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Organometallic Chemistry 

Synthesis, structures, and spectral properties of biomimetic 
azomethine metal chelates with chromophores 

CuN2S 2, CuNzO2, and CuN2Se 2. Crystal structure of 
bis[4-(benzyi)aldimino-3-methyl- l-phenyl-5-pyrazolothiolato]copper(~l) 
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Copper(iO chelate:, of compositiolt Cul_.~ \sere -,w~thcsizcd based o~3 a<mm~omcth'.'lcnc 
derivatives of 5-lhiopyraz~dcs (I..H). The complexes ~,clc studied by 1.,V, IR. ESR, mid 
[:..XA[:S spectroscopy, n~agnctochcmJslry, and X-ray diffraction anal)'q., Ihc coordinatmn 
polyhcdra in Ih~2 cmnplc',.c~, are pscudotctrahcdra or oclahcdra of file t.vpcs Q'uN3S : of 
CtlN4,~.b rcspccti,.,cl~,. ~.llicil arc dlsloflcd duc to lhc .lahn--lclIcr effect. The UV and ESR 
spcclra of copper chclmcs with a xix-coordilmtr Jnctalk)cyr torm,.:d by the N lind S ltOlll~ of 
the azomcthin,: ligand ,rod ll3c nilrogcn atom of the quinolmc .;ubstilucflI (Rx or'the C=N--R 
['rt|glll011I ~.lfc iliON[ .~imiktr to ll3'2 spccmt observed lot metals invol~cd {i1 the active cclllcrs of 
ilaltlral IllCtLl]locllzymcs ("blue" copper prolcim;). 

Key words: azomelhmoq copper, pyrazolono,, chclatc~, biomimctic models. "bh~c" copper 
proteins. X-ray diffraction ;inal~sis. UV. ESR. :rod EXAFS ~,pectroscopy. 

The cons t ruc t ion  of  biomimct ic  modeb, o f  "btuc" 
copper  proteins  responsible  lbr the outer -sphere  e t cc t ron  
lrm?sfcr in bioi~lorgallic sy~lcms I -q  have a t t racted the 
coi3tinuiilg interest over  many years, 

The active cen te rs  in these mctal locnzymes con ta in  
the chron-~ophore CuN2SS ~', which is characterized by a 

"blue" band (k = 600 urn. t = 4000--6000) ,  the specific 
ESR spec t rum (A:.i < U)0" I{1-4 c m - l ) ,  and a r;/fhcr high 
reduction potenl ia l  of 1130 Cul l /Cu  I pair. 3,4,'~,1~ The 
reasons for the thct that "blue" copper  proteins  exhibit 
the a b o v e - m e n t i o n e d  peculiar propert ies have been dis- 
cussed in the literature many times, 4.q Two I~actt)rs re- 
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sponsible for the manifestation of  these properties v, cre 
revealed, vi=.. the high degree of  covalence of tile Ctl--S 
braid and the low symmetry of the coordination polyhe- 
dron. The latter fuctor is diffic,dtlv reproducible in the 
case of simple biominlctic colnpicxcs. t ha t  is the icaSOll 
why only onc class of compounds, wh ich  adequately 
reproduce the physicochcmical  proper t ies  of  tl-ic 
metalloel]zynlcs under consideration, was found among 
several tens of models of  "blue" copper proteins, z,/,~ 
This class invol,,es a series of copper chelates con ta in ing  
tris(pyrazolyl)borg.itc Jig, ads of type i .11-13 
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Adequate synlhetic models o f  active ccnlcrs, of cop-  
pe r -cnn ta i r i i ng  pro lc ins ,,viih the N ,S - l i gand  cnv i ron -  
mellt are limited in number due to oxidation o1" the 
th io la ie  g roup  o f  the l igand by Cue " ions. z,9 l h e  synt l lc -  
sos el 'stable mcLIl the!ales with the CuNS chromophorc 
uerc p r i m a r i l y  based oi l  the tlsc or rigid macrocyclic 
Iigands and tetrudcntg.itc Schitt"<~ Daises coiltzlining a bridg- 
ing fi'agmcllt (for cxampie, complex 2). 2-'j,l'l 
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The tetrahedra[ distortion of the chelate unit of the 
complexes was achieved b~ cithcr lengthening the bridges 
or introducing bulky substituents located in close prox -  
im i t y  to the metal center. Up to now. complex 3 in 
which tim dihedral angle bctwccn the NCuS planes of  
two difl'crenI coordination units is 57 ~ was the only 
cxanlple of" an open structure c o n t a i n i n g  the CLIN2S 2 
c~ordination unit. which was characterized by X-ray 
d i l l f a c t i o n  analysis. 15 

Me N 

N 
N 

Cu/2 
N S 

Pr' 
3 

However.  this complex was not considered 15 % a 
b i o m i m e t i c  mode l  o1 the act ive cen te r  o f  "blue" copper  
prote ins.  

In the present work .  wc deveh)ped and used a proce- 
dure for the directed syllthcsis o1" biomimelic model.,, of  
active centers of "blue" copper proteins based on a 
choice of  ligands of type 4 lbr the prcparation of nletal 
cllclatcs with open structures 5, including metal chelates 
wi th  coordinatively active substitucnts (R) at the N atom 
of the azonlcthine fragment. 
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Results  and D i s c u s s i o n  

C o m p o u n d s  o f  type 4 (LH,L l i ke o ther  analogocls 
COnlplexcs, 1~-2~ have a m i n o m e t h y l e n c  structure 4" w i th  
a strong NH...X hydrogen bond, which is confirnled by 
tile fact that tile i l l  NMR spectra ot'systenls 4a--m have 
doublet signals for the protons o f  tile NH groups (-it 
8 13--15) wi,h JNH---CH = 12 Hz. 

Metal chelates 5 of composit ion ML~ wcre synthe- 
sized according to known proccdtires I'i,z]:';z3 (Table I). 
The [R spectra of these compounds  have absorption 
bands of stretching vibrations o f  the coordinated 
pyrazoloazomethine fragment (at -1630 cnl-I (X = O) 
arid 1590 cm -I (X = S)). In the studies of the nlagnciic 
propertics of tile metal chelates performed at -20 ~ and 
at the temperature o/" liquid nitrogen, magnetic momcnts 
typical of the mononuctcar Cu II complexes wcrc oh- 
tamed (I.76--2.0 ,uB; scc Table 2), 

These data provide evidence in Iavor of formula 5, 
which we assigned to lhe chelates tinder consideration. 
Actua [ l y ,  X - ray  d i f f rac t ion  stud,v d e m o n s t r a t e d  that c o n >  
p lcx  5a in the crystal occupies a spec ia l  crysta l lograpi f ic  
pos i t i on  on a two lb l d  axes (C  2) passing tilrough thc Cu 
a t o m  (Fig. I). The geome t r y  o f  t he  b idcmatc  l igand is 
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TaMe I. Propcrtie,; of complexes 5 

Corn- Yield N, Found (%) Molecular 
pOIllld it}- ) C'atc tlhllcd l'orlll klhl 

5a t>0 _I~ .~ t j  C .t>l-132 NhS2Cu 
12.43 

5b 7t 10.85 C~al|;2 N,>Sc2Cu 
10.91 

5e 65 13.1 I C ~,il32 N0()?Cu 
13.04 

54 69 _1~,9~ C241 t 2.1 N ~,S_.].Cu 
1603 

5e 72 12.40 C ;t, t132 N6g2Cu 
12.43 

5f  63 .[.~,.I.8 (:~ t l  4N,sS2Cu 
13.03 

58 7(1 1 .5 . r  C241t22N682Cu 
16.09 

5h 64 .!~3:7.2_ C'2a I t ?2 N6So2Cu 
13.64 

5k 69 [,}.8~ C4oH ~oN,~S2Cu 
14.93 

51 7l) _!.3.2_4 C 4 ~lt ~tlNxSc?Cu 
1327 

5m (,:~ !_5_,~.9 ( '  ~.~ H ~2 N sS 2Cu 
15.64 

charac te r ized  by values typical of  this class of  com-  
pounds.  14 As expec ted ,  15 the Cu a tom in this  che la te  is 
in a dis torted t e t r ahedra l  tig:lnd cnvi ronmcl l i  o f  the  N2S 2 
type. The S( I ) - - ( ; t i t  I ) - - -N( I )  and St I I - - O i l  I i - - N ( I A )  
bond  angles tire 1 0 0 . 7 4 ( 9 ) a n d  134.25(9J ~ rcspectivel.,,. 
The dihedral  angle  be tween  the NCuS planes  o f  two 

qo coord ina t ion  uni ts  is 60.. , which is somewha t  larger 
than  that in complex  3 t57.6~ i5 The  C u - - N  and  C u - - S  
bond  lengths in 5a ( I .982(3)  and 2.2497(11) ,-~. respec-  
tively) are close to the  co r respond ing  values in o the r  
f o u r - c o o r d i n a t e  m e t a l  c h e l a t e s  of  Cu II w i t h  the  
N.S- l igand e n v i r o n m e n t  14 (see Table 2). The  C u - - N  
and C u . - S  bond  tcngths  in "blue" copper  pro te ins  are in 
the ranues of  I 99 - - )  15 and  ~ "" ~ " . . . . . .  u , - - , .  , ,'i. respectively. '~ 
These values arc substant ia l ly  smal ler  than  the corre-  
s p o n d i n g  p a r a m e t e r s  observed  in b i o m i m c t i c  c o m -  
plexes. 14 The  iris p.vrazolyl)borate complex  o f  type I is 
the onl,, cxampte  I~ o f  model  c o m p o t m d s  in which  the 
cqually short  C u - - S  b o n d  is observed. It shou ld  be noted  
that chelate  5a is the secc)nd example  of  complcxes  with 
the CuN2S 2 c h r o m o p h o r c  possessing an opcll  s t ruc ture .  
which was cha rac t e r i zcd  by X-ray diffract ion dat:l (q's 
Ref~. 9. 14. and  15). 

]'tic s t ructural  data for the nearest  erp,,ironmct~t ;.lbOtlt 
the Cu a toms  in che la tes  5a - - e , k  were o b t a i n e d  by 

Table 2. The Cu--X arm Cu- -N bond lengths (d) dctcrmiuu'd by X-r:iy dif(rzlclion al'~alvsis and [-XAFS ~,pcclro,,cop.~, the p:uamcters 
oI the s !CHCI 3. 77 Ki and UV ICHCI;I spccirzl. :uld lhc magnclic inonicnt,; of coral)loxes 3 and 5 

Corn- d/.& ESR ,;pccirum UV 'ff)ectrum Pc'l 

/':nax .,'la B 
l'lG'ulld Ct l -X Cu--N ,gi, "-'i g, /1!1" 10-4 "It" 10-a (fcicn.l-i nlol-i) 

CFII-- i 

3 

5a  

56 

5 c  
5,1 

5e  

5 f  

5g  

5h 

..... 0 

1")  / . . _4~  

.96 ~ 

5k  2 30* 

51 244" 

5m 

1.982 2.149 2.030 2.076 131.3 50.4 574 t 1240) 1.8 
710 (960) 

1.982 2.153 2.040 2.074 136 l 52.4 556 (181S) 1.76 
1.97" 700 (14821 

2.136 2t.)37 2.091 131.8 63.1 554 (1010) 1.78 
724 ( II)00i 

2.05* 2.234 2.063 2.119 143.5 51.1 468 (1155) 1.81 
2.152 2.058 2.1+!2 137.0 67 0 544 ( 1980} 1.73 

,580 i 1470) 
2. 152 2.!)41 2.072 137.{5 5+).4 590 (24401 1.78 

700 (2040) 

2.150 2.036 2.076 136.1 71.3 600 (1950) 1.86 
700 ( 152ol 

2.123 2.049 183.7 432 (2217) 1.90 
519 (101)4) 
822 (15O) 

2.11)6 2.O46 2.06(~ 1879 87.2 440 (3530) 1.9t) 
520 (1415) 
859 (35(b 

2.02* 2.138 2.047 2.(i86 < li)<) 58.7 425 tl3375) 1.82 
2.63" 2158 *+ 2.041"* 2.082 ~* 162.1"* 74.3** 540 1245t 
2 04* 2.10(; 2.053 2.064 < 100 68. [ 445 (9420) 1.84 
2.50 + 590 (3201 

2. 183 2.050 2.103 < I00 87.0 427 (14360) 1.91 
600 (260) 

* r)ala of EXAFS spectroscopy. 
* *  In D M F. 
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Fig. I. Molecular qtl'tlCltirc' Of c(}mplc\ 5a 
I ' l incipal bolld lengths (d) :lnd bOlld angles (e}): 
I~,ond <gJ 
Cu(I ) - -N(I )  1.982(3) 
CTu(I}--S(I) 2.2407(11} 
Sr I 728(4.t 
N41 )--C(4} 1.28,w,(4) 
N{ t ) - -C(12)  1.4(~9(5) 
N{2) - -C( I )  1.38()(5) 
N(2)--N(3i 1.381(4} 
Ni2)--C(6) 1.42715} 
N{3i--C'{3) 1.31{}15) 

-'Mlglc (,)/de',,' 
N(IA) -Ca(  I ) - -N(I I  94.8(2} 
N( I:\}--Cu( I }--St I ) 1342519) 
N I I i - - C u ( I } - - S { I )  II)() 7.119t 
N( IA)--CLil I)---S(1.;\) II)U.74(9) 
NI 1 ) - C u (  I)--St IA) 
S( I )--Cul I l--S{ IA) 
C{ I }--S( I}--C'tfi I I 
C~4)-- N{ I )--C( I 2) 
C14}-- N( I ) - -Cu( I )  
C( 121-- N( I )--Cu/ 
C{ I)--NI2i--N{3) 
Ct I ~--N(3)--C((}} 

134 25{9) 
9<"l.47( 6 ) 

i02 71(14) 
t IS.lit3) 
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) t 14.5(2) 
IIL3(3) 
130.7(3) 
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Fig. 2. Mo(.Jtlli o f  Iqmricr mlnsibrms o f  EXAFS of the X-r,l:, 
ah.',orpli{:,ll CtlK spcclra fol colnplcxcs Sa. 5b. 5c. and 5k (,,otid 
lines), l i l c  rnodcl M F I  Oblalllcd based on the Mrl, lCitlr;lt dill~l 
arc Jndi(.'iitcd by dtlshcd lim,"~. 

EXAFS spect roscopy.  The m o d u l i  o1 Four ie r  mmsl 'ornls  
{MF-I) o f  the EXAFS spect ra  lo t  che la tes  5a - - e , k ,  
~.hich represent  the func t ion  o f  radial  d i s t r i bu l i on  o f  the 
4djacent  a t o m s  about  the Cu a tom,  are shown  in Fig. 2. 
The s t ruc tura l  data ob ta ined  i'ron~ analysis  of  these M g r  
arc given in "Fable 3. 

As can  be seen from Fig. 2, the M F T  curve lo t  
complex 5c has a major  peak cons is t ing  o f  two similar  

Table 3. Slructural data obtained rlllill analysis of lhc EXAFS 
spectra of complexes 5 

('ore- R/.k a- /A Alom Q (%} 
plcx 

5a 2.00 fl.O030 N 2.0 
2.27 0.0037 S 

5b 2.04 0.0017 N 1.9 
2.4G 0.0057 Sc 

5c 2.05 0.0020 N 2.5 
1.06 0 .O03S O 

5R 200 00023 N 1.3 
2.50 0.0048 N 
2.30 0.0035 S 

,.xole: R is the radius ,of the coordination spheres, the coordina- 
tion number N = 2 : a 2  is the l)chyc--Waller lhcior. The 
Q value characlcrizus tile act:ulacy of lifting 

c o o r d i n a t i o n  spheres lormcd by l i gh t  a toms.  The best fil 
cor responds to a model  in w h i c h  t i le  Cu a tom is sur- 
rounded by two O atom'~ and iwo N alonls .  The C u - - O  
and C u - - N  radii of the c o o r d i n a t i o n  spheres  are 1.96 
and 2.05 ,-~. respectively (scc T a b l e  3). 

The shapes and the parameters  o f  M F T  l\}r com-  
plexcs 5a and 5k are very s im i la r .  It is iherefbre con-  
cludcd tha t  the nearest c o o r d i n a t i o n  e n v i r o n m c n l s  abt.tit 
[he Cu a t o m s  hi these complexes  h a v e  s imilar  structures.  
In comp lex  5a. the distances lo t w o  N a loms and two 
S a toms  c o o r d i n a t e d  to the Cu a t o m  (2.00 and 2.27 A, 
respect ively) ,  which  were d e t e r m i n e d  by the fi t t ing 
method ,  are in good agreement  wi t t i  the  X-ray diffrac- 
t ion data ( I . 9 8 2 ( 3 ) a n d  2.2497(11) A, respectively).  How- 
ever, the best  restilts of fitting fc)r c o m p l e x  5k cor respond  
to a model  con ta in ing  two a d d i t i o n a l  N aloms,  which 
are located at a dis tance of 2,55 A f rom the Cu aton'l duc 
tu ihc J a h n - T c l l e r  effect. Becase o f  the large C u - - N  
d i s t ance ,  t he se  a toms  are c h a r a c t e r i z e d  by h i g h e r  
D e b y e - - W a l l e r  factors (lhe ave rage  d i sp l acemen t s  of  the 
a toms # o r e  the  equil ibrium p o s i t i o n s )  and ,  cor respond-  
ingly, by a smal l  cont r ibut ion  to t h e  EXAFS spectra.  

The neares t  env i ronment  a b o u t  the Cu a tom in 
complex  51} is character ized by t h e  p resence  of  two N 
a toms at a d i s tance  of 2.04 A a n d  two Se a toms at a 
substant ia l ly  larger  distance (2.46 .v\). 
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T h e  E S R  spect ra l  d a t a  fo r  c o m p l e x e s  5 a re  g i ven  in 
T a b l e  2. The  gi end A, i ~alt ios i nd i ca te  thai pseudo te i ra -  
i~cdral con lp iex0s  5 a - - f  ( u n l i k e  te t ragona l  meta l  chelates; 
5g,h) are similar in the ESR characteristics to "blue" 
c o p p e r  prote ins.  The r e p l a c e m e n t  o f  the d o n o r  S a tom 
in complex 5a by the O a tom leads t ~ an incre;.isr in the 
g:i value, which is consistent with a decrease in the 
degrcc el covalence of  the C u - - O  bond compared to the 
C u - - S  b o n d .  a The restl l ls  o b t a i n e d  in the  p r e s e n t  w o r k  

ref lec t  the  t e n d e n c i e s  for  ; in i n c r e a s e  in the nephelo- 
auxetic effect, an increase in the degree of  covalence,  
and a decrease in the etectronegalivity in thc series 
N,O~ > N 4 > N2S 2 ISCe Ref. 9). The ESR characteristics 
of"complexcs  5a--f  differ substantially from those of  
natural compottnds. 3-n As can be semi fronl Table 2. 
parameters of  the ESR spectra similar to those of  "blue" 
copper  proteins were achieved by introducing the quino- 
line R substituent into the amiue  l'ragrnent of  chelates 5 
(compounds 5k--m). Apparently, a considerable effect 
o f  this substitu0nt on the parameters of  the ESR spectra 
of  complexes 5 is :attributable to an additional coordina- 
tion of  the N atom of the quinol ine [ragmcnt (Gt] Rels. 
24 and 25), the distortion o f  the chelat0 un i l ,  and ;.I 
change  in lhc  e l ] ]c ic l /cy  o f  o v e r l a p p i i l g  oi" the a t o m i c  
o rb i t a l s  <~l'thc Cu.  N,  a n d  S a t o m s .  T h e r c l o r e .  me tn l  

c h e t a t c s  5 k - - m  arc s im i l a r  in t h e  E S R  spectra l  p r o p c r t i c s  

to t he  ac t ive  c e n t e r s  o f " b l u e "  c o p p e r  p ro te ins .  

T h e  e l e c t r o n i c  : l b so rp t ion  s p e c t r a  o f  na t u r a l  "blue"  
e n z y m e s  are  c h a r a c t e r i z e d  by  a n  intct~se b a n d  ill t h e  

r eg ion  Of 6 0 0 - - 7 0 0  i+ll+l}, w h i c h  w a s  a s s igned  to t h e  S - C t l  

c h a r g e  t ransfer b a n d )  The  U V  s p e c t r a  o f  c o m p l e x e s  5 a - - f  

have abso rp t i on  bands in the reg ion  o f  500 - -700  n ln ,  
w h i c h  ~c  assigned to the S 6 - - C t i  II (). 5 0 0 - 6 0 { }  i lm )  at ld 
Srr li (X 7<.)0 i tm) el+large t ransfer  bands. In the 
s p e c l r t l m  Of c o m p o t l n d  .~e, a b s o r p l i o n  in th is  r eg ion  is 

absent. In the spectra of  metal  chekltes 5k--m, strong 
absorption at 450--500 nm prevails, whereas only weak 
peaks are observed in the region of  60(}--700 nm. 

Previously. z4,z5 it has been demonstrated that the 
introduction of the coordinatix, ely active quinol inc frag- 
mcnt into the ligand s.vstem is of  fundamental i m p e l  
lance tbr constructing b iomimc t i c  models o f  nitrile 
hydrat~tse based on pyrazolc complexes of Fe III. I l l  the 
present work. we used the s:tme ligand systems tot tt~c 
construction of now biornimetic models of"b lue"  copper 
proteins whose ESR spectral properties arc similar to 
thosc of the metalloenzymes. 

Experimental 

1+lie I H N M R  spectra +el" c o m p o u n d s  4 wore recorded oil ~_i 
Varian UNITY-30() spec t romete r  (300 Mt-lz) iil solut ions 
ill CL)CI3+ 

The [ S R  spectra of  solut ions  o f  metal chelatos 5 were 
me:lsured on all SE/X-2543 Radiopan illstrtlnletll (Poland) in 
the X rallgc :it 298 and 77 K. 

The  electronic absorption spectra  of  the complexes in ~.olu- 
tiolts in CH(-I 3 mid Cf, H .  were recorded on a Specord M-40 
spectophotomctcr .  

The nlagn0tic moment.,, ~t' the corilplCxcs ill the cl's'~tallhlt: 
SI:.II,2 were.' dclcrmincd at 299 K on :111 illslrtllllellt dcsJgllCd at 
the I?,onlov State LJniversity 26 using the Faraday method;  
]-IgIC:olN(S)4] ,.~,as used as the standard. | ' h e  efll-clive w+ag- 
nctic moments  were caleuiatcd by the ti~rnlula Moil - (g)'),in ")I 2, 
where Xm ts tile nlotar maglletic susccplibilily taking into ac- 
COtllll [he Pascal [llilgllelic corrc'utions, h/l'(1r.ql:.lliOll Oil the 
structure,, of lhr ilcarcs! cllvirollll'lclltN ahoul ihc (7..'[i alol~!lN ill 
the complexe,, under  study were obtaillcd b],. Fourier anal.,,sis of  
the extended X-ray absol-plion fine structure I EXAFS) o f  X-ra.,, 
absorption CuK npectr:l. 27 

X-ray absorption CuK spec t ra  w,.'rc recorded on an EXAFS 
spectrometer devised based on a D R O N - 3 M  diftracTometer z8 
with tile use of a fl3401 quar tz  cry,,tal as the m o n o c h r o m a t o r  
The Fourier t r :mslbrmat ions  of  the EXAI:S spectra were per- 
fornled in the range of  wave vectors of  photoelectronn k :: 
2 5-.1: ' .5 A-I with the k ] weighting fimetion. Phe ampl i tudes  
and scattering phases of  photoelec t rons  rcqtiircd tim + the Fourier 
analysis were determined with the use of the t-:ErE 7.0 pm-  
.~r;llll Z9 based OI1 LIII:,IlOgOUS corllpOtlllds whosl2 crystal sttuCIUFCS 
are kllowli. -['hc paramclcr~; cd" the slrtlcltllcn O1 + the ilcarcst 
r abotlt the eLI atolllS, i the i l l lcratonlic distances, 
the coordiil l lt iOll i lull lhers, al ld tile Dcbyc--Vvallcr Li t ters} x~eru 
dotel'miilcd tlsing ilolllincar fitting r tile pctrcinlctcrs o f  tile 
corresponding coordit iat ion spllercs by comparing the model 
EXAFS Si711:.il and tile signal, which w;r,; o\ tracted f rom tile 
I()lZ.l] EXAFS spectrum by tile Fouticr-t'illcrillg illcth<ld "the 
target ftinction O ininimizcd in the course ot  fitHilg o f  the 
structtirM par;lint:let':, was no hi,Thor th;lll 3+'e ., whict l  corrc- 
sl)ond,, to lhc ,icctiiacy o f  detern'mlaliOll of + iutcratomic dis- 
l/lliCC ~, cqttal to i) 02 74, 

X-ray diffraction stud)'  of  complex 5a, l-he ei')'Mals arc 
iYionoclinic. :it 293 K a = 2,',;.862(8~ A.  h = 6 . 9 5 7 1 2 )  A,  

c = 17.48315) A. [~ =' 106.9012) ~ I' ~ 3359(2) A ' .  dale = 
1337 lllg i11 -i+ space grotlp C?ic, Z = '4. r i le  intellSiliey, e l  
242) retlt'cliOll>, were iliC:,lStllcd Oll :111 atllOlll;lled Ibt lr-circle 
Sit_'Fllell5 P3IPC di t ' i rac tometcr  at 2'J~ K (NhI-Kc~ radia- 
l ion.  graphite n lonochro l l l a to r ,  0 /20 scanning  t e chn ique .  
20ma x = 50 <) and 1"758 observed rcflectiolls ~cre  used ill 
stlb~,r c:llctilations. The  .,,truclure wax salved by the 
direct nicthod and rel ined by the tt i l l -matr lx Icast-SqLl:li'os 
method in tile ani,+otropic-isotropic approxiniat ion based on t'-'. 
The position:, of  the hydrogen alon-ls woro located t'ronl diFtL'r- 
crime electron density x)'ltthescs and refined clsiilg the riding 
model. The final vatucs o f  tile R Litters ',,,crc as follows: 
wR~ = t).1__.99. ( ;OF  = 1.067 u:,ing all rei'lcction> (R l = U.04IQ 
cMculated using 1758 reflections ~,ith / - ,  2e;t/)) wid~ the use oI 
the SHEI.XTL PLUS program package 30 -rhc coniplctc tablc~ 
of the atomic o~ordinalcs,  thermal  pannneicrs ,  bond tongth~,. 
and bolld angles were deposi ted with the Cambridge Structural 
Database. 

Syu |hesis  of  aminomethylene  derivatives 4 was can-ted oil!  

by the reactions of  the corresponding aldchbdcs 31 with amines  
I RNH 2) in ethanol or an ethanolic-ethercal  mixture according 
to known procedtircs. 16,19,22,23 Ti~e rr mixtures  were 
heated lot 15--3f~ rain. The  precipitates of  conlpounds  4 thai 
fortncd wore washed with ethallol and ether and rccr_,,,xtallizcd 
from prollan-2-ol or  totucnc. I h e  yields were 60--80%. 

M e t a l  chelates 5 wcrc synthesized from sodium salt,; o( 
compomlds  4 and Cu II :lCCt:.llC ill methanol.  The mixtures  were 
rr tbr 5--20 rain. The cD'~,tals that precipit;Itcd were 
fi ltered o f f  washed ~ i th  inethanol and ether until the  l i l tratcs 
bCCall-ie colorir and dried ill a vacutim desiccator. 

] h e  dala oF chemical  analysis arc given in fciblr 1. 
-|'he comph.'xc'+ arc character ized by w r y  high mel t ing 
points I-"250 "C). 
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