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Ilpog. oOxn Amanac Benkoe — 70-200unu om posxcoenuemo

Ilpogp. Amanac Bemnkos e po-
Oen Ha 15 noemspu 1940 2. 6 2p.
Csunenepao. Ilpes 1966 2. 3a8vpui-
6a cneyuarnocm Xumus 6 Illnoe-
ouscku  yuugepcumem ,,Ilaucuu
Xunenoapcku ', xkvoemo cvwama
200uHa e u3bpam 3a acucmeHm 8
kameopama no OpeaHuuHa Xumusl.

B kameopama 3anouea pa-
boma noo pwvKOBOOCMBOMO HA
mozasawiHus U pbKO8OOUmel
npogh. [vivbos 6 obracmma Ha
NpUpoOHUme CbeOUHeHUs], Kamo U3C1ed8a AlKAIOUOHOMO CbOBPICAHUE HA NOPeouyd
neuebnu pacmenus. B nepuooa 1966 — 1972 e cvasmop na 11 nayunu nyoauxayuu.

Ilpe3 1974 2. kamedpama e oenasena om npogh. oxu H. Monnos, xotimo npome-
HA HayuHomo Hanpaeénenue. Taxa maaousm Benkoeé 3anouea uzcineosauusi 8vbpxy
cuHme3s Ha U30XUHOIUHOBU CHbeOUHEHUs Upe3 peaKyus Ha 8bMPeuHOMONEeKYIHO algda-
amudoanxkuiupawne, a npes 1978 2. ycnewno 3awumasa 0okmopcka oucepmayusi no
masu memamuxa.

Cneo uzbupanemo my 3a doyenm npes 1982 2., Benkos ueme nexyuu no oucyun-
nunama ,, Teopemuunu 0CHOBU HA OP2AHUYHAMA XUMUSL " U NPOOBIHCABA U3CNEOBAHU-
AMa cu 8bpxXy NPUNONCEHUE U CEOLICMBA HA ayuluMuHuesu peazenmu. Pabomu cve-
mecmHo ¢ npog. Monnoé u ppkosodoenama om He2o epyna 6 ,,Jlabopamopus no o6uo-
Jo2u4Ho akmusnu sewecmea ‘ kom BAH-IInosous.

Hayunume npunocu na npog. Benkos ca npedumno 6vbpxy usciedgane Ha peax-
yuama Ha amMudoanIKulupaHe u npunodcerue Ha N-ayunumuuuegume peazenmu 3d
cunme3 Ha N-xemepoyukienu cbeOUHeHUs, ¢ Koemo 3auumaea oucepmayusi 3a 00K-
mop Ha xumudeckume Hayku npesz 1997 2., a na credsawama 200unHa e uzopam 3a
npogecop no opeanuuna xumus. Paspabomxume umam meopemuunu u NPULONCHU
NPUHOCU 8 00IACMMA HA OP2AHUYHUSL CUHME3 U U3CTle08aHe X00ad HA OP2aHU4HU pe-
akyuu 2nasHo ¢ o00pazyeane HA HOBA 6belep00-8b2lepOOHA BPB3KA U HAYYHO-
NPUTIOJHCHO 3HAYEHUe Nopaou OUOLOSUYHAMA AKMUBHOCH HA HAKOU OM NOLY4aA8aHU-
me eewjecmea Kamo aiKaiouou, 1eKapCmeeHu 8eujecmed u Xumuiecku cpeocmaea 3d
pacmumenna sawuma. Pazpabomen e esmpewno monexynen 6apuanm Ha peakyuama
Ha anga-amuooalKuIupane Ha apoMamuu CbeOUHeHUs: Ype3 U3Noa36aHemo Ha noo-
X00AuW0 NOCMPOeHU UMUHU U AYUL XAL02eHUOU, NPUSHAM 8 MeHCOYHAPOOHama iume-
pamypa.

Ilpe3 Ooesemoecemme 200unu, cied ommeeisinemo Ha npog. Monnos, npod.
Benkoe oenasasa xameopama no Opeanuuna xumus u Cb30a8a HAYYHA 2Pyna, NPue-
JUYAUKU ceou cmyoewmu u ounjiomaumu. B nepuooa 1987 — 20032, moii e nayuen
PBKOBOOUMEI HA HemUpUMa pedosHU U 08ama c80000HU dokmopaumu. B nocreocm-
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gue nod He2080MO PHLKOBOOCMEO CA 3aUjUmeHU mpu OOKMOPCKU OUcepmayuu u ce
00yuasam MH0O20 cmyOeHmu.

Kamo owneocoouwen npenooasamen npog. Benkos pazpabomea nexyuu no Op-
eanuyna xumusi u Opzanuden cunmes, KAKmMo U JeKyuu u ynpaxcHenus no Xumus Ha
JleKapcmeeHume euecmad, Kosimo ce usyuasa Kamo OCHOBHA OUCYUNTIUHA 6b8 6be-
oenama om He2o npe3 2003 2. macucmvpcka npoepama ,, Meouyuncka xumus “.

B nepuooa 1981 — 1986 2. e pvkosooumen na bazama 3a mexHoio02U4HO pa3eu-
mue kvm Xumuuecku komounam ,,Aepus’ — Ilnosous. Kamo pesynmam om nHampy-
namume NO3HAHUSL U ONUM 8bPXY CEOUCMBAMA U OMHACAHUAMA HA u3nonssanume N-
AUUIUMUHUEBU pedazeHmu e paspabomenHa noooOpeHa MmexHoI02us 3a NPOMUULIEHO
noayuasamne Ha WUPOKO UNOTI3EAHU 8 3emedenuemo Xxepouyuou 0o eman npomuuLie-
HO 6HedpsisaHe. SHavyumenex Opol HO8U NPou3800HU, 0Ko10 100 HOBU UBOXUHOIUHOBU
U HeYUKIUYHU AMUoU, ca U3NUMAaHU 3a NeCMUyuoHa u GapmaroioeuyHa aKkmueHoCm
om ¢penckama ¢upma Pou-Ilynenk, bvopunecep — I'epmanus u SpeChem — Yexus,
Kamo nojydenume pe3yimamu noKa3eam MHo20 000pa aKmugHOCM Kamo xepouyuou
U UHCEKMUYUOU.

B pesynmam na noseue om 35 coounu npeoana paboma 6 11V ,,I1. Xunenoapc-
Kku‘, Amanac Beuxos e aemop na 106 nyoiuxkayuu, om msx 6 CNUCAHUS C UMNAKM
Gpaxmop 74 (c obw umnaxkm gaxmop 64.85), yumupanu Hao 250 nemu om Owvaeapc-
KU U 4ysHcoecmpanuu asmopu. Yacm om npunodxcHume u3cieo08anus ca 3aujumeHu ¢
namenmmo npaso 6 14 asmopcku ceuoemencmea.

Buezannama xonuuna na npogecop Benxoes (na 20.07.2003 2. na nvm 3a pabo-
ma) He craza Kpau Ha meopyeckume my muvpcenus. Cvzoaoenama om He20 HAYYHA
2pyna npoovidHcasea u paszeusa udeume 3a CUHme3 Ha HO8U XemepOoYUuKieHU Cbeoute-
Hus. Ilo muenue na yHusepcumemckomo pvkogoocmeo, masu I pyna no Opeanuuen
cuHmes e Hau-ycnewHama u npooyKmueHa maada Hayyna epyna 6 Xumuveckus ¢ha-
kyaimem. Kvm nauanomo una 2011 2o0una 6 epynama no Opeanuyern cunmes pabo-
msam 08ama 0OYeHmu, mpuma OOKmMopu, Yemupuma OOKmMopanmu u OUNJIOMAHMU.
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6-ENDO vs. 5-EXO EJIEKTPO®UJTHA HUKJIM3ALIUA
HA ®OCPOPUTINUPAHU 2-XJIOPO-1,3-AJIKA/IMEHHU

OBb30P

Banepui Xpucmoe
Kameopa no opzanuuna xumusn u mexnonozus
Dakynmem no npupoorHu HaAyKu
IIymencku ynugeepcumem ,,Enuckon Koncmanmun Ilpechaecku “
Hlymen 9712, ya. ,, Yuueepcumemcka“ 115, E-Mail: vchristo@shu-bg.net

ABSTRACT

As a part of our long-standing programme on the cyclization reactions of function-
alized dienes we were preparing and studying the phosphorylated 2-chloro-1,3-
alkadienes 1 in electrophilic cyclization reactions.The electrophilic cyclization of a vari-
ety of 2-chlroro-1,3-alkadienephosphonic derivatives such as chlorides, esters, acids,
phosphane oxides, amido-esters, 1,3,2-dioxaphospholanes, benzo [d]-1,3,2-dioxaphos-
pholanes and oxiranes to the heterocyclic systems and received our considerable atten-
tion due to its synthetic utility and remarkable regioselectivity. We found that depending
on the structure of the starting 1,3-alkadiene as well as the type of the electrophilic re-
agent, the reactions proceed with 6-endo or/and 5-exo cyclization of the dienic system
bearing phosphoryl group (O=P-C=C-C=C) to give different heterocyclic compounds in
most cases. It should be pointed out that conceptually there exist two distinct modes of
cyclization of the phosphorylated 2-chloro-1,3-alkadienes 1 if the electrophile attacks
preferable the C*-C* double bond, which seems likely. It is evident that these pathways
are closely connected with intramolecular participation of the phosphoryl group as inter-
nal nucleophile in the final step of the heterocyclization.

Key words: Phosphorylated 2-chloro-1,3-alkadienes, synthesis, electrophilic cy-
clization, 6-endo cyclization, 5-exo cyclization.

BBBEJAEHUE

[Ipe3 mocneaHUTe AECETUIICTHSI U3CIICBAHUATA B 00JIaCTTa HA OpraHUYHATA XUMHUSI
Ce XapakTepusupar ¢ Obp30TO pa3BUTHE HA T. HApP. XETEPOATOMHA XUMUS, T. €. XUMUSTA
HAa CHhEIMHEHUSATA, ChIIbPKAIM HETPAIUIIMOHHA XUMUYHU elleMeHTH kato B, Si, P, S,
Se u ap. OpranodochopHute cCheTUHEHHUS TOJIMHU Hape MpOoIbKaBaT /1a ca 00EKT Ha
HEeNpPEeKbCHATH M3CJIE/IBAHUS KAKTO MOPaId MHOTOOOpa3HUTE UM U BAXKHU MPHIIOKEHUS,
Taka ¥ nopaau Ooratusi pyHIaMEHTAJIIEH MPUHOC KbM OpraHWYHATA XUMHUS, CBbP3aH C
Y4acCTHETO UM B HaW-pa3Nu4Hu npeBpbiianus [1-5]. OcoOeHo BHUMaHHE ce OTIENs Ha
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Banepuit Xpucmos

BIMSIHUETO Ha (Goc(OpHUS aTOM BBPXY PEaKIMOHHATA CIIOCOOHOCT HA TE3U ChEIUHE-
HUSI, @ OT TaM | 3a OMpeeNsaHe Ha TexHUTe cnermduynn oTHacsHuA. [1o0bp npumep B
TOBa OTHOIIIEHUE Ca HEHACUTECHUTE opraHoPochopHU chearuHeHus. Te3u chbeAnHeHHs ca
0cO0EHO MHTEPECHN KaTO OOCKTH 3a U3y4yaBaHe BIUSHUETO Ha (hocopHaTa HyHKIMS HA
pEaKIMOHHATa UM CIIOCOOHOCT M HAIPaBJICHUETO HA PEaKLUATa HA CIOKHHUTE BPBH3KU.
Tps6Ba 1a ce oTdenexu, 4e Hapea ¢ KIACHYECKUTE CBOWCTBA, XapaKTEPHU 3a CIIOKHH
BPB3KH, YCTAHOBEHO €, Y€ HeHacuTeHuTe (PochopHU CheTMHEHUS, PUTEKABAT U PEIIH-
I1a CBOWCTBA, BOJICIIIN JI0 HAOIIOJaBaHEe HA HOBU M MHTEPECHU XUMUYHHU TIPEXOTH.

Bceunuko ToBa npaBu u3cneBanusaTa Ha P-pyHkimonammsupanute 1,3-1ueHn u mo-
TOYHO CH3JIaBAaHETO HA YJOOHM U CEJICKTUBHUA METO/N 33 TEXHUSI CHHTE3 M M3Y4aBaHETO
Ha peaklMWTe UM Ha LMKIM3alys NpU B3aUMOJECWUCTBHE C €JIEKTPOPUIHU pEareHTH,
0cOoOEHO MHTEpECHA M aKTyalHa 3ajada. B3aumMHOTO BiMsHHE Ha ABara (hparMeHra —
1,3-aueHoBaTta cuctemMa OT ABOMHM BpB3KU M P-pyHKUMOHAIHA Tpyna — mpassT ¢oc-
dop-chabpxanmre 1,3-a1eHN UHTEpecH CyOCcTpaTy 3a M3CIIEABAHE Ha peakIMUTEe Ha
eNeKTPOPHIHA HUKIN3ALKS C OTJie]l MPOyYBaHE HAa BH3MOKHOCTHTE M OIPAaHUYCHUSITA
Ha TpOTHYAIlaTa UMKIM3anus. Te3u m3cienBaHus Ouxa Jand BB3MOXKHOCT, OT €JHA
CTpaHa — 3a pa3lIUpsBaHEe Ha CHHTETUYHUS MOTEHIIMAN HAa T€3H PEaKIUu, OT Apyra — 3a
MOJTy4aBaHe Ha Pa3IMYHHU TUMOBE (PYHKIIMOHAIHO 3aMECTEHH LMKJICHU ChEAUHEHUS, U
OT TpeTa TJieHa TOUKa — COCOOCTBAT 3a pa3dupaHe CHITHOCTTA HA PEAKIIUHTE, TPEIH3-
BUKAHH OT €NIEKTpO(PHIHA aTaka 1mo JBOWHU BPB3KH.

[lenTa Ha M3CIeABaHUATA, ONMCAHU B TO3W 0030p, O€ a ce CHHTE3UpaT upe3 Ch3-
JIABaHETO W M3MOJI3BAHETO HA YJO00CH U BUCOKO PErHOCEIICKTUBEH METOJI Pa3HOOOpa3HU
npou3BoAHU Ha 1,3-anmkaaneHpochOHOBH KHCEIUHU, KOUTO Ja ObJaT U3CIICIBAaHH B pe-
aKIUU C eNEeKTPO(DUITHHA PEareHTH.

1. CUHTE3 U CTPYKTYPA HA IPOU3BOJHHN HA
2-XUI0PO-1,3-AJIKAIMEH®OCPOHOBU KUCEJIMHAN

B u3nbiiHeHHE Ha ropenocoyeHaTa Liell, HUE M3I0JI3BaXMe €IMH BHCOKO CEJeK-
TUBEH METOJ 3a moiydyaBaHe Ha (ochopunupanu 1,3-ankaauenu [6,7]. ChImHOCTTA
Ha TO3U METOJI Ce ChCTOM B Ch3AaBaHe Ha 1,3-auendochoHarHara cucrema OT JBOII-
HU BPB3KM U IOJIyYAaBAHE HA CHOTBETHHUTE IUXJIOPUAM Ha 2-XJ0po-1,3-ankanues-
($ochOHOBUTE KUCETUHU, KOUTO Ca M3MOJ3BAaHU KATO MPEKYpPCOpPU HA JIPYTUTE IMPO-
U3BOJIHU HA T€3U KHCEJIMHU U HA CAMUTE THX.

Karo u3xonHu ChbeIMHEHNS IIPU TO3U METOJ| U3II0JI3BaXME ITOJIyYEHUTE B PE3YJITAT
Ha [2,3]-curmarpornHa nperpynupoBKa Ha CbOTBETHUTE 3aMECTEHU IIPONApril JUXJIO-
podochuTi aUXTOpHAM Ha aneHDOCHOHOBH KHCEIHHH, ChIbpXKAIM Au3amecteH C-
aToOM Ha ajieHoBara cucreMa. Hue ycrtanoBuxme [6,7], e xjaopupaneTo Ha ajneHpocdo-
HoBute auxiopuau IL1-11.7 npotuya ¢ xerepoumknu3aiys Ha ajgeH(pochoHaTHATA CUC-
TEMa OT JBOWHHU BPB3KU U MEXKIMHHO 00pa3yBaHe Ha 2,2,2,4-TeTpaxyiopo-2,5-1uxuipo-
1,2-okcadoconute A, KOUTO TIPU ChXpaHSABAHE WM MPHU HArpsBaHE JICCHO €TMMUHU-
paT XJIOPOBOJOPOJ C OTBApSIHE HA MPBCTEHA M MOJy4aBaHE Ha 2-XJ0po-1,3-ankaaueH-
¢dochonosure nuxiopuau 11.8-11.14.
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6-ENDO vs. 5-EXO EJIEKTPOOMJIHA IUKJIM3ALINA HA. ...

s Cl Cl
R Cly R3
/ 2 — —>» CIR
ClaR\ 1 R CCly unm CHCl, CI3P\O R2 - HCI \\O
R 0-10°C R R R
I1.1- 117 A 11.8-1.14

7 npumepa, noous 87-96%
R'=H, Me; R* = H, Me, Et; R® = Me, Et, Pr, iPr; R*+ R’ = -(CH,)4-

C ornexn noka3BaHe MEXJIMHHOTO oOpa3yBaHE Ha IIUKIMYHUTE TETPAXJIOPOOKCa-
dochonu A, Hue nzcneaBaxMe peakusaTa Ha aneHpocponoBute auxiopuau 1.1, 11.2,
IL5 u II.7 cbe cyndypun XJIOpHI, BMECTO C XJIOp, KaTO YCTaHOBUXME [6,7], 4e ChIIo
POTHYA C MUKIU3ALMs, IPH KOETO HANPaBO U C KOJMYECTBEHU TIOOUBU CE IMOJTy4aBatT
2,4-nuxnopo-2,5-quxunpo-1,2-okcadocponure I1.15-11.18. BeposatHo, B ycimoBusita
Ha peakuusiTa NpoayKTuTe A Obp30 pearupar ¢ OTIACINSIIUS Ce MPHU JUCOLUALIMATA HA
CyApYpHIT XJIOpU CepeH AUOKCH] C TIOTydYaBaHe Ha LHUKINYHUTE XJIOPHUIU C TETPaKo-
opaunupan docdop IL15-I1.18. OTaendmuar ce mpu peaxkiusaTa THOHUI XJIOPHUT €
U30JIMpaH NpenapaTuBHO U UAECHTUPUIMPAH Ype3 (PU3MUYHN KOHCTAHTH U CIIEKTPAIHO.

3
‘ j{"r , S0,Cly
R > 5P, — P,
CI2 \O iy 6eHseH unu Et,0 Cls \O R?2| -SOCl, cI” \o
rt

) R R
SO2 A 11.15-11.18

4 npumepa, nodbus 96-99%
R'=H, Me; R =H, Me; R’ = Me; R*+ R’ = -(CH,)4

R3 SOz og

.1, 1.2, 11,5, 1.7

[TonyuaBanero Ha auxiopookcadocdonure I1.15-11.18 npencrasisiBa KOCBEHO
JOKA3aTeJICTBO 3a 00pa3yBaHETO B MEKIMHHUS CTaJAMM HA LIUKIUYHUTE TETPaXJIoOpo-
okcadocdonmm A mpu XJIOpUpaHETO C Ta3000pa3eH Xyop Ha aneHPocPoHOBUTE TUX-
nopuan IL.1-I1.7.

MexnuHHOTO 00pa3yBaHe Ha UKIMYHUTE TeTpaxiiopookcadochonu A npu xio-
pupane Ha aneHpochonoute nuxinopuau I1.1-I1.7 npenompenenss reoMmerpuyHaTa
CTpyKTypa Ha mnosydaBamute ce 1,3-aueHdochonoru nuxiopuau 11.8-11.14. Te cb-
AbpiKaT (1)occp0HaTHa rpyna ¥ XJIOPEH aToM B mpaHc TOJOKEHUE M0 OTHOLIEHHE Ha
C'-C*-gBoiinata BpB3Ka, T. €. 2-x10po-1,3- anKaaHeH(bOC(bOHaTHTe I1.8-11.14 umar
(1E)-koH(urypamus. AHaIU3bT HA TEXHHTE, 'H SIMP-criektpu mokassa [6,7], ue chbe-
JIMHEHHSTA ¢ pasIndHy 3aMmecttenu npu C'-atoMa Ha guenoBata cucrema 119, T1.10
u IL11 nmpencraBnsiBaT cmMec OT JBa jauactepeomepa B cbotHouieHue (1E, 37) :
(1E,3E)=3:1.

3a ompesensHe Ha MpeANoYeTeHuTe KoHdopMaluy oTHocHo =C>-C’= n =P-C'=
BPB3KHTE HA CHHTE3MPAHNTE 2-x7opo-1,3-ankanuendochonaru I1.9-11.14 mposenox-
me 'H SIMP-CIIeKTpaJIHH H3CIICBAHMUS C M3IION3BAHE HA JIAHTAHHMICH OTMECTBAIL pea-
IeHT — KOMILJIEKCa Ha eBpOnuil ¢ xenTaduryopoauMeTuiokTanimoH (poauit) [8]. Kon-
dopmaroHHHAT aHanu3 Ha 1,3 I[I/IeH(i)OC(I)OHOBI/ITe muxyopunn 11.9-11.11 u 11.14, cb-
IIbPIKAIIH BOZOPOJIeH aToM mpu C'-aToMa, e MpoBeeH upes CPaBHSIBAHE HA CTOI/IHOC-
THTE HA JAHTAHUIHHTE OTMECTBAHMS HA CHrHantuTe Ha nporonmre npu C'- m C*-
atomute Ha 1,3-nueHoBata cuctema. OnpeAenssHeTo Ha MpearnoYeTeHUuTe KoHpopma-
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LMA HA ,Z[I/ICHCI)OC(I)OHOBI/ITG muxyopuan 11.12 n I1.13, npurexaBamy 1Be METWIOBU
rpymu npu C*-atoMa, e H3BBPIIEHO upe3 CPaBHSIBAHE HA JIaHTAHWIHUTE OTMECTBAHNS
HA CHTHAJIMTE HA IPOTOHMTE HAa METHIIOBUTE IPYIH U HA 3aMEeCTUTENs R*.

H Cl Cl Cl
CI,,_P R3 CI,"P R3 or R3
-\ CI\ —\'"Cl
Yo Yo \CI
H a) Me a) Me
R2 (a) Me(b) (a)
S-yuc-s-yuc s-yuc-s-yuc S-mpaHc-s-yuc
R%=R3 = Me, I1.9; R? = Me, R® = Et, .10 R3 = Me, 1112
RZ=Et, R3 = Pr, I111; R2 + R3 = -(CH,),4-, I1.14 R3=/Pr, 113

[TonmyuyenuTe pe3ynaraTd mokas3BaT [8], ue BbB BCHUUKHM CIIyyau IpearnodyeTeHaTa
koHbopManus Ha 1,3-nueHoBata cucrema e s-yuc. Opuenranusara Ha (ochopuaHara
rpyna 3aBUCH OT TPOCTPAHCTBEHU (PaKTOpH, a IMEHHO OT 0OeMa Ha 3aMECTHTEIIUTE
P KpailHUs BBIJIEPOJICH aToM Ha 1,3-MeHoBaTa cucteMa OT IBOWHU BPB3KHU.

[Tonyuenure ot Hac quxnopuau I1.8-11.14 u3non3BaxMe KaTo U3XOIHH BELIECTBA
3a CUHTE3 Ha pellnla IPYTry NMPOU3BOJIHUA HA T€3U KUCEINHH, @ U HA CAMUTE KHCEJINHU.
Taka nanpumep [9], xunponuzarta Ha nuenosure auxiopuau IL8, 11.10, I1.12, I1.13 u
I1.15 B anieTon Boau 10 nonydaBaHeTo Ha kucenuHute 11.19-11.23.

Cl Cl
Cl,P R 2o ¥
—> (HO);R
2 Q\O aLeToH (HO) \\o
R1 R2 0-10°C R1 R2
1.8, 11.10, 11.12, 11.13, 11.15 11.19-11.23

5 npumepa, no6us 77-90%
R'=H, Me; R* = H, Me; R’ = Me, Et, iPr; R*+ R’ = -(CH,)s-

Peaknusara va puxnopuaute 11.9-11.14 ¢ ankoxos npoTthya ChC 3aMECTBaHE Ha
/BaTa XJIOPHU aTOMa € A/IKOKCU-TPYIlH U oOpa3yBaHe Ha ChOTBETHHUTE JHUAJIKUIOBHU
ectepu [6,7] 11.24-11.41. AHaJ'II/I3’bT Ha 'H SIMP-CIIeKTpHTE Ha €CTEpHTE, ChIbPIKALIH
pazmmunn 3amectureny npu C'-atoma Ha 1,3-[MeHOBaTa CHCTEMa, [IOKA3Ba, 4e IIPe/i-
CTaBJISIBAT CMEC OT JIBa HacTepeoMepa (lE, 37) u (1E, 3E) B ChIIIOTO CHOTHOIIICHUE
(3 : 1), kakTO MPU CHOTBETHUTE UM JIUXJIOPUJIA, KOETO € YKa3aHHE 3a TOBA, Ye IO Bpe-
M€ Ha TSIXHOTO IOJIy4aBaHE He ce 3acsara l,3-nueHoBara cucrema, T. €. HE C€ U3Bbp-
I1Ba M3MEHEHHE Ha KoHurypanusTa [6].

Cl Cl
. R® 2ROH R®
2 —» (RO),R
Q\O ZC5H5N, Et20 ( )2 \\
R “R2 -8 to -5°C R OR2
11.9-11.14 11.24-11.41

18 npumepa, nobus 60-77%
R = Me, Et, Pr, iPr, Bu; R' = H, Me; R*> = H, Me, Et; R® = Me, Et, Pr, iPr;
R*+R®=-(CH,)s
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6-ENDO vs. 5-EXO EJIEKTPOOMJIHA IUKJIM3ALINA HA. ...

OOpa3yBaHe Ha TETWICHEH XETEPONPHCTEH W CUHTe3upaHe Ha 1,3,2-mamokca-
dochonanute 11.42-11.47 ochmecTBuxme npu B3ammojelicteue Ha 1,3-gueHdocdo-
HoBute nuxiopunu IL.3 u IL.5 ¢ ankanauonu [10].

Cl s 4 R4 Cl
. R R OH 2Et;N IO\ R3
PR + —_— P.
Q\o Et,O N
5 5 o ©O
R R2 R OH 0-5°C R N2
1.3, 1I.5 11.42-11.47

6 npumepa, nodus 68-76%
R'=H, Me; R* = Me; R’ = Me, Et; R*=H, Me; R’ = H, Me

Amnanorunuso, peakuusta Ha quxyiopuaure 113, I1.S u I1.7 ¢ nupokarexoi Boau 10
nojiydyaBane Ha 6eH30 [d]-2-(2-xmopo-1,3-ankaauennn)-1,3,2-nuokcadocdonanure [11]
11.48-11.50.

Cl Cl
CI,R R Of 2k SN R
2 + _— R
\\o Et,0 d \\\\o
r” R OH  20°C o 1t r” R

1.3, 15, 1.7 11.48-11.50
3 npumepa, noous 49-51%
R'=H, Me; R* = Me; R’ = Me, Et; R*+ R’ = -(CH,)s-

Bzaumoneiictue Ha nuendochonopute quxsnopuau I1.3, 1.5 u I1.7 ¢ equn Mon
METaHOJI BEPOSATHO MIPOTHYA C MEXKIMHHO 0Opa3yBaHe Ha ecTtep-xjopuaure B, kouto
M0-HATaThK Ype3 3aMeCTBaHE Ha XJIOPHHUS aTOM IMpu 00paboTKa C TUETHIIAMHUH HJIU C
JTUTHEB OUC(TPUMETHIICHIIMIT) aMUJ BOJIM A0 TMOJydaBaHe Ha 2-xyopo-1,3-ankaaueH-
dochonosute amunoectepu [12] I1.51-11.55.

cl
3
Et,NH MeO._ R
> /P\\
Cl cl EtN, E,o  ERN 0
cLp R®  MeOH MeO\P R3 0-10°C R OR?
2 —_— |
\\O CsHsN, Et,0 c” %O 11.51-11.53 ol
-8 o -5°C (Me3Si),NLi R3
1 2 1 2 391)2
R R R'" R | MeO\P
113, 15, I1.7 B HE (MesSIN" N,
-20 go -25°C
R1 R2
I1.54, 11.55

5 npumepa, nodbus 46-54%
R' =H, Me; R* = Me; R’ = Me, Et; R>+ R* = -(CH,)s-

Hue ycranoBuxwme, ye peakuuara Ha guxsuopuaure I1.1-11.3 u I1.7 ¢ mepkanra-
HU BOJM 70 oOpasyBaHe Ha 2-xJo0po-1,3-ankaaueHdocdonoBute tuoecrepu [13,14]
11.56-11.64.
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Cl Cl
- R® 2RSH R
2 ———— > (RS),R
\\O 2Et3N, Et20 ( )2 \\O
R1 R2 -8 no -5°C R1 R2
I.1-11.3, 1.7 11.56-11.64

9 npumepa, nodbus 61-75%
R =Et, Pr, iPr, iBu; R' = H; R? = H, Me; R’ = Me, Et; R>+ R = -(CH,)s-

HuTepecHo € 1a 0TOeneXnuM, Ye 3a pasiuka OT APYruTe NPOU3BOIHU Ha 2-XJIOpPO-
1,3-ankaanenpocoHOBH KHUCEIUHU, MPU TUOECTEPUTE C Pa3IMYHU 3aMECTUTENU MpHU
C'-aToMa Ha JMeHOBAaTa CHCTEMa HE Ce 3ala3Ba CHOTHOLICHHETO MEXJIy ABATA [Ha-
crepeoMepa KakTo npu uzxoauure auxyopuau 112 u I1.3. PaznuuuneTo B CbOTHOIICHUE-
To Ha auactepeomepute Ha Tuoecrepute I1.58 u I1.59 [(1E, 372) : (1E,3E) =2 : 1] ot
enHa ctpana, u Ha thoecrepa I1.60 [(1E, 37) : (1E, 3E) = 4.5 : 1] ot apyra, BEpOsATHO €
o0ycnoBeHo OoT ctepuynau dakropu [13].

BzaumoneiictBuero Ha nuendochonosure auxiopuan I1.1, IL.3 u 1.5 ¢ ankw-
Mar"e3neBu noauau (peakTuB Ha ['puHsp) mpoTuda ¢ oOpazyBaHe Ha TPYIHO JOCTBII-
HUTE B CHHTETHUYHO OTHOIICHWE 2-Xjopo-l,3-amkamuenun ¢ochur okcumute [15]
11.65-11.67.

Cl Cl
R3 2RMgl R3
Cl,R T . RpP
\\O Etzo 2 \\
R1 R2 -20°C nort R1 R2
11, 11.3, 1.5 11.65-11.67

3 npumepa, noous 38-43%
R =Me, Et; R' = H, Me; R* = Me; R? = Me, Et; R+ R® = «(CH,)s-

2. PEAKIIUU HA EJIEKTPO®UJIIHA 6-ENDO U/WNJIM 5-EXO HUKJIU-
3A0USA HA ®OCOPOPUIUPAHHU 2-XJIOPO-1,3-AJIKAJJUEHHU

3a u3cieBaHe pEaKUMUTE Ha eNEeKTPOPMIHA LMKIU3AIMS U3I0JI3BaXME KaKTO
pazuyHU eNeKTpodUIHU peareHTH, Taka U MOJTyYeHUTE OT HaC Pa3HOOOpa3HU MPOU3-
BOJIHU Ha 2-xJ10po-1,3-ankaaueHPpocoHoBH KHCETUHU 3a CyOCTpaTH € OIJIe] Ha TOBA
Jla yCTAaHOBHM KaKTO Bb3MO>KHOCTUTE M OTPAaHUUYEHUSTA 33 IPOTUYAHE HA ITUKIN3AIHS,
Taka U (GaKTOpUTE, OT KOUTO 3aBUCH OCBIIECTBSIBAHETO HA 6-endo-trig n/unu 5-exo-trig
rukin3anys [16]. Ot Hail-00IIM TEOpEeTUYHU MPEJCTaBU € SICHO, Y€ aTaKkaTa Ha eJIeKT-
podunia Ou ce ochlecTBUIA MO OTHa’IeueHaTa oT (GochopuiIHaTa rpymna JIBOiHA BPb3-
ka. Berpemnusar nykneodun (dhochopunnara rpyna) uma ciegHaTa AuiieMa: Wi Ja
arakyBa C'-aToMa Ha MEKIMHHO OOpa3yBaIlWs Ce MUKIMYCH OHUEB W/WIH ALHKICH
KapOeHHEB HOH C ochIecTBsiBaHe Ha 1,2-okcadochuHuHOBaTa 6-endo-trig MUKIHA3a-
nust 1/min ataka Ha C-aToMa ¢ mociesaiia 1,2-okcadocdoioBa S-exo-trig HUKIM3a-
IUs1, T. €. KOHPETHATA IIeJT Ha T€3W U3CIICBAHUS € Ja C€ M3y4yaT KaKTO Bh3MOKHOCTHUTE
M OTpaHUYEHUSATA 32 MPOTUYaHE Ha IUKIM3anus Ha 1,3-muendocdonarnara cucrema
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6-ENDO vs. 5-EXO EJIEKTPOOMJIHA IUKJIM3ALINA HA. ...

OT JABOMHM BPB3KH, Taka U (PAKTOPUTE, OT KOUTO 3aBUCH THUIIA [IUKJIN3ALUS CHIJIACHO
npaBuiara Ha Baldwin [17]3a oOpa3yBaHe Ha IPBCTEHHU CHCTEMH.

Cl
a) ~_/ E
— R R3
@)
R R?
6-Endo-trig

b)

5-Exo-trig

2.1. XAJIOTEHUPAHE

KaxTo e u3BecTHO OT iuteparypara [ 18], xjiopupaHeTo Ha JUXJIOpUAA Ha 2-XJIOPO-
3-metun-1,3-0yraguendocdonoBata kucenuna I1.8 ¢ xjop nporuya ¢ noigyyaBane Ha
CJIOKHA CMEC OT MPOIYKTH B PE3YyJTaT Ha PEAKUMU HA MPUCHEAMHSIBAHE U CIIEABAILO
eJMMHHHMpaHEe Ha XjopoBojopona. Hue ycranoBuxme [19], ue B3auMOAEWCTBHETO Ha
cyndypun xinopup cbe cbiusa auxiopun I1.8, B koiito C-aToMbT e ITPBUYEH, CHIIO
BOJIH J10 0Opa3yBaHe Ha CMEC, HO OT XETEPOLMKIICHN ChbeAMHEHHS, T. €. OChLIECTBSBA CE
XETEPOLMKIM3alMsl B JBE€ HAIPABJICHMs C IIOJy4aBaHE Ha CMEC OT LIECTWICHHUs 5,0-
muxuapo-2H-1,2-okcabochunnn  2-oxkcun 1174 w merwrennus 2,5-muxuapo-1,2-
okcaochon 2-oxcua I1.81 B crotHomenue 3 : 1. Peakiunre na nuxnopuure I1.9-
I1.14, chaspxamy Tpu- wii Terpasamectena C -C'-1BoiiHa BPB3Ka, C TO3M PEAreHT
OpOTHYAT BUCOKO PETHMOCEIEKTUBHO KaTO JaBar, ¢ MHOTO BUCOKHM JOOMBH, CAMO IIECTY-
JICHHU TIPOJIYKTH, IPOU3BOIHU Ha 5,6-muxunpo-2H-1,2-okcadpochununa I1.75-11.80.

cl Cl Cl
R3 — —
SO,Cl, cl SO, Ox Cl
ClaR\ > |CIsR ;] ——— R s
o) CCl, urn CHCl5 \o R -socl, Cl \O R
7N\,  50-60°C
R R ) 802 R1 R2 R1 RZ
1.8-1.14 E 11.74-11.80

7 npumepa, 1oous 82-98%
R'=H, Me; R* = H, Me, Et; R’ = Me, Et, Pr, iPr; R*+ R’ = -(CH,)4-

Xanorenupanero Ha 2-xjopo-1,3-ankaguerdochonosure ecrepu I1.25-11.41,
3amectenn npu C’- u C'-atomure Ha 1,3-IMeHOBATa CHCTEMa OT ABOMHH BPB3KU C
Pa3TUYHU AJKUJIOBH TPYMH, BB BCUUKH OCTAHAJIU CIy4yau, IPOTHYA BUCOKO PETUO-
CEJICKTUBHO ¢ (opMHpaHe camMo Ha MIECTWICHHUTE 5,6-nuxuapo-2H-1,2-oxkcadochu-
HuH 2-okcuau 11.82-11.108 ¢ no6pu 10 MHOTO 100pM 10OMBH [20-22].
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Cl Cl
R3 —
Xo Ox X
(RO)R - R

o cClyumm cHcl; RO \o R?

R R 50-60°C R R?

-RX
11.25-11.41 11.82-11.108

27 npumepa, noous 67-89%
R = Me, Et, Pr, iPr, Bu; R' = H, Me; R*> = H, Me, Et; R® = Me, Et, Pr, iPr;
R+ R*=-(CH,)4-; X =Cl, Br

B 1H, Beu’'p SAMP-cniektpuTe ce Habr01aBa pa3lielBaHe HA CUTHAIMTE Ha OT-
JETHUTE (PparMeHTH, KOETO OYEBUJIHO € YKa3aHue [21,22], ue Te mpeAcTaBisiBaT CMECH
ot auactepeomepu (xupansoct Ha C- u P- (IL89-I1.93, I1.104) wm C°-, C°- u P-ato-
mute (I1.82-11.88, 11.94-11.98, 11.100-11.103 u I1.105-1.1.108). Upe3 ko0HHO Xpoma-
Torpad)CKO M3CIeABAaHE Ha MPOAYKTa OT B3ammojeiicTBuero Ha ectepa I1.27 ¢ xiop
Osixa u3onupanu [22] B 4KCT BUJ JABa quactepeoMepa ¢ Totained a1oous 74% (11.840r —
16% u IL84P — 58%). 'H SIMP-yannuTenokasar [22], 4e npu eMHHUS OT H30MEPUTE
I1.84 ce Habr01aBa HEEKBMBAJIEHTHOCT (JIHACTEPEOTOINS) HA METUIICHOBHUTE IIPOTO-
HM Ha eTIoBaTa rpymna npu C’-atoma Ha npberena (8, 1.91 M. u., 85 2.50 M. 4.), a pu
npyrus quactepeomep I1.8400 TakaBa HEEKBUIIEHTHOCT HE ce Ha0II01aBa.

OOpazyBamusT ce Mpu XaJoreHUpaHe Ha 2-xJopo-1,3-ankaareHpochoHOBUTE
ectepu 5,6-muxunpo-2H-1,2-okcadhochUHUHOB TIPHCTEH € CHEPTETUYECKH CTAOMIICH.
ToBa ce mOTBbpKAaBa OT XMMUYHOTO OTMECTBAHE Ha 3p (0 6.10-8.12 M. 4. cripsiMO
85% H3PO,), koeTo ce nobamxaBa 40 OTMECTBAHETO HA ChEAUHEHHUS C OTBOPEHA Be-
puUra u € yka3aHue 3a OTChbCTBUE Ha HAIIPEKEHUE B IIECTWICHHUS pbCTeH [20-22].

[TonyyenaTta ype3 peHTIEHOCTPYKTYPEH aHaIM3 MOJIEKYJIHa CTPYKTypa Ha 5,6-
muxunpo-2H-1,2-okcadochunun 2-oxcuaa 11.84 (dur. 4) nokaspa, ye koHopmau-
sITa HA IPBCTEHA € MUK KATO C°-aToMBT € U3BBH paBHUHATA HA MpbCTEHA [§].

Cl2 Cl

Ox

R Me
MeO” \O Cl

H Me
11.84

®@urypa 1. Monexynna
cmpykmypa Ha 4,5-0uxnopo-
S-emun-6-memun-2-memoxcu-
3,6-0uxuopo-2H-1,2-
oxcaghocunun 2-okcuoa
11.84.

Xamnorenupaneto Ha 1,3,2-muokcadocdonanure 11.42 u I1.45 cwvmo mpornya
PETHOCENEKTUBHO ¢ MIECTWICHHA XeTeporukin3anus [10], chrpoBoieHa ¢ OTBapsHE
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6-ENDO vs. 5-EXO EJIEKTPOOMJIHA IUKJIM3ALINA HA. ...

Ha 1,3,2-nmuokcadochonaHoBus NPbCTEH U MPUCHEIUHSIBAHE HA XaJIOT€H KbM €TOKCH-
rpymnara, BoJielia A0 MojdydyaBaHe ¢ MHOTO Jo0pu qoOuBHU Ha 2-(2-XaIOr€HOETOKCH )-
5,6-npuxuapo-2H-1,2-oxcapochunun 2-okcuaute 11.110-11.113.

Cl Cl
R3 —
[ > X > X
R - S
{ o CCHCHClmn crcly 0 % R3
=T Vg2 55-60°C o
1142, 11.45 1111011113

4 npumepa, I[OGI/IB 70-73%
R'=H, Me; R> = Me; R® = Me, Et; X =Cl, Br

HuTepec npencrapisBaxa 3a HAC U3CICIBAHUATA HA B3AaMMOJICHCTBUETO HA XJIOP
i cyndypur xaopua ¢ 6enso [d]-1,3,2-muokcadocdonannte 11.48-11.50, Thii Kato,
aKoO ¥ B TO3M CIy4ail MpOTHYA eNeKTpoduiIHA XeTepoluKiu3anus Ha 1,3-ankaaneH-
¢dochonaTHaTa cucreMa OT IBOWHU BPB3KHU, TO TS OW MPOTEKIIA MO €IUH OT CICTHUTE
JBa HAUUHM [8&]:

(1) paskwscBane Ha eqHa oT C-O-Bpb3kuTe, oTBapsiHe Ha 6eH3o [d]-1,3,2-auokca-
docdoniaHoBUS NPBCTEH U NPUCHEIUHSABAHE HA XJIOPEH aTOM KbM OE€H3€HOBOTO SJIpO
KaKTO MpoTHya Xajorenupanero Ha 1,3,2-nuokcadochonanure 11.42 u 11.45; unu

(i1) obpazyBane Ha cTabusiHu (HOCHOHUEBU COJU KAKTO MPU XJIOPUPAHETO HA JU-
ankui (2-xmopo-1,3-ankaauenwn) dochun okcuaute 11.65-11.67 (Buk mo-HATATHK).

[IpoBenennTe €KCEpUMEHTATHU H3CJIE/IBAHMS TOKa3axa, ue XJOPUPAHETO Ha
oen3o [d]-1,3,2-nmuokcadocdonanute 11.48-11.50 npoTuya peruoceseKTUBHO MO BTO-
pusi HauuH ¢ oOpasyBaHe Ha TpunmkiaeHuTe I1.114 u IL.115 wim TeTpanukieHus
I1.116 ¢poconneru xmopumu [11].

Cl Cl

3
Q R® " cl, unm SO,CI, Ca/=\ _ci
AN > A 3
g o CICH,CH,Cl d o R
55-60°C
RT R? c RT R?
11.48-11.50 1.114-11.116
3 npumepa, noous 49-53%

R'=H, Me; R* = Me; R’ = Me, Et; R>+ R* = -(CH,)s-

OO6pa3yBaneTo Ha miectaToMHUTe HUKIWYHU (Gochonueu comu 11.114-11.116
npu xjopupane Ha OeHzo [d]-1,3,2-muokcadocdonanute 11.48-11.50 nmorBBpkaaBa
MPEANOI0KEHNETO, Y€ XETePOIMKIU3alMiITa Ha MPOU3BOIHU Ha 2-XJopo-1,3-anka-
neH-GpOoCHOHOBU KUCEIMHH C €IEKTPO(HIIHA peareHTH BEPOSITHO C€ OCHIIECTBSBA
ype3 MeXIUHHO (hopmupane Ha pochoHneBn nuuTepmeuaTu [8].

UscnenBaxme xanmorennpanero Ha 1,3-ankaaneHGOCHOHOBUTE aMHIOECTEPH
I1.51-11.53 u I1.55 kato Hamepuxme [12], ue HE3aBUCUMO OT BUJAa HA 3aMECTUTENS B
aMUJI0-TPyTiaTa, BB BCUYKU CIy4ad MPOTHYA CaMO MIECTUJICHHA XETEePOIMKIN3AIIHS
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Y U30JIMpaHe ¢ 100pH TOOMBH KaTo OCJIM KPUCTaIu Ha 2-aMu0-5,6-muxuapo-2H-1,2-
okcadochunun 2-okcuaute 11.117-11.120.

Cl Cl
3 —
MeO\P\ R X5 Oz X
P > -

RN" g CICH,CH,cl  RoN \O R?

7 R2 55-60°C =1 ke

- MeX
1.51-11.53, 11.55 1.117-11.120

4 npumepa, noous 48-56%
R = Et, MesSi; R' = H, Me; R* = Me; R’ = Me, Et; R*+ R® = -(CH,)4-, X = Cl, Br

C ormen wuscienBaHe BIMSHUETO Ha JUXHIpOKcUdOchopuiiHATA TPYMHUPOBKA
[(HO),P(O)] Bppxy enextpoduinaTa mukiu3anms Ha 2-xJjopo-1,3-ankamueH-(ocdo-
HoBuTe kucennau I1.19-11.23, u3yunxme peakiusita Ha TIXHOTO XajoreHupane. Excrie-
PUMEHTAIHUTE JaHHU MOKa3BaT [9], ue HEe3aBUCUMO OT BHUJIa HA XaJIOI'€Ha, OCHOBHOTO
HaMpaBJICHUE HA PEakIuaTa € IuKm3anuara Ha 1,3-nuendocdonarnara cucrema, mpo-
TUYaIllla ¢ 00pa3yBaHe HA IIECTATOMHH XETEPONPHCTEHHU cheauHenus. [Ipu xiaopupane
U30JIUpaxMe C J00pU A0 MHOro JoOpH IOOMBU CaMO KPUCTAIHUTE 2-XUIPOKCH-S,6-
muxuapo-2H-1,2-okcadpochunun 2-okcuau 11.121-11.125. Chumre XeTEpOLMKIEHN Chb-
€MHEHUSI TIOJyUYUXME U MPHU HACPEIIEH CUHTE3 Ype3 XUIPOou3a Ha ChOTBETHUTE 2,4,5-
TpUXJIOPO-5,6-nuxuapo-2H-1,2-okcapochununure I1.75, 11.76 u 11.78-11.80, cunresu-
panu upe3 peakuus Ha gueHosute nuxiopuau 119, I1.10 u I1.12-11.14 cbe cyndypun
xyopun [9]. Ot apyra ctpana, 6pomupanero Ha aueHdpochonoBute kucenunu I1.19-
I1.22 Bogu 110 0OpazyBaHe ¢ 100pH TOOMBU HA CMEC OT ITUKIMYHUTE S5,6-Tuxuipo-2H-
1,2-oxcadocunnn 2-oxcumau 11.126-11.129 u 2-xmopo-1,2,3-rpudpomoankandocdo-
HoBuTe kucenuuu I1.131-11.134 B croTHOMmIEHNHEe ipubam3uTenmHo 2 : 1 [9].

C|2 nnn SOzC|2
4—
cl CICH,CH,CI reflux CI
55-60°C _HCl

R3 HCl R R2 R1 R2
(HO)zF’\\O — 112141 125 11.75, 11.76, 11.78-11.80
R1 R2 Br, CI
11191123 - +  (HOR(OP R3
CICH,CH,ClI
55-60°C Br
II.126-II.130 11.131-11.134

10 npumepa, nodbus 70-84% (X = Cl), no6us 47-58% (X = Br)
11.126-11.130 : 11.131-11.134 =~2 : 1
R'=H, Me; R* = Me; R’ = Me, Et, iPr; R+ R’ = -(CH,)4-

Oo6pa3zyBaneto Ha ankaHdochonoBute kucenuuu 11.131-11.134 6u mormo na ce
00scHM [9] ¢ NpPOTUYAHETO HA peaklMsl Ha NPHUChEINHABAHE HA OPOMOBOAOPOJ, OT-
JEIIAI] Ce MPHU peaklusATa Ha MUKIU3Aus, KbM 2-xJ10po-1,3-ankaaueHpochoHoBUTE
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kucenuuu I1.19-11.23 B 4,1-nonoxeHue ¢ MexAMHHO oOpa3zyBaHe Ha agyktute I,
nocJjie/BaHa OT npucheAuHsABaHe Ha 6pom 110 mpoaykTtute 11.131-11.134.

cl .
R3 HBr Cl R Br Br, ClI
(HO)RQ — > | (HO),(O)P H| —2» (HO),(O)P R3
(6] R2 R?
R 'R2 Br R Br Br R
1119-11.23 | 11131-11.134

Kakro Beue 6e orOemnsi3aHo, eneKkTpopuiIHaTa XeTeporKiIn3amnys Ha 2-xuaopo-1,3-
ankagueHpochoHaTH MO JECHCTBHE HAa XaJIOT€HH MPOTHUYA BEPOSITHO YPE3 MEKIMHHO
oOpasyBane Ha KBa3u(oc(hoHHEBU WHTEPMEIUATH, KOUTO THPISAT MPOLEC aHAJOTHMYECH
Ha BTOpHUs CTajuil Ha peakiusra Ha ApOy30B, BOZEI 0 MOJy4YaBaHE Ha ChbEAUHEHMS C
Terpakoopaunupat pocdop [8]. Tpernunute 2-xmopo-1,3-ankaauenun Gochun okcuan
11.65-11.67, B cpaBHEHHE C ApyruTe MNPOM3BOAHM Ha 2-Xjopo-1,3-ankanueHdocdo-
HOBHTE KHCEJIHMHH, Ca MIO-TPYIHO JOCTBIIHM B CHHTETUYHO OTHOILEHUE CheauHeHus. [la
Ce U3Y4H TAXHOTO XJIOPUPAHE € TBBPJE UHTEPECHO, Thil KaTo, ako Ce U3BbPILIBA IIUKIIU-
3a1usi, ToBa O JI0BEJO 10 0Opa3yBaHe HAa HUKIMYHUA (POCPOHMEBU COMHM MOPATIN HEBH3-
MOYHOCTTA 3a IPOTHYaHE UMEHHO Ha MPOLEC T0JOOEH Ha BTOPUS CTAAUN HA PEaKLUsITa
Ha ApOy3oB. JleficTBuTenHo, mpu xjopupane Ha 1,3-ankanueHun QOchUH OKCHIUTE
I1.65-11.67 ce ocwiecTBsiBa nukiu3amus [15] ¢ obpasyBane Ha 2,2-THamKui-5,6-1u-
xuapo-2H-1,2-okcadocunun-2-onnenure xinopuau 11.135-11.137.

Cl Cl
3 —
R® chLwmsoc, @ Cl
RoRY - RR s
o) CICH,CH,Cl, o R
50-60°C e
R R2 B Cl R! R2
11.65-11.67 11.135-11.137

3 npumepa, nodus 61-71%
R =Me, Et; R' = H, Me; R* = Me; R’ = Me, Et; R*+ R® = -(CH,)s-

[TonmyyaBaneTo Ha HMUKIMYHHUTE mecTaToMHU dochonueBure xmopuau I1.135-
I1.137 npu xnopupane Ha 2-xyiopo-1,3-ankaguenun pochun okcuaure I1.65-11.67 e
OIlle €JTHO MOTBBPKACHHUE 32 00pa3yBaHETO B MEXIMHHUS CTaANN Ha ChEIUHEHUS C
kBasudochoHreBa CTPyKTypa MpH XAJIOTCHUPAHETO Ha MPOM3BOIHUTE HA 2-XJIOPO-
1,3-ankanneHdochOHOBH KUCEIIUHHM, €/IBa CJIe] KOSTO C€ U3BBPIIBaA Ipoiiec oT ApOy-
30BCKH THII CJIe]] aTaKa Ha XaJOTCHUIHUS aHWOH, STUMUHUPaHE Ha aJKUJI XaJIOTCHUT
U TI0JTyYaBaHe Ha CheIMHEHUS ¢ TeTpakoopauHupan gocdopen atom [8,15].

2.2. CYJOEHU/IUPAHE

N3cnenBanusara, KOUTO TIPOBEIOXME BBPXY peakuuure Ha 2-xjopo-1,3-
ankagueHdochoHaTH cbe cyldeHwT xmopuan, mokaszaxa [8,16,23,24,26,27], ye mpo-
TUYAT BbB BCUYKU CJIydyal XEMOCEJECKTUBHO C aTaka Ha peareHra camo 1o -
JBOWMHATa Bpb3Ka Ha 1,3-AuMeHOBaTa cUCTEMa OT JIBOMHU BPB3KH, CJIE] KOETO BOIAT
JI0 OCBILECTBABAHE HA PA3JIMUHU XECTEPOLUMKIIN3AUNN U CHOTBETHO JI0 PA3JIMYHU IUK-
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JIMMHH IPOJlKTH B 3aBUCHMOCT OT BUJA HA BBIJIEBOJOPO/IHNS OCTATBK B cyndenmn
XJIOpUJIA U 3aMECTUTEIIUTE MPHU C*-C*-Boiinara BpPB3Ka.

Peakuusara na metancyndeHun xaopun c 2-xjopo-1,3-ankanuendochonoBure
ecrepu 11.24, 11.27, 11.29, 11.32 u 11.34 ce ochblIECTBsIBA PETHOCEIEKTUBHO C IIECTa-
TOMHa XeTeporukan3arus [23] u oOpazyBaHe ¢ MHOTO 10OpY MOOMBU HA S-METHII-
THO-5,6-muxuapo-2H-1,2-okcadochunnn 2-okcuaute 11.142-11.146.

Cl Cl
3
(ROLR R MeSClI Ox./— \_-SMe
_—
"o CClyunm CHCl; RO\, R®
50-60°C
R" R? -RCI R' R?
11.24, 11.27, 11.29, 11.32, 11.34 1.142-11.146

5 npumepa, no6us 69-79%
R = Me, iPr; R' = H, Me; R?> = H, Me; R® = Me, Et

Ot gpyra cTpaHa, B IPOTUBOIOJIOXKHOCT Ha TOPHUTE PE3yJITaTH, peakuusira Ha 1,3-
ankaguengpochonoBute ecrepu 11.24, 11.27 u 11.32 ¢ apeH(OeH3eH U p-ToayeH)CyapeHnt
XJIOPUIM CE€ M3BBPIIBA CaMO C TIETWICHHA NUKIu3aIus [23] 1 u3omupade ¢ MHOTO J00pH
JOOMBU Ha POU3BOJIHUTE Ha 2,5-nuxuipo-1,2-okcadocdona 11.148-11.150.

cl
R3 ArSCI
—_—
(MeO)ZP%O CCly nnn CHCI3
50-60°C
R" R2 - MeCl
I1.24, 11.27, 11.32 1.148-11.150

3 npunepa, ,Z[O6I/IB 70-75%
Ar = Ph, Tol; R' = H, Me; R> = H, Me; R® = Me, Et

OOpa3yBaHEeTO Ha IIECTUIECHHU endo-trig MPOAYKTH NPHU peaKkusATa Ha METaH-
cyndennn xmopun ¢ 2-xjopo-1,3-ankanuendochonarure BepoaTHO € obIaroaeresnc-
TBAHO OT MpeArnoyYeTeHara s-yuc Konpopmaius Ha 1,3-gueHoBara cucrema OT JBOM-
HU BBHP3KH. APUJTIOBUST 3aMECTUTEI TIPU CEPHUSI aTOM Ha CyJI(PEHWIT XJIOPUIAUTE Ha-
BAPHO NPEIU3BUKBA W3BECTHU MPOCTPAHCTBEHM 3aTPYJIHEHUS 32 pealu3upaHe Ha s-
yuc KoHpOpMaIMi U B3aUMOJICHCTBUETO BEPOSITHO CE€ OCBHIIECTBSABA OT PEAKIIMOHHA
s-mpanc KoHpopMaIusi Ha U3XoHUTE JueH(pochoHATH, B pe3yaTaT Ha KOETO Ce U3-
BBbPIIBA METUJICHHA exo-1rig XeTepouukin3anus [23].

N3cnenBanusTa, KOUTO MPOBEAOXME BBPXY peakuusiTa Ha 2-x10p0-2-(1-uukio-
xekcenun)erendochonarure I1.37-1L41, B kouto C’-C’-nBoifHata Bpb3Ka € BKIIO-
YeHa B IIUKIOXEKCEHOB MPBCTEH, C aJIKaH- U apeHCYJI(HEHUIT XJIOpUIu nokazaxa [24],
Ye HEe3aBHMCHUMO OT BHUJA HA BBIJIEBOJOPOJIHMS 3aMECTUTEN IIPU CEPHUSI aTOM Ha pea-
reHTa, BbB BCUUKH CIIy4Yau, C€ OCHILIECTBSIBA CAMO IIECTATOMHA endo-trig XeTepoLyK-
mu3anus Ha 1,3-ankagueH-docdoHarHaTa cucTeMa OT JBOWHH BPB3KH C 00Opa3yBaHe ¢
BUCOKM J00MBHM camo Ha 4a-tHo-4a,5,6,7,8,8a-xexcaxunpo-2H-1,2-6en3okcadoc-
¢unun 2-okcuaute 11.151-11.160.
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Cl Cl
R*SCI o~ /—\ _Sr*
RO),P = SF
(RO o CCly unn CICH,CH,Cl RO™ N\
45-50°C O
-RCI
11.37-1.41 11.151-1.160

10 npumepa, nodous 70-78%
R = Me, Et, Pr, iPr, Bu; R* = Me, iPr, Ph, Tol

[TosryyaBaneTo camo Ha mectwieHHUTe OunukieHu cbeauHenus 11.151-11.160,
HE3aBUCUMO OT IpHUpojaTa Ha 3aMECTUTENs B CyJ(eHus Xjaopuaa, 6u MOrio na ce
00sICHM OT eJHa CTpaHa, ChC CTAOMIHOCTTa Ha S-yuc KoHpopmammsta Ha 1,3-
JMEHOBAaTa CUCTEMa MPH HM3XOJIHUTE 2-XJ0po-2-(1-uuKioxexkcenui)eTeHPpochoHaTu
11.37-11.41 (BBprenero okono C°-C’-Bpb3KaTa € 3aTpyIHEHO TIOPAJM MO-MAIKO MOJI-
BIKHUS, B CPABHEHHE C AJTKUJIOBUTE TPy, OOEMHUCT IIMKIOXEKCEHOB MPBCTEH), U OT
Apyra — C BEPOSATHO MO-TOIsIMATa CTAOMIIHOCT Ha IMPEXOJHOTO ChCTOSIHUE HA 00pa3y-
BaHE Ha KOHJEH3MpaHaTa OUIMKIIEHA (MPOCTPAHCTBEHO IMO-U3r0JIHA) CTPYKTypa Mpu
HiecTujieHHaTa 6-endo-trig MUKIU3alKsg B CPAaBHEHHE ChC CIIMPAHOBATa CTPYKTYypa
IIpY €BEHTYyaJIHATa NIETaTOMHA S-exo-trig nuknu3amnus [24].

2-Xnopo-1,3-ankanuenpocponoBute ecrepu 1.27, .32 u 1.37 cpabpxar karo
BBTpelieH Hykieodmr dochoHaTHaTa Tpyra U OT Ta3u IiieHa TOUYKa ca yJ100HU Ccy0-
CTpaTH 3a M3CJIEJIBAaHE HA PEaKIHATa Ha CyJI(PEHOLUMKIN3AUUS MO ACHCTBUE HA W3-
BECTHHUS B JIUTEepaTypara [25] cyndeHunupany peareHT METUI JUMETHUITHO CYyI(POHU-
eB xekcaxjopoantumoHat (MDTSAN). Hue ycranoBuxme [26], ye peakiusita Ha
docdhonarure 1.27, 1.32 u 1.37 ¢ MDTSAN nporrya BUCOKO XE€MO- U peruocesek-
TUBHO C IOJIy4aBaHE caMmoO Ha 2,2-TUMETOKCH-5,6-muxuapo-2H-1,2-oxcadhochunun-
2-onueBuTe xekcaxjaopoantumonatu I1.161-11.163.

Cl Cl
R® —
(MeO),R Mes\g y MeO\G‘IDD SMe VoS
VARNN + —Me _— + e
\O MeS/ o CH,Cly MeO” \O R® 272
rR” “R2 SbClg -20°C SbC|§) R R2
11.27, 11.32, 11.37 1.161-11.163

3 npumepa, noous 64-67%
R'=H, Me; R* = Me; R’ = Me, Et; R*+ R = -(CH,)s-

HarpsiBanero Ha 1,2-okcadochunuHonneButTe xekcaxiopoantumonata IL.161-
I1.163 npu Temneparypa 50-60°C wim ankansa cpena Boau [26] 1o pasnazane Ha (oc-
(hOHMEBUTE CONU C SIIMMUHUPAHE HA METWIT XJIOPU M aHTUMOHOB TICHTaXJIOPHU]T KaTo CE€
oOpa3yBaT 2-MeToKcH-5,6-muxuapo-2H-1,2-okcadhochunun 2-oxcuaute 11.143, 11.145
u IL.151.

Cl Cl
50-60°C unu __
MeO @/ SMe  10% NayCOg+ K,CO3 Ox SMe
2\ 3 > 2\ 3
MeO o R - MeCl MeO o R
SbCI? R! R2 - SbCls R! R2
11.161-11.163 1.143, 11.145, 11.151

npu obpaboTka ¢ Na,CO3+K,CO3: 66-69%
npu HarpsisaHe: 44-48%
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W3BecTHaTa HUCKAa HYKJICO(DUIHOCT HA aHMOHA SbCl6@ CUJIHO BB3MIPENSATCTBA
aTakaTa BbpPXY METOKCH-TPyINaTa U MO TO3U HAYMH € BH3MOXKHO H30JIMPAHETO Ha
mukanaaute ¢ocponneBu conmu I1.161-11.163. TakaBa araka, mogoOHa Ha BTOpUS
CTaJWii Ha TIpeTpynupoBKaTa Ha ApOy30B, C€ OCBHIIECTBABA IPH HATPSBAHE WIH B aJl-
KaJlHa cpefa ciejl pasnajaHe Ha KomruiekcHus annoH SbClg ™ 10 XJIOpuIeH aHuOH
Cl™, xolTO aTakyBallkKM METOKCHU-TpyIara CbhC CJICIBAIIO CJIMMUHUPAHE HA METHUJ
XJIOPU BOAM J10 oOpa3yBaHe Ha 5,6-muxuapo-2H-1,2-oxcadochunun 2-okcuaure
[26] 11.143, 11.145 u I1.151.

N3onupanero Ha 1ukiauyHuTe QoconueBu xekcaxiopoantumonatu I1.161-
I1.163 noTBbpKIaBa 32 MOPEJEH BT JOMYCKAHETO, Y€ XETEPOLUKIN3AIUATA HA TIPO-
U3BOJIHUTE Ha 2-xj0po-1,3-ankamuendocdhoHoBUTEe KUCENHHHU TMOJA JACHCTBHE HA
eIEKTPO(HIIHUA peareHTH € MHOTO BEPOATHO Jia MPOTHUYA Ype3 MEKIUHHO 00pa3yBaHe
Ha IUKIUYHU pocPoHreBU nHTEpMenuartu [8,16].

BzaumopeiictBuero Ha cyndenwn xiaopuau ¢ 1,3,2-nuokcadocdonanure 11.42-
I1.47 ce ochuiecTBsiBa [27], mogoOHO HaA peakUsATa HA €CTEPUTE HA CHIIUTE KUCETU-
HH, C XeMOCEJICKTHBHA aTaka Ha pearenra no C’-C’-1BoiiHaTa BPB3Ka, CIeI KOCTO B
3aBHCUMOCT OT BHJIa Ha BBIJICBOJIOPOIHUS 3aMECTUTEN B CYJI(PEHIIT XJIOpH1a TPOTH-
ya 5,6-puxunpo-2H-1,2-okcadochununoa wnu 2,5-auxuapo-1,2-oxcadocdonona
xeTepouukiauzanus. Peakuusara Ha 1,3-quendochonarnure 1,3,2-auokcadocdonanu
11.42, 11.43 u 11.45-11.47 ¢ ankaHcynadeHWIT XJIOPUIAU NPOTUYA PETUOCETEKTUBHO C
HIecTYJeHHa XeTepouukian3anus [27] u noigydaBaHe ¢ 100pu AO0OMBH Ha 2-XJIOPO-
aIMKOKCH-5,6-nuxuapo-2H-1,2-oxcadpochunun 2-okcuaure 11.164-11.169.

Cl

Cl
R4 3 RS
57 ~d Yo CICH,CH,Cl wnm CHClj o~ \O R3
R 50-55°C
R" 'R?

R4 R1 R2

11.42, 11.43, 11.45-11.47 11.164-11.169
6 npumepa, nodus 52-57%
R'=H, Me; R> = Me; R’ = Me, Et; R*=H, Me; R’ = H, Me; R® = Me, iPr

Ot gpyra cTpaHa, KOraTO B peakIusATa ydyacTBa apeHCYI(PEHWI XJIOPHUA CE H3-
BBpIIIBA NETATOMHA IUKIKN3auus [27] ¢ u3ojupane Ha 2-XJI0POATKOKCHU-2,5- AUXUAPO-
1,2-okcadocdon 2-okcuaute 11.170-11.175.

Cl
4
RIO\ R ArSCI
P >
5 o/ \\O CICH,CH,Cl unu CHClg
R 50-55°C
R" R?

I1.42-11.46 11170-11.175
6 npumepa, noous 50-54%
R'=H, Me; R> = Me; R® = Me, Et; R*=H, Me; R’ = H, Me; Ar = Ph, Tol
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["opHuTe pesynratu nokassart [27], ue peakuuute Ha 1,3,2-quokcadocdonanure
11.42-11.47 ce u3BBPIUIBAT B 3aBUCUMOCT OT IIPUPOAaTa HA 3aMECTUTENS MPU CEPHUS
aTOM Ha peareHTa C MIeCT- WX IIE€TATOMHA XETEPOLUKIN3aLus, ChIIPOBOJIEHA C OTBA-
psiHe Ha Jnuokcadoc@osaHOBUSL MPBCTEH Ciel HyKiIeo(uiHA aTaka Ha XJIOPUIHMS
AHUOH. HCO6XOI[I/IMO e JAa oTOeNeKuM, 4e KOraTo 3aMecTUTeNnTe B Auokcadocdona-
HoBHs 1HKBI R* 11 R’ ca pasmuunm, oTBApsIHETO Ha MPHCTEHA CE M3BBPIIBA CIIe HYK-
neouaHa ataka BBPXY MO-MAJIKO 3aMECTEHHUsl BbIyIepojeH aToMm. Hampumep, 1,2-
okcadochunuaute I1.165 u 11.168 u 1,2-okcadochonure 11.171 u I1.175 ca cunre-
supann ot auokcadocdonanure I11.43 wmnmm I1.46 upe3 paskwscBane Ha CH,-O-
Bpb3kara, a He Ha MeCH-O-Bpb3kaTa. To3u dakr Ou MOrbI J1a ce 00SICHU OT eliHa
CTpaHa C BJIMSHHETO HA METUJIOBHUS 3aMECTHUTEIl BHPXY NOJIApU3alUsATa HAa BPb3KaTa
W/WIM C MPOCTPAHCTBEHOTO MpPEUYEHE Ha ChINUS 3aMECTUTEN BbpPXY PEaKIMOHHUSA
uentsp B MeCH-O-Bpb3kara, KO€TO MpaBu MO-TpyAHA HYyKJIeopuIHATA aTaka Ha
XJIOPUJHUS AaHUOH.

Cyndennmmupanero na amunoecrepute 11.53 u 11.54 ce ocwiecTssiBa camo ¢ miec-
TATOMHA XETEPOLMKIIN3ALINS, HE3aBUCUMO OT BHUJIa HA 3aMECTUTENIS B aMU0-Tpynara, ¢
oOpazyBane Ha 2-amMuao0-5,6-muxunpo-2H-1,2-oxcadpochunun 2-oxcumute 11176 wu
I1.177, xouto u3onupaxme ¢ 100pu JOOMBHU KaTO OEJIM KPUCTAIHU BerecTna [12].

cl Cl
3
MeO. R MeSCl On/ ™\ SMe
PN > e

RN" Np CICH,CH,cl  RoN \O R®

r” R 55-60°C =i %2

- MeCl
1.53, 11.54 11.176, 1177

I1.176, R = Et, R' = H; R? = Me; R’ = Et, 58%
I1.177, R = Me;Si, R' = Me; R* = Me; R® = Me, 46%

2.3. CEJIEHEHUWINPAHE

Nmaliku npeBu, 4ye CEJICHEHW XJIOPUAUTE Ca aHaJI03U Ha CYJI(EHWT XJIOPUIUTE,
M3IJIEKIa OCHOBATENHO /1A CE€ 0YaKBa, Y€ B3aUMOJICVCTBUETO UM C 2-XxJ0po-1,3-anka-
nueH(pochOHOBUTE €CTEpH ChIIO OU Ce OCHIIECTBWIO C XeTepouuknauzanus Ha 1,3-
nueHpochoHaTHATA cHUCTEMa OT JIBOMHU BPB3KH. ToBa MPENOJIOKEHUE CE OKasza
YAaCTUYHO BSIPHO, ThH KaTO HUE YCTaHOBUXME [28], ue peakuusita Ha 2-xjopo-1,3-
ankanueHdpochonoBure ectepu 11.24, 11.27 u 11.32 chc ceneHEHMT XJIOPUAN Ce U3-
BBPIIBA C 00pa3yBaHE HA CMEC OT S-apUJICENeHOATKMUI-2,5-1uxuapo-1,2-okcadocdon
2-okcuaute 11.178-11.180 u 3-apunceneno-ankui-1,3-ankaaueadochoHOBUTE eCTEPH
I1.181-11.183 B choTHOMmIEHUE 2.7+3.1 : 1.

cl
CHZR? _ ArSeCl 3
(MeO),R{. CHR® . (MeO)P
o CICH,CH,Cl MeO” SeAr
55-60°C N SeAr
R! 'R2 R" R
11.24, 11.27, 11.32 11178-11.180 11181-11.183

R1 Me; R2 H; R3 H; Ar=Ph, I1.178 : IL.181=3.1 : 1, 49%
R'= =H; R’= = Me; R’ = = Me; Ar=Ph, I1.179 : 11.182 =3.0 : 1, 44%
R'=Me; R = Me; R’ = H; Ar = p-CIC¢H,, I1.180 : I1.183 =2.7 : 1, 45%
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Kakto 6e ot6ems3ano, kondurypauusta xa C'-C’-1BoiiHATA BPB3KA B H3XOIHH-
te nueHdochonaru 11.24, 11.27 u 11.32 e (1E). Peakiusara uM ¢bC CEICHEHUI XJIOPH-
[ IPOTHa ChC 3ala3BaHe Ha (1E)-xon¢urypamusta. Bernpekn odakBaHeTo, 4e oJie-
duHOBHAT mpoToH Ha C'-atoma B (1E, 3E)-uzomepa Ha 1,3-nuendocdonara 11.182
61 Tps6Baio na ce Habmogasa B 'H SIMP-criekTspa B 110- cna60 10JIe€ B CPAaBHEHHE C
aHajoru4Hus npotoH Ha (1E, 3Z)-uzomepa, Ha 6azara camMo HA XUMHUYECKOTO OTMEC-
TBaHEe Ha TO3M MPOTOH (M, O 5.78 M. 4.) O¢ HEBB3MOXKHO Ja CE€ ONMpPEAcIn aaiu 2-
xj0po-3-(1-penuncenenoernn)-1,3-nenraguendocdonara I11.182 e (1E, 32)-, (1E,
3E)-u3omep uiid cMec OT JBata uzomepa [28].

B3aumopeiicTBueTo MeXIy CeleHeHWII XJopuan 1 2-x10po-2-(1-1ukio-
xekcenun)-ereHdocdonosus ecrep 11.37, B koitto C’-C*-nBoiiHaTa BpB3Ka € BKIIIO-
YeHa B LUKJIOXEKCEHOB IIUKBJ, JlaBa CaMO OMIMKJICHUTE XeKcaxuapo-2H-1,2-0ens-
okcadochunun 2-oxkcuau 11.184 u I1.185, koutro ¢ MHOrO 106pU TOOMBH ca U30JIH-
paHu upe3 npekpucranusanus [28].

cl Cl
ArSeCl —
(MeO)R roe O>\ SeAr
CICH,CH,CI  MeO \O
55-60°C
- MeCl
.37 11.184, 11.185

11.184, Ar = Ph, 73%; I1.185, Ar = p-CICsH4, 69%

Wznom3Baiiku MeToapT Ha Sharpless [29] 3a cun-enmuMuHMpaHe HA CEICHOOKCHUIH,
HHUE yCTaHOBHUXMeE, ye 00paboTkara Ha 4a-apuiiCeIeHO-3aMECTeHUTE OUITMKIIEHU Chelu-
Hernwst 11.184 u I1.185 ¢ Bompoponen nepokcun B CH,Cl,-H,O ce u3BwpiiBa ¢ otaensHe
Ha apuICeIeHO-TpyIarTa U nmojay4yaBaHe Ha 5,6,7,8-rerpaxuapo-2H-1,2-6en3okcadochu-
HuH 2-okcuaa I1.186, koiito e nzonupan upes npenapatuBHa TLC ¢ qoOpu 1o0uBH.

Cl Cl
Og/ ™\ SeAr H20, SNV
MeO” \O CH,ClyH,0  MeO” \ //
0°C
11184, 11.185 11186

48% (ot 11.184), 45% (ot 11.185)

HeoOxoaumo e 1a otOenexum, ue He3aBUCUMO OT ChIIIECTBEHATA aHATIOTHS MEXITY
CeJICHEHWT U CyJIEeHIT XJIOPUANTE, B3aMMOJICHCTBUETO HA CYJI(DEHMIT XJIOPUIU C AUEH-
dochoHoBUTE ecTepu HE JaBa CEpHH aHAIO3M Ha 3-apuiicesneHoankui-1,3-
ankagueHdochonatute 11.181-11.183. EnHo BB3MOXKHO OOsiCHEHHE HA TO3U (PaKT ce
ChCTOM B pasziMyYHATa CTAOWJIHOCT HAa EMHCEICHOHHEBHUTE W ENMUCYI(POHUEBUTE HOHU
[30-32]. Bbprpeku, 4e csipaTa U cejieHa MpUTeKaBaT MOYTH €HAKBa €JICKTPOOTPUIIATEN-
HocT (S 2.44 u Se 2.48) [33], cenenbT uMa mo-ronsam Kopanenten pamuyc (1.16 A) [33]
ot csapara (1.02 A) [34], koero npasu no-cnada C-Se-Bpb3KaTa B MEXKIMHHHUTE €ITHCE-
JICHOHHWEBU MOHU U BOJIU JI0 TSXHOTO MO-JIECHO pa3KbCBaHE C 00pa3yBaHE Ha alUKIICHU
KapOECHUEBN HOHM, KOUTO BEPOSTHO Ca TPEIISCTBEHHUIIA HAa MPOAYKTUTE C OTBOpPEHA
Bepura [28] I11.181-11.183.
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O0o0061maBaiiky, pe3yiaTaTuTe OT MPOBEIEHUTE OT HAC PEaKIMH Ha MPOU3BOJIHU
Ha 2-x50po-1,3-ankaaneHPocHoHOBH KUCEIUHU C €NEKTPO(UIHN peareHTH MOoKa3-
BaT [8,16], 4e OCHOBHOTO HampaBleHUE Ha PEAKIMHUTE € MUKIN3aus Ha AueHdocdo-
HaTHATa CHUCTeMa OT JBOWHHU BPB3KH KaTO B 3aBUCHUMOCT OT BUJA Ha enekTpoduna u
BUJIa Ha 3amecturenute mpu C'-aToma ce ocbiiecTssiBa 1,2-okcadocdhrHIHOBATA 6-
endo-trig unu 1,2-okcadocdoiioBara S-exo-trig NMKIU3aIuUs ChINIACHO IIpaBUjiaTa Ha
Baldwin [17] 3a o6pa3yBaHe Ha IPBbCTEHHU CUCTEMH.

Cl Cl
R®  E-Nu =
O E
(RO)RY — = K unm
o) RO \O R3
2
RT "R Rl R
E = ClI, Br, AIKS, ArS, ArSe 6-Endo-Trig 5-Exo-Trig
Nu = Cl, Br

2.4. EHOKCHUIUPAHE HA 2-XJIOPO-1,3-AJIKAJIMEH®OC®OHOBHA
ECTEPU U HUKJ/IU3ALIUSA B KUCEJIA CPEJA
Peaknusita Ha AUMETWIIOBUTE ecTepu Ha 2-xJopo-1,3-ankaaueHdochoHoBUTE
kucemuuau 11.24, 11.25, 11.27, 11.32 u 11.37 ¢ m-CPBA ce ocsiecTBsiBa 1o C-C*-
JBOMHATa Bpb3Ka Ha 1,3-ayikajgueHoBara cucteMa u obpasyBaHe ¢ J00pu JOOMBHU Ha
2-xnopo-2-okcupanmierendochonoBure ectepu [35] 11.190-11.194.

Cl 1) mCPBA Cl
R® CICH,CH,CI, 60°C, 6h R®
(MeO)2R\ s ~ > (MeO),R{
o 2 N o
) sat. Na,COg rt (0]
R1 R2 R1 R2
11.24, 11.25, 11.27, 11.32, 11.37 1.190-11.194

5 npumepa, nodbus 52-64%
R'=H, Me; R* = H, Me; R® = Me, Et; R+ R® = -(CH,)4-

Uzxonuute 2-xmopo-1,3-ankaguendochonoru ecrepu 11.25 u I1.27 cpmectByBaT
nosl popmaTa Ha JIBa T-IUACTEPEOU30OMEPA KATO CHOTHOMICHUETO MEXny Tax € (1F,
37): (1E,3E) =3 : 1 (mo 'H IMP-nauuu). Anamussr Ha 'H u PC SIMP-cniektpute Ha
CHHTE3UPAHUTE OT TSIX 2-XJ0po-2-okcupanuierendoconaru 11.191 u I1.192 nokasea,
4ye ChOTHOILIEHUETO Ha JUACTEPEOMEPUTE CE 3amas3Ba, T. €. CMNOKCUIUPAHETO Ha 2-XJIO-
po-1,3-ankanuendochoHATHUTE ECTEPHU € BUCOKO CTEPEOCEIEKTUBHA peakius [35].

W3cnenBaiiku peakiMuTe Ha CUHTE3UPAHUTE 2-XJIOPO-2-OKCUpaHui-eTeHpocho-
HoBU ectepu 11.190-11.194 B kucena cpena, HU€ yCTaHOBUXME, Y€, BbB BCUUKHU CIIy4au,
Ce U3BBPIIBA OTBAPSHE HA OKCUPAHOBUS NPBCTEH U B 3aBUCUMOCT OT Opos Ha 3amec-
TuTenute npu C’-aToMa Ha NPHCTEHA MPOTHYAT PEAKIMH ¢ 00pasyBaHe HA PA3THUHH
XETEPOLUKIIEHU cheiuHeHus [35]. Taka Hanpumep, pu OTBAPSHETO HA MPBCTEHA B 2-
x110po-2-(2-metmnokcupanmn)erendocdonara 11190, mpurexasam mepBudeH C -
aToOM, C€ U3BBPIIBAT CIEIHUTE TPU Iporieca: (1) MecTUICHHa endo-XeTepOoLUKIn3alus
u obpasyBane Ha 5,6-muxunpo-2H-1,2-okcapochunnn 2-oxcuaa I1.195 ¢ noobus 33%,;
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(i1) meT4IeHHa exo-XeTepOLUKIn3alus U noiy4yaBane ¢ 7oouB 10% nHa 2,5-muxuapo-
1,2-okcadocdon 2-okcuna I1.204; u (iii) gexuapaTaryisl Ha MOJIYYCHOTO MIECTATOMHO
ceenuuenue I1.195 mo 1,2-oxcadocdunnn 2-okcuna I1.200 ¢ mobus 22% [35].

Cl CI
Me HC
+ Me
(MeO),R Me O:
2 \\O o CICH2CHZCI \ OH MeO \ / MO~ OH
1.190 11195, 33% @ 11.200, 22% 1.204, 10%
| H
-H,0
(88%)

OTBapsiHETO Ha OKCUPAHOBUS NMPbCTEH BbB dochopunmpanute okcupanu 11.191 u
I1.192, chabpskaiy BTOpUYEH C3-aT0M, € CBIIPOBOJICHO CaMoO C IIeCTaTOMHA endo-
XeTeporuKiIn3anms ¢ odpasyBane Ha cMec oT auxuapookcadochunuuute 11.196 u
11.197 u oxcadochununnte I1.201 u 11.202 B choTHOMmIEHNE TpubaM3uTenHo 3 : 1 [35].

Cl Cl Cl
R3 HCI o — R3 o —
—_— N + NN
(MeO),P: >P >R R3
R2 R2 R2
11.191, 11.192 11.196, 11.197 ® 11.201, 11.202
| H
-H,0
(85 1 87%)

R% = Me; R3 Me; 11.196 (48%) 11.201 (15%)
R? = Me; R = Et; I1.197 (46%) T1.202 (16%)

Peakiusita Ha oTBapsiHe HA MPBCTEHA B 2-XJ10p0-2-(7-okca-ournukio [4,1,0]xent-1-
un)ereHpochonoBus ecrep 11.193, KOHWTO ChabpIKa CHIIIO BTOPUUCH BHITICPOJICH aTOM B
OKCUPAHOBUS MPBHCTEH, HO TOM € BKJIIOYEH W B IUKIOXEKCUJIOB OCTATBK, MPOTHYA I10
MaJIKO MO-pazinyeH HauuH. OCBIIECTBSIBA CE CHIIO CaMO IIECTYICHHA endo-XeTepo-
IUKIU3alis ¢ o0pasyBaHe Ha cMmec oT 4a,5,6,7,8,8a-xexcaxupo-2H-1,2-6en3okcadoc-
¢bunun 2-oxcuma I1.198 u 5,6,7.8-rerpaxunpo-2H-1,2-6en3okcadochunnn 2-okcuaa
I1.203, HO choTHOIIEHHETO MexAy Tax € 1 : 1.8, T. e. peakuusITa Ha AEXUIAPATALIMS CE
W3BBPIIBA B MO-TOJISIMA CTETICH, KOETO C€ MOTBBPKAaBa U OT IMOYTH KOJTUYECTBEHUS J10-
OMB IIpH MTPOBEXK/IAHE HA ChILATA PEAKLIMS CIIEe] U30JIMpaHe Ha NpoayKTuTe [35].

Cl Cl Cl
HCI — —
O\ O~ OH
_— + N
(MeO)ZP\\O o CICHzrtCHzCI MeO™ \ // MeO/P\O

11.193 11.203, 35% 11.198, 19%

@
A H |

- H,0

(94%)
26



6-ENDO vs. 5-EXO EJIEKTPOOMJIHA IUKJIM3ALINA HA. ...

OTBapssHETO Ha OKCHUPAHOBHUS M 3aTBapsHE Ha IUXHUIPOOKCA(HOCHUHUHOBUS
OpBCTEH ce HAaOMI0AaBa U Mpu 00paboTKa ChC COJTHA KHCEIWHA Ha TPUMETHIOKCHpa-
nun-ereHpocponara 11.194, npurexasamy tpermyen C-atom. U3 peakuuoHHaTa
cMec ce u3onmpa ¢ 100uB 65% camo 5,6-guxunpo-2H-1,2-okcadochuHuH 2-0KcHuaa
[35] 11.199.

Cl Cl
Me HCI o /=
R e
(MeO)oR\ CICH,CH,CI >R
o © P e \ OH
Me Me Me Me
11.194 11.199, 65%

W3cienBaHuTe OT HAC pEAKUMU HA OTBApsHE HA OKCHUPAHOBUS MPBCTEH B CUHTE-
3upanuTe 2-xyn0po-2-oxcupanunerenpochonaru 11.190-11.194 nputexaBatr 3Ha4M-
TEJIEH CUHTETHYEH MMOTEHUMAal U ca U3TOYHHK HA XETEPOLUMKIEHU cheauHeHus [35].
O4eBUIHO €, Y€ B X0/1a Ha PEaKIMUTE CE Ch3AaBaT YCIOBHS 3a KOHKYPEHILIUS MEXIY
JBaTa TUMA HUKIU3auu — 1,2-okcadochunuHoBa 6-endo-tet n 1,2-oxcadocdoaora
5-exo-tet. TIpomensiikn 3amecturenure npu C-aToMa Ha OKCHPAHOBUS LUKBI B U3-
xonuute okcupanuiereHdochonaru 11.190-11.194 craBa Bb3MOKHO HACOUBAHETO HA
UKJIMYHUTE peaKd KbM OCBIICCTBABAHC Ha 6-endo-tet unu 6-endo-tet 1 5-exo-tet
LU KJIN3ALHH.

R =H, Alk
R2 = Alk Cl
R3 = Alk O\ —\ RS
MeO” \ OH
Cl R2
R1
R3
HCI
(MeO)R 6-Endo-Tet
\O 9)
Cl
T —»R1 b’ /j§< B M
R® = Me GOH
MeO \ Meo O
6-Endo-Tet 5-Exo-Tet

3. CUHTE3 U PEAKIIUU HA XUJAPOJIUPA, XUIPATALIUS
N KETAJIU3AIIUA HA ®POCOPOPUIIMPAHU 1,3-EHUHU
Kakrto orGenszaxme, 2-xjopo-1,3-ankanuenPpocPoHOBUTE KUCETUHHU CE TOJIY-
YyaBaT IPU XUJPOJIM3a HA ChOTBETHUTE IUXJIOpUIN B aneToH [9]. O6paboTkara Ha 2-
xnopo-1,3-ankaguendochonosure nuxnopuau 11.10, I1.12 u 11.13 ¢ Boxa npu kume-
HE MPeIU3BUKBA XUAPOJIHM3a KAaKTO Ha JBaTa XJopHU aToma nipu (ocdopa, Taka u Ha

oslepMHOBHS XJIOPEH aToM ¢ oOpa3yBaHe Ha 2-0KCO-3-aKeH(OCHOHOBUTE KUCCITHHH
11.187-11.189 ¢ no6Gpu noduswu [36].

27



Banepuit Xpucmos

Cl Cl
ClHR " 0 (HO)-R "
—_—
2 \\O aLeToH 2 \\O
1 R? reflux R R?
R
- 2HCI
11.10, 1.12, 11.13 11.20-11.22
H,O H,O/HCI
. l reflux
reflux
- HCI
o o - 3HCI OH
[l 3
(HO),R R® R

— HopK
o

n.187-.189 R* R p R R

3 npumepa, noo6us 58-68%
R'=H, Me; R* = Me; R® = Me, Et, iPr

Ot npyra crpana, kuneneto Ha camute kucenauau 11.20-11.22 ¢ Boja B pUCHCT-
BHE€ Ha KaTAIMTUYHO KOJIMYECTBO PA3peICHa COIHA KUCEINHA /1aBa ChILUTE 2-0KCO-3-
ankerdpochononu kucenunu I1.187-11.189. MexanuzmbT Ha 00pa3yBaHe Ha 2-0KCO-
3-ankendpocdonosute kucenunu I1.187-11.189 BeposTHO BKIIOUBA HYKICO(DUITHO
3aMecTBaHE HAa XJIOPHMTE aToMH mpu (pocpopuust atom u npu C>-aToma Ha 1,3-
JUEHOBAaTa CUCTEMA C XUJIPOKCU-TPYIIH U MEXJIUHHO 00pazyBaHe Ha 2-XUJIPOKCH-1,3-
ankagueH-PpocPOHOBUTE KUCETUHU P, KOUTO JECHO THPHAT OKCO-€HOIHA TABTOMEPHUS
10 Gochopunrpanute o,B-HeHacCHTEHUTE KeTOHH [36].

Karo npumep 3a CHHTETMYHO MNpUIOXKEHUE Ha 2-xy0po-1,3-ankagueHdocdoHna-
TUTE 3a MOJIy4aBaHE Ha AllMKJIEHU ChEJIMHEHUs C MHTEPECHA CTPYKTYpa, OCBEH 3a 00-
pa3yBaHE Ha XETEPOLMKIICHH ChEIUHEHMS, HUE M3CJIECIBAXME MPEBPBLIAHETO UM BbHB
dochopunupanu 1,3-aqKeHUHU U U3CIICABAaHE HA TEXHUTE PEAaKLUMU HAa XUIpaTalus U
KETaIu3aLusl.

W3nomsBaiiku nuxiopuaute Ha 2-xy10po-1,3-ankaauneHPpocoHOBH  KHUCETUHH
I1.10, 11.12-1.14 xaTto M3XOJIHM BEILIECTBA, HUE CHHTE3UpaXMe JIUMETHUIIOBUTE €CTEPU
Ha 3-ankeH- | -unpochonosure kucennnu 11.209-11.212 upe3 ennMuHupane Ha XJI0PO-
BOJIOPOJI TIOJT ACCTBUE HA TPUETUII aMUH TIPU KUTIEHEe B O€H3€H C 00pa3yBaHe ¢ MHOTO
no6pu nobusu Ha choTBeTHUTE Auxnopuan 11.205-11.208. Cnexpamara peaxius ¢ Me-
TaHOJI B MPUCHCTBUE HA MUPHUJUH JaBa CHIIO C MHOTO J0OpU 10OMBHU ecTepute [§]
11.209-11.212.

Cl
3 3 3
R*  EN 2 R 2MeOH 0 R
ChR — > ChP—— ———> (MeO)P——=—=
O GeHseH R2  2CsHsN R2
reflux Et,O
RT R el R! 0-5°C R
.10, 1.12-1.14 11.205-11.208 1.209-11.212

4 npumepa, 1o6us 46-86% (11.205-11.208); 66-76% (11.209-11.212)
R'=H, Me; R* = Me; R’ = Me, Et, iPr; R+ R’ = -(CH,)4-
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[TonmyuenuTe B npenapaTuBHU KOJUYECTBA 3-alikeH- 1 -uHPOCHOHOBU AUMETHIIO-
Bu ectepu 11.209-11.212 Hu no3BosiMXa 1a U3CIEABAME TEXHUTE PEAKIIMU HA XHUIpa-
tarus 1 keranuzanus. [Ipu ob6pabotka Ha ennnute 11.209-11.212 ¢ Boga B mpuchCT-
BUE Ha KaTaJIM3aTOP CMEC OT >KMBaueH cyndar U csAipHa KUCEINHA, HApe C XUApaTH-
paHe Ha TPOWHATa Bpb3Ka, C€ OCHILECTBIBA U XUAPOIU3a Ha GocoHaTHaTa rpymna 10
MEXAUHHO oOpa3yBaHe Ha Gocpopunupanurte 1,3-ankaauen-2-onu T, kouto jgecHo
TaBTOMEpPU3UpaAT [0 OuyakBaHUTE 2-0kco-3-ankeHdocdonoBu kucenunu I[I1.187-
11.189, 11.213 ¢ n106pu nobuBu [37].

i i
(MeO)zpﬂ
R2
R1
11.209-11.212
HgSO4, H2804, Hzo ‘ HgO, CC|3COzH, BF3Et20
l 80-90°C, 5h MeOH, reflux, 6h l
OH s MeQ OMe
R (MeO),(O)R R3
(HO)RY
(@]
R R2 R1 R2
T U
2N HCI
Jf Hzol rt
i o7
(HO),R R3 (MeO),R R3
R" 'R? R" 'R?
11.187-11.189, 11.213 11.214-11.217

4 npumepa, no6us 57-63% (I1.187-11.189, 11.213), 44-69% (I1.214-11.217)
R' =H, Me; R* = Me; R’ = Me, Et, iPr; R+ R® = -(CH,)4-

B ThpceHeTo Ha MOAXOoASIIIM YCIOBUS 3a Xuapartaius Ha pocopuupanute 1,3-
ennnu I11.209-11.212 6e3 npoTuyaHe Ha Xuaposin3a Ha ¢pochoHaTHATA TPy, U3OJI3-
BaxMe JKMBAUY€H KaTaju3aTop B CHJIHO Kucena, HO 0e3BojHa cpena. B3aumonenicTBu-
€TO C METAHOJ IIPU KUIIEHE C M3I0JI3BAaHETO KaTO KATAJIM3aTOP HAa CMEC OT XKbJIT KU-
BayeH OKCHJ, TPUXJIOPOOIETHA KUCEINHA U O0peH TpudIyopua erepaTr BoIU 10 Ke-
tanu3arus Ha 1,3-eanadochonarure 11.209-11.212, npu xoero ce popmupar dhocdo-
punupanute ket U. Xuaponu3sara Ha keranure U JeCHO ce n3BbpIlIBa B IPUCHCT-
BHUE Ha pa3peieHa COJHA KUCEJIMHA MPU CTailHa TeMmIepaTypa KaTro Ce€ MOJydaBaT C
noOpu 10 MHOro 1oOpu JOOWMBH JUMETHIIOBUTE €CTepH Ha  2-OKCO-3-
ankeHpochonosute kucenunu [38] 11.214-11.217.

Ot nmpyra crtpana, peakuuara Ha 3-ajkeH-1-unHpoconoBute ectepu I1.210-
I1.212 ¢ Boa B MIPHUCHCTBUE CAMO HA COJIHA KUCEJIMHA BOJU 10 IPOTUYAHE HA XUIPO-
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au3a ¢ ¢opmupane Ha cphorBeTHUTE 1,3-eHMH(OCchoHOBU Kucenmau 11.218-11.220,
T. €. XUJipaTalus B OTChCTBUE HA JKMBAYEH KATAJIM3aTOP HE Ce OchllecTBsiBa [38].

0 R3 0 R3
[l H20 [l
(MeO),P—— —_— (HO),P——=
R2 HCI R2
Ly 60-70°C, 5h Ly
1.210-11.212 11.218-11.220

3 npumepa, noous 53-60%
R'=H, Me; R* = Me; R’ = Me, iPr; R+ R® = -(CH,)4-

[TonyueHuTte ekciepyuMEHTaIHU PE3yJITaTu MOKa3BaT, Y€ OT €Ha CTpaHa, 2-XJIo-
po-1,3-ankanuendochonarure ca y1o0HM CUHTOHM Ha (Qocpopunupanu 1,3-eHuHHU,
YUUTO PEAKIMU Ha XUApATAlUs U KeTalu3alus, KaTalu3upaHu OT >KUBAYHU ChEJU-
HEHUsI, MPEJICTABISIBAT YA00CH CUHTETUYEH MOAX0] KbM (PochopriupaHuTe 3-aaKeH-
2-oHu. B OTChCTBHME HA KMBAYHU ChEIMHEHUS, XUApaTallus Ha TpOMHATAa BPb3Ka HE
Ce OCBIIECTBABA, a MPOTHUYA XUapoJn3a Ha ¢pochoHaTHaTa yacT. Upe3 ropHuTe peax-
IIMA € OCBILIECTBEH €JIMH MHTEPECEH CHUHTETHUYECH Mpexoa Mexay ¢dochopuirupaHu
cheuHeHus: oT 1,3-ankaguenu npe3 1,3-ankeHuHu A0 3-ajnkeH-2-oHu [38].

Baarogapuoct. Hacrosmara paboTta € 4act OT Hay4YHO-U3CIEAOBATEIICKH MPO-
ekt Ne 9702/2008, Ne PJI1-05-241/2009 u Ne PJ[-05-367/2010, ¢dunancupanu ot
donn ,,Hayunu uscnenBanus™ na lllymenckus yausepcuret ,,Enuckon Koncrantun
[IpecmaBcku®.
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ABSTRACT

The complex formation and liquid-liquid extraction in the niobium(V) —
4-nitrocatechol (4-NC) — Thiazolyl Blue Tetrazolium (MTT) — water — organic solvent
system was studied. Two 1ion-associated complexes with suggested formulae
(MTT),[NbO(OH)(4-NC),] (I) and (MTT);[NbO(4-NC);] (II) were detected in the
organic phase after shaking at certain conditions. The second one has better analytical
characteristics and could compete successfully with many species used for
spectrophotometric and extraction-spectrophotometric determination of niobium(V). The
optimum conditions for extraction of II were found: organic solvent — chloroform,
extraction time — 3 min, acidity of the aqueous phase — 0.05-0.10 mol L™ H,SOs,
concentration of 4-NC — 1.4x10” mol L™ and concentration of MTT — 2.4x10™ mol L™
Under the specified conditions Beer’s law is obeyed for Nb(V) concentrations ranging
from 0.39 pg mL™" to 1.7 ug mL™" with molar absorptivity coefficient of £4=5.6x10" L
mol™ cm™. Some key constants were determined: constant of association (Log p =13.2),
constant of distribution (Log Kp = 0.82), constant of extraction (Log K. = 14.0),
recovery factor (R=86.9%). The limit of detection (LOD), limit of quantification (LOQ)
and Sandell’s sensitivity (S) were calculated to be LOD=0.12 pg mL’' Nb(V),

LOQ=0.39 ug mL" Nb(V) and $S=0.0017 pg cm™ Nb(V).

Key words: niobium, solvent extraction, spectrophotometry, tetrazolium salt,
ion-associate

INTRODUCTION
Niobium is widely used for the fabrication of steels and superalloys, special
materials for microelectronics and optics, superconductors, refractory materials and
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catalysts [1-9]. As an important microalloying element in steels niobium can
significantly affect the properties of the sample, such as the intensity at high
temperature, the ability of tarnish-resistance and temper brittleness [6,7,9]. Niobium
steels are valuable constructive materials for the chemical and nuclear industry, jet
and rocket engines, gas pipelines and turbines [6-9]. Unalloyed niobium and some
niobium alloys are important for the production of surgical instruments, medical
devices (e.g. pacemakers), coins and jewelry. The reason for these applications is
niobium's physiologically inertness and ability to be colored by anodisation [9,10].

In nature, niobium almost invariably occurs as complex oxide materials in
association with tantalum. Columbite-tantalite minerals are usually found as accessory
minerals in pegmatite intrusions, and in alkaline intrusive rocks [11-13]. It should be
mentioned that the niobium content in geological samples is of particular interests to
geochemists [14-16]. This element remains immobile during post-crystallization rock
alternation involving hydrous fluids, and the precise determination of ratios such as
Nb/U and Nb/Th can give valuable information for the processes taking place during
the generation of continental crust from the mantle [16].

Several analytical methods have been used to determine Nb: spectrophotometry
[9,17-37], high-performance liquid chromatography (HPLC) [6,14,15,38], atomic
absorption spectrophotometry (AAS) [39], inductively coupled plasma (ICP) optical
emission spectrometry (OES) [40], ICP mass spectrometry (MS) [41] and neutron
activation analysis (NAA) [42]. The main disadvantage of AAS and OES is low
sensitivity because of spectral interference or high background due to the matrix
elements. The general disadvantage of ICP-MS and NAA is high cost.

The methods involving spectrophotometry are rather popular due to their
simplicity, inexpensive instrumentation and easy automation [29,43]. These methods
are often based on ion-association systems composed of intensively colored anionic
chelate and bulky organic cation which makes the complex hydrophobic and easily
extractable into organic solvents [9,29-36,43-50].

It is known that Nb(V) forms yellow anionic species with 4-nitrocatechol
(4-NC) [32,44,45]. The cationic ion-pair reagent 3-(4,5-dimethyl-2-thiazol)-2,5-di-
phenyltetrazolium bromide (Thiazolyl Blue Tetrazolium, MTT) is considered
particularly prospective for liquid-liquid extraction (LLE)-spectrophotometric
determination of such species because MTT' absorbs light in the same spectral
region. The overlap between the absorption bands of MTT' and Nb(V) — 4-NC
anionic chelate is expected to cause a promotion of the intensity of coloration.

In this paper we study the complex formation and LLE in the Nb(V) — (4-NC) —
MTT — water — organic solvent system as a first step of its application for LLE-
spectrophotometric determination of Nb(V).

EXPERIMENTAL

Reagents and apparatus

v A stock Nb(V) solution was prepared by dissolving of 0.2352 g of Nb,Os
(Fluka, p.a.) in 10 mL conc. H,SO, in the presence of 5 g (NH,4),SO, as described in
[45,50]. After cooling, the obtained transparent substance was carefully collected into
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a 100 mL calibrated flask and diluted to the mark with 10 mol L' solution of H,SO,
[50]. A 1 mL aliquot of this solution was transferred into a 10 mL calibrated flask and
diluted to the mark with 17 mol L™ solution of H,SO,. The concentration of the
obtained working solution was 164.4 ug mL™" Nb(V).

v' 4-NC (Fluka, p.a.), 1.0x10” mol L' aqueous solution.

v MTT, (Loba Feinchemie AG, for microscopy), 3x10” mol L' aqueous
solution.

v Chloroform, redistilled.

v A Camspec M508 UV/Vis spectrophotometer, equipped with 1 cm path-
length cells.

v" A HI 83140 pH meter (Italy) with a combined plastic electrode.

Procedure

The necessary amounts of Nb(V), H,SO, to adjust the acidity of the aqueous
medium, 4-NC and MTT were placed in separatory funnels, diluted to 10 mL with
distilled water and extracted with 10 mL of organic solvent. The samples were shaken
and after phase separation, the organic layer was filtered through a paper filter into a 1
cm cell. The absorbance was measured against a blank prepared in the same way.

For the determination of the distribution constant Kp the absorbance values
obtained after single (A;) and triple (Aj3) extractions in the optimum conditions (Table
1) were compared: Kp=[Nb]oo/[Nb],q=A1/(A3-A;). The organic extract (10 mL) after
the single extraction was transferred through a paper filter into a 25 mL volumetric
flask. It was diluted to volume with chloroform and then the absorbance (A;) was
measured against a blank. Under the same conditions another sample was extracted
with three successive portions of chloroform. The volumes of these portions were 10,
7, and 7 mL respectively. The extracts were consecutively transferred through a paper
filter into a 25 mL volumetric flask, and after dilution to volume with chloroform, the
absorbance (A;) was measured against a blank.

RESULTS AND DISCUSSION

Spectral characteristic and optimum LLE-spectrophotometric conditions

Preliminary investigations showed that in sulfuric acid solutions Nb(V), 4-NC
and MTT form easily extractable into organic solvents (chloroform, 1,2-
dichloroethane, benzene, toluene and tetrachloromethane) intensively colored yellow
species. Chloroform was chosen for further investigations because of its better
performance. The main absorption maximum in this solvent is situated at 400-430
nm. Additional, very sharp maximum is recorded at about 560 nm. This maximum is
improper for spectrophotometric measurements.

Other parameters concerning the extraction of Nb(V) were optimized: the
acidity of aqueous phase (Fig. 1), the time of extraction (Fig. 2) and the
concentrations of the reagents (Fig. 3). The optimum conditions are listed in Table 1.
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Figure 1. Absorbance of the extracted complex vs. concentration of H,SO, plot.
Cyory=1.77 x 10° mol L', Cyye=1.4x10" mol L, Cyyrr= 2.4 x 10* mol L'
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Figure 2. Absorbance of the extracted complex vs. extraction time plot.
Cyiry=1.77 x 10° mol L', Cyye=1.4x10" mol L, Cyyrr= 2.4 x 10* mol L”!
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Figure 3. Absorbance of extracts of Nb(V) with 4-NC and MTT vs.
concentration of the reagent plots:
(1) 4-NC. Cypy=1.77 x 10° mol L', Cyyr7= 3.0 x 107 mol L™';
(2) MTT. Cypy=1.77 x 10° mol L', Cyyc=1.4x107 mol L™
The complicated course of curve 1 is an indication for stepwise complex formation.
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Table 1. Optimum conditions and analytical characteristics of the LLE-spectrophotometric
determination of Nb(V) with 4-NC and MTT

Optimum Conditions Analytical Characteristics
Organic solvent: Chloroform Apparent molar absorptivity (€): (5.6£0.2)x10"
L mol” cm’
Absorbance maximum: 410£5 nm Adherence to Beer’s law: 0.39 — 1.7 ug mL™
Nb(V)
Extraction time: 3 min Correlation coefficient: 0.9974

Acidity of aqueous phase: 0.05 —0.10 Sandell’s sensitivity: 0.0017 ug cm™
mol L-l HzSO4

Concentration of 4-NC: 1.4x10” mol L | Limit of detection (LOD): 0.12 ug mL™ Nb(V)

Concentration of MTT: 2.4x10* mol L™ | Limit of quantification (LOQ): 0.39 pug mL™
Nb(V)

Suggested formulae and equations

The complicated course of curve 1, Fig. 3 is a strong evidence for stepwise
complex formation in the Nb(V) — 4-NC — MTT LLE-system. That is why Nb(V) to
4-NC and Nb(V) to MTT molar ratios were established by the equilibrium shift
method [51] (Fig. 4). The results show that at least two different complexes are
formed between Nb(V), 4-NC and MTT (with composition of 1:2:2 and 1:3:3,
respectively). Suggested equations of complex formation and extraction, based on the
mentioned molar ratios, data for the niobium state in sulfuric acid solutions [49,52],
and our previous investigations on similar system [45] are presented in Scheme 1 and
Scheme 2.

NbO(OH); + 2H,L <> [NbO(OH)(L),]* + 2H,0 + 2H" (1)
[NbO(OH)(L),]* + 2MTT" <> (MTT),[NbO(OH)(L),] (2)
{(MTT"),[NbO(OH)(L),]} aq <> {(MTT )2[NbO(OH)(L)2]} org (3)

Scheme 1. Formation and extraction of the ternary complex of Nb(V) with 4-NC (H,L)
and MTT at deficiency of the reagents

NbO(OH); + 3H,L <> [NbO(L);]* + 3H,0 + 3H" 4)
[NbO(L);]” + 3MTT" <> (MTT " );[NbO(L);] (5)
{(MTT)3[NbO(L)3]} aq <> {(MTT)3[NDO(L)3]} ore (6)

Scheme 2. Formation and extraction of the ternary complex of Nb(V) with 4-NC (H,L)
and MTT at the optimum extraction-spectrophotometric conditions
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Figure 4. Determination of the 4-NC to Nb(V) molar ratios (curve 1) and MTT to Nb(V)
molar ratios (curve 2) according to the equilibrium shift method: (1) Cyppy= 1.77 x 107 mol
L, Cyrr=3.0x 107 mol L', (2) Cywy= 1.77 x 10° mol L', Cyye=1.4%10" mol L.

Equilibrium constants and analytical characteristics

The complex with suggested formula (MTT");[NbO(4-NC);] (see Scheme 2),
which is formed at the conditions presented in Table 1, has better characteristics. The
equilibrium constants characterizing its formation and extraction were calculated as
follows: the association constant B (eq. 5) by the method of Komar-Tolmachev [51];
the distribution constant Kp (eq. 6) by comparing the absorption for single extraction
at the optimum conditions (A;) to that for threefold extraction (Aj) in equal volumes
(25 mL) Kp =A/(As-A)); and the recovery factor R and extraction constant Kg, from
the equations R%=Kpl00/(Kpt1) and LogKg= LogKpt+LogP, respectively
[46,47,49]. The obtained values are presented in Table 2.

Table 2. Values for the equilibrium constants characterizing LLE of Nb(V)

with 4-NC and MTT
Equilibrium Constants Nb(V) —4-NC — MTT — Water — Chloroform
Log B 13.2+0.9
Log Kp 0.8240.01
Log Kgx 14.0+0.9
Recovery (86.910.1)%

The Komar-Tolmachev method [51] also allows to calculate the true molar
absorptivity (€) of the complex: e= (5.2+0.5)x10* L mol™ cm™. This value agrees well
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with that obtained from Beer’s law (¢’) (Table 1) what is an indication for the lack of
serious side-reactions [51]. Apparently only (MTT");[NbO(4-NC)s] is extracted at the
specified in Table 1 conditions. The 4-NC to Nb molar ratio in this complex (3:1) is
higher than that reported for other complexes with similar reagents (Table 3). This is
the first reason for the significantly higher molar absorptivity achieved (Compare
rows 3 and 9 in Table 3). The second reason is the ability of MTT" to absorb light in
the yellow range (Compare rows 7 and 9 in Table 3).

Many others analytical reagents for Nb(V), including 5,7-diiodo-8-
hydroxyquinoline (£’=4.853x10° L mol’ cm™) [23], p-sulphobenzenoazo-4-(2,3-
dihydroxypyridine) (¢’=5.218x10° L mol' cm™) [24], sulphochlorophenol S +
laurilamine (€’=1.8x10" L mol" cm™) [25], thiocyanate + promazine hydrochloride
(e=2.52x10" L mol" cm™) [34], thiocyanate + tetraphenylarsonium chloride (or
tetraphenylphosphonium chloride) (€’=3.3x10* L mol” em™) [17], Xylenol Orange +
3-hydroxy-2-methyl-1-phenyl-4-pyridone (€’=3.72x10* L mol’ cm™) [18], PAR
(e=3.76x10" L mol™ ecm™) [19], 3-hydroxyflavone (¢’=4.088x10* L mol” cm™) [20],
tiazolylazo compounds + cetylpyridinum bromide {&’= (2.79-4.46)x10* L mol”" cm™}
[27], 2,3-dixydroxynaphtalene + acetate (€’=4.6x10* L mol' cm™) [37], and N-
cinamoyl-N-2,3-xylylhydroxylamine + thiocyanate (€’=4.75x10*L mol” cm™) [36] are
worse in term of sensitivity than these studied in this work. That is why the couple 4-
NC — MTT could be recommended for LLE-spectrophotometric determination of
niobium(V) after preliminary investigations on the interfering effect of the matrix
components.

Table 3. Extraction-chromogenic systems for niobium involving
ortho-polyphenols and tetrazolium sallts.

No Reagents Solvent | Composition | Molar abs. (¢”) | Ref.
Nb:Ri:R; | [L mol” em™]

1 Catechol + Tetrazolium violet CHCl;4 1:2:1 0.57x10* 31
Dihydroxynephtalene + CHCl; 1:2:1 1.18x10" 31
Tetrazolium violet

3 | 4-NC + Tetrazolium violet C,H,Cl, 1:2:1 1.59x10" 32

4 | Pyrogallol + Tetrazolium violet C,H,Cl, 1:2:1 0.649x10° 32

5 | Catechol + Triphenyltetrazolium CHCI, 1:2:1 1.60x10" 48
chloride

6 | 3,5-dinitrocatechol + CHCl; 1:2:2 2.48x10° 45
Triphenyltetrazolium chloride

7 | 4-NC + Blue Tetrazolium CHCl, 1:3:1.5 4.6x10" 45
Chloride

8 |4-NC+MTT CHCL, 1:2:2 3.9x10° This

work

9 [4-NC+MTT CHCl; 1:3:3 5.6x10° This

work
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CONCLUSION

Nb(V), 4-NC and MTT form well extractable into chloroform ion-association
complexes with suggested formulae (MTT"),[NbO(OH)(4-NC),] and (MTT");[NbO(4-
NC);]. The second one has better characteristics and could compete successfully with

many species used for spectrophotometric and LLE-spectrophotometric determination
of niobium(V).
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ABSTRACT

An analysis for molybdenum content by variants of lettuce samples was carried out
using an extraction-spectrophotometric method with Triphenyl-tetrazolium chloride.

The influence of fertilization has been studied upon the content of molybdenum in
black lettuce. Nitrogen sources — (NH4),SO,, NH4NO; and CO(NH,), have been used.
The soil treating on plants is carried out with 150 mg N kg™ soil and 300 mg N kg™ soil.

It can be seen a decrease in concentration of molybdenum in black lettuce in
mineral fertilization with (NH4),SO, and CO(NH,), with 1 mg kg™ Mo introduced in
soil, with the increase of the fertilization norm of nitrogen in soil.

Key words: molybdenum(VI), triphenyltetrazolium chloride, spectrophotometry,
plants

INTRODUCTION

It has been established that molybdenum takes part in fixing and assimilation of
the atmospheric nitrogen. Molybdenum also affects the biochemical processes and
chemical composition of plants. It is known that micro-amounts of molybdenum fa-
vorably affect plant development. Low levels cause some functional diseases in the
plants. The interest in molybdenum has increased recently. Molybdenum toxicity can
rarely be observed in plants but the excess of this element causes illness in humans
and animals. For this reason the molybdenum content in the crop production should
be controlled [1-3].

In literature there are lots of data about the influence of molybdenum content in
plants. With betterment of molybdenum feeding-up in plants sets in positive changes
in the content of chlorophyll and carotene. The intensity of photosynthesis reinforces.
On condition of molybdenum scarcity he synthesization of amino acids upsets, which
reflects on quality and quantity of yield [4].

The objective of this study is to determine the molybdenum content using a new
extraction — spectrophotometric method with Triphenyltetrazolium chloride in plant
samples. To explore the influence of the mineral fertilization with molybdenum upon
the assimilation of molybdenum on plants of black lettuce.
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MATERIAL AND METHODS

Soil samples from a layer of 0 — 20 cm deep were taken for agronomical analysis
and analyzed for: mineral nitrogen (NH,-N + NO;-N) 1.2 mg kg™ soil ; mobile P,Os and
K,0 respectively 16.8 mg and 18.8 mg kg soil by the method of Egner-Rhiem [9].

The crops were grown on a highly leached meadow-cinnamonic soil with com-
paratively light mechanical composition, a humus content of 1.6 % (by Tjurin) and
neutral soil reaction pH 7-7.1 (potentiometrically) in aqueous extract.

A soil treating on plants of sort black lettuce has been carried out. Nitrogen
sources — (NH4),SO4, NH4NO;3; and CO(NH,), have been used. The soil treating on
plants is carried out with 150 mg N kg™ soil (N;) and 300 mg N kg™ soil (N,). Mo-
lybdenum at dose of 1 mg kg™' soil was applied like ammonium molybdate.

An analysis for molybdenum content in lettuce samples was carried out by using
a new extraction-spectrophotometric method with Triphenyltetrazolium chloride [5].
All measurements were carried out in 1-cm quartz cells with measurement at 250 nm
on UV-VIS spectrophotometer.

A wet burning of the plant samples was carried out and a mixture of sulfuric and
nitric acids used for the oxidation of the organic substance. A portion of 2 g of air dry
plant material was placed into a Kjeldahl flask and moistened with 4 mL distilled wa-
ter. 5 mL conc. sulfuric acid and 10 mL conc. nitric acid were added. The flask was
slightly heated to avoid splashing of the solution, decomposition and fuming away of
nitric acid. When all the organic material was oxidized, the solution was heated at a
higher temperature for 10 min [8]. After cooling, the solution was diluted with water
and filtered. It was transferred into a volumetric flask of 50 mL and diluted up to the
mark with distilled water. Aliquote parts of this solution were taken for analysis.

In separatory funnel of 100 mL the following solutions were introduced: 0.5 mL
phosphoric acid 2x10 > mol L™, 0.5 mL triphenyltetrazolium chloride 1.10 = mol.L™,
aliquote of the prepared solution of plant sample. The mixture was diluted up to a
volume of the aqueous phase of 10 mL with distilled water and extracted with 3 mL
of 1,2-dichloroethane for 30 sec. The organic phase was filtered through a dry paper
into a 1 cm cuvette and the absorbance was measured at 250 nm. A blank was run in
parallel in the absence of plant sample. A calibration graph was constructed with
standards similarly treated.

RESULTS AND DISCUSSION

Molybdenum(VI) forms an ion-pair with Triphenyltetrazolium chloride [5]. The
studies showed that the ion associate is better dissolved in 1,2-dichloroethane. Beer’s
law is obeyed in the range of 0.5 — 10 ug ml ' molybdenum(VI). The molar absorptiv-
ity of the ion-pair is 1x10 °L mol "' cm™. This method is applied in the present research
for determination of microquantities of molybdenum in plant material.

The microelement molybdenum exerts influence on the normal development and
nutritious qualities of the black lettuce. In conjunction with the mineral fertilization with
the three nitrogen fertilizers (NH,),SO4, NH4NO; and CO(NH,), it has been done a treat-
ing with molybdenum soil feeding-up with 1 mg Mo introduced like ammonium molyb-
date in kg soil. Complete information about the molybdenum content in soils and plants
is needed to study its importance and to establish the need for molybdenum in fertilizers.
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The fertilization brought considerable changes in the molybdenum content of
lettuce plant material. The experimental data for content of molybdenum in a black
lettuce cultivar in mineral fertilization and treating with molybdenum soil feeding-up
are stated on Table 1.

The experimental data Table 1 show that the content of molybdenum in the plant
mass stays the same 16.8 mg kg™ in mineral fertilization with (NH4),SOy in different
levels of nitrogen in soil N; — 150 mg N kg™ soil and N, — 300 mg N kg soil (vari-
ants 3 and 5). In fertilization with CO(NH,), (variants 11 and 13) in different levels
of nitrogen in soil the content of molybdenum is almost equal 16.00 mg kg™ and re-
spectively 15.8 mg kg™'. The experimental data show that the content of molybdenum
in black lettuce increases at about three times in fertilization with NH4NO;5 (N, — 300
mg N kg™ soil).

Consequently the mineral fertilization with NH4NO; contributes to the better ex-
traction of molybdenum in the plant mass. In control (NoP¢Ky) the content of molyb-
denum is low 14.7 mg kg™

Table 1. Content of molybdenum in black lettuce (fertilization with 1 mg Mo kg™ soil)

N Variants Fertilizer Mo, mgkg' | Reliab. | RSD* | Mo, mgkg’
TTC P=99% % TV** method

method [7]

| NyPoKj (control) 14.7 a 14 15.2

2 | NoP K| (background) 14.0 d 2.0 14.6

3 N, + background (NH,4),SO, 16.8 d 1.8 16.2

4 | Nytbackground + 1 mg Mo (NH,4),S0O, 31.5 d 1.6 31.0

5 N, + background (NH4),SO,4 16.8 a 1.5 16.0

6 N, +background +1 mg Mo (NH,4),S0O, 19.5 f 1.9 19.9

7 N, + background NH,NO; 18.0 C 1.5 18.7

8 | N+ background +1 mg Mo NH,NO, 8.7 d 23 9.3

9 N, + background NH,NO; 55.5 C 14 55.0

10 | N+ background +1mg Mo NH,NO; 243 b 1.9 25.0

11 | Ny+ background CO(NH,), 16.0 b 1.9 16.4

12 | N;+ background +1 mg Mo CO(NH,), 44.8 C 1.2 442

13 | N,+ background CO(NH,), 15.8 c 1.6 16.5

14 | N, + background +1mg Mo CO(NH,), 14.7 C 1.5 15.0

*Relative Standard Deviation for TTC method (n = 6)
**Tetrazolium violet (TV)
a, b, ¢, A degree of reliability

Indices:

N, — 150 mg N kg™ soil

N, — 300 mg N kg™ soil

P, — 150 mg P,0s kg™ soil introduced like double superphosphate
K, — 150 mg K,0 kg soil introduced like potassium sulphate
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The obtained results from the study in connection with the developed method by us
for determination of molybdenum with Triphenyltetrazolium chloride are worked with a
computer programme for multispecified comparative analysis in Duncan’s method [6].

It can be seen a decrease in concentration of molybdenum in black lettuce in min-
eral fertilization with (NH,),SO4 and CO(NH,), with 1 mg Mo kg introduced in soil,
with the increase of the fertilization norm of nitrogen in soil. In N; + background + 1 mg
Mo (variant 4) fertilized with (NH,),SO, molybdenum is 31.5 mg kg, where as in N, —
300 mg N kg (variant 6) the concentration of molybdenum decreases to 19.5 mg kg™
(Fig.1). Hence the high content of nitrogen in soil decreases the quantity of the assimi-
lated molybdenum by plants.
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Figure 1. Content of Mo in black lettuce in different levels of fertilization with
(NH,),SO,; + 1 mg Mo: 1—N; 150 mg N kg soil; 2—N> 300 mg N kg’ soil. Variants:
1 — NyP K, (background); 2 — N + background; 3 — N + background + 1 mg Mo

50
45

40 /
35 /
30 /

25

20 /

15 '—@‘L

10
5

0 T T T 1
0 1 2 3 4

Mo mg/kg

¢

Variants

Figure 2. Content of Mo in black lettuce in different levels of fertilization with
CO(NH,), + 1 mg Mo: 1—-N; 150 mg N kg™ soil; 2— N> 300 mg N kg™ soil. Variants:
1 — NyPK; (background); 2 — N + background; 3 — N + background + 1 mg Mo
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Figure 3. Content of Mo in black lettuce in different levels of fertilization with
NH,NO; + 1 mg Mo: 1-N,; 150 mg N kg soil; 2—N, 300 mg N kg soil. Variants:
1 — NyP K, (background); 2 — N + background; 3 — N + background + 1 mg Mo

A similar subordination can be seen in variants 12 and 14 fertilized with CO(NH,),.
In N; + background + 1 mg Mo the content of molybdenum is 44.8 mg kg'. With in-
crease of the fertilization norm of nitrogen in soil in N, — 300 mg N kg™, the content of
molybdenum decreases to 14.7 mg kg™ (Fig. 2). Hence nitrogen introduced in soil in the
form of CO(NH,), and (NH,4),SO, exerts the same influence on the accumulation of mo-
lybdenum by plants.

There is one exception and this is the fertilization with NH4NOs;, that has a re-
verse influence upon the accumulation of molybdenum in black lettuce (Fig. 3). In
fertilization with N; + background + 1 mg Mo(variant 8) the content of molybdenum
in the plant mass is 8.7 mg kg dry mass. The concentration of molybdenum in-
creases three times to 24.3 mg kg™ (variant 10), if we increase the fertilization norm
of nitrogen to N, — 300 mg N kg™’ soil. Data from the minerel fertilization and treating
with 1 mg Mo kg™ soil show a positive influence of the added molybdenum in soil, if
we only fertilize with (NH,4),SO.,.

To check the method that we propose, a parallel determination of molybdenum
content was carried out by the method with Tetrazolium violet(TV) [7].

The experimental data (Table 1) by both methods show that the proposed method
with Triphenyltetrazolium chloride can be successfully used for determination of micro-
quantities of molybdenum in plant material.

CONCLUSIONS

Plants accumulate more molybdenum in additional bringing in soil of this mi-
croelement in the form of ammonium salt together with the base fertilization with
(NH4)2SO4 and CO(NH2)2 .

An exception can be discerned in fertilization with NH4;NOs. The additional ad-
dition of molybdenum in soil causes its decrease in the content in plant mass. Maybe
this is due to the high nitrogen content in these variants of fertilization.
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In mixed soil fertilization with (NH4),SO4 and CO(NH,), with 1 mg Mo, the less
content of nitrogen in nutrient medium helps the better extraction of molybdenum in
the plant mass.
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ABSTRACT

A certain research has been carried out for the content of manganese in leaf
mass of eggplant under the influence of soil fertilization and leaf fertilization. In con-
nection with this aspect some leaf fertilizers have been tested, such as: Fitona, Horti-
grow, Agroleaf, Kristalon.

A new extraction — spectrophotometric method for the determination of manga-
nese with Methylene Blue in plant material was used. The method is simple and rapid
with satisfactory results and good reproducibility.

The content of manganese is higher in leaf mass of eggplant in the treatment of
plants with the leaf fertilizer Kristalon — 138.6 mg kg Mn. By all means this is due
to the fact that the leaf fertilizer Kristalon comprises in its composition 0.04% Mn.
The effect of the leaf feeding-up takes place much promptly in comparison to the soil
fertilization.

The content of microelement manganese in leaf mass of eggplant was deter-
mined in mixed fertilization (soil and leaf). The experimental data show that the
highest is the content of Mn 142.2 mg kg'l in fertilization with N,4P,K, and leaf fer-
tilizer Kristalon.

Keywords: manganese, methylene blue, spectrophotometry, plants, leaf fertiliza-
tion.

INTRODUCTION

In the conditions of intensive farming, the problem of trace elements in the soil-
plant system attained significant importance. In the process of feeding-up of plants
ten of the most importanat elements are comprised, and manganese is between them.

Manganese is important for the synthesis of the organic substance in plants and
the metabolism of a number of nutrient elements in a plant organism. Manganese
takes part in a number of important physiological and biological processes — in the
nitrogen metabolism, photosynthesis, breathing the needed oxidation-reduction con-
ditions in the cell [1, 2].

Manganese is an element which is important for the nitrogen metabolism in
plants. Manganese insufficiency leads to a considerable accumulation of nitrates,
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disturbance in the protein synthesis in plants and illness to some plants [3—5]. Also
the manganese insufficiency causes a decrease in Ca and Mg contents in plants [6].
The optimal content of manganese, its critical level and toxic concentration at which
the growth is depressed and the yield decreased, have been established for a great
number of crops [7].

Various methods for determination of manganese have been published. Analyses
with some reagents are used [8—14].

The objectivity of this study is to clarify the opportunity for using Methylene
Blue [15] as a reagent for determination of micro quantities of manganese in plant
samples. To explore the influence of the mineral fertilization and leaf fertilizers upon
the assimilation of manganese in leaf mass of eggplants.

MATERIAL AND METHODS
The experiment was carried out in ten variants: non frtilized, soil fertilization,
leaf fertilization and mixed fertilization (soil with leaf).

Variants of the experiment:

1. Control — non fertilized

2. Soil fertilization N24P12K12
3. Leaf fertilization Fitona

4. Leaf fertilization Hortigrow
5. Leaf fertilization Agroleaf
6. Leaf fertilization Kristalon
7. N24P12K12 + Fitona

8. N24P12K12 + HOI'tigI'OW
9. N24P12K12 + Agroleaf
10. N24P12K12 + Kristalon

An analysis for manganese content by variants were carried out using a new ex-
traction-spectrophotometric method with Methylene Blue (MB) [15]. Manga-
nese(VII) forms an ion-association complex with triphenylmethane dye MB. The mo-
lar absorptivity of the ion-association complex is (1 £ 0,08)x10* L mol™ cm™ at 245
nm. The system obeys Beer’s law in the range 1.7x10” mol L — 5x10™* mol L™
Mn(VII). A rapid and selective extractive-photometric method for determination of
manganese in plants was developed. The determination was carried out without pre-
liminary separation of manganese.

Apparatus — Spectrophotometer UV-VIS with 1-cm light path quartz cells.

Procedure — A wet burning of the plant sample was carried out in which a mix-
ture of sulphuric and nitric acids was used for the oxidation of the organic substance.
A portion of 2 g of air-dry plant material was placed into a Kjeldal flask and mois-
tened with 4 ml distilled water. 5 mL conc. sulphuric acid and 10 mL conc. nitric acid
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were added. The flask was slightly heated. If the oxidation of the organic substance
was not completed, HNO; was added and heated again. When all the organic material
was oxidized, the solution was heated at a higher temperature for 10 min [16]. After
cooling the solution was diluted with water and filtered. Portions of 3 mL conc.
H,SO,, 2 mL conc. H;PO,4 and 0,1 g potassium periodate were added for oxidation
Mn(II) to Mn(VII). It was heated to boiling point and the temperature was maintained
for 10 min [17]. After cooling the solution was diluted with water and filtered. It was
transferred into a volumetric flask of 50 mL and diluted to the mark with distilled wa-
ter. Aliquot parts of this solution were taken for analysis.

In separatoly funnel of 100 mL are introduced the solutions: 4 mL of 1.2 mol L™
HCI, 0.5 mL of 1x10 mol L' Methylene Blue, and aliquot part of the plant sample
solution, 2 mL of each — saturated solutions of ascorbic acid and tartaric acid (to
mask the interfering ions). It is diluted up to a volume of the aqueous phase of 12 mL
with distilled water and extracted with 3 mL 1,2 dichloroethane for 5 s. The organic
layer is then transferred through paper filter into a 1 cm cuvette and photometered on
spectrophotometer at 245 nm against the pure solvent. A blank is run parallel in the
absence of plant sample. A standard curve was used for determination of manganese.

RESULTS AND DISCUSSION

A certain research has been carried out for the content of manganese in leaf mass of
eggplant under the influence of soil fertilization and leaf fertilization Table 1. In connec-
tion with this aspect some leaf fertilizers have been tested, such as: Fitona, Hortigrow,
Agroleaf, Kristalon. Manganese in some plant samples is determined with a new extrac-
tion-spectrophotometric method with Methylene Blue [15].

As we can discern from Fig. 1 the content of manganese is higher in leaf mass of
eggplant in the treatment of plants with the leaf fertilizer Kristalon — 138.6 mg kg™ Mn.
By all means this is due to the fact that the leaf fertilizer Kristalon comprises in its com-
position 0.04% Mn. Content of manganese in leaf mass of eggplant samples increases
consequently in the line of the used leaf-fertilizers Hortigrow, Agroleaf, Fitona and
Kfristalon.

The leaf feeding-up is due to the ability of leaves and stems to absorb the nutritious
elements taken in them in the form of certain silutions. The effect of the leaf feeding-up
takes place much promptly in comparison to the soil fertilization. It is also very impor-
tant to mention that the physiological deseases of plants caused by deficiency or scarcity
of a given element can be avoided.

Table 1. Content of manganese in leaf mass of eggplant samples in mineral
fertilization and leaf treating

Ne Variants Mn, mg kg” | RSD* | Mn, mg kg™’
MB method % AAS
1 Control — non fertilized 97.8 1.6 97.5
N,4P1:K s 128.8 1.2 128.2
3 Fitona 108.8 1.5 109.3
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4 Hortigrow 79.6 2.1 79.1
5 Agroleaf 97.8 1.9 98.2
6 Kristalon 138.6 1.3 139.0
7 N,4P,K, + Fitona 112.4 1.7 111.9
8 N24P12K12 + HOI'tigI'OW 135.6 14 135.2
9 N24P12K12 =+ Agroleaf 99.5 2.2 99.8
10 | NoyP-K, + Kristalon 142.2 1.5 141.8

* Relative Standard Deviation for MB method (bazed on 5 determination)

In order to study the influence of different kinds of fertilization, the content of
microelement manganese in leaf mass of eggplant was determined in mixed fertiliza-
tion (soil NP ,K; + leaf). The experimental data Fig. 2 show that the highest is the
content of Mn 135.6 mg kg'1 in leaf mass of eggplant in fertilization with N,4P,K;,
and leaf fertilizer Hortigrow (variant 1) and respectively 142.2 mg kg Mn in fertili-
zation with N,4P1,K, and leaf fertilizer Kristalon (variant 4).
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malkg 140
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20+

Leaf fertilizers

Figure 1. Content of Mn in leaf mass of eggplant in fertilization with leaf fertilizers:
1 — Hortigrow, 2 — Agroleaf, 3 — Fitona, 4 — Kristalon

From fig. 2 it can be discerned that in mixed fertilization the content of manga-
nese does not increase consequently in the line Hortigrow, Agroleaf, Fitona, Krista-
lon as in the leaf fertilization. This all indicates that soil fertilization with nitrogen,
phosphorus and potassium (Np4P,K,) influences the accumulation of manganese in
leaf mass of eggplant.

The experimental data show that in the two variants of fertilization — leaf and
mixed fertilization, the content of manganese is highest in the leaf-fertilizer Kristalon.

The accuracy of the method was checked up using atomic-absorption method.
The experimental data (Table 1) show a good agreement between the results obtained
by the two methods.
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The experimental data by both methods show that the proposed extraction-
photometric method with Methylene Blue can be successfully used for determination
of microquantities of manganese in plant material. This is an extremely simple and
direct extraction for determination of microquantities of manganese.
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Figure 2. Content of Mn in leaf mass of eggplant in mixed fertilization (soil and leaf),
Variants: 1 —N,,P;,K;, + Hortigrow
2 =Ny P K, + Agroleaf
3 —NP;K,;, + Fitona
4 —N,,P;>K;, + Kristalon

CONCLUSION

A new extraction — spectrophotometric method for the determination of manga-
nese with Methylene Blue in plant material was used. The method is simple and rapid
with satisfactory results and good reproducibility.

Manganese is determined in leaf mass of eggplant under the influence of soil
fertilization and leaf fertilization.The content of manganese is higher in leaf mass of
eggplant in the treatment of plants with the leaf fertilizer Kristalon — 138.6 mg kg™
Mn. By all means this is due to the fact that the leaf fertilizer Kristalon comprises in
its composition 0.04% Mn.

The content of microelement manganese in leaf mass of eggplant was deter-
mined in mixed fertilization (soil and leaf). The experimental data show that the
highest is the content of Mn 142.2 mg kg'1 in fertilization with N,4P,K,, and leaf fer-
tilizer Kristalon.
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ABSTRACT

The FTIR Absorbance, FTIR ATR, DRIFT and Raman spectra of 2-[(trichloro-
acetyl)amino]benzamide have been registered in solid state at resolution of 1 cm™.
Quantum chemistry calculations were performed by using the Gaussian 98, Revision
A.7. For the geometry optimization and vibrational spectra prediction the B3LYP den-
sity functional with 6-31G(d) basis set was used. A partial assignments of vibrational
bands is given. FTIR Absorbance, FTIR ATR, DRIFT and Raman spectra of 2-[(tri-
chloroacetyl)amino]benzamide 1 are given as a Supplementary Material in JCAMP-
DX format, version 4.24.

Keywords: FTIR; Raman Spectroscopy, 2-[(trichloroacetyl)amino]benzamide

INTRODUCTION

Number of representatives of 2,4(1H,3H)-quinazolinediones have shown a wide
spectrum of biological activities. Developed by us method for the synthesis of
3-substituted 2,4(1H,3H)-quinazolinediones includes intramolecular cyclization of
2-[(trichloroacetyl)amino]benzamides [1]. In the course of elucidation of this interac-
tion, a necessity of study arises concerning the influence of N-(un)substituted ben-
zamido group on the proceeding of the reaction. For this purpose an appropriate for
investigation chemical structure is 2-[(trichloroacetyl)amino]benzamide.

EXPERIMENTAL

The FTIR Absorbance, FTIR ATR, DRIFT and Raman spectra of 2-[(trichlo-
roacetyl)amino]benzamide 1 have been registered in solid phase at resolution of 1 cm™.
The three types of IR spectra were recorded on a VERTEX 70 (Bruker, Germany). The
used ATR accessory is MIRacleTM (ZnSe crystal, produced by PIKE Technologies,
Inc), and the Diffuse Reflection Accessory is Praying MantisTM (produced by Harrick
Scientific Products, Inc.). The Raman spectrum is measured on RAM II (Bruker,
Germany) with a focused laser beam of 100 mW power of Nd: YAG laser (1064 nm).
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Quantum chemistry calculations were performed by using the Gaussian 98,
Revision A.7 [2]. For the geometry optimization and vibrational spectra prediction
the B3LYP density functional with 6-31G(d) basis set was used.

@

NH,

NH

Cl
O)>(
C

e
Figure 1. Chemical structure of 1.

RESULTS AND DISCUSSION
The registered FTIR and Raman spectra are given in Fig. 2.
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Figure 2. The infrared and Raman spectra of 1.
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The comparison of vibrational spectra of 1 with those of N-(4-chlorobenzyl)-2-
[(trichloroacetyl)amino|benzamide and the performed quantum chemistry calculations
permit an assignment for some of the spectral bands of 1. The proposed assignments
are the following: valence V,(NH,) = 3395 cm’!, v{(NH,) = 3302 cm™' , v(NH) = 3224
cm’!. Stretching C-H vibrations in benzene ring are 3106 cm™!, 3084 cm!, 3067 cm’!
and 3028 cm’'. Stretching carbonyl vibrations are 1698 cm™ (trichloroacetamido
group) and 1657 cm!. Benzene ring vibrations are: 1584 cm™ (8a) 1307 cm™ (14) and
1048 cm! (18a), and C-H out-of-plane bending of the benzene ring is at 763 cm™! (or-
tho substituted benzene).

Figure 3. The conformers of 1 optimized by quantum chemistry calculations.

There appear 5 bands and a shoulder in the N-H stretching region of the IR spec-
trum. The quantum chemical calculations show the existence of two stable conform-
ers — one with a hydrogen bond between N-H and C=0, the other with a hydrogen
bond between N-H and the nitrogen of the NH,, see Fig.3. The three bands given
above correspond to the second structure. The position of the others is 3347 cm™,
3266 cm’! and 3195 cm! (shoulder). The weak band at 1677 cm™! supports the pres-
ence of a second conformer: it can be assigned to the C=0 stretching mode of ben-
zamido group.

SUPPLEMENTARY MATERIAL

FTIR Absorbance, FTIR ATR, DRIFT and Raman spectra of 2-[(trichloro-
acetyl)amino]benzamide 1 are given as a Supplementary Material in JCAMP-DX
format, version 4.24 at http://www.kosnos.com/spectroscopy/iris.
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ABSTRACT

Organic dyes such as styrylquinolinium salts are new promising materials for
photonic applications. Comparative FTIR spectroscopic analysis on thin films and
targets from three new organic compounds, i. e. E-4-(2-(4-hydroxynaphthalen-1-yl)-
vinyl)-1-octylquinolinium iodide (1), (E)-1-ethyl-4-(2-(4-hydroxynaphthalen-1-yl)-
vinyl)quinolinium bromide (2), and 4-{(E)-2-[4-(dimethylamino)naphthalen-1-yl]-
ethenyl}-1-methylquinolinium iodide (3) deposited by means of Pulsed Laser
Deposition (PLD) technique using high power UV Nitrogen laser are described. The
thin films are deposited on substrates KBr, 316L SS alloy and aluminium foil. The
organic materials are synthesized by Knoevenagel condensation. The thickness of the
deposited films ranges from 80 to 300 nm as measured by interferometric method.
The targets are formed by a moulding press. Characterization of the films and targets
by FTIR spectroscopy showed a small difference between the deposited films and the
native materials/targets, and their structure and composition depend on technological
parameters.

Keywords: FTIR, Organic Non-linear Optic Dyes, Pulsed Laser Deposition

INTRODUCTION

Organic non-linear optical (NLO) materials vary from polymers to molecular
crystals to liquid crystals to organometalic compounds and new hybrid organic/inorganic
nanocomposites. Organic NLO devices usually are used as bulk or as thin films
structures. Thin films of organic NLO dyes are extremely useful for creating of a surface
for photonics applications that can be used as fast optical switches, modulators, devices
for frequency mixing processes, sensors, integrated optical circuits for
telecommunication and medium for optical computing [1,2]. Relatively low-cost
preparation of organic NLO dyes, as well as their active optical properties have
stimulated researcher for studying and synthesis of new organic NLO dyes. The styryl
dyes with quinoline nucleus were applied to various sensitive materials such as
sensitizers or desensitizers formerly. With the development of new technologies the
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researchers have found a new application of styrylquinoline dyes to electroluminescence
and photochromism [3,4] as well as in the field of medication [5,6].

Classical technologies for deposition these materials as thin films are deep
coatings, spin coatings, Langmuir—Blogett method, Molecular Beam Epitaxy and
drop-casting technique [7-9]. Advantages and disadvantages are both intrinsic for
such of techniques. One disadvantage is the impossibility to deposit thin films with
homogeneous and smooth surface without substantial damage of various substrates
such as metals, ceramics and organics.

The aim of this work is to study the chemical composition of the surface of the
substrates and targets obtained by Pulsed Laser Deposition technique used for
preparation of thin films onto KBr, 316L SS alloy and aluminium foil substrates
composed by new styrylquinolinium dyes with larger conjugated systems
(naphthalene tail with different electron donor group). Comparative FTIR
spectroscopic analysis were done for investigation the congruence between chemical
structures of thin films and the targets of native material.

EXPERIMENTAL DETAILS

1. NLO organic dyes synthesis

The styrylquinolinium dyes (1) — (3) were synthesized by Knoevenagel
condensation of 4-hydroxy- or 4-N,N-dimethylaminonaphtaldehyde and the respective
quaternary lepidinium salts in the presence of basic catalyst piperidine. Fig.1 shows the
chemical structure of the investigated compounds. The synthesis of merocyanine dyes
(1) — (3) was described in ref. [10]. Polycrystalline samples of dyes (1) — (3) suitable
for deposition by the PLD technique were obtained after recrystallization from
methanol. The synthesized dyes (1) — (3) and their structures and purity were
confirmed by 'H NMR, >C NMR and UV-Vis spectroscopies, elemental analysis and
melting points [10]. The melting points for the target dyes were sharp which indicates a
high level of purity and a crystalline phase of the resulting salts.

X 7 \ O Rz (1): Ri1=Octyl; R,= OH; X=1
R1-N+ / (2): Ri=Et; R,= OH; X=Br
O O (3): Ri=Me; R,= NMe,; X=1

Figure 1. Chemical structure of the investigated compounds.

2. Pulsed Laser Deposition of NLO organic dyes

Experimental setup used for the thin films deposition is typical for PLD
technique and is similar with that described beforehand [11]. The organic NLO thin
films were deposited in vacuum of 10™ to 10™ Torr produced by a standard rotary
pump and diffusion pump. Lambda Physic EMG 102 laser is used as UV TEA N,
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laser with energy per pulse up to 8 mJ, pulse duration 6 ns and repetition rate up to
120 Hz. The angle between focusing laser beam and target is 45°. Short focus of 60
mm meniscus quartz lens were used for focusing laser beam. The distance Substrate—
Target (S-T) was varied from 2 cm to 8 cm. The dimensions of substrates for KBr,
SS316 L and aluminum foil vary from 2 cm” to several dm”. The usual distance S-T
was 4.5 cm. The target holders is rotated by high speed mini motors mounted inside
of vacuum chamber. The single Target is mounted on a regulated high speed motor
(up to 3000 rev/s). The Target material consists of one of the styrylquinolinium dyes
(1) — (3) for coatings. The Target diameter is 12 mm. The laser beam area at the focus
is typically 2x10” cm® to 2x10” cm® and typical laser energy density (so called
fluence) vary from 3.5 J/em®to 0.35 J/cm® The typical repetition rate of laser pulses is
20 Hz. The rate of coatings’ growth at this laser parameters is 0.1 — 0.2 nm/s. The
vacuum chamber has been cleaned by means of argon plasma before any deposition
process. The experiments were carried out at room temperature.

3. Spectral Measurements

Transmittance and Attenuated Total Reflection (ATR) Fourier Transform
Infrared IR spectra were recorded with an IR spectrophotometer VERTEX 70 FT-IR
spectrometer (Bruker Optics). The used ATR accessory is MIRacle™ with a one-
reflection ZnSe element (Pike). Thin films onto KBr plate were analyzed with
absorbance spectra and the depositions onto 316L SS alloy and aluminium foil by
ATR spectra.

RESULTS AND DISCUSSION

The spectral analysis of the materials deposited by means of PLD on various
substrates is based on comparison of the spectral bands of the obtained thin films
with those of the native materials in a region where most of the uncharacteristic
fundamental vibrations appear. For this study the 1700 — 600 cm™ spectral interval is
selected as it includes the finger print region and the area of the aromatic ring
vibration. The spectral analysis will be illustrated with the detail comparison of two
spectra of merocyanine dye (1).

The 1700-600 cm™ region of the IR spectrum of dye (1) deposited onto KBr
plate is shown in Fig. 2 together with the spectrum of a drop of dye (1) methanol
solution dried onto AgCl plate. It can be seen that the two spectral curves look pretty
similar and the bands of dye (1) at 1559 cm™, 1340 cm™, 1278 cm™ and 957 cm™ are
preserved in the spectrum of the thin film. On the other side, some of the bands are
shifted up to 10 cm™ which is to be expected as the compound is embedded into the
crystal structure of KBr. The strong bands of this type are 1225 cm™ (shifted to 1216
cm™) and 750 cm™ (shifted to 760 cm™). The interaction of the deposited dye with the
substrate is also a reason for widening of most of the bands. In this case two or three
bands close in the compounds spectrum can appear as one (usually unsymmetrical)
band in the thin film spectrum. In Fig. 2 these are 1595 cm™ and 1559 cm™ couple,
1363 cm™ and 1340 cm™ couple and 771 cm™, 761 cm™ and 750 cm™ triad.
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Figure 2. IR Absorbance spectra of dye (1); (a) is the spectrum of thin film (the substrate is
a KBr plate), and (b) —that of a drop of dye (1)’s methanol solution dried onto AgCl plate.

There are two bands in the spectrum of the deposited compound that cannot be
explained as a result of deposition — these are the strong 1508 cm™ band and the 1149
cm’ band. The only explanation is that a partial degradation of the deposited
compound happens.

As a whole, the high laser fluence (3.5 J/cm?®) used for dye (1) deposition had
not decomposed heavily the target material. The high fluence shortened the
deposition process thus decreasing its cost but it appeared inappropriate for the two
other dyes. Thin films of Dye (2) and Dye (3) deposited on all types of substrates by
this high fluence have FTIR spectra which include bands not present in the target
compound and which cannot be explained with the peak’s shift discussed above. That
is why, the laser fluence was reduced to 0.35 J/cm® and the FTIR spectra of the newly
obtained thin films were registered and analyzed in a manner described above.

It appeared that the substrate did not influence the quality (expressed mainly as
an absence of chemical degradation) of the deposited material and the only factors
which determine the dye’s chemical degradation by the deposition process are the
laser fluence and the chemical structure of the dye. The relation between dye’s
chemical structure and the decomposition rate cannot be comprehended using only
our data and is a matter of future studies.

In Table 1 the quality of the deposited materials is given. Usually, several spots
in the deposited thin film were measured and it appeared that they had given similar
FTIR spectra.
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Table 1. The chemical quality of the obtained thin films of dyes (1) — (3).

Target Substrate Laser fluence Thin film spectroscopic
[J/cm?] characterization
KBr Material is deposited with
Dye (1) 316L SS alloy 3.5 a little decomposition
aluminium foil of dye (1)
KBr Material is deposited with
Dye (2) 316L SS alloy 3.5 a partial decomposition
aluminium foil of dye (2)
KBr
Dye (2) 316L SS alloy 0.35 Deposited material is virtually
aluminium foil not chemically changed
KBr
Dye (3) 316L SS alloy 3.5 Material is deposited with
aluminium foil a vast decomposition
of dye (3)
KBr Material is deposited with
Dye (3) 316L SS alloy 0.35 a little decomposition
aluminium foil of dye (3)
CONCLUSIONS

We have successfully demonstrated the application of PLD method using high
power TEA N, laser (A= 337.1 nm) for deposition of thin films of new
styrylquinolinium dyes with larger conjugated systems and molecular weight from
300-550 g/mol. The pressed micro crystals targets from complex organic NLO dyes
are suitable for PLD process at vacuum in range 10~ mbar to 10 ~ mbar. Despite the
fact, that the higher laser fluence is more costly efficient, it is better to use mild laser
fluence in order to avoid target decomposition. As future experiments we need more
detailed analysis concerning the UV laser beam interaction with organic target. This
first successful study of new laser deposition conditions allow the possibilities for the
processing of new class nanocomposites as styrylquinolinium dyes - inorganic

nanocoatings with large photonics applications.
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ABSTRACT

Bright field microscopy, Fluorescence microscopy and Atomic Force Micros-
copy (AFM) analysis of thin films from styrylquinolinium salts deposited by means
of Pulsed Laser Deposition (PLD) technique, using high power UV Nitrogen laser are
described. The thin films are deposited onto substrates from KBr, 316L SS alloy, op-
tical glass and aluminium foil. The organic dyes: E-4-(2-(4-hydroxynaphthalen-1-
yl)vinyl)-1-octylquinolinium iodide (1), (E)-1-ethyl-4-(2-(4-hydroxynaphthalen-1-
yl)vinyl)quinolinium bromide (2), and 4-{(F)-2-[4-(dimethylamino)naphthalen-1-
yl]ethenyl}-1-methylquinolinium iodide (3) are synthesized by Knoevenagel conden-
sation. The thickness of the deposited films ranges between 80 — 300 nm, measured
by interferometric method. Morphology and topology of deposited thin films in ac-
cordance with technological regimes and the type of substrates are discussed.

Keywords: Bright field microscopy, Fluorescence microscopy, AFM, morphol-
ogy, PLD.

INTRODUCTION

Organic Non Linear Optical (NLO) thin films with preliminary designed proper-
ties and structure are very attractive in recent years for applications in various fields
of science and industry including optoelectronics, lasers, optical recording and proc-
essing and sensors. The phenomena of Nonlinear Optics can be summarized as
strongly interaction of electromagnetic field of laser light with the materials and ob-
servation of qualitative alteration in the propagation properties of the incoming light,
such as frequency, phase and polarization. This applications of organic NLO materi-
als as thin film, require high quality of the obtained films in relation to their function-
ality and their morphology (well-ordered films consisting of molecules of organic
compounds with preliminary designed properties), topology, homogeneity (carefully
aligned to each other and onto substrate) and thickness uniformity. The films have to
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exhibit high stability without mechanical, thermal and chemical stress including sol-
vent exposure and good adhesion onto substrate. Thin films of complex organic mate-
rials have been processed by means of conventional non-vacuum techniques, such as
dip coating, spin coating, spray coating, electrochemical deposition, Langmuir—
Blogett method usually and vacuum methods such as electron beam evaporation,
thermally assisted vacuum evaporation, organic molecular beam epitacsy [1-4]. The
preparation of thin films from single bulk complex organic target— polymers was first
shown by Hansen and Robitalle in 1988 [5]. Recently developed laser based methods,
such as Pulsed Laser Deposition (PLD) and Matrix Assisted Laser Evaporation (MA-
PLE) showed good results for deposition complex organic materials, including poly-
mers, biopolymers, proteins and living cells, also [6,7].

Three new organic compounds, from merocyanine dyes group E-4-(2-(4-hydro-
xynaphthalen-1-yl)vinyl)-1-octylquinolinium iodide (1), (E)-1-ethyl-4-(2-(4-hydro-
xynaphthalen-1-yl)vinyl)quinolinium bromide (2), and 4-{(E)-2-[4-(dimethyl-
amino)naphthalen-1-yl]ethenyl}-1-methylquinolinium iodide (3) have been synthe-
sized by means of Knoevenagel condensation. The styrylquinolinium dyes with larger
conjugated systems (naphthalene tail with different electron donor group) showed big
potential as NLO materials [8].

X G \ O R> (1): Ri=Octyl; R,= OH; X=1
R1-N+ / (2): Ri=Et; R,= OH; X=Br

O O (3): Ri=Me; R,= NMe,; X=1

Figure 1. Chemical structure of the investigated compounds

The present work focuses on study by means of optical, optical fluorescent and
AFM the ability of PLD to provide thin films from this new styrylquinolinium dyes
with good quality in respect to their potential applications as NLO organic materials
on different type of substrates.

EXPERIMENTAL

Pulsed Laser Deposition of NLO organic dyes

The experimental set—up used for thin films deposition is typical for PLD tech-
nique and 1s similar with [9]. The technological parameters of process deposition, by
means of high power UV N, laser onto substrates from KBr, NaCl mono crystals,
316L SS alloy, optical glass — K5 and Al foil are described in [10]. The laser energy
density has been selected from 350 mJ/cm’® to 3.5 J/em® in accordance with absorp-
tion spectrum spectra and chemical structures of deposited dyes. All experiments
have been carried out at room temperature and vacuum of 10 ~> mbar. The substrates
have been cleaned in an ultrasound bath with pure acetone and ethanol, before depo-
sition process and dried by means of technical nitrogen. The single bulk dyes targets
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have been prepared with the aid of hydraulic press — (Perkins Elmer with diameter
1.2 cm and thickness from 0.3 cm to 0.5 cm). The choice of substrates is in accor-
dance with the possible applications in field of NLO devices, as fast optical switches
in waveguides systems, SGH (second generation harmonic) devices for lasers, rapid
optical deflectors and as well as for the future developments of new organic/inorganic
optical nanocomposites.

Bright field and Fluorescence microscopy measurements

An optical study was performed by means of Bright field/ Fluorescence micros-
copy Nikon Eclipse 801 with maximum magnification 400X and four standard filters,
in the case of Fluorescent mode. Each Nikon triple band fluorescence set is optimized
for use with DAPI [Ex (excitation filter) 340-380; DM (dichroic mirror) 400; BA
(barrier filter) 435-485] and FITC (Ex 465-495; DM 505; BA 515-555) in combina-
tion with either TRITC (Ex 540/25; DM 565; BA 605/55) or Texas Red (Ex 540-580;
DM 595; BA 600-660) probes. The microscopic images was performed by DS Cam-
era Control Unit DS-U2 and DS camera Head DS-Fi 1 with use of imaging software
NIS-Elements F 2.30.

AFM measurements

AFM study in the present work was performed by means of Veeco DI Nano-
scope MultiMode V system (contact mode) with scan size: 10um x 10um along XY
axis and vertical range Z axis — of 2.5um.

RESULTS AND DISCUSSION

An optical and optical fluorescent study was performed of thin films of the in-
vestigated new styrylquinolinium dyes (1) — (3) deposited onto substrates from KBr,
316L SS alloy, optical glass and aluminum foil.

The surface quality of dye (1), as thin film with thickness 180 nm onto samples
from stainless steel 316L are shown on Fig.2.

c)

Figure 2. Bright field and fluorescence micrographs of dye (1) as thin film onto samples
from stainless steel 316L: a) 100X; b) 200X by filter Texas Red, c) 200X by filter DAPI.
On the micrographs with digit 1 was marked the substrate, with 2 — thin film.
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The images showed a very good homogeneity of thin films on surface area of 6
cm’ without defects and any cracks. The surface quality of dye (2) as thin films with
a thickness of 260 nm onto samples — substrates from KBr mono crystals are shown
on Fig.3.

S b)

Figure 3. Bright field and fluorescence micrographs of dye (2) as thin film onto substrate

KBr,; a) 100X; b) 200X by filter DAPI; c) 400X. On the micrographs with digit 1 was
marked the substrate, with 2 — thin film.

The microscopy images from Fig.3 showed that the quality of thin films con-
cerning topology and homogeneity followed surface quality of the substrates. The
thickness of films is 150 nm.

Bright field and fluorescence images of dye (3) deposited on glass substrates are
shown on Fig.4.

a) |
Figure 4. Bright field and fluorescence micrographs of dye (3) as thin films onto glass
substrate; a) 40X; b) 100X, c) 200X. On the micrographs with digit 1 was marked the
substrate, with 2 — thin film.

Thin films from dye (3) are with thickness of 85 nm and showed a good adhe-
sion onto substrates. The films are transparent in the visible spectrum. The droplets
onto surface of films which are typical for PLD methods are no observed.

AFM is exceptionally useful tool for studying surfaces because it may provide
real volumetric film morphology and nanostructures. Fig.5 and Fig.6 show the ability
of AFM to visualize and characterize surfaces of studying styrylquinolinium dyes —
dye (1) deposited by means of PLD on glass substrates and aluminium foils with
thickness 220 nm, respectively.
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The surface topology showed a different mechanism of the growing of deposited
films in relation to substrates nature. The film is extremely uniform with deviation no
more than 20 nm for glass substrate. The film deposited onto aluminum foil showed a
deviation more than 30 nm and priority preference for of growing in vertical axis.
The crystal structure of aluminum foil defines the direction of deposited film, most
probably.

26.5 nm

Figure 5. AFM 3D image of a surface Figure 6. AFM 3D image of a surface
of the thin film of dye (1) deposited by of the thin film of dye (1) deposited by
means of PLD on glass substrates means of PLD on aluminium foils

X and Y axes are graduated in um and show the area of the scanned sample. Z axis is
graduated in nm and shows the roughness of the sample.

CONCLUSION

We have demonstrated successful deposition of thin films from styrylquinolin-
ium dyes with larger conjugated systems by means of PLD technique using high
power UV N, laser. The films are in highly ordered and uniform morphology with
layered structure in which the organic molecules stand nearly vertical in the case of
metal (aluminium foil) substrates and planar for in the case of dielectric substrates,
such as optical glass and mono crystals from KBr and NaCl. The films are homoge-
neous and without any cracks and droplets on the surfaces. The laser energy density
used in this work varies from 350 mJ/cm” to 3.5 J/cm” and laser repetition rate up to
20 Hz, respectively. The pressed micro crystal targets from complex organic NLO
dyes are suitable for a PLD process at vacuum conditions in range 10~ mbar to 10
mbar, as well. The films are amorphous and their surface morphology is character-
ized by small particles (with a dimensions about 20 — 30 nm) and roughness not more
than 40 nm which is still enough and compatible for NLO applications. These first
studies of the new deposition conditions have allowed for a future preparation of
films with preliminary determinate properties and opened interesting possibilities to
compose new styrylquinolinium dyes — inorganic nanocomposites for direct photon-
ics applications.
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ABSTRACT

The aim of this study was to determine the capacity of 12 new synthesized biologi-
cally active compounds from colleagues of the New Delhi University, India, with anti-
inflammatory and anticancer activity, as radical scavengers. These compounds are: (1) 7-
hydroxy-4-methyl-2H-chromen-2-one; (2) 6,7,-dihydroxy-4-methyl-2H-chromen-2-one;
(3) 7,8-dihydroxy-4-methyl-2H-chromen-2-one; (4) ethyl-3-(7,8-dihydroxy-4-methyl-2-
oxo-2H-chromen-3-yl) propanoate; (5) ethyl-3-(6,7-dihydroxy-4-methyl-2-oxo-2H-
chromen-3-yl)propanoate; (6) 7,8-dihydroxy-4-methyl-2H-chromanol-2-thione; (7)5,7-
dihydroxy-2,2-dimethyl-chroman-4-one; (8) 5-hydroxy-3,7,8-trimethoxy-2-methyl-4H-
chromen-4-one; (9) 6-allyl-5,7-dihydroxy-2-methyl-4H-chromen-4-one; (10) (E)-3-(3-
isopropoxybuta)-1,3-dienyl)benzene-1,2-diol; (11) 4-(3-methylbut-2-2nyl)-6-(prop-1-en-
2-yl) benzene-1,3-diol; (12) 5-(2,5-dimethoxyphenyl)-2-methylene-2H-chromen-7-ol.
The quantitative evaluation of the compounds, i. e. radical scavenging activity (%RSA)
was determined as %RSA=(Abs—~Abs/Abs)x100,%. The study was made on
physiological temperature (37°C) and the results obtained were compared with those of
standard and known inhibitors: e.g. caffeic acid (CA), DL-a-tocopherol (TOH), gallic
acid (GA) and butylated hydroxytoluene (BHT) at the same experimental conditions.
Lipinski’s Rule of Five was used for explaining their pharmacokinetic behavior.

Key words: radical scavenging activity, DPPH test, biologically active compounds,
Lipinski’s Rule of Five

INTRODUCTION

The human body is constantly subjected to a significant oxidation stress as a result
of the disbalance between antioxidative protective systems and the formation of strong
oxidizing substances, including free radicals [1]. Free radical formation process results
in damage and death of cells, accelerates the aging and initiates many diseases, such as —
cardio-vascular, cancer, Parkinson disease etc. [2]. In this respect the medical treatment
of most of them includes formulations based on a combination of traditional drugs with
targeted functionality and different antioxidants [3]. The activity of antioxidants depends
on complex factors including: the nature of antioxidants, the conditions of oxidation, the
properties of the oxidizing substrate and the stage of oxidation [4,5].
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There are a lot of papers in the literature in which the authors discussed the antioxi-
dant activity of studied compounds on the base of experimental data of radical scaveng-
ing activity towards DPPH radical. It must be noted that the radical scavenging activity
differ significantly from the chain breaking antioxidant activity. Radical scavenging ac-
tivity towards DPPH radical gives us only information about the H-donating capacity of
the studied compounds and some preliminary information for their possibility to be used
as antioxidants. The antioxidant activity is the capacity of the compound to short the
oxidation chain length as a result of its reaction with peroxyl radicals. For that reason we
mean as antioxidant activity the chain breaking activity of the compounds.

The aim of this study was to determine the capacity of 12 new synthesized biologi-
cally active compounds from colleagues of the New Delhi University, India, with anti-
inflammatory and anticancer activity, as radical scavengers. The quantitative evaluation
of the compounds, i.e. radical scavenging activity (%RSA). The study was made on
physiological temperature (37°C) and the results obtained were compared with those of
standard and known inhibitors: e.g. caffeic acid (CA), DL-a-tocopherol (TOH), gallic
acid (GA) and butylated hydroquinone (BHT) at the same experimental conditions. Lip-
inski’s Rule of Five was used for explaining their pharmacokinetic behavior.

EXPERIMENTAL

Standard antioxidants: DL-o-Tocopherol (TOH), butylated hydroxytoluene (BHT),
caffeic acid (CA) and gallic acid (GA) were obtained from E. Merck (Darmstadt, Ger-
many). New biologically active compounds were synthesized and characterized from
our colleagues of New Delhi University, India according to [6]. 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) radical (approximately 90%) was from Sigma Chemical Co.
Solvents used were with a highest quality (HPLC grade) available from Merck (Darm-
stadt, Germany).

Estimation of radical scavenging activity (%RSA) by rapid DPPH radical test The
radical scavenging activity (%RSA) of phenolic compounds (AH) under study was
based on the rapid DPPH test of Nenadis and Tsimidou [7]. We used acetone as solvent
according to Yordanov [8] and Kancheva et al. [9]. The decrease in the absorbtion at
516-517nm of the DPPH radical solution in acetone after addition of the AH was meas-
ured in a glass cuvette (1cm long), automatically. The UV-Vis spectral measurements
were performed on Perkin Elmer Lambda 16 UV-Vis spectrophotometer, equipped with
a HAAKE FE 2 thermostat (precision 1°C). Kinetics of the absorbance decrease was
monitored at a concentration expressed as the number of antioxidant moles per mole of
DPPH (JAH]/[DPPH] = 0.25) during 20 minutes after starting time (t = Omin). The ac-
tivity of all studied compounds to scavenge free radicals (DPPH) was obtained as per-
cent radical scavenging activity (%RSA). The latest was calculated from the absorbance
at the start (0) and after some reaction time (t) and expressed as

%RSA = [AbS(()) — AbS(t) /Abs (t)] X 100, % (1)

Absorbance values were corrected for radical decay using blank solutions. All tests
were performed in duplicate at 37°C.

Lipinski's Rule of Five

Lipinski's rule [10-12] says that, in general, an orally active drug has no more than
one violation of the following criteria:
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v" No more than 5 hydrogen bond donators (nitrogen or oxygen atoms with one or
more hydrogen atoms)
v No more than 10 hydrogen bond acceptors (nitrogen or oxygen atoms)
v A molecular weight under 500 dalton
v" An octanol-water partition coefficient, log P of less than 5
To evaluate the drug-likeness better, the rules have spawned many extensions, for
example one from a study by Ghose ef al. in the year 1999 [10]:
v' Partition coefficient, log P in -0.4 to +5.6 range
v" Molar refractivity from 40 to 130
v Molecular weight from 160 to 480 dalton
v Number of atoms from 20 to 70.

RESULTS AND DISCUSSION
Figure 1 presents structure of all new compounds and standard antioxidants in this

study.
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H H
HO o 0
HO o o HO o s
=
COOEt
7 COOEt Ho Z

(5) ethyl 3-(6,7-dihydroxy-4-methyl-2-0x0-2H - i
(4) ethyl 3-(7,8-dihydroxy-4-methyl-2-oxo0-2H- chromen-3-yl)propanoate (6) 7,8-dihydroxy-4-methyl-2H-
chromen-3-yl)propanoate chromene-2-thione

OMe
HO,
HO O MeO o O.
OMe /
OH o
OH [e] OH o

(7) 5,7-dihydroxy-2,2-dimethylchroman-4-one (9) 6-allyl-5,7-dihydroxy-2-methyl-4/ -chromen-4-one

( 8) 5-hydroxy-3,7,8-trimethoxy-2-methyl-
H-chromen-4-one

HO. O
HO. OH
OH /
OH
OMe
/ ’ / O
Y MeO

(12) 5+(2,5-dimethoxyphenyl)-2-methylene-2 H -chromen-7-ol

(10) (E)-3-(3-isopropoxybuta-1,3-dienyl)benzene-1,2-diol (11) 4-(3-methylbut-2-enyl)-6-(prop-1-en-2-yl)
benzene-1,3-diol

OH
OH
HO
HO. OH
+But +But
= COOH
HO
o (TOH) DL-alpha-tocopherol

COOH
(CA) Caffeic acid (GA) Galic acid (BHT) Butylatrd hydroxytoluene

73



Vessela Kancheva, Adriana Slavova-Kazakova

Figure 1. Structures of new biologically active compounds (1-12) and of standard
antioxidant: CA, GA, BHT, TOH

Radical scavenging activity (%RSA) of new biologically active compounds

DPPH rapid test gives information about the H - donating capacity of the phenolic
compounds towards free (DPPH) radicals:

AH + DPPH — DPPH-H + A* (2);

A* + DPPH — A-DPPH 3)

It must be noted that it is not an antioxidant activity, only antiradical activity.

Comparable analysis for the radical scavenging activity (%RSA) of new com-
pounds and standard antioxidants

Radical scavenging activity as %RSA was calculated according equation (1) and
for all studied compounds and standard antioxidants are shown at Figure 2.

RSA %
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Figure 2. %RSA towards DPPH radical of all compounds under study

On the base of these results all studied compounds are grouped into 3 main groups:

Group A: Compounds with strong activity (Y%oRSA > 40%)

Compound 4 demonstrated the strongest RSA comparable with those of the
most powerful antioxidants TOH and CA. Compound 3 also showed strong RSA,
similar with the activity of GA, but lower than those of compound 4, TOH and CA.

Group B: Compounds with moderate activity ( 15% < RSA < 40%)

Compounds 5, 2 and 6 are in this group and their activity is almost 2-fold lower
that activity of compound 3 and GA and 3-fold lower than activity of compound
4 and of TOH and CA.

Group C: Compounds with weak activity (RSA < 15%))

In this group are compounds 1,7-11. However their activity is closed to the ac-
tivity of BHT.

It has been found for the first time that the radical scavenging activity decreases
in the following sequences depending on the time of contact between DPPH radical
and studied compounds:

a) At the maximal reaction time t = 20min:

4 (64,2%) > TOH (61,1%) > CA (58,6%) > GA (45,7%) > 3 (41,8%) >

5 (21,2%) > 2 (17,3%) > 6 (15,8%) >> BHT (3,6%) = 7 (3,4%) > 9 (2,7%) =

11 (2,7%) =10 (2,6%) > 1 (2,2%) = 12 (2,1%) > 8 (1,8%)
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These results demonstrated how is important to monitor not only the absorbance
decrease at the fixed time (t=10 min, or t=20min), but to follow the kinetics of this proc-
ess. We can see also for the standard antioxidants with known activity that depending on
the reaction time they showed different activity: a) at reaction time of t = 2 min: CA
(43,7%) > TOH (38,8%) > GA (26,5%) >> BHT (2,5%); b) at reaction time of t = 8min:
CA (56,2%) = TOH (56,6%) > GA (39,9%) >> BHT (3,0%); c) at reaction time of t =10
min: TOH (58,1%) = CA (57,1%) > GA (41,6%) >> BHT (3,1%); d) at reaction time of
t =20min: TOH (61,1%) > CA (58,6%) > GA (45,7%) >> BHT (3,6%).

It is evident that for the reaction time t < 4 min, CA showed a higher activity
that TOH; for the reaction time of 6min <t < 8 min %RSA of CA and TOH are al-
most the same; and for reaction time 10 min < t < 20 min %RSA of TOH 1is higher
than those of CA.

The results obtained demonstrated that if we have no data about the kinetics of
this process different results may be obtained depending on the different reaction time.

Lipinski's Rule of Five

Table 1 presents the data obtained for all the coumarins of the present study.

Table 1. Lipinski's Rule of Five main parameters

Structures Lipinsk_i Rule Structures Lipinsk-i Rule Structures Lipinskj Rule
of Five of Five of Five
miLogP 1.887 p ¢ | |milogP 1553 o miLogP 2.805
/C[Ji natoms 13 - ﬁ;\)ﬁ[\ natoms 19 dj( natoms 15
e I MW 176.171 = | [MW 266249 || 7 T MW 208257
nON 3 nON 6 nON 3
nOHNH 1 nOHNH 1 nOHNH 2
milogP 1398 o milogP 2464 ‘ miLogP 1953
m natoms 14 W natoms 17 ﬁ% C | | natoms 21
T MW 192.17 o MW 232235 |/ W | MW 292287
nON 4 nON 4 nON 6
nOHNH 2 nOHNH 2 nOHNH 2
miLogP 1.627 | | miLogP 3387 \ milogP 2.182
/{;{i natoms 14 AJ\/fb/ natoms 16 /—% 5 natoms 21
LT T MW 192.17 MW 220268 || / MW 292287
nON 4 nON 3 nON 6
nOHNH 2 nOHNH 2 nOHNH 2
miLogP 1969 o miLogP 4357 D miLogP 3.995
J;Ii natoms 14 %/—{:; natoms 16 _Utg@: natoms 22
MR MW 208238 MW 218296 ! MW 296322
nON 3 nON 2 ’ nON 4
nOHNH 2 nOHNH 2 nOHNH 1

75



Vessela Kancheva, Adriana Slavova-Kazakova

It could be seen that all compounds of the present study are in agreement with
the Lipinski's Rule of Five.

CONCLUSIONS

In this study we found for the first time the new order of the radical scavenging
activity of all compounds under study at physiological temperature (37°C). New order
of radical scavenging activity was obtained (t=10 min) and three main groups were
found depending from their radical scavenging activity: Group A: Compounds with
strong activity (%RSA > 40%): 4 (63.1%) > TOH (58.1%) > CA (57.1%) > GA =
3 (41.7%); Group B: Compounds with moderate activity (15% <%RSA < 40%):
5 (20.7%) > 2 (16.9%) > 6 (15.8%) and_Group C: Compounds with weak activity
(%RSA<15%): BHT (3.6%) = 7 (3.4%) > 9 (2.8%) = 11 (2.7%) > 10 (2.4%) =
1(2.3%) =12 (2.3%) > 8 (1.8%)).

The main conclusion is that all compounds under study are effective as scaven-
gers of free radicals. However, other studies are in progress about their ability to stop
the degradation process of lipid autoxidation, i.e. their chain-breaking antioxidant ac-
fivity.

It could be seen that all compounds of the present study are in agreement with
the Lipinski's Rule of Five, which is of importance for further development of drugs
based upon these substances, and their analogs.
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ABSTRACT

Chemical category formation and the use of read-across to fill data gaps are seen
as crucial methods for the risk assessment of chemicals under the REACH legislation.
Such methods are especially important if the goal of reducing the number of experi-
mental animals used in toxicological testing is going to be met. One of the crucial
steps in the development of a chemical category is the definition of the applicability
domain of the category in terms of the types of chemicals that should be included in
the category. The aim of this study was to form a “category” of a,-unsaturated alde-
hydes, assumed to act by a common mechanism of action (Michael-type nucleophilic
addition). This toxicologically and mechanistically important category was formed on
the premise of quantitative structure-activity relationships. The acute aquatic toxici-
ties to Pimephales promelas of compounds within the category were obtained in an
effort to investigate approaches for read-across. The results indicate that a category
for prediction can be formed that allows structural information and boundaries to be
elucidated.

Keywords: Acute aquatic toxicity, o,p-unsaturated aldehydes, Michael-type nu-
cleophilic addition, electrophilicity index

INTRODUCTION

There is an increased interest in predicting toxicological effects from chemical
structure for many reasons. For new chemicals this will optimize the product devel-
opment process by eliminating toxic compounds early. For existing compounds, these
approaches enable the prioritization of potentially harmful compounds [1]. The for-
mation of toxicological and chemical reactivity domains, and (quantitative) structure-
activity relationships (SARs and QSARs) will decrease costs and reduce animal using
for chemical risk assessment. In the framework of the new European Union (EU)
regulation Registration, Evaluation, Authorisation and Restriction of Chemicals
(REACH), risk assessment of industrial chemicals is a very important issue in the up-
coming decade [2].

The use of computational ‘in silico’ techniques to predict toxicity varies in so-
phistication from the relatively simplistic approach of forming chemical groupings
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(category formation) to the more complex development of SARs (qualitative identifi-
cation of chemical (sub-)structures with the potential of being reactive or toxic) and
QSARs (quantitative prediction of relative reactivity or toxicity). There is a rich di-
versity of in silico techniques, however, it is generally acknowledged that a mecha-
nistic basis to developing models allows for easier interpretation and provides greater
confidence to the user [3].

Recently, there has been a growth of interest in forming groups of compounds
(called categories) with common structural features presumed to be associated with a
common mechanism of action [4]. Such groupings can be achieved by consideration
of close structural analogs or can be formed using knowledge of the chemistry under-
pinning the mechanistic basis. If a robust grouping or category can be formed, inter-
polation of effects can take place — a process called “read-across™ [5].

The aim of this study was to determine the usefulness and domain of applicabil-
ity of electrophilicity index (®) of a,B-unsaturated aldehydes in predicting the toxicity
within the Michael addition mechanism for acute aquatic toxicity using read-across.

MATERIALS AND METHODS

A listing of a,B-unsaturated aldehydes considered in the present study for which
are given Name, found experimental values for acute aquatic toxicity in Pimephales
promelas, electrophilicity index (w), and known or predicted mechanism are pro-
vided. Read-across predictions of the chemicals are presented in Table 1.

Acute aquatict toxicity data. The 96h fathead minnow (Pimephales promelas)
mortality (LCsy) data were extracted from the US EPA MED-Duluth Fathead Min-
now Database [6]. The lethal concentration was expressed in mmol/l, and the values
were then expressed as - log (1/LCs).

EcoSAR software. EcoOSAR is a user-friendly computer programme developed
and routinely applied by the US EPA for predicting aquatic toxicity to fish, daphnids
and algae [7]. This software was used for grouping of the chemicals.

Log P. Data for the logarithm of the 1-octanol-water partition coefficient (log P)
were obtained from the KOWWIN software [8]. Where possible measured log P val-
ues were verified and used in preference to calculated values.

Excess toxicity. Aldehydes are compounds of special interest as they are often
found to have toxicity in excess of baseline. This property - excess toxicity - was
used to define the reactive toxicity of these chemicals [9]. The nonpolar narcosis
baseline QSAR model for the fish Pimephales promelas is [10]:

log(1/LCs¢) =0.87 log P —1.76 (1)

where n= 70, R* = 0.95, > = 0.94
and the extent of excess toxicity was determined as the toxic ratio (TR), which was
calculated by the following equation [11]:

TR =log (1/LCsp)exp — log (1/LCs)calc (2)

Mechanistic category. Reactive electrophilic chemicals fall naturally into sev-
eral mechanistic domains based on classic organic reaction chemistry. The major
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domains are Michael type acceptor, SyAr, Sy1, Sny2, Schiff base formation, and acyl
transfer [12]. Of these, Michael type addition is proving to be important in toxicity
and is well-studied. The basic criteria for a compound to be a Michael type acceptor
is summarized in Scheme 1.

Nu,
xS CH, Nu- Protein ~—————® x” " Protein

Characteristic: double or triple bond where X = electron withdrawing substituent.

Scheme 1. Michael-type addition reaction

Computational chemical calculation. All calculation on chemical structure were
performed using the Gaussian03 package of programs utilizing the B3LYP/6-31G(d)
level of theory [13].

Electrophilicity index (w). The global electrophilicity parameter (w) was then
calculated for each optimized chemicals as shown by eqs 3—5. The index is derived
from chemical potential (i) and chemical hardness (1), which in turn have been
shown to be related to the energies of the highest molecular orbital and the lowest
unoccupied orbital (eqs 4 and 5) [14]:

Electrophilicity index (o) = p*/2n (3)
in Wthh l,l, = (EHOMO + ELUMO)/2 (4)
N = ELumo - Enomo (5)

where Epomo and Epymo are the one-electron energies of the highest occupied and
lowest unoccupied molecular orbitals respectively.

Mechanism-based read-across predictions. Read-across predictions for the
chemicals were made using the following methodologies (Table 1) [4, 15].

RESULTS AND DISCUSSION

a,f-Unsaturated aldehydes belong to the Michael type acceptor mechanistic do-
main. These compounds are a group that contains a number of relatively reactive or-
ganic compounds that are characterized by the presence of a polarized carbon-oxygen
double bond. Those that possess a double bond between carbons 2 and 3 (o and B) are
conjugated with the carbonyl group, the B-carbon is positively polarized and become
the preferred site of nucleophilic attack. These chemicals often contain specific struc-
tural fragments responsible for their mechanism of action [12]. There are several
modes of action for acute aquatic toxicity. For the reactive mode(s) of toxic action,
where toxicity is observed to be in excess of narcosis, the mechanism is reaction chem-
istry-based, involving covalent modification of proteins [6]. The excess toxicity of
these compounds is demonstrated clearly in Figure 1 where toxicity is observed to be
not related to hydrophobicity and clearly in excess of baseline toxicity.
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log(1/LC50) = 0,87*logP - 1,76

log(1/LC50), mmol/L

[«n]

27
log P

Figure 1. Plot of toxicity to Pimephales promelas vs log P for a,f-unsaturated aldehydes
showing baseline toxicity. Baseline (non-polar) model (log(1/LCsy)=0.87logP — 1.76)- —,
o,p-unsaturated aldehydes (excess toxicity) — ®

According to McFarland (1970) [16], toxicity is the result of the penetration of a
toxicant into the biophases and the interaction of the toxicant with the site of action,
but key to the use of computational methods is the ability to group chemicals by
mechanistic domains and then to model the key molecular events leading to a toxic
effect [17]. In terms of acute aquatic toxicity, it is understood that chemicals as Mi-
chael acceptors in which chemical reactivity are the key events leading to a response.
A recent study has proposed the utility of an electrophilicity index (®) to predict the
rates of Michael addition reactions within similar chemical classes [14].

In this study, the mechanistically relevant electrophilicity index (®) was used to
rank chemicals in the mechanistic domain based on their electrophilicity, with the ra-
tionale being that chemicals that have similar ® values should have approximately simi-
lar acute toxic potentials (Table 1). The electrophilic ranking of the chemicals in the Ta-
ble 1 reveals the ability of o to offer the expected ordering in terms of electrophilicity of
series of related chemicals (within the Michael acceptor domain). The range of electro-
philic index (®) of Michael acceptor mechanistic domain is from 2.252 to 1.187.

Table 1. Experimental and predicted values of o,-unsaturated aldehydes
for Michael addition domain.

Ne Name Chemical | Knownor | Exp. Pred. | TR | o,
category | predicted log log [eV]
mechanism | (1/LCs), | (1/LCs),
of action | [mmol/l] | [mmol/l]
1 | 3-Phenyl-2-propenal | Aldehydes | Michael 1.59 NP 1.70 | 2.252
addition
2 | 3-(2-Methoxyphenyl)- | Aldehydes Pred. 1.532 1.924
2-propenal Michael
addition
3 2-Propenal Aldehydes | Michael 3.518 1.741 | 5.29 | 1.843
addition
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4 | 2-Methyl-2-propenal | Aldehydes Pred. 2.251 1.706
Michael
addition

5 2-Butenal Aldehydes | Michael 1.81 1.485 | 3.05|1.658
addition

6 2-Hexyl-3-phenyl- | Aldehydes Pred. 1.481 1.635
2-propenal Michael
addition

7 | 2-(Phenylmethylene) | Aldehydes Pred. 1.480 1.629
heptanal Michael
addition

8 | 2-Methyl-3-phenyl- | Aldehydes Pred. 1.476 1.608
2-propenal Michael
addition

9 | 3-(4-(Dimethylamino) | Aldehydes | Michael 1.473 1.664 | 1.49 | 1.590
phenyl)-2-propenal addition

10 | (1,3,3-Trimethylindolin- | Aldehydes | Michael 1.71 NP 1.03 | 1.187
2-ylidene) acetaldehyde addition

In the present work, we use a selected series of Michael acceptors, which toxic-
ity were predicted by the read-across methodology. Read-across has been suggested
as a useful method for making toxicological predictions within a given mechanism of
action for a particular endpoint [15]. This methodology relies on the principle that
similar chemicals should have similar toxic effects for a given endpoint, with predic-
tions being made by selecting a number of close ‘neighbors’ (whose activity is
known) and then making an averaged (or weighted average) prediction.

Mechanism-based read-across of Michael acceptor mechanistic domain by elec-
trophilic index (®) for acute toxicity prediction were possible for 8 (measured and
nonmeasured) of the 10 chemicals in the study. It is clear that the LCs, prediction by
electrophilic index for the majority of the chemicals are in relatively good agreement
with experimentally observed values for Michael acceptor mechanistic domain.

CONCLUSION

The formation of a category (or class) of chemicals allowing for read-across to
occur is simple but an extremely transparent and powerful technique for filling data
gaps in toxicological databases. a,B-Unsaturated aldehydes are in the Michael-type
mechanistic domain and has demonstrated that the electrophilic index (w) can be used
to rank a series of direct-acting Michael acceptors. The study has also demonstrated
the ability of ® to be used, within carefully considered mechanistic applicability do-
mains, to perform mechanism-based read-across to predict acute aquatic toxicity
(LCsp) values.
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CIHHEKTPAJIHA U3CJIEABAHUSA HA HAKOU
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ABSTRACT

Sulfinic acids are known to possess unique properties as nucleophiles that cause
facile nucleophilic addition interactions with compounds, possessing active carbon-
carbon double bonds. As a results from the nucleophilic addition of arenesulfinic ac-
ids to 1-methoxy-4-(2-bromo-2-nitroethenyl)benzene of nitrosulfone have been pre-
pared. Stereoisomers is traced stok recived sulfones and has been shown that elec-
tronic transitions occur with the preparation of sulfonyl group.

Keywords: nitrosulfones, synthesis, structure

BbBEJEHUE

Pa3paboTBaneTo Ha AOCTHIIHH METOIM 3a MOTy4daBaHEe Ha MOIU(YHKIMOHAITHU
Cyn(OHH € BBIIPOC OT IBPBOCTETICHHO MPAKTUYHO W TEOPETUUHO 3HaueHue. [Ipema-
TaHUTE CUHTETUYHHU IOJXOJM Ca MHOTOCTaJUHHH, C TOJIIMA MPOIABIDKUTEIHOCT U
pa3xon Ha peareHTH U pasrBopurent [1]. [lonmudpynknuonanaute cynpoHu ca roasima
rpyna OpraHuYHU ChEJUHEHHUS M ca UHTEPECHU OOEKTH 3a M3CIeBaHEe, ThH KaTo ce
JIUCKYTHPAT BBIPOCH OT TEOPETUYHATA OPraHUYHA XUMHSI, CBbP3aHH ChC CTPYKTypa-
Ta, BIUSHUETO Ha €JIEKTPOHHU e(eKTH BhPXYy peaklMOHHAaTa UM crocobHocT. Hamu-
YHETO Ha Pa3IuyYHU MO XapakTep QYyHKIUOHAIHHU TPYIU IMPEIOCTaBs peAulia CUHTE-
TUYHU Bb3MOXKHOCTH.

C Hactosmara paboTta ce pa3lMpsiBa rpynara Ha CUHTE3UPAHUTE apHJIHUTPO-
cyndoHH ¢ 1eN 3a1bJI00uYaBaHe Ha M3CIEABAHUATA BbPXY B3aHMOBPB3KATa CTPYKTY-
pa-cBOICTBa-001aCTH Ha MPUIIOKEHHUE.

JAUCKYCUs

B pesynrar Ha HykiI€opHIIHO NpHUChEIUHSBAHE HA apeHCYI()DHUHOBH KUCEITHHH
KbM 1-MeToKCcH-4-(2-0poMO-2-HUTPOCTEHNI)OCH3ECH € IMOJydYeHa cepus OT OpPOMHH
IIPOU3BOHU Ha HUTPOCYII(HOHH.
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/ Br
Me A no,+Z SO,H —> MeO Br
2 NO,

Z: Ph(1); 4-MeCgH4(2); 4-CICeH4(3); 4-BrCeHy(4); 4-JCeH4(5);
4-N02C6H4(6); Ci 0H7(7); 4-ACNHC6H4(8).

Hutpocyndonure ca nmojsydeHu ype3 CMECBaHE Ha €KBHUMOJHHM KOJIMYECTBA OT
U3XOJHUTE PEAreHTH MpHU CTailHa TeMIepaTrypa C pa3iuyHa MNPOABJLKUTEIHOCT Ha
BpeMe. CUHTE3UpaHUTE ChEAUMHEHHUs ca Oelu KPUCTAJHU BEIECTBA U Ca CTAOWIHU
IIpU MPOJBIKUTENHO ChXpaHsaBaHe. JloOpe ce pa3TBapsT B €TaHOJ, alETOH, XJIOpO-
¢dopM, HEPA3TOPUMH ca BHB BOJa U METPOJeB eTep. MHauBHyaTHOCTTa HA ChEANHE-
HUSITA € MOTBbPACHA Ype3 ThHKOCIOWHA XpoMaTorpadus, a CTpyKTypaTa — ¢ UHCTPY-
MEHTaJTHU METO/IH.

B NY-cnextpu Ha 6pomocyndoHuTe ce HaOIoAaBaT UHTEH3UBHU UBMIIM Ha TOT-
JTbIIAHE 32 HUTPO- U Cyl(oHWIHA Tpyna. ACUMETPUYHU U CUMETPUYHU BaJICHTHH
TPENTEeHNUs 3a HUTPOTpPYIIa ce mposiBsiBaT B obnacrure 15601550, 1370-1350 cm™ , a
UBUIIUTE 32 ACUMETPUYHU U CUMETPUYHU TPENITEHUS 3a CyI(OHUIIHA TPYIa ce HaOIto-
nasat npu 1310-1300 u 1140-1130 cm™. Te3n HWBHIIM Ca C BUCOKA MHTCH3UBHUCT, ThH
Kato cyidodeHnHaTa rpyla He ce pasoiara B €IHa paBHUHA C OCTAHAJIUTE 3aMECTH-
temn. ITpu 3100-3000 cm™ ca perucTpUpaHd MBUIM HA IOTTBIIAHE, OTFOBAPSIIH Ha
BasieHTHU C-H apun Tpentenus. B ta3u obmact ce Habm01aBa XapakTepeH TPUILIET C
HaMaJIsgBalll MHTEH3UTET HA UBULIUTE C MTO-BUCOKA YECTOTA, Thil KATO B MOJIEKYJIUTE HA
U3CJIEJIBAHUTE CHEAWHEHUS UMa MOHO3aMeCTEHU OCH3€HOBU sifpa. VBuim Ha MOrib-
IaHe 33 MOHO3AMECTEHO OCH3EHOBO supo ce Habmomasar mpu 720-700 cm’, a 3a
p-mu3amectBane — 810 cm™'. B o6macrra 850-840 cm’ e perucrpupana xapakTeprc-
TA4YHA uBHMLA 3a BajieHTHO C-N Tpenrtenue. BameHntHu TpenteHus 3a Bpb3ka C-Br ce
Habmonasar npu 640650 cm™'. HamnuueTo Ha XajioreHeH aToM Ha (-MSCTO CIIPSMO
HUTPOTpyIaTa HE BJIMSE HA MOJIOKEHUETO HA XapaKTEPUCTUUHUTE UBULIM 32 HUTPO- U
cynadodennnna rpymu. Ipu 1090 cm™ ce mposiBsiBa cpeHa 0 HHTCH3UTET MBHIA HA
NOTJIBIIAHE, XapaKTEpU3Upalla BaAJICHTHUTE S-apui TpenteHus. [IpucbhcTBuEe Ha Me-
TOKCH IpyTia B P-MIO3UIHS Ha OEH3EHOBOTO AP0 CE JJOKa3Ba C XapaKTepPUCTUYHA UBHIIA
3a BanenTHH Tpenrenns Ha CH; rpyna Bse Ph-OCH; mpu 2840 cm™ 1 BanenTHH acu-
METpUYHH U cuMeTprynn Tpenterus (=C-O-C) B obmacture 1275 1 1025 cm™. B 06-
nactta 810-790 cm™ ce HaGiromaBar uBMIM, XapakTepusupauy gedopmarnuonan C-H
TPENTEHHS 32 TPU CHCETHH BOAOPOAHM aToMa B HadTamuHCyn(oHMIHATA Tpyna. Bb-
BE)XJIAHETO Ha XaJOreHEeH aToM BbB (eHWICYI(POHMUIHATA TpyNa BOAM A0 MOSBA HA
XapaKTepHCTHYHA MBMIA B MHTepBan 800-610 cm™. B o6mactra 1720-1520 cm™ ce
Ha0JI0/1aBaT JIB€ UBMIIM, XaPAKTEPHH 38 BpPOPUUHHU AMU/IH.

B 'H-sIMP CHEKTPUTE Ha CUHTE3UPAHUTE ChEUHEHUs ce HaOIIoAaBa apoMaTeH
MyJNTHUIUIET B MHTEepBAI 7.20—7.75 ppm. CurHaiure 3a METUHOBHU NPOTOHU CE PETUC-
Tpupatr B uHTepBaia 5.15-5.18, cboTB. 6.18—6.20 ppm. BbB BCUUKM Cllydyad HUHTET-
pajgHaTa KpyBa OTYMTA HaJM4YME HA €IMH NPOTOH. XMMUYHOTO OTMECTBAHE Ha IPO-
TOHUTE Ha METUJIOBaTa rpyrna Ha OeH3eHOBUTE sijipa € npu 2.42 ppm (CUHIJIET) U HE
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BJIVSISIT CHIECTBEHO BBHPXY IMOJIOKCHHETO Ha apoMaTHHUS MyaTUILIeT. OT poBeIcHH-
TE W3CJIC/IBAHUS CTaBa SICHO, Y€ IMOJYUYCHUTE ChEIUHCHHSI Ca CMEC OT JIBE M30MEPHH
dbopmu, kato mpeodamaBamm ca threo-nsomepure.

MATEPUAJIN U METO/IHN

W3xonuute cyndUHOBU KHUCEIUHU U 1-MeTOKCH-4-(2-0poMOo-2-HUTPOETEHMUII)-
OCH3€EH ca MOJIyYeHH IO OMUCaHU METOIUKH [1,2 ].

NY- u 'H-SIMP cnekrpure ca cHern chorBetHO Ha Perkin-Elmer FTIR-1750
(trabnetrku ot KBr) u Bruker 350 MHz (crangaptr TMC u pa3rBoputen AeyTepUpaH
XJIOPOXOPM).

Cunre3 Ha HuTpocyiadonu 1-8. KM 1- metokcu-4-(2-6poMo-2-HUTPOCTECHUI)-
oenzer (0.1 mol), pazrBopenu B 20 ml eTanon, ce mpubaBsi EKBUMOIHO KOJIHYECTBO
OT ChOTBETHATA CyJI(HUHOBA KHcennHa. PeaknronHara cmec mpecrosiBa 124, cien Ko-
€TO MOTYYEHUTE KPUCTAIH c€ (PUITPYBAT M MPEKPUCTATUZUPAT OT TOYCH/TNOKCaH.

W30panu 1aHHW HA MTOJTYYEHUTE CHEAMHCHUS

1. I4C (v, cm™, KBr): 1550, 1360 (NO,); 1300,1130 (SO,); 720 (Sarn);
810 (Sar”™™). 'H-SIMP (8, ppm, CDCIly/TMC): 7.20-7.70 (m, 9H, Ar-H);
5.15 (d,1H,CH); 6.20 (d, 1H, CH); 2.41 (s, CHj;).

2. I4C (v,cm™ ,KBr): 1550, 1360 (NO,); 1305, 1130 (SO,); 710 (8.p); 810
(a7, 'H-SIMP (8, ppm, CDCly/TMC): 7.25-7.72 (m, 8H, Ar-H); 5.15 (d, 1H,
CH); 6.18 (d, 1H, CH); 2.41 (s, CHj;).

3. IUC (v, cm™', KBr): 1560, 1365 (NO,); 1305, 1135 (SO,); 720 (8arn); 800
(a7 ™). 'H-SIMP (3, ppm, CDCly/TMC): 7.22-7.70 (m, 8H, Ar-H); 5.16 (d, 1H,
CH); 6.18 (d, 1H, CH); 2.40 (s, CHj;).

4. I4YC (v,em” ,KBr): 1555, 1360 (NO,); 1300, 1130 (SO,); 7.20 (Sarn); 810
(S a7 ™). 'H-SIMP (8, ppm, CDCly/TMC): 7.25-7.72 (m, 8H, Ar-H); 5.15 (d, 1H,
CH); 6.20 (d, 1H, CH); 2.41 (s, CHj;).

5. 1UC (v,cm™ KBr): 1550,1360 (NO,); 1300,1135 (SO,); 710 (8ar.11); 805 (Sarn
pmay TH- IMP (3, ppm, CDCly/TMC): 7.20-7.71 (m, 8H, Ar-H); 5.15 (d, 1H, CH);
6.20 (d,1H,CH); 2.40 (s,CH3).

6. MUC (v, cm™, KBr): 1560, 1360 (NO,); 1300, 1130 (SO,); 710 (84.1); 805
(B act ™). 'H-SIMP (3, ppm, CDCly/TMC): 7.25-7.70 (m, 8H, Ar-H); 5.16 (d, 1H,
CH); 6.20 (d, 1H, CH); 2.40 (s, CHj;).

7. 1UC (v, cm™, KBr): 1560, 1360 (NO,); 1310, 1135 (SO,); 710 (8a.1); 810
(S a7 ™). 'TH-SIMP (8, ppm, CDCly/TMC): 7.25-7.72 (m, 11H, Ar-H); 5.15
(d,1H,CH); 6.20 (d,1H,CH); 2.41 (s,CHj3).

8. IUC (v, cm™', KBr): 1550, 1360 (NO,); 1305, 1330 (SO,); 705 (5x-n); 805
(B ari”™™). 'H-SIMP (8, ppm, CDCLy/TMC): 7.25-7.70 (m, 8H, Ar-H); 5.15 (d, 1H,
CH); 6.20 (d, 1H, CH); 2.41 (s, CH;).
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ABSTRACT

A new method for synthesis of 6-ethanimidoyl-5H-dibenzo[a,c][7]annulene-
5,7(6H)-dione is presented. The product is obtained from 6-acetyl-5,7-dioxo0-6,7-
dihydro-5H-dibenzo[a,c]-cyclohepten by applying of the Bucherer-Lieb method for
synthesis of hydantoins.

The photochemical characteristics established for the compound make poten-
tially it a source in preparation of photoprotectors.

Keywords: photoprotectors, 6-ethanimidoyl-5H-dibenzo[a,c][7]annulene-3,7(6H)-
dione

INTRODUCTION

The method for synthesis of 6-acetyl-5,7-dioxo-6,7-dihydro-5H-dibenzo[a,c]-
cycloheptene is developed by us and it is patented [1]. The imine is its first derivative.

There are various organic compounds which are used as UV photoprotectors [2].
p-Aminobenzoates, salicylates, cinnamates, pyrones, benzimidazoles, carbazoles,
naphthosulfonates and derivatives of quinones are used for this purpose.

R, Rl, Rz, R3 and R4 = H, CH3, OCH3 and NOz

Figure 1. Benzoyl-1H-indene-1,3(2H)-diones.

There are 2-substituted benzoyl-1H-indene-1,3(2H)-diones (Fig. 1) which have
photoprotection properties [3]. Major shortcomings of these compounds are their
relatively low photostability, as well as the difficult synthesis in industrial conditions.
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RESULTS AND DISCUSSION

Recently we showed [4] that irradiation of solutions of 2-acetyl-1,3-indandione,
leads to intramolecular proton transfer in the singlet excited state in the molecule.
This fact is also observed in 6-acetyl-5,7-dioxo-6,7-dihydro-5H-dibenzo[a,c]-
cycloheptene.

The structure of 6-acetyl-5,7-dioxo-6,7-dihydro-5H-dibenzo[a,c]-cycloheptene
is confirmed by spectral data (IR, NMR). Quantum-chemical calculations give pref-
erence to tautomeric form c (Fig. 2).

Figure 2. Tautomeric forms of 6-acetyl-5,7-dioxo-6,7-dihydro-5H-dibenzo[a,c]-
cycloheptene.

Figure 3. 6-Ethanimidoyl-5H-dibenzo[a,c][7]annulene-5,7(6 H)-dione.

Using the classical Bucherer-Lieb method for obtaining of hydantoins [5] we
were able to obtain the relevant imine f (Fig. 3). The synthesis of the compound was
conducted according to scheme 1.
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The product has good photochemical stability, as well as UV absorption in the
290-335 nm range. This fact makes it suitable for preparing of photoprotectors. In
this case the protective effect probably refers to photoisomerization processes, which
lead to the obtaining of dissociated products with unestablished further effect. The
absorption and fluorescent characteristics of the product are better than those pub-
lished for 2-acetyl-1,3-indandione [6].

Scheme 1. Synthesis of 6-ethanimidoyl-5H-dibenzo[a,c][7]annulene-5,7(6H)-dione (f).

EXPERIMENTAL

1. Instrumentation and methods

All chemicals used are purchased from Merck and Fluka.

The melting points are determined with a Koffler apparatus.

The elemental analysis data are obtained with an automatic analyzer Carlo Erba
1106.

The purity of the compounds is checked by thin layer chromatography on Kie-
selgel 60 F,s4, 0.2 mm Merck plates.

IR spectra are taken on a 1600 FTIR Perkin-Elmer spectrometer in KBr discs.

NMR spectra are taken on a Bruker DRX-250 spectrometer.

The initial 6-acetyl-5,7-diox0-6,7-dihydro-5H-dibenzo[a,c]-cyclohepten (c¢) is
synthesized on the basis of reference [1].

11. Synthesis of 6-ethanimidoyl-5H-dibenzo[a,c][7]annulene-5,7(6H)-dione

Il.1. Method A

0.1 mole of 6-acetyl-5,7-dioxo-6,7-dihydro-5H-dibenzo[a,c]-cycloheptene (c),
0.1 mole of NaCN and 0.3 mole of (NH4),CO; are dissolved in 52 ml of 96%
C,HsOH and 50 ml of water. The reaction mixture is heated while stirring at 45-50 °C
for an hour and then refluxed for 3 hours. The solution is concentrated to about two
thirds of its volume and, after cooling, is acidified with concentrated HCI to pH 5-6.
The mixture is left overnight in a refrigerator for crystallization.

The resulting 6-ethanimidoyl-5H-dibenzo[a,c][7]annulene-5,7(6H)-dione (f) is
recrystallised from ethanol/water.

Yield: 68 %.

M.p.: 145-146 °C.
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Rf (ethyl acetate : petroleum ether =1 : 2) = 0.78.

Rf (chloroform : methanol = 10 : 1) = 0.43.

Elemental analysis data, anal. calcd. (found) / %: C — 77.55 (77.41); H — 4.98
(4.93); N —5.32(5.27).

IR (KBr, cm™): vay = 3314, 3187; veeo = 1687; veon = 1634; Varom. = 3065, 1523;
VcHs = 2936: Vo-disub. core = 733.

"H-.NMR (DMSO-dg, ppm): 6cu, — 2.53; Oarom, — 7.42-7.69; dcn — 8.9; O — 9.86.

11.2. Method B

0.1 mole of 6-acetyl-5,7-dioxo-6,7-dihydro-5H-dibenzo[a,c]-cycloheptene (¢),
0.22 mole of NaCN, 0.15 mole (NH4),CO3, 200 ml of C,HsOH and 200 ml of aque-
ous ammonia are heated in an autoclave at 120 °C for 2 hours. The resulting product
(f) 1s filtered, washed with water and diethyl ether and recrystallised from etha-
nol/water.

Yield: 56 %.

The physicochemical parameters and spectral data of thus obtained compound
are identical with those of the product synthesized by method A.
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HOB Pb(II)-OTIIEYATAH NOJIMMETAKPUJIATEH
COPBEHT: CUHTE3, UBIIUTAHUE U ITPUJIOXKXEHUE

Xpucmuna Hempoeal, Heanka ﬂakoeal, Hpuna I(apa()ofcoeal,
Banepu Jaxoé’, T’ eopeu I' eopzueel
"Xumuuecku paxynmem, Cogpuiicku ynusepcumem,
oyn. ,,/Inc. bayuep“ 1, Cogpun 1164
’JIecomexnuuecku ynusepcumem,
oyn. ,Kn. Oxpuocku“ 10, Cogpusa 1756

ABSTRACT

Ion-imprinted polymer (IIP) particles are prepared by copolymerization of
methacrylic acid as functional monomer, trimethylolpropane trimethacrylate as
crosslinking agent and 2,2°-azo-bis-isobutyronitrile as initiator in the presence of a
Pb(I1)—4-(2-pyridylazo)resorcinol (Pb(I[)-PAR) complex, and PAR only. A batch
procedure is used for the determination of the characteristics of the Pb(II) solid phase
extraction from the IIP produced. The optimal pH value for the quantitative precon-
centration is 8, and full desorption is achieved by 1M HNO;. The selectivity coeffi-
cients (S pyme) for Me = Cu(Il), Ni(IT), Cd(II) are 18.8, 70.0 and 23.3, respectively. It
is established that Pb(II)-PAR IIPs can be used repeatedly without a considerable ad-
sorption capacity loss. The determination of Pb(II) ions in mineral and sea waters
shows that the interfering matrix does not influence the preconcentration and selectiv-
ity values of the Pb(II)-PAR IIPs.

Keywords: Solid phase extraction, lon-imprinted polymer, Lead; Preconcentration

YBOJ

O7n0BOTO € €1MH OT HAl-TOKCUYHMUTE €JIEMEHTH 3a XopaTa U )KUBOTHUTE [1]. Twid
KaTo KOHIIEHTPAIIMUTE Ha OJOBO B MPOOM OT OKOJIHATA cpela OOMKHOBEHO ca To-
HUCKHU OT TPAHUIMTE HA OTKPUBAHE HA JIUPEKTHUTE MHCTPYMEHTAIHU METOJU U UMa
MaTpPUYHU MPEUEHUS, CE Hajlara U3MoJ3BaHeTO Ha Mpolelypa 3a NpeIBapUTEIHO pa3-
NeNsiHE M KOHILICHTPUpPAHE INpEean onpenenssHeTo My. Haii-uecto 3a tasu men ce us-
1oJi3Ba TBBpA0Ga3Ha eKCTPaAKIMs, Thil KaTO C€ XapaKTepu3rupa ¢ MUHUMAaIHA KOHCY-
Mallisi Ha Pa3TBOPUTENN M PEAKTUBU, BH3MOXKHOCT 3a M3CJICIBAaHE HA Pa3JIMYHU IO
0o6em mpoOu, BUCOK (paKTOp HAa KOHIEHTPUpaHE, ObP3KMHA U TPOCTOTA HA U3ITBJIHCHHE
U TOJISIMO pa3HooOpasue ot copOentu [2]. OcBeH TOBa Uype3 HACOUEH CUHTE3 MOraT Ja
ObJIaT MOJyYeHU COPOEHTH, AaBalll Bb3MOXKHOCT 3a CEJIEKTUBHA €KCTpaKLKs HA aHa-
JUTHTE.
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MonekyaHOTO (B YaCTHOCT MOHHOTO) OTIIEYAaTBaHE € HOBA, JOCTHIIHA U JIECHA 32
U3MbJIHCHUE TEXHUKA, YPE3 KOSATO CE CUHTE3UPAT MOJTUMEPHU T'e€JIOBE, ChIbPKAIIH B
CTPYKTypaTa CH CHeIUUIHU 110 TeOMETPHs U GYHKIIMOHATHOCT KyXHHH, KOUTO MO-
raT Ja ObJaT 3a€TH MPEUMYIIECTBEHO OT OTIedaHata MoJiekyna (ion) [3]. Upes Hes
ce BbBEX/1a MaMeT B MOJMMEpHATa MaTpUIla, KOETO OT CBOSI CTpaHa JaBa Bb3MOKHOCT
3a MOCTUTAaHE HA CEJIEKTUBHOCT MPHU PA3JeisHETO Ha CJIOXHU cMecH. M3BecTHU ca
peIuIia H3CIeABAHNS BbPXY CHHTE3a Ha HoH-oTneyaTtanu noiumepr (MOIT) u usnon-
3BAHETO UM 3a cejeKkThBHA TBhpAodasHa ekctpakius Ha Cu(Il) [4], Ni(Il) [5], Cd{I)
[6], Hg(II) [7], Zn(ID) [8], UO,>" [9], Pb(II) [10 — 13] u ap.

[len na HacTosimoTo u3cienaHe € cuHTe3 Ha Pb(Il) otneyaran cpmonumep Ha
0a3ara Ha MetakpwioBa kucennHa (MAA) kaTto GyHKIIMOHATHH MOHOMEPH, TPUME-
tunoanponan tpumerakpwiar (TMPTM) karo ompexBai areHT U 4-(2-nupuauia-
30)-pe3oprmHon (PAR) karo crenuduuen 3a Pb(Il) murann, xoitTo me ce n3mona3sa
3a CEJICKTUBHO OTJICSIHE U KOHIIEHTPUPAHE HA 0JIOBO OT MIPUPOJIHU BOJIH.

EKCITEPUMEHTAJIHA YACT

Anapamypa. EnektpoTrepMudeH aToMHoa0copOimoHeH crekrpomeTsp (ETAAS)
Perkin Elmer cnexrpomersp, moaen Zeeman 3030 c¢ rpadurHa kroBera HGA-600;
Ckanupamy enexktponeH wukpockon (SEM, JEOL JSM-5500, Tokyo, Japan);
pH-MeTsp (Hanna Instrumenta, [Toptyramms).

Peaxmueu.: metakpunoBa kucenruna (MAA), TpUMETHWIONNPONaH TPUMETaKpHIIaT
(TMPTMA), 4-(2-nupununa3zo)-pe3opiunon (PAR), 2,2’-a30-6uc-u300yTUpOHUTPIIT
(AIBN), aneronutpuin, crangaptau pastBopu Ha Pb, Cu, Cd, Ni ¢ koHieHTpanus
1000 ppm (Merck, Germany).

Cunmes na Pb(Il)-omneuaman u ne-omneuaman cvnoaumeprnu eenose. Pb(Il) ot-
NeYaTaHuss ¥ KOHTPOIHHS CHIIOJUMEPH Ca CHHTE3WPaHH MO0 METOJWKA, OMHCaHa II0-
pano ot Dakova et al. [14]. CxemaTnuHo cuHTE3bT € mpeactaBeH Ha Pwur. 1. Karo
m1abJIOHHU MOJIEKYJIM ca u3noii3zBaHu kKomiuieke Ha PAR ¢ Pb(Il) 3a orneuaranus cb-
nojiuMepeH ref, u camo PAR — 3a kouTponaus chnoaumep. ChIoduMepuTe ca moiry-
YCHH 4Ype3 YTAaUTEIIHA U OMPEXKHUTEIHA CHIIOIMMEPHU3alis, KaTo (PYHKIIMOHATHHS MO-
Homep (MAA — 0.182 mM), ompexsantus areHT (TMPTM — 0.298 mM), komruiekca
Ha PAR c Pb(Il) (0.038 mM) u ununmatopa (AIBN — 5.6 mg) ce pa3zrBapsar B 8 mL
0€3BOJICH alleTOHUTPHWII B CTHKJIEHA amITyJia. Pa3TBOpbT ce Hacuila B POIbIKEHUE HA
15 min cbe Cyx a30T, cien KOeTo aMmirysara ce 3aBapsipa. ChIloMMepHu3aIusiTa ce mpo-
BeXJa BBbB BoAHA Oans npu temneparypa 60° C B mpombinkenne Ha 24 h.
Muxkpocdepute ce otaenst upe3 ueHrpodyrupane (3000rpm) B mpoabiKeHHE Ha
5 min. KoHTpoIHUAT HEOTHeUaTaH CHIIOJUMEPEH TeJl € CHHTE3UPaH MO CHIUS HAYWH,
Ho B oTcheTBHe Ha Pb (II) (P(MAA-PAR)).
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Polymerization
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®urypa 1. Cxema 3a nonyuasare na Pb(ll)-omneuaman (P(MAA-PAR-PD))
u xoumponetn (P(MAA-PAR)) cononumepu.

95



Xp. llemposa, Us. /laxosa, Hp. Kapaoocosa, B. /laxos, I'. [ eopeues

Muxkpocgepure ce mpoMHUBaT ABYKPaTHO C allETOHUTPUII 3@ OTCTpaHsIBaHE Ha Hepe-
arupanute Monomepu. Pb(Il) ce enympa ot Pb-orneyaranara cpmonnmMepHa Mpexa ¢ 2 M
HNO; B nponbinkeHre Ha 2 yaca U pu HEMIPEKbCHATO pa30bpkBane. [1o aHanornyeH Ha-
YiH ce 00paboTBa M KOHTPOJIHMSA chronumep. [lomyyeHnuTe chnonuMepu ce cymar moj
BaKyyM B NpoabbKkeHue Ha 1 neHonomue. JloouBure Bapupat mexay 80 % u 88 %.

Tevpooghaszna excmpaxyus na Pb(Il): KM 25 mg copbent ce npudassat 200 UL

pastBop Ha Pb(Il) ¢ konuenrpamust 1 g mL" u 6ydepen pasrBop mo obem 10 mL.
Pa3owpkBa ce B npoabipkenue Ha 30 min, ciaed KOeTo ce IeHTpodyrupa, OTaess ce
edayara, a chloIMMEpa c€ IPOMHUBA C JECTHIMpPaHA BOAA. AJNCOpPOUpPAHUTE BBPXY
MOJIMMEPHUS Tell 0JIOBHU HoHU ce enyupar ¢ 2 mL 1 M HNO; npu HenpekbcHATO
paz0bpkBane B npoabikeHue Ha 30 min. Cien ueHTpoyrupaHe ChbIbpPKAHUETO Ha
Pb(II) ce onpenens B enyara upe3 ETAAS u3mepBanus. OntumaiHuTe anaparypHu
napameTpu ca onucanu ot Dakova et al. [15]. ITo chimms HauwH ce aHAIU3UpPa U Ch-
IbpKaHUETO Ha 0JI0BO M B ediyata. [Ipeaun cneasamia ynorpeda cOpOSHTHT ce Mpo-
MHUBa MbPBOHATHO C ACCTHJIMPAHA BOJA, a CJea ToBa ¢ OyepHHs pa3TBOpP, KOUTO IIie
ce M3II0JI3Ba 3a MPOBEXAaHE Ha cOpOLUsITA.

Ananus na uskycmeena cmec Pb(Il), Cu(ll), Ni(Il) u Cd(Il): Kpm 25 mg copOeHT
ce npubasaT 200 UL paszrBop Ha Pb(II), Cu(Il), Ni(Il) u Cd(Il) ¢ koHueHTpauus Ha
BCeKH oT u3bpoenute enementd 1 pg mL"' u Gydepen pasreop ¢ pH 8 10 obem 10
mL. Pa30wpkBa ce B mpoabmkenue Ha 30 min, ciaex KOeTo ce eHTpodyrupa, oTaess
ce edayara, a chbIoJMMEpPA C€ MPOMUBA C JIECTUIIMPAHA BOAA. AICOPOUPAHUTE BBPXY
nosuMepHus ren Honu ce exyupar ¢ 2 mL 1 M HNO; npu HenpekbcHATO pa3obpK-
BaHe B npoxabmkenre Ha 30 min. Cnen nentpodyrupane cbabpxkanuero Ha Pb(ID),
Cu(II), Ni(IT) u Cd(II) ce onpenens B enyara upe3 ETAAS uzmepBanus. [lo chims
HAYMH C€ aHAJIM3HPa U ChAbPKAHUETO UM U B euiyaTa.

CopbyuonHu xapakxmepucmuku.

Crenien Ha copbuus (E %)

E % = [(Ai-Ae)/ Ai] . 100 (D)

KbJIETO A; — KOJUYECTBO HA METAJIICH MOH B U3XOJHUS Pa3TBOP B g, a A — KOJU-
YECTBO Ha METAJICH MOH B ediyaTa B |Lg .
Crenen Ha enyupane (R %)

R % =[A«/ Ag] . 100 (2)
KBJETO A — COpOMPAHO BbPXY MUKPOYACTUIIUTE KOJIMYECTBO HA METaJleH MOH B Ug, a

A — KOJTMYECTBO HA METAJIEH MOH B eiyara B |Ug.
Koedumuent na pasnpenenenue (D)

D = (Ai-Acr)/ Acir (3)
Koedumment Ha cenekTuBHOCT (Spp/me)
Spbme = Dpv/Die (4)

kbJ1eTo Dp, 1 Dy ca xoeduruenture Ha paznpeaenenue Ha Pb(Il), Cd(II), Cu(ll) u
Ni(II), choTBeTHO.
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PE3YJITATHU U OBCBHXJAHE

OT eneKTpOHHO-MUKpOCKoNckuTe uicieasanus Ha Pb(Il)-oTneyaTanus u KOHT-
POJIHUS CHIIOJMMEPHU TeJIOBE € YCTAHOBEHO, ue (popMara Ha MOTYUYCHUTE YACTHUIIN €
chepuuna, a cpeaauar uMm pasmep € 330 = 10 nm. CpengHOoKBaIpaTUIHOTO OTKIIOHE-
HUE Ha uaMeThpa Ha MUkpochepute e 6 = 3.16, KOeTo 1aBa OCHOBAHHE Ja Ce IpHe-
Me, Y€ KMaMe MOHOAMCIEPCHO PA3MpPeAeICHUETO M0 pa3Mep Ha YaCTULIUTE.

Bausinue Ha pH Bbpxy copoumusita Ha Pb(II)

B Tabnuua 1 ca npencrasenn pH-3aBucumocTute Ha crenenute Ha copOuus (E)
Ha Pb(Il) npu TBBpHOda3sHaTa My €KCTpaKIUsi CbC CHHTE3UPAHUTE CHIIOTUMEPHUTE
resioBe. M3cneaBanusara ca HanmpaBeHW B ctatuyeH pexuM. OT Tabnuiara ce BUXKIA,
ye crenennte Ha copOius Ha Pb(Il) mpu ekcTpakiusta My ¢ U3cieBaHUTE CHIIOTU-
Mepa HapacTBaT ¢ yBenudaBaHne Ha pH. To3u edekt moxxe ma 6b11e 00sicHEH ¢ Hecte-
U(UIHOTO B3aUMOJICUCTBUE MEXY OJOBHUTE MOHU U JNETPOTOHHPAHUTE KapOOK-
CWJIHH TPYIIM, IPUCHCTBAIA B MaTpULIaTa U HA ABara chlojauMmepa. M3BecTHO e, ue
[OJIMMETAaKpUIIOBaTa KucelnHa € ciiaba kucenuHa (pK, cToiiHOCTTa U Bapupa MexIy
6 1 7), a OMpEXBaHETO BOAM /10 JOMBJIHUTEIHO HAMAJIABAHE HA cUilaTa Ha MOJUKHCE-
munute [16]. Tweid kaTo ¢ yBenuuyaBane Ha pH crTeneHTa Ha AENPOTOHHpPAHE HA Kap-
OOKCWJIHMTE TPy MMOCTENEHHO HAapacTBa, TOBA BOAM JIO0 YBEJIMYABAHE HA CTEIICHUTE
Ha copOLMs Ha OJIOBHUTE KaTUOHHU BBPXY JBaTta copOeHTta. Paznukara, kosito ce Hao-
JI0J]aBa MEXJy JBaTa COpOEHTa €, Y€ KOHTPOJHHUAT CHIIOJIUMEPEH Tell HE € Taka
e(eKTHUBEeH, KaKTO 0JIoBO-OTIIeuaTtanus. Jlokaro npu umsnons3Bane Ha P(MAA-PAR-
Pb) ce noctura konuuecrBena copouus (E > 95 %) npu pH > 8, npu KoHTpOIHUS Ch-
MOJIMMEP HE C€ IOCTUTa KOJIMYECTBEHA COpOLMs JOPU IPU BUCOKU CTOMHOCTH Ha pH.
BeposiTHO TOBa ce AbJKM Ha pa3iauvHata KoHpurypamus Ha moiekyiaute Ha PAR,
KOSITO C€ MOJIy4YaBa Mpyu UMOOMIIM3UPAHETO UM B TIOJIMMEpPHATA MPEXa.

Ta6auna 1. pH 3asucumocm na cmenenume na copoyus (E) na Pb(1l) npu

mevpoohazHama My eKCmpaxKyusi CbC CbnoIUMepHUme 2elose
(25 mg copbenm, 20 ug L™ Pb(Il), exyenm 2 mL 1 M HNO;).

[Tonumepen ren E (%)
pH3 pHS pH 7 pH 8 pHO pH 10
P(MAA-PAR-Pb) 9+5 5543 76+3 98+1 >99 >99
P(MAA-PAR) 1045 38+4 5843 5543 48+3 46+3

B P(MAA-PAR-Pb) ca umobmmsupanu komiuiekcu Ha PAR ¢ Pb(Il) (®wur. 1), a
B P(MAA-PAR) — camo monekynmu PAR. Cnen enyupane Ha OJIOBHUTE WOHH OT
P(MAA-PAR-Pb) B cTpyKkTypaTa Ha moJiMMEpHATa MpeXa OCTaBaT KyXHUHHU, KOUTO UM
CBhOTBETCTBAT 1O pa3mep, a kKoHpurypamusta Ha PAR ce 3ana3Ba TakaBa KakBaTo €
Owia B KOMIUIEKca. B KOHTpOJNIHMS ChIIONMMEDP, B KOWTO ca UMOOWIM3UPAHU CaMo
moiiekynu Ha PAR, nocnegnaute ca yactuuno 6mokupanu (dur. 1), B pe3yarar Ha KO-
eto, crenenute Ha copOius Ha Pb(I1) ca mo-Huckw.
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Kanauurter Ha copOenTHTE

KamanurersT Ha MOTMMEpPHUS TEJT € BayKeH (PaKTOp 3a ONpeeisiHe Ha KOJINYeC-
TBOTO Ha COpOEHTa, HEOOXOAMMO 3a €KCTPAKIUS Ha M3CJICIBAHUS METAJICH HOH OT
pazTBopa. KamanureTsT ce ompezens mpu onTuMaiHara ctoiHocT Ha pH (B ciyyas
pH 8) u ce npexncras B mol Pb(II) g™ cyx chmommmep.

Ancopbuusta Ha Pb(Il) Bbpxy mukpocdepure or P(MAA-PAR-Pb) e uscnen-
BaHa B cTatuueH pexxuM. Ha @ur. 2 e npeacraBeHa 3aBUCUMOCTTA Ha aJCOPOUPAHOTO
koaudectBo Pb(Il) Bbpxy 1 g OT monumepHus refl 0T KOHIEHTpaLUsITa Ha U3XOJHUTE
pastBopu Ha Pb(Il). Bmwkna ce, ye KoJIMYECTBOTO Ha OJIOBHUTE HOHHU ajcopOMpaHu
BbpXxy P(MAA-PAR-Pb) ce yBennuaBa ¢ HapacTBaHE Ha M3XOJHATa KOHIICHTPAIIMS
Ha Pb(Il), nokaro ce cturte 1o ,,HacuiiaHe®, B pe3yJitaT Ha KOETO B 3aBUCUMOCTTa Ce
Ha0Ir01aBa ,,IuIaTo . Y CTaHOBEHUTE CTOMHOCTH Ha ,,HACHIIAHE * ONPEICIIAT Karalu-
TeTa Ha copOeHTa. MakcumanHuAT ajcopOunoHeH kamarureT 3a Pb(Il), onpenenen
OT HaIpaBEHHUTE eKcrepuMeHTH, ¢ 35,5 umol g™'. TTo aHaIOrMueH HAYMH € Ompe/IeseH

W KalaruTeTa Ha KOHTPOJHUS chiionumep — 27.6 pmol g'l.

40 ~
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20 ~
15

ApcopbupaHo Pb(ll),umol/g nonumep

I I I I 1
0 20 40 60 80 100 120
KoHueHTtpauusa Ha Pb(ll), umol/L

®durypa 2. Aocopoyuonna uzomepma na Pb(Il) evpxy P(MAA-PAR-Pb),
25 mg P(MAA-PAR-Pb); pH 8; 2 mL I M HNO; xamo enyenm; T =25 °C .

Kuneruka Ha copOuus u xecopouus

3a omnpenensHe Ha kuHetukata Ha copbObuusi Pb(Il) Bepxy P(MAA-PAR-Pb) ca
NPOBEICHN CKCTICPUMEHTH B CTaTHYCH PEKHMM IIPH ONTUMaJIHATa CTOWHOCT Ha pH — 8§,
KaTo BpEMETO 3a copOius € Bapupano ot 5 10 40 min. [Toaydyennre pe3ynratu ca mpe-
craBen Ha @ur. 3. OT Hes ce BIK/AA, Ye C yBeIMYaBaHE HA BPEMETO Ha cOpOLus Mpo-
IICHTHT Ha aJICOPOMPAHOTO OJIOBO C€ yBeIM4aBa. 3a KoJlmdecTBeHa copomms (> 95 %) ce
OKa3Ba, ye ca Heooxoaumu 10 min 3a koHTaKT Mexay P(MAA-PAR-Pb) u uzcnensanus
pa3tBop, chabpikaii Pb(II).

Kunerukara Ha gecop6mmst Ha Pb(I) or PIMAA-PAR-Pb) e uscnensana BuB Bpe-
MeBUst UHTEpBaI 5 — 40 min ¥ € yCTaHOBEHO, Y€ 3a JJOCTUTaHEe Ha KOJIMYECTBEHA JIeCOp-
o ca nHeobxoaumu 10 min.
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®urypa 3. Kunemuxa na copoyus na Pb(1l) evpxy P(MAA-PAR-Pb).
25 mg P(MAA-PAR-Pb)); pH 8; 10 mL pasmeop na Pb(Il)
¢ konyeumpayus 20 Ug L'; 2mL I M HNO; kamo enyeum; T =25 °C.

Copouus na Pb(II) B npucscreue na Cu(Il), Ni(Il) u Cd(1I)

C men oka3BaHe Ha CEJIEKTUBHOCTTAa HA CUHTE3UPAHUS OJIOBO-OTIIEYaTaH ChIIO-
JUMEpPEH Tell € MpoBeleHO u3cienaBaHe Ha copOuusta Ha Pb(Il) B mpuchcTBue Ha
Cu(II), Ni(II) u Cd(II). ExcrieppuMeHTHTE ca TPOBEACHU B CTATHYCH PEKUM IO METO-
nukata onucaHa B ExcripumenTtannara dact. B TaGnwuma 2 ca nmpeacraBeHd IMoTyde-
HUTE CTETICHH Ha COpOIus, KOCUIIMEHTH Ha pasNpe/iesiecHie U KOe(UIIMEeHTH Ha ce-
nextuBHOCT Ha Pb(II), Cu(Il), Ni(IT) u Cd(II). Ot Hes ce Buxkaa, 4e CTETIEHTA HAa COP-
Omus u Koe(uIMeHTa Ha pasnpeereHue Ha ojloBHUTe HoHU BHpXy P(MAA-PAR-PD)
ca TI0-BHCOKH B CPaBHEHUE C T€3U HA JAPYTUTE U3CIICIBAHN KAaTHOHHM, a KOSPHUITMCHTHT
Ha cenektuBHOCT Ha Pb(Il) mamanssa B pema Ni(Il) > Cd(IT) > Cu(Il). ITomyuennTe
MI0-BUCOKH CTOMHOCTH Ha CTEIICHTA Ha COpPOIUS 3a OJIOBHHTE WOHHU, MOTaT Ja Obaar
o0sicHeHHM ¢ edeKTa Ha OTIIEYaTBAaHETO MM B ChIIOJMMEpHATa Mpexka. PaszMephT Ha
dbopmupaHuTe ,,KyXUHU B ChIIOJIMMEPHATA MpEXkKa CE OMpeielisa OT pa3Mepa Ha oHa,
U3MOJI3BaH Kato maboH. B cinydas croiiHocTTa Ha MonHus paauyc Ha Pb (II) (0.126
nm) e no-rosisamMa ot ta3u 3a Cu(Il) — 0.080 nm, Cd(II) — 0.099 nm, Ni(Il) — 0.074 nm
[17] u BeposaTHO 10 Tazu npuunHa P(MAA-PAR-Pb) nposiBsiBa mo-rosisim aguHuTeT
KbM OJIOBHUTE HOHU B CPaBHEHHUE C OCTAHAIIUTE MIPUCHCTBAIIM B pa3TBOPA.

Tabauua 2. Cmenenu na copoyus (E), koegpuyuenmu na pasnpeodenenue (D) u koegpuyuenmu
Ha cenekmugHocm (Sppne) Ha Pb(1l), Cu(ll), Ni(Il) u Cd(Il) evpxy P(MAA-PAR-Pb) (25 mg
P(MAA-PAR-Pb); pH 8; enyenm 2 mL 1 M HNO;,; T = 25 °C).

MerasieH ifoH E (%) D Spb/Me
Pb(II) 98.0 49
Cu(Il) 721 2.6 18.8
Ni(ID) 338 0.7 70
Cd(II) 68.3 2.1 233
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CpaBHeHMe MeKIY ceJIeKTUBHOCTHTe HA copOuusi Ha Pb(II) Bbpxy

P(MAA-PAR-Pb) u npyru copoentn

3a na ce wirocTpupa no-ronsmara cenektuBHocT Ha P(MAA-PAR-Pb), ca u3c-
nenBaHu u nporecute Ha coporus Ha Pb(Il), Cu(Il), Ni(Il) u Cd(Il) Bepxy cnegaute
copOentu: koHTposieH cbrnoiumep P(MAA-PAR), nonukapOoOKcUIIaTeH COPOEHT
(P(COOH)), nonyden upe3 chlnoaumMepu3anus Ha MeTakpuiosa kuceianHa u TMPTM
U xuTo3aHoBU MemOpanu (cbabwpxkatr —OH u —NH, ¢yHkumnonanuu rpynu). Xuro3a-
HOBUTE MeMOpaHU ca MoJIydyeHHU no MeToauka onucaHa oT Dakova et al. [18]. B Ta6-
auia 3 ca npecTaBeHU MOJyYeHUTE KOePUIIMEHTH Ha pa3lpeiesieHue U KoepuIueH-
TH Ha cenekTuBHOCT. OT Hest AcHO ce BWxkaa, ye Pb(Il)-oTnevaranus cbnoaumepeH
TSl MPOsIBSIBA MO-BUCOKA CEJIEKTUBHOCT npu copO1ius Ha Pb(Il) B cpaBHeHHME ¢ Apy-
TUTE COPOCHTH.

Tabauua 3. Koegpuyuenmu na paznpeodenenue (D) u koepuyuenmu na cenrexmusHocm
(Spome) Ha Pb(Il), Cu(ll), Ni(Il) u Cd(Il) evpxy P(MAA-PAR-Pb), P(MAA-RAR), P(COOH)
u xumo3zanosa memopana (25 mg copbenm, pH 8; 2 mL 1 M HNO; kamo enyenm, T = 25 °C).

Meranen | P(MAA-PAR-PD) P(MAA-PAR) P(MAA) Chitosan mem-
HOH brane
D SpbMe D Spb/Me D Spo/me D Spb/Me
Pb(II) 49 1.2 19 49
Cu(II) 2.6 18.8 0.9 1.3 9 2.1 99 0.5
Ni(II) 0.7 70 0.8 1.5 7.3 2.6 49 1
Cd(1) 2.1 23.3 1.1 1.1 19 1 19 2.5

IIpuiio:xxeHue Ha MeTOAA

[Tonyuenute Pb(Il)-oTnevyaran u KOHTPOJIEH TejlOBE ca U3IOJI3BAHU 3a OIpe/ie-
JISTHE Ha O0JIOBO B MPUPOJHU BOAM — MUHEpAJIHA U MopcKa Boja. IIpenoxkena e cien-
HaTa Mertoauka: [Tpurorsar ce npodu ot mo 50 mL Mopcka Boja ot paiioHa Ha byp-
rac ¥ MUHepajHa Boja ,,J'opHa 6aHs“, cbOTBETHO. 3a /1a ce u3CcJie/Ba BIUSHUETO Ha
MaTpwuiiaTa, Oeie HarnmpaBeHa CTaHaapTHa 100aBKU OT 010BO — 4 Ug. ExcnepumenTn-
Te ca npoBeaeHu npu pH 8.0-8.3 3a Mopckarta Boja (opurunanHo pH Ha mopckara
Boaa) u pH 9.5-9.8 3a munepannara Boja (opuruHaaHo pH Ha MuHepandHaTa BOAA)
0e3 Oydepupane. [Ipobara ce npubars kbM 50 mg copbent. PazdbpkBa ce B mpo-
nbipkenre Ha 30 min, nentpodyrupa ce. CopOEHTHT Ce MPOMUBA C IECTUIIMPaHa BO-
na u afgcopbupanute onoBHH HoHU ce exyupaT ¢ 0.5 mL 1 M HNO; npu Henpexsc-
HaATO pa30obpkBaHe B npoabnkeHue Ha 30 min. Cien neHTpodyrupane CbIbprKaHue-
to Ha Pb(Il) ce ompenenss B emyara upe3 ETAAS wm3mepBanus. [Ipenu cneasaria
ynotpeda copOEeHTBHT ce MpOMHBa C AecTwinpaHa Boja. Ilomydenure pesynratu ca
npeacraBeHu B Tabmuua 4.

VYcraHoBeHUTE TIPOIICHTH Ha copOuus Ha o0Bo ca 94.1 % 3a mopckara Boja u
96.5 % 3a MuUHEpaJIHaTa BOJA, KOrato Kato copOeHTt mu3znoizBame Pb(Il) — orneyara-
Hus cerionumep (P(MAA-PAR-PD)), nokato npu koutponHust cenonumep (P(MAA-
PAR)) croitnoctute ca chorBeTHO 51.4 % 3a Mopckara Boja u 96.5 % 3a Mmunepa-
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HOB Pb(II)-OTIIEHATAH ITOJIMMETAKPUJIATEH COPBEHT...

HaTa BOjAA. Te3u pe3yaTaTH Olle BEIHBXK MOTBBPKAABAT MO-T00pUTE COPOIMOHHH
cBoiictBa Ha Pb(Il)-oTmeyatannTe MUKpoOYacTHIH, TPE] TE3W HA HEOTIEYATAHUTE.
KoedunueHTsT Ha KOHIIEHTPUPAHE, HAMEPEH KaTo OTHOIIIEHNE Ha o0eMa Ha mpobaTa
B3€Ta 3a aHAJIM3 KbM 0Oema Ha emyara, ¢ 100.

Tadauua 4. Onpedenane na Pb(Il) 6 munepanna u mopcka 600a no memooa
0obaeseno/Hamepero (mpu napanennu onpedenerus) upes ETAAS.

[Ipoba P(MAA-PAR-Pb) P(MAA-PAR)

Pb(II) Pb(II) Pb(II) Pb(II)
n00aBeHO HaMEpeHo n00aBeHO HaMEPEeHO
ug L (means), ug L' (meanxs),

ug L' ugL’
Mopcka Boja - 0.07+0.008 - 0.074+0.008
Mopcka Boja 4.00 3.83+0.011 4.00 2.09+0.09
MunepasiHa Boaa - 0.05+0.008 - 0.05+0.008
Munepanna Bosa 4.00 3.91+0.010 4.00 2.26+0.011

3AKJIFOYEHUE

B nactosiara padota ca cunresupanu Pb(Il)-oTtneyatanu u KOHTPOJIHHU CHIOU-
MEpHH TEJIOBE Upe3 yTauTeJIHA ChIIOJUMEpHU3aliis Ha METaKpUIoBa KUCEIWHA U TPH-
METHJIOJINPOIIaH TPUMETaKpuiaT B arleToHuTpud. [lokazano e, ue Pb(Il)-otneuaranure
MUKpoc(epu ca MOAXOMASIIM 3a CEJEKTHBHA TBbPAO(da3HAa €KCTpaKlMs Ha OJIOBO OT
pa3penenu pazrsopu npu pH > 8. [IpensioxkeHna e npoueaypa 3a pa3aeiisiHe U KOHIIEHT-
pupane Ha Pb(Il) B MOpcku u MUHEpaTHHA BOIH.
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3A AHAJIN3 HA CTPYKTYPATA U CTABUJIHOCTTA
HA EMYJICHOHHHU CUCTEMMU
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ABSTRACT

The aim of this study was to examine the potential of microphotographic method
for analysis the properties, microstructure and stability of colloidal systems. The pro-
posed methodology analyses each of the processes — flocculation, coalescence and
creaming (sedimentation). Use the fact that the proposed method can qualitatively and
quantitatively assess the average particle size, droplet size distribution and microstruc-
ture of emulsion in a certain moment of its existence and the different heights of the vol-
ume of emulsion.

Keywords: emulsion, flocculation, coalescence, creaming

BbBEJIEHUE

CrpykTypara Ha KOJIOMJHHUTE CUCTEMHU € OMpeesslla 3a TEXHUTE CBOMCTBA U
CTAOMIJIHOCT M UMa IPSIKO OTHOLIEHUE KbM MHOTO TEXHOJIOTMYHU MPOIECH, CBbP3aHU
C TAXHOTO MPOU3BOJICTBO, ChXpaHEeHHUE U npuiioxkeHue [1-3]. 3a na moxe na ce npor-
HO3Wpa U OIICHU BIMSHHUETO Ha (pAaKTOPHUTE HA OKOJIHATA Cpella KaTo: TeMIeparypa,
HaJISITaHe, KAaKTO M POJIsiTa HA EMYJIraTopa v cTabUianu3aropa Wik CMECH OT TAX, KaKTO
M KaK BIUSAT T0OABKHUTE BHB BCsKa (pa3a BbPXY CTAaOMITHOCTTA HA €MYJICUSATA € HeO0O-
XOJIUMO J1a C€ M03HaBa CPYKTypaTa Ha KOJOUJHUTE CUCTEMHU HA MUKPO HUBO.

Emyncusara e mmpoko pasnpocTpaneHa (Gopma Ha KOJOWIHO JTUCIIEPCHUTE CHUC-
Temu. VI3BECTHO €, 4e T € TePMOJMHAMHYHO HEYyCTOMYMBA CHCTEMa, U3rpajeHa OT
nBe TeyHu (¢azu. OT MOMEHTa Ha HEMHOTO oOpa3yBaHE 3alo4yBa CIIOHTAHHO pa3py-
[IaBaHE HA €MYJICMOHHATa CTPyKTypa. To3u mpouec € cieAcTBUE OT MUKPOCKOIUY-
HUTE NPOLECH, KaTo (DIOKyIaLMITa U KOAJIECLEHIIUITa, KOUTO OT CBOSI CTpaHa Ona-
TONPUSATCTBAT MAKPOCKOIICKUSAT IMPOIIEC HA KpeMupaHe win cegumentanus. Mudop-
MalusATa 32 MUKPOCTPYKTypaTa Mo3BOJIsiBa J]a C€ KOHTPOJUpPAT TE€3H MPOIECH U Ipa-
BUJTHO JIa C€ MPUJIOKAT HEOOXOAUMUTE CTAOUIM3ATOPH U TI0OABKH, C 1€ Bb3ACHCT-
BHE€ BHPXY €MYJICHOHHUTE CBOMCTBA M MOBUINABAHE HA CTAOMIHOCTTA HA €MYJICHUATA

[1-3].
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MwuKpOCKOMNCKM npouecu
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Makpockoncku rnpouecu

+ pa3oBa MHBepCUS,
ceguMeHTaums,
MHOXECTBEHWN EMYIICUM. ..

(I)nrypa 1. Cxema na npoyecume Ha 0ecma6wzu3auuﬂ Ha eMyJCUOHHUNme cucmemu

OcHoBHa 11e71 HA HACTOSIIaTa padoTa € /1a Ce MPOCIEAIT MPOIECUTE, KOUTO TPO-
TUYaT B €MYJICHOHHUTE CUCTEMH M BOJST JO TSIXHOTO pa3pylllaBaHE BbB BPEMETO, C
MOMOIITa HAa MUKPOCKOIICKA METO/I 3a aHAJIU3 Ha CTPYKTypara.

MATEPUAJIM U METO/HN

Mertoaukara 3a u3cieqBaHe HA MpouecuTe (BIoKyJanus U KOoaleclLeHUUs € Jie-
MOHCTpPHUpaHa, KaTo € HM3IMO0JI3BaHa MojenHa 5 % CIIbHYOIIIE0BO MAacio BbB BOJAA
(M/B) emyncus, crabunuzupana ¢ 1 % (tersn.) Tween 80. [IpoGuTte ca B3etu oT 0dbema
Ha eMYJICHSITA, CIIe]] KaTO € OTCTPaHEH ,,cream‘ ciosl, a JI0JIHaTa YacT € XOMOI'€HU3H-
pana. Meronukara 3a npociieisiBaHe Ha KHHETHKAaTa Ha Mpolieca KpeMUpaHe ce Mmpuia-
ra Bbpxy mojenna 20 % M/B emyicus, unsto maciena ¢asa, npeacTaBisiBa CMEC OT
MaciuHOBO — 49 % (o0emHum) U cbHUOTIEA0BO Macio 51 % (o6emun). M3non3Banusr
emynrarop (Tween 80) e ¢ konuentpamus 1.0 % (teru.). 3a ananusa ca B3eTu nMpodu B
pasmuano Bpeme (0, 2, 4, 24 u 48 h), ot nonoxenwne 20, 40, 60 u 80 mm crpsMo TbHO-
TO HA EMYJICUSTA.

3a Bcsika B3eTa Mpoda € U3BBPIIEH KAYECTBEH M KOJIMYECTBEH aHAJIM3 Ha MUK-
POCTpPYKTypara U € mpocieicHa HelHaTa IPOMsIHA 3a nepuoi oT 48 yaca. 3a 1enra €
MPWIOKEH pa3padoTeHuAT MuUkpodororpapcku metTon [4] u € aHaIM3HpaHO KOJIH-
YeCTBOTO Ha MacjieHarta (aza B Hes [5].

PE3YJITATHU U OBCBHXJIAHE

Ha ¢ur. 2 ca mokazanu mo egHa ot MuKpodoTorpamurte, 3acHeTd mpu 600-
KpPaTHO YBEJIMYEHHE Ha MUKPOCKOINA B HAYaJIHUSI MOMEHT Ha MPUTOTBSIHE HA EMYJICH-
ara (0 h), cien 4, 24 u 48 h. Ot 13X ce Bwxka, ye cieq 4 h e HacThIuiIo yenpsiBaHe u
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rpynypaHe Ha 4YacTULIMTE Ha JucrepcHaTa ¢asza BbB QUIOKYIH, T.€. IPOTEKIH ca Mpo-
1ecy Ha (JIOKYJIANs U KOAJECIISHITHA.

3a mepuoa ot 24 h Ha MOBBPXHOCTTA HA EMYJICHATA, B PE3YJITAaT HA KPEMHUPAHETO,
ce oOpa3zyBa TO-KOHIIEHTPHUpPAH ,,cream‘‘-cjIoi. 3aeJHO ¢ OTCTpaHsBaHE Ha ,.cream‘-
CJIOSl ca OTCTPAHEHU M MO-EJIPUTE KalKU U arperaTd, KOUTO ce BUKAAT HA Gur.2 6 u
cien 24 h Beue ca kpemupanu. ToBa ce NOTBBPXKJIaBa U OT MUKPOPOTOrpaMuTe MOKa-
3aHU Ha QUT. 2 B ¥ 2 T, B KOUTO SICHO C€ BIJKJIa MOHOJIUCTIEPCHA EMYJICHSL.

®urypa 2. Muxpogpomoepamu na 5 % M/B emyncus 3acnemu:
@) HenocpeoCmeeHo cied HellHomo npuzomsesne, 6) cieo 4 h,
8) cned 24 h u 2) cneo 48 h.

Mukpodotorpamu, 3acueru ipu 1500—kpaTHO yBenu4YeHHUE, ca U3MOJI3BAaHU
3a [0 HATaThIIIEH KOJUYECTBEH aHAJIN3.

[oTy4eHHTe eKCIICPUMEHTAIHY JaHHH 3a CPSIHUTE CTOMHOCTU Ha pagmyca (r)
U JIOTapUThMa OT paauyca (l_ ), CTaHaJIApTHUTE OTKJIOHEHUS (C;) U CTATUCTUYECKUTE
TPEIIKA Ha BCUYKU CKaJapHU BenmuuuHU (Tabi. 1), HocsaT nHpopmaIus KakTo 3a MHUK-
POCTPYKTypaTa Ha eMyJICHsTa, TaKa M 3a Pa3INuyHUTE JeCTaOUIU3MpAIId MPOIECH,
KOUTO Ca MPOTEKJIM J0 TO3H MOMEHT. [Ipu u3cnenBaHe Ha MUKPOCTPYKTypaTa Ciej

YETBBPTHUSI YaC € YCTAHOBEHO yBEJIMYABAaHE HA CPEAHUAT pa3Mep Ha JUCIICPCHUTE
yactuuure ¢ 69 % (ot 1.14 um na 1.93 um).

Tadmuua 1. Cpeonu cmovinocmu Ha paduyca u 102apumvma om paouyca,
cmanoapmuume omrioOHeHus u epeuwku Ha S % M/B emyncus,
cmaounuzupana c 1.0 % Tween 80

- - CTaHmapTHa | Opoil aHATM3NPaHH
t,h r, um ) ¢
rperika YaCcTUIU
0 1.142 0.133 0.530 0.026 432
4 1.928 0.656 0.471 0.018 313
24 1.308 0.268 0.556 0.035 258
48 0.977 -0.023 0.308 0.025 336
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Crnen 48 yacoB mepuojl Ha ChbXpaHEHUE, CPEIHHUAT pa3Mep Ha OCTaHAIUTE B
o0eMa Ha eMyJICHsATa TUCIIEPCHU YAaCTHIM, € Hamaysul HamonoBuHa (¢ 50.8 %) — ot
1.93 ym na 0.98 um. Te3u npoMeHU B pa3MepUTE HA JUCIEPCHUTE YACTUIIM CE JIbJI-
’KaT Ha MPOTEKIUTE B EMYJICHOHHATA CHUCTEMA MPOIIECH Ha KOAJIECLUEHUUS U MOCIe-
BaJl MpoIleC Ha KpeMHUpaHe, KOUTO C€ YCKOPsIBAT U C MPOTHYAHE HA Tporeca (IIoKy-
nauus (¢wur. 2).

80

60

40

20

0Oh 2h 4h 24 h 48 h

®urypa 3. Muxpogomoepamu na 20 % M/B emyncusa 3acnemu npu
1500-kpammno ysenuuenue na mukpocxona. [Ipooume ca ézemu na eucoyuna 20,
40, 60 u 80 mm cnpsamo OvHomo na emyacuama, cieo 0,2, 4,24 u 48 h

Enun ot ocHOBHMTE MOKa3arenu 3a (popMupaHe Ha OLEHKA 3a KpeMupalara yCcTou-
YUBOCT € U3MEHEHHUETO HA MUKPOCTPYKTYpaTa Ha €MYJICHOHHUTE CUCTEMHU BbB BEPTHU-
KaJHa MO3MLIMs, M0 BpeMe Ha HEWHOTO ChXpaHEHHE. 3aToBa Oellle M3CIIEABAHO, KAKTO
KayeCTBEHO, TaKa M KOJIMYECTBEHO U3MEHEHUETO HA MUKPOCTPYKTypaTa B IPOABIDKEHUE
Ha 48 yaca. C aHaJIMTUYHU KPUBHU €a NPEICTABEHU JIOIAPUTMUYHO-HOPMAITHUTE pa3npe-
JeTICHNs] Ha YaCTUIUTE TI0 pa3Mep (¢ur. 4), KOUTO JaBaT 3aBUCMMOCTTA HA TUTbTHOCT Ha
pasnpeserieHre Ha YacTuiuTe mo Opoi (P(7)) B 3aBUCHMOCT OT TEXHUS paauyc (7).
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®urypa 4. Anarumuunu Kpusu Ha 102aPUMMUYHO-HOPMATHU PA3NPEOeNeHUS]
Ha yacmuyume no pasmep. Ilpooume om 20 % M/B emyncusa ca 3emu na
sucoyuna a) 20 mm; 6) 40 mm; ¢) 60 mm u 2) 80 mm cnpsamo OvHOMO
Ha emyacusima cieo 0,2, 4,24 u 48 h

Jlpyr uH(pOpPMATHBEH MOKa3aTell € KOJAMYECTBOTO MacjieHa (a3a B pasindHH
y4acThIM Ha EMYJICHATA. 3aToBa Oelle MpociIeeH0 H3MEHEHHETO Ha KOHIIEHTPAIIHSI-
Ta Ha MacjeHara ()a3a BbB BPEMETO, KaTO (DYHKIIMS OT BUCOUMHATA Ha CJIOS, BbB BEP-
THKAJIHA [TO3MILUS CIIPSIMO JIBHOTO Ha IMIMHIbpA. EKCIIepuMeHTaIHUTE PE3yIITaT ca
NpeICTaBeHU B rpaguyeH BU Ha (ur. 5.

Or rpadukara ce BUKIa, 4e clieq 4 ' vac 3amovBa Jia MpoTHYa MpoIec Ha Kpe-
MHpaHe, BCIIEACTBHE, HAa KOUTO g0 24 " yac ce oOpasyBar jBa Ciios — mo-oorar u
1o-0ejieH Ha AMCICPCHHM YAaCTHIIM, Pa3zeieHN TOMEKIY CH C TPaHHUIA HAa BHCOYHHA
Mexay 40 u 60 mm. Berupeku, de Ta3u rpaHHUIA ChIIECTBYBaA oIle mpu 24 ' gac
(dbur. 3 u ¢ur. 5), Ta craBa 3abenekuma efpa cieq 48 7 yac Ha BHCOYMHA 53 mm
CIPSMO JHHOTO Ha IMJIMHIBPA, B KOWTO € ChbXpaHsBaHA H3CJI€BAHATA CMYJICHS.
CremoBarenHo MUKpOGOoTOrpadCcKusi METO MOKa3Ba HACTHITMIOTO pa3pyllaBaHe Ha
JWCTIEpCHATA CUCTEMA, TIPEIH OIIe TO JIa € MaKPOCKOIICKH 3a0eIeKnMO.
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|l20mm B40mm O 60mm|:l80mm|

®durypa 5. Pasnpeoenenue Ha konuuecmeomo maciena ¢asa na 20% M/B
emyacus 6 paznuunu Hetinu cioese (H = 20, 40, 60 u 80 mm), npobu
om koumo ca 3emu 6 pazniuyro epeme (0,2, 4,24 u48 h)

W3BOIM

1.

JlokazaHo e, ye MUKpPO(OTOrpad)CKUSAT aHAIN3 MOXKE J1a HAMEPH IMPHUIIOKCHUE
HPH TIPOCIICIIBAHE HA TMHAMMKATA Ha MTPOLIECUTE CBhP3aHU ChC CTAOMIHOCTTA Ha
emysicunte. [1o TO31M HAYMH MOTaT Ja Ce CHIIOCTABAT PA3IMIHN EMYJICUH IO OT-
HOILICHUE Ha TAXHATa CTAOWIIHOCT.

. Ilokazano e, ye mporecute (GIOKyIanms ¥ KOAICCISHIUS YCKOpSBAT Iporeca

Kpemupane U o0parHo. CKOpOCTTa Ha KpeMHUpaHE MPOTHYa CPAaBHUTEIHO TO-
OBP30 MOpajy TMOBUIIICHUS pa3Mep Ha TUCTICPCHUTE YaCTHUIM W/WITH 0Opa3yBaHe
Ha arperaru.

. BeB BCPTHUKAIIHA IMO3UIHUA Ca YCTAHOBCHU BPB3KU MCKAY AWMHAMHKATA HA KPECMU-

PpaHC Ha JUCTICPCHUTC YaCTUIU 1 UI3MCHCHHC Ha KOJIMYCCTBOTO MACJICHA (1)333.
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ABSTRACT

A correlation between the elastic modulus of soap bubble and the foam stability
was found. A model system was chosen — a soap bubble stabilized by simple
nonionic surfactant tetracthylene glycol octyl ether (CsE4) and 10 M NaCl.

The Elastic moduli were determined by periodical expansion and shrinking of
foam bubbles with frequency of 0.1 Hz and volumetric amplitude of 2 mm’. The film
tension was monitored via commercial profile analysis tensiometer (Sinterface
Technologies, GmbH). The elastic moduli of foam bubbles versus surfactant
concentration in the range of 2x10° — 10> M were obtained. In addition, the theory of
Lucassen and van den Tempel [1] for the elastic modulus of single liquid/air interface
at given frequency was exploited as well. The bulk diffusion coefficient of the
surfactant molecules i1s unknown parameter through the adsorption frequency in this
theory. Hence, a fitting procedure (with one free parameter) was conducted matching
experimental and theoretical data. The value of the bulk diffusion coefficient of CgE4
obtained was 5.1x10"" m?/s, which is an order of magnitude lower value than what is
expected for. The foam was generated by shaking method and left to decay. A
correlation between the elastic modulus and foam life time upon surfactant
concentration was found.

Key words: elastic modulus, Gibbs elasticity, foam films, soap bubble, adsorption
frequency

INTRODUCTION

The studies on elastic moduli of adsorption layers on Air/Water interface
originate from the pioneering works of Lucassen and van den Tempel [2, 3] (in
Langmuir through), and Lunkenheimer et al. [4-10] (oscillating bubble method). The
two approaches are in theoretical agreement. A good review on the basic methods for
studying the rheology of adsorption layers can be found in Ref. [11]. The oscillating
bubble method consists in the following: A small bubble is fixed at the tip of
capillary, which is immersed in the surfactant solution and connected to a gas
compartment. The latter is excited to harmonic oscillations by piezo-drive vibrating
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with a given frequency and small amplitudes. The pressure in the gas compartment,
the cross-sectional area and the amplitude of the bubble (variation of bubble length)
are measured as a function of the excitation frequency. Hence, the phase shift
between the excitation signal and the bubble response is measured at different
frequencies. The elastic and the loss moduli can be determined by this procedure.

Other authors contributed later for advancing the theory and the experiment of the
oscillation bubble method as well [12-18]. Wantke and Fruhner applied this method to
determine the dilatational viscosity of the surfactant adsorption layer [19]. Kovalchuk
et al. [20] performed detailed analysis indicating that the shape of the frequency —
amplitude characteristics depends on the bubble volume and the surfactant
concentration up to frequency of 400 Hz.

Meanwhile Bianco and Marmur [21] developed new experimental approach for
measuring the Gibbs elasticity of oscillating soap bubble. This methodology is based
on the determination of the film tension upon the expansion and shrinking of the soap
bubble surface with a given low frequency. The methodology was advanced by
Kovalchuk et al. [22]. The inhomogeneous distribution of the soap bubble liquid due to
gravity was accounted for. In contrast to the numerous works on the visco-elastic
moduli of single gas/liquid surface layers, the literature data on elasticity of soap
bubbles remained scarced. In addition, open questions on the origin of the Gibbs
elasticity of foam films remained as well. For example, it is not clear why the tension
of thick foam films (~2-3 microns) varies upon the change of the film surface area
with speed much lower than the speed of relaxation of the adsorption layer. Obviously
the electrostatic disjoining pressure should not have any contribution at such high
thickness. Hence, it should not be any depletion of surfactant molecules in such kind of
foam films. Consequently the approach of Lucassen and van den Tempel could be
applied. The present work is devoted to studying the elastic modulus of soap bubbles in
a given surfactant concentration range and to study any possible correlation with the
foam lifetime. The applicability of Lucassen and van den Tempel approach was
critically evaluated.

EXPERIMENTAL

The elasticity of soap bubbles produced by aqueous solutions of CgE,4 (produced
by Sigma-Aldrich Ltd) in the concentration range of 2x10° — 10> M and in the
presence 10° M NaCl (produced by Sigma-Aldrich Ltd), was measured. The
temperature during the experiment was kept constant at 25°C.

The surface tension isotherm was determined by the Harkins-Brown method [23].

All the measurements were obtained using a commercially available profile
analysis tensiometer, (PAT 1 D module of Sinterface Technologies, Ltd., Germany)
with a frequency of 0.1 Hz and amplitude of 2 mm’. The tensiometer consists of (1) a
mechanical unit for creating and controlling the test fluid—liquid interface in a 2 cm x 2
cm x 2 cm cuvette made of optical grade silica, (2) an optical unit for monitoring the
evolution of the interface profile and (3) a computer with the Sinterface software, PAT-
1D and a data acquisition system for operating the instrument, storing the raw data for
the interface profiles, and processing the data off-line. The mechanical unit has a water
bath for controlling the temperature. The soap bubble is produced (see Fig.1) by a dual
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tube — a narrower internal tube situated in a wider external tube. A syringe controls the
surfactant solution flowing in the external tube, while air flows through the internal
tube, controlled by another syringe. The two syringes are mounted on the panel of a
motorized pump, controlled by the computer. Once formed, the soap bubble was
illuminated, equilibrated and its image was captured by the CCD video camera, stored,
and processed by the computer software. The edge (the interface profile) of the bubble
was digitally identified with sub-pixel resolution and fitted with the numerical solution
of the Young—Laplace equation, allowing the determination of the film tension, volume
and area of the bubble. The cyclic time dependence of film tension was determined by
changing the bubble volume as a sinusoidal function of time.

L] C»

Figure 1. Sketch of the Profile analysis tensiometer system for studying
elastic modulus of soap bubble (not to scale).

The shaking test method was used to determine the foam stability. It includes
standartized (10-fold) shaking of flask of 50 ml volume, containing 20 ml of the studied
solution. The time interval from the formation of foam to the appearance of free water
surface is measured. This operation is repeated 10-times, and an average value of the
foam decay time is obtained. This method is very simple to use and gives sufficiently
good reproducibility. The surface tension isotherm was determined by the Harkins-
Brown method [23].

RESULTS AND DISCUSSION
The surface tension isotherm (see Fig.2) of CgE4 was measured by Wilhelmi

plate method.
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Figure 2. Surface tension isotherm of CsE,— experimental (circles) and computed.
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The experiments on expanding a soap bubble were conducted in the
concentration range of 2x10°-10% M CgE4. At lower surfactant concentrations the
data were either or the soap bubbles were not stable. The film tension and the
doubled surface tension values are presented in Fig.3.
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@ Film tension

I ODoubled surface tension

0 'l ' 'l '
2.E-03 4.E-03 6.E-03 8.E-03 1.E-02 1.E-02

CsE, concentration, M

N
o

Surface/ film tension,
H
o

Figure 3. Film tension and surface tension (doubled value) isotherms
of CsE, aqueous solutions.

One can see that values of the film tension are larger than the doubled values of
the surface tension. According to Refs. [21] and [22] the film tension is a function of
the total area of the soap bubble. By the present experimental procedure conducted
with the commercial Profile Analysis Tensiometer (PAT 1 D module of Sinterface
Technologies, Ltd., Germany), expressed in periodical expansion and contraction of
the soap bubble with frequency of 0.1 Hz, an average value of the film tension and
Gibbs elasticity is produced.

These experimental data were processed with the Szyskowski-Langmuir equation
of state:

o=0,-T_RTIn(1+kc) (1)

Fitting procedure with two matching parameters I' _and kwas conducted via
»Solver” option of Microsoft Excel. The theoretical curve is situated in Fig.1. The
obtained values of the fitting parameters are T'_ =3.42x10°mol/m” and & =25m’/mol.
Equation (1) is equivalent to the following equation of state:

O-:O-°+F”RTIH(1_FLJ (2)

=3

where T'_is the surfactant adsorption at CMC. Hence the Gibbs elasticity of the

soap bubble can be calculated by the expression:
do 2RTT.T

E . =2¢,=-2I'—= 3
¢ =28, L T T 3)
Eq.(2)) can be transformed in the following expression:
2¢ 1

4)

E_G_\/1+21/a)0/(0+2(1)0/0)
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Figure 4. Gibbs elasticity of the single air/water surface E, /2 and the

adsorption length dT/ dc as a function of the surfactant concentration.

The values of the Gibbs elasticity of single air/liquid interface and the
adsorption length, calculated from the surface tension isotherm using the model of
Szyskowski-Langmuir are presented in Fig. 4. These values are utilized further in
Egs. (2) and (3) to calculate 2¢/E, .

The diffusion coefficient D (see Eq.(3)) of CgE4 molecules in the soap bubble is
unknown parameter in Eq.(4). Hence the ratio 2e/E, and experimental data
E,, | E; can adjusted by fitting of the unknown parameter the diffusion coefficient D.

0.2

O Eexp/Eg

— 2¢/Eg

0 [ 1 1 [
2.E-03 4.E-03 6.E-03 8.E-03 1.E-02 1.E-02

CsE, concentration, M
Figure S. Experimental E, | E; and theoretical 2¢/ E (obtained by adjusting D)

ratios versus CgE, concentration.
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The experimental E, /E, and the theoretical 2/ E ratios versus the surfactant
concentration are presented in Fig.5. The fitting procedure gave a value of the bulk
diffusion coefficient of CgE4 D =5.1x10"" ' m?/s, which is an order of magnitude lower,
than what was expected for. Fig. 4 shows that the values of the elastic moduli are
substantially lower than the values of the of the Gibbs elasticity obtained by the
surface tension isotherm. In addition, the ratio E, /E; decreases upon the increase of
the CgE4 concentration until reaching plateau before the CMC. This result is in accord
with Refs.[19, 24], reporting deviations of the values of elastic moduli from these
ones of the Gibbs elasticity, when the model of Lucassen and van den Tempel is
applied to bubbles oscillating with high frequency.

The values of the Gibbs elasticity and the Foam life-time versus CgE,

concentration is presented in Fig. 6.
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Figure 6. Gibbs elasticity and foam life-time as a function of CsE,4 concentration

One can see clear correlation between the foam lifetime and the elastic modulus
curves. It should be noted here that the elastic modulus values obtained by this
method are averaged, due to the variable in time film thickness inhomogeneity over
the soap bubble during its expansion and shrinking.

CONCLUSIONS

This paper is dedicated on studying the elasticity of soap bubbles. Although
numerous works have been devoted to investigation the rheology of the surface
adsorption layers, there are still obscure sides of their behavior. For example, it is not
clear the origin of the surfactant depletion in thick foam films (in order of several
microns), causing variation of the film tension at slow expansion or shrinking of the
film surface. In addition, according to the literature data (e.g. Ref. [24]) the elastic
modulus at high frequency of bubble oscillation is not equivalent to the Gibbs
elasticity, calculated from the surfactant surface tension isotherm. In addition, the
literature data on soap bubble surface rheology are very scarce. Our study showed
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that the film tension values of soap bubbles prepared from CgE, aqueous solutions are
larger than the doubled values of the surface tension. The elastic moduli values were
significantly lower than the values of the Gibbs elasticity, calculated by the surface
tension isotherm. Our fit of the ratio 2e/E,, calculated with the model of Lucassen
and van den Tempel (Egs. (2) and (3)), and experimental datak, /E, gave value of
the bulk diffusion coefficient of the surfactant molecules D=5.1x10"m%s, which
significantly lower than what is expected for CgE4 molecules. All this indicates that
there is an exchange of the surfactant molecules (2e<Eg) between the film surfaces
and the and bulk of the film, but it is impeded by some unknown factor. In addition, it
is very possible increased viscous dissipation of the film liquid during the oscillation
soap bubble oscillation as compared to the case of the surface of semi-infinite bulk
phase (e.g. bubbles or drop). In addition, a strong correlation was found between the
foam lifetime and the elastic modulus of soap bubbles. In short, the higher the elastic
modulus, the linger living foam is.

Acknowledgment. Stoyan Karakashev thanks the EC/‘Marie Curie Actions’ for
the financial support of the work through the DEFFED — Project No. 230626/2009.
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ABSTRACT

The aim of present study is to evaluate the composition and the content of fatty
acids (FA) and fat soluble vitamins (A, E, D;) in the edible tissue of farmed rainbow
trout from the region of Central Bulgaria.

All-trans-retinol (vit. A), cholecalciferol (vit. D;) and o-tocopherol (vit. E) were
analyzed simultaneously using HPLC system with UV (vitamin A and Ds) and fluo-
rescence detection (vitamin E). The sample preparation procedure includes saponifi-
cation and liquid-liquid extraction of the unsaponifiable matter. Total lipids were ex-
tracted according to Bligh and Dyer method. Analysis of fatty acid methyl esters
were performed using gas chromatography system with MS detection.

It was found that the lipid fraction contains substantial amounts of palmitic,
palmitoleic, stearic, linolenic, arachidonic and docosahexaenoic fatty acids and fat-
soluble vitamins. The retinol content in the fresh edible tissue of rainbow trout (On-
corhynchus mykiss) was 22.3+2.0 ug/100g; cholecalciferol — 6.0+£0.29 ng/100g and

o-tocopherol — 809.1+ 56.0 ng/100g.

Linoleic acid (15.81%), docosahexaenoic acid (9.40%) and arachidonic acid
(4.21%) were the most dominant polyunsaturated fatty acids, about 33% of total FA
content. Palmitic acid (12.93%), tetracosanoic acid (3.76%) and oleic acid (3.57%)

were found to be the dominant of the saturated and unsaturated FA in rainbow trout
fillets.

Keywords: fat-soluble vitamins, PUFA, HPLC, GS/MS, trout

INTRODUCTION

Fish tissue is a good source of fats, proteins, vitamins and minerals and impor-
tant component of balanced diet. Omega-3 and omega-6 fatty acids (FA), as well as
fat-soluble vitamins are essential compounds of fish lipids and exclusively provided
by the diet.

Being component of membrane lipids, the essential FAs maintain the integrity,
flexibility and permeability of membranes, provide substrate for the biosynthesis of
biologically active eicosanoids. It has been shown that omega-3 FAs exert antihyper-
tensive, antiarrhythmic, antidepressive, and immunomodulatory effect. Acting as an-
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tiatherogenic substances they can reduce the risk of ischemic heart disease. Along
with omega-3 fatty acids, omega-6 fatty acids play a crucial role in brain function as
well as normal growth and development. Polyunsaturated fatty acids (PUFAs), stimu-
late skin and hair growth, regulate metabolism, and maintain bone and reproductive
health.

The fat-soluble vitamins are essential nutrients controlling a diversity of biologi-
cally important processes in human body. Vitamin A, also called retinol, takes place
in photoreception and regulates gene expression and cell division, bone growth, teeth
development, reproduction etc. Vitamin D3 (cholecalciferol) plays crucial role in the
regulation of calcium — phosphate balance stimulating calcium absorption by the
small intestine and thus regulating bone metabolism. The biologically active isomer
of vitamin E — alpha-tocopherol (a-TP) acts as an antioxidant, protecting membrane
structures, essential fatty acids, and vitamins A and C from oxidation.

Being one of the major sources of omega-3 PUFA and fat-soluble vitamins A,
D; and E, fish production by fish farming attains great economical importance. On
the other hand, the worldwide decline of ocean fisheries stocks has provided impetus
for rapid growth in fish and shellfish farming, or aquaculture [1].

Due to its economical importance, one of the most widely farmed fish in our
country is the rainbow trout. Home of this fish is North America, where it inhabits
cold and clear freshwater ponds. Trout is the preferred fish species for breeding and
consumption because of its rapid growth and rich and diverse composition of the
meat [2]. Rainbow trout (Oncorhynchus mykiss) is a predator with a varied diet — eats
almost anything. Rainbows are not quite as piscivorous or aggressive as brown trout
or lake trout (char). Larger fishes are active predators — they feed with fish including
young brown trout, rainbow trout, shad and whitefish. They also eat small terrestrial
animals that fall into the water.

Since the fish tissue is a valuable source of essential nutrients, a detailed analy-
sis for evaluation the nutrient composition and content, and the effect of various fac-
tors (location, season of catch, water salinity, age, sex, part of the body, size and
feeding) on fish lipids is needed.

The aim of present study is to evaluate the composition and the content of fatty
acids (FA) and fat-soluble vitamins (A, E, D;) in the edible tissue of farmed rainbow
trout from the region of Central Bulgaria.

MATERIALS AND METHODS

Collection of fish species

Samples of rainbow trout fish species, caught from fish farm (Plovdiv region,
Hvoina village), which were fed on commercial feed mixtures, were purchased from
Varna fish market during March 2010. Three specimens of trout with average length
of 21-28 cm and weight of 300 & 30 g (three years old) were used as raw material for
FA and vitamin analysis. Biological characteristics of fish species were determined
and noted.
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FA ANALYSIS

Lipid extraction

Prior to analysis, the head, tail, fins, and viscera of the fish were removed. The
edible tissue was filleted with the skin left on and homogenized. Aliquots of freshly
prepared homogenate (5,00g ) were extracted by the method of Blight and Dyer [3]
using chloroform/methanol/water in a ratio 2:2:1. After phase separation, the chloro-
form extracts were evaporated to dry residue and were quantified by weight. The total
lipid content was determined gravimetrically.

Preparation of FA methyl esters

The dry residue of the chloroform fraction was methylated by base-catalyzed
transmethylation using 2M KOH in methanol and n-hexane [4]. After centrifugation
(3500 rps), the hexane layer was separated and analyzed by GC-MS.

GS-MS analysis

Gas chromatography was performed by a model FOCUS Gas Chromatograph
with autosampler A 2000, equipped with Polaris Q MS detector (Thermo Scien-
tific,USA). The capillary column used was a TR-5 MS (Thermo Scientific,USA) uni-
versal column 30 m length and 0.25mm 1. d., with a wide range of applications of
food analysis. Helium was used as a carrier gas at flow rate 1 ml/min. Peaks were
identified according to two parameters: Retention Time (RT) based on available fatty
acid methyl esters (FAME) mix standard (SUPELCO F.A.M.E. Mix C4-C24) and
mass spectra (ratio m/z) — compared to internal Data Base (Thermo Sciences Mass
Library, USA). FAMEs were identified and quantified by comparison with the RT
and peak areas of SUPELCO standards. All chemicals used were of analytical and
GC grade (Sharlau, Spain).

ANALYSIS OF FAT-SOLUBLE VITAMINS

Saponification and extraction

The sample preparation was performed using the method of Sanchez-Machado
et al [5] with slight modifications.

An aliquot of the homogenized sample (1,00g) was weighed into a glass tube
with a screw cap and 1% of methanolic L-ascorbic acid and 1M methanolic potas-
sium hydroxide were added. Three parallel samples of fish edible tissue were pre-
pared and subjected to saponification at 80°C for 20 min. The non-saponified compo-
nents were extracted with n-hexane and the extract was evaporated under nitrogen.
The dry residue was dissolved in MeOH and injected (20 pl) into the liquid chro-
matograph system.

HPLC conditions

We used reversed-phase high-performance liquid chromatographic (HPLC) for
the vitamin analysis. Three fat-soluble vitamins A, D; and E were analyzed simulta-
neously using HPLC system (Thermo Scientific Spectra SYSTEM) equipped with
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analytical column ODS2 Hypersil™ 250 x 4, 6 mm, 5u, UV and fluorescence (vita-
min E) detection. The mobile phase was composed of 97:3 = MeOH : H,0, flow rate
Iml/min. The qualitative analysis was performed by comparing the retention times of
pure substances vitamin A and D; absorbing at Ay, = 325nm for vitamin A;
Amax =265 nm for vitamin D; and alpha-TP fluorescence at A, = 288 nm and
Aem = 332 nm. The quantitation was done by the method of external calibration on the
basis of comparing the chromatographic peak areas of the corresponding standards
(Retinol solution, Fluka; DL-alpha Tocopherol, Supelco; Cholecalciferol, Supelco).

Statistical analysis

Standard curves for all-trans-retinol, cholecalciferol and a-tocopherol were ob-
tained using six different concentrations of standard solutions in triplicate. Repro-
ducibility, estimated by the coefficients of variation for determinations of ten parallel
samples was calculated. For the determination of the analytical recoveries, samples of
homogenized fish tissue were spiked with a methanolic solution containing known
amounts of three fat soluble vitamins. All samples were analyzed in triplicate. The
results were expressed as average and standard deviation (mean = SD). Total lipid
content of edible tissue was determined for each group (n = 5) and the results were
present as g per 100 g raw tissue.

RESULTS AND DISCUSSION

Fat-soluble vitamin content

Our results showed that rainbow trout edible tissue contains highest amounts of
alpha-tocopherol, followed by retinol and cholecalciferol (table 1). Data from the
Danish data base [6] for fat-soluble vitamin content of farmed rainbow trout are in
good agreement with our results. On the other hand Dias M. G. et al, (2003) [7] was

found substantially lower content of the vitamin E in wild rainbow trout fresh tissue
(table 1).

Table 1. Fat-soluble vitamin content in edible tissue of rainbow trout (mean + SD)

Rainbow trout

o-tocopherol [ug/100g] all-trans-retinol [pg/100g] Cholecalciferol [pug/100g]

809.1+56.0 22.342.0 6.040.3
Danish data base
1100.0 | 12.3 | 5.1
[Dias M.G. et al]
130 | 8.8 | 19

The rainbow trout remains the highest source of alpha-tocopherol when com-
pared with some Black sea fish species such as European sprat and goby with alpha-
tocopherol content found to be 284.85 + 44.50 pug/100g and 614.90 + 40.30 ng/100g,
respectively [8].
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Since the analytical method revealed good reproducibility (3.42—7.44%, esti-
mated by the coefficients of variation for ten parallel samples) and analytical recover-
ies (ranges 72.8-92.7%), evaluated after spiking samples with known amounts of
standards) and since we used samples of farmed fish species, the only possible reason
for the higher content of fat-soluble vitamins is the diet enriched with fat-soluble vi-
tamins.

Fatty acid composition
The fatty acids compositions of rainbow trout are given in Table 2.

Table 2. Fatty acids profile in edible fish tissue (mean £+ SD)

Unsaturated | Meant SD | Monounsaturated | Meant SD | Polyunsaturated | Meanzt
FA FA FA SD
C12:0 2.98+0.04 |C 14:1 3.64+0.32 [C 18:3n3 4.03+£0.28
C 13:0 0.00 C1le6:1 4.76+0.8 | C20:5n3 2.2110.05
C 14:0 2.03+0.04 |C17:1 0.00 C 20:4 n6 4.211£0.39
C 16:0 12.93+1.02 | C 18:1n9t 0.76+£0.01 |C20:3n3 0.00
C17:0 0.00 Cl18:1n9c 11.0320.99 | C 20:3 n6 2.3110.2
C 18:0 3.57£0.26 |C 20:1 2.40£0.23 | C 20:2 2.0910.05
C 20:0 3.0740.1 [C22:1n9 3.1740.32 [C22:6n3 9.40%1.2
C21:0 0.00 C24:1 2.78+0.1 [C22:2 0.50+0.01
C 22:0 1.05+0.05 | Total MUFA 28.54 Total PUFA 43.13
C23:0 0.00 C 18:3n6 3.11£0.24 (n-3 15.64
C24:0 3.7620.01 [C18:2n6t 2.63+0.3 |n—6 25.44
Total SFA  28.33 C18:2n6¢c 13.1842.24 |n—-3/n—-6 0.62

The present study indicated that the analyzed trout (12.30 g/100 g raw tissue)
could be characterized as highly fat fish.

The FA composition of tissue lipids in fish is strongly influenced by the FA in
their dietary lipids [9]. It has been shown that the amount of FA varies widely among
the species but in most studies the palmitic (C 16:0) and stearic (C 18:0) acids are the
predominant SFA. The total SFA content in Bulgarian rainbow trout (28.33%), was
lower than the amount of SFA (25.39%) found by Haliloglu (2002) [10] probably due
to the differences in the amounts of palmitic and stearic acids. Our results showed
that 80% of total SFA were composed of palmitic acid In contrast to others our re-
sults for some Bulgarian Black sea fish species [8], freshwater fish, as brown trout,
shows lower concentration of SFA group. Availability of low level of this fatty acid
supports the results published in many similar studies conducted on freshwater fish.

Significant differences were also observed in monounsaturated fatty acid
(MUFA) among the fresh water fish species investigated by others. For example,
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Haliloglu described 41.90% of total MUFA which is higher than our results —
28.54%. In the other side our results is similar to the result presents in Danish date
base for SFA content in rainbow trout (28.50%) [6]. In contrast to other publications
we observed similar amounts of SFA and MUFA groups. Among MUFAs the highest
content was found for oleic acid (40%) followed by palmitoleic acid (16,12%). These
results are in a good agreement with the data of Haliloglu [10].

The long chain omega-3 and omega-6 fatty acids commonly called PUFA and
their ratios (omega-3/omega-6) are also considered important for the FA composition.
The total sum of Omega-6 acids series of the analyzed fish samples was 25.44% of
total FA while the sum of omega 3 FA was only 15.64% of total FA. The linoleic
acid (cist+trans) was the most dominant FA in the group of PUFAs — 15.81%. Fishes
are unable to synthesize any fatty acids of the omega-6 and omega-3 series unless a
precursor with this structure is present in the diet. The ability to elongate and desatu-
rate fatty acids is not the same in all fish species. The Omega-3/Omega-6 ratio has
been suggested to be a useful indicator for comparing the relative nutritional value of
fishes [11]. A ratio between 0.2—1.6 would constitute a healthy human diet. Our re-
sults revealed an omega-3/omega-6 ratio of 0.62 which is within the recommended
range. Hearn T. showed that in freshwater fishes n 3/n 6 ratio ranged from 0.55 to
5.60 and our results confirm this. [12]

In modern nutrition studies, namely the values of EPA (C20:5) and DHA
(C22:6) were used as one of the key biochemical characteristics of products con-
sumed by human population. At the Workshop on the Essentiality of and Recom-
mended Dietary Intakes for Omega-6 and Omega-3 Fatty Acids held in 2000 [13],
there was consensus about the importance of reducing the omega-6 and increase the
omega-3 PUFA in diet of both adults and newborns for optimal brain and cardiovas-
cular health and function.

CONCLUSION

Total lipids, fatty acids profile and fat soluble vitamin content in the rainbow
trout from central Bulgaria were defined and compared. SFA was the group with the
lowest level in this fish, which corresponds to their total lipid content. The highest
PUFA values related to the high-level concentrations of LA, ARA and DHA. The
n3/n6 ratio was found to be 0.62.

The results for the fat-soluble vitamins content in the analyzed fishes are in the
same order of magnitude with those reported by other groups.

Regarding to the lipid contents, n3/n6 ratio and high level of all analyzed fat
soluble vitamins we may conclude that Rainbow trout have good nutritional quality.

Like marine fish, freshwater fish constitute a healthy addition to the human diet.
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ABSTRACT

Concentrations of 14 polychlorinated biphenyls (PCBs) and organochlorine pes-
ticide dichlorodiphenyl- trichloroethane (p,p’- DDT) including its metabolites (p,p’-
DDE and p,p’- DDD) were measured in muscle tissue samples of bluefish (Pomato-
mus saltatrix). Samples were collected from Black Sea (region of Varna, Bulgaria) in
the period of 2003—-2006. DDTs and PCBs were determined by gas chromatograph
equipped with electron-capture detector and mass spectrometry allowing better iden-
tification of compounds.

Total PCB concentration (sum of 14 congeners) in muscle tissue of bluefish var-
ied in the range of 1.2 to 384.9 ng/g lipid weight. Concentrations in bluefish ranged
from 367.1 to 879.5 ng/g lipid weight for total DDTs (sum of p,p’-DDT, p,p’-DDD
and p,p’-DDE).

The levels of DDTs and PCBs in bluefish from region of Varna were found
comparable or slightly higher than those found in fish from other parts of the Black
Sea coast and from neighbor seas Marmara Sea and Aegean Sea.

Keywords: polychlorinated biphenyls; organochlorine pesticides; fish, Black Sea,
Bulgaria

INTRODUCTION

Persistent organic pollutants (POPs) such as polychlorinated biphenyls (PCBs)
and organochlorine pesticides (OCPs) are long-lived organic chemicals that are gen-
erally resistant to chemical and biological degradation processes. Organochlorine
compounds (OCs) are among the most dangerous pollutants because of their high li-
posolubility and tendency to bioaccumulate along the food chain. As a consequence,
they are widespread in the biotic compartment of the environment [1].
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Pesticides and polychlorinated biphenyls (PCBs) are found in various parts of
the environment in quite small concentrations, but they accumulate and thus become
a threat to human health and life [2, 3]. PCBs and OCPs were measured in sediments
collected in 2000 from the mouth of the Danube Delta and it was found that the Da-
nube river is a potential source of contamination to the Black Sea [4, 5].

Fish are an excellent indicator for pollution in aquatic ecosystems, where trace
contaminants are difficult to analyze directly. Fish consumption is the main source of
human exposure to different environmental contaminants like PCBs and DDTs. There
are only few data available on residue concentrations of OCPs in fish from the Bul-
garian coast of the Black Sea [6].

The bluefish (Pomatomus saltatrix) enters the Black Sea in spring for feeding
and spawning and moves back to the Sea of Marmara in winter. It feeds primarily on
fish (anchovy, horse mackerel and young mackerel) and partially on crustaceans
(shrims).

The purpose of this study was to determine the levels of persistent organochlo-
rine contaminants in bluefish from the Bulgarian Black Sea coast and to monitor the
accumulation of these pollutants during the period 2003—-2006.

MATERIALS AND METHODS

Fish samples were collected from Black Sea — region of Varna, Bulgaria in the
period of 2003 — 2006. The fish were immediately frozen (-18°C) after sampling.

Conventional methods for the determination of organochlorine compounds in
fatty samples usually involve clean-up steps, including multiple digestion of extracts,
acid digestion followed by liquid chromatography or gel permeation chromatography
(GPC) combined with adsorption liquid chromatography [7, 8]. Most of these meth-
ods use GC/ECD or GC/MS for analytical determination [9, 10]. GC with IT-MS/MS
detection provides high confidence in identification of target analytes, based on a se-
lected parent ion and a whole mass spectrum of its daughter ions, high sensitivity and
selectivity.

The analytical method for determination of residues of OCP and PCB was based
on BDS EN 1528:2001. Briefly, the edible tissues of fish were homogenized and sub-
samples of 20 g were taken from it for extraction. Each sample was spiked with inter-
nal standards PCB 30 and PCB 204. These standards were used to quantify the overall
recovery of the procedures. The OCs were extracted with hexane / dichloromethane
(3/1, v/v) in Soxhlet apparatus. After lipid determination, the extract was cleaned-up on
a glass column packed with neutral and acid silica. PCBs and OCPs were eluted with
80 ml n-hexane followed by 50 ml n-hexan/dichloromethane (80:20). The eluates were
concentrated to near dryness and reconstituted in 0.5 ml in hexane.

The PCBs were analyzed by a Perkin Elmer Autosystem XL gas chromatograph
equipped with an electron capture detector. A Restek Rtx-5 capillary column (60m

126



ORGANOCHLORINE POLLUTANTS IN BLUEFISH FROM BLACK SEA...

length, 0.25mm ID, 0.25 um film thickness) was used for separation of organochlori-
nes. The experimental conditions were as follows: split/splitless injector temperature —
250°C, detector temperature — 310°C, oven temperature — 120°C for 1 min, then pro-
grammed at a rate of 2°C/min to 320°C and hold 15 min. Helium was used as the car-
rier gas. Pure reference standard solutions were used for instrument calibration, recov-
ery determination, and quantification (PCB Mix 20, — Dr. Ehrenstorfer Laboratory,
IUPAC Ne 28, 31, 52,77, 101, 105, 118, 126, 128, 138, 153, 156, 169, 180).

Gas chromatographic analysis of the DDTs were carried out by GC FOCUS
(Thermo Electron Corporation, USA) equipped with an Al 3000 autosampler and us-
ing POLARIS Q Ion Trap mass spectrometer. Experimental mass spectrometer pa-
rameters are the following: the ion source and transfer line temperatures were 220°C
and 250°C, respectively. The splitless injector temperature was 250°C. The oven was
programmed as follows: 60°C (1 min), 30°C/min to 180°C, 2°C/min to 260°C,
30°C/min to 290°C with a final hold for 3.0 min. Splitless injections of 1 ul were per-
formed using a TR-5ms capillary column coated with cross-linked 5% phenyl methyl
siloxane with a length of 30 m, 0.25 mm ID and a film thickness of 0.25 um. Helium
was applied as carrier gas at a flow of 1 ml/min.

The selectivity of the IT-MS/MS method was based on the appropriate selection
of parent ions for the detection of each analyte by mass spectrometry extracted ion
mode. Pure reference standard solutions (EPA 625/CLP Pesticides Mix 2000 pg/ml —
Supelco) were used for instrument calibration, recovery determination and quantifica-
tion of p,p’-DDT, p,p’-DDD and p,p’-DDE.

The detection limit of the method varied from 0.2 to 0.5 ng/g lipid weight for
PCBs and from 0.2 to 0.8 ng/g for the DDT and its metabolites.

Recoveries were determined by adding known amounts of PCBs and DDTs
standards (at three levels of concentrations) to empty samples before extraction. The
recoveries were within 73—108%.

The RSD values with five times repeatedly determined was less than 16%. A
procedural blank and a spiked sample with standards were run to check for the inter-
ference and cross-contamination.

RESULTS AND DISCUSIONS

1. PCBs levels.

Concentrations of individual PCBs congeners found in the fish studied, average
of duplicate measurements, are listed in Table 1. Total PCB concentration (sum of 14
congeners) in muscle tissue of bluefish varied in the range of 1.2 to 384.9 ng/g lipid
weight. Results were reported as ,,not detectable (nd) when the concentrations were
lower than the detection limits.

For monitoring of PCB burden, food samples are analyzed usually for seven in-
dicator PCBs (IUPAC Ne 28, 52, 101,118, 138, 153, 180), noted with *. They are de-
fined by WHO as important for evaluating the risk to human health.
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Table 1. Lipid content (%) and concentrations of individual
PCBs congeners (ng/g lipid weight) in bluefish

Bluefish 2003 2004 2006
Lipids (%) 10.6 14.7 12.9
PCB 28%* nd 0.4 nd
PCB 31 2.1 nd nd
PCB 52* 2.1 nd 43.6
PCB 77 7.0 nd nd
PCB 101* 3.2 nd 38.5
PCB 105 6.0 0.2 47.5
PCB 118* 4.4 nd 56.7
PCB 126 nd nd nd
PCB 128 3.7 0.6 nd
PCB 138* nd nd 78.9
PCB 153* 7.9 nd 70.1
PCB 156 nd nd nd
PCB 169 nd nd nd
PCB 180* nd nd 49.6
Sum PCBs (ng/g Iw) 36.4 1.2 384.9
Sum PCBs* (ng/g lw) 17.6 0.4 337.4

In general, our results indicate that PCB contamination of bluefish from the
Black Sea in 2006 is slightly higher compared to the results from bluefish of the
Marmara Sea, where concentrations as sum of 7 congeners were found 319.0 ng/g fat
[11]. In the period 2003 -2004 the levels of PCBs in muscle tissue of bluefish from
Bulgarian coast of Black Sea were found lower than results in 2006.

2. DDT and its metabolites.

Figure 1 showed the distribution pattern of p,p’-DDE, p,p’-DDD and p,p’-DDT
in bluefish from Bulgarian part of the Black Sea. Concentrations of individual me-
tabolites found in the fish were reported like average of duplicate measurements.

In all tested fish samples, the residues were found in the order of DDE > DDD >
DDT and this is in agreement with the results of other authors [3, 4]. In all samples
DDT was present mainly in the form of its metabolites p,p’-DDE and p,p’-DDD,
suggesting previous contamination.
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Figure 1. Distribution pattern of p,p’-DDE, p,p’-DDD, p,p’-DDT in bluefish

Concentrations in muscle tissue of bluefish ranged from 367.1 to 879.5 ng/g
lipid weight for total DDTs (sum of p,p’-DDT, p,p’-DDD and p,p’-DDE). The results
are presented in Figure 2. The analysis of bluefish during the study period 2003 —
2006 showed a mean total load of DDT pollutants 595.0 ng/g lipid weight.

Comparison between levels of the PCBs and DDTs contamination in bluefish

are presented in Figure 2.
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Figure 2. Levels of DDTs and PCBs in bluefish during
the period of study 2003 — 2006

DDT group components are the main organochlorine contaminant in muscle tis-
sue of bluefish during the all period of study. The levels of DDTs increased during
the period 2003 — 2006.
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CONCLUSIONS

The mean residue concentrations of PCBs in muscle tissue of bluefish quantified
in our study are between 1.2 and 384.9 ng/g lipid weight. The analysis in muscle tis-
sue of bluefish during the study period showed a mean total load of DDT pollutants
595.0 ng/g lipid weight.

Concentrations of organochlorine contaminants in bluefish increased during the
period of study 2003-2006.

The levels of DDTs and PCBs in bluefish from region of Varna were compara-
ble or slightly higher than those found in fish from other parts of the Black Sea coast
and from neighbor seas Marmara Sea and Aegean Sea.

The experimental data present initial investigations from a profound study of
PCBs and DDTs in fish and seafood from Black Sea.

ACKNOWLEDGMENT
This study was financed by the National Science Fund, Ministry of Education
and Science of Bulgaria (Project DVU 440/2008).

REFERENCES

1. A.G. Smith, S.D. Gangoli, Food Chem. Toxicol, 40 (2002) 767-779.

2. P.Kurt, H. Ozkoc, Marine Pollution Bulletin, 48 (2004) 1076—1083.

3. C.Maldonado, JM.Bayona, Estuar Coast Shelf Sci, 54 (2002) 527.

4. A.Covaci, A.Gheorghe, O.Hulea, P. Schepens, Environ Poll, 140 (2006)

136-149.
5. G.Fillmann, J.W.Readman, I.Tolosa, J.Bartocci, J.P. Villenueve, C.Cattini,
L.D. Mee, Mar Poll Bull, 44 (2002) 122.
6. T.Stoichev, L.Makedonski, T.Trifonova, M.Stancheva, F.Ribarova, Chem.
and Ecology, Vol.23, (2007) No. 3, 191-200
F.E.Ahmed, Tre Anal Chem, Vol. 22 (2003) No. 3.
A.Beyer, M. Biziuk, Food Chem, 108 (2008) 669—680.
R.Serrano, M.Barreda, E.Pitarch, F.Hernandez, J. Sep Sc,i 26 (2003) 75-86.
0. T.Stoichev, N.Rizov, A.Kolarska, F.Ribarova, M.Atanasova, J. Univ. Chem.
Technol. Metal., 40 (2005) 251
11. M.Coelhan, J.Stroheimer, H.Barlas, Environ Int, 32 (2006) 775-780.

= ©° > N

130



[IJIOBUBCKU YHUBEPCUTET ,JIAMCUI XWUJIEHIAPCKU* — BBJITC APUSA
HAVYYHU TPYJIOBE, TOM 37, KH. 5, 2010 — X UIMU4, Cb. A
PLOVDIV UNIVERSITY ,,PAISII HILENDARSKI* - BULGARIA
SCIENTIFIC PAPERS, VOL. 37, BOOK 5, 2010 - CHEMISTRY

JIMIIMIAEH ITPOP®PUJI HA BUOMACA OT IIAM
SPOROBOLOMYCES SALMONICOLOR AL,

C. lumumposa*, K. Ilaenosa*™*, JI. /lykanog*
*Meouyuncku ynueepcumem — Ilnoeous, @apmayesmuuen gpaxynmem,
Kameopa , Xumus u ouoxumusn “

**Uncmumym no Mukpoouonozus — bAH,
cexkuus ,Mukpooen ouocunmes u OuomexHo02uu

ABSTRACT

The composition of lipids and other lipophilic compounds as a-tocopherol, er-
gosterol, B-carotene, coenzyme Q;o from biomass of psychrophilic yeast strain
Sporobolomyces salmonicolor AL, was studied. The strain was cultivation under dif-
ferent conditions — at 6°C on malt slant agar for 14 days and at 22°C for 120 hours in
batch fermentation carried out in a laboratory bioreactor.

The influence of different grow conditions on sinthesized quantities of biologi-
cally active substances and production of biomass was determinated.

Key words: Sporobolomyces salmonicolor AL,;, Coenzime Q) [-carotene

YBOJ

MHoro mMukpoopraHuzMu (airu, OakTEepuH, MJIECEHW U APOKIU) CUHTE3UPAT
Ma3HHHH 10 BpeMe Ha HOPMAJIHUA KJIeThueH MeTabonu3bM. OcobeH uHTepec obade
MPEJICTABIIABAT OHE3UM MUKPOOPTaHU3MH, YUUTO KIETKH €IHOBPEMEHHO C MpEeuMy-
IIECTBEHO CUHTE3UPAHUTE HEHACHUTCHH MACTHH KUCEIMHH mpoayuupaT u KoeHzum
Q10 (CoQyy). ITopaam ToBa OT GHOMacata ¢ €IHOKpPATHA EKCTPAKIIAS MOXKE J]a CE TIO0-
Jy4Yd €BTUH MPOIYKT, KOUTO Ja ChIAbPKA M JIBaTa KOMIIOHEHTA U TUPEKTHO Ja OBJae
U3I0JI3BaH KaTo (pypaxHa nodaska (1, 2).

[Ipennarat ce MHOTO THPTOBCKH MPOAYKTH, KOUTO ca cOOp OT JUNHUAU U TIPH-
POJIHU aHTHOKCHJIAHTH KaTO XpaHUTEIHH 100aBku. ChCTaBa, YNCTOTATA U U3TOYHHUKA
Ha TIOJyyaBaHe Ha BCEKU OT KOMIIOHEHTUTE MOXeE Ja ObJe MHOTO pa3inyeH U TpsOBa
na ObJie CTPOro KOHTPOJUPAH, 3a JIa Ce TapaHTHpa *kenanus egext. He ca MHOTO Ch-
OOIICHMSITA B JIMTEpATypara 3a MUKPOOPTAaHU3MHU, KOWTO J1a TPOAYIUPAT €IHOBpPE-
MeHHO CoQq9, MOJMHEHACUTEHN MACTHH KHUCEITMHU U KAPOTCHOUIM — BEUIECTBA C
noOpe no3nara ¢usnonaornyHa aktuBHOCT (3,4,5). Rick Y. (6) maTtenToBa mporemypa
3a KyJITHBUpPAHE Ha IPOXKIEBUA 1aM Yarroa lipolityca v moidydaBaHe Ha CIIOMEHATH-
TE BEILlECTBA OT HEropara buomaca.
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Bb3 ocHOBa Ha joceramiHuTe HU U3CIIEBAHUS BbPXY CHHTE3a Ha OMOJIOTMYHO-
aKTUBHU BEIIECTBA OT MCUXPOPWIHHA IpOXKAU ce 0hopMH LiedTa HA HAcTosAIIaTa pa-
60Ta — ompeneisHe Ha JUMUAN U CHITBTCTBAINM T'M BEIIeCTBa B OMOMacaTa Ha Iam
Sporobolomyces salmonicolor AL ,;, KynTuBUpaH Ipy pa3InuHU yCIOBUS.

MATEPHAJIN U METO/IN

1. Mukpoopranuzbm

am Sp. salmonicolor AL, e n3onupan oT mouBeHa npoda ot ocTpoB JIMBUHIC-
TOH — AHTapKTH/Ia U € CEJICKIIMOHUPAaH KaTo MPOAYIEHT Ha MOJIn3axapuaa rIroKoMa-
HaH (7).

2. XpaHHMTe/JHHU Cpeu U YCJIOBUS HA KYJTHBHPaHe

2.1. Ilosvpxnocmuo kyrimusupaue npu memnepamypa 6°C.

[ToBBPXHOCTHOTO KYJITUBHPAHE CE MPOBEXKAA HA TBbPJA XPAHUTEIHA CPENA ChC
cberaB (g/L): mammoB excrpakt — 20.0 u arap — 20.0 B netpura. CTepuIHUTE IETPUTA
ce mocsBat ¢ Iml cycnen3ust oT uzcneaBaHuTe Ipoxau. KynTuBUpaHeTo ce n3BbpIl-
Ba B XJIaAWIHa Kamepa npu remneparypa 6°C B npoabmkenue Ha 14 nHu.

2.2. Jlvnboouunno kynmusupane npu memnepamypa 22°C.

depmeHTallMOHHATa cpefa Chabpxka, (g/L) — 3axapo3a — 40, (NH4),SO,4 — 2.5,
KH,PO, — 1.0, MgS0,.7H,0 — 0.5, NaCl — 0.1, CaCl,.2H,0 — 0.01, apoxxaeB ekcT-
pakT — 1.0. Hauannara ctoitHoct Ha pH e 5.3 u cpenata e crepunusupana npu 112 °C
3a 30 min. Jb1004MHHOTO KYJITUBHpAHE C€ MPOBEXIa B 7 JIUTPOB JlabopaTopeH Ouo-
peakTop (Sartorius) ¢ paboTeH o6eM ot SL u npoTuya npu aeparroHeH rnotok ot 0.5
v/v/m u pa3zospkBane 400 rpm npu 22°C B npoabipkenue Ha 120 daca.

Cnen 3aBbpiiBaHe Ha pepMeHTanMsITa OoMacara ce eHTpodyrupa, AByKpaTHO
ce MPOMUBA C JECTUIIMPAHA BOJIA M CE€ U3CYIIIaBa upe3 THO(rIn3aIusl.

3. EkcTpakiusi 1 aHAJn3 Ha eprocrepo, B-kaporen u CoQqy.

Excrpakuusita Ha eprocrepoi, B-kaporeH u CoQ; ce u3BbpLIBa 110 METOJIMKA,
OMucaHa B MPEIUIIHO u3cieaBaHe (8).

Xpomarorpadckoro ompeaensine ce mnpoBexaa Ha HPLC cucrema Varian
ProStar ¢ PDA netextop. M3nomsea ce komona Microsorb-MV C18 (150 mm x 4,6
mm, 5 um). [loxBmxHaTta (aza BKIIOYBA METAHOJI, N-XEKCaH, 1-MPOMAaHOJ MPU ChOT-
Homenue 70:25:5 v/v (A) u aueronutpun (B) B rpaauenten pexum ot 30A:70B no
90A:10B, a ckopocrra Ha oToka € 1 ml/min. Bcuuku pa3TBopuTeny ca 10CTaBEHU
ot Labscan (Ireland). Eprocreponst ce aerekrupa npu 282 nm, B-KapoTeHBT MpH
450 nm, a CoQqo ipu 270 nm.

Wnentudukaiusara Ha BellecTBaTa Ce M3BBPIIBA [0 BpEMEHATa Ha 3aJlbp)KaHe
Ha cTaHAapTUTe eproctepod, B-kaporeH u CoQ; (Sigma). KonmnuectBeHOTO ompese-
JSTHE C€ OCBIIECTBSBA 1O METOJa Ha aOCOJIFOTHATa KaauOpoBKa. 3a oOpaboTka Ha
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nanHute € um3nomBaH codryep Star Chromatography Workstation Version 6.30
(build 5).

4. ExcTpakuus 4 onpejiejisiHe Ha KOJUYeCTBOTO JUIHU/IH.

Jlumuaute ce ekcTpaxupaT B anapat Ha COKCIIe ¢ N-XeKCaH B MPOIbIKCHHUE HA §
yaca. Crnen m3mapsiBaHe Ha Pa3TBOPUTENS HA POTAIMOHEH BaKyyMHU3IIAPUTEN EKCT-
PaKTBT CE€ TPETETJIs.

MacCTHOKHCEIMHHHAT ChCTAaB HA TPHAITWITIIUIICPOIUTE CE OMPEICIIS Upe3 Karuysp-
Ha razxpomarorpadusi Ha Texuute metwioBu ecrepu (9) Ha GC-cuctema Pye Unicam
304, cHabmeHa ¢ TUIAMBYHO-WOHHM3AIMOHHEH jAeTekTop M 30 m KamwisipHa KOJoHa
Innowax (Scotia Pharmaceuticals Ltd). IIpeectepudukanusara Ha TPUALMITIULIEPOIUTE
JI0 METHJIOBH €CTEPH € M3BBpILIeHa 1Mo MeToiuka Ha Metcalfe L. m Wang. C. (10).

®dochonunuaute ce ekcrpaxupar oT npoxkaeBara 6momaca ¢ CHCl;:CH;0H
(2:1) mo crangapTHa poueaypa, a GochOoNIUMUIHUTE KOMIIOHEHTH C€ pa3/IelsiT upes3
JIBYNIOCOYHA THhHKOCIOWHA XpomaTtorpadus Ha Silica gel 60 G "Merck" (11). Konu-
YECTBEHOTO UM OlpeAeisHe craBa cnekrpodoromerpuyHo npu 700 nm (12). Toko-
(bepoToBUAT CHhCTAB Ce Ompeaens AUpekTHO B ymunuaHata ¢paknus (13) sa HPLC
cucrema "Merck-Hitachi" ¢ ¢myopecuenten nerekrop "Merck-Hitachi" F-1050, xo-
JoHa ¢ pazmepu 250x4 mm c¢ HenoaBwxkHA TBBpAA (aza "Nucleosil" Si 50-5 u noxu-
BIDKHA (paza n-xekcad : auokcat (96:4) (Merck), cbe ckopoct 1 ml/min.

5. CraTucTHYeCKH aHAJIU3

Craructudeckara o0paboTKa Ha pe3yaratute e HanpaBeHa ¢ SPSS (ver.11), npu
HUBO Ha 3HaunmMmocT 0<0.05. M3mon3pan e BapuanuoHneH anamu3 (ANOVA) kato
CpPaBHECHHMETO MEXIy IpynuTe ¢ HampaBeHo ¢ Tecta Ha Tukey-Kramer. Pesynrature
ca peACTaBeHH KaTo CPeAHa CTOMHOCT £ CTaHJAPTHO OTKJIOHEHUE.

PE3YJITATHU U OBCBHXJIAHE

[Ipu kyntuBupanero Ha waM Sp. salmonicolorAL; 3a GMOCUHTE3 HA €K30IOJIU-
3axapusiu Ouomacara ce ABsiBa CTPaHUYEH MPOAYKT. Ts mpeacTaBisiBa HHTEPEC KATO
HOCUTEJ] Ha OMOJIOTMYHOAKTUBHU BEIIECTBA M € OOEKT Ha HamieTo u3cieaBaHe. [lo
TO3U HAYUH C€ M3MOJI3BAT Bh3MOKHOCTUTE Ha Il1aMa 3a €K30- U €HJOT€HHO MPOIyIIH1-
paHe Ha BellecTBa ¢ u3pa3zeHa PU3NoJIOrHyHa aKTUBHOCT.

[[laMbT € KyATUBUpPaH ABIOOYUHHO U MOBBPXHOCTHO, HA PA3IMYHU CPEIU U TEMIIC-
parypw, 3a Jia ce MPOCJICAN BIUSHUETO Ha Te3U (PAKTOPH BHPXY JIUMTUAHUS MY TTPOGUIL.

[Tpu xyntuBupane Ha mam Sp. salmonicolorAL; na TBbpAa cpena, KOETo ce Mpo-
Bexaa mpu 6°C, o0LIOTO JMMHIHO ChABbpPKAHUE € MPHUOJU3UTENIHO JBa MBTH IO-
BHCOKO B CpaBHEHHE ¢ AbJI00unHHOTO Tipu 22°C (Tabin. 1). ToBa moTBbpKIaBa (hak-
Ta, Y€ OIEJIABAHETO HA MICUXPOMUIHUTE APOKIU MPU EKCTPEMATHO HUCKH TEMIIepa-
TypU € CBBP3aHO C HATPYNBaHE HA JIMIHUAA M BBIVIEXUIPATH 32 CMETKA Ha MOJITHUCKA-
HE CMHTE3a Ha IPOTEUHU U HYKJIEUHOBU KucenuHu (14).

AHanu3bT Ha MACTHOKHUCEIMHHUS ChCTaB HA TPUAITWITIUIIEPOIIUTE B TUMUAHATA
dpakius moka3Ba, ye HEHACUTEHUTE KUCEIWHU MpeobiagaBaT B aBara ciaydas. [Ipu
MOBBPHOCTHOTO KylTUBHpaHe Te ca 65.2%. [Ipu npid6ounnnoro ca 58.0%, OT KOUTO
57.7% ce magaT Ha OJIEMHOBATa, a OT MAJIMUTOOJICMHOBATA M JIMHOJOBATa Ce JCTEK-
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THPAT CJIICAU U BEPOATHO TOBA CC ABJIZKK Ha I1I0-BHCOKATa TCMIICPpATYypa, IIPHU KOATO CC

e pa3BuBai mama (15).

Tadauua 1. Crovpoicanue Ha aunudu u IUNUOHU KOMNOHEHMU 8 buomaca om
wam Sp. salmonicolorAL,;, kynmusupan npu paziudnu ycious

Hauun Ha kyntuBupane [ToBBpXHOCTHO JABn604nHHO
BemecrtBa
Jlunuam B cyxa 6uomaca, % 6.5%0.1 3.8+0.1
®ocdoaunuau B cyxa bmomaca,mg/g 5.9+0.3 2.1£0.1
Eprocrepoin B cyxa 6uomaca, mg/g 10.1+0.5 6.9+0.3
o-TokodepoIt B cyxa Gruomaca,g/g 4.3+0.2 -
B-xapoTeH B cyxa Onomaca,|ug/g 89.9+4.3 68.4£3.5
Koensum Qo B cyxa 6uomaca,ug/g 107.6+£8.8 292.0+12.5
Mactau kuceaunun®, % (W/V) + 0.1
Mupuctunosa (C4.9) 2.1 2.0
[TammuturOBa (C 1420) 30.2 33.0
[TanmuroonennoBa(Cig.;) 2.3 cienu
Maprapunona (C ;7.9 ) 0.1 0.2
CreapunoBa(C g ) 2.2 6.4
OneunoBa(C 3.1) 59.8 57.7
JIunonosa (C 3.)) 2.3 cienu
JInnonenoBa(C 3.3) 0.8 0.3
ApaxunoBa(C 5.) 0.2 04
Henacutenu MacTHH KUCENUHU 65.2 58.0
®ochomunmuau™*, %(W/V) + 0.1
dochaTuanIXoNuH 48.4 26.6
docdaTuauaeTaHOIaMIH 26.4 25.0
docharuHu KUCETUHU 5.5 14.1
JInzodochaTuannxoaux 7.7 15.6
JImzodocdaTuanneranonaMuy 7.6 7.8
HudochaTuaunriuuepos 2.2 6.3
docharunuiacepux 2.2 4.6

* — B iunuaHata ¢pakuus ; ** — BB hoconunuanaTa Gppakuus
PesynTatute ca ocpeaHEHHU OT TPU CTOHHOCTH.

®ochoaunuaHOTO ChAbpPKAHUE B OMOMacara, NoJydeHa Py HUCKA TeMIlepaTy-
pa M NMOBBPXHOCTHO KYJITHBUpPAHE € 3 I'bTH IIOBEYE B CPABHEHME C Ta3H, NOIy4YEHa
IpU M0-BUCOKA TeMIiepaTypa U AbJ004rMHHO. ChliaTa 3aKOHOMEPHOCT c€ Ha0Jt0/1aBa
1 OTHOCHO KOJIMYECTBOTO €procrepoit, koero € 1.5 nbtu noseuve. ToBa € ciencraue
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OT TI0-BHCOKOTO OO0 JUMHUIHO ChIbPKaHUE B OMomacaTa Ha MOBBPXHOCTHO KYJITH-
BUpAHUS IIIaM.

MukpoopraHu3MuTe, KOUTO CUHTE3UPAT B MO-TOJISIMA CTETICH HEHACUTEHU MacCT-
HU KUCEIIMHU Ca CH M3TPaiiId MEXaHU3bM 3a 3aIUTa OT OKUCIECHUETO UM upe3 Ono-
CUHTE3 Ha MPOTEKTUBHU BellecTBa KaTo Tokodeponu, kaporenouan, CoQqo (6). Usc-
JIeABAHUSAT OT HAcC waM Sp. salmonicolor AL, nputexana Tazu cnocodHoct. Ha ¢ur.1 e
MOKa3aHa XpoMaTorpaMa Ha eKCTPakT OT Onomacara My C IETeKTHpPaHU eprocrepod, -
kapoteH U CoQyo. Enun ot xpurepunte 3a uaeHTHPHUKAIMS Ha APOKIAH CIIOPE]] OTpe-
nenurtens Ha Kurtzman u Fell (16) e npucbserBrue Ha CoQ o B OoMacara num.
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®urypa 1. Xpomamoepama na ekcmpaxm om ouomaca Ha Sp. salmonicolor AL,

KonnaectBoro CoQ;y B 6momacara Ha IBIOOYMHHO KYJITUBUpPAHHS IIaM € 2.6
I'BTH MTOBEYE OT TOBA MOJYUYEHO MPHU MOBBPXHOCTHOTO MY KYJITHBUpPAHE, JOKATO TIPH
B-kapoTeHa e 0OpaTHO. (-TOKO(EPOII Ce OTKPUBA B MUHUMAIHO KOJIMYECTBO CAMHCT-
BEHO B OMoMacaTa Ha MOBBPXHOCTHO KylTuBHpaHus mmam. ClieoBaTEIHO HE camo
Temmeparyparta € (akTop 3a HaTpPyIBaHETO Ha JaJI€HO BEIIECTBO, @ U JOCTHIBT HA
KHCJIOPOJ 1o BpeMe Ha (epmeHTanuara. Crnopea Ta3u 3aKOHOMEPHOCT MoraT Ja 0b-
JaT Moa0paHu TaKWBa YCJIOBHS 3a pa3BUTHE Ha I[amMa, IPU KOUTO Ja Ce MOoIydu Ono-
Maca, Oorara Ha JKeJIaHUS KOMIIOHECHT.

B 3akmioueHue, Thil KaTO CIOMEHATUTE BEIECTBA Ca JIMMTOPA3TBOPUMH, TIPU K-
CTpPaKIHs C HEMOJISIPEH pa3TBOPHUTEN MOXKE J1a C€ MOJydYd MUKPOOHO Maciio 00oraTo Ha
AQHTUOKCUJAHTH, KOETO Jla HAMEPH MPIIOKEHUE B KO3METHUKATA WJIM KaTO XpaHUTE-
Ha 100aBKa.

N3cnenanero ¢ ¢punancupano mo npoekt JATK 02/46, ®oup ,,Hayunu uscnen-
BaHusa“ kbM MOH.
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ABSTRACT

Birch leaves contain a wide range of biologically active substances (BAS) — fla-
vonoids, tannins and terpenes. They have diuretic, gall removing, inflammatory, an-
timicrobial, constipating and urine chasing action. They determine the therapeutic use
of the extract.

Extracts of birch leaves are obtained by different technological methods — mac-
eration and percolation, extraction with different concentrations of ethanol, changes
in temperature regime. The influence of technological factors on the content of the
BAS are examined. The study presents the phytochemical characterization of the ex-
tract and its standardizing according to important groups of biologically active sub-
stances — flavonoids (rutin, quercetin) and terpenes (betulin and betulinic acid), by
means of modern highly effective methods for proving and quantitative defining.

The present HPLC method creates a possibility of reliable analysis of leaves of
birch extracts and other medicinal forms content them.

Key words: Folia Betulae, rutin, quercetin, betulin, betulinic acid

YBOA

[Ipu GUTOXMMHUYHM MPOYUYBAHUSI HA PACTUTEIHU APOTU OT Ope3a € YCTaHOBEHO
HAJUYUETO Ha Pa3JIMUHM Ipynu OUOJOTMYHO aKTHBHU BellecTBa: (hJIABOHOU]IU, Ta-
HUHHU, TEPIICHH, TTTUKO3UIHU, eTepudHHu Macha (1, 2, 3, 4).

d1aBOHOMIUTE Ca HAN-IIUPOKO pa3mpocTpaHeHaTa rpyna (GEeHOJIHH CheIUHECHUS
B PACTEHHUATA U CE CPEIIAT KaKTO B CBOOOIHO CHCTOSIHUE Taka W 1oJ1 popMara Ha TiIu-
Ko3uau. B nuTeparyparta ce OTKpUBAT JIaHHM 3a W3CJI€JBaHA MPOTHUBOBB3MAIUTEIHA
(5), mpotuBoTyMOpHa (6), anTnokcuaanTHa (1) u anTumMukpoOHa (7, 8) aKTUBHOCT Ha
dbnaBoHouaute. Te 06pa3yBaT KOMIUICKCH C IIOBBPXHOCTHO PA3IOJIOKEHUTE TPOTCHHH
oT OaKkTepualiHaTa KJIeThYHATA CTEHA WJIM pa3pyllaBar KieTbuyHaTa MeMOpaHa Ha MUK-
POOPraHU3MHUTE U TaKa MPOSIBIBAT AHTUMUKPOOHA aKTUBHOCT in vitro (9).
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Tepnenu cwio ca qokasanu B pasnuunu Bujaose Betulae (10, 11). I'omsam Gpoii
U3CJeIBaHMs MOKa3Bar antuoakTepuanna (12), mporuBoBupycHa, antudynranna (13)
U aHTUOKcuaaHTHa (14) akTMBHOCT Ha TeprieHOBUTE cheAauHeHus. [IpoBeneHu ca
MPOYYBaHUS BbPXY aKTUBHOCTTA HA TPUTEPIEHOUIU OT JIaMapaHOB THUIl, U30JUPAHU
OT JiicTa Ha Opesa, crpsiMo TymopHu kietku (Ehrich ascite carcinoma). Ycranosen e
IIUTOTOKCUYEH €(eKT Ha EKCTpaKTa, aJUTHUBEH C MPOTUBOTYMOPHOTO JACHCTBHE Ha
aHTpalUKIMHOBUTE aHTUOMOTULHN (3). YcTaHOBEH € aHTunpoaudepatuBeH ehexT Ha
OeTyJIMHOBaTa KUCEJIMHA CIIPSAMO Pa3IudHu TYMOPHH KiIeThuHU KyaTypu (10, 15, 16).
TpureprnienuTe oT JamMapaHOB THUII MPOSABSIBAT MIPOTUBOTYMOPEH €(EeKT, KOUTO Ce U3-
passiBa B MPOMSIHA HA MepMeadMINTETa U MUKPOBUCKO3UTETa HA MEMOpaHUTE Ha TY-
MOPHHUTE KJIETKH (2).

3a onpenensiHe Ha BellecTBa OT ocoueHute rpynu € noaxonasain; HPLC meTonsbT.
[To To3u Haunu Abreu u cbTp. (17) onpenensT KBepUETHH, PyTUH U OETyJINHOBA KHCe-
nvHa B Hypericum brasiliense,Y. Zu u cb1p. (18) nmpeanaratr TakbB 3a €THOBPEMEHHO
aHaM3WpaHe Ha meT (uaBoHoWa (KaTeXWH, PyTHH, KBEPIETHH, KaM(epoI, u3opam-
HETHH) B €KCTPAKT OT JUCTa Ha 3bpHacten (Hippophae rhamnoides L.), a G. Zhao u
cb1p. (11) — OeTynuu 1 OeTyTMHOBA KUCEIMHA B €KCTPAKT OT KOpa Ha Osiyia Ope3a.

[lenTa Ha HACTOSILIOTO M3CJIEABAHE € KOJIMYECTBEHO OIpPEACNIIHE Ha PYTHH,
KBEpLIETUH, OETyJIMHOBAa KHUCEJIMHA W OETYyJIMH B €TaHOJIOBU EKCTpakTH Ha Folia
Betulae alba.

MATEPUAJIN U METO/IN

1. MaTepuajau ¥ TEXHOJIOTHS HA MOJyYaBaHe HA eKCTPAKTUTE

1.1. Marepuanu — nucra ot 6pesa (Folia Betulae Alba), etunos ankoxon 96%,
eTrioB ankoxoi 60% (Valerus).

1.2. Jluctata ca cbOpaHuM M M3CYLIEHU IPU Cla3BaHE HA HaW-OJaronpuUsITHUTE
ycIoBHs 3a chOupane Ha Aporu. OmnpeaeneHu ca KOHTPOJIHUTE MOKa3aTeu Ha U3CY-
meHuTe Jmcta. /[porata otroBaps Ha M3WCKBaHMATa Ha EBpormeiickata dhapmakores
10 OCHOBHUTE NIOKA3aTEeH.

JIucrata ot Ope3a ca ocutHeHu A0 0.5 mm. [IpUroTBT ce yeTHUpPU TEUHU EKCTPaAK-
Ta, nmojay4yeHu no merona Ha nepkojarus (USP 24,1151, Process P), manepanus (USP
24,1151, Process M) u Maniepariust npu nosuiieHa remmneparypa — 50-60 °C (tad:.1).

Ta6auna 1. O3nauenue na exkcmpaxma, usnon36an Memoo, eKCmpa2eHm u memnepamypa

Osnauenue na Meton EkcTtparent Temnepatypa
EKCTpaKTa
1196 [lepkonanus Etunos ankoxon 96% o 25°C
I160 [lepkonanus ETtunos ankoxon 60% o 25°C
M96 Mauepanus Etunos ankoxon 96% o 25°C
J160 Mauepanus ETtunos ankoxon 60% 3arpsasane a0 50-60°C
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2. HPLC onpepeJisiHe HA PYyTHH, KBEPIETHH,
0eTyJIMHOBA KUCEJIUHA U 0eTyJIuH

Anamu3bt ce u3pbpuiBa Ha HPLC cucrema Varian Prostar ¢ konona Microsorb-
MV Cig (150 mm % 4,6 mm, 5 um) u PDA nerextop. M3mon3Bana e moaBmxkHa ¢dasza
A (H,0O, pH=3):B (CH;CN) (Labscan) B rpaauenten pexum ot 90(A):10(B) mo
10(A):90(B) u ckopoct Ha otoka 1 ml/min. PyTuH 1 KBepUETUH ce AETEKTUPAT IpH
368 nm, GeTynuHoBa KucenuHa u O6etyiauH npu 210 nm. Uaentudukamnusata Ha Be-
HiecTBaTa ce MpaBH MO BpEMEHAaTa Ha 3aJ{bp)KaHe CIPsIMO TE3U Ha YUCTUTE TaKUBa, a
KOJIMYECTBEHOTO OMNpEeNesiHe — M0 METO/Ja Ha BBHIIHMS crangapt. CTaHgapTHarta
npaBa € MOCTpOeHa Mo 6 KaJIuOpalMOHHU HUBA, ChOTBETCTBAIIM HA Pa3TBOPU C KOH-
nentpanuu 5; 10; 20; 30; 40; 50 ug/ml HA cMec OT YUCTUTE BEIIECTBA PYyTHH, KBEP-
eTuH, OeTynnHOBa KucenuHa u OeTynuH (Sigma), W3MOJI3BAaHU KAaTO CBUJETEINH.
[Ipean wHXEKTUpaHE AHAIM3UPAHUTE PA3TBOPU c€ (UIATPYBAT MPE3 MUKPOPHITHD
(0,20pum). 3a obpaboTka Ha gaHHUTE € M3noi3BaH codryep Star Chromatography
Workstation Version 6.30 (build 5).

3. CTaTHCTHYECKH aHAJIH3

Cratuctrdeckara JIOCTOBEPHOCT Ha PA3JIMKUATE € OLECHSIBAaHA C IMOMOIITTA HA
KpuTepus t 3a CpaBHABAHE HA MOKA3aTENN 32 OTHOCUTEJIEH JsJI, IPU HUBO HA 3HAYU-
MocT a<0.05. Pe3ynrarure ca mpeacTaBeHH KaTo CPeHA CTOMHOCT £+ CTaHJApTHO OT-
KJIOHEHHE.

PE3YJITATHU U OBCBHXJIAHE

HPLC meToabT 3a € THOBPEMEHHO KOJIMUECTBEHO ONpPEACIIsIHE € pa3paboTeH Bb3
OCHOBa Ha mocoueHute B jmrepatypara (11, 17, 18) kato e choOpa3eH ¢ mpupoaara
Ha U3CIIEJIBAHUTE BEIIECTBA M XpoMaTorpadckara cucrema, ¢ Kosito pasmnonarame. Ha
¢wur. 1 e mokazaHa xpomaTorpama Ha CTaHJAapTHA CMEC OT PYTHH, KBEPICTHH, OETy-
JMHOBA KUCEIHA U OeTynnH, a Ha ¢ur. 2 — Ha eKcTpakT J[60.
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®urypa 1. Xpomamoepama na cmanoapmua cmec om pymuH, Keepyemun,
bemynunosa KuceiuHa u 6emynun
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durypa 2. Xpomamoepama na emarnonos exkcmpaxm /{60 om Folia Betulae Alba

W3non3BaHETO Ha pa3iaMyHU TEXHOJOTHMYHHU MOAXOJAU U €KCTPAreHTHu o0yciaBs
pa3iukKaTa B KOHILIEHTpalMATa Ha OWOJIOTMYHO aKTUBHUTE BemlecTBa. llomyueHute
JAHHU IPEJCTaBEHU Ha TalJl. 2 MOKa3BaT, Y€ PyTHH CE€ U3BJIMYA B MO-TOJsIMa CTEIEH
IIpY MOBHILIEHA TEMIIepaTypa U MO-HUCKa KOHIeHTpauus Ha eraHou (L160), koero ce
oIpezensi OT HeroBaTa INIMKO3MJIHA CTpYKTypa. HenosnsipHara cTpykTypa Ha OeTyiu-
Ha ¥ OeTyJIMHOBaTa KUCEJIMHA BEPOSITHO € MPUYHMHATA 32 T0-A00pOTO UM HU3BJIMYAHE C
BUCOKO KOHIIEHTpUpaH eTujoB ajikoxoid (M96). Pezynrature nokassar, 4e Ipu €KCT-
pakt 1160 mma camo ciequ oT OeTynuH, a nmpu M96 KoHIEHTpauusTa My € Hai-
BUCOKa. M3BeCTHO €, ue OETYyJIMHBT € HECTAaOWIIEH U JIECHO C€ OKHCIIsABA 0 OeTysH-
HoBa kucenuHa (19). B exctpakt M96 cpabpkaHUETO Ha KBEPLUETUH € Hall-BUCOKO B
CpaBHEHHUE C pyrute mojenu. TemmepaTypaTa ChIIO € (paKkTop 3a NO-I'bJIHOTO U3B-
JMYaHe Ha u3cienBaHuTe Bemectsa. [Ipu manepanusa ¢ 60%-eH eTaHoa U HarpsBaHe
ce noctura egexra Ha 96%-usl €TaHON NpU MEpPKOJIalUsi BbpPXY EKCTpakLMATa Ha
KBEPLETHH, OCTYJIMHOBA KHCETNHA U OCTYJIHNH.

Ta6auna 2. Cvovpoicanue Ha pymuH, Keepyemur, 6emyauHo8a K-Ha u Gemyiun
8 MOOeNHume eKCmpaKkmu

Bemectso, (pg/ml) BerymuHoBa
Pytun Ksepuerun berynun
ExcTpakT KHCEJIMHA
1196 26.3+1.4 7.5+0.5 46.442.5 19.1£1.5
1160 35.4£2.7 6.0+0.3 34.4+2.1 cienu
M96 27.5€2.1 8.9+0.5 76.6+3.1 35.0£1.9
1160 38.6+£2.9 6.5+0.3 46.3+2.7 18.4+1.1

HonyanaHeTo Ha CKCTPAKTHU MOXKC Ja 6’[)[[6 IMPOBCIKAAHO IO pa3JIMYCH HAYUH B
3aBUCHUMOCT OT XKCJIaHUA e(l)eKT BBpPXY pPa3JIMYHU MMATOJIOTUYIHU CbCTOSAHUS.

U3cnensanusra ca punancupanu no npoekt HO-8/2009 ot ®oup ,,Hayunu us-
cieaBaHus KbM MenUIMHCKY YHUBepCUTeT — [1noBauB.
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COMPOSITION OF MADIA SATIVA L. SEED OILS
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ABSTRACT

Vegetable seed oils obtained of different varieties of Madia sativa L. (Family As-
teraceae) were investigated. The oil content in the seeds varied from 32.4 % to 36.6%.
The biological active substances — fatty acids, phospholipids, sterols and tocopherols
were studied. Fatty acid composition was established by gas liquid chromatography.
Linoleic acid (47.5% — 50.5%) was the main component in the fatty acid fraction, fol-
lowed by oleic acid (30.2% — 32.4%). Phospholipids were found to be 1.7% — 2.6 % in
the raw oils. The contents of sterols and tocopherols were 0.21% — 0.23% and 768 —
856 mg/kg respectively. All of tocopherol derivatives were identified in the tocopherol

fraction and a-tocopherol (74.4% — 96.2%) predominated in the oils.

Key words: Madia sativa L., glyceride oils, fatty acids, phospholipids, sterols,
tocopherols

BBBEJAEHUE

Madia sativa L. npousxoxzaa ot Jlaruncka Amepuka. IIpencrasisBa enHoro-
JUITHO TPEBUCTO PACTEHHE C IUIOJOBE MOJ opMara HA YEPHU WIM KasiBH SIKU C
pasmepu oT 2-5 mm. [lnogoBeTe HaMupaT NPUIIOKEHUE KaTO CypOBHHA 3a MOJyYaBa-
HE Ha PACTUTEJIHO MAaCJIO 32 XPAHUTEIHU 1IeJIM, KaTO XpaHa 3a MTULIK U ApeOHUu 00-
3allHUIM, JOKATO JIMCTaTa c€ M3MOoa3BaT B MeauuuHara [12]. OTriexnaa ce Ha mnomuy-
CyXH, TOIUTM U CIbHYEBU TepeHU 10 950 m HagMOpCcKa BUCOUMHA.

VY Hac npe3 MocjaeAHUTE TOJUHU CE€ TIPOBEKIAT U3CIIEIBaHMS, CBbP3aHU C U3MOJI-
3BAHETO HA CEMEHaTa OT pa3iudHu copToBe Madia sativa L. kaTto MacnomaitHa Cypo-
BHMHA 332 XPAaHUTEIHU U MPOMUILUICHHU LEIu. PacTUTENHOTO Macio € u3ciaeABaHO OcC-
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HOBHO I10 OTHOIIICHNE HAa MACTHOKHCEITUHHUS ChCTaB, B KOWTO MpeobiaaaBar JIMHOJIO-
BaTa M oJieMHoBaTa kucenuHa [2,11]. Te3u Macna Morart Jia ce pas3riiexaar KaTto ajaTep-
HATUBA Ha KJIacu4yeckuTe 3a bbirapus macia OT CIIbHUYOTIIE, COSl U palulia.

[len Ha Hacrosmara pabora € Ja ce u3ciaeaBaT OCHOBHU (PU3UKOXMMHYHH Xa-
PAKTEPUCTUKHU HA PACTUTEIHOTO Maciio oT Madia sativa L., KaKTO U HErOBUSI ChCTaB
110 OTHOIIICHHE HA OCHOBHUTE OMOJIOTUYHO aKTUBHH KOMITIOHEHTH (MAaCTHU KUCEJINHH,
dochonunuau, creponu u Tokopeponan), KOuTo GopMupaT KauyecTBaTa My KaTto Xpa-
HUTEJICH MTPOIYKT.

MATEPHUAJIN U METO/IHU

3a mpoBexAaHe Ha U3CJIEABAHMITA Ca U3IOJI3BAHU CEMEHA OT Pa3JIMYHKU COPTOBE
Madia sativa L., ocurypenn ot MHCTHTyTa MO PacTUTEIIHU T€HETUYHU PECYpPCH
,,K. Mankos®, rp. CanoBo.

N3non3Banu ca crangaptau Metoauku no BJIC u ISO 3a ananu3 Ha aunuau.
MacneHocTTa € omnpejiesieHa TerJoBHO ciejl ekcTpakuus ¢ anapat Ha Cokcie [9];
MAacCTHO KHCEJIIMHHUST ChCTaB — 4pe3 razoBa xpomarorpadus [5,6]; HoIHOTO YHCIIO €
M3YUCIICHO Ha 0a3aTa Ha MAaCTHO KHUCEIMHHMS ChCTaB [8]; ChabpKaHUETO HA TOKO(De-
pOJI — Ype3 BHUCOKOE(PEKTHBHA TEYHO — Te€YHa Xxpomartorpadus [4]; chIbp>KaHUETO
Ha creponu [10] u dochomumuan [7] — ceKTpohOTOMETPUYHO, CIIENT HU30JUPAHE C
MOMOIITa Ha ThHKOCIOIHA XpoMaTorpadus. OkcuaHTHATa CTAOUITHOCT € OIpe/ere-

Ha C MOMOIITA Ha amapar ,,Rancimat® 679 npu Temmeparypa 100°C u npogyxsaue c
20 dm’/h BB31yX [3].

PE3YJITATHU U IUCKYCUS

JlanHuTe 32 CHIBPKAHMETO HA MACIO U HAa OMOJOTMYHO AKTUBHHU BEIIECTBA
(bochonunuau, TokOPeposu, CTEPOIM U KAPOTEHOWIW) B IIIMIEPUIHUTE Macia,
M30JIMPAaHN OT cCeMeHaTa Ha u3cienBaHuTe coproBe Madia sativa L., ca mpencTaBeHu
B Tabnuna 1.

Tabnuna 1. Qusuxkoxumuuna xapaxmepucmurka Ha cemena u 2AUYepUoOHU Macia
om paznuunu copmose Madia sativa L.

Copt
IToka3zarenn Madia sativa L., | Madia sativa L., | Madia sativa L.,
BGR 459 Molina, |BGR 458 I'epma- BGR 457 I'epma-
USA HUSA HUSA
Maciuenoct, % 354 34.2 36.6
Moano uncio, g J,/100g 119.0 115.4 116.4
OkcuaaHTHA cTa0MJIHOCT, h 12.5 10.3 9.9
Crepoin, %, 0.21 0.23 0.23
B T. 4. % OT 00OIIOTO KOJIMYECTBO CTEPOTIHU
CBOOOIHU 71.4 78.3 78.3
CBbP3aHU 28.6 21.7 21.7
Dochoannnau, % 2.6 1.7 2.4
Toxkodeposn, mg/kg 856 795 768

CpabpkaHUETO Ha CypOBO MAacilo B M3clieiBaHUTe copToBe Madia sativa L. Ba-

pupa ot 34.2% 1o 36.6%. O0moTo chabpkanue Ha HochHONUIUAN, CTEPOIH U TOKO-
dbeposin € cXoaHO U OJU3KO JI0 JaHHUTE, ChOOIEHH 3a APYTH pacTUTEIHU Macia [1].
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Haii—Bucoko cpabppkanue Ha Gochomunuau u Tokopeponn ce HabIo1aBa B MaCIOTO
ot copta Madia sativa L., Molina, USA, kbzero To € cboTBeTHO 2.6% 1 856 mg/kg.
KonudecTBOTO Ha CTEpPOSIM U B TPUTE U3CIICIBAHK COPTA € OT €IHAKBB MOPSIIBK, KaTo
OCHOBHATa 4acT OT CTEPOJIUTE € B CBOOOAHA hopma (71.4%-78.3%).

MoanoTo 4ucio, KOeTo € MApKa 3a CTENEH Ha HEHACHTEHOCT Ha MAaCTHUTE KHCE-
JIMHU B PpAaCTUTEITHUTE Macia € ¢ Bucoku croitHoctn (MY>100 gl,/100g), kato pe3yi-
TaT OT IO-TOJSAMOTO CHIBPIKAHME HA ECEHIMANIHATA JIMHOJIOBA KHCEIMHA. MOIHOTO
YHUCJIO € KOCBEH MOKa3aTesl M 3a OKCHJAaHTHATa CTaOWJIHOCT Ha Maciara. biuskure
CTOMHOCTH 3a MOJHUTE YMCIIa Ha U3CIICABAHUTE Macia ca B ChOTBETCTBUE U C €JHAKBA-
Ta oKkcuaaHTHa cTaOMIHOCT (9.9h — 12.5h). Te3u croitHOCTH ce T00IMKaBaT JO OKCHU-
JAaHTHA CTAOMITHOCT Ha CIILHYOTIIEOBO Maciio, THHOJOoB Tull (8h — 12h).

MacTHOKHUCETUHHUAT ChCTaB € €ANMH OT OCHOBHHUTE MOKA3aTEH, KOUTO CIIyXKaT
3a OXapakTepH3UpaHe KauyecTBaTa Ha PACTUTEIHUTE Macia KaKTO MO OTHOILICHHE Ha
TAXHATa XPaHUTEIHA CTOMHOCT, TaKa M 1O OTHOLIEHWE Ha TSIXHATa OKCHUJIAHTHA CTa-
OWJIHOCT MpU ChbXpPaHEHUE U TepMHUYHA 00paboTKa. CbCTaBBT MOXKE J1a Bapupa B W3-
BECTHU TPAHUIIU, B 3aBUCUMOCT OT KIMMATUYHHUTE YCJIOBUS, KbJIETO CE€ OTTIEKAAT
CchOTBETHUTE COpTOBE [2]. ChCTAaBbT HA TIULEPUIHUTE Macia OT CEMEHaTa Ha U3C-
nenBaHuTe coptoBe Madia sativa L. e onpeneneH upe3 KamwispHa ra3oBO-TE€YHA
xpomartorpadus 1 JaHHUTE ca MpeAcTaBeHu B Tabmuna 2.

Tadauua 2. Macmuoxucenunen cbcmaes Ha AUYepuOHU Macia Om cemeHa
Ha pazunu copmose Madia sativa L. (meen. %)

MactHu - - - Cf’pT - -
ncesnnn, % Madia satlt)a L., BGR |Madia sativa L., BGR | Madia sativa L., BGR
459 Molina, USA 458 I'epmanus 457 I'epmanus

C 120 0.2 0.2 0.2
C 140 0.1 0.2 0.1
C 141 0.1 0.1 0.1
C 16:0 13.4 13.0 13.5
C 16:1 0.2 0.1 0.2
C 170 0.1 0.1 0.1
C 180 4.0 5.2 4.2
C 181 30.2 324 32.3
C 152 50.5 47.5 48.1
C 183 0.1 0.1 0.1
C 20:0 0.4 0.6 0.5
C 2.1 0.2 0.3 0.2
C 2.0 0.1 0.1 0.1
C 14 0.4 0.1 0.3

Hacurenn 18.3 19.4 18.7

MACTHH K-HH

Henacurenn 81.7 80.6 81.3

MACTHH K-HH

* Cra.gnaypunosa; Chy.g-mupucmunosa, Ciy.-mupucmoneurosa, Cg.o-naimumunosa; Cig.;-
nanmumoneurosa, C;.g-mapeapunosa, Cg.o-cmeapunosa; Cig.;-oneunosa, C;g.,-1uHon086a;
Cg.3-munonenosa; Cyy.g-apaxunosa, Cyy.;-eadoneunosa, Ciy.g-0exenosa; Cs,.;-epykosa
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B pacturennure macia ot paznuuHute coptoBe Madia sativa L. npeobnanaBat
HEHACUTCHUTEC MACTHU KHUCEJIMHH, KaTO TAXHOTO KOJHUYECTBO CHOTBETHO € OT 80.6%
1o 81.7%. Ilpu Bcuuku HU3CeABaHU Macia JoMHUHUpaA JuHosioBata kucenuHa (Cig.)
(47.5% — 50.5%), cnenpana ot oneunoBara kucennna (Cig.p) (30.2%-32.4%), xoeto
T IPUYMCIISIBA KM MacjiaTta OT JIMHOJIOB THII, B KOUTO KOJMYECTBOTO HA JIMHOJIOBATA
kucenuHa € B rpaHunute Ha 48.0%—-74.0%, a na onemnosata — 14.0%-39.0% [1].
JlunoneHoBaTa kucenauHa e ujaeHtudunrpana B koanuecto ot 0.1%. Ot HacuTeHuTe
MAaCTHH KHCEIMHHU mpeobiagaBa maamuthHoBata kuceiaumHa (Cigo) B KOJIHYECTBO
13.0% — 13.5%, cnenBana ot creapuHoBaTa kucenanHa (4.0% — 5.2%). MactHokuce-
JUHHUAT ChCTaB Ha M3ClIeABAaHUTE cOpToBe Madia sativa L. € CXOJIeH ChC ChCTaBa Ha
CIBHYOTJIEOBOTO MACJIO, JIMHOJIOB THII.

ToxkodepoTOBUAT CHCTAB € OMPEACIICH JUPEKTHO B MACIOTO Upe3 BUCOKOS(hEK-
TUBHA TEYHO-TEYHA Xpomarorpadus ¢ (ayopeciieHTHa METEKIHs, KaTo MOJyICHUTE
pe3yJiTatu ca npeacraBeHu B Ta0nuna 3.

Ta6auna 3. Tokogheponros cvcmas na enuyepuoHU Macia om cemena
Ha paznuunu copmose Madia sativa L.

Toxodepon (T) — Copr_ ___
U TOKOTPHEHOTH Madia sattt)a L., BGR | Madia sativa L., | Madia sativa L.,
(T-3), % 459 Molina, USA BGR 458 BGR 457
I'epmanus I'epmanus

a-T 74.4 88.3 96.2
a-T-3 3.5 - -

B-T 5.2 2.8 2.8
B-T-3 2.5 0.8 -

Y¥-T 6.0 2.2 1.0

Y- T-3 5.1 4.5 -

OT MHAMBHIyaHUSI ChCTaB Ha TOKO(EpOIUTE B MaciaTa ca WACHTU(DULIHUPAHH
OCHOBHO HACUTEHMTE JEpUBATH — o, B U Y- Tokopepoau. OT HEHACUTEHUTE MPOU3-
BOJIHM Ha TOKO(EpOIUTE ca UACHTU(DHUIUPAHU O, [3 U Y- TOKOTpUeHOIH. OCHOBHUST

IpeCTaBUTENl OT TOKO(EpOIuTe B MaciaTa Ha BCUYKU aHAJIM3UpPAHU MPOOU € O- TO-
koepon (74.4%—-96.2%).

3AKJIIOYEHHUE

Cemenara ot uscneaBanuTe coproBere Madia sativa L. ca cpaBHUTEIHO Ooratu
Ha riunepunno macio (34.2% — 36.6%). Ilo cBOSi MAaCTHOKHCENMHEH ChCTaB U IO
OKcHIaHTHA cTtaOmiIHOCT Maciara oT Madia sativa L. ca OJM3KH 10 T€3W HA CIIBHYOT-
JEAOBOTO MAcjo, JUHOJIOB THI. BUCOKOTO chabpkaHWE Ha OMOJOTMYHO aKTHBHU
BCILIECTBA B M3CJICABAHUTE Maciia 00yCiIaBs MOTSHIIMAIIHO UM M3II0JI3BaHe KaTo IICHEeH
XPaHUTEIIEH TPOYKT.
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ABSTRACT

Vegetable seed oils obtained from seeds of Bulgarian varieties of safflower were
investigated. The oil content in the seeds varied between 31.2% to 32.9%. Phospholip-
1ds were found to be 1.0 — 1.7% in the raw oils. The quantity of sterols and tocopherols
were 0.3% and 544-673 mg/kg respectively. Linoleic acid (40.2 — 76.6%) was the
main component in the fatty acid fraction, followed by oleic acid (12.1 — 48.8%).

Key words: safflower oil, fatty acids, phospholipids, sterols, tocopherols

BBHBEJIEHUE

CadmopbsT € macnonaiiHa KynTypa, U3BECTHA OIEe OT ApeBHOCTTA. PonwHa Ha
cadmopa ca Etnornus u Adranucran, a B EBpona u Pycus craBa usBecten mpe3 18
Bek [/]. Cemenara my cbabpxkar cpeano ot 25.0 go 37.0% macno, KaTo mpu HAKOU
dopmu noctura u 10 60.0%. CbBpeMEHHUTE CPAaBHUTEITHU MPOYUYBAHUS BBHPXY Ka-
YEeCTBOTO HA MACJIOTO 3a XpPaHUTENIHHU 1IN, JOOUTO OT caduiop, My OTPEXKIAT €aHO
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OT IBPBUTE MECTA CPeJl BCUYKH OTTJICKIAHU MACJIOJaiiHN KyJITypH 1Mo cBeta. OCBEH
B XpaHUTETHATA UHAYCTPHUS — MOJTy4aBaHEe HAa MaprapuH, KaTo J00aBKa KbM pa3inud-
HU JIPECHMHTH U KAaTO MU3XOJIHA CYpOBHUHA 33 XUAPOTCHHPAHE, MAcJIOTO C€ M3MOJ3Ba U
3a peaulla TEXHUYECKH 11eJId, B MEeIUIIMHATa U Ko3MeTukara [/1,2,15].

[en Ha HacTOSIIMTE U3CIIEABAHUS € J]a C€ 0XaPAKTEPU3UPAT HIKOU OBITaAPCKU U
UHTPOIYIMPAHA Yy HAC COPTOBE cadiiop MO OTHOIICHUE HA ChABPKAHUETO Ha TIIHIIC-
PUIHO MAaclio B ceMeHaTa, Ha OMOJIOTMYHOAKTUBHU BellecTBa (cteponu, hochonumnu-
1 ¥ TOKO(EPOIM) B HETO, KAKTO M Ha OKCHJIAHTHATA My CTaOWIIHOCT, C OTJIENl Bb3-
MO>KHOCTHUTE 32 HETOBOTO ChXpPaHEHUE U TIPUIIOKECHHE.

MATEPHUAJIM U METO/IHN

3a mpoBexaaHe Ha U3CJICIBAaHUATA Ca U3IIOJI3BaHU CEMEHa OT copToBe cadiop,
ocurypeHu ot MIHCTUTyTa 10 pacTUTENHU F€HETUYHU pecypen ,,K. Mankos®, rp. Ca-
n0BO, pekoiita 2008 T.

3a u3BBpIIBAHE HA M3CJEIBAHUATA Ca M3MOJ3BAHU CTAHAAPTHU METOJUKH IO
BJIC u ISO 3a ananu3 Ha nunuau. MaciaeHocTTa € onpeiesieHa TErJIOBHO CIel eKCT-
pakius ¢ arnapat Ha Cokcie, KoepuiueHThT Ha pedpakius — cbriaacHo ISO 6320 [9],
mIbTHOCTTA — cbriaacHo ISO 6320 [/0], HogHOTO YKCI0 — Ha 0a3aTa Ha MaCTHOKHCE-
JIMHHUS ChCTaB, MaCTHOKUCEITMHHUIT ChCTaB — 4pe3 razoBa xpomartorpadus [7,8],
CBhABPKAHUETO HA TOKO(eponn — upe3 BUCOKOS(PEKTHBHA TEUHO - TEUHA XPOMATOT-
padus [5], ceabppkanueTo Ha cteponu [6] u docomumuau [11] — cnekrpodoromer-
PUYHO, ClIe]] U30JIMpaHe ¢ TTOMOIITA Ha ThHKOCIOWHA XpomaTorpadus. OKcuaaHTHA-
Ta CTaOMJIHOCT € OIpe/esieHa ¢ IOMOITa Ha anapar ,, Rancimat“ 679 nipu Temiiepa-
Typa 100°C u npoxyxsaue ¢ 20 dm’/h Bb3ayx [4].

PE3YJIITATU U JUCKYCUA
KonudecTBoTO Ha Macio B ceMeHaTa U Ha OCHOBHHUTE MY (DM3MKOXMMHUYHH I10-
KazaTenu ca npejacraBeHu B Tabnuma 1.

Tabauua 1. Qusurxoxumuunu nokazamenu Ha capioposo mMacio

DU3HKOXUMHUYHH NOKA3aTe/IN
Copt Macaenocrt, | ILibTHOCT, Koed. na Hoauo uncio,
Y% g/em’ pedpakuus g 1,/100g
Carth. tinct. L. No 105 31.2 0.898 1.475 138.8
Carth. tinct. L. No 198 32.4 0.948 1.475 142.1
Carth. tinct. L. Punkonaoa 32.9 0.914 1.473 117.4
Carth. tinct. L. Kapnooam 32.2 0.918 1.476 150.9

N3cnenBanute ceMeHa Mo OTHOIIEHHE HA MIMIIEPUIHO MAclio UMAaT CXOAHO Ch-
I'bpKaHUE C 10Cera U3CJIeABaHM APYru copToBe, oT nopsabka Ha 30.0 — 35.0% [1,2].
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JlokaTo OTHOCHUTETHATA IUTBTHOCT U KoehUIlMeHTa Ha pedpakims ca ¢ OJIM3KH CTOM-
HOCTH, TO HOJHOTO YUCJIO HA PA3IUYHHUTE TIIUICPUIHA Macja Bapupa B MO-ITHPOKH
TPaHUIIN, KOETO CE€ IBDKH HA PA3TUIHUS UM MACTHOKHCEITMHEH ChCTaB.

ChappKaHUETO HAa OCHOBHHTE OWOJOTMYHOAKTHMBHU KOMIIOHEHTH B MAaCIIOTO
(creponu, dhochonunuau U TokohEpoH), KOUTO ONPESTAT HEroBara XpaHUTEIHA
CTOMHOCT M OKCHJIaHTHA CTAOMIIHOCT € TpejcTaBeHo B Tabnuia 2.

Tadauua 2. Crovpoicanue Ha 6UOIO02UYHOAKMUBHU 8eUeCMBA 8 CADIOPOBO MACIO

KoMnoHneHT
Copr Crepoun, ®ochoaunuan, Toxodepo.u,
% % mg/kg
Carth. tinct. L. Ne 105 0.3 1.0 553
Carth. tinct. L. Ne 198 0.3 1.2 673
Carth. tinct. L. Punkonaoa 0.3 1.7 564
Carth. tinct. L. Kapnobam 0.3 1.1 544

OO010TO ChIABpPKAHKE HA CTEPOJIH B aHATTM3UPAHUTE COPTOBE € OT €AHAKBB IO-
psanbk (0.3%). HanpaBenuTe m3cneaBanus moka3BaT BUCOKO ChIbpkanue Ha docdo-
JUTIAIA, 0COOCHO B MAcjoTo oT copT Punxonaoa — 1.7%. CTOMHOCTUTE 3a ChIBPIKa-
HUETO Ha T€3W KOMIIOHEHTH Ca CXOJHM C JAHHUTE OT MO-paHHU u3cieaBaHusd [3,15].
Haii-Brucoko chabpkanue Ha TOKO(GEpoIn € ycTaHOBEeHO B copT M98 (673 mg/kg),
KOETO € OJIM3KO 710 TOBa B ApyTrHu copToBe cadop [14,15].

NHauBuayaiHUSAT ChCTaB HA MACTHUTE KUCEIUMHU OT TJIMIEPUIHUTE Macliia €
OTIPEJICJICH ¢ MOMOIITa Ha KamwisipHa razoBa XxpoMarorpadus, ciiesl IpeaBapuTeIHO
METUIMPAHE HAa TPUALMITIIULIEPOJIUTE, ChIVIACHO MeToaukarta Ha Christie [13] u noc-
JeABaI0 MPEUUCTBaAHE Ype3 ThHKOCIOMHA XpoMarorpadus [7]. [JanHute OT uscien-
BaHETO ca npeacraBenu B Tadnuma 3.

OCHOBHUTE KOMIIOHEHTH B MaCTHOKHMCEJIMHHUS ChCTaB Ha M3CJEABAHUTE Macia
ca HEHACUTEHU MACTHU KHUCEJIMHH, I1aBHO JinHOIOoBa (40.2—76.6%) U ojlenHOBa KH-
cenuHa (12.1-48.8%). Hokaro mbpBuTe nBa copta (Nel05 u Nel98) ca cbCc cxoaeH
WHINBUyaJIeH MaCTHOKHCEIMHEH ChCTaB, B KOWTO JIMHOJIOBAaTa KHCEIWHA € ChOT-
BeTHO 63.8% u 66.6%, TO ApyruTe Ba copTa ce pa3jinyaBaT 3HAYUTENIHO. B MacioTo
ot copt Punkonada, mpeobnanaBa onenHoBara kucennna (48.8%), 3a cMeTka Ha TI0-
HUCKOTO ChIIbp:KaHue Ha JIMHOJOBa kucenuHa (40.2%). B macnoro ot copt Kapro-
bam, oOpaTHO, UMa W3KIIOYUTEIIHO BUCOKO CHABPKAHUE HA JMHOJIOBA KHCEIIMHA
(76.6%) 3a cmeTka Ha onenHoBata kuceiauHa (12.1%). BbB Bcuuku mpodu € uaeHTu-
¢uurpaHo U HaIMYUETO Ha BakueHoBa kucenuHa (0.6 — 0.7%), KosTO € MO3ULIMOHEH
nu3omMep Ha osienHoBata kucenuHa (Cig.; (11)). OT HacuTeHUTe MaCTHU KUCEJIMHU OC-
HOBEH MPEJICTaBUTEN € MAJIMUTUHOBATA KucenuHa (6.2 — 6.7%,).
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Tabauua 3. Macmuokucenunen cbcmas Ha mpuayuiiuyepoaume om cagpiopo8o mMacio

MactHu - - Copr - -

kucennnn®, % Carth. tinct. L. | Carth. tinct. L. | Carth. tinct. L. | Carth. tinct. L.
Ne 105 Ne 198 Punkonaoa Kapuooam

Ciso 0.1 0.1 0.1 0.1
C 60 6.7 6.6 6.2 6.5
C 61 0.1 0.1 - 0.1
Cigo 2.3 2.2 3.1 2.8
Ci51(09) 254 23.0 48.8 12.1
Cisa(11) 0.7 0.7 0.6 0.7
C g2 63.8 66.6 40.2 76.6
C g3 0.1 - - 0.2
C 0.0 0.3 0.3 0.5 0.4
Coo 0.2 0.2 0.2 0.2
Cao2 - - - -
Cao 0.3 0.2 0.3 0.3
Hacur. MK 9.7 9.4 10.2 10.1
Henacur. MK 90.3 90.6 89.8 89.9

*C14:0 - MupuctunoBa; Cie:0 - [lanmutuHOBa; Cig:1 - [lanmuTonennosa; Cig.o - CTeapnHoBa;
Cis:1 - OnennoBa; Cys:; - JIunonoa; Cs.3 - Jlunonenoa; Cag.9— Apaxunona; Cy.; - Efiko3eHoBa;
C»0.2 — Efiko3zaguenoBa; C 2;.9 - bexeHnona

OxcupaHTHaTa CTAOMIIHOCT HA U3CIIECABAHUTE Macia OT Pa3IMYHU COPTOBE cad-
J0p, ompezeneHa KOHAYKTOMETPHUHO, Ha 0a3aTa Ha eNeKTPONPOBOIUMOCTTA HA pa3-

nagHUTe UM MPOAYKTH € npeacTaBeHa B Tabmnuia 4.

Tadoauua 4. Oxcuoanmua cmabunHocm na macia om cagnop

Copt Nuaykuuonen nepuon, h
Carth. tinct. L. No 105 10.1
Carth. tinct. L. No 198 11.0
Carth. tinct. L. Punkonaoa 15.7
Carth. tinct. L. Kapnooam 12.3

OxcumanTHaTa CTaOMITHOCT HA M3CJICIBAHUTE Macja Bapupa B TPAHUIIUTE OT
10.1 h mo 15.7 h, xaTo pa3nukaTa MOXe J1a ce OOSICHH C Pa3IUYHUS MAaCTHOKHUCEIH-
HEH ChCTaB Ha TJIMIICPUIHATE Macjia W ChIAbp)KaHWe Ha Tokodeponu B Tax. Haii-
CTaOMJIHO € MacioTO OT copT Punkonada (15.7 h), k0eTo ©Ma BUCOKO ChIAbpPKaHUE Ha
cTabuiIHaTa CIPSMO OKHCIEHUE OJienHOBa kucenuHa (48.8%) u HUCKO ChAbpKaHHE
Ha HecTaOuiaHarta JuHONoBa kucenuHa (40.2%). Ilo cBosTa okcuaaHTHA CTAOMIHOCT
caIopoBOTO Macjo € OJIM3KO 10 CIIbHUOIJIEIOBOTO MAcio, JIMHOJIOB THII, YUATO OK-
CHJIJaHTHA CTaOMITHOCT € B paMkuTe Ha 8 — 12 h [12,14].
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3AKJIIOYEHUE

OT u3cnenBanuTe copToBe cadaop, MacioTo OT copT PunkoHaoa ce XapakTepu-
3Upa ¢ HA-BUCOKO ChIbpkKAHUE HA OMOJIOTMYHOAKTUBHU BellleCTBa U Hal-1o00Bp Oa-
JAHCHUPAH MACTHOKUCEINHEH ChCTaB, ChIVIACHO MOCIEAHUTE TEHACHIIUU B CEIEKIIUS-
Ta Ha MacJIOJailHu KyJTYpH, CIIOPE] KOUTO KOJIMYECTBOTO HA OJIEMHOBATa U JIMHOJIO-
BaTa KUCEJMHU TPsIOBaA J1a € OT €JHAKBB MOPSIAbK.

N3caeaBanusra ca nposeaeHu ¢ puHancoBara noakpena Ha ®oua ,,Hayu-
Hu usciaeasanusa® keMm MOH (morosop BY AH 203) u Iupexuus ,,Hayuno npo-
u3BoACTBeHA AeHOCT® KbM ITY ,II. Xuinengapcku®.
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ABSTRACT

The present investigation represents an exergoecological analysis of processing
the zinc cakes from zinc production — waelz process (without and with utilization of
zinc — containing waste materials) and jarosite process. The necessary analysis data
have been taken from real operating installations at KCM SA — Plovdiv and Lead &
Zinc Complex Plc — Kardjali, Bulgaria.

The results present near values of exergy characteristics of the waelz processes
without and with re-used resources, with a light advantage for the latter. The exergy
efficiency of the jarosite process is rather higher - almost twice. This bears out the
priority of the hydrometallurgical processes over the pyrometallurgical processes
from thermodynamic point of view.

The residual antropogenic emissions in the environment deserve a most serious
attention, namely heat emissions, gases emissions and solid wastes (clinker and
jarosite cake). The main part of them occurs under the waelz process. This fact, to-
gether with the high value of irreversible exergy losses, makes it ineffective from a
thermodynamic and ecological point of view.

Knrouoeu oymu: exergy analysis, zinc cakes, waelz process, jarosite process

BBBEJIEHUE

Metanyprusta € OTpachi CbC 3HAYMTEIIHA KOHCyMaIlUsl HA MAaTEPUAIIHU U €HEP-
TUAHYU PECYPCHU U CHUIEBPEMEHHO €MUTHPAILl 3HAYNUTEIIHU KOJIWYECTBA PA3JIMYHU OT-
nagblu B ekocdepara. [IponsBoacTBeHaTa cuctema 3a J0OMBaHE HA IUHK CE€ OTIUYa-
Ba C MHOrooOpa3ue Ha U3IMOJI3BAHUTE MPOLIECH U ChOPBKEHHUS, MHOXKECTBO ChHIIECT-
BYBAIlld BapUaHTH 3a 3aMsiHa HA HSAKOM OT TAX C MO-e€()EKTUBHHU, BH3MOKHOCTH 3a
€HEeProTeXHOJOTUYHAa KOMOUHAIUS HA XUMHUKO-TEXHOJIOTUYHUTE BBH3JIM U MaKCUMaJ-
Ha yTUJIU3aLMsl HA BCUUKU €HEepruiiHu pecypceu [1-6].

Hacrosiiuero u3cienBaHe € €KCEproeKOJOTHMYEH aHajiu3 Ha TEXHOJOTMYHUTE
IpolLecH 3a MpepadoTBaHE HA IIMHKOBU KEKOBE, CHI'BTCTBAIIM XUIPOMETATYypPruyHU-

155



Ilamponos, I'., Mazaesa, CH.

TE MPOLIECH NpU A00MBaHE HA IUHK. T€3U TEXHOJOTUYHU IMPOLIECU CE SBSBAT IO Ch-
IIECTBO JOITBJIHUATEIIHA 3BE€HA, €KOJOTU3UPALM CUCTEMATA Ha IUHKOBO MPOU3BOICT-
BO. TSAXHOTO €HEpPruilHO OXapaKTepU3UPAHE JaBa MHOI'O Ba)KHA MH(POPMALMS IPU
ONPENEIISIHE Ha BB3MOKHOCTUTE 3a IOBMIIABAHE HA €KOJIOTMYHATAa YCTOMYMBOCT Ha
1sJ1aTa CUCTEMA Ha IMHKOBO MPOM3BOJCTBO. B CBETOBHATa NMpakTUKa B MOMEHTA CE
U3IMOJI3BAT MUPOMETATYPTUYHU U XUAPOMETATYPIMUYHM METOJIU 3a IpepadoTka Ha
OTHAAbYHUTE KEKOBE.

CXEMA HA N3CJIEIBAHE U METO/l HA AHAJIN3

N3cnenBanero € U3BBPIICHO MO cxemara Ha (ur.l. AHaJIU3UpaHU ca CIETHUTE
BapUaHTH Ha MPOIECUTE Ha MpepadoTBaHe HAa IIMHKOBU KEKOBE, MOTYUYECHU IIPU MOKPO
M3BJIMYAHE HA IMHKOBA yrapKa: MUPOMETATYPIHUHUAT 6eay TpoIec — 0e3 u ¢ 1o0a-
BSIHE HAa BTOPUYHHU CYPOBUHU U XUJAPOMETATYPTUUHUAT sApo3zum npouec. [IspBusT ce
npuiara B KM — A/l, Ilnosaus, a Bropust — B OLIK, Kbpmxanu. TexHomoruuaure
CXEMHU B JIBaTa 3aBOJIa €A U3IOJI3BAHU KATO MOJEIHU CXEMHU.

Pecypcu .
(Zn konueutpar-1, l'opuso-2, Bu3ayx-3, Enexkrpoeneprus-4) ‘y
c$

3 PN \

2

T Mlzpraerbo { »| IIpoussoacTeo na H2S804 H2S04
| ) ) | s
VYrapka 7
N-ChABPKALL MPOIYKT
=
= | |-
2 Kex OTnaabk
E Mokpo u3BIHYaAHE » TIpepaborka @
% O?"-’%
= SO S Kek
: P-p Ha ZnSO4 Uy |
(=]
<
& 1 BOIM IIpeuncrBane )
S W Ha BOH \\J
;| Eaextpoansa
OCDEPA g
TEXH Toniiuna
EKOC®EPA
Zn
G - 2azoeu emucuu, W - meunu emucuu,S - mevpou omnaoviit

®urypa 1. Cxema nHa npouzsoocmeenama cucmema 3a 000UBAHe HA YUHK
1O XUOPOMEMANYP2UUHUSL MeMOO U 83aUMOOEUCIMEUEMO U C OKOIHAMA cpedd

Karo MeTon Ha aHanmM3 € MPUIIOKEH EKCEPTUIHHMAT METOJl Ha TePMOJAMHAMUYCH
aHanm3. 3a Ta3| 1eJ ce ChCTAaBAT MaTepHalieH, CHEPTHEH U eKceprueH OamaHcu [7].

MarepuanausT 6ajlaHc € ChCTaBeH clie]] 00paboTKa Ha TaHHUTE OT paboTara Ha
peanHo GyHKIMOHUpAIIUTe WHCTananuu. HampaBeHa e mpoBepka Ha TEXHOJIOTUYHU-
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T€ JaHHU U ChIJIACYBAHOCTTA HA TEXHOJOTHMYHHUTE MOTOLM MO ChCTaB, KATO Ca IpHU-
JIO’KEHU yCIIOBUATA HA TOKOMITOHEHTHUS OataHe [8].

Enepruiinuar 6anaHc, mpeacTaBeH B Hail-oOm1 Buj upe3 ypaBHenue (1), e che-
TaBEH 110 CHTAINUUHUA MeTo [9]:

SE+YH =YE'+YH" (1)

KbJIETO Y E’ 1 X E”ca CyMUTE OT BHECEHATa U U3BEAEHA OT CUCTEMAaTa €HEPrHUsl,
aYH u Y H" -cyMUTe OT BHECEHATA U U3BEJICHA OT CUCTEMaTa €HTaIuS.

3a ompezensiHe HAa CTOMWHOCTUTE HA PEJIATUBHUTE €HTAJIIMU HAa KOMIIOHEHTHUTE
OT MaTEepPUATHUTE NMOTOLM € IPHUETO MPEJI0KEHOTO B [9] CTAaHAAPTHO ChCTOSIHUE.

ExcepruitHust 6anaHc, OCHOBaH Ha BTOPHS 3aKOH Ha TEPMOJIMHAMHUKATA, B Hall-
00111 BUJ CE MPEICTaBs OT YpaBHEHHE (2):

Y& >3e"+AE )
kbaeto Y€ u Y& ca cymMHTe CHOTBETHO HA BHECCHATA M M3BEACHA OT CHCTe-
Mara eKceprus, a AE - I3BMEHEHUETO Ha EKCeprusTa Ha CUCTEMATa.

[Ipn cranmonapHM NpoLecH, KAKbBTO € Pas3IJIeKIaHMs OT HAC cilydanl AE =0.

Exceprusra Ha MaTepuaIHUTE MOTOLU € U3YKCIICHa Ha 06a3aTa Ha CTaH/IapTHOTO
CBhCTOSIHUE, MIPEIITIOAKEHO OT Szargut [7].

Ha 6a3ara Ha excepruiinus OajaHcC ca omnpenesieHH aOCOTIOTHUTE (BBTPEIIHU U
BBHIITHU €KCEPruilHM 3aryOu) U OTHOCUTEIHUTE €KCEPrHilHM XapaKTePUCTUKH (EK-
cepruiiHa e(eKTUBHOCT, MOTEHLHAl Ha CHBBPIIEHCTBO) HA OTIAETHUTE XHUMMKO-
TE€XHOJIOTUYHU BB3JIH.

Borpenrnure 3aryou Dir ca M34MCIICHU MO pa3IMKaTa B eKCEPrUMHUTE CTOWHOCTH
Ha BXOJAUIUTE (Y, Eiipu ) U U3XOISAIIN TOTOLH (X, Eiou ) 32 BCEKU KOHKpETEH eTart [10]:

1 1

Dii‘l‘ = Zgiinput - Zgintttpttt = TOAS (3)
1 l

BbHIIHUTE 3ary0u Desi BKIIIOUBAT €KCEPruaTa Ha HEU3NOJI3BAEMUTE MaTepual-
HU Y €HEPrUMHHU II0TOLM, IOCTBIIBAILY B OKOJIHATA CPEa.
Excepruiinata eeKTUBHOCT 77 € OIpe/ieJeHa Ype3 OTHOLIEHUETO HA eKCeprus-

Ta Ha U3IIOJI3BAEMUTE U3XOIAIIU IMMOTOIN Evr KBM CKCCPI'UATa Ha BXOJAIIUTC Zginmpm .
1

81{
nezzg’.loo,% (4)
i loutput

Excepruiinata e()eKTUBHOCT U EKCEPrUiHUTE 3aryOu HIIOCTPUPAT BB3MOXK-
HOCTTA 33 €KCEPruilHO yChBBPLICHCTBAHE HA CUCTEMATa, ACPUHUPAHO Ype3 MOTEH-
1[AaJIa 32 YChbBBPIIEHCTBAHE Por [11]:

Pot = Dirr (1= 1) + Degl (5)

PE3YJITATHU U JUCKYCUA

Excepruitnute OanaHCHM Ha BapHaHTHUTE 3a MpepabOTKa HA IUHKOBH KEKOBE —
geny mporiec 6e3 u ¢ J00aBsHE Ha BTOPUYHH CYpPOBUHHU U sApo3um TPOIEC ca Mpesc-
TaBeHU B Tabnuiy 1-3. 3a mo-rojisMa TOUHOCT U CPAaBHUMOCT MPOLIECUTE ca pasriie-
JIAHW CbBMECTHO C T€3W HA MOKPO M3BIIMYAHE U €JIEKTPOCKCTPAKIIMSL.
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Tabauua 1. Excepeuen banauc Ha npoyecume Ha U3BIUUAHE
HA YUHK OM YUHKOBA Y2apKa C 8eny npoyec

Bxosimia exceprust N3xopsma ekceprus

IToToxk M/t Zn % ITotok M/t Zn %
VYrapka 355 1,0 KaroneH nuHK 4812 13,1
['opuBo (KOKC 1 Ma3yT) 22 625 62,4 Kiuukep 5791 16,0
Zn mipax 207 0,6 T'azoBu emmcuu 1520 4,2
Enexrpoeneprus 13 065 36,0 Cu-Cd-Co kek 208 0,6
Tonnuuanu 3aryou 2631 7,3
Borpemnu 3aryou 21 290 58,8
06110 36 252 100,0 06110 36 252 100,0

Tabauua 2. Excepeuen banauc Ha npoyecume Ha U3BIUUAHE
Ha YUHK OM YUHKOBA YeapKa ¢ ey npoyec u 000asane Ha 6MOopudHU CypoSUHU

Bxomsima exceprust N3xopsma ekceprus

IToTok M/t Zn % [ToTok MJ/t Zn %
VYrapka 313 0,9 Karonen HuHK 4812 13,5
I'opuBo (KOKC 1 Ma3yT) 22133 61,9 Kiunkep 5685 16,0
Zn mipax 183 0,5 TI'azoBu emucuu 1492 4,2
Brop. cypoBunu 207 0,6 Cu-Cd-Co kex 184 0,5
Enexrpoeneprus 12 937 36,1 TomuuHHU 3aryOu 2 596 7,2
Bprpemnu 3aryou 21 004 58,6
0610 35773 100,0 06110 35773 100,0

Tabauua 3. Excepeuen banaunc Ha npoyecume Ha U3BIUUAHE
Ha YUHK OM YUHKOBA Y2apKa C Apo3Um npoyec

Bxopsimia exceprust N3xopsma ekceprus

IToToxk M/t Zn % IToToxk M/t Zn %
VYrapka 343 2,5 KaroaeH nuHK 4 812 343
P-p mva NaHSO; 287 2,0 Cu-Cd-Co kek 284 2,1
Zn npax 282 2,0 SposureH Kek 308 2,2
Enexrpoeneprus 13 098 93,5 TomnuuaM 3aryou 775 5,5
Brrpemnu 3aryou 7831 55,9
0010 14010 100,0 O6m10 14010 100,0

Obmara excepruiina Grassman — guarpama Ha MpPOU3BOJICTBOTO Ha LIMHK B JiBa-
Ta BapuaHTa — C ey W Apo3um mpoliec € orpazeHa Ha ¢ur. 2. Kato u3nonsBaemu ca
NPUETH MPOAYKTHUTE, IPeAaieHn Ha ApyT notpeduten — Zn u H,SO,.

158



EKCEPI'OEKOJIOI'MYEH AHAJIN3 HA ITPEPABOTBAHE HA Zn KEKOBE...
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AOGCOJIIOTHUTE U OTHOCUTEIIHA €KCEPTUITHN XapaKTEPUCTHKU HA PA3TIICKIAHUTE
XUMUKOTEXHOJIOTUYHU BBH3JIM 3a MpepaboTBaHe HA IMHKOBH KEKOBE Ca MPEICTABCHU
B Tabnuua 4. M3uncienusita ca U3BbPUICHU, KATO BCEKU OT MPOLIECUTE € pa3riieaaH
CaMOCTOSITEJIHO, T.€. €KCEPrUsiTa HA BHECEHUTE B CbOTBETHUS Bb3€JI IOTOLM € IIPUETA
3a 100%.

Taoamnua 4. Excepautinu xapakmepucmuku Ha npoyecu
3a npepabomeane Ha YUHKOBU KEKO8e

3aryou
Ne [Tpouec Dirr Degi Ne,%  Por, MJ
MJ % MJ %
1. Beny mporec 13658 59,6 3224 140 264 13276
o, Bemymponeccmobamame 3303 595 348 139 269 12924
Ha BTOPUYHHU CYPOBHUHU
3. Sposum npouec 194 20,6 324 344 450 431

OOmara ekcepruiiHa e(eKTUBHOCT HA XMMHKOTEXHOJOTMYHATa cucremMa ,,Xuo-
pomemanypeuyHo ooousare Ha Zn*, chriacHo (ur.2, € HUCKa U UMa CJICTHUTE CTOMU-
HOCTH 3a OTJICJTHUTE BapUaHTH:

— C npunarane Ha gesay nipouec — 15,3%

— C nmpunarane Ha ey TIpoliec U J100aBsiHEe Ha BTOPUYHU CYpOBUHU — 15,6%

— C npunarane Ha sapo3um npoiec — 26,2%.

OcHoBHaTa 4acT oT 3aryoute Ha paboTrocrocoOHa eHeprusi ca BbrpeurHu. [Iup-
BOCTEINEHHA POJIs 3aeMaT COOCTBEHUTE 3aryOu, AbDKAIM c€ Ha HeoOpaTUMOCTTa Ha
OCHOBHHUTE XUMHYHU MPOIIECH, MPOTUYAILN B PEAJTHU YCIOBHS — ITbPKEHE HA IIUHKOB
cydpuaeH KOHIIEHTpAT, elleKTpoin3a, kKoupepcus Ha SO, B H,SO,4, TopeHe Ha KOKC U
Ma3yT BBB Benll nemra. OcTtaHanuTe BHTPEIIHH 3aryOu ca CPAaBHUTEITHO HHUCKHU U CE
IBIDKAT Ha HEOOPATUMOCTTa Ha MPOIECUTE HA pa3TBapsHE, TPUEHE, TOTUIOOOMEH TpH
TEMIIEPATYPHU U KOHIICHTPAIMOHHU PA3JINKU, pa3LUIMPEHUE, CMECBAHE, pa3/esiHe Ha
MOTOLM C PA3IMYHU TEPMOJIMHAMUYHY MTapaMeTPpHU, U3NAPEHUE U KOHJICH3ALIUS U JIp.

HepenTabuiien B eHEepruiiHO OTHOIICHHWE € Geny Tpolieca 3a mpepadoTka Ha
IIMHKOBH KekoBe. Toil mMa HHUCKa ekcepruiiHa epekTuBHOCT — 26,4% 1 MHOTO BHCOK
NOTEeHLMAI 3a yChbBbpIIeHcTBaHe — 13 276 MJ (1a6n.4). Te3u cToiHOCTH HA OCHOB-
HUTE €KCEPrUilHU MOKA3aTeNu 3a ey MpoLieca ce ONPenessiT OCHOBHO OT €CTECTBOTO
Ha MPOTUYAIIUTE B MElITa HEOOPATUMU XUMUYHU MPOLIECH (M3rapsiHe Ha TOPUBOTO,
PEAYKIUS HA METAJIHU OKCUJH U JIp.), TOIJIOOOMEH ¢ OKOJIHATa cpefia, HEOMOI30TBO-
psIBaHE €KCeprusTa Ha MEenIHUTe rasose u ap. LleneBusr npoaykT Ha TO3U Mpolec —
BEJII] OKCUJUTE UMa TBBPJE HHUCKA ekcepruitHa croinoct — 1,2 %. IIpepaborBaneTo
My 10 HeyTpajieH pa3TBop Ha ZnSO,4 € CBbP3aHO ChC 3HAYUTEIHU €KCEPTUITHU pa3Xo-
nu. ToBa yBennyaBa oLl MOBEYE TEPMOJAMHAMUYHOTO HECHBBPILIEHCTBO HA Pa3riIeikK-
JAHUSI XUMUKOTEXHOJIOTUYEH Bb3El.

[To-bIHOTO M3BAMYAHE HA Zn OT IIMHKOBUTE KOHIIEHTPATH, OMOJI30TBOPsIBaHE-
TO Ha YacT OT TBbPJUTE OTNAIbLH U Bb3MOXKHOTO BJlaraHEe HAa BTOPUYHU CYPOBUHHU €
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IPUYMHA 33 HAIMYMAETO HA TO3U XUMHUKO-TEXHOJIOTMYEH Bb3€J B CXEMaTa Ha IUHKOBO
npou3BOACTBO. Pe3ynraTute moka3Bar OJM3KM CTOMHOCTH Ha €KCEPTHUHUTE Xapak-
TEPUCTHUKH 32 MIPOLECUTE HA genyysare 0e3 U ¢ BTOPUYHHU CYpPOBUHU C JIEKO IIPEUMY-
IECTBO HA MOCJHEAHNUTE. B HIKOM 3aBOJIM TO3U MUPOMETATYPrUYEH MPOLEC € 3aMEHEH
C XMIPOMETAIYPTUYHU TaKUBa — Apo3um, xemamum, cbomum. Hall-lupoxo npuio-
JKEHUE OT TAX B MOCJIECIHNATE NECETUIICTUSI HAMUPA Apo3um NpoLeca. 3HAYUTENHO T10-
BUCOKaTa epexkTuBHOCT — 45,0% 1 HHCKaTa CTOMHOCT HA MOTEHLKAJA 32 YChBbPIICH-
ctBaHe — 431 MJ 3a spozum npoleca MOTBBPKAABAT MPEAUMCTBOTO OT TEPMOANHA-
MHUYHa IJ1. T. HA XUAPO Npes nupompouecure [7].

Cepno3HO BHHMAHME 3aCiIy’KaBaT aHTPOIIOTEHHUTE €MHCUHU B OKOJIHATa Cpeaa.
Exonornuen npo6isemM e HaTpynBaHETO Ha TBBbPJAUTE OTHAABLUU (KIMHKEp CJen Ipe-
paboTBaHE U SIPO3UTEH KEK) B JEMna, MOpajay JIMICA Ha MOAXOMASIIN TEXHOJOTUHU 3a
npepaboTBaHeTO UM. [lenoHMpaHETO HA SPO3UTHUS KEK M3MCKBA M IpEJABapUTEIIHA
cTabunmn3anus (mopajau kiacuukalnuara My KaTo OlaceH OTHaabK), KOETO Hajara u
JOITBJIHUTENHU pa3xoau. ['oisiMa 4acT OT TOIJIMHHUTE W Fa30BH €MHCHUH, U TBBPAH
OTHagblUM ce HaOII0JaBaT MpU IpoLEca genyyearne, KOETO 3a€JHO ¢ BUCOKUTE CTOM-
HOCTH Ha OCTaHAJIMTE €KCEPruiiHU MOKa3aTelld I'o MpaBU HEe(PEKTUBEH OT TEPMOAU-
HAMUYHA U €KOJIOTMYHA TI. T.

He3aBucHMO OT MOCOYEHUTE HENOCTATBIM, IPOLECUTE 3a NMpepabOTBaHE HA OT-
naJgHu HMHKOBM KEKOBE 00e3leyaBaTr MO-BUCOKA CTENEH Ha M3BJIMYAHE HA IIMHKA U
IIPEIOCTaBAT Bb3MOKHOCTH 3a peluKiaupane. ToBa omnpasiaBa U M0-BUCOKUTE €HEP-
TMIHU ¥ €KOJIOTUYHH Pa3XOJIH.

HN3BO/U
M3BBPIICHUAT €KCEProeKOJIOTHYeH aHau3 Ha ey (06e3 u ¢ nodaBsHe HA BTO-
PUYHU CYPOBUHH) U spo3um TPOIECUTE 3a IpepaboTBaHEe HA OTIAIHU IIMHKOBH Ke-
KOBE B KOHTEKCTa HA XMMUKOTEXHOJOTUYHATA CUCTEMA ,,XUOPOMEMATYPSULHO 000U~
8aHe Ha YyuHK* TIO3BOJISBA Ja CE€ HAIIPABST CICIHUTE U3BOIM:
® HNCKa eKCepruifHa e(EeKTHMBHOCT Ha TEXHOJOTMYHATA CHCTEMa KaTo ISUI0 —
oT 15,3% no 26,2% CchOTBETHO 3a IIMHKOBO MPOU3BOJICTBO C 8e1y U APO3UM
Mpoliec, IbXkallla c€ OCHOBHO Ha BHCOKAaTa CTOMHOCT Ha BBTPEUIHUTE 3ary-
Ou oT paboTOCTIOCOOHA EHEPTHS;
® HUCKa e(PEKTUBHOCT OT TEPMOJMHAMUYHA U €KOJIOTUYHA IJ1. T. Ha 8ey MPoIleca;
® [10-700pHU E€KCEProeKOJOTUYHM IMOKAa3aTelIM Ha XUAPOIPOIEca Apo3um Tpe
MUpoIpolieca geny.

BJATOJAPHOCTH
ABTOpUTE H3Ka3BaT CBOSTAa ChpleyHa OjarogapHocT Ha uHX. CToWuYeB U
uHXK. Kosnes 3a oka3aHaTa moMoIl ¥ ChIEUCTBUE NPY U3BBPLIBAHETO HA AaHAJIU3UTE.
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