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Summary

Various N-substituted 3-aminomethylbenzoate esters of chloramphenicol were synthesized and evaluated as water-soluble
prodrugs with the aim of developing preparations more suitable for parenteral administration than the presently used monosuccinate
ester. This ester shows a variable and incomplete bioavailability due to slow hydrolysis to the parent drug in vivo. Half-lives of
hydrolysis of the aminomethylbenzoate esters in 80% human plasma ranged from 0.9 to 50 min. The solubility of some esters in
weakly acidic solution was greater than 10%. The stability of 3-(diethylaminomethyl)benzoate ester was studied in detail as a function
of pH at 80°C. It showed maximal stability at pH around 4. At this pH the stability was very high and even higher than that of
chloramphenicol itself. The combination of high water solubility and stability in weakly acidic aqueous solution with a rapid rate of
plasma-catalyzed hydrolysis makes the N-substituted 3-aminomethylbenzoate esters a promising new prodrug type for chlo-

ramphenicol suitable for parenteral administration.

Introduction

The broad spectrum antibiotic chloramphenicol
(I) has in recent years gained increasing impor-
tance, predominantly because of its valuable effect
in the treatment of meningitis and pneumonia
caused by ampicillin-resistant strains of Haemo-
philus influenzae (Ambrose, 1984). Due to the
limited water solubility (about 4 mg ml™') of
chloramphenicol the highly water-soluble sodium
salt of the 3-monosuccinate ester is used clinically
as a prodrug for parenteral administration (Glazko
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et al., 1958). This ester is, however, not an optimal
prodrug since it is incompletely converted to the
parent active drug in vivo. Thus, Kauffman et al.
(1981) have found that from 6 to 80% of a
parenteral dose of chloramphenicol monosuc-
cinate given to paediatric patients was recovered
unchanged in the urine. Similar findings have been
reported in studies including adults (Glazko et al.,
1977; Slaughter et al., 1980; Nahata and Powell,
1981; Burke et al., 1982; Kramer et al., 1984). As
summarized by Ambrose (1984) the bioavailability
of chloramphenicol after intravenous administra-
tion of the succinate ester averages approx. 70%,
but the range is quite variable. This incomplete
and variable bioavailability is due to the resistance
of the succinate ester to undergo rapid enzymatic
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hydrolysis in the organism. In vitro studies have
shown that the ester is stable in blood but can be
hydrolyzed by esterases present in the liver, lung
and kidney (Schmidt and Vomel, 1965).

More suitable water-soluble prodrugs of chlor-
amphenicol may be amino acid esters such as the
glycinate and morpholinoacetate esters (Concilio
et al., 1958; Lauria and Defranceschi, 1958) since
such esters are more readily hydrolyzed enzymati-
cally to the parent drug (Trivellato et al., 1958;
Azzollini et al., 1972). However, the a-amino acid
esters exhibit a poor stability in aqueous solution
(Concilio et al.,, 1958; Lanza, 1960), making it
impossible to prepare ready-to-use solutions. The
major reason for the high instability of such amino
acid esters at pH 3-7 is the intramolecular cata-
lytic effect exhibited by the protonated amino
group on the ester bond cleavage (Bruice and
Benkovic, 1976; Bundgaard et al., 1984). We have
recently provided a solution of this problem which
involves the incorporation of a phenyl group be-
tween the ester and amino group (Bundgaard et
al., 1989). Such 3- or 4-aminomethylbenzoate es-
ters (Scheme 1) of metronidazole, steroids and
other hydroxyl-containing agents combine a high
stability in weakly acidic aqueous solution, where
the solubility of the esters is high, with a rapid
rate of hydrolysis in plasma (Bundgaard et al.,
1989; Jensen et al., 1990, 1991).

In this paper we report that such N-substituted
3-aminomethylbenzoate esters of chloramphenicol
(II-V) may be promising prodrugs for parenteral
administration. The enzymatic hydrolysis and
chemical stability of the esters are described. Since
the pH-rate profile for the degradation of chlor-
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amphenicol in aqueous solution has never been
described this has also been studied and is in-
cluded in the present paper.

Materials and Methods

Apparatus

High-performance liquid chromatography
(HPLC) was performed with a Shimadzu appara-
tus consisting of an LC-6A pump, an SPD-6A
variable wavelength detector and a 20 ul loop
injection valve (Rheodyne). A deactivated re-
versed-phase Supelcosil LC-8-DB column (33 X
4.6 mm) (3 pm particles) equipped with a
Supelguard column (purchased from Supelco Inc.,
U.S.A)) was used. Readings of pH were carried
out on a Radiometer Type PHM 26 meter at the
temperature of study. '"H-NMR spectra were run
on a Varian 360L instrument. Melting points were
taken in capillary tubes and are not corrected.
Elemental analysis was performed by G. Cornali,



Microanalytical Laboratory, Leo Pharmaceutical
Products, Ballerup, Denmark.

Synthesis of chloramphenicol esters

The N-substituted 3-aminomethylbenzoate es-
ters II-V were prepared by, esterifying chlor-
amphenicol with 3-chloromethylbenzoyl chloride
(from Fluka AG, Switzerland) and subsequent
reaction of the chloromethylbenzoate ester ob-
tained with the appropriate amine in the presence
of catalytic amounts of sodium iodide.

Chloramphenicol 3-(3-chloromethyl)benzoate

To a suspension of chloramphenicol (6.46 g, 20
mmol) in dichloromethane (100 ml) was added
triethylamine (3.2 ml, 22 mmol) followed by 3-
chloromethylbenzoyl chloride (3.14 ml, 22 mmol).
The mixture was stirred overnight at room tem-
perature, washed with a 2% aqueous solution of
sodium bicarbonate, dried over anhydrous sodium
sulphate and evaporated in vacuo. The solid re-
sidue obtained was recrystallized from ethanol-
water to give 6.5 g of the title compound. M.p.
137-138°C.

Anal.: Calc. for C,,H;,CI3N,0,: C, 47.97; H,
3.60; Cl, 22.35; N, 5.89. Found: C, 47.95; H, 3.75;
Cl, 22.23; N, 5.80.

TABLE 1

Physical and analytical data of various esters of chloramphenicol
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Chloramphenicol 3-(3-N,N-diethylaminomethy!)ben-
zoate, hydrochloride (111)

A mixture of chloramphenicol 3-(3-chloro-
methyl)benzoate (0.48 g, 1 mmol), sodium iodide
(015 g, 1 mmol) and diethylamine (0.83 ml, 8
mmol) in 10 ml tetrahydrofuran was stirred at
50°C for 16 h. The mixture was filtered and
evaporated in vacuo. The residue was taken up in
ethyl acetate (50 ml) and water (40 ml) and the
organic phase was separated, washed with water,
dried and evaporated in vacuo. The residue was
dissolved in ether and ethanol and 0.5 ml of a 2.5
M methanolic HCI solution added. Upon standing
at 4°C for 20 h the precipitate formed was filtered
off and recrystallized from ethanol to yield 0.38 g
of the title compound.

The other esters were prepared in a similar way.
Physical and analytical data for the esters II-V
are given in Table 1. The NMR spectra of the
compounds were consistent with their structures.

Kinetic measurements

Hydrolysis in aqueous solutions The hydrolysis
of ester III and chloramphenicol (I) was studied in
aqueous buffer solutions at constant temperature
(£0.02°C). The buffers used were hydrochloric
acid, acetate, phosphate, and borate buffers; the

Compound Form M.p. Formula Analysis (%)
O Calculated Found

II HCl salt 184-185 C,H,,C13N,0, C 47.16 47.01
H 415 423
N 7.86 7.79
I HCl salt 210-211 Cy3H43C13N,04 C 50.33 50.31
H 5.14 5.27
Cl 19.38 19.29
N 7.66 7.44
v HCl salt 90- 92 Cy4H3,C1,N,L O, C 43.85 43.83
(2 equiv.) 2.5 H,0 H 5.36 5.55
N 8.52 8.41
A% HCl salt 123-125 C,7H33CL N, O, C 48.08 48.12
(2 equiv.) H,0 H 5.98 6.07
N 8.31 8.23
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total buffer concentration was generally 0.02 M
and a constant ionic strength () of 0.5 was main-
tained for each buffer by adding a calculated
amount of potassium chloride. The rates of hy-
drolysis were followed by monitoring the disap-
pearance of the ester or chloramphenicol using a
reversed-phased HPLC procedure. A deactivated
Supelcosil column was eluted with a mobile phase
consisting of 10% v /v acetonitrile in 0.05 M acetate
buffer (pH 5.0) for the analysis of chlorampheni-
col whereas a solvent system of methanol-
acetonitrile-0.1% phosphoric acid (5:30:65 v/v)
containing triethylamine (10~* M) to improve
peak shape was used for the analysis of ester IIL
The flow rate was 1.0 ml min~! and the column
effluent was monitored at 280 nm. Under these
conditions chloramphenicol showed a retention
time of 1.6 min; the degradation products ap-
peared in the solvent front. The ester III had a
retention time of 3.2 min and was adequately
separated from its hydrolysis products. Quantita-
tion of the compounds was done by measuring the
peak heights in relation to those of standards
chromatographed under the same conditions.

The reactions were initiated by adding 100 pl
of a stock solution of the compounds in ethanol or
water to 10 ml of preheated buffer solution in
screw-capped test tubes, the final concentration of
the compounds being about 5 X 107> M. The
solutions were kept in a water-bath at constant
temperature and at appropriate intervals, samples
were taken and chromatographed immediately.
Pseudo-first-order rate constants for the degrada-
tion of the compounds were determined from the
slopes of linear plots of the logarithm of the
residual amount against time.

Hydrolysis in human plasma The derivatives
II-V were incubated at 37°C in human plasma
diluted to 80% with 0.05 M phosphate buffer of
pH 7.40. The initial concentration of the esters
was 6 X 107> M. At appropriate intervals, samples
of 250 pl of the plasma solutions were withdrawn
and added to 500 pl of a 1% w /v solution of zinc
sulphate in acetonitrile-water (1:1 v/v) in order
to deproteinize the plasma. After mixing and
centrifugation for 3 min at 13000 rpm, 20 pl of
the clear supernatant was analyzed by HPLC.
Mixtures of methanol, acetonitrile and 0.1% phos-

phoric acid were used as eluents. For analysis of
ester II, I and V the composition was 5:40:55
v/v and for ester IV it was 5:35:60 v/v. The
flow rate was 1.0 ml min~! and the column ef-
fluent was monitored at 215 nm. Under these
conditions the retention times of the esters were
2-3 min. It was ensured that in each case ade-
quate separation of the ester from hydrolysis
products, chloramphenicol and the corresponding
aminomethylbenzoic acid, was achieved. Pseudo-
first-order rate constants were calculated from the
slopes of linear plots of the logarithm of residual
ester against time.

Rearrangement of ester HI in aqueous solution
The kinetics of the rearrangement of ester III to
the corresponding C-1 ester (IIla) was studied in
aqueous buffer solutions prepared as mentioned
above. The procedure and analysis were done as
described for the hydrolysis studies in aqueous
solutions. It was established that the absorptivities
of III and Illa were equivalent under the HPLC
conditions used, so a standard curve for Il was
used for the quantitation of both Il and Ila.
Since the hydrolysis of ester III at 37°C was
insignificant over the time of the study, the sum of
the concentration of III and Illa at all times was
equal to the initial concentration of III. The sum
of the forward (k) and reverse ( k,) rate constants
describing the equilibrium of III and IMa was
calculated from the slopes of linear plots of the
logarithm of (IIla(eq) — Illa(z)) against time.
IMla(eq) is the concentration of Illa after equi-
librium is attained and IIIa(?) is the concentration
of Illa at time ¢.

Determination of aqueous solubility The water
solubility of the esters was determined at 21°C by
adding excess amounts of the compounds to water
in screw-capped test tubes. The mixtures were
rotated on a mechanical spindle for 20-30 h to
attain equilibrium. Upon filtration an aliquot of
the filtrate was diluted with water and analyzed by
HPLC.

Results and Discussion

Enzymatic hydrolysis of chloramphenicol esters
The rates of hydrolysis of the chloramphenicol
esters II-V were determined in 80% human plasma
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Fig. 1. Time courses for ester III (O) and chloramphenicol (@)
during hydrolysis of the ester derivative in 80% human plasma
at 37°C.

(pH 7.4) at 37°C. All esters underwent complete
hydrolysis as indicated by the quantitative forma-
tion of chloramphenicol (Fig. 1), and in all cases
the hydrolysis exhibited strict first-order kinetics
over several half-lives. Typical first-order plots are
shown in Fig. 2. The half-lives for the hydrolysis
in 80% human plasma solutions are given in Table
2. A demonstration of the enzymatic conversion of
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Fig. 2. First-order plots for the degradation of ester IV (@) and
V (©) in 80% human plasma at 37°C.
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TABLE 2

Half-lives of hydrolysis of various N-substituted 3-aminomethyl-
benzoate esters of chloramphenicol in 80% human plasma at
37°C

Ester Half-life
(min)

11 50

0 8.0

v 5.0

A\ 0.9

the esters in plasma is provided by the fact that
the half-lives of hydrolysis in absence of plasma,
ie. in a pH 7.4 phosphate buffer at 37°C, ex-
ceeded 50 h.

Inspection of the rate data shows that the de-
rivatives except the 3-morpholinomethylbenzoate
ester (II) are rapidly converted to chloramphenicol
at conditions similar to those prevailing in vivo. It
is noticeable that even a minor change in the
structure of the substituted amino group has a
pronounced effect on the enzymatic lability of the
ester bond. This has also been observed for similar
aminomethylbenzoate esters of other hydroxyl-
containing agents like metronidazole and para-
cetamol (Bundgaard et al., 1989; Jensen et al.,
1990, 1991).

Stability in aqueous solution

With the aim of obtaining knowledge of the
chemical stability of the chloramphenicol pro-
drugs and to compare this with the stability of
chloramphenicol itself the kinetics of hydrolysis of
ester III and of chloramphenicol was studied in
detail in aqueous buffer solution over the pH
range 1.1-9.8 at 80°C.

At constant pH and temperature the degrada-
tion of the compounds displayed strict first-order
kinetics and no significant buffer catalysis oc-
curred at the low buffer concentration (0.02 M)
used.

The influence of pH on the rates of hydrolysis
of chloramphenicol and ester III are shown in Figs
3 and 4 in which the observed pseudo-first-order
rate constants (k) are plotted against pH. The
pH-rate profile for chloramphenicol (Fig. 3) can
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'Fig. 3. The pH-rate profile for the degradation of chlor-
amphenicol in aqueous solution (g = 0.5) at 80°C.

be accounted for by the following rate expression:

Kobs = knay + ko + konaon (1)
where ay and agy refer to the hydrogen and
hydroxide ion activities, respectively, ky and kgy
are second-order rate constants for specific acid
and base catalysis, respectively, and k, is the
first-order rate constant for spontaneous or
water-catalyzed degradation. The a gy values were
calculated from the measured pH at 80°C accord-

ing to the following equation:
log aoy =pH — 12.60 (2)

where 12.60 is the pK, value at 80°C obtained by
extrapolation of values at lower temperatures given
by Conners et al. (1986). The various rate con-
stants derived are listed in Table 3.

TABLE 3

Log Kgpe [Min~?)
0.

2 4 6 8 10
pH
Fig. 4. The pH-rate profile for the degradation of the chlor-
amphenicol ester III in aqueous solution (g = 0.5) at 80°C.

In the pH-range studied, ester IIl occurs in two
forms with the amino function being unproto-
nated or protonated. The shape of the pH-rate
profile (Fig. 4) indicates that the free base and the
protonated forms of the ester undergo hydrolysis
at different rates and that the hydrolysis can be
described in terms of specific base-catalyzed reac-
tions involving both species and a spontaneous
and specific acid-catalyzed reaction of the proto-
nated ester (Scheme 2). Accordingly, the following
rate expression can be formulated:

kobs = kHaH(aH/(aH + Ka))
+ kO(aH/(aH +Ka))
+ konaou(an/(ay + K, ))

+k(,)HaOH(Ka/(aH+Ka)) (3)

Rate data for the degradation of chloramphenicol (I) and the chloramphenicol ester III in aqueous solution (p.= 0.5) at 80°C

Compound ky ko kon kon pK,
M~ min™) (min~ 1) (M~ min~1) M "min™!)

I 12x1072 23x1074 4.1

I 8.0x1073 6.0x107° 2.0 x 103 2.0 x 102 7.5
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Scheme 2.

where ay/(ay+ K,) and K,/(ay+ K,) are the
fractions of total ester in the protonated and free
base forms, respectively, and K, is the apparent
ionization constant of the protonated amino group
in the ester. The rate constant k, refers to the

spontaneous or water-catalyzed hydrolysis of the
protonated form of the ester, ky is the specific
acid-catalyzed rate constant for the protonated
ester, and kgy and k(y are the second-order rate
constants for the hydroxide ion-catalyzed hydroly-
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sis of the protonated and unprotonated ester
species, respectively. The various constants de-
rived from the pH-rate profile are listed in Table
3. Using these constants, the solid curve in Fig. 4
was constructed.

The data obtained show that the protonated
form of the ester Il is 10-fold more reactive in
hydroxide ion-catalyzed degradation than the un-
protonated form. This difference in reactivity can
most likely be ascribed to polar effects, the proto-
nated amino group having a greater electron-
withdrawing effect relative to the unprotonated
form.

Two hydrolytic processes have been shown to
be the major causes of chloramphenicol degrada-
tion in aqueous solution, hydrolysis of the amide
bond and hydrolysis of the covalently bound chlo-
rine in the dichloroacetamide moiety (Higuchi and
Bias, 1953; Higuchi and Marcus, 1954; Higuchi et
al., 1954) (Scheme 3). At pH <7 the amide hy-
drolysis was found to be the predominant reaction
whereas both reactions contribute to the overall
degradation in alkaline solution.

Comparing the stability of the ester IIl and
chloramphenicol shows that the ester is less stable
in neutral and basic solutions but, surprisingly,
more stable in solutions at pH < 5. The predomi-
nant degradation pathway of the ester at basic pH
is hydrolysis of the ester bond to yield chlor-
amphenicol as revealed by product analysis stud-
ies using the HPLC assay for chloramphenicol. It
was thus found that the loss of ester at pH 7-9
corresponded closely to the amount of chlor-
amphenicol formed.

In solutions at pH < 5 the degradation of ester
IIT may involve both ester hydrolysis and cleavage
of its amide bond. As noted above the latter
reaction is the only significant route of degrada-
tion of chloramphenicol at these conditions. The
lower ky and k, values observed for the ester
relative to chloramphenicol (Table 3) therefore
indicate that esterification of chloramphenicol
stabilizes its amide function towards hydrolysis.
This stabilizing effect is most likely due to the
greater steric hindrance within the amide moiety
obtained by esterification of the C-3 hydroxyl
group. The greater polar effect of the ester group
relative to the hydroxyl group should make the

amide function more susceptible to hydrolysis but
this effect is apparently counteracted by the steric
effect.

From the Arrhenius equation and using an
activation energy of 24.2 kcal mol~! (Higuchi and
Marcus, 1954) the shelf-life (i.e the time for 10%
degradation) for chloramphenicol solutions at pH
4-6 and 25°C can be predicted to be about 6
months. In view of this limited stability the greater
stability of the ester prodrug IlI at pH 4-5 may be
of practical importance.

Rearrangement of chloramphenicol esters in aqueous
solution

The 3-monosuccinate ester of chloramphenicol
has previously been shown to exist in equilibrium
with the corresponding 1-monosuccinate ester at
pH 7.4 (Brent et al.,, 1980; Burke et al., 1980). At
pH 7.4 and 37°C this acyl migration to form a
mixture of 77% of the 3-ester and 23% of the
1-ester occurred with a half-time of 18 min (Burke
et al., 1980). A similar rapid reversible rearrange-
ment was seen with the esters II-V as revealed by
HPLC (Scheme 4). The kinetics of the reaction
was studied in detail with ester III. When this

CaHs
N<02H5

Scheme 4.
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Fig. 5. The pH-rate profile for the reversible rearrangement of
the chloramphenicol ester III to IIla in aqueous solution
at 37°C.

compound was incubated in buffer solutions a
new peak (assigned to the 1l-ester Illa) in the
HPLC chromatograms showing a retention time
of 2.8 min rapidly appeared. Under the same
chromatographic conditions ester III and chlor-
amphenicol showed a retention time of 3.2 and 1.6
min, respectively.

The composition of the reaction solutions at
pH 5-9 and 37°C after equilibrium between III
and Illa was attained was 85% of III and 15% of
IIla which is similar to the behaviour of the suc-
cinate ester. The influence of pH on the rate of
reversible acyl migration is shown in Fig. 5 in
which the logarithm of the pseudo-first-order rate
constants (k;+ k,) is plotted against pH. The
pH-rate profile obtained is a straight line with a
slope of 0.98, indicating that the rearrangement is
specific base-catalyzed:

(ki + k) =aoukon (4)

where kgy is a second-order rate constant for the
apparent hydroxide ion-catalyzed reaction. At
37°C k(y has a value of 2.4 X 10° M™! min~%.
The half-times for the establishment of the equi-
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librium between I and IIla can be calculated
from the equation:

t1/2=0-693/‘10Hk8H (5)

The half-times calculated at pH 5, 6 and 7.4 at
37°C are 1200, 120 and 4.8 min, respectively.

Water solubility

The solubility of the chloramphenicol esters as
hydrochloric acid salts in water was determined at
21°C. The ester III showed a solubility of 1.0 mg
ml ™!, the pH of the saturated solution being 5.9.
A much greater solubility was observed for the
esters IV and V, the solubility of the dihydrochlo-
rides being greater than 15% w/v.

Conclusions

The results described above show that N-sub-
stituted 3-aminomethylbenzoate esters of chlor-
amphenicol may be suitable prodrug forms for
parenteral use. In contrast to the presently used
parenteral product, the 3-monosuccinate ester,
these esters are rapidly hydrolyzed to the parent
drug by plasma enzymes. Futhermore, the esters
are characterized by possessing a high chemical
stability at pH values (3-5) favouring their solu-
bility in water.
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