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Abstract: The scven-stage synthesis of a pyrrole analogue of chloramphenicol [1X] was described. The
compound exhibits a significant antibacterial activity, over the 12-50% range of the chloramphenicol activity.
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Due to its relative structural simplicity, the
antibiotic chloromycetin (chloramphenicol) has
may times been subjected to various modifications.
Moreover, approximately 2.000 compounds of a si-
milar structure to this (1, 2, 3, 4) have been
synthesized. Practical use has been found for two
esters of chloramphenicol — hemisuccinate and
palmitate (Figure 1). Both compounds are transfor-
med in vivo into the parent antibiotic (1).

A lower activity was revealed by two analogu-
es of chloramphenicol, for which the use in therapy
was also found; these are: thiamphenicol and azid-
amphenicol (Figure 1) (5). Cetophenicol is similar
to them in respect to the character of its activity,
however, no its use was found in therapy (6, 7).
One of the known compounds with a twofold larger
activity than that of chloramphenicol
D-threo—1—(p—perchlorylphenyl)-2—-dichloroaceta-
midopropane—1,3—diol (Figure 1). This compound,
however, exhibits explosive properties, which ma-
kes its practical use impossible (8). Quite recently
(1980), a fluorine analogue of thiamphenicol — Flo-
rphenicol — was introduced to the veterinary thera-
py. This analogue differs from the parent com-
pound by the presence of a fluorine atom (-CH,OH
— —CH,F) (9, 10). The traces of this antibiotic can
be found in some animal products (11).

Among numerous heterocyclic analogues of
chloramphenicol synthesized (3, 12, 13, 14, 15),
only one, i.e. its thiophenic analogue, is worthy to
note, viz. DIL~threo—1—(5-nitro-2—thienyl)-2-di-
chloroacetamidopropane—1,3—diol, with an antibac-
terial activity being approximately 50% of the
racemic chloramphenicol (Figure 1) (12). Also this
compound has found no usage. The derivatives
containing some heteroaromatic systems in place of
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the benzene ring are inactive or exhibit a minimal
antibacterial activity. Therefore, it can be stated,
that nearly all the synthesized and examined analo-
gues of chloramphenicol are devoid of the activity.

The negative characteristics of chlorampheni-
col is its remote toxicity, causing aplastic anaemia
in some patients, even during many months after
the end of the treatment (16). The phenomenon
appears only for a very limited percentage of
patients (approximately 0.005%) (16). However,
the use of chioramphenicol in therapy was limited
to the cases caused by Salmonella or Shigella,
which do not respond to other antibiotics, as well as
in the cases of severe sepsis (5). It is also used
locally, particularly in ophthalmology, where it
substitutes zidamphenicol. Until recently, there has
been the common opinion that even a local use of
chloramphenicol is burdened with the risk of dela-
ted aplastic anaemia. The most recent results define
the risk to be minimal (17) or none (18).

The antibacterial activity as well as toxicity of
chloramphenicol are closely connected with its
structure. A large number of the synthesized analo-
gues let one to find out which fragments of the
parent molecule can be subjected to modification,
and which modification causes inevitably the loss
of activity.

The structure of the parent antibiotic is presen-
ted in Figure 2.

The remote toxicity of the parent antibiotic is
associated with the influence of the aromatic frag-
ment in the molecule corresponding to nitroben-
zene, i.e. the nitro group connected with the ben-
zene ring system. The specific metabolism of
nitrobenzene derivatives causes the appearance of
various products of its partial or total reduction in
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Figure 1. The structure of chloramphenicol and some of its analogues.
a human body. These are: nitroso compounds, ACYL
hydroxylamine derivatives, azoxy compounds, azo
compounds, or aromatic amines (16). These pro- ﬁ
ducts are believed to influence the remote toxicity. ARYL H,_,C—CHC
A substitution of the nitro group by the methylsul- ||4 T
. . . O rimary -OH
ff)nyl group (in thiamphenicol) or the acetyl group S C—C—CH,  Primary
(in cetophenicol) made it possible to obtain the o] |
. . . . il O H
derivatives of a red.uced. antnbgctenal activity. electronegative 1 secondary -OH
Now, only thiamphenicol is used in therapy. Des- substituent H| <%
pite of the fact that the remote toxicity of this
compound is minimal, some reversible disorders in D-theo-2-aminopropane-1,3-diol

the function of bone marrow and kidneys were
observed (5). Figure 2. Structure of chloramphenicol.
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Table 1. Transtormations of chloramphenicol molecule not decreasing its antibacterial activity
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Electronegative Aryl Configuration of Secondary Primary Acyl
group aminopropanediol -OH -OH
PATTERN ANTIBIOTIC
-NO, 1,4-phenylene— D—threo— -CHOH- —-CH,OH Cl,CH-CO-
MODIFIED COMPOUNDS
—ClO;”’,
-SO,—CH,"?,
-S0O,-NH,,
. /O”’ 2,5-thienylene— D—threo—™ C=0 ~O-Acyl™” Br,CH-CO-
7 “CH,F* | Nj~CH,CO-"
Sy
/014)
_
“CH,

(1) = compound is a powerful explosive [8];

(2} — in thiamphenicol;

(3) — unstable compound [19];

(6) — compound with antifungal activity;

(7) — esters are active in vivo,

(8) — in florphenicol;

{4) — in cetophenicol;
(5) - activity is displayed only in D—threo— isomers, while
the others were inactive;

The aryl group can be either a fragment of
a benzene molecule or a heteroaromatic system.
Substituting benzene by thiophene leads to a slight
reduction in antibacterial activity (12). Other data
relating to the interdependence between the struc-
ture and antibacterial activity are presented in
Table 1.

Professional literature at hand has given no
information on the synthesis of pyrrole analogues
of chloramphenicol (20). It can be expected that
their activity would be similar to the activity of the
tiophene analogues; thus, we decided to synthesize
some novel pyrrole analogue. We have decided that
it is inevitable to substitute the H atom in pyrrole
by the methy! group (N-H — N-CH3), due to the
possibility of its participation in further consecutive
steps of the synthesis in the undesired adverse
reactions. The presence of the unsubstituted N-H
group in the ring would also be the reason for the
creation of a new system of hydrogen bondings,
stabilizing the conformational option of a final
molecule, different from the specific conformation
of chloramphenicol and its active analogues (2, 21).
Some reports regarding the nitro derivatives of
benzene also suggest that the presence of the
methyl groups has a significant effect on the
reduction of the toxicity of nitro compounds, e.g.
nitrotoluenes reveal a lesser toxicity than nitroben-
zene; dinitrotoluenes are less toxic than dinitroben-
zenes, and 2,4,6-trinitrotoluene (TNT) is less toxic

(9) ~ in azidamphenicol

than 1,3,5-trinitrobenzene (22). The data are sup-
ported by statistics of the cases of illnesses due to
nitro compounds, observed in some production
plants. Therefore, it may be expected that the
presence of the N-methyl group would have a posi-
tive effect on the characteristics of the nitropyrrole
analogue of chloramphenicol.

EXPERIMENTAL

Materials and methods

N-Methylpyrrole was the starting substrate,
which was subjected to the reaction with bromoa-
cetyl bromide. The crude 2-bromoacetyl-1-me-
thylpyrrole [I] obtained was nitrated at the tem-
perature of -55°C to afford a mixture of two
isomeric mitroketones, viz. [II] and [III], which
were separated by column chromatography. The
transformation of bromoketone [II] into the target
compound [IX] was accomplished by means of the
modified methods developed by Sorm (23) and
Smolenski (26).

Bromoketone [II] reacts with hexamethylene-
tetraamine to yield a crystalline adduct [IV],
which, in turn, was transformed into aminoketone
[V] as the result of hydrolysis. This compound was
further transformed into amide [VI] by means of
dichloroacetyl chloride, and this was hydroxyme-
thylated (13, 24, 25), while the main product of the
reaction [VII] was subjected to the Meer-
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* — only formula ot D-isomer is presented;
** — only formula of D-threo-isomer is presented.

Figure 3. Synthesis of compound IX.

wein-Panndorff reduction. This method enables to
obtain mainly a compound of the desired con-
figuration, i.e. DL—threo [IX]. The reaction scheme
is outlined in Figure 3.

The antibacterial activities of compounds VI,
VII, VIII, and IX were determined using the
method presented by Sahm (27).

'H NMR and "*C NMR spectra were recorded
on a Bruker AC 200F spectrometer, using TMS as
an internal standard. IR spectra were taken on

a Specord M80 infrared spectrometer. All the
melting point data were measured with a Biichi 535
apparatus and are uncorrected. Analytical TLC was
performed using Merck silica gel 60 Fas, plates.
The solvent systems used were (v:v): A = hep-
tane/AcOEt (1:2); B = benzene/CH,Cl, (1:1);
C = AcOEVEIOH/AcOH/H0 (3:2:1:1); D = EtOH/
benzene/CH,Cl,/AcOEV/AcOH/H,O  (18:7:7:6:2:2);
E - benzene/CH,Cl,/EtOH/AcOEt (5:5:2:1); F =
CHCI:/MeOH (85:15).
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A column chromatography was performed
with silica gel 60 (Merck) as the adsorbent.

RESULTS

2-BROMOACETYL-1-METHYLPYRROLE {1}

To a solution of bromoacetyl bromide (73.1 g,
0.35 mole) in diethyl ether (200 ml) 44 g (0.33
mole) of anh. AICL was added portionwise at
0-5°C. A solution of N~methylpyrrole (25.6 g, 0.3
mole) in diethyl ether (100 ml) was added within 0.5
h, and the mixture was stirred for 4 h, and then
poured into crushed ice (500 g). This was stirred for
I h at r.t. The ethereal phase was separated, and the
aqueous phase was extracte dwith benzene (3x150
ml). The combined organic layers were washed with
brine (2x150 ml), dried (Na,SO,), and evaporated to
give the crude product [I] (39.62 g, 62.1%).

2-BROMOACETYL-1-METHYL-4-NITRO-
PYRROLE [II] AND 2-BROMOACETYL-1-
METHYL-5-NITROPYRROLE [HI]

The crude 2-bromoacetyl-l-methylpyrrole
[I] (39.6 g, approx. 0.19 mole) was dissolved in
CH.Cl, (130 ml) and acetic anhydride (64 ml). The
mixture was cooled to -55°C, and a solution of
fuming HNO; (17.6 ml) in acetic anhydride (64 ml)
was added dropwise within 25 min. The cooling
bath was removed, and the mixture was stirred for
4 h at r.t., poured into crushed ice (300 g), stirred
until the ice had melted, and neutralized with solid
K]CO}.

The organic layer was separated, the aqueous
layer was extracted with benzene (4x150 ml), and
the combined organic phase was dried (Na,SO,),
filtered, and concentrated to give a yellowish solid
(27.0 g), containing compounds [II] and [III]. The
two products were separated by column chromato-
graphy (system B}, and rechromatographed to af-
ford 21.7 g (45%) of II and 1.93 g (4%) of IIL

N-[(1-METHYL-4-NITROPYRROLE-2-YL)-
CARBONYLMETHYL]-HEXAMETHYLENE-
TETRAMINIUM BROMIDE (1V]

Nitroketone IT (9.87 g, 0.04 mole) was dissol-
ved in anhydrous CHCI; (150 ml) and the solution
was warmed up to 50°C. Hexamethylenetetraami-
ne, synthesized according to (28), (6.14 g, 0.043
mole) was dissolved in anhydrous CHCl; (70 ml),
warmed up to 50°C, and added to the solution of
compound II. The mixture was stirred at S0°C for
4 h, then left overnight at 4°C. The product [IV}
was collected by filtation. From the mother liquors
a second crop of IV was obtained; total yield 15
g (97%).

2-AMINOACETYL-1-METHYL-4-NITROPYR-
ROLE HYDROCHLORIDE [V]

A mixture of conc. ag. HCl and 95% EtOH
(75 ml + 15 ml) was added to 6.53 g (16.8 mmol)
of compound IV, and the resulted suspension was
stirred at 30°C for 1 h, then left overnight at 5°C.
The crude compound V, containing NH4Cl, was
collected by filtration, and to the filter cake a mix-
ture of conc. ag. HCI and H,O (0.1 ml + 8.5 mi)
was added. The suspension was stirred at 25°C for
15 min.; next, it was cooled to 10°C and left at this
temp. for 15 min. The pure product V (3.15 g;
85%) was collected by filtration.

N-[(I-METHYL-4-NITROPYRROLE-2-YL)-
CARBONYLMETHYL]-2,2-DICHLOROACE-
TAMIDE [VI]

To a well-stirred mixture of aminoketone
V (8.2 g, 37 mmol) and anhydr. acetone (130 ml) at
0°C dichloroacetyl chloride (13.9 g, 94 mmol) was
slowly added, then anhydr. triethylamine (15.4 g,
152 mmol) was added dropwise. The reaction
mixture was stirred for 3 h at 0°C, then left
overnight at 10°C. The precipitate was filtered off,
and the filtrate was evaporated under reduced
pressure to give a sirup, from which a product (3.87
g) crystallized within a few days. To the mother
liquors, containing triethylamine hydrochloride,
H-O (40 ml) was added, and the mixture was
extracted with AcOEt (4x40 ml). The combined
organic layers were dried (Na,SO,4) and concent-
rated to give a second crop of the product VI (0.49
g). The combined crops were recrystallized from
65 ml of methanol-acetone (2:1) to afford 4.2
g (31.9%) of pure VL

DL-2-DICHLOROACETAMIDO-3-HYDRO-
XY-1-(1-METHYL-4-NITROPYRROLE-2-
YL)-PROPAN-1-ONE [VII]} and 2-DICHLORO-
ACETAMIDO-3-HYDROXY-2-HYDROXYME-
THYL-1-(1-METHYL-4-NITROPYRROLE-2—-
YL)-PROPAN-1-ONE [VII]

A mixture of dichloracetamide VI 1.31 g, 4.46
mmol), 36% formaldehyde aq. solution (1.38 ml,
16.5 mmol), and NaHCO; (67 mg) in 96% EtOH
(6.7 mi) was stirred for 4.5 h at r.t., then was
concentrated in vacuo. TLC (system E) showed
2 products: VII and VIII, which were separated by
column chromatography (system E), yielding, re-
spectively, 0.46 g (31.9%) of compound VII, and
0.25 g (15.8%) of compound VIIL

DI-THREO-2-DICHLOROACETAMIDO-1—(1-
METHYL—-4-NITROPYRROLE-2-YL)-PROPA-
NE-1,3-DIOL {IX]
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Table 3. M.LC.’s (ug/ml) of chloramphenicol and its analogues
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Derivative
Microorganisms Chloramphenicol Thiamphenicol Pyrrole analogue
(D—thereo) (D—threo)*
VII X
(DL) (DL—threo)
Sarcina lutea™* 1 8 4
Staphylococcus aureus 0.5 25%%% 8 4
ATCC 12600
Bacillus subtilis 0.5 0.8 8
ATCC 6051
Pseudomonas aeruginosa 16 100*** 256 64
CCM 1960
Pasteurella multocida 2.5
Harvard No. |
Proteus vulgaris 100
Proteus mirabilis** 8 128 64
Escherichia coli 2 SQFA* 32 16
ATCC 11775
Salmonella typhi** 2 32 16
* — literature data [30];
*#*% — clinical isolates;
ik~ microorganisms: S. aureus 209; Ps. aeruginosa 211; E. Coli 198 [30].

From aluminium isopropoxide, synthesized
according to (29), its ca. 1M solution in anhydrous
propan—2—ol was prepared.

A mixture of VII 1 g, 3.1 mol), 1M aluminium
isopropoxide (7.13 ml, 7.0 mmol), and anhyd.
propan—2—ol (10 ml) was heated for 10 h at 65°C,
passing through the reaction pot a slow stream of
dry argon. Afterwards, TLC showed no remaining
starting material (system F). Then, to the reaction
mixture EtOH and H,O (4 ml + 1.4 ml) were added,
and the solvent was evaporated under reduced
pressure. Next, silica gel (2 g), EtOH (5 ml) and
AcMe (10 ml) were added, and the solvent was
removed under reduced pressure. The residue was
poured over a column of silica gel (10 cm x 1.5 cm
diam.). Elution with MeOH/AcMe/AcOEt (2:1:1)
gave afforded crude IX, which was purified by
column chromatography (42 cm x 1.5 cm) (system
F) to give compound IX (0.23 g, 22.9%) as chro-
matographically homogenous glassy solid, which
crystallized on standing.

Physical and spectral data of compounds I-IX
are presented in Table 2.

DETERMINATION OF ANTIBACTERIAL
ACTIVITY

The antibacterial activities of compounds VI,
VII, VIII and IX were determined by establishing
their minimal inhibitory concentrations (M.I.C.)
against strains of microorganisms, as described by
Sahm (27).

Simultaneously, the M.L.C.’s of chloramphe-
nicol were determined.

Results of the antibacterial spectrum assay are
presented in Table 3.

The growth of microorganisms was inhibited
by compounds VII and IX. Compounds VI and
VIII were inactive.

DISCUSSION

The seven—stage synthesis of compound IX
was performed by means of the classical method
used then, when the derivatives of pyrrole are
obtained as well as by means of some selected
methods used for the forming of the three-carbon
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aliphatic fragment of chloramphenicol. There is no
information in the literature concerning the com-
pounds which we have synthesized, i.e. I-XI.

Compound II can be obtained either by the
consecutive nitration and acylation reactions of
N-methylpyrrole, or the order of the two reactions
can be reserved. The most recent studies (31) have
revealed the possibility of explosion of the reaction
mixture during the acylation of the nitrocompounds
in the presence of AICI,. It is why the acylation of
N-methylpyrrole by bromoacetyl bromide was per-
formed at first. The pyrrole ring is subjected to the
acylation only in its position 2, according to the
literature data (32, 33, 34), and the obtained 2—bro-
moacetyl-1-methylpyrrole [I] was next nitrated
(33, 34, 35, 36, 37). In the 'H NMR spectra of
compounds II and III, the presence of pyrrole
proton couplings constants was observed, 1.79 Hz
and 4.72 Hz, respectively (38), which allowed to
assign them structurally to 2-bromoacetyl-1-me-
thyl—4—nitropyrrole [II] and 2-bromoacetyl-1-me-
thyl-5-nitropyrrole [III}, respectively.

Compound II during its reaction with uro-
tropine (39, 40) was subjected to the transformation
into a quaternary ammonium salt IV. The hydro-
lysis (37, 39, 40) of this salt gave hydrochloride of
aminoketone V, easily subjected to the decom-
position in alkaline or neutral media, even during
a chromatogrpahy on silica gel. The transformation
of aminoketone V into amide VI (41, 42) was
carried out with excess dichloroacetyl chloride in
order to avoid the decomposition of the substrate in
the presence of triethylamine. The aldol conden-
sation of compound VI with formaldehyde (24, 25,
43) in the presence of NaHCO; has resulted,
according to the expectations, in the mixture of two
compounds, being the products of the addition of
1 or 2 moles of HCHO, i. e. VII and VIII. The
structure of these compounds was confirmed by
means of the NMR spectrometry.

The reduction of the oxo grup in compound
VII can, depending on the used reducing reagents,
result in a product having either a threo— or
ervthro— configuration. It is possible to obtain the
desired compound IX with the threo— configura-
tion, due to the reduction with aluminium isop-
ropoxide according to the Meerwein—Ponndotf me-
thod (26). The hardly filtrated aluminium hydro-
xide was eliminated by its precipitation on silica
gel, while compound IX was extracted and purified
by means of column chromatography.

'H NMR and "*C NMR spectra of the final
product were compared with the spectra of chlor-
amphenicol as well as with the data presented in
the literature (2), regarding the spectra of eryth-

ro—chloramphenicol isomer. The data thus obtained
clearly indicate that compound IX has a rhreo—
configuration; its erythro— configuration was ex-
cluded. The J; »- coupling constants are practically
identical for compound IX and for chlorampheni-
col (2.84 Hz and 2.4 Hz). A great similarity of
signals of the aliphatic fragment for compound IX
and chloramphenicol also confirms the same con-
figuration of these fragments.

The data presented by Jardetzky (2) have
suggested that the distribution of electron density in
the aromatic ring also has an influence on the J; »
coupling constants. Therefore, it can be assumed
that the heteroaromatic fragment of the compound
obtained is characterized by its electronic structure,
which is very close to that of the benzenoid
tragment in chloramphenicol.

The results of the efforts to establish the
minimal concentration inhibiting the growth of
microorganisms have indicated that compound IX,
being the racemate (DL), is 4-16 times less active
than chloramphenicol.

A great number of data presented in the
professional literature regarding the activity of
D—threo— enantiomers of various analogues of
chloramphenicol, and their proper racemates
(DL—threo-) indicate that the antibacterial activity
of a racemate is always twofold less as the activity
of the correspondng D-threo— compound. When
calculating it per D—threo—enantiomer, present in
the racemate IX, its activity is 2-8 times smaller
than that of a D—threo—chloramphenicol, i. e. it is
closer to the activity of thiamphenicol (3) or
cetophenicol (7).

Compound VII reveals a fairly significant
activity, similarly to other analogues of chloram-
phenicol containing the oxo group instead of the
—CHOH- group (3). The lack of biological activity
in compounds VI and VIII is in agreement with the
expectations, and the respective literature data re-
garding the comounds of analogous structure (3).

The presence of biological activity in com-
pound IX can suggest that other derivatives of
chloromycetin which contain pyrrole rings and other
electronegative groups linked to them, can indicate
greater activity than that of chloromycetin, but with
a lesser toxicity at the same time. It can be suspected
that the biotransformation of the nitrophenyl group
is carried out through a different path than that of the
differently substituted nitropyrrole group.
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