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SUMMARY

Tetiana |. PanchenkoSynthesisand properties of heterometal coordination
compounds of some 3aetals with N,Nb i s ( s al i c-ythiosamEarhpids.e m
Qualifying scientific work printed as manuscript.

The thesis forobtaining Ph.D. of chemicalsciences(Doctor of Philosophyby
specialty 02.00. 01 ¢i @Ghemigrg ih Vienytsia MNationals t
Technical University Ivan Franko National University of Lviv, Lviv, 2018

The thesis igledicatedo the synthesis dfieterometatoordinationcompoundsof
some 3dmetals CU', Ni%, G sCd)  with  N,Nj-bis(salicylidene)semj
thiosemicarbazide, estadhing their composition, structure and electroconductive
properties as potential semiconductor materials.

It has been developed methods of matrix synthesis of 23 coordination compound
Copper(ll), Nickel(ll), Cobalt(ll) and Cadmium(ll) with N;MNbis(sdicylidene)sem,
thiosemicarbazide of three types, 17 of which are new and correspond general formule

- F AR R ang w L Mokm oL, whéx@r, N
[ t=cd", SF, B&; =Bi 5 ; ;L= N,Nj-bis(salicylidene)semicarbazide

- Y PRl . wh éxGeft, Ni*  TgEcdE, SH, BE =3i4;

1 sL? = N,Nj-bis(salicylidene)thiasmicarbazide

- [ At i) . whles'e Ny PECU NPT CESET, B
1 sL* = N,Nj-bis(salicylidene)semicarbazide

Composition and structure of the obtaineeterometal coordination compounds
have beerestablished byelemental X-ray phaseanalysis andX-ray crystallography
magnetochemistry, thermogravimetric and conductivity analy®ispectroscopy

It has been investigated an influence of metal cation and conditions of mat
synthesis on the composition of heterometal coordinatiopeonds of 3emetals Cu**,
Ni%*, %G &dF") with N,Nj-bis(salicylidene)semithiosemicarbazide and shown that:

- coordination compounds of general formyla] fL'"?, L7 1. have been

obtained by matrix synthesis with stoichiometric r4itib: [ *: L' :f °Cl;=1:1:1:1
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in two dages( w st . ;18 e ; =ww , $10,5) withoyt the=selétjod of
i nter medi at?e] )€l ovhighlise fermefl in the first stage. It has been
established that the ¢ h'Ssscarmetdutogtbematmixof t
metal cabn.

- coordination compounds of general formyld] F(L'")Lf °Cl;] have been
obtained by matrix synthesis with stoichiometric rgtid:f ?:L'*= 1:1:1 in two
stages( w s £7,58, t&; ww 810,5) withdat the sele&@ionSof intermediate
c o mp | % x?C[ which is formed in the first stagfhe samesequencef matrix

synthesis and the following sequence of change of the ligand compone

H=65-85 H=8,5-105 _, . _
H,L 2P = 2070 pp 1.2 P > L'l>2 hasbeen established:

- coordination compounds of general formyld] F(L') Lf 3Cls] have been
obtained by matrix synthesis (with considering the stage of the corhplex’(L')]
obtaining) with stoichiometric ratip *:f *:L'":f ®Cl; = 1:1:1:1 in three stages
The first and second stage are the classical methathtrix synthesis of coordination
compoundsand the third istheacida s e i nt er act i on [OGlywithh e
t he ¢ hafr[df"] bithis a the HSAB theory.

It has been established that the nature of the central metal ion determines
change sequence of the ligand content and stages of the complexation:

- Cadmium(ll) cation reacts with salicylidenesemicarbagjdg.’) in one stage
with the formafii€uCof a compl ex

- Copper(ll) cation reacts with tripleharged N, }¥bis(oxy
salicyidene)semicarbazide anidh'') in two stages with the formation of a complex
I A PR Y

- complexed [ FLY LR [ reactin acetonec h| or of or m SQl u
in three stages (considering the synthesis of the initial complex) with the fonnaeitio
coordinati off fAYBfpP@sinds [

The electroconductive properties of synthesizbdterometal coordination

compoundsof Copper(ll), Nickel(ll) and Cobalt(ll) with N,Nois(salicylidene)semi
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thiosemicarbazide have been investigated and ishinat they can be used as new
nanomaterials in electronics. It has been found that the heterometal coordinal
compounds of Copper(ll) or Nickel(ll) and alkakearth elements with N,MNbis(salicy
lidene)semicarbazide are dielectrics, and similar C@hattased complexes and
heterometal Cu(ll) and Ni(ll) complex compounds based on MNpis(salicy
lidene)thiosemicarbazidé highly sensitive semiconductor materials. A comparative
analysis of the electroconductiywoperties of Cu(ll) or Ni(ll)heterometh complex
compounds and alkalirsarth elements with N,N-bi s ( sal i cybri d
thiosemicarbaziddias been shown that the replacement of semicarbazone of salicy
aldehyde on thiosemicarbazone leads to the appearance of semiconducting properti
similar on the composition complex compounds, and teeement introduction into the
composition of complex compounds leads to an expansion of the operating tempera
range and a decrease in the sensitivity of the semiconductor material.

In addition, syrttesized heterometal compounds can act as initial materials f
obtaining by simple and neenergetic method the double perovskite oxides Baldi@
BaCoQ, which in the technique are obtained by the @1 solid phase sintering of a
mixture of metal compounds.

Scientific novelty of the obtainegksults. For the first time has been synthesizec
and isolated 23 coordinating compounds of Copper(ll), Nickel(ll), Cobalt(ll) an
Cadmium(ll) with N,N-bis(salicylidene)semj thiosemicarbazide of three structural
types, 17 of which are neand theircomposition and structufeave beenletermined by
elemental X-ray phase analysis andrystallography conductivity analysis,
magnetochemistry, thermogravimetric dRdspectroscopyit has been shown that in the
coordnation  compounds of 3ohetals with N,Nj-bis(salicylidene)semj
thiosemicarbazideghe central metal atom is coordinated through the Oxygen an
Nitrogen atoms of the organic ligand with the formation of chelatefuf@,N, (M? =
CU?*, Ni**, Cd™), while with the additional use df *Cl; (M*® = SB*, Bi*"), the above
mentioned chelate unit changes to the fied®.N, L[ *Cl,.
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For the first time using matrix synthesis have been obtained heterome
coordination compounds of the general formul§ FL'Y 3Cl , 'Hsf, N ?f
=CU*, Ni*; g Sb™,  *Bwhich include three different in their nature metal cations
(s, p, &) and four chelate cycles. With the complex physicochemical rese#itie
synthesized compounds has been determihedtyipe of chemidabond ¢ % {) and
coordination centers of metals catiorfs?( °)f with triple-charged N,Nbis(oxy
salicylidene)semicarbazide anidgh'), the assembly of which became possible only
during the matrix synthesis of the abawentioned heterometal complexes.

For the first time has been proposed sequence and explained feature of
interaction of semj thiosemicarbazone of salicylic aldehyde,l(* 9 with some
3d-metals in aqueosalcohol solution. Therhas been establishédh edondr activity of
deprotormted semij thiosemicarbazone of salicylic aldehygel(* ? or N,N-bis(oxysa
licylidene)semi, thiosemicarbazideL(*, L'?) with metal cationsGu**, Cd") which leads
to the formation of the coordination compounds of different composition and structt
[ Cu OFIL2 f]and] L' LCdACh.

It also has been determined that synthesized coordination compounds dependin
the metal nature and temperature have different electroconductive properties and ca
used as semiconducting materials.

The practical alue of the obtained results. The obtained results contribute to tt
further development of the purposeful method of matrix synthesibetdrometal
coordinationcompoundsof Copper(ll), Nickel(ll), Cobalt(ll) and Cadmium(ll) with
N,Nj-bis(salicylidene)smi-, thiosemicarbazide and extending the limits of its use for the
obtaining of coordination compounds as potential semiconductor materials
microelectronics and initial materials for the production of double perovskite oXiues.
results of the thesiare used in educational process in Department of Chemistry ar
Teaching Methodology in M. Kotsubynskiy Vinnytsia National Pedagogical University
Department of Chemistry and Chemical Technology and Department of Electronics ¢
Nanosystems in/innytsia Natonal Technical UniversityThe practical value of the
obtained results is confirmed by 3 Ukrainian patents and corresponding implementat

acts.
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CtosstoH  dzOy ' 2 dM(HLYg M ez @Id := Cf, Fe, ;4 5m NO;, Cl);
[M(HL®)(L®)] LH;O (M* =Cr, Fe,  )u[BeCh(HL®) H,O] LH,O ( f tsd fff ' o 9"
FeChtL6H,OL fj di3d ¢ OteB OL tsdatsd3 ) O:d) [43,dzts o t dntis OEats
h 5 IS¢ @MEEIL]).]  ( P'=Cr,Fe o o SH dztsiigl' teGsd fydflzz’ 64), O €
wWCeO " "HIlsojteHy k' dzOW o dz MKY: tc' o dztso Oy dzd ~

[M(HL?),]" == [MHL?)(L)]°+ "= [M(L%)]' + 21
[ Odzd 2 RVEHE®), 6430 L OL dzOyj dzd O S 30 Wk ¢ PR

_ H _
I}
5 )
WO

o 4%
/9
N....C

Z "N""NH,
H

+

L13 (IM(HL?),]); M = Fe’*, Cr**

lted H' d2HLY,]O 't tof daslsstiists L ezl | OB 5 5 @'AOC
(te1=8179) 9  HBkz9o OH sk Uj¥HARME" S St H  dzts © O dats G ts dzlz fr
MOod' yd dztse 56 5 Iz 1©ajsimiz@dz gL, ( f* = Cr, Fe. v
CtedMisOdz' ydzs Bz o  GEYH'" B tizcfd dz j =CstieodHig 26 A5 ozt
(M* =Cr, Fe), 1.I5K[Cr(L),] [48]. s dz' H L Obh &gOWddf{d ,H"' ° B '
sdes e ( Puzle)dzh efztizi M j §f dzj dedzy ftetslstsdelz o' v €
MOdz yd iztseo se s 90 da'BHzjo.dD * Hslis @) Wiz [FEHLAAOHLH,0 L
O3’ iz® R dzts Mdzts MM dzOB & 'SH B Hofif@izEe! divn st Od3' M j da
ts f)ls O iy’ ts ta j LA €T FR(HL )ICI L &3' dz,  H Py, HpNEsHe448k

¢ dzO dzts A4S tslsted BOdats € ts o3 dAj16 (L) 1IND s, dzlz
(M* = Ni, @Y7 [HL)]LHO, (M* = Ni, w49)] t§q v fistsgiziz ¢
Ni(H,L%)](NOs),, O dzO dzts € ts dy ifizdz JCHIf)O dis(@ ), 3O *  faoj dzjdrisd 2
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f OttOBOGCdz sdetss ' dBO' BClO' Hisd ydzz W ste
' HissCMdHE dzipy dgts € Btc B3P Is Bdzlz ) O dz'nj ddetsaizkz ¢ ts
Flso tstosd dgz ldpy' h dz' s § ©dgPABPOS falz® dzO -L fij oty dtiasSc s IS
[Ni(HL?),] LH,0, © ftod deHEp]LE.0dzdz'e SH dzd F  totisd2' ¢ ¢
' HBEZOoO' Is' Mw L 3 dzO 'L Or Q tdzg dzfsdzdzv, dZIds dyijCmfa
Bts dzv to jlztiz] C Is to 15§ to tizds'o Hodpts s OO ¢ fipl s dzBCdAs h d dzd
Mtz ¢ Is z o Ni(HpL]dzQA.E A j¥ OC s Mo ' Hudlse HQE 2l
fNj BB C OteB OL tsdz MOdz yddzsotsets Odz' Hj G4 &  BBO

— H —
HZN\C’N\j\I/jij HzN ” N /jij
I}
O\Ni/
N
0 o)

_— O/Nl
N..C @N/ C
B Z “N"""NH, | B Z " N"I"NH,
H HO
1.17 1.17*

ddzZ' H LOLdOWYbdO' Bt (o1 1= 48551 bklso tstej
f OteOBOCE dz' Isded 7 ¢ B gt jdCiifinizj odzdz’ © S fff thdigf df tc 1 ts ¢
o SH AR ("6 7,=8) 1 kldsotesls ! v H ' CEdugtdelz jisGls) ds oz
Coted ydzj o 565  S1edllp utdste® LOHIHeDOH sz j dzaj d3 &S d
cChts to] MR "' .80 d0 s Gy s 9! [P
CLeBl (=M s), w¢'© & fMbsvwis! lsO fdEseds siys
Codf dzj S ' (L) Lde sde [ uts

1 A0 BG iy i3 C OteB OL S5dz MOdz yd dztwelts ey 2 Qsdz
sO¢ ' ¢ Bl trizbzh dl.20MEu@RS )] A :21 [4u(HL%)m LH,O, ( M= CI,

Br, NO; ); 1.22 au(L)Ny 5 Is @.23 [su(5-BrHLY)], 1.24 [su(5-BrL9ICl,  Hyli®
ftoswodw' MmMjiBj WwW¢ HHicHH j delsOlsdzd?2 dz' ¢ OdzH |
I 54 M dels j L 59 Odzts dzj 2 st Odz! dz B' WH

' HSE BBL | B dz' dadfry) Bfeiodgy dimsdz o M@ dz' Yy d € eGP : (
Ln(HL®); LnH,0, 1.26 Ln(HL®)L® LmH,O (Ln** =Y, La, Pr, Nd, Sm Gd, Tb, Ho, Er,

Yb; HoL = 22HOCH,CH=NNHC(O)NH;; n =1, 2, 3m=2,3,4 o w¢dn
Bsdzj SzdzO dz' cOdzH z € stcH (i dets &)@z s L JRSAmEEiz Y
HOdz 9COL Iz Bis @0 Cls KAy S ERBOM dzd?2 Ol
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Odz' ©EgCH=NNHCONH, yj t6j L [OFg &g dzz W j dzts dz' dats’
Gtz ° ¢ H tdsOa tfdrgisip HitR | dzdz™ B ff 6)¥ i dggzds @dzeh R
C StsteH dRod@jy hpdifis@sizs o 1! o&tsdzy Szdzd o tsHd *
I ff s &BIHLIL LmMH,0teOL 5 'L HBsdasH j § tofs IS sazts ¢
CotsteHddzOy "' 2ldgko nflgW sz (L)Y Ol tsdzo dis@zj ¢
SBstcH d dzOy " 2 daJ ydLigGlzsts ‘09 &SRB dzy ¢ MO~

1 ©9 j HJ d& ® " HtetsL H' dZ sMtse dzd o s Mis i
1.1V 1260 COL ks Is! dzO Isj, M ts:

i HBHOILC SO § 99 J HJ dadagW H S I CsoderH by s 'ts ) «
(©®d3' dets W jedztdis BT Edes dz' dz€ OB Odz' Hj 6" H, MOd
SHJ toy ON,d-Isfe,dH j delsOdzlsdz® dz' ¢ OdzH dz' fd Mmisj d&zd
3d-di3j S@HAs o stk ¥ Is! S dzj SMmde MfsdzzSd H
h jflsdydzj dedz’ 7 j dzOlsdz® 3§ sOdztsyd € dzd ;

T dzOo JH]jd2 CBttHddOY' 2d2 MfsdkzkE¢d lstec
o stedMisOdzdz?y 58 L O’ M jdedrn GMdese zdWW O sO

i Hjftotslstsdzz o Odzdz? CtBtcHddztseo Odesets  fj dzd
By dzdej ddhj o §todikzlsdstshisllz >y daf & dettsts fiydgtst
B' dz h fMdzOBCdn Gidzses ( OdzOdz' df o Her{lma@2) Is

i totsEIdshIsOdztso dzj dets, hts ftod L 3 dz' 6
5CdMmdaj G ~wts C dMmdzej 5 s sew L klso Stej dz
[CoHL)(L?)] LH,00B t5 1 toft[j dzdzH o dflz 3 dats fyls [Co(lif)d];te § H 50

i 8 dOojHjddn dz Isp tc® il issdef[izO dp@wizi ERCO d
Codf dzjldf'l86L odStsted MisOdedz d3 BOIStd Ydzis 6 15
5B~ tolzdzls zo Odzdzw tcj OCY" 2 dets’ MY tots di3tsy dats
od' yddef & Qean@d’s dalz  (

1.212NN [ (-5 StcOH j dzls Ol @ ° & € ®dglf dzj C dz' Mt

stdH j dzMOY' ' ¥ (65 HdedE Od WOldydeds ¢
dzj d di3j sted ydz' &3 dzsliR?, to eHId QB H C dr' YO
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Hiwedn ®BEBHE[9 N, CE)YftedosH dIsh d dedts @ 1iasO Is
C s i3 dzl.Z811%6].0

? + M(C104)2 O ~ ?
T CH,0H
H

R =H, CH, H;C
M = Ni?*, Cu?*

1 tod Hisfdz' HY j dzdz BkzHto d 1.28Isdgj]Isi®uizae &
oMmMsOdesd dzj dats C tod MisOdz' dgeld! @ dzd€ tsu® A" B dzj €
fOtOdzy dz' dz@ 3y MmMsBBE, O & » OCUKIBPEEARY O
NiTNi (3,563j )L o 6wL ¢d

wdzh d 2, O dzj mMd d3j sted ydad 2 1.29 jBlA®O H jsdzik @ Is
C tsdzH j'dznaddy’ ' € M O dat s to-p kIsHBE dzts W | alzts ddydg Is s dz’
CtcHddzZOY' W wWCtsegts L H 'HME'S OtffazdaBedfc ds d olAds m @
HE EkZlsotstcj dzdzgv o HYf so Hd@ﬂ[S?]Elslstqu’dzOu‘ ? dac

/7 N\
Bu N N t-Bu t-Bu
+ RyMCly, 2(C,Hs);N
t-Bu t-Bu '

129 (H,L'") M =sn*; R = CH,, C,Hs, t-Bu, Ph M (ML“Rz)
M =Pb*; R =Ph

1 4 5B A L 0dEzO O dls do, S OzO dzqL@H (H.L'Y) f tsd oL OF o
Ni(NOs), L6H,O o isddzse sz M dtels' dzkzbb diEd uw) !
Is taidj dzls Ols dzts © E{s&Sa:tGHddzOu‘ ‘

t-Bu  OH HO  t-Bu :
Ni(NO5), - 6H,0 _ t-Bu
N N R 1.7
\_ 7/ (CHs)3N, N(CH3); By OH /4\ t-Bu
t-Bu t-Bu Q

(1.9

3127 (HLlO) 1.28 (ML10 )

1.29 (H,L'h \\_//

t-Bu t-Bu

1.31 (NiHL!!,)
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gjtejn  dzj MdKj s E 6 jzdE @ OdaFHE27Bdrd s G
dz' ¢ Ad2isd@33L -gf 3" Mz & Yts® ¢oPz Y s

.
OSPN Sa%

HN
+ + + M(AcO),*4H,0

O @ N\ >1.34 (ML'2,), M** =Ni, Co (1.9

1.35 (ML'3,), M*" =Ni, Cu

Vted Y sz L a3260 0 183 HIG)H §f &5 @ daRd8 te o
o d ¢ tstcd fds Owlafias alf duebais’, H talig S d W gaills § eztc € M d dzOW Is
s &Y j dz' dzj dza Otttz ‘filr MR dEtsdelz ( ww) SO Sk tol
Mitej HEBdL DtsHdIs! HEs [Islb3tldcq.dzdzvi KHdRt oz JCSET3 i
HES MCdOHEk wedrn  éRddabldzs dz' Ij0sms@ Hj jedzls| @ dzts
wt j CtesMStsy '~ kO tud.

UJIStcOH j dzlsOlsdz’ Is! By J fiosweodzwisd fn
HL® O Mmj Bde Oipdg @O s @' W fefids 5L ¢ & f iclzaiz 6 4
detse ' R j dzOldz M §66E.C B iz staBdgize drf datg ¢ bstp tef
LHOIjdz odMmlskzf Old ®BOstedyj¥, dO W' 2
MOk yddseotsets Od Hje&' HO 1L1.36NM0 dz' fyjdogeisco Qfte
26C MY\ Hjec'  HO L S MHMENZO WS O dziz s gizls Bybizts dg’
tetsL yddz' ftod HBHOo Odedz sf1 of j w(h)] (18t
K[ &(L™)] LH0 (140, Ofe@u@as lz ) jitHA sy LH,0 (1.4) s O
NH, ®(L")]LH,0 (1.42. 1 tod o L-O€ g ezOW SPdz' i PeZ' vy d
Odz' Hzj &39HL f' dzdzs CkEftokzdz( ww) o ftdmizlsc
¢ dz®[H &L'°)] LH,O (1.43.
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OH HO OH HO
[ I NN I j N\N_C/N\ OO
H I} H
O 0
1.36 (H;L') 1.37 (H5L ')
OH HO
H G

1.38 (H,L'°
1 HOdzts d3lz ac[g’G)H?d;‘3Gli(Zﬁiﬂ-dctse[dzjizE‘izlsO[sjﬂz‘ HiIS Yj
Y toj L' dz¥ gzt te s € iz stz d\j, dx’. | Otclsts L ,OL dzl
fNj BJS O OL sded BOM@JUaPpsOEE B jKOH20 oMmiskzy
L @d3'drigle’ Istaddg j d2dz! Hj G HOd dzdh j Azf teddiz ) dagsdsl
Ceftezdgz ( ww) , Yseéts t©Od "j dzj Mfsmlsjls’

MstczC Iskztclz:
O—cu—°
o 1M

1.39,1.41 M=K" NH,"

s ts i3 dzjfifficez& B tolz a3tz ( wwuLB @ § 22, NIS[)uBts ) 2 Is
odMmlskyf Olsd dz'ls® Gdgr ® B CACL H ) 3 fhudfias ZE B § tc 2 Iz
sdf &z uC'DeCuCh f s, NH,) (144 145. 1 Odzed EsW @ ' HIso j tc
ftoso jHjd& BOGdzj Istsh 68 ,ydz¥ C 'H siCHO 1 [guf Hadzy
NH  &(L*)]LH,O j ¥ jSlIsdoe dz BZOG dz' Is dz iBts 3§ das d
o' Hf so ' HOb Is!  Bis dztsui jwieudzd d3 O S tsoiia] Wt} O LGECh Is d
( §NH)i 5O Is! HdBjtedz BzHBoak Idifkz:

c1\C/01
S —
©/\/ \N |
N=CT N
o
M

1.44,1.45M=K" NH,"
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O dzOdz’ L. dAPIsiglr Y e tstcc Odz ydedr dz' ¢ OdzH ' ¢
) ' HicI21Ho' SdO L &z ‘o d Wadte M Is © dzdz o toj OCy' v,
stcc Odzg' ydzed r zzOOHzH W& JRts 0 B)sH d Is! sHddz O
WicOC &3 dzis ‘sakzizls @ dF lcdar fy' Bk :

i € deyjomj BPOdzzlse stes 8 st Mw  fted € Ot
sCMdW j dif td clatfgtiielzlsc OdzH " @ L o' HYy tse ' Hded i3 € ¢

TH] T tosls sdalmald fptheW s’ dz dets’™ ctokzfd ftesn SF
OBts offfHddds so sz MjtejHSO N

i HiftcsBtzdgkopts sSCMsW J d' dz! dedthtedG touzef * oaf:
L dzOyJ dzdzv e drfi Mgl H e d s@G Odz' ydzd ~ M d tiglEiAY ¢
dzlz € dzj =i dxf o dzOMmIsd o sfyls W d3q

[[) L Odzj X dztizfigddss'es  df‘teHs © j H j dzdaW tcj OC Yy’
dz' cOdzH detse s BIstsyd dedevy ¢ " deyj o °  Rtisddzlf Sdizj dRWintet
ftosmMisstecsoz BEHBYO Iz;

I CtsdeH J dzlM Oy v o ' HYitse ' Hdzedr tstecd Odz ydad n
H' Od3" dz2' @ L RKN-sElp @y GdROF®Rdzd° 9 His MEd
HOo O OLBRjIsddesodrn WtOedjdalsd IsO tsHj toy Odz
1.28 1.30 1.31 134 135 dBsy dzdoj dzdhj o Editse OFH jdi
BOltcdyjt® odmlskzyf O COI' sdz digGj s Odzlz .

122 sts8tcH d dzOy ' 2 dz2' MY skzisOfizH dFf s Ondihigilglifsz
% tc O ¢ tgsodists H O IsSSHEDdES qts & §

Az dzC ' 5 dz0 dz' L@ Y dzaf § 1 jP' & Otdas ' ® dfvsdzlzsizl €
fc0o d dzs, S dzH | deir@iitc € Of dsdsidgj diaff izt j2tc C20,4 Is

s’ 5] BYS OB OLdHE 1506 jOdgatOUsddCuidzhisdd 36k 5 C
¢ 5CMOd &

122 1NSN-IstH j dzls Ols dds O &' & OB d§f dzj € Mdz' MY &

stsdzH j deM Gdgj O BsOdz' dz dzlilf L ¢ s@akz'datsjo &5 H 15
jsOodsdz BERdd A6 HOK, @&CEOoditdd 1 d@&d
G Odzts cdiddz’ WP s Odz" o Flso tstc® & s ClgTs 6 HIARZQ Y
StedH j dzls Ols dats 8 of' totOMtRAFEEACE: *
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R =H, CH;; 1.46 (HL'7)

1L O Bs@Od ¢ 2"

o)
+ ReOCI @[ /\” A
> \
- HCl N
R -
1 47 (ReOCIL!7)
+Ru(PPH;3)Cl, /Ru<—PPh3
-HCl \
_ (1.9
lPPh3L17)
\ / \
N
SI\& r'd
+CoCl, @[ /CO\S
- 2HCI

R 17
1.49 (CoL'7,)

H ONHES)iZ' o) @B s® O dz' dzsds B Iz «

Mk dz' oW tf dz' 10, ¢ @RH L 19 L10Yj sOOBBd RBjlsOd
1:10BX1 klso t5tcte8 Is Sz fHORZES, ) dzl.51 fibas6HE S d
_M— OAc
HACO @E / /
o Lowrons
N /N 3 M: Pd2*, Zn2*, Cd%*, Co?*, Cu*, NiZ* (11@
L<Xj M/Z
X =NH, S; 2HAcO @
1.50 (HL'®)
m(ML“z)
] sH' Edteiztf dzj S Msklso ey geepiQizj Mg s (1. 9

oLO" igsH " W

o8
N

Ckf tolz d3( wWHY[6§] t6 R dzste Ok L oz

s_Clo,
Cu(ClOy), - 6H,0 @ i,

R = C¢Hs; 1.46 (HL')

stedH j dZsOldetf¥ L dzh 5 OB SeAr s wHsSG tolz f 5

HCIO, >_O (1.1
P \_/
1.53 (CuL'’Cl0y)
Ss'ls to

CtsdeH | 2l @YUz HJdgi Isid dz' d3' H O edig dB@ dzd3j-2eEd® fdsds) Is C
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oL O BsH' WCIHE SiEdh dzs tc dgg t5OdiAs ' fied klso stoj dad
Y s dASS[§7]:

ci
N
)
o Kkll\] (|3H3
N + NiCl, Cl—Ni<C ™ i-CH (1.12
K 77N\ CH,Cl, s Cl/7¥\f
N N=(CHy),—gcH, ' N
CHj, </\
1.54 (HL'®) \ N
g CH
1.55 (NiHL'8Cl,)

J C s o3 deps fig’ ¢ Offis j H s O o dzj dzd 2C s tHAg 2 s RO
WtcOGE i3] delstsdz, O MOd3 nY mdjfHdfjdRfle © ¢ WIS dzteslz H @dg
f 5° H dzOdz 3"y MmMet¥ - dzstedH dzd d31 'df HdzE tsgS
3,586 |, 0] 9" HMlsOdz 3" 9 9-y B gais dzts izt
SCH;ls O Olgts &tlsdzz M ZOH O 2, 524

] Sdz' Hj dzlsOlsdzd d3 dz' ¢ O diais 5.0 2O 2 ok b s @O d
" feOCIsd ndzpdids d o sMisw B3 Y € dzplf Gl "¢ Mdas fip di3d ¢ Ote
Moz yd dzso se@lLPdzion jweC iz o' dz *  ff j tog aNOY d
So d3' Mdzd BRizicd O &isER] dzj ¢ MEBEEOwPdgdz, Y3 L
L 3" dzdzz @ Odzj dzls d2' s B @tz O Bl the 2 B3 © gy ey’
MO ' &z LEjodedh flskzy j d2 ¢ dMdej dade)sdizj L, ©FF
weodSsted s siodzw Od®fge j H j [Ezy ve)SQS yi ~ Iste!
CSBOM7Btd; RlcsdBsd I8 , ¥ jCocklsgBUisy L Hoth o
Crf B RBYydis cMf’ Elso stes © 3 ydz o j &zOlsdz
lsotstcj dzde™-os (6§ gl d ydzj dzdzd - UMN L B3] G 1L4H,D;C dz
[MQ L)L) LH0; NHJIM(LS)], (M*=Co, Cr, Fg) ; uq[L¥) ] uL'DI@l LHO;
[NiQ L*)2] L2H,0; [Ni( pL*)z] L(NOg)z; Ni(L™) 11,5H,0;  uX( 1*) LH0, (X = Cl,
HCOO); ZnX( tL™), (X = CI, NO;). ¢ dzOdztse ' ydets s [0 dzg d3
1LY sotsHdlse Mjjdg juds® sz o PdzOdE @& sz suterws) € s 03
sOC dna: YU LH,0 1.56 NHV(LY),] LH,01.57[70. 1 fls O dats :
hts 99 jHJ dadagw OO fdze WOMIsd dzz dItsdzj €
Mok yddzsotsets Odz HjG' Hiz daj off dzdo ©'74.dz0 2
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l
LS U
O0—,~ - H,0 NH oS - H,0
ﬁ’V\\OJQ - s/vx\o |
TRV NN ] L HNY N/N\ ]
H
1.56[V( L)L) LH,0 L57NH,[V(L");] LH0

I ¢ s i3t dzj f) dadts offfCei@ARTApSL e d M Z VA  Isted H
dz' ¢ OdzH , wed?2 ftd  Hdkz® Is! v HEB YFdglg§te @
W dztsC ) d dzOdEsSe@hl Bese j dz ¢ HiOL d dasebsle &) 2
' 5 OB sdz dz dzgs’ Gk d i+ Bisjofesalj\ddsvdzedd o |

tOLtsds L Isdd3, dpdtss B’ wdzts ¢d® dalz8 Y d ¢ B4 H d
1.49 1.517 1.53 1.557 1578 b dzd SH jtey Odz 'L o dStstedmls
mMddzalsj Lk, oLO" ddsH' '8 ¢L ' BtcOded HF sy adz' @

1.222NN,S,Sl5 stcOH | dzs Ols @' ° &) € B ddnf s czkz €

5jlstcOH j dZsOlsdz hdsed zdqi%o L 158EBDIs
slstcf G- dzH j dzfir@xij e & ©F Bk j2ls  dzdkj S Of ss0dz &'
Ny Jelsso &L fthGJ Wsiordh ' L O MEj B

EjENHZ 1;(1)21; @N N@ (1.13

R =H. CH, 1.58 (R =H), 1.59 (R = CH,)
1 9 d ¢S sted fils O dadzw 3RS, N, o] 8. s HOREASO B1EE 1.50
Bdzs fddzsjLtso Odets W H € 9% A6H7480) S D ezds?5y )
76, dz' [BlE8EHs O W j[8ABHEZ O L O Od das¥ I j BEY

(1.14




























































































































































































































































































































































