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Abmacs--me dcgdatioll of plullyl salicy& in llkalinc 4lbcoul ethmol is sllown to proceed via 
competing truuatcriflation and hydrolydr proarra. The M produa, ethyl salkyiate. alw 
undergoes hydrolysis, but at a slomr rate and a kinetic model is prcacntal which allows the aimuhanaxu 
*ation of all three rate constants. These resulta arc contrastal with thoac of an arlkr literature 
study and ahow the nesllity for spccifk assay systans in kinetic analysis. 

salicylatc caters arc widely usal in topical prcpara- 
tions in pharmacy and medicine. The polarity of the 
mokculc is mcdiatai by the nature of the ester 
substitucnt and this controls the use prolik. Short 
chain esters such as methyl salicylatc are rapidly 
absorbed through the skin and are wed as topical 
analgesics whereas bulkier groups such aa the men- 
thy1 ester show more substantivity and arc used in 
suntan preparations. These compounds arc sus- 
ceptible to hydrolysis and much work has appeared 
on the mechanisms inv~lvcd.‘~ Recently, the alkaline 
hydrolysis of pknyl salicylate has been ducribai.9 
Experiments wu~ undertaken in aquama ethanol to 
overcome solubility problems and the kinetica were 
followed by the reduction of UV abaorbancc of the 
solution at 34Omn. We here present evidence that 
these conditions kad to a COUptitiVC 

transateri6cation, forming the ethyl ester, in addi- 
tion to hydrolysis (Scheme 1) and that the analytical 
methodology was incapable of revealing this effect. 

-AL 
Mcrrcriolr flndmrrti. Pbenyl aalicylatc and ethyl rrlicy- 

late wcrc supplied by Orresser Salicylatca Ltd. HPLC sol- 
vmts and EtOH were obtained from Fins. Dktilkd water 
was double distilled in glass and all other chanials wzrc of 
reagent grade. 

Appmmu. Analysts were pdormal using a high- 
pdomance liquid chromatograph conatructal from an 
Altcx 1OOA dual-reciprocating. comtant-flow, solvent- 
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Scheme 1. TransmtAiication of phenyl malicylate in alkaline 
4ucolu ethanol. 

metering pump, I Rhcodync 7120 injaxion valve fhai with 
a 20 pl loop and a Pye LC3 variable wavdength ultraviolet 
monitor, equipped with an 8pl tlow cell and operatal at a 
wavelength of 235 nm with a sensitivity of 0.08-0.016 AUFS. 
chromaiopnphy was performa- using a shandon 
lOanx4.6mmLD~nl~rt&lcolumn~adwithODS 
Hypcrsil(5bm) menod phase mat& The prc-Bltcral 
m&k pha& (0.45 pm). a of acetonitrile : water : 
DhosDhoric acid (60 : 40 : 2) with a DH of 2.33. was dclivtrsd . _ 
at a flow nte of I ml min-‘. -ultnvi& spaxra were 
determined in ctbanol solution using a PyeUnicam Sp8ooo 
ultraviokt spcctropbotomctcr or a Beckman Acta V spcctre 
photometer. pH measuremenu were obtained using a Ra- 
diometer PHM 64 Rcsauch pH meter with a 4.5 digit, 3 
decimal place display of pH. fitted with a combinai glass 
ekctnxk with a silver-silver chloride reference systrm. 
Calculations were undertaken using the BASIC progmms: 
LIN-REG (calibmtion datz first-order and Anhenius kinct- 
ics). IONSTREN (ionic stnxgtb calculations for mok clcc- 
trolytcs) and NONREG (non-linear last squares mgrusion 
analysis). A FORTRAN v&on of NONLIN was also wed 
for non-linear rcgrc5sion analysis. 

Kinetic analyses. All onnpomts of the reaction madir, 
with the exception of phcnyl salicylatc, were burettcd direaly 
intoa5omlstoppcredlksk~themixturewar~owadto 
reach thcnnal equilibrium at the required temp. Reactions 
were initiated by the addition of a frcahly prrpued soln of 
phcnyl salicylate in EtOH (3. I mM) followed by rapid agita- 
tion. Aliquots (2nd) were withdrawn immediately and at 
appropriate time intervals (l-60 min) over a period of I5 min 
to 8 hr. Samples wzrc quenched by addition to the chilled 
internal standard (2 ml) consisting of butyl paraben (2 me) in 
HC1(100ml)~enttoncutraliiethclllrrliinthe~soln 
(0.01-0.7 hi) and were anal@ by high-performma liquid 
chromatography (20 ~1). 

Conamtrations of reactants and products were cakulatai 
by interpolation onto a calibration line prepared from 
fmahly preparaJ calibration solns containing 0.0124- 
0.124 mM of ethyl salicylate. phcnyl aalicylate and salicylic 
acid which were similarly treatal with internal standard. To 
rtdwC SIIIDD~SO~!CIH PfObh18,‘~ tbc DIODOIiiOD Of &OH 
in the calit&on and -aampk s&a u&e hide equivalent. 

The cffti of hydroxide ion conomtration on the stability 
of pbenyl salicylatc (0. I24 mM) was observed a1 35” over the 
range 0.01-0.7 M NaOH in 4”/. EtOH with a castant ionic 
strength of 2 M, adjusted by the addition of KCI. The c&t 
of t&p wan follo&d in 0.05 M NaOH at 25-50” in 4% 
EtOH with a constant ionic stmmtb of 2 M. adiustai bv the 
addition of KCI. The ctTti oTEtOH c&c&atio~ on 
phcnyl 8alicyIatc (0.124 mM) wa.s monitored over the range 
1-4 at 25” with 0.05 M NaOH and an ionic strength of 
0.1 M and at 35’ with 0.01 M NaOH. 
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THEoBETlCAL 

The reactions in Scheme 1 may be represented by: 

kl A-B 

LA,/ k, 

where A, B and C represent phenyl salicylate, ethyl 
salicylate and salicylic acid, k, is the first order rate 
constant for transesterification and k, and k, are the 
first order hydrolysis rate constants. 

The instantaneous rates of change of these species 
are given by: 

A 
120 min 30 min 

B 

dA 
-= -k,A-kA= -A(k,+k& 
dt 

(1) 

$ = k,A - k3B 

dC 
dt = k,A + k,B. 

Integration of these equations between time zero 
and the current time t enables expressions for 1’ 3 
instantaneous concentrations of each species to he 
obtained. 

3 min 0 min 

b 

120 min 

d, dc 1 1 b 

a 

b 

25 min 5 min 

C 

- 
0 min 

d 

t I 1 t I 1 t I 1 I . 1 

10 5 0 10 5 0 10 5 0 10 5 0 

RETENTION TIME (min) 

Fi& 1. High performance liquid chromatography of phenyl salicylate in alkaline aqueous ethanol. (A, 
20% ethanol, 0.05 M NaOH. 35"; B, 4% ethanol, 0.05 hi NaOH, 35”.) Components are: a, phenyl 

sakylate; b, ethyl salicyke; c. salicylic acid; d, internal standard: butyl Qhydroxybenzoate. 
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At=Ao.e-B’+hP (4) 

e-U e-o,+r* 

(k,+kl-k&+&--k,-ks) 1 (5) 
ct=&* I- L 

k,. e-k,t + (k2 - k3). e-(kl+kah 

(k, + kl - k,) I ’ @) 

Fquations (4H6) were fitted to the measured 
pro&s by non-linear least squares mgressioa tech- 
niques, using NOIVREG and NONLIN, to evaluate 
the rate constants. Prelimmary estimates were chosen 
so that the sum (k,+k& equalled the slope of the 
logarithmic first-order plot from eqn (4). 

RESULTS AND DISCUSSION 

Figure I(a) illustrates the HPLC separation of 
phenyl salicylate and reaction products in 20% ethanol 
with 0.05 M NaOH at 35’. At zero time only phenyl 
salicylate and internal standard are present. AAer 3 
min a large decrease in phenyl sahcylate has occurred 
and two new peaks are pmsent. The early one is 
salicylic acid, the hydrolysis product, and the later, 
intense peak has been identified as ethyl sahcylate by 
retention time behaviour and by isolation.’ Afier 30 
min virtually no phenyl ester remains although ethyl 
salicylate is still the major component. 

Figure 2 plots the fate of each component and 
reveals the rapid disappearance of phenyl sahcylate, 
essentially via transesterification to yield ethyl salicy 
late which undergoes a slow hydrolysis to salicyhc 
acid. When 4% aqueous ethanol is used as the solvent 
(Fig. lb), transesterification of the reactive phenyl 
ester still competes effectively with the hydrolysis reac- 
tion (Scheme 1). In an earlier report of this reaction’ it 
was claimed that hydrolysis was the only degradation 
pathway and the kinetics, proposed to follow the sim- 
ple first-order case, were followed by the measurement 

0.4 

Rate 1 
0.3 

Constant 

of the ultraviolet absorbance at 340 nm. At this wave 
length the phenyl sahcylate ion has an extinction of 
6200 I cm mol-’ whereas the ethyl ester anion exhibits 
an extinction of 4600 1 cm mol-‘. 

The significant contribution of ethyl salicylate to the 
absorbance at 340 mn ensures that the degradation of 
phenyl salicylate cannot be adequately monitored in a 
system where transestuification is evident. Indeed, 
due to the rapid removal of phenyl salicylate, the 
absorption at 34Onm effectively monitors the de+ 
gradation of ethyl salicylate in the later stages of the 
reaction. In contrast, ethanol levels of 1% such as 
those used by Capon and Ghosh,’ which also involved 
more weakly alkaline conditions, traces only of the 
ethyl ester were observed. It should also be noted that 
stock solutions of phenyl salicylate (3.1 mM) in 96% 
aqueous ethanol, as described by Khan er af.,9 undergo 
slow transesteri6cation and 25% conversion to the 
ethyl ester is observed after 3 weeks storage. 

The individual rate constants (Scheme 1) may be 
estimated from the time protiles of the sahcylate 
components (Fig. 2) by a non-linear least squares 
regression analysis using eqns (4)-(6) as the the 
oretical model. Ah analyses showed good agreement 
between the measured and predicted data with the 
value (k, + k& equivalent to the negative slope of 
first-order plot describing the disappearance of 
phenyl salicylate. As expected from the reactivity of 
the leaving group, phenyl salicylate hydrolysis was 
significantly faster than that of ethyl salicylate for 
both systems in Fig. 2. The transesterification rate, 
however, depended upon the proportion of ethanol in 
the solvent. The effect of ethanol concentration on 
each process is displayed in Fig. 3. This reveals a 
dramatic and almost linear (k=4.731 x 10e3 
(EtOH%) + 0.01877; r = 0.994, n = 9) dependence 
upon the percentage ethanol in the solvent up to a 
level of 800/,. In contrast, both hydrolysis rates are 
suppressed with increasing alcohol and although, 
these, too, appear linearly related to solvent com- 
position in the figure the plots are better described by 
a shallow curve. Indeed, using the equation: 

0.2 - 

(min -‘I 

0.1 - 

;0 40 60 80 

% Ethanol 

Fig. 3. Effect of ethanol concentration on degradation of phenyl salicylate (A, k,; l , k2; 0, k,; 0.01 hi 
NaOH, 35”). 
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F& 4. E&t of saGurn hydroxide concentration on phenyi salicylatc dqlndrtion (A, It,; 0. k2; @ kJ; 
4% cthanoi, 35”). 

lnk=lnk_O-~ (7) 
Phenyl saiicylate hydolysb 

t 
lnk- 

208 

wherekisthcmcasuddcgradationratcconstant,~ 
-0.17Gt r = - 0.998, II - 6. (8) 

istbcdickctricconstantofthmedium$~,,istk 
rate conaunt in a msdi~m of i&h dieh& con- EW sollcylrrte Woh~ 
stant,z,and2,arethcchargc8ontllelxwing (i) low alcohol 
spcciesandKisanmninalconatantholdingAvoga- 
&o’s mlmbcr (N), de&Cal duuge (c), the interionic 
distawe within the activated complex (r) and tem- 

Ink- 1.632-T r = - 0.995, n = 5 (9) 

pcratun (T) such that 
(ii) high alcohol 

lnk- -3.019+9 r= -0.997, n-4. (10) 

the variation of degradation rate constant follows 
closely rbc change in dichtric constant cawed by The plot for ethyl salicylate shows a change in 
solvent change: slope at WA ethanol and both lines are reported 

Table 1. Arrlmiua pammtua for degradation of pltenyl s&cylate in 4% ethanol with 0.05 M N&H 
01 = 2.0 M) 

Temperature Rete constant (min-I) 

(‘Cl kl k2 k3 

35 0.02416 0.04939 0.007865 

45 0.05746 0.1003 0.02549 

53 0.06254 0.1343 0.03561 

55 0.08736 0.2101 0.05466 

Emt (kJml-l) 52.91 59.66 01.47 

A (mid) 2.34~10~ 6.13~10~ 5.17x1011 

r -0.981 -0.997 -0.995 

AC' (kJ ml-') 85.62 03.70 88.51 
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(II) R-R’=Et 

(I) R-Ph 

h R’-HorEt 
= 
HP (I)R-th 

/ 

(i) R-F% 

(10 R - EI 

Scheme 2. Mechanism of phenyl sslicylate degradation in alkaline aqueous ethanol. 

COO- 

K :I 

individually. This effect parallels that observed when 
the hydrolysis of ethyl salicylate in aqueous ethanol 
is followed.’ The effect of dielectric canstant on the 
transesterification rate cannot readily be identified 
from these data as reactant concentration is simulta- 
neously altered but it is clear that the use of ethanol 
to model dielectric effects in this system cannot 
provide useful estimates. The ethanol concentrations 
used by Khan et aL9 appear to cover the range 5-95x 
and hence transesterification is probably the most 
important reaction of phenyl salicylate under these 
conditions. It is likely that the measured rate con- 
stants are largely those of ethyl salicylate hydrolysis. 

The effect of sodium hydroxide concentration on 
each process is shown in Fig. 4 which covers only part 
of the range used earlier9 due to the very rapid 
degradation of phenyl salicylate at higher hydroxide 
concentrations. At the level of ethanol used here (4%) 
the hydrolysis of phenyl salicylate is more rapid than 
the transesterification reaction (see Fig. 2). Com- 
parison with earlier daw9 reveals that the UV assay 
procedure underestimates this true hydrolysis rate 
due to the slower removal of the absorbing ethyl 
salicylate product. As an example, Fig. 1 shows the 
hydrolysis of phenyl salicylate monitored over a 
period of 2Ohr with an apxuent halving of the 
absorbance in some 40 min (Q calculated = 39.8 nun). 
The true half-life for the /&rolysir process under 
these conditions should be 14 min and the overall loss 
of phenyl salicylate has a e = 9.42 min. In contrast, 
the ethyl salicylate half-life under these conditions is 

88.1 min. The extraction of thermodynamic parame- 
ters is similarly compromised. Table 1 shows the 
Arrhenius data for the individual rate constants 
determined at 35,45, 50 and 55”. These con6rm the 
facile nature of both degradation pathways available 
to phenyl salicylate compared to ethyl salicylate 
hydrolysis and constrast markedly with the earlier 
values of 69.22k.Jmol-’ @act) and 1.55 x 
10-6min-’ (A). 

It has been proposed that the hydrolysis of salicy- 
lates under strongly alkaline conditions follows 
flcheme 2 with a concerted reaction involving solvent 
and the salicylate anion competing with direct hy- 
droxide attack. The observed rate constant (k) has 
been shown to depend upon both processes: 

k = k’Ki’[H,O][O~] + k”Ki’[Ow 

1 + Ki’[OR] 
where 

(11) 

For phenols, pka - 9-10, Ki’[OR] # 1 at the 
levels of hydroxide used and equation I1 may be 
simplified to give the linear relationship: 

k = k’[HzO] + k”[OR]. (12) 

Using this equation to model the variation of de 
gradation rate with hydroxide concentration (Fig. 4) 
the contribution of each mode of attack may be 

Table 2. Partial rate constants for the decomposition of phenyl salicylate in 4% ethanol 

Rate constmts for Q egradatlon via: 
(min‘ ) 

Degradation Process So vent 
1 

attack 
(k [solvent]) Anion attack (k') 

Phenyl salicylate 
transesterlficatlon (kl) 0.0251 (-) 

Phenyl sallcylate 
hydrolysfs (k2) 0.0384 0.185 (0.976) 

Ethyl sallcylate 
hydrolysis (kS) 0.0415 (0.980) 
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isolated for each of the three reactions involved. 
These are displayed in Table 2 and suggest that (i) 
transesteritkation is independent of hydroxide con- 
centration in this region and involves the anchimeric 
attack of alcohol at the eater function of the sabcylate 
anion; (ii) the hydrolysis reactions involve an- 
chimeric attack of water and also the direct attack of 
hydroxide ion at the ester function of the salicylate 
anion which is presumably responsibk for the ob- 
served dependence upon dielectric constant. Phenyl 
salicylate is signiBcantly less stable in both modes of 
degradation due to the phenoxide ion being an 
effective leaving group. 

This work reveals that reactions may occur as a 
result of solvent choice and a qxcitic assay method 
should be used to confirm degradation pathways 
before kinetic analysis. When such processes are 
observed, the development of the appropriate kinetic 
model enables a full study of the reaction to be 
undertaken. 
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