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0-Acylsalicylamides as possible prodrugs for 
salicylamide I. Kinetics and mechanisms of their 

degradation and reaction with enzymes and sodium 
bisulfi te 

Salitn B&hair * and Anwar Hussain ** 

Three prodrugs of salicylamide, O-acetylsalicylamide (1). O-acetylsalicylsalicyla- 
mide (II). and 0-glutarylsalicylamide (III) were prepared and their rates of degrada- 
tion were studied over a wide pH range. These compounds were found to undergo 
0 + N acyl transfer to the correspondin, 0 imide even in acidic environments. This 
reaction was followed spectrophotometrically at 355 nm. 

The effect of horse serum esterases on the hydrolysis of compounds I and III was 
also studied. In the presence of esterases and human plasma. the above prodrugs 
were found to cleave exclusively to salicylamide and not to the imide. 

In the presence of sodium bisulfite, the prodrugs I and III were found to undergo 
two parallel reactions and resulted in the formation of the imide and salicylamide. 

Salicylamide. a Lvidely used analgesic and antipyretic drug, has an advantage over 
aspirin and salicylate because it lacks their undesirable side-effects of gastric 
irritation and bleeding. The drug, however, is extensively conjugated to sulfate and 
glucuronide in the gastrointestinal tracts of animal and man during the absorption 
process and by first-pass metabolism (Guglar et al., 1976: Alam et al.. 1977; Barr 
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and Riegelman, 1970). Because of that, the drug must be used in kge doses to 
obtain a detectable plasma level of the free drug (Riegelman et al.. 1973). Since the 
drug iy conjugated in the phenolic group, transient protection of this group via 
acyiation may minimize its metabolism in the gastrointestinal tract and may increase 
its bioavailability. 

For any ester of salicytamide to be useful as a prodrug, it must meet the following 
criteria: (a) it must be stable in the gastrointestinal tract prior to ubsorpticrn: (h) it 
must be rapidly and completely absorbed: and (c) it must revert enzymctticully or 
otherwise to salicylamide after absorption. 

In order to examine whether certain esters meet the above criteria, O-acetyts& 

cylamide (I ), O-acetylsalicylsalicylamide (II) and O-g,lutarylsnlicylaInride (I II) were 
synthesized and tested for their stability and for their in vitro enzymatic rates of 
conversion to salicylamide. 

Although ~-acetyjsalicyiamide is known to undergo 0 J N acctyl transfer in 

neutral and alkaline solutions (Behme et al., 1964). the rate of this reaction was not 
studied at pH values below pH 7. Since salicyhlmide itself is very lipophilic and IS 
known to be absorbed rapidly from the stomach and the upper part of the intestine 
where the pH ranges from 2 to 5 (Barr et al.. 1970: Dales et aI., 1969). it \V;IS felt that 
informatioil on the stability of these esters over a wide pH range and especially in 
more acidic environment is needed before their hioav.Glability is determined, 

The purpose of this sttrdy is: (1) to examine the rate of 0 -+ TX acyl transfer of I, 
II and III over the pH range of 3-,9: and (2) to determine their rate of conversion to 
salicylamide in the presence of horse serum esteruses and human plasma. 

To obtnin an insight into the Il~e~hiInisn~ and the I~l~~gllit~lde of the abet 
reactions, the reaction between the prodrugs tlnd hisulfite Was Wi1lllillCci as 3 

function of pH and bisulfile concentration. Sodium hisulfite was chosen us it model 
nucleophiie since it has been shown that it has tt pronounced cutalvtic cffccr ml the 
hydr0iysis of phenolic esters such as aspirin (Munson et al., :977) and since hihulfitc’ 
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is a common antioxidant in many pharmaceutical products. 
The results of this study strongly suggest that in the absence of enzymes, these 

esters undergo 0 --, N trans&cylation to the corresponding imides even in acidic 
environments; whereas. in the presence of horse serum esterases or human plasma, 
these esters cleave exclusively and rapidly to salicylamide (Scheme I). 
In the presence of sodium bisulfite, however, these esters undergo parallel reactions 
to form the imide and salicylamide. The results also suggest that the rate’of imide 
formation was not catalyzed by bisulfite. whereas the rate of salicylamide formation 
was dependent on bisulfite concentration as well as on the pH. 

Materials and methods 

The following chemicals were used in this study: salicylamide. glutaric anhydride, 
ucetylsalicyloyl chloride and sodium bisulfite (Aldrich), acet;lI chloride (Fisher) and 
horse serum esterases ( 17.6 units/mg) (Sigma). Human plasma was obtained from 
donors. The instruments used in this study were an NMR spectrophotometer, a 
recording spectrophotometer (Varian Cary IS) and IR spectrophotometet (Perkin- 
Elmer 567). 

O-Acetylsalicylamide was synthesized according to the procedure described by 
McConnan et al. (1906). The melting point was found to be 153-154°C. The 
elemental analjsis was calculated for C,H,O,N: C. 60.33: H. 5.06: N. 7.82; Found 
C. 60.61. H. 5.1, N. 7.93. 

The acetylsalicyl salicylamide w!as synthesized as follows. 27.5 g of salicylamide 
were dissolved in 55 ml of freshly distilled pyridine with constant stirring: the 
solution w;1s cooled down in a dry-ice-acetone mixture to approximately - 15°C. 
The mixture was then removed from the dry-ice-acetone bath. As a second phase. 
40 g of 0-r~cetylsalicyloyl chloride were dissolved in 50 ml of ethylacetate. and the 
resulting solution was added in 11 drop-wise fashion to the solution of salicylamide in 
pyridine with constant stirring. The temperatue was kept at approximately - 15°C 
during the course c\f additio!!. After the addition of O.acetylsalicyloyl chloride, the 
reaction mixture was stirred ior an additional 30 min al - 15°C during which time a 
white gelatinous material was formed. At the end of the 30 min period, 150 ml of 
pentanc was added and the stirring was continued for IO min. 

The gcliitinous material was then separated from the reaction mixture by filtra- 
tion and washed se\ era1 times with additional amounts of pentane. The material was 
dissolved in methanol and the methanolic solution was added to 500 ml of 1 N 
ice-cold sulfuric acid with continuous stirring. A precipitate was formed immediately 
and was stirred for 10 min. The solid material was filtered, washed several times with 
cold distilled water and then air-dried. The dried material was recrystallized several 
times from pentane-ethylacetate-benzene mixture (5 : 10 : 5) to give an amorphous 
poHder which melted at 163°C \vlth decomposition. 
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The structure of the compound WUS confirmed by elenrenlut nnrrlysis and hk 

NMR. Analytical calculation for C,,H120,N: C. 64.15: H, 4.34. N. 4.67. Found: C’. 

64.15; H, 4.8; N. 4.92. NMR (CDCI,): 62.3 (s. 3. -CM,). 87.-U (m. IO. ;womat~c 

and -NH,). 
(;lutaT$ (;alicylamide was prepared from sodium ~illic~li~~~lidC ilnd gliiliu-ic 

anhydride according to the following procedure. To a suspension of 20 g (0.12 M 1 of 

sodium salicylamide in ether-benzene mixture (SO/SO v/v) was added a solut8w 

containing 13.7 g (0.12 M) glutaric anhydride in an ehr hzcnc n~ix;twv in :I 
drop-wise fashion over a period of about 45 min with conskrnl stirring. Onw rhr 

addition was completed. the stirring was continued for a period rernpinp from I20 tcr 

150 h at room temperature. At the end of the period the precipitate was iwlawd b\ 
filtration. washed several times with an ether-benzene mixlure and then pe~rcrleurn 

ether and air-dried. The dry material was added to 400 ml of I N ice-wld sulfunc 

acid, and stirred for 10 min to liberate the free hemi-ester. The precipit;l[e ws then 

filtered. washed several times with cold \vakr. and dried under \*iIcuunI. 7%~ dried 

material was recrystallized from ether-benzene mixture and then from ~C'I~CIIC di- 

mane (2 : 3) to gi\re a white crystalline material which meltt‘d ;I[ 152°C NI~II 

decomposition. Analytical calculation for C’ ,,H,,O: c‘. ,i7..‘\7: H. 2.21: N. S.C7. 

Found: C. 57.95; H, 5.62; N, 5.93. The strucwe \vas furthw c~wfirmed b> 

C”NMR. 
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phcrsphalc buffer. The enzyme sotutior of the required activity was prepared by 

the required amounl of the enzyme powder in a sufficient amount of the 
buffer. The 4ulion was equilihraced al 37°C for 30 min. A stock solution of the 

pr&rug to he studied was prepared to contain 0.5 mg of the drug/ml of absolute 

ethyl PMWl. 

160 pl of the prodrug in ethanol were placed in a 1 cm 

halomelcr cell and then 3 ml of the enzyme solution was 

the cell (while Ihe cell was in the compartment) using a syringe. 
“The incra.se in the &s&ance at 302 nm was followed against a reference solution 

the same cancenlration of the enzyme in the buffer. 

Far Ihc human plasma sludy. plasma was obtained by centrifugation of fresh 

hlrxti and 5 ml piahma *sample N;IS collected and equilibrated at 37°C for 30 min. 

Fear this stud\;. 3 alock s&tion of the prcxlrug was prepared to contain 3 mg of the 

ccxnpibnlnd in I ml oC ~b_solu~e ethyl alcohol. 100 ~1 of the prodrug solution was 

add4 to I ml of the pl;iama ;II 37T. 100 ~1 of the reaction mixture were withdrawn 

pctG.lrc~ll~ and 3 1111 of 0.01 M. pH 4.5. acetate buffer was added to quench the 

reactton and rhe presence of ssiic> lamide in the solution was determined spectropho- 

tomelricallv A 382 nm againsr ;1 blank plasma solution which was treated in the 

smie manner. 
In order to confirm the presence of saiicyiamide in the reaction mixture. both the 

enrbme wjlulions and the plasma solutions lvere analyzed by high-pressure liquid 

chrnnratograph~ ;tccording w the previousi! reported procedure (Gautam et al.. 

19Sl). 

The rate> ~rf reaction \\ith st>dium hIsulfite \vere determined at 35 f O.OS”C. 

Striiunr bisulfite holutirrns \vert’ prepared freshly for each run using doubly distilled 

water rhar \\;I$ saturated with nitrogen for at least 2 h. The ionic strength of the 

~~~luti~~nh \~,a\ ;d~udrJ to ;t \alue of 1.0 using sodium chloride and the pH was 

adjus~rd to Ihe desired v;tlue using sodium hydroxide solution. 

Stock solutions of the prodrugs were prepared to contain 1 x IO ’ moljl of the 

compounds in sptytrui grade dionane. IO0 ELI of the dioxrtne solution was placed in a 

I cm paMr’ngth ~p~crrophutonreter cell and exactly 3 ml of the bisuifite solution 
\\r’rc ,rddcd I<, the cell. The cell \~a.\ then quickly inverted several times to ensure 

unifcW~ mixing and Ihe increase in af+orb;tnce at 302 nm for the formation of 

,,d~~>lamide cry ;II 355 nm ft?r the f~~rmation of the imide was followed as a function 

of trme unrkl 110 further ch;tngc \vi\s observed. For every experiment at every bisuifite 

,rrh~lic,n, the refcrencc cull contained the cclrrcsponding hisulfite solution. 

l’l~c r~k~cr\cd ftrst-cjrdcr r;ttc’ ccjnstants were calculated from the slope of str:!ight 

IIIW\ obl uncd t-+ plotttnp the Iop(A .5 I- A, 1 vt’vus time. 

Results md diwwion 
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blc in aqueous solutions in the pH range 3-9. However, these compounds were 
found to undergo an 0 + N acyl transfer at surprisingly rapid rates even in acidic 
solutions. This was confirmed by spectral changes and HPLC. When aqueous buffer 
so!utions were added to a dioxane solution of these compounds, a peak was observed 
at a wavelength of 355 nm and not at 302 nm where salicylamide has its maximum 
absorbance. The absence of salicylamide was further confirmed by a specific HPLC 
method (Gautam et al., 1981). The rate of formation of N-acylsalicylamides was 
found to be first-order with respect to the compounds, independent of buffer 
concentration and ionic strength and dependent on pH. For compounds I ild Ill. 

plots of log KohS, the observed first-order rate constants versus pH gave straight 
lines whose slopes were one, suggesting that the rate of reaction had a first-order 
dependence on hydroxyl ion concentration. 

The standard logarithmic rate (Eqn. 1) was found to be consistent with the results 

0.01 

1 1 I I 1 I 
2 4 6 6 10 12 

w 



279 

obtained for compounds I and II 

log L, = log k,,,, + log k u + PH (1) 

where k oH is the second-order rate constant for hydroxyl ion catalysis. The values 

of k,,,, for compounds I and II were calculated to be 1.4 X 10’ and 0.78 x 10” 
I . mol - ’ - s _ I. respectively. 

In the case of O-glutarylsalicylamide, howeve-, a plot of log k,,,,, versus pH did 
not result in a straight line (Fig. 1); thus Eqn. 1 is not applicable. Since the 
compound can exist in solution in both Ionized and unionized forms, a rate equation 

consistent with the data is shown below: 

d(prodrug) = d(imiCe) = k 

dt dt I ,,,, W-- )[prodrug] + koH- (OH- )(prodws- ) 

= k,,h.(prl~drUg),,,,;,~ (2) 

where k ,#,,, and k2 ,,,, are the second-order rate constants for hydroxyl ion attack 
of the unionized and the ionized forms of the drug. respectively. 

Since (prodrug),,,,,,, = (prodrug) + (prodrug- ) (3) 

and 

K,, = 
(prodrug )(H’ ) = 4 j8 x 1~--i 1 (prodrug) * (41 

inhere K., is the ionization constant for the free carboxyl group. Substituting for the 
species involved using Eqns. 2. 3 and 4 results in Eqn. 5. 

Tire line in Fig. I w;ts obtained by calculating the theoretical line from Eqn. 5 
using values of k,,,,, at the two extremes of the pH-rate profile. The points are 

experimental values. As seen from the data of Fig. f. the fit between the calculated 
values and those determined experimentally is close. The second-order rate constants 

k, anti Ii 1 were calculated to be 3.6 x 10’ 1 . mol- ’ - s- ’ and 1.7 x 10’ 101 

The accepted mechanism for the 0 + N acyl transfer in compounds similar to the 

above and for compounds containin, * ureido functional group in an ortho position to 

an ester is shown in Scheme II (Behme et al., 1964; Hegarty et al.. 1970: Stella et al., 
1973). 
The first step involves a rapid and reversible ionization of the amide nitrogen 
followed by a nucieophilic attack of the amide anion on the ester carbonyl group as 

the rate-determining step. 
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In the: Q’PW of the frkz carhoxyl group, the formation of a cyclic 8-membered 
~nt~rrn~j~t~ thr~~ugh hydrogen ending. Scheme III. is very possibfe. St. Pierre et al. 
( ~~~~ postulated an IS-membered ring transition state for the aminolysis of aspirin. 
Such hydrogen bond formation will render the carbonyl group to be more positive 
und eonsecpently more accessible to an attack by the amide anion. For the 

ies, such hydrogen bond formation is not possible. Furthermore, the 
r=ittri& by the ~~~~~~~~t~ group will render, by virtue of electro- 

statue rq.Mson. an attack by the negatively charged amide more difficult. Conse- 
quently. the ionized species of Ill hydrolyzes slower than I. 

%tclla cc 81. (I 3) found that the positively charged amine esters of hydantonic 
34 etom fW@r an the ~~~K~~nding simple alkyl esters. These differences in the 
r;ltt: of r~~~t~~n WCC” r~ti~~~ti~ed ha-s4 on the involvement of the positively charged 
amine in stahiliein the transition state. 

The rrbvc dat ndicstcs that these esters degrade in aqueous solution as their 
imides and thst the above reactions are influenced by the pH. At pH 

< ht. the 0 -+ N acyl transfer r43bcticln is relatively slow, 

‘I he cnrymatic study was carried out on compounds I and III only. In the 
prwnw of hor.se serum estrrases and human plasma, the compounds were found to 
&ave qu~nt~tati~~l~ to ~~i~~~arn~d~_ The rormatjon of saIicylamide was confirmed 
s~~trctphot(‘rmCtric’;\jly and by a specific HPLC method (Gautam et al., 1981). The 
ultraviolet ahmrptioo spectra of the reaction mixture exhibited a peak at 302 nm 
,rnd not 355 nm. The absorption spcxxrum was superimposable on the UV spectra of 
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salicylamide dissolved in the enzyme solution at the same pW. 
The rate of formation of salicylamide at 302 nm was found to be first-order with 

respect to the prodrugs and dependent on the enzyme concentration. Table 1 shows 
the dependency of the observed first-order rate con. [ants on the enzyme concentra- 
tion, It is evident from these data that the rate of formation of sali~ylam~~e is 
directly proportional to the concentration of the enzyme. in the presence ef human 
plasma, however, the reaction was too fast to follow,and quantitative formation of 
salicylamide was observed within the first 15 s after the addition of the plasmu to the 
drug. 

The above data atso showed that at any given enzyme ~~~n~entrati~~n. the 
0-gtutarylsalicylamide is hydrolyzed at a much slower rate than O-actttyisalicyfa- 
mide. This may be due to the fact that the negatively charged carboxylate group of 
the glutaryl derivative can inhibit the interaction between the substrate and the 
anionic site of the enzyme. It is known, for example, that benzoyi i~rgi~~il~~ ethyl ester 
in the presence of trypsin undergoes hydrolysis much faster than N-acetyl&cinc 
ethyl ester. Such differences in hydrolysis rate was attributed to the fact that 
benzoylarginine ethyl ester. a positively charged st~bstrate, can interact with an 
anionic site of the enzyme, whereas acetylglycine ethyl ester. an unchargtut substrate. 
cannot (Jencks. 1969). The above enzyn~ati~ data thus indicate that the ~n~yl~~~kti~ 
cleavage of the prodrugs to salicyiamide is very fast in the human plasma and much 
faster than the 0 -+ N acyl transfer. 
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rate of hydrolysis at 35T of O-a~etyl~;llic:vlumije at 

0. pH 6.6: and a. pH 7.4. 

the presence of sodium bisulfite. these compounds undergo two 
parallel reactions and that the rate of salicylamide formation was influenced by 
bisulfite concentration and pH. lxhereas the rate of the imide formation was 
independent of bisulfite concentration. 

Since, in the absence <tf bisulfite, the rate of formation of the imides was found to 
he first-order with respect to hydroxide in concentration and independent of buffer 
concentration, an in&gritted s:rte equation for the appearance of salicylamide and 
implicit in Schme I can be derived for certain fixed conditions. If sodium bisulfite is 
in large txcss OCR the prudrug. then at any given pH. Eqn. 6 is valid: 

lop{ A r wu 
k ,+, 1 Bisutfi te] 1 Prodrug] 

A I ) -0 log ‘--‘- 
’ k,,,,[Bisulfite] + k,,t,[OH] 

k ,,,, (OH) + k ,,,,, [ Bisulfite] - 2.303 
t 

u’here k ,,,,, is the observed second-order rate constant for the formation of salicyta- 
mide from the prodrugs and k,,,, is the second-order rate constant for the 
formation of the imide. It is apparent from Eqn. 4 that a plot of log(A, - A ,) (at 
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302 nm) versus time should result in a srrail;ht line. The observed overrtll first-order 
rate constant k. was calculated from the slope of the line and is equal to: 

k = k,,,,[Bisulfite] + k,,,,(OH) (7) 

As expected from Eqn. 7. plots of k versus bisulfita concentrations iit several pH 
values resulted in straight lines for both O-lcetylsi~licyl~tlIlide and O-glut;tr~ls;lli- 

cylamide (Figs. 2 and 3. respectively). The viilues of k,,,,(OH) which ;Ire the 
observed first-order rate constants of formation of the imide Kere found to be in 
excellent agreement with the values obtained independently in the absence of 
bisulfite (for both 0-acetylsalicylamide and C)-glutarylsalicyl~~ti~ide). 

It was apparent from the data of Figs. 2 and 3 that the slopes of WAN plots were 

dependent on the pH of the solution. If one assumes thilt both sulfite ion (SO,’ ) 

md bisulfite ion (HSO, ) catnlyze the rate of formation of salicvlamide from the 
prodrug. t!ien: 

k ,h,[ Hisulfite] , = kst,\-, [SO,’ ] fk,,so, [ ~-JS~),, ] (S‘ 

k ,,,,, -= kso,: 
K \ 

-- -..A--- 
(ti)’ + KS, ) ’ ktlsch 
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Using the values of k,,,,, 
k ,,so, the value of krlsc,; 

at two pHs and calculating for the value of ksf,; and 
was found to be close to zero. This is in agreemen( with 

the findings cf Munson et al. (1977) in their study of the catalytic hydroly& of 
aspirin by sodium bisulfite. Therefore. Eq. 9 can be reduced to: 

k r,,,. = ks<,; (10) 

The second-order rate constant ksc,; calculated at several pH values is shown in 

Table 2. 
In the case of 0-glutarylsalicylamide in the pH range studied. where the com- 

pound exists in its ionized form. the following equation is valid: 

k (11) 

where KI, (4.58 x 10. ‘) is the ionization constant of the prodrug. The second-order 
rate constants calculated at several pH values is shown in Table 2. As it is seen frurn 
the data of Table 2. the second-order rate constant for the glutaryl sulfite reaction is 
slower than that calculated for the 0-acetyl derivative. This is probably due to a: 

electrostatic repulsion, between the two negatively charged species. Thus. it is 
apparent from this study that. in the acidic and neutral pH :ange. bisulfite at high 
concentration can effectively complete with the intramolecular 0 -+ N acyl transfer. 

Conclusions 

In order for acyl salicylamides to be of value as prodrugs for salicylamide, the 
0 -+ N acyl transfer should be slow encxgh so that these compounds are absorbed 
from the gastrointestinal tract in their intact form. The t, 2 for the conversion of 
these prodrugs to the corresponding imide at pHs 4.6 and 6 was found to be 
:tpprosimately 64 h and 2.5 h. respectively. Consequently, it was felt that these 

c~~mpounds probably meet the first criteria cited in the introduction. 
In the presence of human plasma or horse serum esterases. these derivatives 

clca\se rapidly to salicylamide. Thus, it would appear that if these compounds are 
;Ibscjrhed in their intact form. they \vill rapidly generate saiicylamide. 
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