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coDd ftsdzddjtedL Oydd destes stedzj dzO;

fipd 3" &Bj~OdzdL BO ¢y dor ne COBGYY Bt a3 Bk O
BiStedzj dzO dz0 MM AFHt Nizf QPO) i3d Jdzlsj ted3j HC
wo dzw & IOfgW s dzdzr j Wit dzfddzjd§ifils O dzdzts yd € dzd Nj(ilih € d 4§
tg L zdz! SOIsT dmMmdzj H s Odzd W ftcd tctsH/BFL OE d o
Ni(COD),/MAO, BsHdWdydteso Odzdz" = HJdJd d3qd dzso ' gy
tedL Oydd 1 Isddzj dzO;

tg L zdz! SOIsT dmmdzj H ts9o ONUAY v o tc €& @t Ofipt$ |s  of gz 6izd 2
nOtclssoMitsets Isdf O &3 s g & Isicdcdg@ & qME 52 ¢
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ofth j BO d3j mn Oded L 3O {f tsdzd d3j ted L HOfyd{d datslod dzj dEOS «
Ni(l).
1t6OCIsdyiMmé Ow tL@zO@edsdnddzO ¢B Jj L dzd ¢ OdzH dzOW €

Ni(COD),/BF:L OEt CtlststeOW ftojotsmMotsHdls 5 OFCIsdze dzt

dzr § o) dzd s j tOlskztcj COOdzdIsdyi MS dJ fnd fiyls j d
Y diEtsH d d3j tcGQDQ Y P j dzlR 410514 3201 0¢.) ;1 sidds O ~ fiprdBfigls
JIsmw sOCY] o' MCtsOCIsdodz @3 S OlsOdzdL Ols ts tafs- o3

LOydd desteB tstcdzj dzO;
ltejHAEZY jdes dMmMftsdz! L s9 Ols! HIdddBddese "™ j dizd ¢

Isd ud MClsijd3 MVifgBRLODBE Ni (MDY dz¥ ¢ tedH Oded v @-d3

zdL Oststetso f sdzd d3j edL Oydd 1 Isddzj dzO;

ltejHdEtY jdedz" | Meajdd fHtesyj Mmtse ds@sdgdztsie @k

BinOddmsdujmMSdr ftjHmMsOodzj dzd?2 & ftcj otwOh j
ded € jo3tSdzj C fder = S OlOdzdL OlsstcOr d dBsckls Br-Is!
ud medn Mdhisj .
fiLkzd O HdMMjtesOydddy &= dMMmdi H B oW®dzd
sdud mMédnm LOdbdYr 85 HAMUdydzddods ¢ sdzj Sk
BjlssHT OdOdiyflabOej daldse R dBd YU MS et YOSk Isj
foBsls” 5 bj&d HIdMMIlsOYydd f§tese sHJdzd !
occOdzls [ ddedMmilsjtcmlso O tBKOL s Odedw™ d dzOkC
"1 0kydze § ffj HEdIZzdEsyj MSCdy S OHter ddzdze61®yd
GE., uBEdkOh jddj ~14.137.21.0802 sk j3-1
ojdesmr o CwdfdjCMOT Ni-OL)sdhdH dgd d3dzdzts ® tzer
or fsdzdzj a0 132@ &2 (§ S o diuPsdGdpoy .1 . 1 . ) ;

0o dcOdzls [ AAM33137912 IsAs. 10. 2012 cuddsjL, fMls
M sMsB dats RBA3d HdB IO dzdzd dz' dz" = - § Jssif) fizj € e dz'd
dzdL Olststeseo ftoj otcON jdzd?2 dzjftejHJdzt dzr m kG dz
2013 66. (1S BbodgrtgBGBYHAgo MSCd2 1. 1.);

o asfkH®Djedgdr' 2 CtdsteOCl -~ 14.740.11.0619 f
"1 Okyde j -ffj HEDEZdEsY ) MSd) S OHter ddzdzeR610yd
Ge. Yt Isjdkj cuddalsjL, Mmbtetsjdedj, o5j = Odedl
ktcOdzm¥ stekOYd2 § & dfedziiiptse ded Fjs®s OC Is d o dz
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ftjotcOh jdzd?2 tdjWddtser n bkcdjosHBEGER SEd,
CtsotHGHE R dz.o, OtfQgtsdl .1 . 1 . ) ;

o asfkHOwmise jdzdzr 2 CtdzsteOCk -~ 1732 &l 20 ¢
RO Wdps Oc 56 d Ui MS @Oy Gdztizs 2 d (ztzePiPLB" cdg@ 2
ClOLOBBISSCO of MsSMmjdjClsdody 7 dedSj dz St
YdC dzdui MSdn kedzjosHBsHEBe d20 thdase jr -yd
ftsdzdzj dzd-20120¢€. (S BodzruPsOddy .1 . |
Oy HE OB H A 2 -¢roPEds [-0880423 (RUCL862IR-07 s
12.07.2007) c¢ttd yOfmsdy Ti (I11) d BNi(
dZd i edL Oydd d tddetsditedL Oydd s&)0 §dasge
Ctso tSH s j Bz dz. s, O tafGigteht .. )

0 Odzls Hd&Y BsdsH' 8 -1BQ M €} B®qOOC 11306 bksls

CsoHdIjdzt : 1 jlstesomMECd?2 . s.)

oadcOdzls HEZYW dBsdsH' 7 -HQLl& A1 kd@OL 091 569 ¢t
(teSsoasHdIsjdzt @ 1 jlstesoamMmEd2 d. s.)

0O cOdzls Hdzv dBsdztsH' F09ERNE6E IRtcdREOL — 702 sis
(t S BOoatsHdIjd&z' : 1 jlstesomMEd2 w. s5.)

odOdzls t AAB300518 ls 24.06.2015 ¢cRLEZW dzd

ydd 1lsddzj 20 i fsd@sh & COlOddIsdud MEda M

Hdd i3 dzso ™ B dzd 6 OcdzH O R HLPls GrdL Dis & & &g y §

l1ibseam&d?2 . s.)

[ibsHtsdsedY d &ilstsH' HdMMj tls Gnoizdzdzzotd |
desflsd MjHdddsj 2 dedSjdzv o dedL Sdnm flsj f jdzn
dzj dzd 2 BBKO  Odz¥ 3fdedV ) €, SHEEAIHECHEH B Mgt -t5 ¢z
JLoHdddMm! o ddzj tedzsts?2 e Ok Iz figh dafshif tatfzg LdeE o O C

[z dHjdsd¥dsoydd §O0tO®ROcddIsdz = fts PH d d
&zdf: d&jktsHr €1t d rRs MijSCktesmSsydd.

stsdadstetsdz  f 5y EOHRGEEHA M OH d fZtz®! 8 | d&zd mf) PO dze
stse jets ftojotcOn jddw o {f tsdzefyfdidl Isfie g iy pedfsts («
6 dzv yd sdzdz j RIS 16 Hs'te)s, o3 - iEMmEIN &ls te mfigs s d .

O dZOdZdL ftdddsts stedzj dzse  ftose 5H d dzd™H, fiffC) § ts ¢
Ny j CltetsMC s dd;,  dif)dsjtsdajOdzdi ju Bsdzj ¢ 2 dzv tedzts 2 d 3O
sduyj MStsets sy MO syjddeOdzd M §sdsh! & sk
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RMMdz Hsoe Oded ] (e dztsh jdedw L Isddzj dzO ¢ tctfo-tSH
tc@olstsC &z0o O, MdzOB Y § dzgdese 58 HOLYdJSEtsd3 ttOMatsH O

b tetsdgOyUtcOB tsIsr  d . f & esdzefifodsydeff OdzOd3 H d MG tels
tcOB Sls, o 1GfEs®Isyid2mdsj] dLHOddwWrR, tjSdj dHise OcC
s § ded § .
tdLbzdz SOIsT dmmdzj Hse Odzd?2 B'" dzd fted HMIsOo dz,
XLVIIT [ JidyHEdROCSH da MOl y &Gzt i Islg wzy v, 1
oVI Il Il nternational Conference fAMechani :
omlm [ JjdzHjdzj jomEoOw CtsdaW j toj dpydey taptdalictsH, ™ -2 Of
I mMjtesmMimd2 M Ow CwdaW jtoj deyd Vv ¢ b tsotcQ Loy digszsy
sOdzzsstee Odzgd yj MEsets COOdZdL O fsdzddkj tedL O
| X 1 MmJ esmihd 2 @WIs ddgQ i {daty S sdat j tej dzgyd v
cmdizdy d rddduyd MEOw Isjmndetsdzsedw © mml o,

(@)

(@)

(@)

o X111 [ BdzsHj-§ d@VY | 8L degaPy j ¢ ¢f Qolssts @afp'dslz” s e Od
Bdde, 1 BoasmMdedtemEc, 2010
o X1 1 1 MmJ tesimmdiR Q@ Oly d WzOnplysias ¢ sdzW § o dzyd - Ml

d2' = M BINHEZRZOLSHA & EZyOmiksdjd cmddidw d
stsd3m<¢, 2011.

Ml mjteshmid?2 s ow dOkydz®'s dailzth dizs e ' 4 dz@g d3f ¢ s ¢
4R,1f ¢: dMMmdzj Hise Odzed W, ddedetso Oydd, Isj n datsdzt
VI [ iYHEdROsH 209 s dz@QizigazB8wY ¢ tsdzW § tod dzyddv- ¢
yd mMedy OmMfjCilsr wOLoadlsdw MmMtoetej dzj dedets?2 dzOl
o XXV CtsdaW jtoj deydw ¢ utso te]j df)edzdz@siz Gfdfipd, y j 2iPC1CH’
o Il School for young scientists "Magnetic Resonance and Magnetic Phenomena |

(@)

(@)

Chemical and Biological Physics, Novosibirsk, 2014

V M 3 dzOtc § OdWIsd s jmMmhstc® 5. rR. [ tdOC 5
tcseo: BGls WikdzH Od3j dzls O df* @ CAls dofufig finck jdHdts otf Qaigdi2s % €
Bdtem¢, 2015

[dudz 2 9C d&zOH OolBO.

bolstfticd dzd dzOdz OCIsdo dzsy bkyOmilsdy o  dzOdie( tet
sOdz! dzts?2 yOfMmlsd tOBBIST . o¢olststetsdz dzd ydets flssdL
s n o twOBBIS] (i dy&iddd s Odzedf &p dz¥f, H iodraf i dzdzQ ff
qdzis j of toj lSEfuidis terso . s Ol Oz § U s Odz) dzdj c{ § M
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ftcj otcOn j dzdt RZOBE® tocfjaf MEOPEBFL OFfttctso tsH d dzd lin-
dzs ) stO2¢CdomEddz 1. 1.

polbtstesd3 o' § sdzdz dzd )’ M PEOWP e dgj NS UF MY J toc
dL zydfafdzd s cdL Oydd 1 Isddzj dzO dzO@ C Ol OdzdIsd y f
dd S jdzv M Hdddiddeser d©3d dzdec OdzH O3 (9 € dz¥ yOW
Clid jSbtesmMSsfdd d frilsr §fH HO8 dzj dzd j d3) .

l"Bstc Isj B3PS Gydigdgdzsc s d MMdzi H 59 Odzddzldej- f t
ftoj soydw My j CisteasplziH j dzd JO YstORBUJ dsdz’ » tc O zd
sjtedOdztse HdzW 2B dZdCOyd?2 o' f tsdzdzj dztse rintfste difzind
Mo di3j Misdes M kS tsotsHdIsj dzj d3.

RMMdzj H tHfotddmisiH " Hddd@ddzBw q & O =] sfidctso s H d dzts
| zteddesody 1. ¢.

stz CIsztc©® d tsBi jrog mHnd fisfipOmylsf@y dipismistsdils dt
or asHtses, MEIdMEO dMmf sdz' L so Odegeted Oczd & Gi2OO WY ts
Isj cOlskztedz” 2 &L EBELIS pHEBRSBERBEZJL Mdzsy do hhd-m ipw
dzd?2 Hjdz ftiHMSOodzj dzgd?2 5 BB sSHOR OCISdhp-Oy
LOsstetss ftoj oteOn jdedw dzj dzOfr h j dzder = kG dzj o 51
WEdeS ydsdzedtetso Odzdww € OlsOdzd Is Qe $ dzg ¢ this[thtsrj jd3; S
ftej otcOn jdzdv yd¢< dzd vm S GE 2 fseap@aPzslomy o ' des
sz tejL lzd sOI" dimdzj H wetejded 2 fdis tirhRy Ot etdDlz igHf Jddk
ssHdS¢d ftesojHjddy COOddsdqui MSEédrs d fgtfi DOls
sydmls¢d ttOMmMbotstedlsjdzj 2 d ddzgj telsdzr = cOL 59,
Ctdyd HAMMJ tclf @Y dzey g dggisislsstes j MsHj ey dls dzj €5
HOdzdz" j: M jSIter, M ftdkshi v Colsster n ff te@9o s
hjddw @OPdzdfgj dz' dzlzs IsOBdzd ykz ftetsHEZSC Isd o ddis-mls,
o) Ctd@fdzj SMtse dedC jdzv M HddBddetser 3 dzif ®-O det
dzdyr MCteoh jdd?2 SCoifdj CMse d M j Sktetsea (1 ¢

rdmmd tlsoydw 1bidztsp @ O&20 BON d dats ff d ff dztS8 Gefis Ols,
yrdested mizdglosign j elsOydw Mmtsmistsdls dL o9 Hj ded ™,
Bj dzls Odz! dets?2 yOMmlsd, twjLikzd sOlstse d dr- Gedirkzy
IsjtcOlskzter (265 tod kst jided§ sa Odzd BOjIs 14 fylstcOda
HEY §tzgedz’ dzs BysisPeyzfls ™ d1 B) e digdalSd . d Mg &
dzz ¢ dzz 3 s Oy dE .
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LIl odige It rfrrwmovfcirmegaf (rf1oVRRE [T 3
psuvRIV SRS [ [ ?8 [ V1] sev3Mm[RYOU[T [
(JrRurt ouvuvt1r 38 Ja1dt)
11, t jbtesmMtf jSIsdoa O tOLoadIlsdw dzd ¢ jtfdm jCoaidndgdjdRdf
sdzj W d dzts o
1l O)ydzj 2h j2 ojrats?2 o dhmbststedd wWOLoadIsdw =~ ddid
tcOBtslIsT s. AdedzjttO d . 1 0Ilsr, ftedoe j HE-] ]
tcse dz0 thdzse | Ctdi3fdzj CMtse § jtojrnBBHd 7 3 IsC
Bs & dzv tcdzs 2 -4HOMnr a s Jl wOLOBBIKEd L Isdm JK-Ols
ded 4 ., fosdzzydeh j j -\ deGjei@dddelyj deddgd Shjddef 3 j ded v d3ts
ftoesHECIstse tsdzddizj tedL Oydd (ot dztsls HE ftej dd
Efmdzse dd dzOdgddedd? depfstijnadidz © MmdMmlsjddd [ 1] . vOE
sHdzdd3d dL fHjteer a dzOM dzd Htedd3d dzj dzedj o CAISO
fr h jdeder 7 kEZcedzj o sHtStesHBe, Mt oo wmy AW g RiGW
I dzOfmistswh jj otj &g dad ¢ j dz § sy fidp K &) ol sy @@
qLtsdBj tedL Oydd BdzjWddtses dJd&kjetls BBetetdids] L dzO
o dzgd BOdzdj] OSCOHJBIdYUjMSdre dMMmdzj Hs9 OIsj dzj 2. |
ZzOdetsdzj j 903der j dL {1 Isdm ftesyj mMmtse.

111 [ dedcds § sdzd Bj e L Oydw 1 Isd dzj dzO

RMswigHSd MsjHddzj degdW ded ¢ j dzv L Odgv dzd ded M Iz
sdzdetsdizi edL Oydd tsdzi W ddaetse [ 5, i6Fhell Higher Plafid Pré: ts s |
cess(SHOP) [ 7, 8], {§ L otsdzv s h g dzjf WsdalimedssidProcasdoiizj 2 «
fsLotsdvs N d2IHBsBthu @lgd s fatddddjdore). dzCr Ifd df tetsy g
hqesCts M tsd L ks lsmw o fHtotsdyr " dzj dedetsmisd:- Is
sdzj W ddetse ) d iPAGRY istsjg) dpddj dgzO0 M ¢ tsH dzv M ded 2+
Bd dzdzd s dzO© Istsdzdz © ¢ tsH, difLted]ldidsdgztsoShell 6 1dBAsde@stf iz | ¢
ZsoséGts LOoatsHO dzO 200000 Istsdgdz ©¢ etsH [ 10] .

lfjteoar j otsL di3sy dzsfmis! §tsdzdd3i edL Oydd < Isd dz
M2 § i3y dzj ¢ M-8 cEggdtdsdddnsfi s @ Bdztzis © d3d dzd ¢@-dzH
z0 1 . SO2 ditsd] L 1], (€dszy 1) . vOCY] 5 02XBBA
o SL d3tsy dats s fsdzddzj edL Oydd {Isddzj dzO M f sk

T &Ols BaBdkd ¢ OdzH O3 (W OCIsdyj MSd, OdzO &HORd y d
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fesyimMmoO) [12]. RrRMY Sd L H0o0delgdj< jordg"? IO ddyisiy' t
dzr 3 R~ j &zZOlsdzr 3 P2 O dzd e OdgH OB sz yd dzts tc O
[ 13], WOCkduimSd §odtsyds dOyOUSs tcddi »lsf@@d!
sOdzd L Osstetse ftsdzd i3 edL Oydd + Isddzj dzg@, o frisdisjdajfrids
Bjdet M jets MesHMlsoa O dedC jdzw € CdMmMdzstesH 2z df-ts

ZOkd) . CIsd COOddf Pesstich, MtshHcdadth) cd stso Ols
Mot dzsd3j @ WEc ©, & & dz¢ yd sdzd tets o Odstf dztels ' tslmy toff
edLOyglsddzj &zO0 © otHds?2 MtjHi M § csd2Wj &djd
dz2 &3 ftcj dqdisgzh jmMmlsotsds sOSCdr dgj 2IstcOdz! dz" = € Ols O
dzdr MBS OBOdZdL Olstc® (dMfsd LEkjlsmy Issdz! €5
SBWLOIsj dz €820) SsB@aRAB®YJ OdzdL Oydd +Isdr ftetsyj
o MsCdd odgjudd ydhmdzO B STONE] RS s dzdo
stse jidedzts sHdzts?2 MtejH] . dad BOISdydesy dL 5B O
COlOdzdL Olsstese IsOC HzO lf dhf O 1 q&mwm@g;msz).

th
N

",’Ni/ \

\\/\ /\
T N(TMS),

™ r
t dmf Miesode § bdfr ddCjdzjor i ftejHhjmoe j deded (BMS=C OlsC
SiMe3)

l MtejHddzgj] 1990- ctsHBe BfN dzd wOL G OREOdz
tedL Oydd 1 IsdddigjedgO SdEARY tzfp ¢ Mso dzd € j dzw d f Oc
B A(fiff &3 dzts) § dted H  datso "-2BHI o dzcH 0@z B J[d2 2 Isd M d f
zdlsj cOlskztej dzZOL 9 Oded] ¢S OlOdzdL Olstster 1 ol MOt
1, ¢od3fdzg Cfyp 3), OFIsdeeCiimitsupj Opad d3d b | dpEi{dftefiei
[d[), fJteswodwels of MsCdj OCIsdo desflsd drpls daAffts c
Mo Odsd 1 Isdr COLOAdIsdyj MSdr MdMmilsj d3 Wi dpks Is
dzj dedesflsd f sdzzyOj didse s ff sdzd d3j e O td! ¢ totiso OFfzdlr
dzdw OL slsdetse s dzde OdzgH ©, O OSC Y J YtejL o yoO2 dzt
Emdzsedw sy MMO. 1t ddzgj dzds Oolststetse 27
dzj dzdz’ § EMilsOdztsoifnds dzslzOud(ts J sl laB d3j dz' 96  d3tfjoj © &
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or M tsets HOoadzjdzgdvw. 1 4 Stslsster 2 dzj HisMIs Olsds-¢
BsmMisd dMmMfsdz L so Odzdw Bsdz! " tsets ¢ ts dAd:Nj jtsh§ Idsodads
1000) Hdzw HBMisdYjddw or MsSCda L d2OyJ ded 2d -O€¢
Isd uyd MS d2 !tstistsy jdfjiy s(lsOlstsE wodzw jlsmw- O Ba@GH. fi
zzyj dz v H LOB] dstbo OBV jj otej &3V i O upg
DuPont

112 Y tcjotOh jdzedw yqdqSdzdyjmédr HJJ dztso

AqCddud MCdd tdd ¥ dd] tsdzdy dsthdsdy jdagisdnis dms § H
Yj dedz" i3 JtesHESCISORBd BteeOdzduyj MSBets MmMddasg L (
Mlse j dzdzr = d sOftsdftodia i Qe f OtcOIsse, tj Oc | dzlsts
0’ MEC Rz Cdvtedr 7 yYydC dsmtH jtey O dr  f sded s
sOBd o wWHPREBIMHYF- sigfdzlsj L s [ 6, 28, 29] .

t OMmMCter sdj odzzlstcj dzedzgdr HoOB2der 7 MowL j As-B5d
Y sOdzedw dBsy jls ftedesHdls! € Hokdz f tod tets e O
tetso Odzd ¥ dzddzj 2 des? yjgfd, MmosHjteyOhj2 ydsazdy,
Cbttets] MsftcsoyHOjIsMY BteOL 59 Odad]] A tdf dshybis(]
dzjdzdj). | dsBBdE MAEyOj, tjoCydsddzow mnf s
Yylsts odzzlstej degdzdj How2dzr | MoewrLd BOdsSOCIsdo dzr
ftodtotsH .

10dgtgdztej OC ydodadesmf stsedz” d3 d dL zyj dedz- o3
Bjtesd Wodw jlsfw dtsttBstedOH]jd. [HddE JLiEy jt
BStcdzOHd J dzO o S tsBteH d dzOy (d tsdzdzts 20 drid) dgtg dzl4f, j @Y e ck
BBISO [30], 9o (bt OobBgic@Gid W fisdgkd tcs 630 dzd
fdzj SMO 3 jdzjL O ) destceStedzOH] j descds, o' Miskzj Oy
COshow fp LOBjIsdets?2 OCIsdodesfls! 8 fted WislstsOCL
HjkOd dzs 1 5O COlOddlsdyj MO &g dasandd'd dJdzstist
tcOmMmMBsslstej dz@ o tOBKSIsy [31], CGHJ © 0OdzOdzse
fsdzdyd S dzdud MScdj dzOfm" M jdede” j-yffczslf G Misy a o

sOkOddlsdud MSdd MmMdMmisj &3 dzO Mmdtsej ¢ &eBY d
Isglesmis! d fmjdzj Slsdo desmils! o yYydSdzsuddj tedL Oyd
ftedmizismisodd ¢ Odtscej ded Hidlp',~n FilssigdodgdSL firfitets o dadiidyg
dzd e OdzH OB, FtesdmrassHdls ftesyjmm [2+2] yd¢< d
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feslsjCOjls togdEaEs0dy jY&s OttsiOlsdyj MStEs § o
OCIsd o OBGRLNIBf, © COyjfMoj MECOOdIL OO dfi
156 0L Odzts, ybsts BOSMdizd OCIkde dsmisd Mmdmis dsr
COOddL Oste® d fkhitndsoh) datialsd § jOs®© j &5 dzdeqQ s :
Zdd BGdjj EY"cESEEs osfMikOdsodlj dv, dj lodd

®BjtedL Oydd f¢wsarhoOjlsmw [33]. | dOudlsj d dgzs

dzj dzd v ftesWodwels COlOddlsdud MEYE dfhdintHesd
EyoOfmlsdy M OlOdkdL Otste® [ 34, 35] . R & dzdlzets ¢
9" nsHisd3 ftesHEZSIT [2+2] fHtdmtsjHddsj ded W .

1 SteBtstedzOH  jdz WodzW jIsfpw HEBMIsOtsydets OC!s-d o
dzts? Mlsjtedui MEts?2 HEeMisktf desMi$d dzgP€ts B g ts2 ez B
yqedsmyj sO0ddwy ydsdzstsdjWddss s Mmaj ddd [ 2
Wodzw jlsimw o L dzOydlsd dz¢ dets? fMisj § j dad ¢ tetsB dzj d3dat

rdzv Btdz? "ddzgmlseo © yds dzestsdzj W ddetse f totsH &f-Is T
Ud M¢ ddsd ¢ shydzch shydodslg jda! @z, §lilsj i3 ¥ slstsn d Bd:
dhf sdz LtsoOdzd] i3 S dMzslsdetsets COlsOizdL O. 1 J SB
ftesyj MM sjtedsd yj M sets yYydsdzsmsyjsOddwy - Otk
[ 36, 37]. [ OdzdzOv f totsB dz[p BB a g i dzgzO d sldAE s SIS
tcOMf ctsMistcOdzj degdese s o d3J Is O dzdzts te ¢ Oylzf] udr € AsIQ O HAC
tcOBBIs] [ 9] HeMisOIydes f sHtotsB dzgs d MMdzj H@90 O
HdJ 20 dz0@ Odzdzd dz' dzf = S tsd3f dzj C MOR OdEff ¢ JOd® Josxf-OA |
dzizyj dz"  ftetsH zC IsSCODH d e3ff g € @&§ g dBydos]tizis & ¢ s @nd J

2).
< Ni—X
_|_
AlX,

t dMRLBXB] tCODYEOsOdkdL Jtelzj BOW Odzdzd dz' dz' &5d € s5d

I s EfMlsOdatse dzj dzs, ylst f)dfndei SO ofdatssiyRe: dzw
s 358sPHez (o' RtsH HE 96%). [HAOCE, | fdd
Bjlsddl sy d 0, &syjls B 5! - HiSiisCdts dHjadz. 3 ©
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1.1.3. I sdzdd3d edL Oydvw detsteB stedzj dzO

1l sdzd dzj edL Oydw yd ¢ dzdyj mMsdn tsdzj W d dztsim =
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Ndisw dzj f sMtej Hiisp gedade® | o C Pls@aedf | BisBIEO ( f 6
COOdzdL Ols 8", 188G dts f sdzd &Bj tedL Oydd [ 13, id6]
situe jLEd O] OCIsde Oydfidl) d i t rsdEsD @ € s dgis& DY
Odzt iz dzd 2 stec Odzed yj MEC drtctmdr! H Y izl ef 2 = & Gf) dlgO I8 t
Motsds Oolststetsds 8 COyYjMmlse] Hdsteses Odz$ ddz' dzr
Mdsr Mdzj ShsedY Stk Missdls Sdddy ¢ ¢ sdelcshe] | dad
ftol Hf sdzOG OdzsMCl siggtftclind B pwis jo dig jfLslide jlsiGnlse j d
Hj2fMlseadY ftjHh jMise jddzdC O COOdZdL Olststc® fy A

[HBOC K, -jijhdswr 70w e ddzOfm! MmMjtedw ©OBE; |
s, vyt Mdhlsjdr, chdse Odadz’ | dz20 St dzj § MOF
CdMmdztsls OB Is[OCsIBMABEDE dz4IBr;) , Bsclkzls ftotsw o dzw Is
sdzj W dzse B hks OCkdedsfmls: , yj & Oddisc d
Metsd MENfEOdR] dsdsted® OkSdd d' f ctkzff. aA- f
ydlsj dz' detsy Stdzd uj mPPaztlzr Bz s s @B [ ts getizh Miso s h d -
fjtcj i sHdEEtE &BjlsOdk&zO o 1lkdr bkhmassdw: Mmef
5 ¢ d fndzjNigd0j) dNifl) ts, Clster 2 MlsOBddzdL ez j sfqw 9
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CedRRf dzj SMseo. v OCdd3 sBKOL SRy Misp i3 My H BE I d ¢
G fs, Yylsts meewdz) ey Is®tkdzdzd C OjIs oMmdzij HMmlsady o
Cdif dzNRImtsty MEkze MistcOls s d3.

[lsmMElsMmMised] d sBrBHdE@sMIsd dMf sdz’ L s Odzd v
COlOdizdL Olsste® W o dzv j Ist® Is o jOIs) fighs edz] Wi¥ O Aslds@dscfiis iy .
B4 dedz" i3 Ctedlsj-cBds@ewdgds sy Mnse o L dzj
dse s EdazEyh jddwyw 1 Csdsedydshisd SO0OddIlsdyj Mf
dmMf sdz' L so Odedw™w Hteddzydf tseo - fl8IE ] ¢ ¢ b dzthdstisds o ¢
HOdzdets?2 Ctsdzyitfydi2, o COOdzdlsduyi MEts?2 MmdMmlsj
(MlsOBddzdL qteso Odzdzr | bkcedzj otsHtStotsSH dzm B3 dzd ¢ O dz
dzj sBRrtsHdd3r § Hd&w BiMfjyud ddw MmMjdj SCilsdeo dzsfls
dzj sBrtsHd®Bsd Stsdzdyj mMsej. 16 MtcOodzj dzd® Jjn-
fMlsej dMmnatHd n MY s fiyise daslzfmy NSOl
LdzOydlsj dzt des fdedL dls! Ctsdzdyj Msots MsC Ol Odzd L C
dzd ¢ OdzH O.

dyjdz 8 wOLoadldw HtejHMIsOoadzjdzgd?2 B O®isdo
dzr né COlOddlsdyd MS¢dr MmMdMmMisj iz Hdzwy o otc®@h-j
hj2 toOBtsls] B" dzd Y tsMmlsOodzj dz@r Mdzj HEzeEhj L OHC
oRLEZUdI! WdLdudRdddgd) ¢ Y i3 d B lstsis@dq sHiwd

ftcd OCIsdoOyfigmtdi #§ GEODEAG B j L OdzS d zBFREERE tC d f
oRfMMdzj His9 OIs! OCIsdo desfmis! ¢ B jLBEZ G ExidzH telgs@ @y «

ftojotOh jddw ydSdzduyj mMSdr d dddz 2dzr = k¢ dz
oRMMdzj Hise Ols! dsj = Odzd Wk d dpitgH af W dfcf) d tzéh & O ded P-A3q

MEs2 Mdmisj 4PRL BE( COD)
oRMMdzj His9 Ols OCIsdo dztsfyls ¢ Ols B4 © FOLAR i) G151

DABiUHddd&3ddztso ™ 2 dzdcOdzH) o t6j OSydd f tsdzd ds.
oRrRfMMdzj Hs® Ols! tetsdz? Ot OBROG dzd Isdz" = € dndilgl) tc d3p

ftesyd MMOr Wotedddteso Odzedw d WEkdzC ydesdzd stso C

tcs9 .
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L olIpSsal 1t RITLUO[Y2QupL?

2. 1. [udimikCO twOmMlsotstedIlsj dzj 2, tj Ocj dzlstso ¢

stz sdz, [AP @] sdegydh Odzd Bl ftodd3j mMi?2 MOLET
ded j &3 R MGjidefiglalets sts?2 HBs Isjn ff Sto, fsC O dgis o C
Yo jIlsdets?2, ftsd3r o 0Odzd o tSHES2, tcOMmlseo stesd3 B d G |
fwisdsSCdm: ¥ WM steO, §jtojcectsdw dzd dzOH dOIsted
dzOH d3j Is O dzdzd y jofn CQ@lagiz toifpisjtaafjj defasshisiataQ) .o 1 Njdfjtsdikte §
tcjH dMficd LtsoOddj &3 bdkzkzsd (BjdL sdz) tsWfh ©
fsdz LsoOdedJ B3 MY 4 ydodz! dets?2 dzOMOHECd Hdzv iz to
sjiLtsdz MmN qizj thifzzsdz § Ptzg ¢ B dzie P dr g o dz@H- €
dzts 3.

14 SMo® 2] tuydh Oodzd ofbstewrndo Odzdj &3 Mts Mmdd
OL Blsdets?2 -F d@as®. 2 mMdzd o wWOMlsotstej B dzOteRy d ¢
tcdlsj dz ®BtOBOIsT 9 Odzd ¢ tsdayj dzls to d tsad@ dzdaizteP Ot
M todats 2 Cdmdzslsj HEts Ijnrn te, f5C0O fjtcdd®dzc (
ydd dz0 sdzj W d dzr . t OMmlse stcd Isj dz Ish Olsj dz¢ dzts
ZOlstedw, MmMEkh ddzd dOH ~dstedmisr &3 COdz' yqdj dz o
ddlsted j &3, rtOdzddzd dzOH dOIstedjor d3 L j el Odztsdy L

Clsddzser 2 [180f d cistf JEISdW JS Ols (1 dzdlste) Cdiw
(8 Bz ¢CdMmdzslsr, d = 1,84, HBotHdzd o tH?2
dzj dzd 2. 1 jto] e tsdew dzd dz@rdL O dztf y & fHPdA®r dzf B4 & ©
Isjd3 Sdfwisddzd dzO o tsHW dzts?2 B Odzy Mts N j dzsy 22" o3
G. sf{1 dO 1 ddktc easH') HAY CdMdzj ddv O d
dew dzd f HJj Wdzj ¢ &30OIs ste s 03, O Ld2dsdpSdy . dzOp dmyj SHsHIGH e
o zOEd dL OBfMBdzé sdtetso Odzdzse s MY dqels©O d MY ddz' L
tcso Odzdzse s 1 sOdetsdzO, 5 6. BOGdzd js6 &Y Mth dxdfy §
dzedw t6j OCydd) Sdiwisddzd f tBtOlsd o532 Sapsssdody
oW dzihfw. 1 0Ojd3 HSBOadzwdzd jPhj 900 dzgdz 1 Is O flzts dz
ydddi 1 yomoO d Bsletsdw dzd My dtels.

Clddzseor 2 d dBjlsddztser 2 Mifdtlsr, Colter j (I
fted MddzsjLd HAdddB3ddatseor n Mis] g eep @EY s | dz fizts &

48



rdqilsddzseor 2  Wi®%k dessolgls MBH ey Ols! o 5H@,
Hoizd Isj dz' detsets RteOdzj dzgdw) . 1 Odzdudy fjtej CdMmj
LWdweO (djmMitd S5 COfjd f ©Osd o3 § tsdzdsuj M
v dzs?2 CdMmdztslss?2) . 1 sWedzj dzd j Cted Ydsj o -t
Mmi2. r1dv dr kEHOM] ddw W HaBQ.0 fijlstichydjd 0Ol ) !
o0dzd M 5% twOMbeotstsd M jdasyd o oBHj. 1 ttsdr
ed s &5 ¢ AWy ds,tcso ™ 8 Odzd, Mih ddzd Mkl S dj -dz0
tcj G tsdzV dzq ZOH dObtdjd o Ob®sMY jtej Otd fd0.
tcjH dMyftsd LsoOddjd HdL Isddkser 2 1 W d1®3 d iz £
N dMmytsd Lo Oddd BHBY ] yd@ dz'f detis) cdR@AM d tOMiso ts
Mddals j L sds MNSOMH)d daj dizd@ dztser 2 + Wdte fjtej S tsjdaH §
lsd dz' dz" &3 tOHd S Odzts .

CWdteOls Isted¥ lstcjof 1 O detsdz®d o ‘8 O B B Bizd3( teHs= M)
tdHtsdz COdz ydv, r~Gfddddaf- oo LIOjfddstsizdz’ B Misj .
LW dwOls stejrWlssedMmissets BoteO  jtojcsdwdd o o

sted! Isd dzOdzs Bz sdz! L 59 Odz f tets a3 M dzj dzdgts G
fsd Lo Odedi s jet5 BUdh Ozd dylpgiBu ff § todsdsis izl o
sfjteOydd M ItedilsddzOds dsdded j 03 o § tsdzdaw dzcf -9
B dzd?2 dMytsd L se Odzd -Goj fadsddHlg) , tc @ fipldsaststs t§o R adsOdizd
ZO L O OwWdadzr disd o OB kzdzr . stsdeyj delstceOyde dstod
Yy meéd 5 O i3 ded® |

[ dlsddzOdzs B3¢ sObipf Sz o Odzd o odH]j WOfHso s
B hdzj dzdets G s ff @ldridh) o 5 miplOalzE ddd L Of OW dzgdzr i3 © O Bt
I'mid sfjtoydd m [¢f ftesdLotsHddd o OlBsMY |t

[ jsOoddduyj MSd] ®RHlgd Hd c@BlstsdE?2 § toslsd tcO dz
sydh Odzdm! MSOd» fjdzjds. | Olstedj o O% HiSB! G
ftcd Isj B jteObktej Cdfjdedv ftsidzj Hdzj ats. 1 ted
HictsB! RtOdzd &ZzOM! (fs@dz'OpE.cdzsdz o h dzj dzl

15y§ dzssC s OROD) dff j 64 ¢ s dzd  f SHe g 5 B0 B3R &
Bk els. Mis. ), ntOdefdzd ® ObdBsMW¥ jtoj Otd sdzO® daC

26HddL st totst d dz@udgddiidisdy, dzORdgdRldcs dzv dzd f SHiS® OF
M¥ jtej Oted tsdz0. Mtc O dzd deq OB glzdglsgg . © O3 Iz dzr
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| zZd sCBOdz M sdz! L soeOdz © o9dHJ 40% o tSHLAESE
otsHMMdeck) (BJjL HtojHOOtdIls] dz' dets? ftsHEBIse €.

2,3B zIls OdzHf dptsdig” h dzj dedets ¢ s  Aldeichd L 8 ts dzfn e[ dnN@ ts (s -L s
fsdzdzd Isj dz' dzs? Y tsHGEeBIstse € (.

Clsddff szizd d34 o d 2 Ondstg dedtsizd  yd Misslsr  dmf sdz L &
sudmis<d.

btcetsdgdh Odzd tsls 9 dzZOcd d SCdMmMdzstesH O { tsfipdzj H
dZsdzC d, LOftsdzdzgj dedzr | fwisdsCdm! &8 VWMV stO, Gt
MdlsOdd w00, ddeHd¢ Olstste Rl dsjondfQy dasdighad Is ™ s st

IMmMHji2jtcdtcse Odedz" | ff te®ff 5 & MerddsdpiBdis dz! L 590 O dz
ftcj Ho OtcdIsj dz dets? Y BHCEBISBS € (.

22 JbsHdCO fesojHjddw + MY jtedd3d dzs©O d Od

I'mi sfjwoydd d fwesyjHit fttse sHJ e Bz
zse d e dz@alddiisz z dzdzs? Ho R tolzC Oo dzs?2 Milsj € dzw dzdats 2
Coi3f sdzj dzls™ MmMdMmMlsj &3 9osHddzd dZJIssHBBR . ¢
dL L Of OwWdzdzl DB F &ZMlso dw & Y HE ¢ tsdf dzj ¢ O d3c
mMedr Mdmisj d3 Ctaiedixie d-dzdf Godz! Mg jsB tcOL dz = MOREZH
dzj dzdz" = G OL B2 Gt &Z¢ts?2 o o90OCEEB] d LPY B
dzsm! ftod fsdii3csh d BOcdzdlsdzts?2 d3j " Oz d d dBO®-G da
Zsys 2.

g JSClster Mzl 3O dzd dzO MASLQOE (cs@Bg BOFK YOMIstss
CMS8400 (ttOBtsYyoOw yYyoOMmlstsls® 9,6 1 1y) Hted Hdsj d3
dzts?2 Isj B jtcOskte] © OB kzdzOR HJOM] Istesdz 3 d3d3.
Il COyjMmlsej {1 IlsOodn®@p MBI sizh L o OO EDd3] st toj H
fs ~OOSIs] tod MiSLEgoy dzte® EBHE S BOBOL 1, d L OIsj
ftiocdjd3 odLEZOd dtsets MftsmlisOodzj dzdvw Isj tstej Isdn
vittejlsduimidy MfjEhte’r wOMMUudlr e Odzd (6 G
l 4OtcOjo" d3 d 1. spdzyf Gs®@Yyd*e d3sdetsea  Ni ()
ddzlsj ctceOdzt dzr | ddzelsj dzgimdoe desmisd dMmMmdzj HEj BBE S
gqdzsj ctcdteso Odzdw M j CIstcO® C1 . 1 €COyd Misedj- ¢
fls © dzdz, AGHBIS O
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affi Clster fgded 3Oz @ d MR H S Is Brikeg A\AMECE-600, Bruker
AVANCE 5 0 OBruferAVANCE 400 o LOfOWdzdzr 7 o 90SEkbkdcgj
slsdzj M dedw Mdce dzOdztseo d ddzlsj teff toj Is © yAPH, DEPT,j ¢ L
COSY, NOESY, TOCSY, HSQC HMBC

s ®zj B Olsj dz! dz' ji digfdgOidisftev @z@! Rs MY Jj S st sty
80lto IsOB dzjHBE OnY tefjLmse Odzdz™ = © ddaj telsdets? Micy
d3j X dniSets € dzO d3( .

O ZOdffiLstsH sd3f geawsH Jdzd dzO0 cOL Y JHEC sMisdzets d
f ZORiddaddix] L @y Rs ez Isj Slsstetsdz (€ Of d dzda). fomzOy OO dzd
zdftetso sHddzd M dMY sdz L BhimadaGEMS2019RIUS s thszERs s tg C
Gts dHj dalsdydes?2 COf ddzdzw todets? G sdztsdzC 52 .

ltojotcOh jdedjy yYdS dzstsCIsOHd | dzO tog OO g dits fiptidj- &
sdtclzj @3 29 MBIMBEMW j ] OtectsdzO® § sd3j h Odzd { fig-m dz.
so stedlsj dz' , zOeo jMCE SR dzj MO ded S jdzv d 1
ftosBC 82, fshijhOdkd d@O BOcddlsdlzy do&jh O0dzSjz-
hdoOdzdd. sOYH'™ | dzj MYtsdriclss ' dzdiddr s | 5 Ime DAz
ootsHESE 9 rnteBROSSctOW rRtOdddd o dGttsL dqakz dz
ststc tOL &ZOEOdzd oBHB2, B®lsHjdvdzd ttte Odd yj-mMe
fMlsr &3 COdzr ydjd3z, HtwsHkzCIs" o] o tcQhcj dedsvdzS tjds Hf ds
Z d3ts d3.

ltojoteOh jdedj yYydS dzstsSCIsOHdj deOj dad
Ltsd3, des ® COyjfmbej tjOCydoddesets MsmMzH®- 1
HOo Odzd 1 Isddzjdz dL BOdkZzAZSdO f tSH HO8 dj ded jl@z O
hnlse dzw dztsfy! fp fsdzsh + 8 EOBRMED B s to fatizd s H & jBE §
nSHdBsSEts HOodzjdzgdWw o ®frilsOrn M HJj2Ijtetst Isd d
B sOdzdzd yj MSsds f Odz' yjtsBtcOL detsdz MtsmbkzH j, HdzOE
totsy dets dzO G to jtotdrdtc s OWAg dzlslzOctcj 8 dzO IsSOC s B ot
MlisswWdzdesy] HOodzjdzdj HJj2Isjtetsi Isddzj d&zO o MmMdMmlsj c

1 sdzd d3j ted L Oyd v I datsSias Asctaddiy) Hdidgdszdre 12, dz j LAY wisdzdzj
sz f smdzj Hso Olsj dz! dets Y tsdzj h Odzd dzOo j MC E C-Ols
tcOs WhktstfdHO BBKO. IMj COOddIduyjmMSdj 1I€-MY
detsh jdzdd NB: Ni = 5000, NB: btdkztsdez = 1.t-f0
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MsQoadzvw zO 50 ¢. (OMydlsr Sddzilsdyd MSdna HPdzdz
d34 dzls O 3.

lted ddzj sdud MBdebH 50 Odzd ¥ = -M3) B b ists g ey fscia] L S50
fteslssydzgzs C¥ o9 jlskz dL KBr (0.1 &) dqdzd ®-Ols
oz COf ddzdzw todets?  sdzd !t Isddzj detso ts2 dzdded j 2. [ J
Adteszdyydw o dzddzdd MY J ¢ Ishjdds dpjsdimfQ’  HetdsHdde g
Gsdetsdz, BJL ftoddj deJ dedwv COCdm dzdBts d3j » Odad Ud

IwirSCothlshsj ewdzd M ftoddidd ddidB3 odMms sL-ddd
ndzsteB j dzL sz, U j to d3tS G to OfEUO dzdfitd it &V hj fof dA @ @A diats] s
f tod BNetzgchlupiterSTA 449 F3 ftod MEtsttsfisd dzOctej o

skzteBdHd®Bj Istcdyj MS s Isdlstetse Odzd jRr L to Cfrf@slni@sizfs
Mes2 MdMmlsj 3" YL ©Oeader § ftesdddyklsCd ote]
COyd mMseaj MOHJI8jzdzO dzis zB O & dzvtziztelg W&t @ dzdine | fststf dol
fsiich 1 8 WislstsCtddsted i3j ste©® s A s

Il sdzd o3j ed L Oy d Wl 4 hisoAfipigapizoH. | L Of tsdzdzj dzdz’ 2 Ot
0o jMCz HtojHN jMiseojdzdzed SO COIsOdzdL Olsstc® d
(dzdets Mk jdee de ) fJtcj dzj " Chimhi Maniclazcssetlfis Ots fs & Tt
tesds dL Boteshddzd Odses Misj ¢ dzO0O B j ddsdie 3 0
v dzd MsC OOdzdL Olstste, tOMlsatstc HJjcOL dtetsojOCdzd
dZsdi3 PHEs2 . 5 Olsds. RL®Bjtejdedy ¢ 56 dztsh j dzd tzts iy ts o tip
Bsh 1 8 tcOfMnBenkiDEERDOW, lsCO0dzdBteso Odzdetse 5 j ezO
dedw 1 Isd dzj dzO.

I's dMmlsjyjddd 30 dddoizls Oslstst zOs o9 MStgr-90
dzedw o MmMdMmlsj Bz dqLtsftetsf OdesdzO®. I r f Oah d2 Wcd
BOo dgj2dzd@L tslsdzets? CdMmdzslsts?2, tOMmbsoattetsdy h j dztsyd

tomudlr {tdjtedd d SfbdddLOoydv EEddEwe
zdf! M fodBsh s f§ cEGRCHVIRB@EG o wlid@ dydIspg TdBea6mM
dmf sdzr L ©aA@ dzdcRidge@ution of the identity appximation) f dzv  Ols t§ &3O
dzv dMmf sdz' L 59 OdzMTFZVAPO L 1 dgudzr B fn) 2D dzded@TZVP.Ols 5 di3ts 9
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2.2. 1. RHjdaelsdWdeOydwy ftesHizCIstse ftojote@hj o
¢ 2 MfifOOP)IFOEL, [197]

] te5H Iz SNMR €2 (100.61MHz, CDCl;, 203K, (e d 879 1 to d dzt))di=dzd d
50.90 ¢, *Jc = 132.85Hz, C1), 134.68 ¢, "Jcn = 160.68Hz, C2), 129.55 ¢ 'Jc 4 = 160.92
Hz, C3), 41.25 {*Jcy = 130.80Hz, C4), 40.40 @ "Jc = 139.46Hz, C5), 35.92 { "Jcy =
128.32Hz, C6), 25.46 (*Jc = 128.09Hz, C7), 32.56 ( 'Jc = 127.41Hz, C8) ppm NMR
H' (400.13MHz, CDCl;, 203K, (tcd 869 1 tc d dzth) g=dadLs (n, 1H1); 5.55 (,
1H2); 5.49 (n, 1H3); 2.58i 2.63 (M, 2H4); 1.962.02 fn, 1H5); 1.651.69 (n, 2H6); 1.29
1.39 (m, 2H7); 1.421.46(n, 2H8) ppm [198,199.

MS (70 eV): miz (%) = 51(15.3), 65(15.9), 66(44.2), 67(43.1), 79(100), 80(86.9),
93(31.8 ), 89881 6dz8RY|tkEdN.

] totsH RSRIgkY ste3OYydY BslffpislsfiziSdljls 920G OL GOS
SBKOL sd3, B dzts 2Ekbaz] By &zQldz ZOBYtso ff j o™ jJ  dz
Hiso Odad 2 2Btetwim zeCrisH j dzj dz © ddzH d o dH ZOdz' dztsd3dze d +
ds?2 90Skbdds? fjtjetsdSd d Htsmdzjrukzshj2 ¢
1 Odetsdz! hz¥ € sdzy) dAfeOWOGLHERFBES OO yY v j i |
cOkztets? SC-100% dzdf W2 Bk@8 Gls. fils. ) sdzzyj dedelz® WAOC
dzd dz0@ CodtsdzSj M MdddS o dj did. 1 tdzkySams 2
mMsmistsdls dzj d3j dzj 4 Ud B dzO 97 % i L2A dhaB b ) di tsHs ds bt
hjdgd (3:2). tOLHJjddls! §odazuyj ddkzs MdjMn!'O-dBd
sscteOW dd dOd dzj bkH Odgtfi<.lstcd dz@azdsrBjdestisyectzistl GridT
sdls!, vyt dOBtstc fditse wls dtsdadL Jtese Odzadz” =V
dzj L z2Oydlsj dz' dz0p dztic@O A figf W sedzdz! S5 o Sl desmdls j
[ Odedzs ] tBfMlstwWilsj dz Mlsets Hdzw dzOMr h jdzdzr 7 yd ¢S c
ftosMmistcOdzimise j dzdets? ftodtetsH dLBdRj s, ddgjs h
MSMY §j Cletefro( 1 tod dzsyyfdddff o tlslsdH jdelsdw Jydtelzj IsmW
mz=216. 10detdzjj ddzlsj dzemd enfdzz a3l B ,dzW  dzlé v dzfif off & ¢
dsde®zf) 108 MsMisOoadzv jIs fsteW HS O 218 digzy BYJ d
C SHAdsBz L Hd®Bjeses yYgC dists Sis{dH RIOS0R,tc ' LR
Yj dedzr 2 dzOd3d zZOMM M jClste dzj EkHOdsM! B2 Is
LOn HOOZHZ =~ [ 2
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1 ted OdAMSHYHLIISIsteO® o dHdets, ylbsts 4o dydsCy- W
HECIO ftosdMmMatHdl ft5 fo wdgjwals HiP Ry ddetisty f df daids@blxt
ktso WBsdj Skd ) §hdajHkzshdd skhjfdjd]jd% O
sjtedes Hdzv ftsdzdydSdzduyj MSdr dOMmr h jdade 7 Mts
4 8205206 . 1 dzv H S tsdzdzj dztfIS-i tff jsidiztaltg sozdzt @ dAdfs F § endz
ded2dL zyj ds oi3jbstsHtsd cft MYfJCisteshHEEPYTAOSY d!
NOESY, TOCSY, HMQC, HSQC HMPC.

10
11

16 15

13

I Y j Cleda(jBper ) tod dzthy oA dc j M O Isfyw o OliElOB 5
Isj dz! dzs?2 ddals Bz o datshgls s tsiso | Isls o 23 dsf 2Bnes H@-dtz
ZdL dtelzj Bs?2 MGG o &S dddEB oL sd3, JdMmY sed-L 2
Mwn & MiBsedd ©OLHjddls! Hej cwikzffr Mmdaed
Colkzffr ¢ Codltojlsdesdsz v d i Giiadkzise [ dzv M |5 Qgls ig O
ds?2 Cttejdvydd o SOyjMmbej lfttOodzyr 7 sy,
d oBHBtBHO fted Hots2des?2 MeawiLd d OLBBO Ea6c
DEPT, COSY, NOESY, TOCSY, HMQC, HSQG HMPC ( f{f j HE®@C d COSY, ts d .
91939 Jl teddztsy jdzdd) (L otdzddz tSHASL ddOyds tlsdzj
HO d Obtdktses otHBSHO, MeowlL Odader = ) ded dzd .
ftesotsHddzd 5 Bh jiftcddwIstsdz-hPdaztsdst dsteislzo L @ db
s to jWHdgddz f L HYRG K jsuc OG jIs j tesW H jtodzs? t©OLoawL Cd.

I mf jSilstej RS2 fijadywHodddyjjdiiiyy ctolzff O MdzOB ' -
923 MBCslsste’ j dBsy dzs tslsdzj Misd ¢ MCj dzj Isdz o3
[207,208.

2 ¢ NMR C"(176 MHz, CDCls, 203K): d= 128.19 {, "Jcy = 156Hz, C1), 135.17 4,

YJen = 155Hz, C2), 39.76 dd "Jcy = 131Hz, YJce= 129Hz, C3), 32.58 dd *Jc = 130Hz,
Ycre= 124Hz, C4), 25.81 (d I = 132Hz, Y s = 109Hz, C5), 32.13 ¢ld *Jcy = 131Hz,
YJcrs = 129Hz, CB6), 45.96 (| "Iy = 132Hz, C7), 52.93 ¢ "Jcy = 132Hz, C8), 33.71 1,
C9), 44.25 ¢ *Jc 4 = 131Hz, C10), 33.56 dd "Jc 4 = 133Hz, "Jc e = 121Hz, C11), 33.47 ¢d

54



Yen = 125Hz, Nc s = 126Hz, C12), 33.65 ifn, C13), 48.30 ¢ 'Jc 4 = 131Hz, C14), 53.89 4
YJen = 129Hz, C15), 51.65¢ "Jcy = 132.5Hz, C16) ppm

NMRH'( tc B@p. 1 tod dztsy jMidd, §DCl, 2@3R): o= 5.50 (n, H1); 5.60 (n,
H2); 2.54 (M, H3), 2.14 M, H3 6 ) ; MIH4)61917 (, H6 4 ) ; mMIH5)51090 (n, H6);
1.16 fn, H6 6 ) , m2H7)31427 (h, H8); 1.52 M, HI), 1.31 M, HO 9 ) ; mM2H1M; 4.72(
(m, H11), 1.11 ¢, HO6 1 1) ; m, H12)81200 (h, H6 1 2 ) ; m, H13)51032 ¢, H6 1 3 ) ;
(m, H14), 1.35n, H15), 3.1 (n, H16) ppm

MS (70 eV): m/iz (%) = 55(12.5), 67(68.2), 80(71.891(30.5), 93(31.3), 107(27.8),
119(7.56), 134(17.3), 147(5.9), 175(100), 187(3.2), 216(12.9).

HRMSCigH,y: | O MiRdliSO det8 7 8 , 1 286,187260c | dzts

2 + NMR C® (176 MHz, CDCl,, 203K): d=128.26 ¢, *Jc s = 156Hz, C1), 135.02 d,
YJcn = 155Hz, C2), 39.99 dd "Jcy = 129Hz, 1Jc 6= 129Hz, C3), 32.53 dd *Jcy = 142Hz,
Ycre= 126Hz, C4), 25.93 id "I = 129Hz, Y 5= 109HZ, C5), 32.53 ¢ld *Jcy = 120Hz,
Ycne= 125Hz, C6), 45.76 d *Jc 1y = 133Hz, C7), 53.59 ¢ *Jcn = 132Hz, C8), 34.24 in,
C9) 44.29 @ 'Jc 4 = 133Hz, C10), 33.86d "Jcy = 130Hz, e = 124Hz, C11) 33.62 fn,
C12), 34.00 (n, C13), 49.05 @ "Jc 4 = 130Hz, C14), 54.68d "Jc, = 120Hz, C15), 51.63
(d YJcy = 132.5Hz, C16) ppm NMR H! (700 MHz, CDCl;, 203K): d= 5.50 (, H1); 5.59
(m, H2); 2.53 (n, H3), 2.08 (, Hz0 ) ; ™M, HH,A.17((, HO 4 ) ; mMIH55 1192 (n,
H6), 1.17 (, H6 6 ) ; m2H7)21625 (n, H8); 1.77(, HI), 1.19M, H6 9 ) ; mM2H1®;6
1.84 (n, H11), 1.02 ¢, HO 1 1) ; m, H12% 8.41(, H6 1 2 ) ; m, H13%5 1.36((n,
HO6 1 3) ; m, 214)p1MB3 (h, H15); 3.1 (n, H16)ppm

MS (70 eV): m/z (%) = 55(12.9), 67(70.9), 80(70.9), 91(30.5), 93(31.1), 107(27.5),

119(7.25), 134(15.8), 147(5.3), 175(100), 187(2.8), 216(11.0).

HRMSCigHoy: | O MiRdLIGO dit8 7 8 , i 286,18693c | dzts

rdzv  figelsfil i o

IR (Film): m=C-H st) = 3045 cil, /(C-H st) = 2940 cm, 2858 cni, ,(C=C st) =
1614 cnitt, {CH, U ) = 3 MCC0) =928 cnT, MCH,2) = 712 cnt.

1l tesHECI 3 (fd3j MY). MisjtedsdL sdj tetso

(

NMR C'¥(176 MHz, CDCl;, 203K): o= 139.17, 137.79, 135.06, 1325 ( U j lsg j to

dz' j O®MAF71, 126.07, 125.84, 124, 3B ppm [183]
MS (70eV): m/z (%) = 44(8.6), 55(15.7), 67(34.4), 79(61.4), 91(57.5), 107(34.0),
119(25.1), 134(100.0), 1736, 175(10.4), 216(25.3) [183]
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] o5 H Iz SNMR €2 (176 MHz, CDCl;, 203K): o= 26.24, 26.42, 27.14, 27.95,
28.45, 29.32, 30.96, 32.34@8I2), 37.78, 41.84, 48.16, 48.9, 127.9, 128.02, 131.06, 133.9
(8CH) ppm

NMR H! (700 MHz, CDCl;, 203K): d = 5.57 (n, H6); 5.67 (, H11); 5.72 fn, H7),
5.81 fn, H10); 1.69 fn, H4), 1.17 tn, H6 4 ) ; mJH5)51192 (, H6), 1.17 M, H6 6 ) ; 2
(m, H7); 1.25 (M, H8); 1.77(, HY), 1.19(, H6 9 ) ; mM2H1®;6L.84(n, H11), 1.02 fn,

H6 1 1) ; m, H126 B41 (n, H6 1 2 B7 (m, H13), 1.36 (, H6 1 3 ) ; m, P114)9 D33 (
(m, H15); 3.1 (M, H16) ppm [36,201-204]

MS (70 eV): m/z (%) = 44(6.6), 67(11.6), 99(50.1), 91(17.2), 107(100), 216(9.2)
[36,200204.

1 o5 H 2 GEMS(70eV): miz (%) = 53(21.3), 67(71.7), 79(100.0), 91(44.9),
107(24.9), 119(17.5), 134(63.1), 135(43.4), 173(8.4), 187(5.8), 216(20.2D(B6,

] o5 H 2 GBMSB(70 eV): miz (%) = 43(7.1), 51(13.1), 53(14.2), 66(88.2), 67(42.4),
77(38.8), 79100.0), 80(72.5), 91(28.5), 95(94.7), 107(61.1), 121(9.9), 136(1D6) [2

] o5 H &2 GBMI (70eV): miz (%) = 44(11.6), 53(8.3), 67(21.1), 79(58.5), 91(32.2),
107(100), 117(6.9), 134(17.1), 173(11.5), 187(4.6), 216(1804 |

2.3. [jltsHdSd MmddzsjL O
23. 1. wddesjL Hgd®Bddzser & dzdc OdzH 50

u d dzlNjNBB d-@,6H L 54 tetst o dzW j dzd dz) BPPP-DABP[RUFIs OH d j dzO
] CtkecdtsHddez® CdzBlz | BS sfis'dyf L G0 s sdgdf dAD1
31, 5Bz 40% otsHAdSES cddsSMOEY d 200 d&d-96
dZvesls dzj Mitsd C5 COFfjdz RBzteOo! dqdzs?2 §dMmddsdsr
v M BifMyesjldzsets dzO y jdzlsr 2, O yjtejL dzj M
sMisOodzw jlsmw dzO MiklSd, O LOLjd SMOHEGSC CslkW
s dztsd3 H ey j z8 ¥ MO dzOdzd sy MS 82 ydmlsslsr . 1 j 1
odH] Yjdzktets fsh O ftosHEZCISO dL 1 IsOdssdzO
szte® ftosHESISO YHise j G o j deGs HIEYdgdgr ligsfion &Y d
(Hdd3j Isddziv § dzd dz) H df@Ealz QO H O PdEOdkSS B t6 OL 15 d3.
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¢ d dzls NNN6B d-B,6H d dL i tcstf dlodew § G2f3Mm)d d&3j 8 dkdz O H d QPEBO
DMDAB).

J Ctolz G dztsH ts dzdzlz © CsdzB Iz y 3¢ tsfils & 150
HddL Y ey d dzO dzd dBdEOQ dzH4d, 5d20d3dz 7D, 3d3dz fMEzr se 5 |
C tsdzd yj M dsottizizfs@tdd@® dz W sC dMmdzsilsr . dwBBH | oy d BEsj- ©€
dzsH d dz' dzd € s d -udE@dEEHE. s 2R iffddd® L W Mis j ¢ dzv dzdzlz
tcjckzdzdteso Odzhw SOCdd3 B LOL t503, Ylstser sBi-j o
"ddB. tdotydE o jdzd aesyutsihsd Y sipds Y b Ode@ @ L] ]
BdMyoajlsder &3. RL §tdzkyj ddts?2 Mndki mMd 2§ Oted dzd
ftedmizilsmlis o HIQH dzQIs i o M PpRj difor jAs dtsh OH B8C BIsW d dz' |k
fjtoj CtedMmMlsOdzdzdL s Odzd dL 1 IsOdzigozfls dids tcds Hifzt€ tsL t
CtedMmls Odzdzts o .

4 d dzljdtMNG(2,6H d d L s te 5§ epdfuifidstddiaiz)O y j dAORP-BIANZELEH

l Ctokzc dzsHtsdzdzzt CtdzBlZ GBI jdB3cds 500 Bz
26HddL sftotsf  dzOdzed dzd dzO d 150 3z dzj mesgizig? Istg € g
dz2r s ~tsizsHddzr ded S sds d BOGdzdIlsdes?2 B h OdkzE 52 9
Nddzlsr 2 fotesh s tlWdd stetso Odzd dz0 o tstetsdel |
Cdmzslsts?2, LOIJdB 6 CMOdesdz. wblzhddzd dzO o 5L H I
o Ozzdgdzzs MmMEh CEZ. & yjdzrv Btsdzj j ¢ tsdzdes?2 twsydH
s fjtcd Ctod MisDRR&Y AN Ja Odegf B sdz! " tsets Ctsdzd ygj Ml

3.3.2. uddidsjL CtodfdjSMmse ded S j dw

t# d dzld\j(COD), [21q

1 mj tcOB SIsT i tc s 8 EsHj YAlslhpvdzts §dg=nW gz jo gakls ND(scd(s dzO
Htsdzy Jdz BT Is! fsdzzyd dz dL dzd stc OISO dzd € § dzw ,
MtsH j 6y OISEI. dzj HESO

l 120 @z btsdzEsdzO ttOflse stew & IsNi(acd),, 6 dalzts Gy
tcOMmlso tstc dzOGtcj 9 Ols Hts Cdif j dedWvQS iz jciiz® Isz0 €
tcOMmlso ste HAzw EZHOdzj dzgdv Mmdzj Hisd 9 ZOGd ( OL J BIs
tcOMlso tste tshn ZORBAHISMW OFRBEZ&KBGO L Odzj dzv s Is dz0 Otsc
f) 2O Y © dzGCOB,, 20 gdPIls j &3 MeOL & 0, 82 iz dL & fteH &O
1015Ae, d ftd kB2 Isj&fjtcOlkzic] ftedSOfr o0k

AEt; © ¢ jSMOdsj. 1 dzOyOdzj t©j0OCydd vysojls ©OM
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CtcOffdetsd ydzd o7 2 oy Vv y2EkOM2A 2 . ry dzls' jints @ igt§ fy | €
Clif dzfi€C@D), T o f OH OB Is ofmMj eHO. RdzsGHO Is
srdOYHjdd] YdHSdB OLBltd HB dddd BOdz! dats ¢
fMdzj Hd s YlstsB ' dzi ftwsdmMrtsHdds CtodmlsOdzdzd L
9" f OH j dedV Ctod MisOdzdztso -I55dme b t© O HzGrddgddedz™ It tdf d
tcOfMmise stcd s j dzw . [MOHES lsWddz steso " 9 O8ls o  (
ffkzh Ok d2®@ 9 0OC kL&) fted 0, 01 ids. tels. Mls.

1 sz yj dgdz” 2 Yy dzlsr 2 CtsBBfdzi € L Of Odoe O Is
COdJ toj .
4 d dzld\j(acag,[21]]

S obHEMBIBRY Stckz 12 YyOfmisd dzdlsteOls © dad KQHLzW
I T4 0Oeahd2 sMOHE slsWddz stctso ™ 9 O8 Is, f tots d3r
HdMisd dzdzd teso Odzdzts?2 9o SH B2 . | Blstseawls MmEmy j daL d
mMdzd o O Is o HE HJ ¢ Odzls @usdsjy.t JoG@dad o O sdED cdety oo K¥s
Cdf jdzdw, HBBOo sl IstsdS 52 fls thllracs sp Odejejd tf
skW ddz stesor 9 O s, Mkh Ol dO o90SkEd] o Isjy.
Bjdel sdzO d Mdetso O-3fmEURR . 9 1 IS fiziy R dedzilzdsd dz)j § Gy dzO
Ot z dzr .

vddzsj L € 5 oNBuz{DPROAS), NiBr,(DPP-BIAN), NiBr,(DPP-DMDAB) d
NiBry(DMP-DAB) (m1-m4) SHdetslsd f g dedz dsfizh j mMilseo dzj dz o

S dMOdzdzr &3 o dzdls j e Olsztc j MlsOdzH Otcls dzr dsd 34
fsdzj M O W dINBsdts v A, BJjLOBSH 2 BttsdddH da
Ho jtoik d¢z0 CtdzBk EfMlsOdOo dzdeo Oj s B OIS dzr 2
fMdsd Md d GdtdBIMNdoOdedy o Isjuddedd 24 yOfmtse
sj &3 j Olskzter d MissdzZEf@OWCdp®OF sHH® §sH o OS¢ kLB
dz0 otSHWAazs BOdz® M Isj B jtcObkicts? ©Ctsdzs 90 A
[Odzjj GREh jMsedv jlsmw MEh O o Isjyujdedj 3

LOf OWdzdzr 7 ORY ZdzOR ftsH ObBshi jtos?2 Otd tsdO

¢ d dplaNi(COD)(DPP-DAB) [175]

I hdzhefzn § s 3NEBDzd 3 &4 ¢ sdzH § dzf d te 59 Qfdzd

ILIsdizsosets WO, 5 j fizls thl y jndzdzth 3 dzin o § Is dzte d dzd dz
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1GCo. )DABPP 15 &z Hl sddsoscts ¥ dtcOH( 8Oy
9 90Ckkd&j). 1tMmdj bkt MdjMm! Hjtjdikih de O
HBHjtyddBs] MsMizHO HBMIsOlstsydist B d pdzjods’ 3 dAv
1Wdte ZHOdZJddzd f sH 90CEEzdBsd d ftoddzddd dBfFBT
ssydetezd t©OMotsjddy Bd hj2 yOmlsd € tstdydsj
Wddz' stcOls EZf Oteddzd obtetsj. (1 Oljd3 jcets tMmisPo d«
Lzdz' Oy udets B' Rdstoff mdadfai d" &l fo&des S -d Mis
DAB) . WNdGRB)DPP-BIAN)Yf tctso tsH d dzd f sdzdetsfls’ 8 O dzO dzt
ssets, Ykt o Mddzkz ™MDERBIAND tt@fflcg stfddsgigdgd' o O
hj. Ni (CBDANPPB" d&z 9" Hjdzid 8 odHj yjttsct
CO. [BO 1kdi CthfdjSmMO ysgoOe| @2 dsL vz ik
MdzjHkzjls RtcOdedls! o OB zdzOR o OlsdismW jisiin Z@ o
fted dedL S22 Ij &3 jtcOkzts] .

3.3.3. wddasjL Hftesydes ojh jMmlse

[ J 215 ] tetsiflssfirlzjuyd® dzd H j ©6fH jols jOtats{ fle Oditsdd L tso C
BsHW dydtcso Qigafizasp i SR 218 Is I H dfStafj H[o Oted Is j dz' dzts
stcj netstodzizy CtsdzBkz j 3¢ tsMmis: ¥ 50 0-u s C GndiPe s g
nodzsHddz ded S sd3, COf jdz dzgs? ottetsdzl 52 ) Hdzd dz
Hts HdzO0 CtsdzBr ) d Isj tcdstgdzj 6 tsidzay tzis tigg ig s ff Grdedzts B
CdMmdzslsr, Csbtstelzs dOGtej &zd HEs 240Aw. 1 teq- 1 |
YyJ Msots f Otetso oatsH' . 1 0Isjd3 CSdmMdzslskz - dzOA d dzc
s jtetst SOdetsdzO. [ j2jtetst Isddzj dz s E thtc @ defgts H 1§ Hz!
jeéts sydmlsed ls Cdmozsls', otH' d HiEkzedaAs-{tc
SOy Sk ] 30%KOMOMBous@lsjdzz yYjtejL dsokzh Sk, 54 5
¥4 dzdese s Oy jlssdBd%. | asH 6. 55

HBF,OEtG tslstso ddzd o o dH j dz)s i@ sifizts dZEDE@IT G disfey Bt
9 BBI Y BBdesd3 tslsdetsh j ded d 2 ::@EL( gz’ dzts j1 :tslls) dats-hRrjL
dz' 2 Hobkm dzggfmgjh doOshdamw WOL, dady ded?2 ®@zts:
dzd Pftedysd d dhf sd2idse Odzd dzj B3 H dzj dzdzts |

59



LIoliAfltfRESTIRRECACLVIT OEREGRIL FMS IS 56
IfrveffLdsdfIfrsedvaml rRY Ouf(9f m1 [ INI(COD),

(tryYv] ?2urrong J #UC T [ 1L R[)
3.1. ) o] o to OhydiRIdis 5 ClIs,08  j 2O  dz® € Ols Odzq

Ni(COD),/BF3l: O E t

3.1.1. Ad¢S dztsd L syt Stetefts X YsfO'H d § 428 Y gz® S 6D Is @ ke
Ni(COD),/BF3l: O E t

J mMotslse jlsmMisadd M HOdzsdze" &5 4 r m, dfma SH dz
Ni(COD), @) ® ddzj tols dzsAr) Oz fbwy dz¢ jIs OCIsd o-dats
YydS dzssCls@Dd | 2@ d ( S sdBdzOs dets?2 s j &3 j 6 Ols Zjedzls s or
BFEOEL ¢ tOmBligddR)lize yYyqde assCkoOndjd ftodosHdls
cOMiso StcO-xf) kbt H B OM RS, Htod Istsdz, 5 HO
f tcj o te OCQDJAP7,214219.

l sk yj dedz' § ftesHESKT tj0OSydd B' dzd -R@HH
My jChtesdkjlstedd d ftjfOwOlsds dts?2 SsBOsEA
My jCltesMC sy dj2. [ fdse dz' @ODYots CHSHGHESTENG talf jto jotdas
Bdyd<¢ddud M7 ¢ 9 yd-Barbp ©is3 (t[197,214220; bOCxJ§ o dzj
Ctsdzd yj Mils o QI MazO Bsgrdsie® y d § R294.M SId 2C @y ldce j( 1§ te
5OCY,j tBdOteky jd Isted3wd Sdd®D).znSdi HJBjter

Ni(COD),/BF30Et,,
(O—=D< =
1

tdfm.) esmizCilsr  f EQDHOO ¢ jOdsdDdzd Is d WIGODEEFL QB Olsdgs i j tej C
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g yYyjd ¢ fsdMCO sflsdiOd d' 7 khdksed?2 {§t
BT dzts dMmMdzj Hiso ORED f twifo el jdelzch) MBS dalg " o B W
Cdzyj desidydiicRils j &3, dMisd v kodkksd o -
cOMlse sdlsj &2 tojHjsOdrdigl@ds r o s OB dz

] vOBdayo 1
¢SIsdodesmis: d Mmj dzj SNYOCDYEBRMOEL, dn difinitsjj adfss @OQ dzd d
- s tsdzo j §f TOF Il T AsH ftosHESISH
M . M 0

Ni(COD),:COD Ni: B COD,% I 5 3 2 5
1 | 1:400 1:15 97,3 657 | 857 85 |4,8 0,4 0,5
2 | 1:400 1:10 98,2 680 | 90,7 74 |13 0,5
3 | 1:400 1:5 100 630 | 98,4 11 |[>05 |-7
4 | 1:400 1:2 100 540 | 97,0 18 |05 >0.3 [0,3
5 | 1:1000 1:5 98,5 1230 | 96,4 22 [0,7 >0,3 [0,3
6 | 1:2000 1:5 57,6 1300 | 98,0
7 | 1:400” 1:5 100" 650 | 99,5

1 tod 3J U OlddzCOD)/( tgdzNi)AfY
By ssHEBsd3 | rm dzy tsBdZOWEY do Of Ismw
T tOMlse ttcj IsBANEH®AO, Is 5 dzlz ts dz:

RMAtHY dL HOdzdz 7, IIPH20ARZDp dzgtizsztizB & ls b Qi
g fMlsj BO JRAAGEDY ted ¢ Blstso dzj dzdzOV 15 b dzishts) BekrifsHlz j
ftojosmaitHdls 5 OCkdodesflsd d fjdjSlsde dzs:
YqS &sss 0ot dj &0 |

) 6d H B Qostzizizda] & BRIOELIE | Moy sdadss ik HIEOB)p St
o Itsdkkztdj o Ol dsil jcejdkso g EezdzE t d) 6 O fiyldsg Hs
yj dZlsts? -CEpOMdzEs o M jSlte) €1t § twig de'PBs,Bvrn c
©OC I tedy 2 H dZNi()iy s HJ daj S @ ts dzdzts 2d° (65 @2039,6,2 16 Oy
2.063,g, = 2.39)

[Hdzso to Bjoddosfsg CIstoY) (BEMo dzv ¥ s 11921 0 6 @fs i 2 6
COEOCI jtedy j HAW IsjSBFOL HaEH UEBEOE &5 O ts dzts
[207].
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2400 2800 3200 3600

B, [G]

t B8 udc dzOdz C) (Ni(ADDHEFJQEte Ol &MY j o] Ot ¢ stezPs b WiDdgOyl
etso Odgd W  Tjq 1§ ldnjf dric:d B} cAOBRMERH (22 @ o O fgdzc dzO dzf

1122 1050
cm’ cm’

2000 1600 1200 800 400
0 [cm™]

t IR sMY | §sts ] & Mi§ PEs]NE@OD)./BF:LOEts Ol B@BsmMW¥ j o] OtetsdzO o
WEdS ydsdzdtetso Odedw mdMmlsj d3r

10 BimdtsesOddd Isdn H Odzdz" - Btsy dzs  MH j dzC
Ni(COD),/BRIOEL f tetsd fpn tSH d Is Nic O I RitBjsdef(Qind dzd L Oydw s
tcOMmlso Stcj Yyqe dzstsCIlsOHdj dztsar di3d dzd ¢ OdzH O d3qd
[Ni(COD),]'BF, (b) [197,214219,222223. stsmo J dzdzr d3 f sSHIso j e H J
Cedgf dzj €S MO Mz dls Y kB dzd ¢ 59 OdzedzOW Mse My &3
9" Hjjdkz o dgdzh d o dH 2O dz! dats A3 odH|J d sh Ots C
toj dzlsG j dzlstsis to z © KANESZS ¢ tpd OdapP@zd i Os2 o Odz' s OB |
¢ 5 B3 dNICAD){A[OCCR)sld, ddjshd2 tuyjd sBddLSdj
C1t. t Ode2jl1 ][ BY &zts {f £SO CRipAtds, o Wy i (BRK)/BFLDAS § o3

50Cy§ f§tesdMn sNYHSINItY Jtinaizg @zdtge O dzd j KPR BF, dfj C f
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HdBBSEOdEe M o)l @Bdkd YUishesHENo B NGCADS d3tsF dit)
LOf dMOls: fdzj H lesdhing:ds 3B 6 OL 5 d5 (

[N\ 4BEOR /7 éT\
LI Ni \A %; L, Ni \A BF,
_b)( )/; 2 OEt _\\( )/l_
a 1/2 BF,-BF, b

t df. ez @O < NCOD)dd Y 5 BBRALOE,

[BLOLEY hd2Mw o d&OyOd d&F 2  dstb ddaj dzlsk ffls@slQ dyts
otojBjdd: 5 fteh jmisodd lazj MY BelsGgn ¢ty dzbsls O
o dztso’ 2 2(Mid @O dz s 5 BYgisgiddplsEtc O dzts o tS(g s 2.@3GigRY dzj !
2.048,,= 2.249) ECOL' 908k dzO Bdij d&dOaHg
Rsotsd CtdifdjCMj § MOo dzj dzd ¥[19M214 j teo 5 dzO Y OC

i
D, 2,

| - T - | - 1
2400 2800 3200 3600
B, [G]

t dBliede dzOdz ¢ 1 tNi(ADDHBRFJ@Ete Ol d@smMW j tcj Otcc t5dzO Sy difdsddz]
tctso Odzd Vv :Ad Gl dgtc d A3 dAsO@RRB HAE d2] tedls 0@ O dzdzr 2 M d ¢ dzO d
] Rigf J CIste ] OB dzs HOj Isfyw M3 " BRdedy o tisdizr
9" MC sYOMsslsdzzy B &ZOMIs!  dn &EOCHfHHidss t
ModHilsjd Misekzjls B LEj@BFds )y cetiaf @lded) s ded
ktsets, o dzdL Cts5YyOMmlstslisfdese das g de@fls ddztsiy Oy ¢ Szt
nOOSCIsjtodzOY  Hdzw B lsOdzdzstes Odzd yj MSdnm  C i
Fedzj totsH dz" d3g07].ipo w L wdsd |
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1085 : Ni-C

577 cm™

| ' | ! | ! | ! |
2000 1600 1200 800 400
0 [cm™]
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