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This paper is concerned with the synthesis, physical properties and both non-
enzymatic and enzymatic in vitro hydrolysis of the title compounds 5. Ten new and
two known compounds 5 have been synthesized and characterized. In vitro enzymatic
and non-enzymatic hydrolysis of ten compounds $, including the two known, re-
vealed several of them to behave as true aspirin prodrugs.

Derivatives of salicylic acid (1) have been known for cent-
uries. They have been used to treat fever and inflamma-
tion. In 1853 aspirin (2) was prepared by Gerhardt by
acetylation of 1 with acetic anhydride. In modern terms 2
can be considered as prodrug of 1. In the blood, liver,
kidney and gastrointestinal tract 2 is hydrolysed to 1 and
acetic acid by aspirin esterases.' Today 2 is also assumed to
have effect on the acetylation of a variety of proteins in
various tissues and components of the blood' and to inhibit

0

prostaglandin and thromboxane biosynthesis.>” The anti-
pyretic effect and the analgesic effect of 2 can be explained
by inhibition of a defined biochemical pathway responsible
for the biosynthesis of the prostaglandins and related auto-
coids.’ These autocoids are synthesized in many different
organs and act locally.® They are not stored like neuro-
transmitters, but are continuously synthesized and immedi-
ately released into the circulation, where they are usually
deactivated after only one passage through the lungs.
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Fig. 1. The prodrug principle.

Compound 2 inhibits the conversion of arachidonic acid
into the unstable endoperoxide intermediate, PGG,, which
is catalyzed by cyclooxygenase.>¢

The most common secondary effect of 2 is gastric irrita-
tion. This gastric damage can be brought about by at least
two distinct mechanisms. Local irritation by the drugs in
the stomach allows back-diffusion of acid into the mucosa
and induces tissue damage. Even parenteral administration
can cause gastric damage and bleeding. The predominant
prostaglandins synthesized by the gastric mucosa are PGI,
and PGE,, which inhibit acid secretion by the stomach and
promote the secretion of cytoprotective mucus in the in-
testine. Thus, inhibition of the biosynthesis of endogenous
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Fig. 2. The hydrolysis of 5.
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prostaglandins may render the stomach more susceptible to
damage.’

The purpose of prodrugs can, among other things, be®
(1) to increase the metabolic stability during the absorption
and distribution phase, (2) to eliminate secondary effects,
(3) to improve the smell and taste of the drug.

The prodrug principle can be illustrated as shown in
Fig. 1. Prodrugs of pharmaceuticals consist of two parts,
namely the drug and a promoiety. The prodrug itself must
be pharmacologically inactive as must the promoiety. Fur-
thermore, the prodrug must regenerate the original drug
upon in vivo hydrolysis, oxidation, reduction, or some
other metabolic conversion. The prodrugs of 2 include the
ortho ester type compounds 3. Up to mid-1988 fifty com-
pounds of type 3 had been reported.’

Since the drug MR 693 (4, R = 2-methoxyphenyl) is
apparently hydrolyzed both in vitro and in vivo to 2,51 we
decided to investigate the merits of a variety of ortho-
substitutions in the aryloxy part of 5.

There have been suggested several synthetic pathways
to 3.1 The method giving the best results is the one of
Riichardt and Rochlitz" in which the ortho esters 3 are
prepared from O-acetylsalicylic acid chloride 6 and the
appropriate alcohol. In all procedures described so far, the
ester 7 is formed together with the cyclic isomer 3.

As shown in Fig. 2 the hydrolysis can follow various
pathways. The compounds prepared by us have been
studied in detail. Their synthesis, physical properties and
behavior upon enzymatic and non-enzymatic in vitro
hydrolysis in buffered 10 % human plasma and aqueous
phosphate buffer, i.e. their potential as aspirin prodrugs,
are discussed below.
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Table 1. Preparation of 5 and 7.

Compound Substituents Ratio 5:7° Purity of 5° (%) Yield of 5 (%)
(R',R?) Method
I ] 1] \%

5-1/7-1 CI,Cl 5:1 100 76
5-2/7-2 Br,H 7:2 100 75
5-3/7-3 Cl,H® 4:1 100 49
5-4/7-4 OCH,,H® 13:2 1:2 0:1 3:2 50 50
5-5/7-5 COOCH,H 0:1 ~d ~d

5-6/7-6 CH,CH,,H 1:10 8:1 100 74
5-7/7-7 CH,,CH, 1:1 30 30
5-8/7-8 OCH,CH3,H 8:1 100 44
5-9/7-9 OCH,,0CH, 3:1 9:1 100 83
5-10/7-10 CH(CH,),H 1:5 12:1 93 70
5-11/7-11 CH,,CH,,CH,® 0:1 10 95 91
5-12/7-12 OCH(CH,),,H 0:1 0:1 10:1 100 86
5-13/7-13 C(CHy)s,H 2:1 14:1 93 53

aThe ratio 5:7 was determined by evaluation of the NMR spectra of the crude products. °The purity was determined by NMR
spectroscopy. 100 % means that no other compounds were detectable. “The CAS registry numbers of 5-3 and 5-4 are [52602-06-9]
and [81674-79-5], respectively. “Neither of the compounds 5-5 or 7-5 was formed. °The phenol used was 2,4,6-trimethylphenol.

Table 2. Physical properties of 2-methyl-2-aryloxy-4H-1,3-benzodioxin-4-ones 5.

Compound Formula M.p.2/°C 'H NMR ® 3C NMR® 3C NMR ® IR uv
5cn3 (ppm) Sz (PPM) dcig) (PPM) Ve-o/cm™ Amax/NM

5-1 C1sH1ClO4 107.4-108.4 1.92 113.92 23.15 1752¢ 300¢
5-2 CysHy1BrO, 100.6-102.7 1.93 113.96 23.12 1744¢ 297 ¢
5-3 C,sH,,CIO, 84.5-85.0 1.92 113.91 23.05 1752°¢ 30019
54 CieH1aOs 40-43' 1.96 114.30 23.27 1752°¢ 300 ¢
56 Ci7H1eOs 64.1-69.5 1.90 114.12 23.30 1752°¢ 298 ¢
57 Ci7H1604 oil 1.72 113.96 - - 299 ¢
5-8 Cy7H1eOs 69.3-70.4 1.92 114.21 23.28 1736° 298 ¢
59 Cy7H1606 137.4-140.5 1.97 114.68 23.93 1752°¢ 297°
5-10 CisHigOs oil 1.82 114.12 23.22 17609 300°¢
5-11 C,gH150, Qil 1.76 113.96 23.27 17509 299 ¢
5-12 CisHagOs 43.0-45.6 1.91 114.38 23.20 1760°¢ 297 ¢
5-12 CioH2oOs oil 1.99 114.01 ) 17529 —n

“The compounds were recrystallized from petroleum ether. ®Solvent: CDCl,. °In KBr. “Solvent: ethanol. °Solvent: acetonitrile. ‘The
compound isolated was a 1:1 mixture of 5-4 and 7-4. 9Film. "Not determined.

Table 3. Physical data for 7.

Compound Formula M.p.4/°C 'H NMR? 3C NMR ® 3C NMR ®
501-13 (ppm) 8¢z (PPm) dcie) (PPM)

7-1 C,5H;0,ClL0, Qil 2.31 -d -d

7-2 C,sH,,Bro, Qil 2.30 -d —d

7-3 C,sH,,ClO,° Oit 2.30 -4 —d

7-4 C6H1405° 66.2—68.1 2.28 170.34 21.24

7-5 C,7H.406°¢ 82.2-83.5 2.27 170.11 21.07

7-6 C,;H,60, 58.3-61.8 2.29 170.19 21.07

7-7 Cy7H:60, Oil 2.28 -d —d

7-8 CyH160s oil 2.25 —d —d

7-9 C,7H,606 Qil 227 -d -d

7-10 C,gH1g0, 83.2-84.0 2.29 170.25 21.08

7-11 C1sHieOs 104.8-106.5 2.27 170.22 21.10

7-12 C,sH150s 103.2-106.8 2.30 170.70 21.07

7-12 CioH20, Oit 2.30 —d -d

aThe compounds were recrystallized from petroleum ether. ®Solvent: CDCl,. “The CAS registry numbers of 7-3, 7-4 and 7-5 are
[52602-89-8), [55482-89-8], and [85531-21-1], respectively. “Not determined.
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Results and discussion

As mentioned before, this investigation only concerns com-
pounds which contain an o-substituted aryloxy moiety.
Table 1 shows the compounds which have been synthe-
sized. Most of them were prepared according to general
synthesis II (vide infra). None of the compounds 5 could be
conveniently prepared according to general synthesis I
(vide infra). Compounds 5-11 and 5-12 were obtained ac-
cording to general synthesis III (vide infra). They were
essentially pure even before recrystallization from light
petroleum. Tables 2 and 3 show the physical properties of
compounds 5 and 7, some of which could only be obtained
as inseparable 5/7 mixtures.

The strongest argument for the identity of 5§ and 7 is
found in the NMR data. Fig. 3 shows a typical 'H NMR
spectrum of a cyclic isomer § versus one of an acyclic
isomer 7. As can be seen from Tables 2 and 3, the C-methyl
signal moves from 2.25-2.31 ppm in the esters 7 to
1.72-1.99 ppm in the ortho esters 5, cf. Refs. 12, 14 and 15.
In the ®*C NMR spectrum the carbonyl C atom of the acetyl
group of 7 gives rise to a signal at 170-171 ppm while the
corresponding sp’-C(2) of 5 resonates at 113-115
ppm.'*1817 In addition, the C-methyl signal moves from 21
ppm in 7 to 23-24 ppm in 5. Fig. 4 shows the *C NMR
spectrum of 5-9. Another significant difference between
compounds 5 and 7 can be seen in their carbonyl stretching
mode in IR spectroscopy. The esters 7 have two carbonyl
groups with correspondingly separate absorptions while the
esters 5 have only one.

Hyadrolysis. Table 4 shows the pseudo-first-order rate con-
stants for the hydrolysis of 5. The rate constants were
calculated from the slopes of the plots of the logarithm of §
concentration or of the concentration of 1 and/or 2 against
time. The concentrations were measured by UV absorp-
tion.

The amounts of 1 and/or 2 formed in the hydrolysis
experiments were determined by HPLC analysis of
aliquots. Compounds 5-4, 5-8 and 5-9 were studied over a
wide range of pH. The buffers used were phosphate, ace-

Table 4. In vitro hydrolysis of compounds 5 at pH 7.4.
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Fig. 3. "H NMR spectrum of 5-9 (above) and 7-12. Note the
methyl signals.

tate and borate, respectively. The data are given in Table 5.
The other compounds were not investigated, but they are
assumed to follow the same pattern. The uncertainties
of the data so obtained were calculated by a standard
procedure.?

Conclusions

As can be seen from Table 4 all compounds 5, except 5-2,
regenerate 2 or 2/1 upon both enzymatic and non-
enzymatic in vitro hydrolysis. Furthermore, several com-
pounds 5 have relatively long half-lives and their hydrolyses
are only slightly dependent on pH. Compounds 5-4 and 5-9
especially act as exclusive aspirin prodrugs. It should be

Compound Aqueous phosphate buffer 10 % Buffered human plasma
Aspirin formed (%) t,,»/ min Aspirin formed (%) t,./ min

5-1 99+7 <0.5 64t4 <0.5

5-2 5+1 17.31+2.9 0+1 10.4+0.7
5-3 58+3 9.9+1.3 8416 4.6+0.6
5-4 88+6 138.6+15.9 68+4 80.3+8.8
5-6 92+7 19.3+5.1 76+5 12.2+1.3
5-8 68+4 24.3+3.0 78+5 7.210.4
5-9 99+7 54.9+1.8 7715 15.0x2.5
5-10 100+7 20.1+15 94+7 10.9+3.0
5-11 67+4 17.7+£0.6 23+1 2.0+0.2
5-12 84+6 47.5+4.8 7+1 8.4+1.9
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Fig. 4. 3C NMR spectrum of 5-9. The small peak marked « is
essential for the recognition of 5.

noticed that until now 5-4 has never been proved to act as a
true prodrug, although clinical tests are being carried out.?
The nature of the ortho-substituent seems not to be impor-
tant for the hydrolytic breakdown, i.e. whether 1 or 2 will
be formed.

Experimental

HPLC equipment. HPLC was carried out with a Kontron
apparatus consisting of an LC pump 420, an ASC 750 UV
detector operating at a fixed wavelength (215 nm), a Rheo-
dyne injection valve with a 20 pl loop and a Chrompack
column (150%x4.6 mm) packed with Chromspher C18
(5 um particles), initially connected to a Chromguard
column (100 X 3 mm).

Analyses. The identification of the compounds 5§ and 7 was
carried out mainly by 'H NMR and C NMR spectroscopy
(Varian Gemini 200) together with IR (Nicolet MX-S), UV
(Kontron Uvikon 860) and MS (Micromass 7070F).
Elemental analyses were performed by Lgvens Kemiske
Fabrik, DK-2750 Ballerup (Microanalytical Laboratory).

Kinetics. The kinetics were carried out by HPLC. The in
vitro hydrolytic breakdown of the aspirin derivatives 5 was
studied in a 0.01 M aqueous phosphate buffer and 10 %
buffered human plasma at 37°C, pH 7.4 (adjusted with2 M

Table 5. pH Profile for compounds 5-4, 5-8 and 5-9.

sodium hydroxide solution) and p=0.5 (adjusted with
potassium chloride). The buffers of pH 3.0, 4.0, 5.0, 6.0,
6.9, 9.0 and 10.0 were adjusted with 2 M sodium hydroxide
or 2 M hydrogen chloride. They were 0.01 M and u=0.5.
The progress of the hydrolysis was followed by use of
reversed-phase HPLC procedures. Three different mobile
phase systems were used in order to separate 5, 2 (1), and
8, namely CH;OH-CH,CN-H,0-H,PO, (45:10:45:1
viv), CH;OH—-CH;CN-H,0—-H;P0O, (30:10:60:1 v/v) and
CH,0OH-CH,CN-H,0-H;PO, (20:10:70:1 v/v).

In the case of the compounds 5-4, 5-9, 5-10 and 5-11 the
last system was used. For the other compounds, the second
system was used. For the ortho ester detection, i.e. reten-
tion time and calculation of rate constants, the first system
was used. The flow rate was 1 ml min~'. The hydrolysis
was initiated by the addition of 50 ul of a stock solution of
the compound § in acetonitrile to 5 ml preheated buffer,
the final concentration of 5 being about 10™* M. At appro-
priate intervals 20 ul samples were chromatographed by
HPLC.

General synthesis I (with base).” To a solution of 0.025 mol
o-substituted phenol 8 and 2.53 g (0.025 mol) triethylamine
in chloroform were added 4.95 g (0.025 mol) 6, dissolved
in chloroform. The solution was then refluxed for 24 h
under a stream of nitrogen before it was washed 3—4 times
with a 0.5 M sodium hydrogen carbonate solution. The
organic phase was filtered through AlLO; to remove
remaining starting material. The filtrate was dried over
magnesium sulfate and the solvent evaporated under re-
duced pressure to yield an oil, containing 5§ and 7 in a ratio
that varied from case to case. Usually, compound 5 could
be separated by the addition of petroleum ether, diethyl
ether or a mixture of these.

General synthesis Il (without base).” This method is similar
to I, but without base.

General synthesis I11.” A suspension of 4.50 g (0.025 mol) 2
and 40 ml benzene was heated at 45°C for 15 min. Then
5.25 g (0.025 mol) trifluoroacetic acid anhydride were

pH 5-4 5-8 5-9
Aspirin to/ min Aspirin to/ min Aspirin t,,o/ min
formed (%) formed (%) formed (%)
3.0 87+6 66.0+14.3 7315 15.0+1.4 95+7 40.8+1.8
40 8416 82.1+17.5 7214 29.9+3.1 937 48.3+21
5.0 84+6 79.4+18.4 68+4 22.6+4.3 96+7 51.8+4.8
6.0 835 76.1+3.7 6714 22.6+3.9 95+7 60.9+6.8
6.9 89+6 120.1+£15.0 70+4 24.1+3.2 90+6 68.5+12.4
7.4 8316 138.6+15.9 68+4 24.3+3.0 99+7 54.9+1.8
9.0 53+3 61.8+13.1 73+5 20.3+0.5 76+5 21.7+0.3
10.0 25+1 36.6+0.2 60+3 9.9+0.7 23+1 22.5+0.9




added and the mixture left for 30 min at room temperature.
Then 0.025 mol 8 in benzene were added dropwise and the
preparation continued as described in I.

General synthesis IV.” A solution of 0.025 mol 8 and 2.53 g
(0.025 mol) triethylamine was added dropwise to 2.7 g
(0.025 mol) trimethylsilyl chloride and refluxed for 1-2 h.
A solution of 4.95 g (0.025 mol) 6 in chloroform was then
added dropwise. After 2-3 h at reflux temperature, the
preparation was continued as described in I.

If 5 and 7 could not be separated at once the mixture was
dissolved in chloroform, filtered through Al,O;, and the
filtrate evaporated. To the viscous liquid so obtained was
added a small amount of light petroleum, diethyl ether or a
mixture of these. This procedure was repeated several
times if crystallization did not occur at once.

The new compounds 5 and 7 as well as the known
compounds gave satisfactory elemental analyses. Detailed
descriptions of the preparations for each compound are
available on request.?
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