidative
stress (e. g., Parkinson or Alzheimer diseases). Natural antioxidants have been widely
studied as potential anti-cancer agents."* Nobel prize laureate J. Watson considers that
anti-antioxidants (respectively, prooxidants) might be useful for the apoptosis of cancer

cells.®

Aims and objectives

The aims of the thesis were to find out the applicability of various plant materials for
improvement of the oxidative stability of vegetable oils and their methyl esters and to
appraise the impact of the structural modifications on antiradical and antioxidant activity of
natural antioxidants avenanthramides — anthranilic acid amides of cinnamic acids.

In order to achieve the aims the following tasks were set: 1) to prepare extracts of
Latvian origin plant materials (grains and hulls of oats, grains of barley, seeds of
buckwheat and Japanese quince, seeds, buds and pomace of black currant and hop hulls)
and to find out their impact on the oxidative stability of vegetable oils (as well as their
methyl esters); 2) to synthesize new analogues of avenanthramides both with small
modifications (variation of substituents in the moiety of cinnamic acid and aniline,
replacement of double bond in the styryl fragment with a single bond etc.) and construction
of heterocycles (benzo[d][1,3]oxazin-4-ones, quinazolin-4-ones, quinolin-2(1H)-ones,
coumarins and 1,3-dioxane-4,6-diones) based on the skeleton of cinnamoyl aniline; 3) to
explore antiradical properties of the synthesized compounds by DPPH and GO tests; 4) to
establish the applicability of the most active representatives of each class of compounds for

improvement of the oxidative stability of vegetable oils and their methyl esters; 5) to
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appraise the relationships between structure of synthesized antioxidants and their
antiradical/antioxidant activity and to elucidate the mechanisms of their reactions with free

radicals.

Scientific novelty and main results

Chlorogenic acid, sinapic acid and ellagic acid were identified in the seeds of Japanese
quince for the first time; it was found out that the oil of Japanese quince seeds is a valuable
source of a-tocopherol. The impact of various modifications (both small changes of
structure and construction of heterocyclic analogues) on the antiradical and antioxidant
activity of cinnamoyl anilines was analyzed for the first time. The new methods were
elaborated and known synthetic methods were optimized to synthesize the analogues of
avenanthramides. All prepared compounds were tested for their antiradical activity using
free radicals 1,1-diphenyl-2-picrylhydrazyl (DPPH) and galvinoxyl (GO). It has been
found out that compounds containing moiety of the vanillin or syringaldehyde possess the
highest antiradical activity; the 2-arylmethyl-1,3-dicarbonyl residue has appeared essential
for antiradical activity, too. The plausible mechanisms of the reaction of free radical DPPH
with synthesized analogues of avenanthramides are discussed. The most active
representatives of each group of synthesized compounds were tested as possible
antioxidants for improvement of the oxidative stability of vegetable oils and their methyl
esters. The proton affinity and bond dissociation enthalpy of the most reactive OH and CH
bonds of synthesized compounds were calculated by HF-3-21g method; the values of these
parameters are compared with the experimentally detected antiradical/antioxidant activity.
The new class of effective antioxidants — arylmethyl Meldrum’s acids — has been
discovered. New and effective antioxidants, which can be used in technique, food and
cosmetics to increase the oxidative stability of products containing polyunsaturated fatty
acids, were synthesized within the doctoral thesis. The obtained compounds might be

applicable in medicine, too.

Structure and volume of the thesis
The thesis is written in Latvian and consists of literature review, discussion section and
experimental part, as well as appendixes. The literature review focuses on one of the latest
and widely studied antiradical mechanisms during the last years — SPLET (sequential
proton loss and electron transfer) mechanism. The discussion section presents results on

applicability of plant material extracts for improvement of the oxidative stability of
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vegetable oils and their methyl esters, description of the synthesis of the target compounds,
analysis of antiradical and antioxidant activity of the synthesized substances and appraisal
of their structure-activity relationships. Experimental part describes new synthetic
methods, as well as both synthetic procedures and spectroscopic characterization of new

compounds and methodology of the tests of antiradical/antioxidant activity.

Publications and approbation of the thesis
Results of the thesis are discussed in 12 full text publications (articles in journals and
conference proceedings), 1 application of patent and 33 theses of international conferences;
besides that 4 original research articles are in preparation.

Applications of patents / Patentu pieteikumi

1. Mierina I., Jure M., Z&berga S., Zicane D., Tetere Z., Ravina I. 5-Monoaizvietotu 2-
mono- vai 2,2-diaizvietotu 1,3-dioksan-4,6-dionu ka antiradikalu agentu un
antioksidantu pielietojums. Pieteikuma numurs Latvijas Republikas Patentu valdé P-14-
52 (27.06.2014).

Articles in scientific journals and conference proceedings / Raksti zinatniskajos

Zurnalos un pilna teksta konferencu téezes

1. Muepuns U., Ctukyre A., lOpe M. CunTe3 u aHTHpaauKaIbHbIE CBOCTBA 4-apui-3,4-
nquruapoxuronuH-2(1H)-oHoB - a3a-aHaJIOTOB Heo(IaBOHOMIOB. Xumust
TI'emepoyuxnuueckux Coeounenuii, 2014, (8), 1232-1242.

2. Zeberga S., Strele M., Vojevodova A., Mierina 1., Jure M. Oat hulls and sea buckthorn
pomace — a potential source of antioxidants for hempseed oil. In: 9th Baltic Conference
on Food Science and Technology "Food for Consumer Well-Being" (FoodBalt 2014):
Conference Proceedings, Jelgava, Latvia, 8-9" May, 2014, 81-85.

3. Zicane D., Tetere Z., Mierina I., Turks M., Ravina I., Leonciks A. Synthesis of
quinazolinone - 1,3,4-oxadiazole conjugates and studies of their antibacterial and
antioxidant activity. Journal of Chemical and Pharmaceutical Research, 2014, 6(4),
1153-1158.

4. Mierina I. 5-Alkyl and 5,5-dialkyl Meldrum’s acids. Synlett, 2014, 25, 155-156.

5. Mierina ., Serzane R., Stréle M., Moskaluka J., Ivdre E., Jure M. Studies of the oil
and meal of Japanese quince seeds. Proceedings of the Latvian Academy of Sciences,
2013, 67(4/5), 405-410.

6. Muepunsa H., Terepe 3., 3umane [I., Pasuns U., Typkc M., IOpe M. Cunres u

AHTUOKCHJIAHTHAsI aKTUBHOCTHh HOBBIX aHaoroB Quin-Cl. Xumus I'emepoyuxiuueckux
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Coeounenuti, 2012, 11, 1948-1955. [Chemistry of Heterocyclic Compounds, 2013,
48(12), 1824-1831].

7. Mierina 1., Jure M. Anilides of hydrocinnamic acid as potential antioxidants. In:
Organic Chemistry: Proceedings of Scientific Conference, Lithuania, Kaunas, 25"
April, 2012, 65-609.

8. Mierina 1., Stikute A., Jure M. Synthesis of malonic acid monoanilides. In: Organic
Chemistry: Proceedings of Scientific Conference, Lithuania, Kaunas, 25" April, 2012,
61-64.

9. Mierina I., Serzane R., Strele M., Moskaluka J., Seglina D., Jure M. Extracts of
Japanese quince seeds - potential source of antioxidants. In: 6th Baltic Conference on
Food Science and Technology "Innovations for Food Science and Production":
Conference Proceedings; Latvia, Jelgava, 5-6™ May, 2011, 98-103.

10. Mierina 1., Bondarevska A., Jure M. Upenu ekstraktu ietekme uz augu ellu
oksidativo stabilitati. RTU zinatniskie raksti. 1. sér., Materialzinatne un lietiska kimija,
2011, 23, 43-48.

11.  Mierina I., Jure M. Antioksidantu aktivitates noteikSanas metodes. Latvijas
Kimijas Zurnals, 2010, 3/4, 221-234.

12.  Mierina |., Bondarevska A., Seglina D., Jure M. The impact of black currant
extracts on oxidative stability of vegetable oils. In: Organic Chemistry: Proceedings of
Scientific Conference, Lithuania, Kaunas, 21% April, 2010, 18-22.

13. Mierina 1., Stikute A., Jure M. On the synthesis of malonic acid monoanilides
(manuscript in preparation).

14. Mierina I., Stikute A., Misnovs A., Jure M. A convenient synthesis of analogues of
avenanthramides and their antiradical activity (manuscript in preparation).

15. Mierina 1., Zaharova M., Jure M., Neibolte I. The role of carboxylic acid position
on the antiradical activity of synthetic analogues of oat antioxidants (manuscript in
preparation).

16. Mierina I., Jure M., Zicane D., Tetere Z., Ravina |. 5-Benzyl Meldrum’s acids —
novel antiradical agents (manuscript in preparation).

Theses of international conferences / Konferencu tézes

1. Mierina 1., Stikute A., Verpakovska I., Jure M. Antiradical properties of cyclic 2-
arylmethyl-1,3-diones. In: Riga Technical University 55" International Scientific
Conference, Riga, Latvia, 14-17" October, 2014 (in print).
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Fed Lipid Congress, Montpellier, France, 14-17" September, 2014, 486.
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. Stikute A., Mierina I., Jure M. Cyclization of manoanilides of arylidene malonic acid.
In: 18" European Symposium on Organic Chemistry (ESOC 2013), Marseille, France,
7-12" July, 2013, 593.

. Stikute A., Mierina I., Jure M. Smooth decarboxylation of arylidene N-arylmalonamic
acid. In: 18™ European Symposium on Organic Chemistry (ESOC 2013), Marseille,
France, 7-12" July, 2013, 465.

. Stikute A., Mierina 1., Jure M. Synthesis of quinolin-2-ones and cinnamamides from
derivatives of malonanilic acid. In: 8" Paul Walden Symposium on Organic Chemistry,
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MAIN RESULTS OF THE THESIS

1. Antioxidant properties of the extracts of plant materials

We have studied the applicability of various extracts of Latvian origin plant materials

1011 seeds of buckwheat™ and Japanese

18-20

(grains®’ and hulls®® of oats, grains of barley,

1317 and hop hulls®) for improvement

quince, seeds, buds and pomace of black currant
of the oxidative stability of vegetable oils (and their methyl esters). We managed to
increase the oxidative stability in average 1.3-1.5 times; nevertheless the antioxidant
activity of the extracts strongly depended on the amount of the additive (antioxidant-
prooxidant effect was observed). The highest oxidative stability was observed in case of
oat grain extracts obtained with hempseed and rapeseed oil (correspondingly, by extraction
of 5 and 50 wt% grain material with oil) — these samples were up to 3 times more stable
than oil without an additive.®’” Oat hulls (a waste product of food industry) is a valuable
source of antioxidants, too, but the effect of its additive is remarkably lower than in case of
oat grains: the sample prepared by extraction of 5 wt% of out hulls with hempseed oil was
1.3-1.5 times (depending on duration of extraction) more oxidatively stable than oil.2° Hop
hulls were not usable for improvement of the oxidative stability of vegetable oils.** From
the practical point of view, particularly attractive is extraction with vegetable oils, because
organic solvents are avoided and the extracts are ready-to-use; such extracts are
particularly valuable for stabilization of the products in food and cosmetics industry.
Japanese quince seeds (a waste product of food industry) is poorly explored plant
material; therefore we clarified the composition of several seed extracts: for the first time
we found out chlorogenic acid in both 80% ethanol extract and alkali hydrolyzate, and

sinapic and ellagic acids in acetone and 80% ethanol extracts, as well as in acid and alkali
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hydrolyzates.** Antioxidant properties of Japanese quince seed oil** are provided by
tocopherols, too: 100 g of the oil contains 86 mg of a-tocopherol (even more than the
barley oil), but the content of a-tocopherol in Japanese quince seeds is up to 10 times

higher (nearly 110 mg/kg seeds) in comparison to barley grains.'*

2. Synthesis of the analogues of avenanthramides
In order to propose plausible mechanisms for the reactions between antioxidants and
free radicals and to find out the relationships between structure and antiradical/antioxidant
activity, we have focused on the synthesis of analogues of little known oat antioxidants —
avenanthramides.
Both avenanthramides 1 and their cyclic dehydrated analogues avenulamines 2 (Scheme
1) are unique alkaloids characteristic for oats (Avenus sativa L.),?> which possess wide

range of biological activity, including antiradical and antioxidant properties.?®

R2 0
1 3 R!
R R o o
— R4 LZO> 2 A% R*
N > — "~ R N N
H +H20 R3
0%~ “OH RS R®
1 R6 2 RS

Scheme 1. Interconversion of avenanthramides 1 and avenulamines 2.

The analogue of avenanthramides, known as Tranilast or Rizaben (1, R*-R*= H; R°= R°®
= OMe; n = 1),* is used in medicine for treatment of bronchial asthma, rhinitis and atopic
dermatitis.

The impact of the structure modifications of avenanthramides on their
antiradical/antioxidant properties has been little studied. The analogues of avenanthramides
necessary for the elaboration of doctoral thesis were synthesized applying optimized

known methods or newly developed methodologies.

2.1. Anilides of cinnamic acids

On the basis of the literature analysis, we decided to synthesize the cinnamoyl anilines
by Knoevenagel condensation of aromatic aldehydes with malonic acid monoanilides.
Monoanilides of malonic acid 3 we obtained by rather rarely used method — cleavage of
Meldrum’s acid (4) with aromatic amines 5. When the reactions were carried out according
to the known method,?® namely, in toluene under reflux, opposite to the literature data,

most often we obtained a mixture of malonic acid monoanilide 3 and its decarboxylation
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product 6 — the last was the main product in case of aromatic amines containing electron

donating groups (Scheme 2).

1 2 3
OWO R R H0 R o o ) R 0
A
o 0 + HZNGR:i m R2 NMOH — R2 N)J\
X H -CO;, rt H

R1
4 5a-t 3a-t 6a-t
(16-93%)

Substituents in the compounds 3, 5, 6:

aR'=COOH,R?2=R3=H;bR'=R®=H, R?=COOH; cR"=R2=H, R®=COOH; dR" =

COOMe, R?=R3=H; e R'=R?=H, R®= COOMe; fR' =R3=H, R?=NO,; gR'=R?=H, R®=

NOy hR'=R?=H,R*=Ac;iR'=R?=H,R*=Br; jR" =R? = R® =H; k R'= OMe, R? = R® = H;

IR'=R?=H,R*=0OMe;mR"=NH, R?=R*=H; nR'=R?®=H, R?=NHy; o R' =R?=H, R% =

NH,; pR'"=0H,R?=R3®=H;qR"=R3®=H,R?=0OH; rR'=R?=H, R®*=OH; s R' =R? =H, R% =

CgHs-NH,(4); t R' = COOH; R? = H, R® = OH.

Scheme 2. Cleavage of Meldrum's acid (4) with aromatic amines 5.

Different conditions - various solvents (toluene, acetonitrile, ethyl acetate, 1,4-dioxane,

ethanol, water, etc.) and reaction temperature - were tested to carry out reaction. We have

found out?*28

that optimal conditions for cleavage of Meldrum's acid with aromatic amines
is heating of reagents in nonpolar solvents at relatively low temperature (about 70°C, but
then the reaction time increases remarkably (up to 9.5 h)) or refluxing in water. In the last
case the conversion of aromatic amines 5 to compounds 3 proceeded with very good
yields. It was found out that appropriate method for purification of malonic acid
monoanilides is sequential treatment with base and acid, because crystallization leads to
decarboxylation of compounds 3.

Cinnamoyl anilines 7-9 were obtained by Knoevenagel condensation analogously to the
known method?®, i.e., the starting compounds 3 and 10 were refluxed in pyridine in the
presence of p-alanine (Scheme 3, method I); compounds 7-9 were isolated in low yields. It
was found out that under these conditions undesired decarboxylation of compound 3b took
place: when the reaction of monoanilide 3b with vanillin 10a was carried out (monitored
with 'H NMR), starting compound 3b was converted to compound 4 even within 15 min
and cinnamoyl aniline 8a formed only about 20% of the mixture of products. Similarly,
usage of equimolar amount of piperidine (method Il) did not increase the vyield of
necessary product: piperidinium salts 7° and 9" were isolated with low or medium yield;
these salts were converted to corresponding cinnamoyl anilines 7 and 9 by treatment with

hydrochloric acid.?®*
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3a-c
4
) R ) j@
—_—
Ox , (method I;
R 13-64%)
8
R 7a-j-9a-j R7
10a-j
] iii)
(38- 94%)
3a,c
. ii) oH
10ath) = rethod I ;: > N—H
21-61%)
i) p-alanine, Py, A, A g : 3: ,h

ii) Pi, toluene, A;

iii) 10% HCI solution, RT
Substituents R'-R® in compounds 7-9:
7R'=COOH, R?=R3=H;8R'=R®=H, R?=COOH; 9 R' =R? = H, R® = COOH
Substituents R'-R3 in compounds 7°,9™:

7 R'=C0O0,R?=R3=H;9 R'=R?=H, R®=COO"

Substituents R*-R® in compounds 7-10, 7" and 9°:

aR*=R"=R%®=H,R® =OMe, R® =OH; bR*=R’"=R®=H, R® =OH, R® = OMe; cR*=R®
=R"=R%®=H,R°=0OH;dR*=R%®=H,R°=R"=0Me, R®=0OH;eR*=R°=R"=R®=H,R®=
OAm; fR*=R®=R’=R®=H,R®=0OH;gR*=R®=0Me,R® =R"=R8=H; hR*=R%=R’=
R8=H,R®=NMe,;iR*=R’"=R8=H,R*=R6=0Me;jR*=R®*=R’"=R&=H, R = OMe

Scheme 3. Synthesis of N-cinnamoylaminobenzoic acids 7-9.

The condensation of aromatic aldehydes 10 with malonic acid monoanilides 3
containing electron donating groups in aniline ring was even more complicated. The
optimization of the process clarified optimal conditions for this reaction: heating in acetic
acid at 75°C (Scheme 4). Under these circumstances we usually isolated (E)-2-arylidene
malonic acid monoanilides 11-19 (the geometry of the double bond was approved by
NOESY spectra and X-ray analysis); the compounds 11-19 were further decarboxylated by
reflux in pyridine (till now such compounds have been decarboxylated only by melting®).
The corresponding cinnamoyl anilines 20-28 formed stereoselectively — only E-isomers

were obtained. %’

2.2. Anilides of dihydrocinnamic acids
Dihydrocinnamoyl anilines 29-32 essential for structure-activity relationship studies
were obtained according to the method, which has not been used previously for synthesis

of compounds of this range — arylmethyl Meldrum’s acids 33 were cleaved with aromatic
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amines 5. The reaction was carried out in toluene under reflux. In some cases we isolated

2-arylmethyl malonic acid monoanilides 34-36, too (Scheme 5).2%+%
OH \
° AcOH, 75°C R
AOH.78°C G inpr + 10adfgim | Ao 75°C
(method III) — RS
lAcOH, 75°C r1 ANTRG R
R6
7
11a+20a, 12a+21a, [12d, 13d, 14d, =2 R
13a+22a, 15d,g,m, 19d] 11-12
151+241, 19d+27d R? R (26-82%)
R3 R!
0 R*
Py, A NN R Py, A
H . . (14a, 15a-c f,i-k,
R R 16a,d, 17d, 18a)

20-28 (15-93%) R’
Substituents R*-R® in the moiety of aromatic aldehyde 10: k R* = R® = R” = R® = H, R® = Br; I R*
=R*=R’"=R®=H, R =NO,; mR*=R®=R&=0Me, R°=R’ =H
Substituents R'-R® in compounds 11-28 :
11,20R"=R%2=H,R®=Ac;12,21R"=R2=H,R%=Br;13,22R'=R?=R% =H; 14,23 R"' =
OMe, R2=R3=H; 15,24 R'=R?=H, R®=0Me; 16,25 R' =0OH, R2=R®=H; 17,26 R' = R3
=H, R?=0H; 18, 27 R’ =R2=g, R3=OH,

o) R®
19,28 R' =R2=H,R®= %“JF;QRG

R7
Scheme 4. Synthesis of 2-arylidene malonic acid monoanilides 11-19 and cinnamoyl
anilines 20-28.
Sb,c |
Sa-c,|
j©\ rs 33adhq R S3.th
tquene A toluene A R8
COOH
29-32 R’
(25-90%)
Substituents R'-R® in compounds 29-32 and 34-36: R!
29 R' = COOH, R =R®=H; 30, 34 R' = R%® = H, R? = COOH; R® R?2 34-36
o,
31,35R" = R2 = H, R® = COOH; 32, 36 R' = R2 = H, R® = OMe (71-99%)

Substituents R*-R8 correspond to substituents of aromatic aldehydes 10.

Scheme 5. Synthesis of dihydrocinnamoyl anilines 29-32 and 2-arylmethyl malonic acid
monoanilides 34-36.

2.3. Heterocyclic analogues of anilides of cinnamic acids
Various heterocycles — avenulamines and their aza-analogues 2-styrylquinazolin-4(3H)-

ones, as well as 4-aryl-3,4-dihydroquinazolin-2(1H)-ones,  3-arylmethyl-4-
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hydroxyquinazolin-2(1H)-ones and coumarin derivatives — were constructed on the
skeleton of cinnamoyl anilines.

Benzo[1,3][d]oxazin-4-ones 37 were obtained by cyclization of cinnamoyl anilines 7
(Scheme 6, method 1) or from 2-methylbenzo[1,3][d]oxazin-4-one (38) and aromatic

aldehyde 10j by refluxing in toluene in the presence of PTSA (method II).

AC2O R4
> P RS
R8 R®
R7
37
A\ R3
o R*NH, Q
N Mae _Sa-c.qu_ N R?
/)\ “ACOH, A /L TACOH, A /)\ R
R (56-69%)
39 (R = Me), 31—48% 40 (R = Me)
43 (R = (1E)-2- arylethenyl) 42 (R = (1E)-2-arylethenyl)
43e (R = (1E)-2-(4-hydroxy-
3- metoxyphenyl 41
ethenyl) 11%
N’
NH
R™ ~O
45 O 44
(R = (1E)-2-arylethenyl) ( = (1E)-2-arylethenyl)

Substituents R'-R® in compounds 5u and 40u:
R'=H, R =COOH, R®* = OH
Substituent R* in compounds 39, 43, 45:

a CH,CH,COOH: b CH,COOH; ¢ O/\rCOOEt;
d CONH,; e NH,; fBn; gBu  HO '

Scheme 6. Synthesis of benzoxazin-4-ones and quinazolin-4-ones.

2-Methylquinazolin-4-ones 39 and 40 were synthesized from benzoxazinone 38 and
amines 41 or 5. When styryl group containing benzoxazinone 38 reacted with the amine 41
or 5, we obtained mixture of quinazolin-4-one (43 or 42) and corresponding diamide (45 or
44); when this reaction was carried out with hydrazine hydrate, quinazolinone 43e formed

selectively.®
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We have elaborated a two-step method for the synthesis of quinazolin-4-ones 42 and 43
from 2-styrylbenzo[d][1,3]oxazin-4-one 38 (R = (1E)-2-phenylethenyl); the method
involves preparation of diamides 44 and 45 and sequential cyclization. The reaction of
benzoxazinone 38 and aliphatic amines 41 proceeded under relatively mild conditions —
both by reflux in pyridine in the presence of ethanol (1 eq.) and by heating in glycerol at
77°C (the yield of diamide 45 was ~90% in both cases). The reaction with aromatic amines
5 (especially when the amine contained electron donating groups) was more complicate:
usually we obtained a mixture of diamide 44 and quinazolinone 42 — the highest yield
(67%) of diamide 44 was achieved when the reagents were refluxed in o-xylene or
toluene.*

Optimal conditions for intramolecular cyclization of N-benzyl and N-phenyl-2-
(cinnamoylamino)benzamides 45 and 44 were different: in the first case the most suitable
was sodium methylate catalyzed reaction, but in the second — iodine (as Lewis acid)
catalyzed silylation and deoxysilylation.*°

We elaborated a new one-pot method for the synthesis of 4-aryl-3,4-dihydroquinolin-
2(1H)-ones 46-50 — intramolecular cyclization products of cinnamoyl anilines. Sequential
Knoevenagel condensation, decarboxylation and Friedel-Crafts type intramolecular
cyclization was realized by refluxing of malonic acid monoanilides 3 and aromatic
aldehydes 10 in trifluoroacetic acid. We have studied the impact of the substituents on the
composition of products; Knoevenagel condensation products 15 were obtained when the
reaction was carried out with aldehydes 10 containing electron withdrawing groups
(Scheme 7).*"* Our method contrary to other known methods is more economical and
allows avoiding of usage of protecting groups, when the compounds contain hydroxyl
groups in one or both aromatic rings.

Our attempts to convert 4-hydroxyquinolin-2(1H)-ones 52 to arylidene derivatives 53
(the next intended step was hydrogenation of these compounds) were unsuccessful — only
bis-quinolin-2(1H)-ones 54-57 were isolated; therefore we have elaborated a new method
for the synthesis of 3-arylmethyl-4-hydroxyquinolin-2(1H)-ones 58-61 - tandem
Knoevenagel condensation of 4-hydroxyquinolin-2(1H)-ones 52 with aromatic aldehydes
10 and successive hydrogenation in triethylammonium formate (Scheme 8). The reaction
turned out applicable for the synthesis for 3-alkyl, 3-(3-hetarylallyl) and 3-(3-arylallyl)-4-
hydroxyquinolin-2(1H)-ones, as well as other cyclic 2-arylmethyl-1,3-diketones. We have
found out that treatment of bis-quinolin-2(1H)-ones 54-57 with triethylammonium formate

provides quinolinones 58-61, too.
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[3i-|,r + 10a,b,d,h-l,s,v}

RS r7  Substituents R'"and R®
in compounds 46-50:
O 46 R' = H, R® = Br;
RS 47R'=R3=H;
48 R'= OMe, R® = H;
TOZ’ O 49 R' = H, R® = OMe;
50 R'=H, R®=OH
46a.d 47ab.d, 48a.d, Substituents R5-R” in

49a-c,d,h-j,s, 50a,d aldehyde 10v:
(17-73%) RS=R’=H, R®=Cl

Scheme 7. Synthesis of 4-aryl-3,4-dihydroquinolin-2(1H)-ones 46-50.

OH o R
Eaton’s reagent 3 R3 R5
R
30 60°C Ny 10a-dfgijv O = O
S e —_—
N~ S0 N
4 H
52i-1
10a-d f,g,i,j,v
TEAF, 140°C [H].-~~
(56-84%)
OH RY 4
3 5
R O N O R®  TEAF
N” 0 R ;
R1 H R7 52
58a,d, 59a,d, 60a,d,
61a-d,f,g,i,j,v 543, 553, .5.63,
57a,c.f,i,j,!

Substituents R' and R® in compounds 54-61:
54,58 R' = H; R®=Br; 55, 59 R' = R®= H; (39-77%)

56, 60 R' = OMe; R® = H; 57, 61 R' = H, R® = OMe
Scheme 8. Synthesis of 3-arylmethyl-4-hydroxyquinolin-2(1H)-ones 58-61.

Analogously to the known methods were obtained coumarin derivatives (Fig. 1)

necessary for the evaluation of structure-antiradical activity relationships. Anilides of
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coumarin-3-carboxylic acids 62 were synthesized from coumarin-3-carboxylic acids and
aromatic amines, as well as from mono- or dianilides of malonic acid and 2-
hydroxybenzaldehydes. bis-Coumarins (e. g., compound 63) were obtained, when
condensation of 4-hydroxycoumarin with aromatic aldehydes was carried out in pyridine;
3-arylmethyl-4-hydroxycoumarins 64 were isolated, when the process was realized in

triethylammonium formate.

OH R*

O 5
R N R
A N

H o R’ 0~ “OR8 R®

RS o” 0O 64 R7

R5
62

Fig. 1. Coumarin type analogues of avenanthramides.

3. Antiradical activity of the synthesized compounds

Antiradical activity (AA) of all the synthesized compounds was evaluated by 1,1-
diphenyl-2-picrylhydrazyl (DPPH) and galvinoxyl (GO) tests.”> AA was detected, when
the reaction reached equilibrium. The reaction with DPPH always was very fast, therefore
the duration of test was 30 min in all cases; but the rate of the reaction with GO varied
considerably depending from the class of the compounds. AA was expressed as inhibition
of free radical (the molar ratio of the tested compound and free radical was 1:1) and ICsp —
concentration, which is necessary to inhibit 50% of the free radical (the initial
concentration of free radical in solution was 100 uM).

We observed that only anilides of ferulic or sinapic acid demonstrated good or excellent
antiradical activity among all N-cinnamoylaminobenzoic acids 7-9. Feruloyl anilines 7a-9a
inhibited 70-73% of DPPH, but inhibition of GO was 13-42%; ICs value was 44-80 uM
and 128-739 uM, respectively. Sinapinoyl anilides 7d-9d inhibited 96-99% of DPPH, but
inhibition of GO was 64-79%; ICs, value was 21-38 uM and 48-74 uM, respectively.
Other compounds 7-9 weakly inhibited free radicals.6*°3+*344647 General trends of AA
were similar both for the piperidinium salts of N-cinnamoylaminobenzoic acids 7" and 9°
and corresponding benzoic acids 7 and 9;* the reaction of salts 7° and 9° with DPPH was
even faster than with corresponding N-cinnamoylbenzoic acids (e. g., the reaction of DPPH
with piperidinium salt 7°a reached equilibrium in few seconds, but with N-

cinnamoylaminobenzoic acid 7a — in few minutes). It may be due to the fact, that less
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phenolate ions (presence of which is essential for SPLET mechanism) are available in the
reaction mixture in case of N-cinnamoylaminobenzoic acids 7-9. Similarly, from those
cinnamoy! anilines 20-28, which did not contain carboxylic group in the aniline moiety,
only anilides of ferulic or sinapic acid demonstrated good or very good antiradical
properties. We found out that the substituents in the aniline moiety are not crucial for AA,
but nevertheless electron donating groups slightly increased AA of cinnamoyl anilines
(Fig. 2)_35,37

100
90 o
X -OH -
— 80 s S OMe p-COOH
8 \QA\‘ e H 0-COOH o)) -
570 g L ——
— -AC
o 90 1 p-OMe p-Br ¢
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0 y | \
-0,5 -0,3 -0,1 0,1 0,3 0,5
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Fig. 2. Correlation between inhibition of free radicals (DPPH and GO) and Hammett
constants of the aromatic ring substituents in the aniline moiety of feruloyl anilines 7a-9a
and 20a-27a. o — Inhibition of DPPH; A - inhibition of GO. Data presented as a mean +
standard deviation.

Introduction of the substituent at the a-carbon of acrylic fragment of cinnamoyl aniline
did not have remarkable impact on the antiradical activity: monoanilides of 2-arylidene
malonic acids 11-19 containing guaiacol or syringol moiety demonstrated AA, but it was
about 20% lower than that of the corresponding anilides of cinnamic acids; 1Csy values of
monoanilides of 2-arylidenemalonic acids 11d-19d containing syringol moiety were
slightly smaller than that of corresponding sinapinoyl anilines 20d-28d.%*" General trends
of AA were similar in case of dianilides of 2-arylidene malonic acids and corresponding
cinnamoyl anilines — only compound containing guaiacol fragment in cinnamic acid
moiety demonstrated medium AA (according to DPPH test). It was observed that
monoanilide of 2-arylidene malonic acid 15a had lower antiradical activity than dianilide
containing analogous substituents both in aniline and cinnamic acid moiety.

It was found out that the double bond of styryl moiety in cinnamoyl anilines is not

crucial for the antiradical activity — anilides of dihydroferulic and dihydrosinapic acid 29a-
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32a and 29d-32d, respectively, demonstrated similar or even higher AA than
corresponding unsaturated analogues.’**"* The effective conjugation of the formed anion
or radical through the molecule ensured the activity of cinnamoyl anilines, while the
presence of benzylic position was important in case of dihydrocinnamoy! anilines.

Taking into account that many of 2-substituted cyclic 1,3-dicarbonyl compounds are
known as antioxidants, we tested antiradical activity of arylmethyl Meldrum's acids 33,
t00.*°2 Unlike from above mentioned compounds, arylmethyl Meldrum's acids 33
demonstrated very good or even excellent reactivity with DPPH independently from the
aromatic ring substituents (inhibition of DPPH was 64-82%; inhibition of GO — 0-82%).
Most likely, antiradical activity of compounds 33 was ensured by synergy of 2 (or even 3)
reactive fragments — 1,3-dicarbonyl moiety, benzylic position and phenol group.
Arylmethyl Meldrum’s acids 33a,d,h,s containing moiety of guaiacol or syringol, as well
as p-dialkylaminophenyl group possessed the highest activity. The assessment of AA of
variously substituted Meldrum’s acid allowed to clear up that derivatives of Meldrum’s
acid acted according to SPLET mechanism in polar solvents: due to the C-H acidity of
cycle of Meldrum’s acid, anion 33-1 can be formed (Scheme 9); it was approved by the
fact that disubstituted Meldrum’s acids were inactive against DPPH, whereas phenyl, alkyl
and allyl Meldrum’s acids, as well as unsubstituted Meldrum’s acid reacted with DPPH.

SPLET mechanism and formation of anion 33-1 was confirmed also by increased AA of
(4-dialkylaminophenyl)methyl Meldrum's acids 33h,s in comparison to other substituted
Meldrum’s acids (except those containing fragment of guaiacol or syringol): X-ray
analysis confirmed that compound 33s has zwitterion structure (Fig. 3). Formation of the
radical 33-11 was approved by the isolation of product 66 obtained in reaction of DPPH
with arylmethyl Meldrum’s acid 330 (Fig. 4).

Arylmethyl Meldrum’s acids 33 appeared oxidatively instable — they oxidize to
aromatic aldehydes 10 and benzoic acids 65 in the presence of air. The plausible
mechanism of the reaction includes addition of oxygen to benzyl radical 33-111 and
homolytic cleavage of C-C bond forming radical of Meldrum's acid 4-1 (Scheme 9).

The substituents in the aromatic ring of 3-arylmethylquinolin-2(1H)-ones 58-61
influenced antiradical activity considerably in comparison to arylmethyl Meldrum's acids.
Derivatives of vanillin and syringaldehyde demonstrated excellent AA (inhibition of DPPH
was ~90%), but it was low or medium in case of other compounds (usually inhibition of
DPPH was about 30%).* Analogous relationship was observed in case of 4-

hydroxycoumarins 64; bis-coumarin 63 demonstrated similar antiradical activity
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(inhibition of DPPH was 85%) as corresponding 4-hydroxycoumarins 64 containing
guaiacol fragment at the third position.

DPPH"
33l 33
RE O RS O RS gy H
7 R’
R OH H
- R® O\OH
R® R? R® R* %1 H
0
RS R )
10 -H
65 o OXO
33-vI

O 3 )
other oxidation products «——— j)/\of
4-

Scheme 9. Plausible mechanisms of the reactions of arylmethyl Meldrum’s acids 33 with
free radicals.

&)

O
Fig. 3. ORTEP diagram of compound 33s. Fig. 4. Product of DPPH reaction with
arylmethyl Meldrum’s acid 330
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AA of the anilides of coumarin-3-carboxylic acids 62 strongly depended on the
substituents in the aromatic ring of the coumarin moiety — only derivatives of 7,8-
dihydroxycoumarin-3-carboxylic acid possessed high activity.*

The antiradical activity of benzo[d][1,3]-0xazin-4-ones 37, similarly as in case of
cinnamoyl anilines, was provided by substituents in the benzene ring of styryl group:
absence of free hydroxyl groups in cinnamic acid moiety led to inactivity. The presence of
styryl group in the 2" position was essential for the activity of quinazolin-4-ones, too: 2-
methylquinazolin-4-ones 39 and 40 were inactive, but 3-amino-2-[(1E)-2-(4-hydroxy-3-
metoxyphenyl)ethenyl]quinazolin-4-one (43e) demonstrated good inhibition of DPPH.% 2-
Unsubstituted quinazolin-4-ones 67 and 68 (Fig. 5) exhibited only small activity; AA of
compounds 67 to a certain extent was ensured by hydrazide fragment — its substitution with

oxadiazole ring (see compounds 68) reduced the activity.>®

Q 9y @) N”\{
/
Q&E“AN”NTR deo* "
N 67 ° N/) 68

Fig. 5. 3-Substituted quinazolinones 67 and 68.

Partially hydrogenated quinazolin-4-ones 69-71 (Fig. 6) did not possess any antiradical
activity; only compounds 71 containing vanillin moiety at 2™ position of the heterocycle

demonstrated negligible AA.>*

o}
d H 0 Substituent R" in compounds 69-71: OMe
NI K
H
69-71
Fig. 6. 3-Acylamino-2,3-dihydroquinazolin-4(1H)-ones 69-71.
Intramolecular cyclization of cinnamoyl anilines reduced antiradical activity: 4-aryl-3,4-
dihydroquinolin-2(1H)-ones 46-50 demonstrated at least for 20% lower inhibition of free
radicals in comparison to the corresponding acyclic analogues; only derivatives of syringic
aldehyde 46d-50d showed high AA #1424
The evaluation of the influence of structural modifications on antiradical activity
allowed to establish structural elements essential for AA of the cinnamoyl anilines.
Hydroxyl group in the 4™ position of the benzene ring of cinnamic acid moiety with at
least one methoxy group in o-position anent to hydroxyl group is crucial. The double bond
of the styryl group can be replaced with a single bond and hydrogen at a-carbon atom of

the acrylic acid part can be displaced both with carboxyl group and arylaminocarbonyl
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group, but intramolecular cyclization of cinnamoyl anilines is undesirable. Substituents in
the aniline moiety of the analogues of avenanthramides have negligible impact on the
antiradical activity; nevertheless presence of electron donating groups slightly increases
AA. Arylmethyl Meldrum's acids can be considered as 1,3-dicarbonyl type antioxidants.
Substituents in the benzene ring are not crucial for antiradical activity of these compounds.
In order to increase their AA, it is preferable: 1) to combine 1,3-dicarbonyl moiety and
phenol type antioxidant fragment in one compound or 2) to introduce dialkylamino group
in 4™ position of benzene ring. 1,3-Dioxane-4,6-dione cycle can be replaced by other
cyclic 1,3-dicarbonyl moiety, if the arylmethyl substituent at C2 (between both carbonyl
groups) contains moiety of vanillin or syringaldehyde (Fig. 7).

-
H or OMe 1j)§ ©f&
R OZZ/ Nh“{
< H

R2

H or OMe

% _
oy \@EOR: 7&1{

R =OH o|;|NHAr
Fig. 7. Structural elements crucial for antiradical activity: in green color — functional
groups increasing AA, in blue — fragments possessing weak impact on AA, in red —

modification leading to decrease of AA.

4. Antoxidant activity of the synthesized compounds

The antioxidant activity (AOA) of the most active (according to AA values)
representatives of each class of compounds was tested. AOA was expressed as inhibition
of oxidation processes of vegetable oils and their methyl esters (biodiesel); the samples
were kept at accelerated oxidation conditions and oxidation processes were monitored with
peroxide values. Additive of monosubstituted Meldrum's acids 33 and 72, 73 remarkably
increased the oxidative stability of rapeseed oil methyl esters (RME); acetyl Meldrum’s
acid (74) showed small AOA.***? The most of the cinnamoyl anilines 7-9,°*" their
hydrogenated analogues 29-32*" (their activity was similar or slightly higher in comparison
to cinnamoyl anilines) and 4-aryl-3,4-dihydroquinolin-2(1H)-ones 49** were mainly
inactive (Fig. 8).

The impact of few of the synthesized cyclic 1,3-dicarbonyl compounds (33a,d,e, 573,
64a and 75 (see Fig. 10 for structure 75)) on the oxidative stability of RME was tested also
by Rancimat method. Almost all samples containing the additive of dicarbonyl compound

(except derivative of coumarin 64 (RIP < 5.5)) demonstrated higher RIP values than
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biodiesel without an additive; the additive of the derivative of vanillin 33a (90 umol/100 g)
fulfilled the requirement set for the oxidative stability of biodiesel by standard LVS
EN 14214. Few arylmethyl Meldrum’s acids 33e,d, 72 and 73 were added to
polyunsaturated vegetable oils: oxidative stability of rapeseed oil increased 1.2-1.4 times.
The oxidative stability of other oils (obtained from seeds of Japanese quince, grapes and
flax) even decreased, if synthesized compounds were added; might be it was due to
unfortunately chosen amount of the additive (antioxidant-prooxidant effect).

BHT
72
73

33e?
33d
33eb
33a
33e
33m
33ec
74
49d
49a
32d
32a
31d
30d
30a
29d
29a
9d | —
9a |
8d |
8a
7d 7
7a |

72,73

‘\OMe
kKOH

29a,d}32a,d H or OMe

|

T

0 2 - 6 8 10
Antioxidant activity

Fig. 8. The impact of the additive of cinnamoyl anilines 7-9, dihydrocinnamoy! anilines
29-32, 4-aryl-3,4-dihydroquinolin-2(1H)-ones 49 and derivatives of Meldrum's acid 33
and 72-74 on the oxidative stability of RME (method of peroxide values).

The amount of additive was 90 umol/100 g RME, if not otherwise mentioned; *225
umol/100 g; ®180 umol/100 g; “45 umol/100 g.

47



5. Quantum chemical calculations of antiradical and antioxidant activity

Nowadays, quantum chemical calculations are widely used to predict structure-activity
relationships, including studies of antioxidants; nevertheless, data about correlation of
theoretical calculations with experimentally detected antiradical/antioxidant activity are
missing in the literature. Both proton affinity (PA) and bond dissociation enthalpy (BDE)
values in gas phase were calculated for representatives of all classes of synthesized
compounds: above mentioned values were calculated by HT-3-21g method using
GausView 5.0.8 program for the bonds which appeared crucial for antiradical activity:
C(2)H bond of the moiety of 1,3-dicarbonyl compound, CH bond of benzylic position,
phenol type OH bond and enol type 4-OH bond (for 4-hydroxyquinolin-2(1H)-ones and 4-
hydroxycoumarins), as well as for COOH and NH bonds. Unfortunately, comparison of
experimental results and theoretically calculated parameters did not show correlation
between them; only slight trend was found out: compounds with higher AA had lower
proton affinity. The correlation was not observed between proton affinity and AOA, too:
e. g., proton affinity of compounds 32d, 33e and 72 was similar (1410-1420 kJ/mol), but
their AOA was completely different - 1, 4 and 8.8, respectively (Fig. 9).
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Fig. 9. Correlation between proton affinity (PA of phenol type OH bond for the
compounds 7-9, 29-32 and 49, PA of C(2)H bond for the compounds 33, 72 and 73) and
AOA (determined by oxidative stability tests of RME).
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Better correlation between proton affinity and antioxidant activity was observed in
range of arylmethyl Meldrum’s acids 33 and similar to them cyclic 2-arylmethyl-1,3-
dicarbonyl compounds (Fig. 10).

OH
O 64a Q
1480 N
0] 5 O OMe
= R? = (,8842 ke
£ 1440 > OH
) 75 \{\ _—
< 57a <, 33a.d HO
~ 1400 d’<>’e O OH
MRIP i °
1360 \ [

-0,2 0,3 0,8

Fig. 10. Correlation between proton affinity of compounds 33 (PA of C(2)H bond) and
compounds 57a, 64a and 75 (PA of enol type 4-OH bond) and ARIP value determined by
oxidative stability tests of RME.

Correlation was not found between bond dissociation enthalpy and antioxidant activity,
too - compounds with similar BDE demonstrated different AOA. For example, additive of
4-hydroxyquinolin-2(1H)-one 6la increased oxidative stability of biodiesel, while 4-
arylquinolin-2(1H)-one 49a did not affect the stability; nevertheless, BDE values of the
benzylic position for both compounds were similar: 183-188 kJ/mol. Perhaps, the
correlation was not observed due to the antioxidant-prooxidant effect, which could be
present as the concentration used to determine antioxidant activity of the compounds was
not optimized.

It turns out from our results that quantum chemical methods are suitable to predict the
mechanism of reaction between antioxidant and free radical (e. g., SPLET or HAT
(hydrogen atom transfer) mechanism). Nevertheless, the calculation of PA and BDE only
for the most reactive bonds is insufficient for objective prediction of antioxidant ability to
inhibit free radical, especially, when compound contains several reactive groups (e. g., 1,3-
dicarbonyl moiety, benzylic position and phenol) and the synergy of these groups can
happen. It was cleared up that quantum chemical calculations by HT-3-21g method cannot
replace the experimental in vitro determination of antiradical and antioxidant activity of

synthesized compounds.
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CONCLUSIONS

Oxidative stability of polyunsaturated vegetable oils and their methyl esters can be
increased (in average up to 1.3-1.5 times) with extracts of grains of barley, grains and
hulls of oats, seeds of buckwheat and Japanese quince, as well as pomace, buds and
seeds of black currant. Nevertheless the impact of the extracts strongly depends on the
concentration of the antioxidant in extract, as antioxidant/prooxidant effect was often
observed. The extracts demonstrated better antioxidant activity in case of rapeseed oil
and its methyl esters. Application of ultrasound for extraction allows to increase total
amount of polyphenols at mild conditions and in shorter time. The highest oxidative
stability was reached using oat grains — oxidative stability of extracts obtained with
rapeseed and hempseed oils rose more than 3 times in comparison with pure oils; it
was twice less in case of oat hulls.

It was found out, that seeds of Japanese quince — a by-product from food industry —
are applicable to produce oil with high level of a-tocopherol (86 mg/100 g of oil); it is
about 10 times higher (110 mg/kg of seeds) in comparison to barley grains. For the
first time chlorogenic acid, sinapic acid and ellagic acid were identified in the seeds of
Japanese quince.

The methods of the synthesis of cinnamoyl anilines by condensation of monoanilides
of malonic acid with aromatic aldehydes, as well as cleavage of Meldrum's acid with
aryl amines were optimized.

A range of new synthetic methods was elaborated: decarboxylation of monoanilides of
2-arylidene malonic acids, synthesis of dihydrocinnamoyl anilines from arylmethyl
derivatives of Meldrum'’s acid and arylamines, 4-aryl-3,4-dihydroquinolin-2(1H)-ones
from monoanilides of malonic acid and aromatic aldehydes, 3-arylmethyl-4-
hydroxyquinolin-2(1H)-ones from 4-hydroxyquinolin-2(1H)-ones and aromatic
aldehydes, as well as 3-aryl-2-styryl-quinazolin-4(3H)-ones from corresponding
anilides of N-cinnamoylantranilic acid.

It was found out for the first time that the presence of electron donating groups in the
aniline moiety of both sinapinic and ferulic acid anilides increased the antiradical
activity. Substitution of styryl fragment with 2-arylethyl group did not affect
antiradical properties remarkably; nevertheless the hydrogenated analogues were
slightly more active. Intramolecular cyclization of cinnamoyl anilines leading to

formation of 4-aryl-3,4-dihydroquinolin-2(1H)-ones reduced antiradical activity.
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10.

A new class of antioxidants is discovered: Meldrum's acid and its monosubstituted
derivatives demonstrate excellent antiradical properties. 1,3-Dioxane-4,6-diones
containing benzyl, hetarylmethyl, hetarylallyl or arylallyl group at 5" position
possessed the highest activity. Substituents in the aromatic ring had insignificant effect
on the antiradical activity of arylmethyl Meldrum’s acids. The acidity of 1,3-
dicarbonyl moiety C(2) was important for antiradical activity; the presence of benzyl
group was significant, too.

It was found out that several arylmethyl Meldrum’s acids were oxidatively unstable in
the presence of air. They demonstrated antioxidant activity in vegetable oils and their
methyl esters.

It was explored, that the reaction between DPPH and cinnamoyl anilines or arymethyl
Meldrum’s acids proceeded via SPLET mechanism in ethanol, but 4-aryl-3,4-
dihydroquinolin-2(1H)-ones reacted with DPPH according to HAT mechanism.

It was established, that PA and BDE values of the most reactive OH and CH bonds
(calculated by HF-3-21g method) only partially can be applied for prediction of
antiradical and antioxidant activity of compounds. It is possible to foresee the most
active functional group in the structure, which reacts according to SPLET or HAT
mechanism. Nevertheless, correlation was not found between antiradical/antioxidant
activity and PA or BDE values, when the compound contained several reactive groups
and the mechanism of antioxidant action was based on the synergy of these groups.
Sinapinic and ferulic acid anilides and corresponding anilides of dihydrocinnamic
acid, as well as 2-arylmethyl-1,3-dicarbonyl compounds, containing syringaldehyde or
vanillin substituents in aromatic ring, or dialkylaminophenyl group, exhibited similar
or even remarkably higher inhibition of free radicals DPPH and GO than

commercially widely used antioxidant BHT.
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