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ABSTRACT 

The ultraviolet, visible, and inf rared  absorption spec t r a  of four  
Schiff b a s e s  derived f r o m  P-diketones and their  copper(I1) chelates  a r e  
descr ibed and discussed in  relation to  the s t ruc ture  of these molecules .  
Infrared assignments  a r e  made where possible. The influence of fluorine 
substitution and ring s ize  on the ultraviolet and visible spec t ra  of the chelate 
compounds i s  discussed, and interrelationships between s t ruc ture ,  stabili ty,  
and absorption spec t ra  a r e  suggested. 
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In a previous publication, the influence of fluorine substitution on 
the  spec t ra  of copper(I1) chelates  of a number of P-diketones was repor ted .  
A second c l a s s  of ligands, which wquld seem to offer s t ruc tu res  of in t e re s t  
i n  this study, a r e  the Schiff b a s e s  qerivable f r o m  diamines and P-diketones, 
a s  indicated in  Formula I. Thus acetylacetone o r  i t s  tr i-fluoromethyl 
der ivat ives ,  linked together by a hydrocarbon chain through Schiff-base 
formation,  would provide a s e r i e s  of tetradentate chelating agents capable of 
conforming to the s te r ic  requirements  of the Cu(I1) and UO (VIP ions.  The 
s t ruc tu res  of the corresponding Cu(I1) chelate s i s  indicatec?by Formula  11. 
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R -C 
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C-CH 

T h e s e  compounds a r e  analogous to those descr ibed in  the f i r  s t  paper in th is  
s e r i e s  in that they a r e  derived f rom the same P-diketones. 

* 
On leave during the summer  of 1953 f rom Cla rk  University, Worcester ,  Mass ,  

' ~ a t i o n a l  Science Foundation Fellow, 1953-4 and 1954- 5; present  a d d r e s s :  
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The only ligands corresponding to Formula  I that have been r epor t ed  
p r io r  to this inyestigation a r e  bisacetylac toneethylenediimine (R = R = CH3; 5 
n = 21, descr ibed by Combes y d  Combes; and a number of i t s  meta l  che la tes ,  
studied by Morgan and Smith. More ecently a s e r i e s  of these substances 
have been prepared by McCarthy et  al.' a s  model  compounds for dipole 
moment  studies.  Exchange of the meta l  ion has  been  studied with bisacetyl- 
acetoneethylenediirnino-Cu(I1) by Duffield and c a l v i n 5  an$ with bisacetyl-  
acetonee thylenediimino- Zn(II){ by Leventhal and Garne r  . 

Experimeqtal Procedure  

Bisacetylacetoneethylenediimine. To 2 0 . 0 / ~  (0.2 m o l e )  of acetylacetone 
dissolved in 25 m l  of absolute ethanol a s  a modera to r  f o r  the reaction, , 6 .0  g - 
of anhydrous ethylenediamine diluted with an equivalent volume of absolute 
ethanol was added i n  a dropwise fashion with cooling of the react ion mixture .  
The resulting yellow solution was evaporated to d r y n e s s  under reduced p r e s -  

0 
su re  with a s t r e a m  of dry a i r  a t  about 50 . The yellow crystal l ine product 
was recrys ta l l ized  twice f r o m  toluene and twice f r o m  carbon tetrachloride.  
The yield was 18 g, or  80% of the theoretical amount,  of a co lor less  solid 
which melted a t  1 l3O. It is a l so  soluble in  water ,  f r o m  which i t  c rys ta l l izes  
a s  a solvate i n  the f o r m  of la rge  needles. Water i s  unsatisfactory for 
crystall ization since recovery  i s  poor, because of possible  par t ia l  hydrolysis  
of the Schiff base .  

Anal. Calcd for C12HZ0Q2N2: C, 64.29; H, 8.96; N, 12.5. Found: 
C, 6 5 . 1 8 ; r 8 . 9 6 ;  N, 12.2. 

Bisacetylacetoneethylenediimino-Cu(I1). To a solution of 2.0 g (0.0 1 mole )  
of copper(I1) acetate monohydrate in 150 m l  warm dioxane was added 3.5 g - 
(0.01 5 mole)  of bisacetylacetoneethylenediimine. The r e d  solution was 
heated on a s team bath for 15 minutes, diluted with 200 m l  of water,  and 
allowed to stand overnight. The dark r e d  needles which crystal l ized out 
were fi l tered off. Fu r the r  dilution of the f i l t ra te  did not r e su l t  in the c ry ta l l -  
izat ian of additional product, but a second sma l l  amount of product was 
recovered  a f t e r  evaporation of the mother liquor to  a sma l l  volume. The 
combined relatively pure product thus obtained weighed 2.6 g o r  about 90% 
of the theoretical yield. Fur the r  purification was  c a r r i e d  out, with l i t t le 
l o s s ,  by  recrystal l izat ion f rom ligroin. The product was found to be  ve ry  
soluble in  cold chloroform and carbon tetrachloride.  I t s  melting point 
was 1 4 5 ~ ~ .  

2 ~ .  Combes and C. Combes, Compt. rend 108, 1252 (1889). - 
3 ~ .  Morgan and 3 .  Smith ,  J. Chpm. Soc. 2034 (1925); 918 (1926). 

4 ~ c ~ a r t h y ,  Hovey, Ueno, and Martell ,  J .  Am. Chem. Soc. - 77, 5820 (1955). 

5 ~ .  B. Duffield and M. Calvin, J .  Am. Chem. Soc. 68, 557 (1946). - 
'L. Leventhal and C .  S. Garner ,  J .  Am. Chem. Soc. 71, 371 (1949) - 



Anal. Calcd for C12H18Q2N2 CU: C, 50.4; H, 6 .3;  N, 9.81. Found: 
C, 49.2; -6; N, 9.77. 

Bistrifluoroacetylacetoneethylenediimine. To  0.20 m o l e  (30.8 g )  of t r i f luoro-  - 
acetvlacetone dissolved i n  200 m l  of 95% ethanol was  added 50 m l  of a n  ethanol 
solution containing 6.0 g (0.10 m o l e )  of anhydrous e thylenediamine.  The  
yel low solution was refluxed for  30 minutes ,  di luted with a n  equa l  volume of 
wa t e r ,  and allowed t o  cool. The near ly  co lo r l e s s  c r y s t a l s  thus  obtained 
were  separa ted ,  and a fu r the r  s m a l l  batch was  r e c o v e r e d  b y  dilution of t h e  
mo the r  l iquor with a n  equal  volume of water  and allowing i t  t o  s tand  fo r  one 
day. The  combined ba tches  weighed 29 g, which i s  87% of the  theore t ica l  
amount.  It was  fur theg r e c r y s t a l l i z e d  f r o m  50% ethanol  with only sl ight  
l o s s .  I t m e l t e d a t  156 . 

Anal. Calcd.  f o r  C 1Q:g4N202F6: C. 43.1; H, 4.22;  N, 8.44;  
Found: C, 42.7; H, 3.86; N, . 

Bistrifluoroacetylacetoneethylened~imino-Cu(I1). A solution of 2.0 g (0.010 
m o l e )  of copper(H1) ace ta te  monohyPrate i n  150 ml of dioxane was  t r e a t e d  
with 4.0 g (0.012 m o l e )  of bistrifluoroacetylacetoneethylenediimine accord ing  
to the gene ra l  procedure  descr ibed above for  the  copper  (11) che la te  of 
bisacetylacetoneethylenediimine. The lavender -co lored  c ry s t a l l i ne  p r ec ip i -  
t a te  weighed 3.8 g, o r  96% of the  theore t ica l  amount .  

Red  fo rm.  The product  was  dissolved i n  a s m a l l  amount  of ch loro-  
f o r m  and t r ea t ed  with twice i t s  volume of w a r m  l igroin .  When the  solution 
was  slowly cooled, 1.6 g (approximately  40%) of wine- red  need l e s  mel t ing 

0 
a t  256 was  obtained. 

Anal. Calcd for  C 12H1208N2F6 CU: C,  36.6: H, 3.1; N, 7.12; Found: 
C ,  36.2; n . 2 ;  N, 6.95. 

Blue fo rm.  An equal  vo luwe of l igroin  was added to the mo the r  
l iquor  obtained a f te r  separa t ion  of the  r e d  product d e s c r i b e d  above.  After  
the resu l t ing  solution was al lowed to  s tand overnight,  a ba tch  of blue needles  
was  obtained. A fu r ther  s m a l l  amount  of the s a m e  m a t e r i a l  was  r e c o v e r e d  
by evaporat ing the mother  l iquor  to a s m a l l  volume and adding l ig ro in .  The 
combined batches  of blue needles  weighed 1.8 g, o r  about 45% of the  t heo re t -  

0 i c a l  amount ,  Its melt ing point was  found to be  197 , with softening beginning 
a t  1 9 0 ~ .  

Anal. Calcd fo r  C 12H12Q2N2F6 CU: C, 36.6: H, 3 . 1 ;  N ,7.12. Found: 
C,  37.0; H, 3.8; N, 7.39. 

Both the r e d  and the  blue  f o r m s  produced blue  solut ions  having the 
s a m e  co lor  and shade, and showed s imi l a r  solubility c h a r a c t e r i s t i c s  i n  
polar  solvents  such a s  ch loroform.  

Bisacetylacetonetrimethylenediimine. To 20.0 g (0.20 m o l e )  of acetylacetone 
dissolved in  about 200 m l  of anhydrous  ethyl  e the r ,  7.4 g (0.10 m o l e )  of 
anhydrous  tr imethylenediarnine was  added dropwise  with- s t i r r i n g  and  cooling. 
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Slow addition was necessary  to prevent too rapid refluxing of the e ther  as 
the r e su l t  of the large heat of react ion,  and a considerable proportion of 
the Schiff base  was seen to precipitate during the addition. The react ion 
was  completed by s t i r r ing  the refluxing mixture for thir ty  minutes ,  and 

0 
the product was  isolated by cooling the mixture to 0 with a sma l l  amount 
of anhydrous ether .  The yield of product was 18.0 g, o r  80% of the theoreti-  
ca l  amount. It i s  very soluble in  water and in most  organic  solvents, 
including toluene, carbon tetrachloride,  chloroform, and  the like. It i s  
quite hygroscopic and readily abso rbs  sufficient mcis'ture f r o m  the atmosphere 
to go into solution. It i s  bes t  recrys ta l l ized  f rom dry  e the r  by strong cooling. 

0 
The melting point was found to be 51 . 

Anal. Calcd for  C13H2202N2: C, 65.80; H, 9:25; N, 11.7 5. Found: 
C ,  6 5 . 9 2 x 9 . 5 6 ;  N, 11.57. 

Bisacetylacetonetrimethylenediimine - Cu(I1). A 2.0-g sample  (0.010 mole)  
of copper(II) acetate  was t rea ted  with 3.5 g (0.0 15 mole)  of bisacetvlacetone- 
t ~ i m e i h ~ l e n e d i i m i n e  according to the genera l  procedure de  scribeddabove . 
The finely divided crystall ine ma te r i a l  obtained was dissolved in  200 m l  of 
Iigroin, evaporated to 50 ml ,  and allowed to stand. Most of the product 
(1.6 g )  was thus obtained a s  glistening greenish-black needles.  Fur the r  
evaporation of the mother liquor resul ted in  the isolation of 0.5 g m o r e  a s  

c fine dark-green  needles. The total yield, melting a t  97O, amounted to 707' 
of the theoret ical  amount. 

Anal. Calcd for  C 13H20N202 CU: C, 52.0; H, 6.77; N, 9.34. Found: 
C,  51.5; -9; N, 9.21. 

Bistrifluoroacetylacetonetrimethylenediimine. A 15.4 -g sample (0.0 10 mole)  
af trifluoroacetylacetone was t rea ted  with 3.7 g (0.050 mole )  of anhvdrous 
trirnethylenediamine according to the descr ibed  above f o r  the 
preparat ion of bistrifluoroacetylacetoneethylenediimine. The 13.5 g (77% 
of the theoret ical  yield) of co lor less  crystall ine product thus obtained 

0 
mel ted  a t  52 and was sufficiently pure fo r  most  purposes without fur ther  
purification. 

Anal. Calcd. for C Hl6N2O2F6: C, 45.1; H, 4.63; N, 8.10. 
Found: C 4 4 . 8 :  H, 4.87; N, f l96 .  

Bistrifluoroacetylacetonetrimethylenediimino - Cu(I1). The procedure out- 
l ined for  the preparation of the copper(II)  chelate of bistrifluoroacetvlacetone- 
ethylenediimcne was followed. T&- deep green  dioxane react ion so1;tion 
thus  obtained was diluted with 1.5 t imes  i t s  volume of water ,  and 4.0 g 
(approximately 987'0 of the theoretical ~ i e l d )  was obtained. After recrys ta l l i -  
zation f r o m  carbon tetzachloride, i t  was isolated in  the f o r m  of dark-green  - 
needles melting a t  214". 

Anal. Calcd for C Hl4O2N2F6 CU: C, 38.3; H, 3.4; N, 6.89. 
Found: C ~ S ;  H. 5.8; N. 7 . 3 3 .  

Diethyl (ethylenebis-P -aminocrotonate). A 26.0-g (0.2-mole) sample of 
ethylacetonacetate was t reated with 6.0 g (0.10 mole)  of ethylenediamine 
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the manner  descr ibed  above for  the prepara t ion  of bistrifluoroacetylasetone- 
ethylenediimine. The product was obtained in  the f o r m  of near ly  c o l o r l e s s  
needles weighing 25.0 g, which r e p r e s e n t s  93% of the theore t ica l  yie ld .  It 
was recrys ta l l i zed  f r o m  aqueous ethanol. 

Anal. Calcd for C 14HZ4NZ04: C,  59.2; H, 8.4; - 
59.4; H, 8.4; N, 9.6. 

Absorption Spectra  
Visible and ultraviolet  absorpt ion spec t r a  were  

Cary  Model 11  recordirig spectrophotometer ,  o r  with a 

N, 9.85, Found: C ,  

m e a s u r e d  with a 
prototype of the  

Beckman DK1 Recording Spectrophotometer,  and with quar tz  ce l l s  of 1 c m  
thickness. The  solutions were  made  up to  0.0100 M concentrat ion by weight 
and progressively diluted with syringe-type pipettes until the p rope r  con-  
centration for  absorption measu remen t s  was obtained. The spec t roscopic  
solvent used was Eas tman Kodak No. S337 Spectro-Grade ch loroform.  

The i n f r a r e d  measu remen t s  w e r e  made  with a Model 2 1  Pe rk in -  
E l m e r  Recording Double-Beam Spectr  ophotometer with NaCl opt ics .  All 
ligands and chelate  compounds were  m e a s u r e d  anujol mu l l s .  

E x ~ e r i m e n t a l  Resul ts  

The s t ruc tu re s  of the ligands actually prepared  i n  th i s  investigation 
a r e  indicated i n  Table I. In a l l  c a s e s  the procedures  employed i n  the i r  
preparat ion were  sufficiently different f r o m  those of previous inves t iga tors  
to  warrant  the br ie f  description given in the experimental  pa r t .  

The ultraviolet  absorption spec t r a  of the ligands a r e  given i n  F ig .  1, 
and those of the corresponding Cu(1I) chelates  a r e  i l lus t ra ted  in Fig.  2. 
The visible absorpt ion spec t ra  of the me ta l  chelates  a r e  given i n  F i g .  3 .  In 
these d iagrams,  the mo la r  extinction coefficient was de te rmined  on the b a s i s  
of the a s sumed  molecular  weight of the  compound, and was plotted v s  wave 
length i n  mp.  In Table I1 a r e  l is ted the wave lengths of the absorpt ion m a x -  
i m a  found i n  the visible and ultraviolet  regions,  and the corresponding 
approximate mo la r  extinction coefficients. Frequenc ies  a r e  enclosed i n  
parentheses  i n  c a s e s  where the band i s  weak and occu r s  a s  a shoulder o r  
i r regular i ty  on a much s t ronger  b a n d .  

The i n f r a r e d  absorption frequencies  of both the l igands and the m e t a l  
chelates  a r e  given in  Table 111, with the very  weak o r  doubtful bands indicated 
in parentheses .  The bands have been  marked  a rb i t r a r i l y  a s  weak o r  s t rong  
on the b a s i s  of the appearance of the spec t ra .  
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TABLE I 

Ligands and metal  chelates  of th is  study 

Bisacetylacetone- 
e thylenediimine 

Formula  References 
R R n Liyand w I I \  Chelate  - - -  

Bistr i f luoroacetyl-  CH3 C F 3  2 7 
acetoneethylenediimine 

Bisacetylacetone- CH3 CH3 3  7 
t r ime  thylenediimine 

Bistrifluoroacetyl-  CH3 C F 3  3  - - - - 
ace tonetrimethylenediimine 
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Fig.  1. Ultraviolet  absorpt ion s p e c t r a  of l igands  

0.8- 

- biiacetylacetoneethylenediimine 1 I all at 
----- bistrif luwoacetylacetoneethylenediimine II 4 x  lo-' M in --- bisacetylacetonetrimethylenediimine El CHCI, in 
-.- bistrifluoroacetylacetonetrimethylenedii IP I cm. cells 
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- Mrocetylocetoneethylenediimino- Cu (U) 

----- birtriflwroocetylocetonaethylrncdiimino-Cu (n) 
-- - birocetylocetonetrimethylanc- 

-.- birtrifluoroacetyloceto~ - trimethyIecwdiimin0-c~~ 

Fig .  2.  Ultraviolet absorption spec t r a  of metal chelates 
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- bisacetylacetoneethylenediimino-Cu 0 

---- bistrifluomacetylacetoneethylanediimino- cu (E) 

j ---bisacetylacetonetrimethylenediimino-Cu $1 

450 550 650 750  

Fig.  3 .  Visible absorption spectra  of metal  chelates .  



T A B L E  I1 
\ 

Absorp t ion  B a n d s  of CHC l 3  Solut ions i n  the Visible  a n d  
Ul t rav io le t  Regions 

Compound Molar i ty  c 
m a x  

I Bisacetylacetoneethylenediimine 

I1 Bistrifluoroacetylacetone- 
5 4 x  322 16, 200 

ethylenedi imine 4 x 10- 317 17, 000 

I 
I11 Bisa~et~lacetonetrimethyl- 

enedi imine  

IV Bistrifluoroacetylacetone- 
t r i m e  thylenedi imine 

VI Bistrifluoroacetylacetoneethylene - 10, 600  
d i imino  - Cu(I1) - - - - - -  

2 1 , 6 0 0  
- - - - - -  
- - - - - -  

1 0 - ~  555 101 

VII I3isacetylacetonetrimethylenediimino- 2 x lo- '  258)  - - - - - -  
Cu(I1) - - - - - -  

18, 500 
37 5 956 
4601 - - - - - -  

f600  8 9 

4 

VIII Bistrifluoroacetylacetonetrimethylene- 
di imino  - Cu(I1) 
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T A B L E  111 
-- 

I n f r a r e d  Absi , rpt ion Bands  of Nujol ~ u l l s *  

Reglon I  I1 111 I  V V V I  VII VIII I  X 

e  A e T  t  A t T  Cu-t.A C u - e A  Cu- tA  C u - t l  

C - N  1360 w 

1 2 9 5  s  
1258 w 
I 227  .& 

1208  w 
C - C  

~ - 

' eA : eihylene diimine-his-Acetyldcctone 
e l  = ethylene diin~ine-his-lrifluoroacd~ylacctone 
t A  = t r ime thy lene  diiniine-bis-Acetyljcrtone 
t l  = t r ime thy lenc  diimine-bis-Trilluoroacetylacrtune 

Bands a r e  c l a s s e d  a r b i t r a r i l y  a s  " s " - s t rong ;  "w " -weak ;  o r  "h"-broad 
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Discussion 

Prepara t ion  of Ligands and Cu(I1) Chelates 
The methods employed in the investigation repor ted  h e r e  differ f r o m  

those  previously repor ted  in the use of ethanol a s  a modera tor  for  the f o r -  
mat ion  of the Schiff bases ,  and in  the use  of aprot ic  solvents for  their  r e -  
crystal l izat ion.  F o r  these reasons ,  the yields of the l ig  nds appear  to be  
somewhat bet ter  than those reported by McCarthy e t  a l .  2 

All a t tempts  to prepare Schiff b a s e s  of hexafluoracetylacetone, 
ethylacetoacetate,  and ethyltrifluoroacetoacetate resul ted in  fai lure .  In the 
c a s e  of ethylacetoacetate the reaction product with ethylenediamine proved 
t o  be the diethyl e s t e r  of ethylenebis -P - aminocrotonate (Formula 111). This  
substance was found to produce a deep blue solution when at tempts  were  
m a d e  to convert i t  to the chelate by the dioxane method. 

On dilution with water ,  however, cp r i c  hydroxide precipitated. Apparently P t he  meta l  chelate formed in  the orgqnic phase i s  relatively unstable,  and 
b r e a k s  up in  water solution. 

Since no condensation was qbtained between hexafluoroacetylacetone 
a n d  ethylene-diimine, an attempt was made to p repa re  the des i red  chelate  
c ompound directly by combining cupric acetate  with ethylenediamine and 
hexafluoroacetylacetone under varying conditions of solvent and t empera tu re .  
In all  c a s e s  the only react ions that were  detectable corresponded to 
sepa ra t e  react ions of the metal  ion with ethylenediamine and with the P-diketone. 

The general  procedure emplqyed for  the preparat ion of the me ta l  
chelates ,  involving formation of the compound in dioxane and precipitation 
b y  the addition of water ,  differs conpiderably f r o m  the methods previously 
employed, which usually involved copbinat ion 02 the ligand with the f r e sh ly -  
precipi ta ted meta l  hydroxide or hydrous oxide. The method used i n  this  
investigation gives yields that a r e  at  l eas t  a s  good a s  those previously 
descr ibed .  

It i s  interest ing to note that the Cu(I1) chelate of bistrifluoroacetyl-  .. 
a c e t ~ n e ~ e t h y l e n e d i i m i n e  was obtaiqeg in two f o r m s  by fractional c rys ta l l iza-  
t ion  f rom chloroform and ligroin. The l e s s  soluble r e d  fo rm,  had a melt ing 

0 
point 66 higher than the m o r e  soluble blue compound. The infrared,  u l t r a -  
violet ,  and visible spectra  (in chloroform) were found to be  identical, and 
analytical resu l t s  were  also the same within experimental  e r r o r .  These 
substances,  therefore a r e  probably t r y s t a l  modifications of the s a m e  compound. 
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In accordance with i t s  lower  solubility and higher  mel t ing  point, i t  i s  poss ib le  
that  the r e d  modification involves i p t e rmo lecu l a r  i n t e r ac t i ons  that  a r e  absen t  
i n  the blue one, and that  these  in te rac t ions  probably involve m e t a l - m e t a l  f o r c e s .  
That the  r e d  color  i s  l o s t  i n  such polar  solvents  a s  ch lo ro fo rm and  ace tone  
s e e m s  to support  t h i s  point of view, par t i cu la r ly  s ince  both subs tances  give 
ident ical  blue solutions.  

Ultraviolet  Absorption Spec t ra  
All the ul t raviole t  absorpt ion s p e c t r a  i n  F i g s .  1 and 2 a r e  high- 

in tensi ty  K-type bands  a r i s i ng  f r o m  e lec t ron ic  t r ans i t i ons  i n  conjugated 
s y s t e m s  of the type shown in  F o r m y l a s  I and 11. The  c h a r a c t e r i s t i c  double 
bands  of the l igands would a t  f i r s t  gpem to  a r i s e  natural ly  enough f r o m  the  
two tau tomer ic  f o r m s  poss ible  for e'ach H-bonded r ing  of the  l igand,  indicated 
by F o r m u l a s  I V  and V.  

Independent m e a s u r e m e n t s  by Ueno and Mar t e l l  have shown that  
the  re la t ive  in tensi t ies  of the two bands  a r e  only sl ightly a l t e r e d  in 0.1 - M 
NaOH solution. I t  s e e m s  probable,  t he r e fo re ,  that  e a c h  band i s  due to  
e lec t ron ic  t rans i t ions  i n  the single conjugated s y s t e m  

and that  this  i s  pe rhaps  not ve ry  mych  affected by H-bonding to  the  oxygen 
o r  nitrogen.  

The p r e sence  of two o r  t h r ee  bands  m a y  poss ibly  a r i s e  f r o m  dif ferent  
re la t ive  a r r angemen t s  of the two canjugated s y s t e m s  a r i s i n g  f r o m  rota t ion 
through the ethylene o r  t r imethylene br idge .  Thus,  the  H-bonded r i ngs  
m a y  be re la t ively  f a r  a p a r t  a s  i n  F o r m u l a  I, o r  c l o s e  together  a s  i n  F o r m u l a  VI. 
This  m a y  be  coupled with differing in te rac t ions  a r i s i n g  f r o m  the  i s o m e r i c  
Y'closed" o r  "open" f o r m s  a s  i n  F o r m u l a  VIa. 

7 ~ .  Ueno and A. E. Marte l l ,  3 .  Pbys.  Chern. ,  61 000 (1957). 



"open" 

UCRL- 3698 

As with the bidentate ligands discussed previously, the effect of 
introducing one trifluoromethyl groyp i s  to inc rease  the wave lengths of 
the  absorption maxima,  and to increase  somewhat the tendency to enolize. 
Because  of the lack of a considerable increase  in intensity on the addition 
of alkali, noted above, it s e e m s  that a l l  the ligands a r e  nearly completely 
enolized. As a f i r s t  approximation, i t  s eems  that bisacetylacetone- 
ethylenediimine must  be a t  l eas t  90% enolized. If one then a s s u m e s  that 
t he  corresponding t r i f luoro compouqd i s  loo'% enolized, i t  i s  apparent  
f r o m  the relat ive absorption coefficients l is ted i n  Table I1 that substitution 
of the trif luoromethyl group resu l t s  in l i t t le o r  no inc rease  i n  the absorp-  
t ion intensity. It s eems  m o r e  logical, therefore,  to  a s s u m e  complete 
enolization of both ligands derived f r o m  ethylenediamine, and a n  inc rease  
of 1070 in the intensity of the absorption resulting f rom the introduction of 
a trifluoromethyl group a t  one end of the conjugated sys tem.  

I 

The l a rge  increase  of intensity observed as the r e su l t  of introduc- 
t ion of a trifluorornethyl group into the Schiff base  derived f r o m  
trimethylenediamine could be  due to relatively incomplete enolization of 
the  parent compound, and to what appears  to be complete enolization of 
the  trif luoromethyl derivative.  

Unlike the bidentate ligands descr ibed previously, the ultraviolet 
spec t r a  of the metal  chelates  of the fjchiff bases  bea r  l i t t le  resemblance to  
those  of the ligands. Instead of the simple dauble o r  t r iple  bands present  
i n  the ligand, the meta l  chelates have complicated sys t ems  of a t  leas t  
f ive bands in each case ,  with one of much higher intensity than the others .  
The absorption curves  shown in Fig. 2 indicate that the spec t ra  can  be 
divided into two s imi lar  pa i rs :  (a)  those involving the Schiff b a s e s  derived 
f r o m  ethylenediamine; and (b) the chelates derived f rom trimethylenediamine. 
I t  i s  apparent that changing the number of carbons i n  the hydrocarbon 
br idge  f rom two to three  has  a grea ter  influence on the spec t r a  than 
substituting a trifluoromethyl group in  each s ix-membered  me ta l  chelate 
r ing .  
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I t  i s  perhaps not unreasonaple that the spec t ra  of the te t radentate  
chelates  should differ s o  greatly f r q m  those of the P-diketones, when one 
considers  the differences in the a r rangement  of the dypoles and charges  in  
these two c l a s ses  of compounds. If one makes  the reasonable assumption 
that both c l a s ses  of chelate compounds a r e  square planar ,  one h a s  the 
following ar rangements  of dipoles and charges  about the me ta l  ion: 

Bidentate Chelate Tetradentate Chelate 

Thus, i t  i s  seen that the influence of the meta l  on the bidentate 
p-diketones is  m o r e  symmetr ic  than the effect on the ends of the conjugates 
sys tems in  the Schiff bases .  The g rea te r  number of distant p i - sys tem 
energy levels in these compounds, indicated i n  Fig.  2, i s  probably re la ted  
to that decreased symmetry .  

Visible S ~ e c t r a  
  he absorption 

region, shown in F ig .  
spectra  of the copper(I1) chelates in the visible 
3, a r e  s imi lar  to those of the copper(P1) chelates  of 

th; bidentate ligand& and presumedly a r i s e  f rom the same  type of 3d orbi ta l  
transit ions.  One would expect that the polar fields of the donor a toms of 
the Schiff bases  would be more  effective than the simple P-diketones in  
removing the d-orbi ta l  degeneracy of Cu(I1) because of the g r e a t e r  in te r -  
action of the fo rmer  with the metal  ion. That this i s  actually the case  may 
be  seen qualitatively i n  the fact that the frequencies of the pr incipal  absorp-  
tion bands in the visible region occur a t  much shor te r  wave length and a r e  
much m o r e  intense for the Schiff bases .  In some cases  the absorpt ion 
maxima of the (3-diketone i s  found displaced 100 m p  o r  m o r e  toward longer 
wave length than that of the Schiff base  derived f rom the s a m e  (3-diketone. 

The absorption spectra  in Fig. 3 indicate that the influence of - 

tr if luoromethyl groups i s  to shift the absorption bands of the me ta l  chelates 
to  lorrger wave lengths. This i s  in the same  direction a s  the shifts observed 
i n  the CuqIT) chelates derived f rom the bidentate l igands,  As indicated 
previously, this shift to the red  co r re l a t e s  with a dec rease  i n  stabili ty of 
the me ta l  chelate and decreased interaction of the charges of the ligand with 
the electr ical  field of the metal  ion. 

Perhaps  even m o r e  interesting i s  the grea ter  inc rease  i n  wave 
length of the visible capper(I1) band when the ethylene bridge i s  replaced by 
a three-carbon chain. It i s  well knqwn that increasing the s ize  of the meta l  
chelate ring formed between the two basic  nitrogen atoms decreases  the 
stability of the chelate compound. The common explanation of this  correlat ion 
between stability and ring size,  involving an entropy effect, does not seem 



to  offer an  explanation of the shift in  the spec t ra .  Unlike the t r i f luoromethyl  
groups,  which obviously influence the donor-metal  interaction by an  inductive 
removal  of e lectrons,  i t  i s  difficult to  see  how the s ize  of the aliphatic 
chelate ring, pe r  se ,  could affect s o  grea t ly  the metal  ion t rans i t ions .  
However, i t  i s  obvious f rom the shifts in  F ig .  3 that the influence of in-  
creasing r ing s ize i s  g rea te r  than that resul t ing f r o m  the substi tution of 
tr if luoromethyl groups on the ligand, i n  agreement  with the conclusions 
drawn above f r o m  the ultraviolet  spec t ra .  A possible explanation would 
b e  that s t e r i c  considerations involving the three metal  chelate r ings  a s  a 
whole might actually force the nitrogens c loser  to the Cu(I1) ion when the 
cent ra l  (diamine) ring contains five m e m b e r s  than when the r ing contains 
six a toms.  Grea ter  proximity between the nitrogens and the Cu(I1) ion in 
the ethylene diamine derivatives would resu l t  in more  spreading of the 
d-orbi ta l  energy levels of the Cu(I1) by the amino group charges  and dipoles. 
It i s  quite likely that inser t ion of qn ext ra  methylene into the enthylenediamine 
bridge produces some m o r e  profound change in the chelate b i - r ing  s t ruc ture .  

Infrared Spectra  
All the f r e e  ligands have a broad absorption band nea r  3150 c m - '  

which i s  assigned to the NH o r  013 stretching frequency. The broadness  of 
these  bands i s  a good indication that the group is involved in  hydrogen- 
bond formation. 

The effect of introducing C F  groups i n  the ligands r e su l t s  i n  a 
3 higher  NH o r  OH stretching frequency, possibly indicating weaker hydrogen 

bonds. This  effect may be due to  the interference of the electron-at t ract ing 
trifluoromethyl group with the resonance of the conjugated sys tem to which 
i t  i s  a t tached.  It i s  a l so  possible that the basicity of the donor a toms  i s  
a l s o  decreased  sufficiently by fluorine substitution to affect hydrogen bonding, 
o r  that the frequency shift i s  pr imar i ly  the r e su l t  of d i rec t  influence through 
the hydroxyl oxygen or amino nitrpgen. 

The foregoing assignment of the broad bands in the 3200 to 3100 c m - '  
region i s  fur ther  strengthened by the disappearance of these  bands in  the 
me ta l  chelates ,  in  which the enolic o r  amino hydrogens a r e  completely 
displaced by the copper(I1) ion. 

It i s  interest ing that, unlike the P-diketones discussed previopsly,  
the Schiff-base ligands in the investigation presented he re  do not show 
f r e e  carbonyl bands. 3 1  the Schiff b a s e s  have strong bands in the frequency 
range  16 10 to 1615 cm-  , which can only be  due to H-bonded carbonyl  
s t retching vibrations.  These appear a t  lower frequencies than do the co r -  
responding bands of the P-diketones, indicating s t ronger  hydrogen bonding 
i n  the f o r m e r  compounds. 

Another band, in the region 1570 to 1585 cm- '  somet imes  occurr ing 
with a subsidiary band, may  be assigned to C=C s t re tch  in  the H-bonded 
r i n g s .  It i s  to be noted that these frequencies a r e  considerably lower than 
the  corresponding bands of acetylacetone and other P-diketone s, possibly 
a s  a r e su l t  of s t ronger  resonance of the conjugated rings in the Schiff 
b a s e s .  
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- 1 
The bands appearing a t  1525 * 1 zm a r e  ass igned to C =N s re tch ing  - 

vibrat ions ,  displaced f r o m  the i r  usual posit ions a t  1690 to  1640 c m  a s  the  
r e s u l t  of s t rong hydrogen bonding. These absorpt ions  a r e ,  of c o u r s e ,  absen t  
i n  the spec t r a  of the p-diketonel  d i scussed  in  the f i r s t  paper of th i s  s e r i e s .  
T h e  band appear ing at  1510 c m -  in the spec t rum of the crotonic  ac id  

\ derivat ive,  Fo rmula  V, i s  probably not due to ,C=N s t re tch ,  s ince th i s  
g roup  mus t  be  absent ,  but may be due to  an  N-H deformation vibrat ion,  
which usually appears  in  t h ig  regioq. Although these  ass ignments  c o r r e s p o n d  
t o  those of Ueno and Mar te l l  fo r  a somewhat different s e r i e s  of compounds,  
it i s  quite possible that the t r u e  C=C and C=N ass ignments  have been  inver ted  
i n  all Schiff bases .  

The bands observed in  the 1300- 1500 c m - '  region a r e  l ikely C H  and 3 
C H  deformation vibrations.  A number of bands i n  the 1120- 1282 cm-.l r e -  2 
gion, which appear  only in  the spec t ra  of the t r i f luoro derivatives,  m a y  b e  
a ssigned to  C - F stretching vibrat ions .  

The s t ruc tu re  ass igned to  the crotonic  ac id  derivative,  F o r m u l a  I , -Y. 
is in conformity with the p r e s  nce af the e s t e r  carbonyl band a t  1730 c m  , -7 a s  well a s  a band a t  1645 c m  which m a y  be due to the H-bonded carbonyl  
group .  The lower-frequency bands may  b e  due t o  C=C stretching v ibra t ions  
of the var ious  modifications (H-banded, e t c . )  that  a r e  presen t .  T h e r e  m a y  
even  be weak contributions f r o m  sma l l  amounts of the  imino tau tomer  . 

This  work was done under the ausp ices  of the U, S. Atomic Energy  
C ommis  sion. 
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8 ~ .  Ueno and A. E .  Martel l ,  J .  Fhys.  Chem. 59, 998 (1955). - 


