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Europium  com plexes exhibits sharp red em ission bands 

due to its 4f electrons. Especially those coordinated by  

chelating oxygen ligands such as 月서iketones show good  

아아)ility  in  the  air  and  can  be  used  as  red  em itting  m aterials. 1 

To im prove the em itting color or lum inescence efficiency, 

neutral nitrogen donating ligand such as phenanthroline or 

2,2-bipyridine w as added to the Eu  com pound coordinated  

by  oxygen  donating  ligands. 1 e  H ow ever, Eu  com pounds only  

w ith nitrogen donating ligands especially w ith arom atic  

nitrogens23  are  not m uch  com pared  to  the  oxygen  ligated  Eu  

com pounds due  to  w eaker m etal-nitrogen  interaction.34 W e  

had  reported  that Eu(III) com plex  obtained  from  the  reaction  

of  EuCh and 2 >2 f-dipyridylam ine w as decom posed to 2,2- 

dipyridinium chloride and Eu com pound in m ethanol 

solution?

H erein, w e inve아igate  new  Eu(III) com plexes coordinated  

by  both of  nitrogen and oxygen by  using 2-(5-isoxazolyl)- 

phenol ligand in the sam e condition as corresponding 2,2- 

dipyridylam ine  reaction.

Experimental Section

W hen  EuX s (X  =  N O &  Cl) reacted  w ith  2-(5-isoxazolyl)- 

phenol in  the ethanol solution, a  recyclized  product, benzo

pyran  derivative (I), w as  produced.

2 M  N aO H  solution (3 m L, 6  m m ols) w as added  to 2-(5- 

isoxazolyl)phenol (0.484 m g, 3 m m ols) and ethanol (20  

m L). The m ixture w as stirred for about 30 m in. until the  

color changed to yellow . Ethanol (20 m L) solution of 

EuX 3-nH ?O (1 m m ol) w as added to the yellow ish ligand  

solution follow ed by stirring another 1 hour at room  

tem perature. Filtered  o任the  salts, the  filtrate  w as stood  fbr 1 

w eek in the air. W hite cry아als w ere filtered, w ashed w ith  

cold  ethanol and  dried  in  vacuum ; Y ield  89%, m p  270  °C , 'H

Figure 1. 2-(5-Isoxazolyl)phenol and 4H -1  -benzopyran-2-am ino- 

4-one  (I).

N M R  (300 M H z, CD 3O D , 25 °C) 7.2-82  ppm . A t the first 

아age of the reaction, Eu com plex w as produced. It w as 

evidenced  by  red  light em ission of  the  product, w hich is the  

typical property of Eu(III) com plex.6 W hen the reaction  

m ixture w as kept for one w eek new  organic com pound, I, 

w as  produced, not containing  Eu  m etal.

The data for X -ray structure determ ination w as collected  

on a CA D -4 diffractometer equipped w ith graphite m ono

chrom ated  M o  K a  radiation  (/  =  0.71073 A ) at 295 K . The  

unit cell dim ensions w ere determ ined on the basis of 22  

reflections in  the range of  8.03° < 0< 13.14°, The data w as 

collected by the co 120 scan m ode. The standard direct 

m ethod  w as used  to  position  the heavy  atom s. The rem ain

ing  non-hydrogen atom s w ere located from  the subsequent 

difference Fourier synthesis. A ll non-hydrogen atom s w ere  

refined  anisotropically. A ll hydrogen  atom s w ere calculated  

in ideal positions and  w ere  riding  on  their respective carbon  

atom s = 12Bcq). The 아ructure w as refined in a full 

m atrix least-squares calculation on 俨.Program used to  

solve 아ructure and to refine 아ructure; SH ELX S97 and  

SH ELX L97.7 M olecular graphics; O rtep-3 fbr  w indow s.8

Crystallographic  data  for  the  structures  reported  here  have  

been deposited w ith the Cam bridge Crystallographic D ata  

Centre (D eposition N o. CCD C-660511). The data can be  

obtained  free of  charge  via w w w .ccdc.cam .ac.uk/deposit (or 

from  the  CCDC, 12  U nion  Road, Cam bridge  CB2 1EZ, U K ; 

Fax: +44-01223 336033; E-m ail: deposit@ ccdc.cam .ac.uk).

Results and Discussion

The  com pound  I em its green  light w hen  it is excited  by  uv  

light. It is clear that Eu(III) catalyzes the form ation of L9 

W hen 2-(5-isoxazolyl)-phenol w as reacted w ith base  

w ithout Eu(III), I w as not produced. The Eu(III) catalytic  

reaction can be used to synthesize organic com pounds 

containing  nitrogen  atom  especially  benzopyrans, w hich  are  

now intere아ingly inve아igated because of its biological 

activities.10 A lthough, at this stage, w e have not thoroughly  

figured out the reaction m echanism , w e are still investi

gating  the reaction m echanism  including recyclization. W e  

propose an Eu com plex ligated by nitrogen as w ell as 

oxygen  before nitrogen-oxygen  cleavage as an interm ediate  

as show n in Figure 2. A s the interm ediate of Eu com plex  

coordinated by nitrogen donating ligand is unstable in the

http://www.ccdc.cam.ac.uk/deposit
mailto:deposit@ccdc.cam.ac.uk
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proposed  interm ediate

Table 2. The selected bond distances (A ) and angles (°) of I, 

C9H7N O 2

O (l)-C(2) 1.355(6) O (l)-C(1.0) 1.387(5)

C(2)-N (ll) 1.322(6) C(2)-C(3) 1.359(7)

C  ⑶-C(4) 1.403(7) C(4)-O (1.2) 1.247(6)

C(4)-C(5) 1.465(7) C(5)-C(10) 1.381(7)

C(2)-O (l)-C(10) 118.4(5) N (ll)-C(2)-O (l) 11L6(5)

N (ll)-C(2)-C(3) 125.2(6) O (12)-C(4)-C(3) 124.8(6)

O (l)-C(2)-C(3) 123.2(6) C(2)-C(3) ・ C⑷ 121.8(6)

Figure 2. Synthetic  Route of  I.
Table 3. H ydrogen  bonding  geom etries (A , °) ofl, C9H 7N O 2

Table 1. Crystal data  and  structure  refinem ent for  I, C9H 7N O2

Chem ical form ula C9H7N O 2

Form ula  w eight 16L16

Tem perature 295(2) K

W avelength 0.71073  A

Crystal system , space  group M onoclinic, P2(l)/c

U nit cell dim ensions a  =7.1869(14) A a  =  90° 

1=10.156(2) A p= 102.89(3)° 

c=  10.575(2) A /=90°

V olum e 752.4(3) A 3

Z, Calculated  density 4,1.423  m g/m 3

F(000) 336

Ciystal size 0.23 x 0.2 x 0.2  m m

Reflections collected/uniq  냐 e 1478/1399  [R  诚 =  0.054이

D ata/restraints/param eters 1.399/0/ 109

G oodness-of-fit on  F2 0.962

Final R  indices [7>2o(/)] R1 =0.0790前2  =  0.1145

R indices (all data) R1 =0.2444前2  =  0.163  5

Largest diffi peak  and  hole 0.207  and  -0.289  eA~ 3

reaction condition, it w ill be decom posed to organic com 

pound  I  and  Eu  com pound?

The crystallographic data and 아ructure refinem ent 

param eters of  I, C9H 7N O 2, are sum m arized in Table 1. The  

selected  bond  distances and  bond  angles are sum m arized in  

Table 2. A nd an O RTEP view of including the atom ic  

num bering  schem e is show n in Figure 3. A ll atom s in I are

Figure 3. O RTEP diagram of C9H 7N O 2, show ing the atom  

num bering  schem e.

Sym m etry  transfbnnations used  to  generate  equivalent atom s: #  1 x, -y  

"1/2,z+ 1/2 #2-x+l,y  +  l/2;-z+l/2  '

d(D -H ) d(H -A) d(D -A) <(D H A )

N (11)-H (11A )...O (12)#1 0.86 2.14 2.921(6) 150.4

N (11)-H(11B)...O(12)#2 0.86 2.09 2.876(6) 150.9

Figure 4. A m olecular packing diagram of C9H 7N O 2, view ing  

norm al to  b-axis.

placed at the sam e plane, w hich m eans this m olecule is a  

conjugated system . The bond  distances of  O 1-C2 (1.355(6) 

A ) and O 1-C10 (1.387(5) A ) are m uch 아lorter than the  

norm al C-O  single  bond  of  L416  A . The  C2-N 11 distance  of 

1.322(6) A  is also shorter than  the typical C-N  single bond  

distance of L474 A .11 These bond distances and  angles are  

also supporting the conjugated system in the heterocyclic 

ring. Figure 4 show s a m olecular packing diagram  fbr I in  

solid. The m olecules are w eakly  held together by  N ・ H  …O  

hydrogen bonds in the unit cell, The hydrogen bond  

distances and  angles are  sum m arized  in  Table  3.

In  conclusion, benzopyran  derivative, 4H -1  -benzopyran  2- 

am ino-4-one (I), w as prepared from  the reaction of 2-(5- 

isoxazolyl)phenol and  E11X 3 (X =N O %  Cl). The com pound  I 

em its green  light w hen  irradiated  by  U V  light. Structure  of  I 

w as characterized by single crystal X -ray and 'H  N M R  
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m ethods. A  proposed interm ediate, Eu(III) com plex coordi

nated by nitrogen donating ligands m ight be unstable and  

decom posed to organic and m etal com pounds. The m ech

anistic study  is in  progress.
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