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The rates of reaction of 2-propanol (PRL), phenyl methyl carbinol
(PMC) and diphenylcarbinol (DPC) with the oxidants, 1-chlorobenzotria-
zole (CBT) and pyridinium dichromate have been measured at 308, 313 and
318 K in acetic acid-water mixtures. In both the cases of study the order
of the reaction is found to be one each with respect to oxidant and sub-
strate and decreases of dielectric constant favours the rate, while vari-
ation of ironic strength and H+ shows dissimilar observation. Suitable
mechanisms and rate laws have been proposed for both the cases. An
attempt has been made to explain the order of reactivity of this group of
alcohols in the light of observed effects. The order of reactivity
DPC » PMC > PRL is explained in the light of combined electron
releasing effect and the steric strain.

INTRODUCTION

A great variety of new chromium (VI) oxidants!-2 together with special
reaction conditions have been introduced for the chemospecific, regio-
specific and stereospecific oxidative degeneration of functional groups in
highly sensitive systems. The exact form of chromium (VI) in acetic acid
is still under discussion; it may well be in the form of dimers, trimers or
large units®. Kinetics of oxidation of several substrates by PDC in our
laboratories!®-12 gave a good idea that anhydrous conditions are more
conductive to complexation of substrate with Cr(VI) and hence to mild
oxidation. The advantage to use CBT, due to the simplicity of its prepara-
tion, kind of stability and the adjustability of conditions under which it
can be employed both as a mild and vigorous oxidant have been
experienced well in our previous findings!*~'8, The use of these two
oxidants towards these secondary alcohols has not been made earlier.

EXPERIMENTAL

PDC and CBT were prepared respectively by known procedures!®20
Then purities were determined by iodometric assay.
BDH samples of propan-2-ol and phenyl methyl carbinol were used

tPart of the work was presented in the annual symposium in Chemistry, IIT,
Madras, Feb. 1991.



Kinetics of Oxidation of Some Secondary Alcohols by CBT and PDC

S
U
=
3]
~
§
<]
- $9°01-6€°L TET 0'8 - - 09 00001 — 001 or ¥
- LEL-bLE — 149 - - 09 00°00T - 001 6
— 9v'8-95°0 - 08 - — 0L-02 00°001 - 0°01 ‘8
— 6Tl — 08 - - 09 011-0L - 001 ‘L
¥8°€ 89'9-26'C - 08 - - 09 0°001 — S'LI-S'L 9
— 66°0-66'T — — 9660 - 06 - 0€°01 08’y S
— L6'EOL'E - - — 95°6-8L'T 06 - 20°01 (47 k4
— 62°8-9L°0 - - — - 06-SL — 2001 Ty '€
80T LO'S-TV'E — - - — 06 - W00I  LEL-LIE T
— 6€° €09 — - - - 06 — €0°S1-10°S 1Ty ‘1
098 "998 WOITX  Wz0I X 0T X W:0T X @am 0L X 0T X W:01x N
WOI X +0I X®°y  [*Q]OH] 031  Irosuml  [*OOeN] O'H-HOYV7, [raD] [oadl [19dl ‘18

80— HYNLVYAdWHL LV OAd ANV 190 HLIM Oud .n—O NOILVAIXO HHL NO VLVd 91vyd

I 4714Vl



Gurumurthy, Manglam, Gopalakrishnan, Mohankumar, Sankar, Sathiyanarayanan 905

as such. Benzhydrol was prepared according to organic synthesis?!. Other
reagents used were of analytical grade. In both the cases the experiment
was carried out by mixing the substrate and oxidant solution under
pseudo first order conditions (always substrate in excess) in requisite
quantity of aqueous acetic acid. The rate was followed iodometrically.

Product analysis under kinetic conditions gave only ketones in each
case, identified as their 2,4-dinitrophenyl hydrazone derivatives and also
with L.R. absorption at 1720 cm~*.

Stoichiometry procedure should, all these alcohols observed a reaction
of 1:1 stoichiometry in each case of study.

RESULTS AND DISCUSSION

The rate constants for the reaction of these secondary alcohols with
the oxidants CBT and PDC are given in Table 1. The change in the
experimental conditions are also incorporated in the same table. The
relevant thermodynamic parameters are shown in Table 2.

TABLE 2
CBT Oxidation PDC Oxidation
Solvent : CHsCOOH-H,0 Solvent : CH;COOH-H.0O
60% (v/v) 80% (v/v)
Temperature-308K Temperature-308K
kax10-3 AHY¥  —AS¥ kax10-3 AH** — AS™
1 mol-! sec-! KJmol-' JKmol! 1 mol-! sec-! KJmol-! JKmol-?
PRL 3.84 87.18 5.33 3.54 45.69 134.45
PMC 11.2 66.03 66.72 22.8 37.81 154.07
DPC 11.4 62.35 79.22 35.1 40.75 140.92

The reactions were carried out under unimolecular conditions, keeping
the concentration of substrate always high. The reaction was found to be
first order with respect to PRL in each case of study, as evidenced by the
linear plot of log K; vs log [PRL] with a slope of unity. Keeping [PRL]
in excess, plot of log [oxidant] vs time was linear with a slope
of unity (columns 1,2, 6 and 7 of Table 1). As concentration of PDC
increases, a progressively smaller portion of the total amount is in the
form of monomeric chromium(VI) ion and hence the rate constant
decreases with increase in [Cr(VI)]. Increase of percentage of acetic acid
increases the rate perhaps of the formation of acetochromate ion
AcOCr0422:23(Column 3 of Table 1). Using PDC, added salt (NaClO,) has
no promising effect, but in CBT reaction there is a predominant primary
salt effect (Columns 4 and 9 of Table 1). Appreciable decrease in the rate
along with the increasing concentration of Mn?+ during PDC oxidation
(Column 5 of Table 1) suggests an involvement of a two-electron change
in its rate determining step?4.
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In aqueous acetic acid medium PDC dissociates to give pyridinium
ions and chromate ions.
(Py*H)>~Cr204 + H;0 7> 2Py*H + 2HCrO
This chromate ion reacts with alcohols to give the respective ketones.

The probable mechanism is

(0]
R2 K rRZ\

' l OH
R1—<|3-—0H + HO—-(llr-—O‘ | R4—C—0---H---0:=:Cr—O-

HCrO4~ Intermediate)
(0]
k f I-IO\ O-
[INTERMEDIATE] -- -+R;—C—R2+ /Cr + H+
slow HO O~
Cr(1V)

When
(i) R; = R, = CH;, 2-Propanol
(ii) Ry = CH3 and R; = C6H5 PMC

(iii) R; = R, = C¢H; = DPC
=4 [PDC) _ ik falcohol] [PDC]

In CBT oxidation, an increase of [H+] increases the rate of accordance
with the expectation!4 based on the involvement of protonated CBT in
the mechanism. Increase in rate constant with decrease in dielectric cons-
tant is possible only if there is an ion-molecule involvement in the rate
determining step. Furthermore, positive salt effect, in presence of added
Cl- showed the interaction of diole-dipole. With CBTH* as the potent
oxidant, the mechanism might assume one or more pre-equilibrium steps
for the formation of active oxidant species followed by slow rate deter-
mining interaction with an alcohol to give products. It is to be noted that
the chloride ion is used only to make reaction rate as measurable.

Hence rate =

CBT + Hy0"  ----1-3 cpmu® .+ w0
2
+ Kz
CBTH % C1  ----£- a Cl, + BTH
P 2
ci=Ct
H,C H H,C.
3
\C Slow ’ \c =0 .
/ K, / =0+ Her + Hy0 | (-
h)
HayC &? HyC
Hv-—-':OHz
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. —d [CBT] _ k3K K,[CI-J[CBTI[H+][S]
Hence rate = — 5= = T Ry[CT] -+ Ki(HF] + KK [HFICH]
—d[CBT] 1 k3K Ko[CI-][H*][S]

dt ~ [CBT]~ T+ KaCH] + KiH*] + KK [HFCI]

o = kK Ko [CI-TTHH][S]
obs = T K,[CI-] + K [H¥] + K KIHF[CIT

If K;, K> are very small,

Koo = k3K Ko[Cl-][H*][S]
T I+ K[ CETH K [HY]
1 24 KJCI] + K,[H*]
kows k3K Ko[CIFJ[H*][S]
1 1 P SR
kobs KKK [CIFIHF][S] " k3K [H+][S] " ksK2[CI-][S]

Under constant [S] and [Cl~]

1 _ 1 [___1__“ +i]=+ 1
Kops  Ks[H¥IK; | K2[CIFI[S] T [S1)'" ksKA[CIF[S]

At constant [S] and [H+]

LIRS T S MNOE [
Kovs  KsKo[CIT] | ki[H¥I[S] " [S]] " ksK[H*][S]
The order of reactivity is DPC = PMC > PRL (Table 2), when these

alcohols are oxidised to their respective ketones there is a change in the
hybridization from sp? to sp? causing a release in steric strain2%26, In the
case of DPC, two phenyl groups are attached to the same carbon atom
causing steric hindrance due to the bulkiness of the phenyl groups. As a
result DPC is highly strained compared to PMC and PRL. The strain
increases in same order. The least reactivity of PRL is due to the minimum
hindrance of two methyl groups. The middle order of PMC is obvious due
to the presence of only one phenyl group causing lower strain than in
DPL.
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2.

w
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