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Kinetics of Oxidation of Glycine and Valine by Chloramine- T 
in Hydrochloric Acid Medium 
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The kinetics of oxidation of glyeine and valine by chloramine-T in 
hydrochloric acid medium has been studied. The rate of disappearance of 
chloramine-T shows a first order dependence on both chloramine-T and the 
amino acid, and an inverse first order with respect to [H+]. The solvent isotope 
effect was studied using heavy water. The kinetic parameters, Ea, Arrhenius 
factor A, A H +, A S ~ and A G + have been calculated. A rate law in agreement 
with experimental results has been derived. A mechanism is proposed. 
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Uber die Kinetilc der Oxidation von Glycin und Valin mit Chloramin-T in 
salzsaurem Medium 

Die Kinetik der Oxidation yon Glycin und Valin mit Chioramin-T in 
Salzs~ure Wurde untersueht. Die Geschwindigkeitskonstante des Wegreagie- 
rens yon Chloramin-T zeigt eine Abh~ngigkeit erster Ordnung sowohl von 
Chloramin-T als aueh yon der Aminos~ture und ist invers erster Ordnung 
beztiglich [H+]. Der LSsungsmittel-Isotopeneffekt wurde mit D~O untersucht. 
Es wurden die kinetischen Parameter,  Ea, der Arrhenius-Faktor A, A H*, A Sr 
und AG% bestimmt. Ein Mechanismus, der in TJbereinstimmung mit den 
experimentellen Daten ist, wird vorgeschlagen. 

Introduction 

Chlo ramine -T  (p-CH3C6H4SO2NC1 N a - 3  H20) ,  the  sod ium sa l t  of  N-  
ch lo ro -p - to luenesu l fonamide ,  ac ts  as an  oxid iz ing  agen t  in b o t h  acidic  
and  a lka l ine  media ,  w i th  a two e lec t ron  change  per  mole,  g iv ing  p -  
t o luenesu l fonamide  a n d  sod ium chlor ide  1. The  o x i d a t i o n  p o t e n t i a l  of  
the  c h l o r a m i n e - T / s u l f o n a m i d e  sy s t em is p H  d e p e n d e n t  and  decreases  
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wi th  increase  in p H  of the  med ium 2. Ch lo ramine -T  (CAT) has been 
e m p l o y e d  as a vo lume t r i c  r eagen t  for e s t i m a t i n g  a v a r i e t y  of  
compounds .  A l t h o u g h  ch lo raminome t r i c  ox ida t ion  of  b ioorganic  
compounds  has been men t ioned  in l i t e r a tu re  3, on ly  a few k ine t ic  s tudies  
of  some of  these  reac t ions  in a lka l ine  m e d i u m  have  been r e p o r t e d  4, s. As 
a p a r t  of  our  inves t iga t ions  on the  k ine t ics  of  e h l o r a m i n o m e t r i c  
r eac t ions  in ac id  m e d i u m  6, we r e p o r t  a de ta i l ed  mechan i sm for the  
ox ida t ion  of g lyc ine  and  va l ine  by  C A T  in HC1. 

Experimental 

All solutions were prepared in tr iply distilled water. Chloramine-T (E. 
Merck) was purified by the method of Morris et al.7 An aqueous solution of the 
compound was standardized by the iodometrie method and preserved in brown 
bottles to prevent its photochemical deterioration. Glyeine (V. P. Chest 
Institute,  New Delhi, India) was found to be chromatographically pure. Valine 
(E. Merck) was recrystallized from aqueous solution and the puri ty was checked 
by the standard acetous perehloric acid method s. Aqueous solutions of the 
amino acids were used for kinetic studies. All other reagents were of accepted 
grades of purity. The ionic strength of reaction mixture was kept  constant at  a 
high value by employing a concentrated solution of sodium perchlorate. 

Heavy water (99.2 % D20) was obtained from the Bhabha atomic research 
center, Trombay, India, for studying the solvent isotope effect. 

The reaction was carried out in glass stoppered Pyrex boiling tubes. 
gequisi te amounts of amino acid, HCI and NaCI04 solutions and water (to keep 
the total  volume constant for all runs) were taken in the tube and were 
thermostated at 30 ~ A measured amount of CAT solution which was also 
thermostated at the same temperature was added to the mixture and the 
progress of reaction was followed by iodometric estimation of CAT in a 
measured aliquot of the reaction mixture at  various time intervals. The solvent 
isotope effect was studied in a similar manner, by using solutions prepared in 
D20. 

Stoichiometry : Reaction mixtures containing varying ratios of amino acid 
to CAT were allowed to equilibrate at 30-50 ~ for 48 hours in presence of 0.3N 
HC1. Estimation of the unreacted CAT showed that  one mole of amino acid 
consumes two moles of CAT. 

R'CHNH2COOH + 2 RNC1Na ~ 2 RNIt2 + R'CN + C02 + 2 NaC1 where 
R ' = H  for glycine and (CH3)2CH for valine, R=p-CH3--C~H4SO2. Paper 
chromatography 9 was used to identify the sulphonamide (Ry = 0.905). Benzyl 
alcohol saturated with water was used as the solvent ; 0.5 ~o vanillin, 1 ~o HCI, in 
ethanol as the spray reagent. Colour reactions of HCN and 2-methylpropio- 
nitrile with hydroxylamine and ferric chloride were employed for identifiying 
the former compounds l~ among the reaction products. 

Results 

The k ine t ics  of  ox ida t i on  of  g lyc ine  and  va l ine  by  C A T  was 
inves t i ga t ed  a t  severa l  in i t i a l  concen t r a t ions  of  the  r eac t an t s .  W h e n  
the  amino  ac id  is in large excess,  p lo ts  of  log (a-x) a ga in s t  t ime  are  found  
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Fig. 1. First order rate plots (30~ [Glyeine]0 = 0 . I M ;  [H +] = 0 . I M ;  
[Chloramine-T]o = 6" 10-3M (A) and 8" 10 -3 (B). [Valine]o = 0.015M; [H +] 

= 0.2M; [Chloramine-T] o = 0.5" 10-3M (IJ) and 1.0" 10-3M (D) 
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Fig. 2. Plots of log k 1 vs. log [Amino Acid]0. Glycine (A): [Chloramine-T]o 
= 5" t0-3M; [H +] ~ 0.1M. Valine (B): [Chloramine-SV]o = 2 '  10-3M; [H +] 

= 0.2M 
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to be l inear  (Fig. 1), showing f i rs t  o rder  dependence  of  r a t e  on the  
o x i d a n t  concen t r a t i on  (Table  1). A l inear  increase  in f i rs t  o rde r  k i was 
no ted  wi th  increase  in amino  ac id  concen t ra t ion .  The  second order  r a t e  
c o n s t a n t  k2 = k l / [ amino  acid]0 is a cons tant  establishing a f i rs t  o rder  
dependence  on the  a m i n o  ac id  concen t r a t i on  (Table  1). F u r t h e r ,  a p lo t  
of  log k 1 vs. log [ a m i n o  acid]0 gave  a s t r a i g h t  l ine wi th  a s lope of  u n i t y  
(Fig.  2). 
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Fig. 3. Plots of log/q vs. log [H+]; [Chloramine-T]o = 5"10-3M; [Glycine]o 

= 0.1M (A); [Chloraminc-T]o = 2" 10-3M; [Valine]o = 0.015M (B) 

The  k ine t ics  of r eac t ion  was s tud ied  a t  d i f fe ren t  over-a l l  con- 
cen t r a t i ons  of  HC1 (0.04-0.30M). The  r a t e  decreased  l inear ly  wi th  
increase  in [ H  +] (Table  2). A p lo t  of  log ]q vs. l o g [ H  +] gave  a s t r a i g h t  
l ine wi th  a s lope o f -  1 (Fig.  3). 

The  r eac t ion  was car r ied  ou t  a t  d i f ferent  t e mpe ra tu r e s .  The  k ine t i c  
p a r a m e t e r s  are  as fol lows:  

Glycine  : Ea = 88.5 K J  mo1-1 ; A = 5.17 �9 1011 s -1 ; A S~e = 

= - - 2 4 . 6 1 J K - 1  mol-1;  A H ~ = 8 5 . 8 6 K J  mol-1;  A G ~ = 9 3 . 5 5 K J  
mol - i .  

Va l ine :Ea  = l l 0 . 0 6 K J m o [ - 1 ;  A = 6.337" 10i6s- i ;  A S *  = 
= 72.73 J K  - i  mol-1;  A H e  = 1 0 7 . 5 1 K J  t oo l - l ;  AG+ = 8 5 . 0 2 K J  

r l l O 1 - 1  . 

I I  M o n a  t s h e f t e  Kir  C h e m i c .  VoI.  l l 0 / 1  
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Presence of  excess p- to luene sulphonamide and ionic s t rength  
variat ions have no influence on the rate  of  react ion (Table 1). 

Exper iments  in D20 medium show tha t  the ra te  decreases in the 
lat ter  and the inverse isotope effect kD~O/]CH20 ~ 0.5 (cf. Table 1). 

Discussion 

Chloramine-T behaves  like a s t rong electrolyte in aqueous solution 1 
and it dissociates as: 

RNC1N~ ~ (RNCI)- + Na  +. 

The anion picks up a p ro ton  in acid solution to give the free acid RNHC1 
(N-chloro-p-toluenesulphonamide)  : 

(RNC1)- + H + ~ RNHC1. 

Al though  the free acid has no t  been isolated, there is ample 
experimental  evidence for its format ion  in acid solutions 11. However ,  
RNHC1 can undergo disproportionation and hydrolysis  according to the 
reactions1 : 

2 RNHCI~,~RNC12 + RNH2;  Kd = 6 .1 -10 -2a t  25~ 
RNC12 + H20 ~- RNHC1 + HOC1 ; K = 8 .0 '  10 -7 at  25 ~ 

RNHC1 + HeO ~ RNH2 + HOC1 ; K h = 4.88" 10 -s a t  25 ~ 

Therefore, the  possible oxidizing species in acidified C A T  solutions are 
RNCl~ (dichloramine-T),  HOC1 and RNHC1. I f  RNC12 were to be the 

T~ble 2. Effect of [H*] on the reaction rate at 30~ [Glycine]o =0 .1M;  
[Chloramine-T] o = 0.005M; ,~= 1.0M. [Valine] o = 0.015M; [Chloramine-T]o 

= 0.002M; ~ = 0.5M 

Glyeine 

[H +] 0.06 0.12 0.18 0.20 0.30 
104 kl 4.69 2.53 1.57 1.40 0.88 
105 klEH+J 2.82 3.03 2.83 2.81 2.65 

Valine 

[H +] 0.10 0.12 0.14 0.16 0.25 
104 kl 9.21 7.85 6.78 5.82 3.90 
105 ]c1[H +] 9.21 9.42 9.49 9.31 9.75 

reactive species, then the derived rate law should indicate a second 
order dependence  on CAT,  which is con t ra ry  to  exper imental  
observations.  Bishop and  Jennings 1 have shown t h a t  in a 0 .05M 
solution of CAT,  [RNHC1] ~ l0 -2 a r o u n d p H  0-1, while [HOCI] ~ 10 -7. 
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Table 3. Effect of temperature on the reaction rate (for con< see Table 2) 

Glycine 
T/K 308 310 313 318 320 
10 ~ k 1 5.60 7.20 9.77 16.57 20.10 

Valine 

T/K 306 308 310 313 315 
10 a kl 7.12 9.60 12.90 19.45 24.13 

I t  is therefore unlikely tha t  HOC1, which has to be produced by a 
hydrolysis reaction, would be effective as the reactive species under the 
present conditions. 

Mechanistic steps assuming RNHC1 as the reactive species 
kl 

S H ~ S  +H+; slow (1) 

RNC1- + H+k~- ~ RNHC1; fast  (2) 
k-2 

RNHC1 + S -  ~ X;  slow and rate determining (3) 

X + RNHC1 -~ Products;  fast  (4) 

Assuming s teady state for the intermediates S-,  RNHC1 and X, we 
get, 

d[CAT] 2 klka[RNHC1][SH] 
- -  - ( 5 )  

dt k_lEH +] + ka[RNHClJ 

Since the iodometric ti tre corresponds to both C A T  and RNHC1, 
and C A T  is consumed only in the formation Of RNHC1, assuming 
]C_I[H+ ] >~ ka[RNHCI-J, we can write equ. (5) as 

d[CATJ 2 klka[CAT][SI-I] 

dt k-1 [H+] 
(6) 

Equ. (6) predicts a first order dependence of reaction rate on the 
oxidant  and substra te  and an inverse first order rate respect to [H+], in 
agreement  with our experimental  results. Pryde and Soper 12 have 
shown tha t  RNHC1 can chlorinate substrates and it is likely tha t  the 
reaction intermediate X undergoes a fast  interaction with a second 
molecule of RNHC1 in step (4). For this reason, toluenesulphonamide is 
expected to have a negligible influence on the rate. Increase in the ionic 

11" 
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Scheme 1 
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strength of the medium does not affect the rate, as the rate determining 
step (3) involves a neutral molecule. Since the slow step involves the 
chlorination o f  the NH~ group in the ionized amino acid, the high 
energy of activation observed supports such a mechanism. 

An explanation of the observed solvent isotope effect can now be 
given. Since ])30+ is about three times 13,14 stronger than H30+, for 
acid catalysed reactions, the inverse isotope effect kD:O/kH20 should be 
greater than unity. But  the ratio should be less than unity, for H + 
retarded reactions, as has been observed in the present investigations. 

A mechanism of oxidation of glyeine and vMine by C A T  is given in 
Scheme. 1. 
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