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Abstract - The oxidation of aliphatic aldehydes to the corresponding carboxylic 
acids by sodium N-bromoarylsulphonamides (N-bomoamines) is first order with 
respect to the oxidant, the aldehyde and hydrogen ions. In the o x i da t i on 
of acetaldehyde at 298 K, the primary kinetic isotope effect, k /k is 4.91 * 
0.14 and the solvent isotow effect. k(H_O)/k(D-0). is 0.43. A dq i#on of the ,. 

If? rent sulphonamide does not affect tffe rate.L rhe reduction of six substituted 
tromoamines &hibited a reaction constant of I.22 at 298 K. IA~so_NH_I+~+ 

‘% ’ 4 t e 
mst lated as th 

0x1 atton 
rea tive xidisin species. 

of a dehy e hy rate a d fi2 ff free al &$g’Fb!g$ 68?:‘&nf&iputed. 
The rates of the oxidation of the aldehyde hydrates correlate well with Taft’s 
substituent constants with negative reaction constants. A mechanism involving 
hydride transfer from the aldehyde hydrate to the oxidant is proposed. 

The kinetics of the oxidation of organic compounds by N-metallo-N-haloarylsulphonamides (N-haloamines) 

like bromamine-T (BAT), hromamine-B (BAB) have received considerable attention.’ However, the oxidation 

of aliphatic aldehydes has not been studied, except for a couple of reports on the oxidation of acetaldehyde 

by chloramine-T.2’3 Moreover, no effort has been made to evaluate the role of hydrate form in the 

oxidation process. Hence this investigation was undertaken. 

EXPERIMENTAL 

Materials. Aldehydes were commercial products. The purity of aldehydes was checked by determining 
?iG-&Gbp/mp except 4in the case of’ formaldehyde where the aqueous solutions were standardised by the 
hypoiodite reagent. The txyoamines were prepared by adding bromine to alkaline stispension of the 
corresponding sulphonamides. The aqueous solutions of the N-homoamines were standardized by iodometry 
and were stored in brown bottles. Perchloric acid (Merck) was used as a source of hydrogen ions. Deuterium 
oxide (99.4%) was supplied by BARC, Bombay. 
Product Analysis. In a typical experinment, acetaldehyde (1.8 g, 0.04 mol) and BAT (0.98 g, 0.003 mol) 
were made upto 100 ml in aqueous perchloric acid (the total solution was 0.2 M in HC104).,The mixture 
was kept in the dark for ~a. 10 h to ensure completion of the reaction. The reaction mixtures was then 
extracted with ether (3 x 50 ml) and the ether extract was dried over anhydrous MgS04. T h e ether 
solution was treated with 5 ml of thionyl chloride. The solvent was removed by evaporation. Dry methanol 
(3 ml) was then added and the HCI formed was removed in a current of dry air. The residue was dissolved 
in 100 ml of dry ether and the ester content6was determined calorimetrically as ferric hydroximate by 
the procedure described by Hall and Schaefer. 
0.17 g (94%; based on the consumption of BAT). 

The analysis showed that the yield of acetic acid was 

Stoichiometry. The aldehyde (0.01 mol) and the N-homoamine (0.05 mol) were made upto 100 ml in 
aqueous perchloric acid (the total solution was 0.03 M in HCI04). When the reaction was complete, the 
residual N-bra-mine was determined iodometrically. Several determinations, with different aldehydes 
and N-bomoamines, indicated a I:1 stoichiometry. 
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Kinetic Measurements. Pseudo-first-order conditions were attained by keeping an excess (IO-fold or greater) 
of the aldehyde over the oxidant. The reactions were followed by determining the unreacted oxidant 
iodometrically for upto 6570% of the reaction. 
fr 0.99) plots of log [oxidant] against time. 

The rate constants were computed from the linear 

within f 4%. 
Duplicate kinetic runs showed that the rates were reproducible 

[H+1; 
The experimental rate constant, kex was calculated by the relation k 

, ex = kl/[RCHD] 

RESULTS 
The oxidation of the aldehydes by N-homoamines yields the corresponding carboxylic acids. The overall 
reaction may be written as follows (eq. 1). 

RCHO + ArS02NBr- + H20 + RCOOH + ArSO NH + Br- (1) 
Since results are similar only representative da ?a ar?! given here. 
Rate Laws. The oxidation of the aldehydes by N-bromoamines shows a first-order dependence on the 
oxidant both as regards time (evidenced by the good fits of log [oxidant] versus time plots) and concentration 
(evidenced by the first-order-rate coefficient being independent of initial [oxidant]. The reaction is also 
first order with respect to [aldehyde] and [H+l. The rate date for the oxidation of acetaldehyde by BAT 
are summarised in Table 1. 

Table 1. Rate constants for the oxidation of acetaldehyde by BAT at 298 K. 

-___-._ 
[MeCHOl 

mol dm 
-3 

lO?BAT] 

mol dm 
-3 - 

[H+l 

mol dm 
-3 

IO5 k, 

S-’ 

0.10 
0.10 
0.10 
0.10 
0.10 
0.20 
0.30 
0.40 
0.50 
0.70 
1 .oo 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 

2.0 

5.0 
7.5 
10.0 
15.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

::: 
5.0 
5.0 
5.0 
5.0 

0.10 1.58 

0.10 1.51 
0.10 1.53 
0.10 1.47 
0.10 1.52 
0.10 3.07 
0.10 4.47 
0.10 6.10 
0.10 7.42 
0.10 10.7 
0.10 15.2 
0.05 1.53s 
0.20 6.08* 
0.30 9.20, 
0.40 12.1” 
0.50 15.4, 
0.75 23.0” 

* 1 : 1.0 mol dms3 
Isotope Effects. To ascertyn the importance of the cleavage of the aldehydic C-H bond in the rate determin- 
ing step, the oxidation [ H] acetaldehyde was studied. 
4.91 * 0.14 at 298 K (Table 2). The oxidation of formaldehyde and acetaldehyde by BAT was st$died 

The primary kinetic isotope effect, k,,/k , is 

in D20. The overall deuterium content of the solvent was 95%, as HClO was used as a source of hydrogen 
ions. The soslvent isotope effect, k(H20)/k(d20), is 0.43 at 298 K (Table 3). 

Table 2. Kinetic isotope effect in the oxidation of acetaldehyde by BAT at 298 K. 

[AIdehyde) 

mol dm 
-3 

0.30 
0.40 
0.50 
0.10 
0.20 
0.30 

Type 106kl 

S-l 
MeCHO 44.7 
MeCHO 61-O 
MeCHO 74.2 
MeCDO 3.12 
MeCDO 6.30 
MeCDD 9.05 

i04kH = 15.0 * 0.2 dm6 mo12s-’ 

104kD = 3.06 * 0.09 dm6 mo12s-’ 

kH/kD 
: 4.91 * 0.14 
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The probable oxidising species in an acidified solution of a N-Bromoamine are ArSO NHBr. HOBr, 

~~s~~N~~~,i;~n~r~r~~~~B~ 
The dibromamine species can be ruled out as an oxidising s &cies in view 

pendence of the reaction rate on the N-!xomoamine. The absence of any 
effect of the sulphonamide on the rate also precludes both HOBr and the dibromamine species. This 
leavpb ArSO NHBr and its anion as the probable oxidising species. 
acid and iz the acidivl ran e g 

However, ArSO$lHB~~;a;e~~~ 
used, almost all of it will be in the form of the free a Id. 

and Venkatasutxamanian m the oxidations by tromamine-T, concluded that the neutral N-trornosulphonamide 
is the reactive species. They explained the observed first order dependence on acidity on the basis 
of the protonation of the anion (eq. 8). 

ArS02NBr- + H3 0’ e ArS02NHBr + H20 (8) 

However, as mentioned above, under our reaction conditions almost all of the N-homoamine will 
exist in the form of thefree acid and a further increase in the acidity will not cause fly further increase 
in the concentration of ArSO NHBr. Thus the assumption of the earlier workers 
N-halosulphonamide is the rea tlve species is in error. f!. 

that the neutral 
The linear dependence of the reaction rate on 

acidity can be explained by assuming a further protonation of ArS02NHBr (9). 

ArS02NHBr + H30+ 
\ 

\ 
ArS02NH2Br + H20 (9) 

Retpntly, evidence has been found for the formation of such protonated species by radiochemical 
method. 

Aliphatic aldehydeq$5$ extensively hydrated in aqueous solutions and many oxidation reactions proceed 
via the hydrate form. 

Table 6 records the experimental rate constants, k 
The aldehyde hydrate dissociation constant, Kd, 

for the oxidation of the aldpfiydes by BAT. 
pertaining?0 reaction (IO), are also given. 

RCIiO+ H20 (IO) 

From the values of k and K two sets of rate constants were computed. The value of 
by assuming that onlye&e hydrda)te form will appear in the rate law (II) 

k 
HY 

was obtained 

Rate = kHy [BAT] [RCH(CH)~I [H+l (11) 

Similarly, the values of kA were calculated using the concentration of free aldehydes according 
to the rate law (12) 

Rate = kA [DA71 [RCHOI [H+l (12) 

represent the specific rate constants for the oxidation of the aldehyde hydrate and 
the freg ayizh;& respectively. 

kH 

Table 6. Rate constants for the oxidation of aliphatic aldehydes by BAT at 298 K. 

Aldehyde 
Rate constants/dm-6 mo12 s-1 

108k 108k 104kA 

HCHO 5.5xlo-4 29000 29000 5800 
MeCHO 0.67 151000 252000 37.8 
EtCHO 1.4 161000 384000 27.8 
PrCHO 2.1 134000 418000 19.7 
Pri CHO 2.3 133000 444000 19.0 
CICH CHO 
C 1 3CZH0 

0.027 
3.6~10-~ 

2410 2470 9.21 
2.35 2.35 6.52 

The rates of oxidation of the aldehyde hydrates correlate very well in Taft’s equation, 
16 

with neggtive 

reaction constants (Table 7). On the other hand, no such correlation exists between log k and . In 
particular, formaldehyde is found to te much more reactive as compared to other aldehydes. 80 satisfacto ry 
correlation was obtained in ‘Taft’s equation even if the rate data of formaldehyde were not considered. 

Table 7. Temperature dependence of the reaction constant of the oxidation of RCH(OH& by BAT 

Temp. I K 298 303 308 303 ‘318 

P - 1.89 - 1.82 - 1.77 - 1.73 - 1.67 

Coefficient of 
correlation(r) 0.9998 0.9997 0.9979 0.9985 0.9991 
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If one assumes that the aldehydes react via their hydrate form (eq. 11) the rate of oxidation of 
formaldehyde compares favourably with the reactivities of other aldehydes. if the oxidation of free 
aldehydes is assumed (eq. IZ), then formaldehyde is nearly 300 times more reactive than the other aldehydes. 
This makes a direct ‘hydrogen transfer between the free aldehyde and the oxident highly unlikely. The 
existence of a good structure reactivity correlation further confirms that the aldehyde hydrate is involved 
in the oxidation process. The rate of oxidation of the aldebyde hydrates at different temperatures was 
calcul$ed gnd the activation parameters were eva_tuated (Table_% _lihe average errors_,in the values 
of&H ,AS and&G (at 298 K) are * 1.5 kJ mol , * 3 J mol K and * 2 kJ rnol respectively. 

Table 8. Rate constantsand activation parameters of the oxidation of afdehyde hydrates, 
RCH(OH12, ‘by BAT 

D 
108kHy/dmd mo12 s-’ A H* A s* 

303K 308K 313K 318K kJ mol-’ J r&K-l kJ mol-’ 

H 46600 66500 99800 145000 60.0 -110 92.9 
Me 36400 512000 694000 938000 49.9 -129 87.6 
Et 563000 753000 1070000 1360000 47.3 -131 86.6 
Pr. 606000 810000 1110000 1450000 46.0 -135 86.3 
Pr’ 629000 836000 1150000 1580000 46.8 -132 86.3 
CICH2 4350 6440 10600 16200 75.0 -95 98.9 

C13C 4.96 9.38 16.8 31.6 98.2 -59 116 

The presence of a substantial deuterium isotope effect shows that the aldehydic C-H bond is cleaved 
in the rate-determining step. 

DJOfis a stronger acid than H30t,17 and the rate of an acid-catalysed reaction, involving a protonation 
pre- quilibrium is expected to be faster in D 0 than in H 0. Labile hydrogens like those present in 
hydroxyl groups are rapidly exchanged in D 0 

b 

%nd if the -Oft group is involved in the rate-determining 
steps, O-H/D-D isotope effect comes into lay. This may cancel the rate-enhancement due to D 0 or 
even results in a slower rate in D20. The value of observed solvent isotope effect indicates th w the 
hydroxyl group is not involved in the rate-determining step. 

The large negative value of the reaction constant suggests that in the transition state positive charge 
is localized on the carbon atom bearing the suktituents. It thus approaches a carbocation in character. 
The observed results thus indicate a hydride ion transfer from the aldehyde hydrate molecule to (ArS02NH2Brl 
in the rate-determining step. 

OH 

R - & - H + Br-NH2S02Ar 4 
I 

RC+(@l)2 + HBr 

I 

OH 
+ ArS02NH2 (131 

RC+(OW2 l RCOOH + H+ (141 

The positive reaction constant obtained in the reduction of substituted N-komoamines also supports 
the above mechanism. The magnitude of the reaction constant is low. This is because the observed reaction 
constant is a composite value of the effect of suktituents on reactions (9) and (13). The electronic 
requirements of the protonation and the hydride ion acceptance are in opposite direction. In the oxidation 
of sulphides by substituted N@loroamines, 
the reaction constant is 1.76. 

in buffered solutions where ArS02NHCI is the reactive species, 
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