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Abstract: t-Butylbenzylamine (t-BA) is used as a free base in the synthesis of 

salbutamol drug. Its mechanism of oxidation was proposed from kinetic studies. 

The kinetics of oxidation of t-butylbenzylamine by diperiodatoargentate(III) 

(DPA) was studied spectrophotometrically by monitoring decrease in absorbance 

of DPA. The reaction was found to be first order each in [DPA] and [t-BA]. The 

effect of alkali concentration in a wide range on rate of reaction was studied. The 

rate of reaction was found to be increased with increase in [OH-] in the lower 

range of [OH-], decreasing effect in the middle range and at higher range again 

increasing effect on rate of reaction was observed. The added periodate retarded 

the rate of reaction. The polymerization test revealed that oxidation was occurred 

with the intervention free radical. A suitable mechanism was proposed for a 

middle range of [OH-]. The active species of silver(III) periodate for all the three 

different stages of [OH-] are assayed. Rate law was derived and verified. The 

oxidative product of t-BA was characterized by LC-ESI-MS spectra.  
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Introduction 

t-Butylbenzylamine (t-BA) is a precursor in the synthesis of salbutamol, which is used as 

anti-asthmatic drug. It is an active intermediate for most of other asthmatic drugs also
1
. 

Although t-BA is active free base and essential component of the salbutamol drug, it causes 

respiratory tract irritation and may lead to pulmonary edema. Inhalation of t-BA at high 

concentration may cause CNS (central nervous system) depression and asphyxiation. Hence, 

the trace amount of t-BA as impurity in salbutamol or general asthmatic drugs may lead all 

such toxicological effects
2
. The synonym of t-BA is N-(1,1-dimethylethyl)-benzene-

methanamine. The toxicological properties of the substance  have not  yet  fully investigated. 
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The oxidative property of this may help to understand its toxic effect. Hence, in the present 

study we report the oxidation of t-butylbenzylamine by silver(III) periodate in basic media. 

 Silver(III) is highly stable
3
 in presence of chelates like periodate, tellurate and 

ethylenebis(biguanide). Silver(III) tellurate complex has been used as an analytical reagent 

for the determination of carbohydrates and some inorganic ions
4
. However, its unstability 

has lost the interest for its use as analytical reagent. Nevertheless, the other forms of 

silver(III) like silver(III) periodate and silver(III) ethylenebis(biguanide) play an important 

role in the analytical chemistry
5,6

. There stability is exploited in the kinetic studies in which 

they are used as oxidizing agents in highly alkaline medium
7,8

. The literature reveals that 

very small number of oxidizing agents is available in such media. Amongst these, silver(III) 

periodate is a simple complex which can easily be prepared. Apart from this the silver(III) 

periodate is existed in various reactive forms depending upon the concentration of OH
-
 used. 

In the present investigation we have used [OH
-
] in a wide range. The active form of 

silver(III) periodate in different stages of [OH
-
] have been arrived. The literature reveals that 

no attempts have been made for the use of silver(III) periodate complex as an oxidant to 

understand the oxidative property of the intermediates like t-butylbenzylamine which is used 

in the synthesis of salbutamol. Hence, the title reaction is undertaken for the study of 

oxidation of t-butylbenzylamine and to know the various forms of silver(III) periodate in a 

wide range of alkali concentration. 

Experimental 

The used chemicals KOH, KIO4, KIO3, K2S2O8, NaOH, KNO3 and acrylonitrile were of 

analytical grade. The reaction solutions were prepared in millipore water free from dissolved 

oxygen and carbon dioxide. The acrylonitrile and K2S2O8 were purified by distillation and 

re-crystallization respectively to remove any traces of impurities.  

 The main reagents t-butylbenzylamine hydrobromide
9
 and silver(III) periodate 

complex
10

 were synthesized and standardized by reported methods. The silver(III) 

periodate complex was characterized from its UV-Vis spectrum exhibited three peaks 

at 214, 255 and 362 nm. These spectral features were identical to those reported 

earlier for DPA
10

. The compound prepared above was analyzed
11

 for silver and 

periodate by acidifying a solution of the material with HCl, recovering and weighing 

the AgCl for Ag and titrating the iodine liberated when excess of KI was added to the 

filtrate for IO4
-
.   

 The stock solution of DPA was prepared by dissolving the required quantity of above 

silver(III) periodate complex in millipore water which also contained 1.0x10
-4

 mol dm
-3

 of 

KIO4 and 0.05 mol dm
-3

 KOH. Under this condition DPA was found to be stable for more 

than one month. Since the aqueous solution of DPA contained IO4
-
, its reactivity with                                     

t-butylbenzylamine was tested and found that there was no significant interference due to 

IO4
-
 under experimental condition.  

 Aqueous solution of AgNO3 was used to study the product effect, Ag(I). The aqueous 

solutions of KNO3 and KOH were used to maintain and vary the ionic strength and 

alkalinity respectively.    

Kinetics measurements  

The oxidation of t-butylbenzylamine by DPA was carried out under pseudo-first order 

condition where [t-BA] > [DPA] at 30±1 
0
C, unless otherwise specified. The reaction was 

initiated by mixing the required quantities of previously  thermostated  solution  of t-BA and  
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DPA, which also contained definite quantities of KOH, KNO3 and IO4
- 

to maintain the 

required alkalinity, ionic strength and periodate respectively. The total concentrations of 

periodate and OH
-
 were calculated by considering the amount present initially in the DPA 

solution and that additionally added. The course of reaction was followed by measuring the 

decrease in absorbance of DPA in the reaction mixture in a 1 cm quartz cell of a thermostated 

compartment of Hitachi-U3310 spectrophotometer at its maximum absorbance, λmax, 360 nm 

as a function of time. Earlier, it was verified that there is a negligible interference from other 

species present in the reaction mixture at this wavelength. The obedience of absorbance by 

DPA to Beer’s law at the wavelength, 360 nm was verified earlier and the molar absorbance 

coefficient ‘ε’ was found to be 13900±100 dm
-3

 mol
-1

cm
-1

 at this wavelength. 

 The pseudo-first order rate constants, kobs were determined from the log (absorbance) 

versus time plots. The plots were linear upto 75% completion of reaction. The non-linearity 

above 75% was due to retarding effect of one of the products, silver(I) (discussed 

elsewhere). In view of the non-linearity of first order plots above 75% of reaction, the orders 

were also confirmed from initial rate method and found to be identical in both the methods. 

However, the orders for various species were determined from the slopes of plots of log kobs 

versus respective concentration of species except for [DPA] in which non-variation of ‘kobs’ 

was observed for its different concentrations as expected to the reaction condition. The 

results were reproducible within ±5%. 

Results and Discussion 

Stoichiometry and product analysis 

Different sets of reaction mixtures containing varying ratios of DPA to t-butylbenzylamine in 

presence of constant amount of OH
-
 and KNO3 were kept for 6h in a closed vessel under an inert 

atmosphere. When [DPA] > [t-BA], the remaining [DPA] was estimated spectrophotometrically 

at 360 nm. The results indicated that 1:1 (t-BA: DPA) stoichiometry as shown in equation (1). 

+  [Ag(H2IO6)2]
3-  +  2OH-NH C CH

3

CH
3

CH
3

C CH
3

CH
3

CH
3O

NH

+  Ag+  +  2H2IO6
3-  +  H2O  

 The oxidative product of t-butylbenzylamine was identified as 4-((t-butylamino) 

methyl)cyclohexa-2,5,dienone. It was analyzed by subjecting its aqueous solution to          

LC-ESI-MS analysis as follows: 20 µL of acidified reaction mixture was injected. The 

mobile phase consists of 10 mM ammonium acetate pH 3.0 (eluent A) and acetic acid 

(eluent B) at a flow rate of 1 cc/min. Gradient elution was run to separate reaction products. 

The analysis indicated that the only a single product and then LC-ESI-MS showed a 

molecular ion (m/Z) peak at 177 (Figure 1) which was expected molecular mass of the 

product, 4-((t-butylamino) methyl)cyclohexa-2,5, dienone .  

Reaction orders 

Kinetics of oxidation of t-BA by alkaline DPA was studied in a wide range of [OH
-
] at 

constant [DPA], [t-BA], [KIO4] and ionic strength at 30 
0
C (Table 1). It was observed that 

the rate of reaction was increased with increase in [OH
-
] from 5.0x10

-4
 to 2.0 x 10

-3
 mol dm

-3
  

(1) 
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and became optimum at 2.0x10
-3

 mol dm
-3

; further increase in [OH
-
] from 2.0x10

-3
 to             

7.0x10
-3

 mol dm
-3

 the rate of reaction was decreased and thereafter increase of [OH
-
] from 

8.0x10
-3

 to 2.0x10
-2

 mol dm
-3

, the rate of reaction was again increased. The order in [OH
-
] in 

lower range was found to be unity, at the middle range -0.5 and at the higher range, +0.8. 

Nevertheless, the kinetics of reaction was studied in the middle range of [OH
-
] and the 

orders for various species of the reaction were also determined in such range of [OH
-
]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. LC-ESI-MS spectra of oxidation of t-butylbenzylamine by diperiodatoargentate(III) 

in aqueous alkaline 

 At fixed [t-BA], [OH
-
], [IO4

-
] and ionic strength, the DPA concentration was varied in 

the range, 1.0x10
-5

 to 1.0x10
-4

 mol dm
-3

. The non-variation in the pseudo-first order rate 

constants at various [DPA] indicates the order in [DPA] as unity (Table 1). This was also 

confirmed from the linearity of plots of log [DPA] versus time for about 75% completion of 

the reaction. 

 At 30 
0
C, the substrate, [t-BA] was varied in the range, 3.0x10

-4
 to 5.0x10

-3
 mol dm

-3
 

keeping all other reactants concentrations constant. The kobs values were increased with 

increase in [t-BA] and its order was found to be unity (Table 1).  

 The dependency of rate of reaction on [IO4
-
] on the rate of reaction was studied by 

varying the [IO4
-
] from 5.0x10

-5
 to 5.0x10

-4
 mol dm

-3
 at constant concentrations of DPA,           

t-BA, alkali in the middle range and constant ionic strength. The rate constants were 

decreased with increase in [IO4
-
] and order was calculated to be -0.8 (Table 1). 

 The influence of ionic strength (I) on reaction rate was studied by varying the [KNO3] 

in the reaction medium. The ionic strength, I was varied from 0.05 to 0.5 mol dm
-3

 at 

constant concentrations of DPA, t-BA, IO4
-
 and alkali. It was observed that the rate of 

reaction is independent on ionic strength.  

 The dielectric constant (D) medium effect on rate of reaction was studied by varying the 

t-butyl alcohol/water percentage (v/v). Since the ‘D’ for various percentage compositions of 

t-butyl alcohol and water (v/v) was not available in literature, they were computed by using 

their ‘D’ in pure state
12

. In the reaction, as ‘D’ increases, the kobs values were decreased. 

Earlier it was ascertained that there was no reaction between t-butyl alcohol and oxidant 

under experimental conditions used. The graph of log kobs versus 1/D was found to be linear 

with positive slope. 
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Table 1. Effect of variation of [OH
-
], [DPA], [t-BA] and [IO4

-
] on oxidation of t-butyl- 

benzylamine by diperiodatoargentate(III) in aqueous alkaline medium at 30 
0
C 

kobs x 10
3
 (s

-1
) [OH

-
] x 10

2
, 

mol dm
-3 

 [DPA] x 10
4
,
  

mol dm
-3

 
[t-BA] x 10

3
, 

mol dm
-3 

[IO4
-
] x 10

4
,
 
 

mol dm
-3

 Exptl. Calc. 

0.05 5.0 1.0 1.0 0.79 - 
0.10 5.0 1.0 1.0 1.74 - 
0.15 5.0 1.0 1.0 3.07 - 
0.20 5.0 1.0 1.0 3.66 3.52 
0.30 5.0 1.0 1.0 2.95 3.03 
0.40 5.0 1.0 1.0 2.61 2.66 
0.50 5.0 1.0 1.0 2.38 2.37 
0.60 5.0 1.0 1.0 2.12 2.14 
0.70 5.0 1.0 1.0 1.99 1.95 
0.80 5.0 1.0 1.0 2.63 - 
0.90 5.0 1.0 1.0 2.85 - 
1.00 5.0 1.0 1.0 3.23 - 
1.50 5.0 1.0 1.0 4.24 - 
2.00 5.0 1.0 1.0 5.96 - 
0.50 0.1 1.0 1.0 2.38 - 
0.50 0.2 1.0 1.0 2.39 - 
0.50 0.3 1.0 1.0 2.38 - 
0.50 0.5 1.0 1.0 2.38 - 
0.50 0.8 1.0 1.0 2.36 - 
0.50 1.0 1.0 1.0 2.38 - 
0.50 5.0 0.3 1.0 0.69 0.71 
0.50 5.0 0.5 1.0 1.15 1.19 
0.50 5.0 0.8 1.0 1.90 1.90 
0.50 5.0 1.0 1.0 2.38 2.37 
0.50 5.0 2.0 1.0 4.51 4.74 
0.50 5.0 3.0 1.0 6.25 7.12 
0.50 5.0 5.0 1.0 11.5 11.9 
0.50 5.0 1.0 0.5 3.84 3.82 
0.50 5.0 1.0 0.8 2.81 2.80 
0.50 5.0 1.0 1.0 2.38 2.37 
0.50 5.0 1.0 2.0 1.34 1.35 
0.50 5.0 1.0 3.0 0.87 0.94 
0.50 5.0 1.0 5.0 0.58 0.59 

kobs were calculated using k = 9.85 dm3 mol-1 s-1, K1 = 2.0x10-3 mol dm-3 and  K2 = 1.11x10-4 mol dm-3 

in equation (6) 

 The experiment was also performed in presence of initially added product, Ag(I) in the 

concentration range, 1.0x10
-5

 to 2.0x10
-4

 mol dm
-3

 when all other reactant concentrations were 

kept constant. The initially added Ag(I) had shown the retarding effect on rate of reaction from 

the kobs values 2.19x10
-3

 to 0.99x10
-3

 in the above range of [Ag
+
] with an order -0.3. 

 The reaction mixture was mixed with a known quantity of acrylonitrile monomer and 

kept for 24 h under inert atmosphere. On dilution with methanol, a white precipitate of 

polymer was formed, indicating the intervention of free radicals in the reaction. The 

experiment of either DPA or t-butylbenzylamine with acrylonitrile alone did not induce 

polymerization under the similar condition as those induced with reaction mixture. Initially 

added acrylonitrile had also retarded the rate, indicating a free radical intervention
13

.  
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 The kinetics were also studied at 30, 35, 40, 45 and 50 
0
C at constant concentrations of 

reactants and other conditions being constant. The kobs at various temperatures were calculated as 

2.38x10
-3
, 2.95x10

-3
, 3.79x10

-3
, 4.98x10

-3
 and 6.18x10

-3
 mol dm

-3
. From the Arrhenius plot of log 

kobs vs. 1/T, the activation energy, Ea (40.0±0.5 k J mol
-1
) was calculated and from this other 

activation parameters, ∆H
# 
(37.1±0.8 k J mol

-1
), ∆S

#
 (-12.7± 0.1 J K

-1 
mol

-1
), ∆G

# 
(42.0±1 k J mol

-1
) 

and log A (4.3±0.1 dm
3
 mol

-1
 s

-1
) were computed  

 The water soluble silver(III) periodate exists
14

 in various forms  depending upon the pH of 

the reaction medium. The structure of such complexes are mainly governed by the periodate 

species, as free periodate in aqueous solution shows various pH dependent equilibria
10

. In the 

pH range of 8-12, the predominant periodate species will be H2IO6
3-

 and H3IO6
2-

. In alkaline 

medium periodate dimerizes and exists as H2I2O10
4-

 but it can be neglected in the present 

experimental conditions. Since the silver(III) periodate is a square planar with dsp
2
 geometry, 

the silver(III) periodate structure can be depicted as [Ag(H2IO6)2]
3-

 or [Ag(H3IO6)2]
-
. The 

degree of protonation of periodate is depending upon the [OH
-
] of the reaction medium. 

 In the present investigation, the reaction is studied in a wide range of [OH
-
]. In the lower 

range of [OH
-
], the degree of protonation for periodate can be ascribed as H3IO6

2-
. In such a range 

of [OH
-
] i.e., 5.0x10

-4
 to 2.0x10

-3
 mol dm

-3
 the rate of reaction was found to be increased with 

increase in [OH
-
] which might be deprotonation of periodate as in equilibrium (2). 

[Ag(H3IO6)2]-+ OH
-
                           [Ag(H   [Ag(H3IO6) (H3IO)]

2-
 + H2O                      (2) 

 In the middle concentration range of OH
-
 i.e., 2.0x10

-3
 to 7.0x10

-3 
mol dm

-3
, this deprotonated 

diperiodatoargentate(III) loses the proton to give [Ag(H2IO6)2]
3-
 as in equilibrium (3). 

[Ag(H2IO6) (H3IO6)]
2-

 +OH-                           [Ag(H   [Ag(H2IO6)2]
3-

 +H2O                                 (3) 

 At higher range of concentration of OH
-
 i.e., 7.0x10

-3
 to 2.0x10

-2
 mol dm

-3
, the 

deprotonated diperiodatoargentate(III) as in equilibrium (3) will lose a periodate ligand by 

exchanging with 2OH
-
 as shown in equilibrium (4). 

[Ag(H2IO6)2]
3-

 + 2OH
-
                          [Ag(H   [Ag(H2IO6) (OH)2]

2-
 + H2IO6

3-                           
(4) 

 The similar degree of protonation has earlier been postulated by Kirschebaum
6
 and Anil 

Kumar et. al
15

. In the present investigation, the orders for various reactants and other species 

involved in the reaction were determined and the rate of reaction was decreased with 

increase in [OH
-
]. Hence, equilibrium (3) plays an important role in the proposed 

mechanism. Further, decrease in rate with increase in periodate concentration and unit order 

each in DPA and t-BA can be accommodated in the mechanism  as shown in Scheme 1.  

[Ag(H2IO6)2]
3-  +  H2O                           [Ag(H2IO6) (H3IO)2]

2-  +  OH-
K1

(i)

[Ag(H2IO6) (H3IO6)]
2-  +  2H2O                          [Ag(H2IO6) (H2O)2]  +  H3IO6

2-
K2

(ii)

NH C CH
3

CH
3

CH
3.[Ag(H2IO6) (H2O)2]  +  

NH C CH
3

CH
3

CH
3

+  Ag2+  +  H3IO6
2-  +  2H2O

slow
  k (iii)

 

+  Ag+

NH C CH
3

CH
3

CH
3O

fast
NH C CH

3

CH
3

CH
3.

+  Ag2+  +  OH-

Scheme 1

(iv)

 Scheme 1 
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 Step (i) of Scheme 1 implies, the retarding effect of added OH
-
 in the middle 

concentration range of OH
-
 by converting [Ag(H2IO6)2]

3-
 to [Ag(H2IO6) (H3IO6)]

2-
. In step (ii), 

one of the periodate ligands exchange with water molecules to give monoperiod-
atoargentate(III) (MPA) and free H3IO6

2-
 which explains the retarding effect of added 

periodate on rate of reaction. In slow step (iii), this MPA oxidizes t-butylbenzylamine by 
absorbing proton to lead a free radical generated from t-butylbenzylamine. This confirms the 
experimentally observed fact of polymerization study. The free radical generated in step (iii) 
further oxidizes to 4-((t-butylamino)methyl)cyclohexa-2,5, dienone in a fast step (iv).  

 However, Scheme 1 does not account the retarding effect of the added product, Ag(I). The 
initial addition of silver(I) might have involved in the complex formation with t-BA at imino 
moiety. This complex would be less reactive compared to the uncomplexed t-butylbenzylamine. 
Such reports are also available in literature

16
. The rate law for the Scheme 1 could be derived as     

 
KK  ]IO[HK  ]IO[H ][OH

 [Ag(III)] BA]-[tKkK
   

dt

d[DPA]-
  rate

21

-2

631

-2

63

-

T21

++

==
                                 (5) 

21

-2

631

-2

63

-

T21
 obs

KK  ]IO[HK  ]IO[H ][OH

 BA]-[tKkK
  k

++

=
                                     (6) 

Eqn. (6) can be rearranged into eqn (7) by omitting ‘T’ 

TT2

-2

63

T21

-2

63

-

obs BA]-[tk 

1
  

BA]-[tkK

]IO[H
  

BA]-[tKkK

]IO[H ][OH
  

k

1
++=

                       (7) 

k

1
 

kK

]IO[H
  

KkK

]IO[H ][OH
  

k

BA]-[t

2

-2

63

21

-2

63

-

obs

T
++=

                                                 (8) 

 Rate law (6) in the form of (8) is verified by plotting of [t-BA]/ kobs versus [H3IO6
2-

] and 

[OH
-
], all of which should be linear and are found to be so as shown in Figure 2. From the 

slopes and intercepts of such plots, the values of k = 9.85 dm
3
 mol

-1
 s

-1
, K1 = 2.0x10

-3
 mol dm

-3
 

and K2 = 1.11x10
-4

 mol dm
-3

, for 30 
0
C are calculated. Further, these values are used in rate law 

(6) at different experimental conditions as in Table 1 to regenerate kobs. The regenerated values 

are found to be in close agreement with those of experimentally observed values (Table 1). 

This fortifies the mechanism of oxidation as shown in Scheme 1 and rate law (6).  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Verification of rate law (8) for the ooxidation of t-butylbenzylamine by 

diperiodatoargentate(III) in aqueous alkaline medium  at 30 
0
C 

 

0.0 

0.4 

0.8 

1.2 

1.6 

2.0 

0.0 1.0 2.0 3.0 4.0 5.0 
0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

[IO4
-] x 104 mol dm-3 



210 SURESH M. TUWAR et al. 

 In the experiment it was observed that the rate of reaction is independent upon variation of 

ionic strength which is in accordance with the interaction between two non-ionic species or at 

least one among may be non-ionic. The same was found to be so in the slow step(iii) of 

mechanism of oxidation of t-butylbenzylamine in which the non-ionic MPA interacts with non-

ionic t-butylbenzylamine.  

  The reaction rate was increased with decreasing the dielectric constant of the medium maintained 

by using t-butyl alcohol in water. It is in the expected direction that the non-ionic species are 

interacting in the lower dielectric constant of the medium more favorable than the polar solvents like 

water. In the slow step of Scheme 1, both the species are non-ionic hence the rate of oxidation might 

be more favorable in the lower dielectric constant of the medium. The negligibly small ∆S
#
 value        

(-18.5 JK
-1
mol

-1
) also supports the involvement of non-ionic species in the rate determining step.  

 Since the order with respect to oxidant and reductant is one each it is expected that the 

oxidation follows outer sphere mechanism but it is contradict to the other results of small 

frequency factor, log A (4.5 dm
3
mol

-1
s

-1
) and relatively low value of Ea (41 kJmol

-1
). Hence, 

it can be concluded that though the order is one each in oxidant and reductant, the small 

values of Ea and log A support the inner sphere mechanism.  

Conclusion 

t-Butylbenzylamine is used as a free base in the synthesis of salbutamol drug. Its oxidation was 

studied by using DPA in a wide range of [OH
-
]. The existence of silver(III) periodate complex in 

various forms at different [OH
-
] are observed. As both oxidant and reductant are two equivalent 

and complimentary to each other, the reaction may proceed without intervention of free 

radical. However, the oxidation was proceeded with intervention of free radical. The retarding 

effect of added product, Ag(I) is also justified. Ionic strength effect, dielectric constant of the 

medium and negligibly small value of ∆S
#
 supports the involvement of neutral species.  
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