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AIM&W KiacticsoftbtoriJationofcyclo~tanoncandcyclohcxanone by Irromaminc-T(BAT)havebkn 
reported in pcrchloric acid mafia. A zero order dependence to BAT and first order dcpcndcnrx on both 
ketones and hydrogen ion conantrations have been nbjcrved. Obscrvod stoicbiometry, zero &MS of ionic 
strength of tbc medium and ptducnesulpbonamidt (TSA) and a negative d&&c c&t point to a 
mechanism involving acid catalyscd enofisation of ketones in the slow and ratedcttrminmg step, Followed by 
its subaqucnt fast interaction with BAT grving comspondiag 12diictona as final products. A solvent 
isotope c&t (kD,O,&H,Q *il 25-2.2 (35’). 2.1 2.3 (W) and 2.2-2.4 (35”), 2.3-2.5 (W) fur cydo~tanonc 
and cplohcxanone, rcspcctivcfy) has bcxn observed. Various thermodynamic parameters have been 
computed. 

Kinetic inv~ti~~tions i~voivin~ aliphatic, cyclic, 
aromatic ketones and various oxidising agents have 
been cartier repotted by many workers.’ .’ 
Bromamine-T is a potent oxidising agent and has bctn 
used in the ~tjrnation 5fstvmtl organic 4zompounds.n 
Some inv~ti~t~ons involving BAT oxidation of 
afcoholsq .1 ’ in &c pr-*ienoc of Ru(IIIf as catalyst in 
pcrchloric acid are reported but its mode of oxidation is 
quite unknown for uncatalysed reactions. The present 
work constitutes an investigation on the kinetics and 
mechanism of the oxidation of cy&pentanone and 
cyclohcxanone by bromamine-T in acidic media. 

BAT soIn was prepared and standard&d by the method 
report&t.* Both ketones wen commcrciai (E. ?&r&z) 
products. Chkoramine-T {E. Merck p.aX TSA (Koch-light, 
England) end pcrcbloric sdd (E. Merck) sampks were used. 
Al1 other chemicals wcm of analytical grade. 3id~~~ water 
was used throughout the course of investigation. R,<)(purity 
WQ was supplied by BARC, Bombay findia). 

7%~ k~nct~cpr~u~~~o~ was thcsamcasrqorted.* 
The kimtia wcrc followed by determining unrcactcd [BAT] 
iodomctrically at diilerent time intervals. The raactionr werr 
foliowed upto twob~i~v~anddu~i~tckin~tic~nssbow~ 
rcproduclbk reJultt within 2 2&Q. 

Stoi~lu’omefrycuufproducr~y~s.Ihcstoicbiomctryofthc 
reaction was asarrtaincd by carrying out SCVCMI sets of 

expcs%nrnts with varying amounts of BAT conozntration 
largely in ex.cess over cyclic kctoncs concentration. The 
Estimation d unrractcd f3ATj sbowcd that one mot of each 
cyclic ketone consumes two mols of BAT. Accordingly, the 

Fig. I. Plot of log k vs log [cydic kttoncf. [BAT] - f.W 
x 10”’ M, tap 35”. A, [HClO,] - 2J.W x 10 ‘* M (cyd+ 

pcntanonc); 8, [HCtQ] - 8.33 x IO- ’ M (cyciohexans 
0%~ Plot of log k vs log [H * j. [ BATj = 1.25 x IO-’ M, 
tcmp 35”. C. [cydopcntanonc] = 2.55x 10 ’ M; D, 

[cyclohexanons] = 2.00 x 10’ ’ M. 

following stoichi~m~t~~ E4. (1) can be formulated whzrr 
n = t in cydopentanonc and 2 in cydohcxanom. 

Tbc end pro&c& corresponding l%dikctvna, wm 
idcntifkd by ~op~gTLCfollow~ by yconvcntional spot test 
anafysis” and also tbrougb dinitropbenyl hydratine (I)NP) 
derivative.‘” 
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Table 1. Effect of [BATJ, [H * f, ionic strength and [%A] variation on reaction rate 

k x 107tno11-* xc-’ 
..P--“--* 

Cycfopantanonc Cyclohexanone 

@AZ lo’ 
[Ketone] fOf [Baa,] lt3’ .- - - - - - - 

M Y 35’ 60 35’ 40” 
_.-~- - .-.--...-.--.-/_.- -.-. 

0.80 2.00 5.00 3.76 6.30 11.90 17.56 
1.04 2.00 5.00 3.90 6.38 Il.90 17.48 

;z 
2.00 5.00 3.84 6.10 1233 17.80 

2:s 
2.00 3.00 4.08 6.18 it.00 if.64 
2.00 503 4.02 6.25 12.00 17.70 

4.00 2.00 5.00 3.96 6.30 12.16 17.62 
4.W 200 5.00 3.98 6.30 12.18 17.60 
4.oob 200 5.00 3.97 6.28 1216 17.63 
4.00” 2.80 5.00 399 6.31 121s l7.61 
4.W 200 5.00 3.98 6.29 1216 17.62 

::z 
2.00 5.00 4.06 6.16 11.04 Il.62 
200 5.00 4.08 6.14 11.10 17.65 

2.001 2.80 5.00 4.07 6.17 11.06 I7.63 
2.W 2.00 5.00 4.06 6.16 11.08 11.6i 

IJSA] = 2.00 (a). 2.50 (h), 4.00 (c) and 6.00 (d) x IO-’ M. 
Ionic strength (& = 006 (c). 0.09 (I). O.l5 (8) and 0.24 (h) M. 

The zero order dependence on BAT was established 
byeff~ng~vc-fold variation in [BAT7 at 35” gable I). 
The reacFion follows first order kinetics with respect Fo 
eachcyclic ketoneand H + ions which wasobviousfrom 
slope values (nearly one) of the straight lines obtained 
from fog k as log [cyclic ketone] plots (Figs lA and BE 
and fog k 0s log fH ’ ] plots Wgs 1C and 0). 
InsignificanF &et of ionic strength (a&ted by 
addition of different amounts of NaCIO,) and [TSA] 
variation was&served and recorded in Table 1. Table 2 
records the kinetic data obtained at 30.35.40 and 45”. 
The vafues ofenergy of activation {AL) and entropy of 
activation (AS) are f 3.26 Kcat/mol and - 15.63 CU., 
respectively for cyclopentanone and 16.30 Kcal/mol 
and - 19.84 c.u., reapectivcly for cyclohcxanonc 
oxidations. The effect of solvent composition (MtOH- 
H~~indi~e~ntratios~~d~~v~nFisoto~~~~U Hz0 
in different ratios) was studied and the resuhs are 
recorded in Table 2, 

‘The overall second order rate constants were found 

tobc3.76,6.U),I1.90,17.56x lO”mol ‘tsec ‘at35’ 
and 40” for cyclopentanone and cyclohtxanone, 
respectively. 

The reaction is not affected by added radical 
scavengers like allyi acetate as ailyl acetate, up to 
0.02 M did not affect the oxidation rate. 

The following equilibria9 are reported to exist in 
acidified BAT solution (where T, = CH,C,H,S02) 

T,NBr c H,O ’ =T,NHBr + Hz0 f2) 

2’r,NHRr=T,NBr,+T,NH* 13) 

T;NHBr + H,O = T,NH, + HOBr (4) 

T,NB~, + 2H *O s ‘I;NH s + HO&. $5) 

Thus T,NHBr, T,NBr, and HOBr seem to be 
probable oxidising species of bromamine-T. Soper“ 
has reported that [HOCI] is very small in acid&d 
chforaminc-T solution and is independent of chtor- 
amine-T. Similar conclusions can also be drawn for 
[HOBr] in acidified BAT solution and thus any role 
of HOBr as an oxidant is unlikely. The remaining 

Table 2 E&I of solvent isotope. s&ens composition and temperature on reaction rate 
[EAT] E 200 x IO-’ M 

kxlO~molt”sec ’ 
Temp. Methanol-water B,O H,O -. I_ - __. _ _ - - 

c _L c v/y m ‘v.y m Cyeiopantanone+ Cyetohexanune: 
___,___~ _---.- -__I - .-;. - 

3u: @~I00 &loo 0 &loo 100 3.25 1.82 3.13 i.83 

40 0 100 O-100 5.32 4.88 
45 O-109 t%Ioo 7.fO 7.03 
35 l&90 @loo 3.75 3.62 
35 20-80 &loo 4.02 3.98 
35 30-70 &loo 4.60 4.52 
3s u-100 S.22 5.18 
35 O-100 3@70 6.50 11.1.P b.89 7.2P 
35 O-la, St%50 6.89 11.72 7.26 7.58’ 
3s 0 100 70 30 7.13 t2.24* 7.51 7.83’ 

t - [Cyclopentanont] = 2,x)x IO-’ M and fHC@,] = 3.34 x IO* * M. 
$ -.+ fCycioh+xanontf = 3.29 x l0“ M and [ttCliz,j .- X.34 x lo‘” M. 
‘-rat4@. 
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spa+., i.e. either T,NHBr or T,NBr, seems to bc the 
real oxidising spbcics of BAT. It is not possible to 
establish the p~ornin~ of one spbcics over the 
other with the prcscnt kinetic data. Therefore, BAT as 
such hasbccn used inthcmcchanism(stcps III & IV) for 
oxidising spccics. Strict zero order dtpcndcncc on BAT 
does not help in d~tingu~hingcither of the two spccis 
as real oxidising spccics of BAT. Zero c&ct of TSA 
suggests the formation of TSA after slow and rate 
dctcrmining step (fff. Zero order dcpcndcncc of the 
reaction on EAT suggests invofvemcnt of BAT in a fast 
step prtxukd by slow and rate dcte~iningenoli~ti~~n 
step. Such ~ntentjon is also support& by tittlcr and 
Waters.” 

Kctona are known to enoiisc in acidic media as 
follows : 

mechanism is thus supportc4 by negative diclcctric 
c&cc and solvent isotopeeffect. Substantial dcutcrium 
isotope c&t is in cxcclicnt agreement with ~r~niurn 
ioncharactcrin thc:ra~itionstatc(~.6)andindi~t~ 
a prc+quilibrium fast proton transfer with spccificd 
acid catalyscd reaction. I’,” which~tab~~h~invo~vc- 
ment of en01 form and not the kcto form of the cyclic 
kctnnc. 

~~~~~~~~~~fff The authors arc thankfui to Dr f. P. 
Sharrns~ Chemistry Rcpanmcnr, All&a&ad University, for 
useful suggcs:ions.ihrebf the authon(RC) is also thankful to 
Dr P. P. Sin& Princtpai. Y.L.K. Colkgc Bahampur, Gonda 
(U.P.)for cncoura~cnt and to U.G.C., New LMhi,Govt. of 
India, for granting him IJ.G.C. Teacher Fcllnwship. 

R\ 
(‘0 + Ff‘ =zzz ) &--OH- 

R 
f? t---OH * ti‘ 

R R”Cff 

(S) (S’) (S’) 

whtrcSrcprcscntsthc ketonc,S’thc~njug~tca~d~d 
S” its enotic form. 

The following mccbanism is suggcstcd for the acid 
cataiyscd oxidation of both cyclic ketones (S) by BAT. 

SiH * $fS fast (0 

S’f&“.+H” 

Slow and rate dtt~injng step 

S”+BAT ‘:X+T,NH, fast (UIf 

(Intcrmcdiatc spccics) 

X + BAT “+ Final product + T,NHI fast (IV) 

Appii~tion ofstcady start treatment to s’givcs the rate 
law as: 

(7) 

The rate taw (8 accords well with obscrvcd 
stoichiomctry and kinetic orders. Tht proposed 
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