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Kinetics and Mechanism of Oxidative Deoximation 
of Benzaldoxime by Diperiodatocuprate(III) 
in tert .-Butanol-Water Medium 
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Summary. The kinetics of oxidation of benzaldoxime by diperiodatocuprate(III) (DPC) was studied 
spectrocolorimetrically at 414 nm in tert.-butanol-water medium. The order in [DPC] and that in 
[benzaldoxime] was unity. The rate increased with increasing [OH-] and decreasing f IO4-] .  A 
suitable mechanism is proposed based on the kinetic data. 
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Kinetik und Mechanismus der oxidativen Deoximierung yon Benzaldoxim mit Diperjodatocuprat(III) 
in tert.-Butanol[Wasser 

Zusammenfassung. Es wurde die Kinetik der Oxidation von Benzaldoxim mit Diperjodatocuprat(III) 
(DPC) in tert.-Butanol/Wasser colorimetrisch bei 414 nm untersucht. Die Reaktionsordnung bezfiglich 
[DPC] und [Benzaldoxim] war gleich 1. Die Reaktionsgeschwindigkeit erh6hte sich mi* Zunahme 
der Konzentration von [OH-] und Verminderung von [IO 4 -3. Basierend auf den kinetischen Daten 
wird ein passender Mechanismus vorgeschlagen. 

Introduction 

It is well known that copper in its trivalent form acts as a one electron oxidant in 
aqueous alkaline medium. Periodate and tellurate complexes of  Cu(III) were also 
used as oxidants in oxidimetric determination of  some organic compounds  [1-31. 
Earlier we have reported the kinetic study of  oxidation of  some organic compounds  
like alcohols, ketones, amino acids, and benzaldehydes by diperiodatocuprate(III)  
(DPC) [4-7].  Deoximat ion of  oximes is known to occur either by hydrolytic meth- 
ods or oxidative methods.  The hydrolytic methods employed for the conversion of  
oximes into the corresponding carbonyl compounds  are very slow and subject to 
side reactions. Hence the oxidative methods have been used as alternative methods. 
The oxidation of  oximes with metal ions like Ce(IV), Pb(IV), TI(III) are of  interest 
to many workers in preparing carbonyl compounds  [8-10]. The oxidative deoxi- 
mation by metal ions is known to occur via the formation of  intermediate iminoxy 
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radicals or a complex between the substrate and the oxidant. Preliminary studies 
revealed that DPC reacts with benzaldoxime. In view of this it was thought worth- 
while to find out which of the above two mechanisms operates during the oxidation 
of benzaldoxime by DPC, a one electron oxidant. Since benzaldoxime is insoluble 
in water, the kinetic study was made in tert.-butanol-water mixtures, because 
tert.-butanol does not undergo oxidation under the experimental conditions. 

Experimental 

All chemicals used were of highest purity. Benzaldoxime was prepared and purified by standard 
methods. DPC was prepared and standardized as reported elsewhere [3]. The progress of the reaction 
was followed by measuring the absorbance of DPC at various time intervals using a Carl Zeiss 
spectrocolorimeter at 414 nm. All the reactions were carried out in 30% (v/v) tert.-butanol-water 
mixtures. The product of oxidation has been identified as benzaldehyde and estimated gravimetrically 
as 2,4-dinitrophenyl hydrazone derivative. It was found that for every 2 mol of DPC consumed 1 mol 
of benzaldehyde was formed. 

Results and Discussion 

Under the conditions of [DPC] ~ I-oxime] the plots of log (absorbance) vs. time 
were linear (r = 0.990), indicating first order dependance of rate on [DPC]. From 
the slopes of such plots the pseudo first order rate constants (k') were evaluated. 
The k' was found to be independant of initial [DPC], which also confirms the 
order in DPC to be unity (Table 1). The k' was found to be increased with increasing 
[oxime] and the order in [oxime] was found to be unity (Table 1). The rate of 
oxidation was increased with increasing [ O H - I  and decreased with increasing 
[ I O 4 -  ] at constant [DPC], l-oxime], and temperature (Table 2). The rate was 
uneffected by the addition of salts like KNO3, NaCIO4. Induced polymerization 
of acrylamide was observed under nitrogen atmosphere. 

The diperiodatocuprate(III) has been demonstrated to be an aquo or hydroxo- 
periodatocuprate(III) [113 which is denoted as Cu(HL)2 in the discussion. The 
nature of dependance of rate on [OH - ] and FKIO4] indicates that monoperioda- 
tocuprate(III), Cu(HL) is the active species of DPC under the experimental con- 

Table 1. Effect of [DPC] and [benzaldoximel on k' in the DPC-benzaldoxime reaction; 
[KOH] = 0.010 tool d m -  3, [KIO4] = 0.00068 mol d in -  3, tert.-butanol = 30% (v/v), temp. = 291 K 

[DPC]. lOSmoldm -3 [oxime]. 102moldm -3 U. 104s -1 k'/[oxime] = k". 103mo1-1 dm-3s  -1 

6.90 1.60 3.13 - 
3.00 1.60 3.05 - 
4.50 1.60 3.10 - 
8.00 1.60 3.20 - 
6.90 0.900 1.80 20.0 
6.90 2.50 5.25 21.0 
6.90 3.20 6.43 20.1 
6,90 4.20 8.61 20.5 
6,90 5.00 10.2 20.4 
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ditions as discussed earlier [6]• The absence of a salt effect indicates the reaction 
to be of ion-dipole type. A strict unit order dependance of each in [oxime] and 
[DPC] indicates the absence of any stable complex formation between the oxidant 
and substrate prior to oxidation• The iminoxy radical is known to be the first stage 
product of oxidation of oxime by metal ions such as Ce(IV), Pb(IV), TI(III), Mn(III), 
etc. [ 8 -  10, 12]. This, together with the observation of a positive test for free 
radicals, indicates also a reaction path involving iminoxy radicals• In view of the 
above information the following meachnism is proposed for the oxidation of ben- 
zaldoxime by DPC: 

KI 
Cu(HL)2 + O H -  ~ CuL(HL) + H20 

CuL(HL) ~ Cu(HL) + L 

K3 
L + H20 ~ HL + O H -  

Ph 

Cu(HL) + 'C  = N -  O H - - L - *  
/ slow 

H 

Ph 

\ C  = N - O + Cu(II) + H + / 
H 
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H / H / 

Ph "\ 
C - N - -  O] 

/ 
H 

Ph Ph OH 
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C • - N = O + Cu(HL) . . . .  * C - N = O + Cu(II) 
/ H20 /" 

H H 

Ph OH Ph / 0 . -  H 2 Ph 
/ fast ~ C  v-,NO fast NNC= O q- H2N202 

2 / C \  ~ / \ = N 7 * / 
H N = 0 H N Ph H 

o i 

NH -~0 / \ H  

L stands for a periodate ligand of undetermined protonation and Cu(HL) is the 
monoperiodatocuprate(III)  species• From the above mechanism the rate law comes 
out to be 

- [DPC]/d t --- kK1K2 [Cu(HL)2] [oxime] 

• {K3 (1 + [HL] + [OH- ] )} / [HL]  {1 +/£1 [OH]}.  

The rate law explains well the experimental observations. 
The formulation of such canonical structures for the iminoxy radical formed 

in the slow step by 1 mol of  oxidant has been demonstrated earlier by several 
workers. The role of iminoxy radicals as intermediates in some oxime oxidations 
has been recognized from ESR studies [13]. The dimerization and decomposition 
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Table 2. Effect of [OH-]  
[DPC] = 6.90.10-Smoldm -3, 
temp. = 291 K 
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and [ K I O 4 ]  o n  k' in the DPC-benzaldoxime reaction; 
[-benzaldoxime] = 0.0162 tool dm- 3, tert.-butanol = 30% (v/v), 

[OH- ] '  10 2 tool dm- 3 [ K [ O 4 ]  • 10 4 tool dm- 3 k'. 104 s- 1 

1.00 6.80 3.13 
1.00 4.50 4.00 
1.00 3.00 5.20 
1.00 2.00 6.00 
1.00 10.0 2.80 
0.500 6.80 2.70 
0.225 6.80 2.00 
1.50 6.80 4.00 
2.00 6.80 4.80 
3.00 6.80 6.00 

o f  h y d r o x y  n i t roso  c o m p o u n d s  is also well k n o w n  as shown by G o w e n l o c k  [14] 
and  has been pos tu la ted  in the ox ida t ion  o f  oximes by  Ce(IV) [8] ,  TI(III)  [10],  
Mn( I I I )  [12],  per iodic  acid [13],  etc. All the steps p r o p o s e d  in the reac t ion  scheme 
are well in accordance  with earlier observa t ions  thus suppor t ing  the mechan i sm 
p r o p o s e d  for  the ox ida t ion  o f  benza ldox ime  by  D PC.  

Acknowledgements 

The author is thankful to Prof. T. Navaneeth Rao and Prof. B. Sethuram for their encouragement. 

References 

[1] Beck G. (1952) Mikrochem. 39:313 
[2] Kovat Z. (1959) Acta Chim. Hung. 21:247 
[-3] Chandra S., Yadava K. L. (1968) Talanta 15:349 
[4] Murthy C. P., Sethuram B., Navaneeth Rao T. (1981) Z. Phys. Chem. (Leipzig) 262:366 
[5] Bal Reddy K., Murtby C. P., Sethuram B., Navaneeth Rao T. (1984) Oxidation Commun. 6: 

93 
[6] Bal Reddy K., Sethuram B., Navaneeth Rao T. (1981) Indian J. Chem. 20A: 395 
[7] Bal Reddy K., Sethuram B., Navaneeth Rao T. (1984) Indian J. Chem. 23A: 593 
[-8] Bird J. W., Diapper D. G. M. (1969) Can. J. Chem. 47:145 
[9] Yukawa Y., Sakai M., Suzuki S. (1966) Bull. Chem. Soc. Japan 39:2266 

[10] McKillop A., Hunt J. D., Naylor R. D., Taylor E. C. (1971) J. Am. Chem. Soc. 93:4918 
[11] Jaiswal P. K., Yadava K. L. (1973) Indian J. Chem. 11:837 
[12] Venkat Rao V., Sethuram B., Navaneeth Rao T. (1980) Indian J. Chem. 19:1127 
[13] Gilbert B. C., Norman R. O. C. (1968) J. Chem. Soc. B: 123 
[14] Gowenlock B. G. (1958) Quart. Rev. (London) 12:321 
[15] Aranjo H. C., Ferreira G. A. L., Mahajan J. R. (1974) J. Chem. Soc. Perk. Trans. I: 2257 

Received June 23, 1989. Accepted November 15, 1989 


