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Kinetic and Mechanijsm of Oxidation of 2-Methoxy-1-
Butanol By Tripropylammonijum Fluorochromate

S. a1, (Devm)'t

Dept. of Chemistry,
Late Rames<h Warpudear ACS

Celleze. Sonzen ixs* Pacthom

ABSTRACT
The Kinetics of oxidation of 2-methoxy-1-butanol by tripropylammonium

Jlworochromate {TPAFC} has been Studicd Spectrophotometrically in
presence of Sulphuric acid in aqueous acetic acid medium in the temperature
range 292-318K. The reaction is first order with respect 1o both 2-methoxy-1-
butanol and TPAFC. The activation parameters for the slow step were
computed and calculated, Effect of ionic strength and dielectric constant of
medium has also been reported. A suitable mechanism has been proposed.

Key words: 2-methoxy-1-butanol, tripropylammonium fluorochromate, oxidation,
kinetics.
Introduction:

Selective oxidation of alcohols to their corresponding aldchyvdes and ketones is
an important transformation in organic chemistry which has received the mast attention
over years, especially in the search of versatile and selective reagent for this purpase,
Halochromates have been used as mild and selective oxidizing reagent in synthetic
organic chemistry, Chromic acid being one of the most versatile and selective available
oxidizing reagent, The synthesis of newer chromate (V1) reagent for the oxidation ot
organic substrates continues to be interest. Inrecent years, significant i mprovements
were achicved by the usc of new oxidizing agents [1-16] for the study of kinetics and



Issue : XXI, Vol . VI IMPACT FACTOR ISSN 2224-4406
“URj UNIVERSAL RESEARCHANALYSIS 6.20 S P

——

mechanism of various organic compounds. We have synthesized new reagent TPAFC
whichismild, eflicient, selective, and stable oxidizing reagent. Literature survey reveals
that there no report is available on kinetics and mechanism of oxidation of 2-mcthoxy-1-
butanol by TPAFC: hence we have considered it to study the kinetics and mechanism of
oxidation of 2-methoxy-1-butanol by TPAFC.

EXPERIMENTALSECTION:-

Al the chemicals and reagents were ofanalytical grade. Allthe solutions used in the
study were prepored by using distilled acetic acid [1 7] and doubly disnlled water
Tripropyiammionium F luorochromate wass prepared by the tollowing method: chromivm
(VD) oxide (15.0g, 0.150 mol) was dissolved in waterin a polyethylene beaker and 40%
hydrofluoricacid (11.3 ml, 0.225 mol) was added with stiring at 00C. To the resultant
orange solution, tripropylammine (28.3 ml, 0.150 mol) was added drop wise with stirring
to this solution over a period of 30 minutes and stiming was continucd for 30 minutes at
0oC. The orange colored precipitate was filtered, washed with petroleum cther and
dried in vacuum for 2 hours at room temperature [18]. Yield was 28 £(97%); mp was

1420C .

The Tripropylammonium Fluorochromate was stored in polyethylenebottle for
long period of time. TPAFC was soluble in water, DMF, acctonitrile, acetone and
DCM and was sparingly soluble in benzene, chloroform and hexane.
DETERMINATION OF STOICHIOMETRY AND PRODUCT ANALYSIS:-

The Stoichiometry of the reaction was determined by carrying out several sets of
experiment with varying amount of (TPAFC) largely in excess over 2-methoxy-1-
butanol in 20% acetic acid by using 0.1N H2SO4. The remaining (TPAFC) was then
analyzed Spectrophotometrically. The result indicated that | mole ofalcohols react with
I mole (TPAFC).

H+

- +
R-CH;-OH 4+ [C3H;];NH(CrO5F) = R—C—H + [C3H;);NHCrO;H,F)

The product analysis was carried out under kinetic conditions. In a typical
experiment, 2-methoxy-1-butanol (0.05 mol) and TPAFC (0.01) were made up to 50
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mlin 20%% acetic acid and kept in dark for about 24 hours to ensure the completion of the

reaction. The solution was then treated with an €xcess (200 ml) of a saturated solutionof
2, 4-dinitrophenylhydrazine in 2 mol dm-3 HC 1 and kept overnight in a refrigerator. The
precipitated 2, 4-dinitrophenylhydrazone (DNP) was filtered off, dricd, weighed,
recrystalized from ethanol and weighed again. The yicld of DNP before and after
rcc:ystalliéaxion was 2.0 £ (90%) and 1.7 g (75%) respectively. The DNP was found
identical with the DNP ofacetone by meting point. The products were also characterized
by TLC. IR and NMR speetra.

KINETIC MEASUREMENTS:-

The reactions were tollowed under pscudo-ﬂrst-ordcr conditions by keeping laree
excess (x 10 or greater) of the 2-methoxy- 1-butanol over TPAFC. The temperature was
kept constantto +/-0.1 K_ The solvent was acetic acid. The reactions were followed by
monitoring the decrcase in the concentration of TPAFC spcctmpholometrically at 345
nm for 80% completion of the reaction. The pscudo-first-order rate constants K obs,
were evaluated from the linear (r=0.990-0.999) plots of log [TPAFC] against time.
Duplicate kinetic runs showed that the rate constants were reproducible to within +/-
3%.

RESULT AND DISCUSSION:-
The results of oxidation of 2-methoxy- 1-butanol by TPAFC are represented as

follows.
Effect of variation of concentration 2-methoxy-1-butanol:-
The oxidation of 2-methoxy-1-butanol (M B) with TPAFC in 20% ofacetic acid n

presenceof sulphuric acid yiclds acetonc. By keeping constant [TPAFC] and (b 12SO4).
the increase in [2-methoxy-1 -butanol] increases the rate of reaction (Table-1). The plot

of log of kobs versus log [2-melhoxy—l—bumnol] for different initial concentration of 2-

methoxy-1-butanol is linear with unit slope demonstrate the first order dependence of

rate on 2-methoxy- 1 -butanol (Figure: 1).
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Table 13 Effect of variation of [2-methoxy-1-butanol| on re
[TPAFC)=0.001 M, [H2804] = 0.1 N, Temperature =303 k, AA = 20% (V/v)
G03M [0.04M [0.05M |0.06M |0.07M [0.08M

322|350 |3.78 | 4.08

action rate

[MB] 0.01M [0.02M

kx10sce’ [2.06 [235 |2.64 |2.94

Figure: 1: Plotot 2+ Log [2-methoxy-1-butanol | Vs 3 Logk’

07
0.6 . : Y
_ Sope (n = 2,67} ?/“V
g 03 r=o0s8y 0/0/
o+ 0.4 ' A/M/'
i '
© 02- |
g ;
k 0.1 I
|
0 - . . ] f
0 0.2 0.4 0.6 0.8 1

_ 2+ Log[2:methyl-1-butanol]5

Effect of variation of concentratijon of TPAFC:-
At cons -
e o c:anrt [2 m.clhoxy-l-butanol] and [H2S04], theincrease in [TPAFC] in-
PRyl c::nrcatcho.n (Table-2). The plot of log kobs verses log [TPAFC] for
centration of TPAFC is Ii i i i
PN et C s lincar with unit slope present the first-order
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lablc 2: l'.lTCCl Of\'ﬂ!'il\“('lll of “pl\l'(.'l on rcncllon rale

[-‘II\C“\O.\)’- l 'h\“'\l\ﬂl] S 0 Ol l\r‘ ‘l‘ S :
. ' . - O“] - O.l N. cm 30 k. AN=20%(v/v
l . ] ) | p 103 o( )

|TPAFC| R . SO
— 0.001 | 0.0015 | 0.002 | 0.0025 | 0.003 | 0.0035 | 0.004 {o.oms
T L =

kx 10%secT | 2.06 {2.» ‘2.58 284 (308 [331 [355 0 (379

Lifeet of variation of concentration of H +:-

In order to study the efteet the Hion concentration on the rate ot oxidation
reaction of 2-methoxy- 1 -butanol, the dependence of reaction rate has been investigated
at dlifierent initial concentration of H2S04. The rate of reaction increases with increase in
[H2S04] (Table-3). The plot of log Kobs verses log [H+]arc also straight linc with slope
less than unity, Indicatinga fractional order dependenceon [H+].

Table 3: Effect of variation of [H2S04] on reaction rate
[TPAFC]= 0.001 M, [2-methoxy-1-butanol] = 0.01 M, Temp. =303 k, AA=
20% (v/v)

|H:SO4| 0.UM J02M [03M |04M 05M [06M |07M | 0.8M

Kx10sec’ |206 |[226 |243 260 1275 (291 [306 |34

Effcct of ionic strength:-

In the present investigation effectof salt on the rate of reaction is carried out. The
salts selected are KCI, KBr, and K1 These will giveeflect of anion particularly halides on
the rate of reaction. The divalentand trivalent cationic salt werealso used suchas CaCl2
., Ca(NO3)2, Al(NO3)3 and K2SO04. The experiments were carried out under
pscudo- first- order condition. These results were used 10 determine first order mtc.
constant. The rate constants for the oxidation of 2.methoxy-1-butanol in prcscncc‘ot
difTerent salt are shown in [Table4). Froim table itis clear that, therate increases with

decreases with increase in anionic charge. Incase of KCl

increase in cationic charge and seofKCI
ueto the fonmation of less

the rate of reaction decreascs with the addition of KC|, thisisd
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reactive species [ 19] by interaction between Cl- ion and protonated TPAFC,
‘Table 4: Effect of variation of [salts] on reaction rate

[TPAFC]=0.001 M. [MB] = 0.01 M, [H2804] = 0.1 N, Temp. =303 k, AA =
20% (v/v)

Salts 0.1M | KCI KBr KI CaCl, | Ca(NO;); AlINO); | K;S0,
Kx10sec’ [2.07 [238 |23 247 276 2.98 234 ‘

Effect of solvent composition:-

At fixed [MB], [TPAFC] and [H+], the ratc of oxidation of 2-methoxy-1-butanol
with TPAFC increases with decrease in polarity of solvent (Table 5)- This is dueto polar
character of transition state as compared to the reactant. The plot of log kobs verses 1/
D islinear with positive slopeindicating ion- dipole type of reaction [20].

TableS: Effect of variation of Acetic Acid % on reaction rate

[TPAFC]=0.001 M, [H2SO04)=0.1 N, [2-methoxy-1-butanol] =0.01 M, Temp=303
k

Aceticacid [10% [20% |30% [40% [50% 60% [70% [80%

kx10sec’ [1.95 [206 [221 [234 |246 | 253 272|286

Effect of temperature:-

The study of effect of temperature on rate of oxidation of 2-methoxy-1-butanol by
TPAFC has been subjected to difterent temperature range 293K to 313K by keeping
the concentration of 2-methoxy-1-butanol and reagent constant. Rate constants are given
in [Tablc 6). The plots of log of Kobs verses 1/T are linear (Figure: 2)

Table 6: Effect of variation of Temperatures on reaction rate

[TPAFC]=0.001 M, [2-methoxy-1-butanol] = 0.01 M, [H2504] = 0.1 N, AA=
20% (viv)

Temperatures (K) 293 208 (303 [308 1313 318

k x 10°sec™ 1.27 1.69 [2.06 |2.44 2.38 3.28
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l'l;,lm-. 2: Arrhenius plot of oxidation of 2-methoxy- -1-hutanol
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Activation parametcrs arc presented in (Table 7). The negative values of entropy of
activation reflect that the transition state is moreri igid than initial state. The nearly constant
2G valucindicates that similar mechanism s operative for the oxidation of 2-methoxy-1-
butanol.

Table 7: Activation Paramecters
['I'PAFC]= 0.001 M, [MB] = 0.01 M. [H2S04] = 0.1 N, Temp. =303k, AA=

20 % (V/V) }
I Activation AE, KJ nmlc’r— z\H"K.lmul'I 1\.‘3"’.]]{""1011:“l AGH# KJ mole™
parameters 25.67 23.15 .220.06 89.83

Energy-cntropy rclationship:-
The entropy of activation and heat of reaction are corrclated by equation 1.

A= AHS = A ST rrememmemremereeee 1

oy



Pind151¢

¢ Issue : XXI, Vol . VI IMPACT FACTOR ISSN 2229-4406
"Ui’l* ; UNIVERSAL RESEARCH ANALYSIS 6.20 Sept. 2019 To Feb. 2020 [*]

Where? is the isokinetic temperature, the isokinetic temperature for the reac.
tions between 2-methoxy-1-butanol and TPAEC in aqucous acctic acid 15 404K, which
is greater than experimental temperature. The values of entropy of activation also sug-
gested that the reaction is entropy as well as enthalpy controlled. The values of frec
energies of activation of reaction were found to be more or less similar. These trends also
support the identical reaction mechanism being followed in these reactions [21].
CONCLUSION:-

The rate constants of the slow stepanvolved in the mechanism were evaluated.
Activation parameters were ulso computed. The negative value o ?S# provides support
to the fonmation of rigid transition state. The overall mechanism described here is consis-
tent with product and kinetic studies,

Mechanism of oxidation of 2-mecthoxy-1-butanol by TPAFC:-

© 6 o - *+
(\ /OTPNH K1 i + “ /om
o F Fast | . F
K, H o]
Primary Alochol 1
. N =
— +
HO OTPNH 0
ﬁ / Sow H " /OTPNH
R—C—H + N, | r—t—o—u
F N
w0 kM
H OH
Aldehyde -
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