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Five disubstituted aminoacrtoxybenzoic acids were synthesized as their hydrochlorido salts. Their hydrolysis rates w r c  
determined and compared with those of aspirin. 

Aspiriii is prol~alily t,hc most widely used chemi- 
cal medicinal agent. Production in t'he United States 
alone was 18.0 inillion pounds in  1957.2 

Despite it's great utility and popularity, however, 
acetylsalicylic wid ha;; two major drawbacks. It 
has poor solubility i l l  ayucous media and, more 
important, it, has a tendency to  hydrolyze in the 
presence of oiily trwcs of moisturr. 

The purposcx of this dudy  is to synthesize 
compounds similar to aspirin which, it is hoped, 
might, due to  steric aiid/or clrctroiiic factors br 
more stable to hydrolysis and water solublc. 

0 

The dcsircd ,ut riicdtiirc is: 

A 

Garrett3 shoivcd that a gronp of hindered acyl- 
salicylic acids w e r ~  more resi,qtaiit t o  :wid-c*atalyzed 
hydrolysis t h x i  aspirill. Gari,c>t t :~lso sho~vrd that 
€3 was rcsistairt i o  hydrogrii ioi i  cxtnl.vzcd hydroly- 
.is, dur t o  ;L "protoil stiic.ld!' c+fwi. TIon~vcr ,  thc. 
compoiiiid \vas \.cry siiscvpt ihlr t o iiiic.lcophilic 
catalysis. Hc esplaiiis thih as :in elec~trophilir- 
nucleophilic. catalysis whereby the hydrogen of thr 

(1) .%hstracted froin a dissertation submitted to the 
(;radiiatcx School of Purdue Universitj- in partial fulfillment 
for the Ph.1). d rgrw.  Pwscnt address: 13rooklJ.n College of 
Pharmacy, Long Island University. 

(2) U. 8. Tariff Commission, Synthetic Oryanic Chemicals. 
I f s p o r t  20.3. LT. S. (;ovrrnnient Printing Officc~, \Yashingtoii. 

[ :%I  1,;. I?.. (iarrett, J .  . L / J L  ('helj t .  Soc., 79, : M 1  (195T) .  
( 4 )  1,;. 1 1 .  (;:ii-wtt. .J .  . l m .  ( ' / ? ? ) i t .  S o r . ,  79, ,520fi (10.57). 

1 >. c., 1058, I ) .  :3:3. 

protonated amine hydrogen bonds with the car 
bonyl oxygen, thus facilitutirig Mttack on thc car  
bonyl carbon. 

B 

Kagaii aiid Bi~licumeyer~ have dewibed reac- 
tioiis which support the hypothesis that thr 
carboxylate anion of stcylsalicyclic acid can partic- 
ipate in  iicighboriiig group iiuc*leophilir :ittarb 
on the carbonyl carbon of  thcb acyl moiety and 011 

the carbon atom alpha to the c:ubonyl group. 

EXPERIMENTAL 

o-Disubstituted anzinoacetoxybenzoic ucid. u. tert-Buly1 
salicylate. Method *4. Silver salicylate, 54 g. (0.22 mole), 
tert-butyl chloride, 61 g. (0.66 mole) :tiid 150 ml. of dry 
thiophene-free beiizeiic were agitated in  a closed cont:tiner, 
protected from light, duriiig a 21-hr. pwiod. The mixture \vas 
filtered aud thc fi1tr:ite concentrated iinder rctlucrd prtrs- 
sure. The rcsultiug oil x n s  treated with 5 5 ;  sodiunl bicurbo- 
iiate solution, the aqueoiis 1:ij-cr estr:icted with ether :u1d t>hc 
coin\iinetl oil and ethereal cxtr:icts dried o w r  cnlciiini chlo- 
ride. 

After removal of the ether the residue wts fractionated :tt 
16-18 mm. yielding 23.5 g. (48C/b) of B product distilling :tt 

.1Tethod B: S:ilicylo!.l chloride, o1)t:iiiictl from 0.2 mole (If 
snlicyclic acid :inti prc>l)arcd :tcc*ortling t.o :I modification 
of Wolffenstein's6 method, was :idded dropwise to :L \vvcll- 

120-123", ny  1.5029, d" 1.0579. 



stirred mixture of 37 g. (0.35 mole) of anhydrous sodium 
carbonate and 38 ml. (0.25 mole) of tert-butyl alcohol. 
Stirring was continued for a total of 12 hr. The mixture was 
then poured into 200 ml. of water. The oily layer was sepa- 
rated and the aqueous layer as well as the residual sodium 
chloride-sodium carbonate mixture were extracted with 
ether. The oil and combined ethereal extracts were dried 
over calcium chloride. After removal of the ether the residue 
was fractionated yielding 18.0 g. (46%) of product distilling 
at  118-120" a t  16 mm., 71'," 1.5035, d2' 1.0579. 

.Ilo/ecular Refractivity: Calcd. 52.58. Found: product A: 
54.06; product B: 53.79. 

b. tert-Butyl bromouceto~ysalicylate. Into a 250-ml. three- 
necked flask, equipped with a mercury-sealed stirrer, addi- 
tion funnel and drying tubes, and maintained a t  -50" 
i n  a Dry Ice-acetone bath, there was placed 25.0 g. (0.129 
mole) of tert-butyl salicylate, 20.2 g. (0.2 mole) of triethyl- 
amine arid 50 nil. of absolute ether. To the well-stirred 
mixture there was added dropwise, 23.6 g. (0.15 mole) of 
bromoacetyl chloride, diluted with an equal volume of 
absolute ether, over a I-hr. period. Stirring was continued 
for an additional 10 hr. 

The solid mixture was transferred to a beaker and treated 
with ice water. The resulting suspension was extracted with 
ether, filtered arid dried over calcium chloride. The ether was 
evaporated with an air jet yielding a mass of crystals which 
\yere washed with and recrystallized from petroleum ether 
(b.p. 30-60"). There was obtained 10.9 g. (42';;) of product'. 
A repeatedly recrystallized sample melted at  56-57'. 

4 n d .  Calcd. for C11HljBr04: C, 49.52; H, 4.76; Br, 
25.3. Found: C, 49.67; H, 4.77; Br, 25.0. 

c. tert-Butyl tr2orphoIinoacetoz?lsalicylute. To a solution of 
8.0 g. (0.0254 mole) of kif-butyl bromoacetoxysalicylate in 
50 ml. of absolute etaher in a 250-ml. three necked flask 
equipped with a merciiry-sealed stirrer, uddition funnel, 
reflux condenser mid drjing tubes, thew was added, drop- 
mise, 4.6 g. (0.055 mole) (Jf morpholine in 10 ml. of absolute 
ether. The stirred inisturo \v:ts reflrised for 4 hr. The nior- 
pholirie hydrobroniide \vas filtered oft' arid the ethereal solu- 
tion evapor:tted yickling ti.:% g. (77$;,) of :t crystalline prod- 
uct, which upoii rrcrystallization from petroleum ether- 
ether (80:20) melted a t  95-96". The hydrochloride was 
prepared in the usual manner and recrystallized from ethyl 
:tcctnte-isolJroj,)-l alrohol (80:20); m.p. liS-179° with 
decomposition. 

The pi1)c,ridiiio, pyrrolidino, diet hylamino and. diisopropyl- 
ainiiio analogs of the above compound were prepared in a 
similar mariner except t,hat the oily free bases were converted 
to t,hcir hydrochlorides since i t  was found impossible to  ob- 
tain thom as bases in crystalline forms in good yields (see 
Table I) .  

d.  o - . ~ ~ o , p h o / i n o u c e t o ~ y ~ e ~ z o i c  acid. Into a well-cooled 
solution of 5.0 g. (0.0155 mcle) of tert-butyl morpholino- 
acetoxysalicylate in 70 nil. of absolute ebher there was passed 
dry hydrogen chloride gas until the hydrcchloride initially 
formed w n t  into solution (5-10 niin.). The ethereal solu- 
tion XHR evapor;ttt:tl to tfr>mess and the solid residue recrys- 
t d l i ecd  from e1 h).I :icc.t,:ttc.-isoprop).1 alcohol (80: 20). l'he 
).it.lcl \vas 3.8 g. (81.5',)< ) .  .I\ rrpe:ttetll~- rwr>.st:tllizrd s:imple 
iiic,ltcd a t  l(i8- I(i!Jo with tlec,oiiipositioii. 

l'he pipwidiiio, l)yrrolidiIio, diethylamino and diiso- 
propylamino :innlogs of the above conipourid were prepared 
in a simi1:rr manner. 111 some instances the product was ob- 
tained as an oi: and was solidified by repeated washings with 
absolute ether and trituration in the cold. (see Table 11). 

.I/elhyl rriorpholinoncetorysulicylate. This compound was 
. ttvo methods. It wis synthesized from methyl 
sa1icylat)e anti morpholine in n manner analogous 

to the terl-butyl analog. The recrystallized product melted 
a t  177-179". 

The compound was also prepared by the esterification of 
~ - l l i ~ J ~ p h ~ ~ ~ i i o a ~ e ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ c  acid hydrochloride by diazo- 
methane in ether. After recrystallization i t  melted a t  179- 
180". A i i i i s c ~ l  in(,ltiriK {mint c;f thP products ohtnined by 

TABLE; I 
0-I)ISUBSTITUTED ted -BLTYL A J I I ~ O A C E T O X Y S A L I C Y L A T E ~  

0 
II 

C H 
R M.P.* Calcd. Found' Calcd. Found 

Morpholinoa 178-179c 63.53 63. 71' 7 . 2 1  7.16' 

Piperidino' 154-155' 60.75 59.81 7 . 3 6  7.15 
Pyrrolidinoa 162-163' 5Y .'72 59.15 7.08 7.10 
Diethyl- 

amino' 139-140' 5Y,12 58.28 7.60 7 .63  
Diisopropyl- 

amino' 164-165' 61.36 61.54 8 . 1 3  8.11 

!15-96d 

a Recrystallized from ethyl acetate-isopropyl alcohol 
(80:20). ' All melting points are uncorrected and were taken 
in capillary melting point tubes. ' Melted with decomposi- 
tion. Free base. e Analyses were performed by thr Alfred 
Bernhardt Laboratories, Axas-Planck Institut, hliilheim, 
W. Germany. ' hnalyzrd as the free base. 

the above methods produced no depression. The infrared 
spectra of the two products were identical. 

Hydrolysis rdes .  These were determined for the compounds 
indicated in the tables a t  27.0 f (1.1' a t  pH 2.1 =t 0.1, and 
in the case of o-morpholinoacetoxyhenzoic acid also a t  p H  
8.0 f 0.1. The increase in the color intensity due to forma- 
tion of ferric-salicylate complex was followed on a Beck- 
man 11U Spectrophotometer a t  530 nip. The concentration of 
the compounds used wits of the order of moles per 100 
ml. Rate constants were calculated b y  the method of least 
squares for first order kinetics. 

I)1scussIos 

The rate determining step id  presumably I to 11. 
l'he presence of I in the anionic form favors 
cyclization since the carboxylate ion is more nucleo- 
philic than the carboxyl group. In the case of the 

0 8 

I I1 

diisopropyl analog, steric interference to the forma- 
tion of the activated cyclic intermediate I1 is ap- 
parently significant (see Table 111). However, its 
hydrolysis rate is still 6.3 times faster than a ~ p i r i i i . ~  

Methyl pyrrolidylacetylsalicylate hydrochloride 
(R) is resistant to  acid catalyzed hydrolysis due to 

( 7 )  The hydrolysis rate of aspirin as deterniinrd in this 
study was 0.0777 X IW5 se(,.-' at pH 2.1 and 27". (;arrett3 
rcJpnrts 0.0.502 X I O - 5  s(Y-.-' :it pH 2 .5  :rnd 2.5'. 
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TABLE I1 
O-DISUBSTITUTED AXIKOACETOXYBEXZOIC ACIDS 

0 
/ I  

0 
- 

c; I --___ S - C H 
I1 IzI.P.6 Calcd. Found“ Calcd. Found Calcd. For1nd Calcd. Fotintl 

h1orpholinoa 168-189‘ ,51 ,74 51.51 5 . 3 5  5.50 4 .65  4.59 11.75 11.73 

12.41 12 .70  

11.23 11.25 

,411 melting points are uncorrected and werp  taken in capil- 
Analysw were performed by the Alfred Bernhardt Laboratories, 

Piperidinoa 165-166’ 56.09 55.7!)  6.05 6. l!) 4.71 4 .  ’i2 - - 
Pyrrolidinoa 165-166“ 54 6:1 tY.44  5.65 5 .81  - - 

I )iethylaniinoa 351-152c 54 36 53.79 6 :3:3 ti 6% 4.87 5 . 0 7  - - 
I)iisoprop~lati~irion 151-152‘ 57.05 56.23 7.02 7.08 - - 

- - 

a 11t~rystallized from rthyl acetat::-isopropyl alcohol. (80: 20). 
lary mr.lting point tubes. 
Mas-Planck Institut, lIiilheim, IT. Gc~rniatiy. 

Melted nit’h decomposition. 

T.iBLE I11 

STITUTED ~ ~ . \ ~ I . U O A C ~ T O X Y B E ~ Z O I C  ACIDS 
fIYL)ROLYSIS I<ATES AS11 ISOELECTRIC P O I N T S  OF 0-DISUB- 

0-C- CH,-Ft 
I /  
0 

Morpholino 3.03 i 0 078 8 8  
- 1 . 1 9  Z!C 0 O W  

Piprridino 1.20 I!= 0 043 5 . 2  
l’yrrolidino 3.25 i 0 . 0 0 4 6  5 , 6  

Diisopropylamino 0.419 i 0.0075 6 . 3  
Diethy lamino 2.13 ik 0.0082 5 . 6  

a Deterniined at 27.0 f 0.1 ’ nt,pIi  2.1 & 0.1. bBuffer!:: pH 
2.1-equal volumw of 0.01J1 hydrochloric acid and 0.004731 
potassium chloride containing 0.4 g. of ferric aninioniuiii 
sulfate dodccithydratc; pH 8.0-equal volumes of 0.03251 
phenobarbital and 0.01AI sodium phenobarbitd. .4t pII 
8.0 it 0.1. Isoelectric points wcrc determined by potentio- 
metric titration. 

a “proton shield” rffect. However, Garrett3 found 
it to be susceptible to nucleophilic catalysis. I n  I the 
neighboring carboxylate acts as the nucleophile, 
cven in acidic medium. The hydrogen bonding of 
t h e  protonated amine hydrogen 15-ith the carbonyl 
oxygen and the inductive effect of the quaternary 

FIG. 1 Hydrolysis rates of ?-disubstituted aminoacetos!.- 
benzoic itrids pH 2.1 

R = I. AV-moroholino 
11. N-pipekdino 
111. S-pyrrolidino 
IV. .V,A’-diethylamino 
V. N,A’-diisopropylainino 

nitrogen, both facilitate the nucleophilic attack 011 

the carbonyl carbon of the acyl moiety. These far- 
tors then, may esplain the more rapid hydrolysis of 
the disubstituted amiiloacetoxybenzoic acids hydro- 
chlorides in mmparison to  aspirin. 

It is of interest, to note the uiicspectedly low 
value oht’ained for the hydrolysis of the morpholino 
analog in an alkaline medium. A possible relation- 
ship of pH, at the respective isoelectric points of 
these aminoacids, to  their rates of hydrolysis might 
exist. However, this aspect was not investigated 
a t  this time 
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