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 -الخلاصة:

بممد ثخمم    NClS الرثخك مم يد م -nتمما اخمممخماق  كلممم  الروممم اللثلاومملق ال لاسممد  كج مم    ممجدم  مثممجين بممد ا  ممم  ال مملثي    لاخمم ة      

ثاللثلاوملق ال لاسمد ث م  الدلتبمة الةمفلوة  NClS الرثخك  يد م - nحج ضد. اظهلت حل  ة المفجد  ان الدلتبة    المرجة الاثلى بد        

  اللمل  بد ال لثي   .  دج تا اضجبة يجتج المفجد  )خك  يد م( الى المفجد  ثلا ولاحظ اي تجس ل دامى خملدة تفجدم  الا  مم   دمج لاري تمجس ل  م   م

امد   ] 5O)Cl2Rh(H[-2ث  OBr2H+ الاولي مة ثسج مع دمال اللخم  ثاوملن الكالرومم دامى خملدة تفجدم  الا  مم . اهمملد بمد امم  المراخمة ان 

ث ملك  الروم اللثلاولق ال لاسد بمد اللخم  المج ضمد.  دمج تما ح مجت سلا مع خملل المفجدم  بمد ار م   NClSالدل بجت الفكجلة اليجتثة    الدل ب 

 لارججت حلاروة  خمافة ثح جت دلا   الميش   ال جه ة  دج اسبع ان اليجتج    تفجد  الا  م  ال  ل ب الماجومي.

 

Abstract 

      Rh(III) chloro complex  as homogeneous catalyst has been used in the oxidation of threonine by N-

chlorosccinimde (NClS) in acid medium. The reaction shows first order kinetics with respect to NClS and zero 

order in threonine concentrations, the reaction also shows first order kinetics with respect to Rh(III). The 

reaction product [succinimide] was added to the reactions and had no effect on the rate of oxidation of threonine 

by NClS using Rh(III). Changing  ionic strength, dielectric constant and chloride ion of the medium has no effect 

on the rate of oxidation. H2OBr+ and [Rh(H2O) Cl5]-2have been suggested to be the reactive species of NClS and 

Rh(III) chloride at this pH. The rates were determined at four different temperatures and the activation 

parameters were evaluated. Aldehyde have been identified to be the oxidation products of the reaction.  

Introduction 

         The uses of N-chorosuccinimide (NClS) as an agent for allylic chlorination were 

reviewed in 1948 1. N-halo compounds also reacted with olefins to add chlorine to the double 

bond or  as a source of hypohalous acids in aqueous solution1. This   group of compounds 

such as N-bromosuccinimide2-,3, N-chlorosuccinimide4-5, Bromamine-T6, N-

chloronicotinamide7, Chloroamine-T8, N-bromophtalimide9, and 1-chlorobenzotrialzole10have 
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been used successfully as an effective agents for, oxidation,halogenation11-12and 

dehydrogenations13-14. Rhodium complexes are reported as versatile catalyst , which can be 

used for several oxidation reaction (15-17). The uses of Rh (III) chloro complex as 

homogeneous catalyst has been reported for the oxidation of reducing sugars by N-

halocompounds18-20 in acid medium. As a part of our kinetic investigations employing N-

halosuccinimide reagents  as oxidants21. We have investigated the kinetics oxidation of 

threonine by NClS at 308Ko and [H+]=0.05M 

 

 

Experimental Methods: 

     A recrystallized NClS compound22-23 was used and the iodometric titration of active 

chlorine was used to determine the purity . Solution of NClS was freshly prepared, because 

decomposition occurs on standing or exposure to light . Preparation of Rh (III) chloride 

solution was by dissolving the sample in hydrochloric acid of known strength. A standard 

solution of mercuric acetate was acidified with acetic acid. All other standardized solution of 

potassium chloride, sodium perchlorate were prepared with doubly distilled water. Threonine 

(0.05 mol) and NClS (0.01 mol) made up to 50 ml in perchloric acid (0.25M) stored in the 

dark for   12 hr until completion of oxidation, the solution was then treated with excess of 

standard solution of 2,4-dinitrophenyl hydrazine in 2M hydrochloric acid. The precipitated 

2,4-dinitrophenyl hydrazone was collected and filtration. TLC and melting point of mixture of 

DNF confirmed that the product was acetaldehyde. The stoichiometry was ascertained by 

treating (0.01 mole)  threonine with (0.05 mole) NClS  in presence of perchloric acid (0.25M) 

and estimation of consumed NClS showed that one mole of NClS was consumed to oxidize 

one mole of threonine, the following stoichiometric equation is suggested 

++ H -+ Br2RNHRCHO +  ↔ onine + NClSerTh 

     All UV kinetic measurements were performed using the absorbance reading at different 

time using the standard infinity method. The chosen bands were used for the kinetic runs were 

at wavelength 265nm (fig. 1). 
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Results and Discussion. 

     Kinetics pf oxidation of threonine in presence of Rh (III)chloride complex have been 

studied at 35oc. The reactions were followed up to 70% reaction,  pseudo-first order reactions  

were carried out by keeping an exess 10 times greater of the threonine over NClS. Several 

initial concentrations of reactants have been used. The pseudo first order rate constant, k1 was 

computed from plots of log [At-A∞] against time (fig.2 ). The pseudo first order rate constants 

are constant for varying the concentration of NClS and are given in table (1). No change 

occurred in the rate constant with increasing the concentration of threonine, so the reaction is 

zero order in threonine (table 2). Changing ionic strength and dielectric constant of the 

medium did not influence the oxidation rates. Different activation parameter have been 

calculated for the first order rate constants of the oxidation of threonine by NClS at different 

four temperatures (table 3, fig. 3). The reaction product [succinimide] was added to the 

reactions and had no effect on the rate of oxidation observed. In the reaction kinetics studies 

of Rhodium chloro complexes as hydrogenation catalysts, the anionic complexes have been 

reported24 such as [RhCl6]
-3, [Rh(H2O)Cl5]

-2 and [Rh(H2O)2Cl4]
-  activate molecular hydrogen 

for reduction of ferric ion in aqueous acid solution. Harrod and Helpern25 have carried out 

studies with RhCl3 in 3-5M HCl solutions and suggested that   [RhCl6]
-3 was the predominant 

species in solution. In the oxidation of phenyl acetylene, the authors have assumed 

[Rh(H2O)3Cl3] as the main species of Rh(III)chloride in acidic medium.  In this study the 

oxidation of threonine by NClS in acidic medium Rh(III)chloride has been used as 

homogeneous catalyst and prepared in 3M HCl, and in the kinetic run (10-9M) of Rhodium 

(III) chloride was used, Hence the earlier literature reported explain that,  the original solution 

of Rhodium(III) chloride prepared in 3M HCl will contain the lone species [Rh(H2O) Cl5]
-

2and can be consider the reactive species of Rhodium (III) chloride in the oxidation of 

threonine by NClS in acidic medium. This suggestion can be supported by the observation of 

non- effect of [Cl-] on the rate of oxidation. The  order of reaction  was first  with respect to 

[Rh (III)] and it 's evident from the observed values of first order rate constant which show 

increase when the concentration of [Rh (III)] is increased (table 4, fig. 4 ).  No effect of the 

added succinmide  on the rate of oxidation of threonine. This clearly rules out the possibility 

of Cl+ being the reactive species of NClS in the present investigation, since considering  

N+ClSH or H2OBr+ or both  as the reactive species of NClS, should give  a positive effect of 

[H+] on the rate of oxidation which is clearly observed by the positive effect of [H+] on the 
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rate of oxidation (table 5, fig 5 ). Thus, H2OCl+ and N+ClSH species remains as the reactive 

species of NClS for the oxidation of threonine in acidic medium.From this observation it is 

likely that in the absence of added mineral acid the oxidation species is HOCl. Literature 

survey  of the reaction of primary alcohols by N-bromoacetamide26,  absence of a primary 

kinetic isotope effect for the alcohol-NBS reaction, give an explanation, that the C-H bond is 

not cleaved in the rate-determining step, hence the bond O-H rupture is involved in the rate 

determining step. the aldehyde will be formed in a fast step. 

     The UV-Vis spectra of NClS and Rh(III) chloride or threonine causes an increase in the 

absorbance, this confirm the existence of complex or complexes between various reactive 

species of the reactants have been investigated (Scheme 1). 

O2+  Hcomplex ↔  2-]5O) Cl2COOH + [Rh(H2RCHNH 

1X                                                          

RNHCl+H2O→    RNH2+HOCl 

HOCl + H3O+↔H2OCl+ + H2O 

H2OCl+ +  (x1)     →  complex  +  [Rh(H2O)Cl5]-2  slow and R.D.S 

                                       X2 

 (x2)   →  RCHO + H+ + Br-   fast 

R = k1k4k' [Rh(III)Cl5]-2 [H2OCl+] [H+]/k5(k1[H2O]+ k4[H2OCl+]) 

 

Scheme 1 

 

Table 1. Effect of increasing the concentration NClS on the rate constant of oxidation of 

threonine , [Threonine]=0.03M, [H+]= 0.05M, Rh(III) = 1.5x10-9M, Temp.= 308Ko 
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103 [NClS] 

/molL-1 

 

1.0 3.0 5.0 

10k1/s-1 

(theronine) 

 

0.223 0.255 0.211 

 

Table 2. Effect of increasing the concentration [threonine] on the rate constant of oxidation of 

threonine by NClS, [NClS]= 3x10-3, [H+]= 0.05M, Rh(III) = 1.5x10-9M, Temp.= 308Ko 

 

[theronine]/M 

 

0.03 0.05 0.07 0.09 

10k1/s-1 

 

         0.223 0.235 0.241 0.225 

 

Table 3. Temperature dependence of reaction rate constant and activation parameters for 

oxidation of threonine by NClS 

10k, s-1 at T, K 

303 308 313 318 ΔH/kJ 

mol-1 

-ΔS/J 

mol-1 

ΔG/kJ 

mol-1 

0.202 0.223 0.453 0.901 80.33 19.68 86.390 

 

Table 4.Effect of [Rh(III)] on the rate constant of oxidation of threonine by NClS, [NClS]= 

3x10-3, [H+]= 0.05M, , Temp.= 308Ko[threonine] = 0.03M 

109[Rh(III)/ 

molL-1 

 

1.5 3.0 5.0 7.0 

10k1/s-1 0.223 0.339 0.423 0.489 
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Table 5. Effect of increasing the concentration of H+on the rate constant of oxidation of 

threonine by NClS, [NClS]= 3x10-3, [Rh(III)= 1.52x10-9M, Temp.= 308Ko[threonine] = 

0.03M 

[H+]/ 

molL-1 

 

0.03 0.05 0.07 0.10  0.15 0.2 0.3 

10k1/s-1 

 

0.223 0.233 0.244 0.251 0.321 0.399 0.412 
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Fig. 1 UV absorpion spectra for the reaction between threonine and NClS, con. of 

threonine=0.03 M and NClS=0.003M 
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Fig. 2 shows the kineic data for the oxidation of threonine by NClS ,at308K, 

concentrations of threonine =0.03M, H+ =0.05M, Rh=1.5x10-9 M and 

NClS=0.003M 

 

Fig. 3 shows the efffect of increasing temperature on the rate of oxidaion of 

theronine by NClS at 308Ko 
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Fig. 4 shows the effect of increasing the conc. of Rh(III) on the rate of reacion 

between theronine and NClS, [theronine]=0.03M, [NClS]=0.003M at 308Ko 

 

Fig. 5 shows the effect of increasing the concentration of H+ on rate of 

oxidation of threonine by NClS at 308Ko , [NClS] =0.003 M & [threonine] 

=0.3 M 
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