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REACTIONS OF ACETYLACETONE WITH ORGANOTELLURIUM(1V) 
CHLORIDES-C, BONDED ACETYLACETONATES OF TELLURIUM(1V) 

BISHAN L.KHANDELWAL*, A J A I  K . S I N G H  AND NARENDRA S.BHANDAR1 
Department of Chemistry,  I n d i a n  I n s t i t u t e  of Technology 
N e w  Delhi  110 016, I n d i a  

A b s t r a c t  The r e a c t i o n s  of a c e t y l a c e t o n e  (AcAc) w i t h  ArTeC1, 
( I ) ,  4- 
hydroxyphenyl,  4-methoxyphenyl, 4-ethoxyphenyl, 3-methyl-4- 
hydroxyphenyl and 3,4-dihydroxyphenyl) have been i n v e s t i -  
ga ted .  The I g i v e s  ArTe(C5H702)C12 (IV) type d e r i v a t i v e s  b u t  
I1 and I11 do n o t  react even on prolonged r e f l u x i n g  i n  t h e  
presence  of anhydrous A l C 1 3 .  The s t r u c t u r a l  f e a t u r e s  of t h e  
new a c e t y l a c e t o n e  d e r i v a t i v e s  (IV) have been explored  by I R ,  
PMR and CMR spec t roscopy.  The e f f e c t  of phenyl r i n g  s u b s t i -  
t u e n t s  on t h e  keto-enol  tautomerism of I V  has been found t o  
be minor. The bond format ion  between T e  and C1  of AcAc and 
i n t r a m o l e c u l a r  secondary i n t e r a c t i o n  between t h e  oxygen of 
AcAc and T e  have been i n f e r r e d  from t h e  spectral  d a t a .  

ArZTeC12 (11)  and A r j T e C l  (111) (where A r  = phenyl ,  

INTRODUCTION 

The 6-d ike tona tes  of s e v e r a l  m e t a l s  and m e t a l l o i d s ,  except  t e l l u -  

r i u m ,  are  w e l l  documented i n  t h e  l i t e r a t u r e ’ .  Morgan and D r e ~ . ~ - ~  

f i r s t  s t u d i e d  t h e  r e a c t i o n s  of TeC14 wi th  some 6-diketones 

(R C(0)CH2C(O)R1 ) and obta ined  R 2 T e C l Z  (R= 6-d ike tona te  group)  

type s p e c i e s  having  Te l i n k e d  t o  t e r m i n a l  carbon of t h e  d ione  when 

R o r  R1 was methyl.  I n  c a s e  of a c e t y l a c e t o n e  t h e  second product  

i d e n t i f  i e d 4 a  l a t t e r  a s  telluracyclohexane-3,5-dione d i c h l o r i d e  

was a l s o  n o t i c e d  by Morgan and h i s  coworkers.  We have shown v e r y  

r e c e n t l y  t h a t  t e l l u r i u m  m o i e t i e s  can  be bonded t o  carbonyl  oxygen 

of B-diketones5 as w e l l  a s  middle  carbon atom (C,)  of a c e t y l a c e -  

tone‘. The r e a c t i o n s  of a c e t y l a c e t o n e  (AcAc) wi th  o r g a n o t e l l u r i u m  

(IV) c h l o r i d e s ,  unat tended so  f a r ,  seem t o  be i n t e r e s t i n g  because 

t h e  a c t i v a t i o n  of expected products  Ar(C5H702)TeC12 and 
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I58 B. L. KHANDELWAL, A. K. SINGH AND N. S. BHANDARI 

7 
A r 2  (C5H702) T e C l  may r e su l t  e a s i l y  t h e  a r y l a t e d  a c e t y l a c e t o n e  

o therwise  d i f f i c u l t  t o  s y n t h e s i z e .  We have,  t h e r e f o r e ,  s t u d i e d  

such r e a c t i o n s  of a c e t y l a c e t o n e .  The A r 2 T e C 1 2  and Ar3TeC1 do n o t  

react on prolonged r e f l u x i n g  ( 48 h )  i n  a v a r i e t y  of s o l v e n t s .  

The anhydrous A 1 C 1 3  a l s o  f a i l s  i n  c a t a l y z i n g  t h e  r e a c t i o n s .  The 

r e a c t i o n  of ArTeC13 g i v e s  C1 bonded a c e t y l a c e t o n a t e s ,  Ar(C5H702 )- 

TeC12 (IV) (where A r  = C6H5(a), 4-OH -C6H4(b) ,  4-OCH3C6H4(c), 

4-OC2H5C6H4 ( d ) ,  3-CH3-4-OHC6H3 ( e )  o r  2,4-(OH)2C6H3(f). The 

resul ts  of p r e p a r a t i v e  and s p e c t r a l  i n v e s t i g a t i o n s  on IVa t o  IVf 

a r e  r e p o r t e d  i n  t h e  p r e s e n t  paper .  

EXPERIMENTAL 

P h y s i c a l  Measurements 

‘ H  and C NMR spectra were recorded on a J e o l  FX-100 FT-NMR 

spec t rometer  o p e r a t i n g  a t  100 MHz and 25 MHz r e s p e c t i v e l y .  I R  

s p e c t r a  i n  t h e  r e g i o n  4000-400 cm-’ were recorded  on a Pye Unicam 

SP 1200 i n f r a r e d  spec t rometer  u s i n g  K B r  p e l l e t s .  The FT-IR 

spec t rometer  N i c o l e t  5DX was used f o r  t h e  r e g i o n  600-200 cm-l. 

Mass spectra (70 eV) were recorded  on a Varian A E I  MS9 mass 

spec t rometer  a t  Aston U n i v e r s i t y ,  U.K. The conductance measure- 

ments were c a r r i e d  on a Pye conductance b r i d g e .  

13 

Ana 1 y s e s 

T e l l u r i u m  c o n t e n t s  of t h e  compounds were determined’ by Pye 

Unicam SP 191 a tomic  a b s o r p t i o n  spectrophotorneter .  The c h l o r i d e  

was e s t i m a t e d  v o l ~ m e t r i c a l l y ~ .  For t h e  d e t e r m i n a t i o n  of C and H ,  

a Coleman carbon-hydrogen a n a l y s e r  model-33 was employed. 

The l i t e r a t u r e  methods were used f o r  t h e  p r e p a r a t i o n  of 

phenyl- , (4-hydroxypheny1)- , (4-methoxypheny1)- , (4-ethoxy- 

phenyl)- l  , (3-hydroxy-4-methylpheny1)- l 3  and (3,4-dihydroxy- 

phenyl)  t e l l u r i u m  t r i c h l o r i d e l  . 

1 0  1 1  1 2  
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C, -BONDED ACETYLACETONATES OF TELLURIUM(1V) 159 

General  Procedure f o r  S y n t h e s i s  of I V  

The I V  ( a  t o  e )  were prepared  by r e f l u x i n g  t h e  a p p r o p r i a t e  

ArTeC13 ( ~ 5  mM) and a c e t y l a c e t o n e  ( ~ 3 0  mM) i n  40 cm3 benzene 

under n i t r o g e n  atmosphere till t h e  e v o l u t i o n  of hydrogen c h l o r i d e  

ceased ( 6 t o  8 h ) .  The r e a c t i o n  mixture  was f i l t e r e d  t h e r e a f t e r  

and reduced i n  volume t o  5-6 cm3. The 40 cm3 petroleum e t h e r  

(60-80OC) was added t o  t h i s  c o n c e n t r a t e  t o  s e p a r a t e  t h e  brown/ 

grey s o l i d  which was washed wi th  petroleum e t h e r  t h r i c e ,  r e c r y s -  

t a l l i z e d  from chloroform and d r i e d  under vacuum. For IVf,  t h e  

r e a c t i o n  was c a r r i e d  o u t  a t  room tempera ture  and worked up as  

mentioned above. 

RESULTS AND DISCUSSION 

The ArTeC1, r e a c t s  w i t h  AcAc accord ing  t o  e q u a t i o n  1,  a s  t h e  

results of e l e m e n t a l  a n a l y s e s  (Table  1) of t h e  products  a g r e e  

wi th  t h e  v a l u e s  c a l c u l a t e d  f o r  ArTe(C5H702)C12. 

r e f  l u x  

ArTeC13  + C5H802 - ArTe(C5H702)C12 + H C 1  (1) 

C 6 H 6 , N 2  

The molar c o n d u c t i v i t i e s  of IVa t o  IVf i n  CH3CN (1.45-8.68 ohm-’ 

or02 mol ) are i n  t h e  range  of n o n e l e c t r o l y t e ,  s u g g e s t i n g  t h a t  

t h e s e  compounds behave as d i o r g a n y l t e l l u r i u m  d i c h l o r i d e s ,  which 

i s  suppor ted  by t h e i r  h y d r o l y s i s  t o  cor responding  (ArTeO)i10 by 

10% sodium c a r b o n a t e  s o l u t i o n .  The c o n c e n t r a t e d  h y d r o c h l o r i c  

a c i d  can  l i b e r a t e  AcAc from them ( e q u a t i o n  2 ) .  

- 1  

CH 3CN 

Ar(C5H702)TeC12 + H C 1 ,  > ArTeC13 + C5H802 

h e a t  
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160 B. L. KHANDELWAL, A. K. SINGH AND N. S. BHANDARI 

TABLE I.  Elemental  a n a l y s e s  and p h y s i c a l  p r o p e r t i e s  

Analyses (FoundICalcd. %) _____________--_------------- I V  Yield Colour 
( % )  (M.P.(d)OC) C H Te c1 

65 Brown 
(123-125) 

45 Dark brown 
(114-116) 

90 Grey 
(1151 

55 Brown 
(119-120) 

70 Brown 
(110)  

30 Brown 
(108) 

36.04 
(35.24) 

32.98 
(33.79) 

35.96 
(35.50) 

36.25 
(37.27) 

34.83 
(35.58) 

31.95 
(32.40) 

3.44 33.54 
(3.20) (34.07) 

3.52 31.42 
(3.07) (32.67) 

4.25 30.95 
(,3.69) (31.45) 

4.02 29.12 
(3.82) (30.48) 

3.58 30.35 
(3.54) (31.58) 

3.20 30.05 
(2.95) (31.38) 

18.56 
(18.75) 

17.85 
(18.17) 

16.48 
(17.50) 

15.56 
(16.96) 

16.98 
(17.55) 

16.95 
(17.46) 

The r e s o r c i n o l  e x c e p t i o n a l l y  r e a c t s  w i t h  IVc, on h e a t i n g  them i n  

4 : l  molar r a t i o  i n  t o l u e n e  a t  80-90°C f o r  12 h ,  r e s u l t i n g  h i g h l y  

hygroscopic  (p-CH30CgH4 - ) (2,4-(OH) 2CgH3)(CgH702 )TeCl. On r e d u c t i o n  

of IVc and IVf w i t h  fused  Na2S.9H20 o r  Na2S205 t h e  e lementa l  

t e l l u r i u m  i s  p r e c i p i t a t e d  whereas A r 2 T e 2  i s  obta ined  i n  o t h e r  

c a s e s .  

The chemical  s h i f t s  observed i n  'H NMR s p e c t r a  (Table  11)  

s u g g e s t  t h a t  i n  a l l  t h e  compounds (IVa t o  IVf)  t e l l u r i u m  moiety 

i s  bonded w i t h  t e r m i n a l  carbon ( C l )  atom of A c A c  and t h e  ke to-  

e n o l  tautomerism, as d e p i c t e d  i n  Scheme 1, e x i s t s  i n  

s o l u t i o n .  Our  ass ignments  of CH2-Te pro tons  a g r e e  w e l l  w i t h  t h e  

l i t e r a t u r e  r e p o r t s  f o r  telluracyclohexane-3,5-dione i t s  

d i c h l o r i d e  and (CH3COCH2COCH2)2TeC12. The chemical  s h i f t s  f o r  

pro tons  of phenyl r i n g  and i t s  s u b s t i t u e n t s  were i n  agreement 

4 a  
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C,-BONDED ACETYLACETONATES OF TELLURIUM(1V) 161 

TABLE I1 Chemical s h i f t s  ( 6, ppm)+in H NMR s p e c t r a  of I V  
a t  25OC 

b 2 . 0 8  5.79 4 .64  2 .19  3.85 4 .82  

C 2.08 5.65 4.54 2 .13  3.89 4.74 

d 2.09  5.65 4.53 2 .26  3.76 4.72 

e 2 . 1 1  5.69 4 . 5 8  2 . 6 9  3.78 4.74 

f 2.07 5.61 4.59 2 . 3 9  3.58 4 .81  

+ Solvent  b , f  - CD,CN; a,c,d,e-CDC13 

H 
C HrTe i H3C, / C \ c /  CHl-TeC 

C 
0 

C 
F2 

II IJ 
/ \ / 

' 1  
e 
0 

? 

5 c he me-1 \ H,,*l"' 

11 ,13  with  o u r  ear l ier  r e p o r t s  However) t h e  OH resonance f o r  

IVb has  been found merged i n  t h e  phenyl s i g n a l .  The % enol-form 

of AcAc i n c r e a s e s  t o  95 when a hydrogen a t  C 1 i s  r e p l a c e d  by - 
Te(Ph)C12 group. The s u b s t i t u t i o n  of an e l e c t r o n  donat ing  group 

on phenyl r i n g  a t  p o s i t i o n  para  t o  t e l l u r i u m  reduces t h e  amount of 

e n o l  form a lmost  t o  t h e  l e v e l  of a c e t y l a c e t o n e .  The s i g n a l s  f o r  

phenyl p r o t o n s  of k e t o  form could n o t  be i d e n t i f i e d  because of 

t h e i r  merging i n  t h e  phenyl s i g n a l s  of e n o l  form except  f o r  

IVb. I n  comparis ion t o  pure a c e t y l a c e t o n e  t h e  CH3 ( 6  1 .9212.11  

ppm) and CH/CH2 resonances ( 6  5 .513.5 ppm) a r e  observed t o  be 

s h i e l d e d  i n  t h e  spectrum of IVa. This  i n d i c a t e s  t h a t  i n  IVa 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
9
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1
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Cl 

oxygen has  s i g n i f i c a n t  secondary i n t e r a c t i o n  wi th  T e  made 

p o s i t i v e  by two e l e c t r a n e g a t i v e  c h l o r i n e  atoms, which i n  t u r n  

b r i n g s  t h e  C H 3  pro tons  under t h e  i n f l u e n c e  of t e l l u r i u m  l o n e  pa i r  

( s t r u c t u r e  A )  and s h i e l d s  them. The s h i e l d i n g  of C H / C H z  a l s o  

seems t o  r e s u l t  from t h e  d e l o c a l i z a t i o n  of e l e c t r o n  d e n s i t y  

a r i s i n g  o u t  of t h i s  i n t e r a c t i o n .  When groups para  t o  t e l l u r i u m  

make i t  less p o s i t i v e ,  t h i s  secondary i n t e r a c t i o n  breaks  down and 

c o n f i g u r a t i o n  B o r  D results which has  C H / C H Z  pro ton  i n  t h e  

v i c i n i t y  Te6' and t h e r e f o r e ,  t h e s e  pro tons  are somewhat d e s h i e l -  

ded  i n  comparis ion t o  c o n f i g u r a t i o n  C and E.  I n  absence of 

secondary i n t e r a c t i o n  t h e  p o s i t i v e  charge  on T e  a f f e c t s  CH2 group 

bonded d i r e c t l y  t o  i t  more and thus  t h a t  i s  a l s o  desh ie lded .  The 

chemical s h i f t s  of C H 3  and CH/CH2 pro tons  observed f o r  LVb t o  IVf 

a r e  i n  g e n e r a l  c l o s e r  t o  t h e  v a l u e s  of pure  a c e t y l a c e t o n e ,  which 

f u r t h e r  s u p p o r t  t h e  h y p o t h e s i s  of i n t r a m o l e c u l a r  secondary i n t e r -  

a c t i o n  and i t s  breaking .  
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13 
C NMR s p e c t r a  (Table  111)  s u p p o r t  t h e  l i n k a g e  of t e l l u r i u m  

moiety w i t h  C of a c e t y l a c e t o n e  as w e l l  as t h e  e x i s t e n c e  of ke to-  

e n o l  tautomerism i n  s o l u t i o n s  of IVa t o  IVf. The v a r i a t i o n  i n  

t h e  p o s i t i o n  of methyl carbon (C5) and C1 s i g n a l  w i t h  s u b s t i t u -  

t i o n  on phenyl group i s  n o t  much, s u g g e s t i n g  t h e  weak n a t u r e  of 

t e l l u r i u m  oxygen i n t e r a c t i o n .  I t  w i l l  be unwise t o  i n f e r  t o o  

much from smal l  v a r i a t i o n s ,  even then  s m a l l  d e s h i e l d i n g  of C 5  i n  

IVb-f w i t h  respect t o  IVa s u p p o r t s  t h e  p o s s i b i l i t y  of above 

mentioned h y p o t h e s i s  of weak Te-0 secondary i n t e r a c t i o n .  

1 

The I R  s p e c t r a  of t h e s e  Ar(CgH702)TeCl2 type d e r i v a t i v e s  

have broad bands a s s i g n a b l e  t o  voH, between 3200-3600 cm-l and 

V co bands between 1585-1720 cm-'. I n  pure a c e t y l a c e t o n e  a l s o  

these  bands a r e  observed a t  similar p o s i t i o n s ,  s u g g e s t i n g  t h a t  

t e l l u r i u m  i s  n o t  bonded e i t h e r  t o  oxygen of a c e t y l a c e t o n e  o r  i t s  

C3 carbon atom. This  i n f e r e n c e  i n  c o n j u n c t i o n  w i t h  t h e  occurrence  

of vTemCH2 a t  490-510 cm-' and v T ~ - C ( ~ ~ ~ ~ ~  I ) a t  205-265 cm-I 

suppor t  t h e  boilding of t e l l u r i u m  w i t h  C l  atom of a c e t y l a c e t o n e ,  

keto-enol  tautomerism r e s p e r e s e n t e d  i n  Scheme 1 and t h e  pre- 

dominance of e n o l  form i n  s o l i d  s ta te  too.  

The mass spectrum of IVa has  a f e a t u r e  a t  m/e = 300, most 

probably due t o  tellurocyclohexane-3,5-dione d i c h l o r i d e  i o n ,  

which f u r t h e r  s u p p o r t s  t h e  bonding of t e l l u r i u m  moiety w i t h  C 1  of 

AcAc. The r e a c t i o n  of Ar5TeCl wi th  AcAc i n  accordance t o  

e q u a t i o n  1 probably does n o t  occur  due t o  i t s  i o n i c  n a t u r e  b u t  

t h e  u n r e a c t i v i t y  of A r 2 T e C 1 2  i s  s u r p r i s i n g .  
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